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ABSTRACT

[

The purpose of this study is to Introduce a new técnniqne £or the ana- .
lysis of urban systems and to test- it on the Canadian Metropolitan System.
In the past considerable attention has been paid to the themes of urban hier-
archy and urban structure and very little work has centred on inter-urban
~

interaction. However, with the increasing interdependency of the utban centres

in Western countries much more attention is being given to the identification

' '

and measurement of the interaction characteristics of urban systems,
This thesis reviews the characteristics of existing spatial interaction

techniques and identifies the need for a systems\griented technique capable of

‘measuring feedback circuits. Egsentially the technique presented in this work

1s founded on flow-graph theory as it applies to the analysis of system properties

that are inherent to an origin~destination interaction matirix of any system.
b E -

* The technique identifies four system properties: interactdnce ratios, inter-
. . 2}

actance multipliers, interactance sensitivities, and an indeéx of total system

sensitivity,

] The.interactance ratios compare the total interaction of each secondary
node tolthat of the main node in the system. The interactance multipliers
identify the sub-networks binding any node to the main node and compare their
relative importance. The interactance sensitivities probe deeper into the
system by measuring the sensitivities of any node to fluctuations on any of
the links in the system. Finally the index of total.system sénsitivity measures

- a node's overall ‘system sensitivity.

A technique is also developed for evaluating the performance of the system
by comparing the relative importance of the activity on the sub-networks with 4

theilr relative structural importance within the system.,

The model developed in this study is applied to two different data sets,

- ' (- .



"its main node. Secondly, the smaller seml-independent networks within the

. i _ N .
| ] "
) RS .

inte}metropolitan air-flows and infermetropolitan migraticons. The results of

r

the air-flow analyses show that some change has ¢ccurred in the Canadian metro—

politan system in the 1963-1973 geriod, Firstly, the set of Canadian metropo-—

'litaq centres now forms a more interdepéndent national system with Toronto as

N |

v

country are now Incorporated into two large regiomal sub-systems, one in the

-

' East and another in the West. The core cities of_she eastern Eub—system are
o

a-Hull and London. Quebec,

/ ..
Windsor, Sudbury, Thunder Bay, and tﬁEjAt antig’ cities constitute the hinter- ' .

'

land of this sub-system. The western ional system has Vancouver, Calgary,

L\

and Edmonton as its core cities an§ Winnipeg, Victoria, Regina, and Saskatoon
as its hinterland centres.
Thé’analyses shiow that the core centres of both systems have a number of
common traits. They have strong ties with. other core centres of their ;wn sub-"-
e .
system, with the national centre Toronto, and with major centres outside their
own sub-systemn, The,core.centres'aisd serve as the f;cal points for the hinter-
land centres of their own sub-systems. On the éther hand, hinterland centres
have interactions that are almost entirely restricted to their own core centres.

L]

The results of the migration analyses are similar in several respects to
those of the air-flow analyses. They reveal the national role of To;nn;n,_the-
existence of two regional sub—systems and patterns of interaction of core and

hinterland centres similar to those cutlined gbove. In addition, the migration

results indicate that Hamilton has not thefétrong interaction patterns of cities

‘ of similar size, e.g. Edmonton and Calgary; that Kitchener-Waterloo and St. Cath-

arines-Niagara have ties that are predominantly with Toronto; and that

Chicoutimi-Jonquiere is nothin more than a regional hinterland centre. A



. : 11(a)
. - ' ~

comparison of the results of both analyses reveals two major differences.

a) Vancouver has stronger migration but weaker air-flow networks than Montreal's,

b) all migration ‘networks are generally much more 1imited in extent than

.

the air-flow ones.
- Whereas. the gross flow and factor analyses were adequate for the deter-
mination of broad patterns of interactions, they were incapable of differentia-

ting sub—network structures and _operations and ings essentially at this level
- - - /"u
" that system evolution occurs. The flow—graph technique of this study, by

-

contrast, was specifically designed to identify and measure sub-system struc-

tures and operations.
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- CHAPTER 1

UURBAN SYSTEMS AND SPATIAL INTEGRATION: INTRODUCTION AND PURPOSE

Introduction:

The gréwth and urbanization of t;e population that accompanied the
19th century industrial revolution in North America and Western Europe are
well documented (Deevey, 1960; Davis, 1965). A shift of the population
from rural to urban settlements along with a movement from agriculturalJ
to manufacturin; éctivities were two of the most significant E!aracteris~
tics of the early stageé of this developpent.' The more recent'stage is
charaqferized by a concentraﬁibﬁ"bf'ﬁhe population within metropolitan
centr;; (Ray ets, 1976, p. 24), by the'rapid'&evelopment of tertilary acti-
vities,. and by the importance o£ the.role'playgd by communications and
information flows both within.and‘bétween these new urban structures
(Goddard, 1975 P-. 142; Pred, 1973, p. 1). So great have been the éffects
of this urban revalution that it has led social scientists to study in
depth the urbanization process to determine the events which launched it,
the factors which contrﬁl it, and its'economic, social, and cul;ural conse—
quences. A considerable literature has rapldly developed on urban systems
an& in most countries there has been debéte over the problems gnd prospects
of formulating and implementing urban'syétehs'~policies (Bourﬁe, 1975).
Purgose; ‘

The purpase of this research 1is to introduce a new technique for the

analysis of urban systeﬁs and to apply it to the Canadian Metropolitan System.



. The technique is founded on flow-~graph theory-and mayiie gsed for the
analysis of vario;s proﬁertieg.that'are‘}nherent to an origin—&estinagion
interaction matrix of any system defined as a set of highly interdepen&ent
nedes, The system properties defined and measured through this teéhnique
are different ffom those'obtaingd by other methods of.interaction analysis.

'The most distinctive fedfure of the flow-graph approach is thét it focuses
onfa system's feedback circuits and nodal sensitivities. The conceptual
and mathematical bases'of tﬂe flow-graph model that was';reated for the
purposes of this reseafch, the A.S5.T. modell, are;presented in detail in
théﬁ;er Three. A suitable technical and empirical context for ‘the analysis
is provided in tﬁ; first two chaﬁters. Chapter 1 will review some‘litera—
ture on structural change and the Canadian metropolitan system, some problems
of systems analysis in geography and various characteristics of other
interaction models and approacheé. The second cpapter will determine some

‘of the recent organizational éharacteristids of the Canadian metropolitan

)

system through the use of gross flow and factorial analyses.

Structural Changes in the Canadian Metrqpolifan System:

- Thé Canadian metropolitan system éomﬁrises a distinetive urban structure,
While it dis impiied that the composition or the structure of the system
indicates some constancy #n the proportions of actiwvities attributable to
each element in the system (Kuznets, 1966, p. 86) it is not intended here
to convéy a meaning of éecular arrangement of the elements as opposed to
Shor£—term'fluctuations in the structure (Machlup, 1958). Any change in

hY

proportions of the activities within the network becomes a structural change.

L= ‘
. l"Analyse et Simulation Topologiques™; R. Lamarche et J, Francon *(1975),
"Analyse et simulation topologiques_en géographie, application a 1'&tude des

migrations interrégionales." Cahiers de Géographie de Québec, Vol. 19, No. 46,
pp. 189-207,




. o N o 3.
The term "structure' ﬁay refer to th; in;ernéi composition of each of the
centres in the systeﬁ, or to the hierérchy of the:cgaxres within the sys-
tem, or again it éay refer to the nature and intensity of the bonds'liﬁking
. centres tpgether.’ These three differéﬁt aspects of urban structure are nct
independent of one another and althgugh this diééertatiﬁn 1s concerned
principally with the interactiop structures of the Canadian system, attention
will.first focus on the factors that force changes in the internal structures -
of cities which iﬂ turn have an impact on the interaction patterns between
the cities.
Because mﬁdern urban systems are inextricably tied to the process of
the growth and de#élopment of the national econemic system (Lithwick, 1970,
p. 32) structural changes with;n the urban system caﬁ be measured, in part
at least, by the shifts in the economic .internal structure of cities (Ray
and Brewis, 1976)}. The factérs contributing to struétural shifts have been
a matter of some dispute, but a useful distinction between factors may be
made according tﬁ&;mpact time. Thompson (1965) lists hhree'factors which
in a short~rum perspective could promote urban chénges} changing per capita
income, relative price changes, and sudden shifts in consumﬁtion patterns.
Rising per capita income ﬁill lead consumers to allocate more gf their
income to luxury goods and sefvices-and.force 2 new mix of basic and non-
basic activities within the cities.
| In the leng-run persgfctive the focgs shifts towards the supply side
rather than demand (Thompson, 1965). The ability of an urban centre to
adjust its supply functions to changes in demand determines the extent of
the structural changes 1t can undexnge to maintain or ﬁromote its positien .

within the network. Areas that.are endowed with skilled labour, creative .

entrepreneurship, and capital resources probably have a mucﬁ greater capacit&

-



4,

N '

for adjustment through structural change,

Lithwick (1970, ;. 47) has Bummgr%zed the forceS'of'st;uctﬁrél change
in ﬁuch‘;he same maﬁner as Thompson but has stressed two key elementé of
stfuctural change: changing consumer spending habits_apd chanéing techno-

, logy to meet these changeg in demaqd.

The év;lution of the internal structures of the urban centfes has.l

led to a ﬁumbéf of changes in the urban sysEem as a whqle, not the least

of which is metropolitanization.

Metropolitanization, A Structural:Change?
Urbanization dn&il verf reéently in North America has been characterized
by an increasing concentration of population Vithin metropolitan centres
(cenfres having 100,000 or more inhabitants). There has.also been a growing
degree of interdependency among these centres. These two elements actiﬁg
together define the metropolitanization process. It is easy enough to show
that metropolita; areas now cﬁntain a larger share of the population than in
the years preceding the ‘Second World War, but the data for documenting the
increased interdependency is not so abundant. Migratidh flows are probaﬁiy
the most striking.form of intermetropolitan interaction. Intermetropolitan
migrant flows are now more important in voiume and in impact than ;he rural-
Tto-urban flows of old (Stone, 1969; Alonso, 1971), Lamparé (1968) sees the
new population mobility as one of the major forces of urban—economic struc-
tural change‘and Madden (1956) recognizes that this has led to greater inter-
dependency between the metropolitan areas. The end result has been the
integrgtion‘df large urban centres into regional, national or even interna-

tional systems,

Metfﬁpolitan development has been accompanied by increases in the

mob%;ity of the population, changes in the demographic profiles, and by



. : 3.

changes-in the 1gbodr force cogpésition, the most str}king.being the
increased importanéé of the service sector. &1l these'factors have pla?éd
'a role in altérihg the composition of thérurban system and it can be juéti—
fiably stated that metpppolitapizatién is the process by which urban centtres :
have been wel&ed into strongly integrated systems, a fact whicﬁris parti-
cularly relevant to the purpose of the present reséarch gince the essential
prerequisite to the use of the A.5.T. model is the existence of Jjust sﬁch a
system,

There is considerable evidence that the ﬁrban transformations, leading
to the greater system integration which Borchert (1972) and others had pre-
-dicted for countries with advanced economies, have been occurring in the
_Canaaian Metropolitan System. Several studies help indicate the evolution
of the Canadian u;ban nefwork toward; greater integration and interdepen~
dency. -The Canadian population has become 1arg§gxaponcentrated within a
set.of 22 metropolitan areas (Table,ki-1), This“concentration is likely to
continue for some time (Taﬁlj 1-2) and it is a matter of both significance
and concern to Canadian planners, politicians, and researchers (Bourne,
1975). Population concentration in Canada is associated with id%reased inter-
metropolitan interaction and there are two types of interaction measurés
that are of special importance to this research: Intermetropolitan migration

/,
and intermetropolitan information flows as measured by air-passenger trafff&.

\-__f\‘“
The forces that generate'these interactions and the nature of their adtion
on the urban centres differ, Both play major roles in shaping the urban
system.

The importance of intermetropolitan migration in the development of a

modern drban system has been discussed in detail elsewhere (Stone, 1969;



6.

.Alonsb,.197i). Thé very powerful impac; these flows have on the dynamism
of an urbén centre stems, in a largé art, from the socloeconomic character-
. ) .
istics of the migrsants, as a high percentage of them are.usually young and .
~educated. ‘ : . . ‘ . ' - . “
Stone feports that the 1956~61 intermetropolitan migrant streams had
unusuaily high p;;céntages of persons with higher-level education and occu-
pational skills (Stone, 1969, p. 128). This is equally true for the 1966-
71 streams as well. The 1966-71 intermetropoli;gp migration ratios are lower
than those of 1956-61. The increase in populatiog has not been accompanied
by a similar increase in internal migration. X
A modern well-integrated urban system is character;zed by a second tyﬁe
of intéraction:” information flows. The operation and management of. modern
economigs require and gererate huge volumes of information flows. Domestic
air passenger traffic is thought to prQvide a very good measure of the type
of informition flows that are likely to have some impact on the key decisions
made within the economic system.2 In Canada, the intermetropglitan passenger
traffic more than tripled during the 1963-73 period’ (Table 1-4). A very
large percentage of these flows was reportedly of a business nature (Canadian
Transport Commission, 1970), so such flows may be regarded as fair measures
of information exchanges and high-level personnel contacts, an essential

feature of the diffusion of information and innovation in modern systems
g :

(Torngvist, 1970).

2

See the section on Data in Chapter Two regarding the use of air
passenger traffic as a surrogate variable for information flows.
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Table 1-1
URBAN CANADA
1921 1931 1941 1951 1961 1971
Total Population * 8776 10363 11490 13623 17743 21568
Urban Population % %% 47,4 52,7 55.7 62,9 70.2 76.6
Metropolitan Population Z 31,9 35.9 36,3 39.2 43.8 47,1

* in thousands

&% the values reported.do not include Newfoundland

Source: Ray, D. M., 1976, Canadian Urban Trends, Tables 1,6, 1.7, pp. 18-19

Table 1-2

METROPOLITAN CONCENTRATION IN

CANADA AND MAJOR REGIONS, 2001

Censﬁs British

Atlantie
Year Canada Columbia Prairies . Ontario Quebec Provinces
1961 447 53% 37% 48% 50% 15%
1966 48 53 43 55 52 14
1971 55 58 48 66 56 22
20014A 57 58 64 59 61 22
2001B 65 48 75 69 78 26

Source: Ray, D. M., 1976, Canadian Urban Trends, Table

1,0, p, 23,




Table 1-3

INTERMETROPOLITAN MIGRATION RATIOS, CANADA

1956-61  1966-71°

In-migration ratio - 9.9% 5.42
Qut-migration ratio 7.8 6.0
Net miération ratio 2.2 -0.7
Gross migration ratio _17.7 11.4

-

t

lSource.: Stone, L.O., 1969, Migration im Canada,
Tables 4.2, 4.4, and 4.5.

2Source: Table A4-79 of the Appendix

(The definitions of the ratios are given in
Stone  (1969) p. 28.)




- Table 1~4

INTERMETROPOLITAN AIR PASSENGER TRAFFIC

-

1973/1963

CMA 1963 1973
Calgary 105,890 520,485 4,9
Edmonton 101,885 456,870 4,5
Halifax 68,065 231,660 3.4
London 28,095 85,385 3.0
Montreal 341,485 852,575 2,5
Ottawa-Hull 119,720 469,640 3,9
Quebec . 67,205 122,010 1.8
Regina 44,780 152,540 3.4
‘St. John's 25,200 88,415 3,5
Saint John ' 25,315 60,145 2.4
Saskatoon 29,435 122,610 42
Sudbury 10,145 60,265 5.9
Thunder Bay 29,010 107,400 3.7
Toronto 466, 645 1,406,215 3.0
Vancpuver 145,170 636,005 4.4
Victoria 37,725 123,975 3.3
Windsor 57,345/ 114,960 2,0
Winnipeg ﬁl20;780 402,865 3.5
Total 1,823,895 6,014,020 3,3

fa
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Three recent empirical studies provide insight into the changiﬁg
nature of the ganadian urban network. Yeates, In his analysis of\the
Windsor-Quebec Axia: applied a gravity model to 19%61 and 1970 metropoliéaﬁ
airline passenger flows as a means of measuring the distance—decay effgct
on flows as one moves away from the Windsor-Quebec Axis, A weak but signifi-
cant distance effect was present for the 1961 flows but not for the 1970
traffic and Yeates concludes that "the urban village is at hand, for these
metropolitan areas are now the links that tile the country to the axis market
_ place" (Yéates, 1975:-;\ 2245.
Hartwick gnd Crowley applied a clustering algorithm to the Canadian
© cities as a technique for isolating autarkic units in the national set of
urban centres (Hartwick and Crowley, 1973). Thg algorithm calculated devia-
tidns from predicted values of labour forces normalized with respect to
city size. They noted some marked differences between the 1951 and 1961
measurements of autarky. In general they observed that the Canadian
clusters did not tend to be‘strongly independent, already an indiqation
of the systemic nature of the national urban structure, However, Winnipeg,
Vancouver, and Halifax did present in 1951 a certain degree of autarky. By
1961, Winnipeg and Vancouver had become integrated into larger Western -
system while Halifax had changed but little, Montreal and Toronto presented
some interesting contrasts. The 1961 resdlts show that the Montreal cluster,
when it included Toronto, had become an almost autarkic unit whereas tﬂe
Toronto cluster, even when it did include Montreal, failed to show signs’ of

closure and the authors conclude that ''the Toronto complex 1s presumably

integrated into a larger inter-cluster network" and that in general "the
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Canadian clusters act like single cities within a much larger systen of

-

clusters " (Hartwick and Crowley, 1973). ) v
Storey and Bulker-{1975) measured Canadian spatial integration by
means of transactional flow analysis for air passenger traffic in the 1960-
1973 period. Their resilts indicate that for the l960—1965 period’ the
salient flons.showed clear regional concentration. In. 1970 the Praifie
érovinces were linked to the Ontario.and Quebec centres. By 1973, all of
the separate regional sub~systems had joined to form a single system'
national integration was achieved. They conclude that "over time, transi-
tion towards a single integrated unit is apparent with increasing polariza-
tion of flows focusing particularly on Toronto" (Storey and Bulker, 1975,
P 2). Figures 1-2 and '1-3 illustrate these ‘changes in spatial organizationm.
Thus,. metropolitan concentration and other structural chenges that
have occurred in Canada since the 1950's have generateé greater interdepend-
ency among the nation's metroﬁblitan centres and.prggoted the development of .
a more integrated uroan system. However, integration of the urban. system

would likely be greater, were it not for the factors of distance and external

economic control (Simmone, 1976).
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FIGURE 1-1

'DOMINANT AIR PASSENGFR FLOWS, 1960 -
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) FIGURE 1-2 : ' g

DOMINANT AIR PASSENGER FLOWS, 1973
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Systems: —-— Definition and Problems in Atplication:

The use ef’systems concepts and approaches has become of growing
interest 'and debate in geodgraphy. A system is commonly iefined as a set
of isterrelated elements (Harvey, 1970, p. 450). The elements of a system
" tave st‘lesst a_few properties in common and the state of any one ‘element
'1s conditioned bylthat of the others through a network. of relationships

-

(Langton, 1972, P. 123).‘ A system implies complexity of bonds between
the elesents so ‘that "the essential characteristic of any system is that
everything is-related te everything else" (pre and Moryadas, 1975,
P. 197). The concept also suggests that the elements.in a system are
distinguishable from‘those outside it and that the elements are working
towards some common gos?@o'snson et al, 1963, in Langtom, 1972, p. 129].
Systems.may be divided isto tso majorLeategories: open and closed.
A closed system i1s one in which the elements of the system have so ties
outside the system and consequently it reeeives no energy inputs from outside
its boundsries‘eor delivers any energy terpoints.beyond its limits. The
field of physics, thermodynamics in particular,.provides a few examples of

closed systems. In such systems the end result is complete homogeneity or

entropy, such as might be the case of two fluids at different .temperatures

! .

enclosed in a perfectly insulated container. As the container can neither
absorb nor dissipate energy, energy flows will be limited to the exchanges
between the'fluids. When both fluids attain the same. temperature, the
system will be in a state of entropy. However, as closed.systems are a
rare occurrenee‘geseraily and are non-existent in a social context, only

open systems will be cdonsldered henceforth.
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Open systems have a distinct set of properties which sets them apart
from closed systems, properties which make them difficult to use as models
(Katz and Kszhn,. 1966, in Langton, p. 103). Firstly, open.systems are subject
to energy exchanges with the environments that surround them. Inputs from
outside the system flow into it, are transformed by it, and flow_out‘as some
finished product. As long as these transfers with the environment continue,
the system can be maintained in a state of negentropy, a state where different
parts of the system have different 1evels of energy and are in a position to
interact. Secondly, open systems are also characterized by the fact that

with time they tend toward greater complexity of structure and operation.

Their sub—networks become more differentiated as their functions become more

speclalized and as these more intricate structures must be serviced by a more

sophisticated linkage network the whole system increases in complexity. N
Thirdly, the presencé of numerous feedback circuits is also characteristic

of open systems. A feedback circuit consists of detectors; feedback loops,
and regulators. A detector monitors the output opergtion of a system and
feeds back to the input unit information about anp deviation from normal
operations by means of a feedback loop. The regulator modifies the input’ to

correct” for the deviation. A feedback circuit may be negative or positive

according to its purpose. Negative feedback circuits are designed to ‘maintain

‘a system in its-present state by counteracting tendencies to deviate from the

present state of the system. Positive circuits seek to amplify the deviations
by causing the system to move in the direction of the deviation, Myrdal's
(1957) cumulative-causation model‘iliustrates the working of a positive feed—
hach circuit while Janelle's'(1969) spatial reorganization model congains

examples of both types of feedback circuits. .A system is said to be homeo-



16,
| \ : ~
static if its feedback circuits maintain it in"its present state and morpho-
genetic if the feedback circuits seek to modify it by accentuating any of its
deviations. Katz and Kahn (in Emery, 1969, p. 103) describe open social
systems as being of a dynamic homeostatic nature. The combination of
positive and negative feedback circuits in these systems causes them to

evolve slowly towards more complex structures. Finally, there is a fourth

property of open systems which explains much of the difficulty -encduntered
in their use in social research: equifinality. Equifinality defines a

. .
situation whereby the same goal may be reached by a variety of ways}

difficulty resides in establishing a cause-effect relationship with kccept-

. able certainty.

problems are genérated by the. confusion surrounding system terminology
The special characteristics of open systems and the very restrictive
assumptions of the system models used 'to depict complex spatial organi-
zations create a second set of problems which are much more difficult to
resclve.

There is considerable ambiguity surréunding the use of'the term
"system'. "System" . sometimes defines a set of loosely related objects, e.g.
the international economic system of Europe in the Middle Ages, and in other
instances "system" refers to a group of elements forming a highly inter-
Aependent structure operating within a set of confining rules, e.g. a
closed system such as one might come across iﬁ elect¥5nics or thermodynamics.

Thus "system" covers a wide range of situations, from the lowest level of

interaction where the inter~element linkages are minimal, to the highest level
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where the bonds are the controlling féctor, and any situation in hetween.
While "system" ﬁay refer to any level of imteraction, terms such as "gystems
analysis", "systems techniques", and.si;ilar combinations usually refer to
gsituations where fhe linkages af; numerous apd strong, and the role of inter-
action'predominant.

Ambiguity-about the meaning of system, system structure, and system
properties also stems from the variety of objectives pursued in the use of
the concept;. If the aim is to éetermine the structural characteristics of
an urban network rather than its interaction patterns, the set of urban
centres in the network zone are taken.as elements of the system, some demo-
graphic and socioeconomic variables are recorded and analyzed and the system
is described as having sﬁch and such structural characteristics. In these
analyses, transaction flows play a minor role. The madels used are often bor-
rowed from some other social science or from statistics, e.g. clustering
algofithms, regression ﬁodels, or factor analysis.

But if the aim of the study is to determine interaction characteristics,
the models used are often borrowed from the field of physics or mathematics,
e.g. gravity, entropy, and graph theory models. Here the main objectiv;ﬂis
to measure the effects of inter-nodal flows through the identification of
feedback circuits and system sensitivitlies. In this type of work it is
essential to ensure that the basic assumptions of the interaction models
are satisfied, often a more difficult task than in the preceeding case. In
interaction analyses, a set of urban centres are considered to form a system
only if they satisfy these additional conditions of interaction models.

Confusion also comes from the fact that some researchers see in the

system concept a means of providing geography with some much needed theoretical

1



18.
béckgrgund.(Goddard, 1975, p. 162; Greer-Wootten, 1972, p. 269) while others,
particularly those engaged in the planning field (Forrester, 1969; A.J. Scott,
1971; Langton, 1972) see the concept as a useful empirical technique either
for forecasting network development, measuring system properties, or evaluating
system perférmance. The divergent views add to the confusion about the defini-
tion of system, for what might be satisfactory in an operational sense might
be insufficient in a theoretical ome.

The greatest difficulties in applying the system concept spring
from the characteristic properties of open systems and the basic assumptions
of the models used to analyze them. The first difficulty consists Rn delimit-
ing the boundaries of an open system, the problem of closure. Determining
the configuration of the system is difficult because, Sy definition, the
sysfem‘is open, that 1s, imbedded within allarger network. The problem of
closure is a major one. If it is not satisfactorily resolved there is the
danger of ascribing some traits of system structure or behavior to variables
and centres within the system when in fact tﬁey are caused by.factors oqtside
.the improperly defined system. Closure in geographical analysis is made more

difficult because it becomes necessary to close the system'with respeét to

the set of urbén centres involved as well ‘as with respect to the variables to

be used in the analysis, If the system 1s ;ot properly closed, analysis is

impossible. It must be streésed that the system closure referred to here

is not as restricti@e as that of closed systems in the electronic or thermo-

dynamic senge where a system must be ﬁerfeétly insulated from its surroundings.
The issue of closure as 1t applies to the Canadian Metropolitan System

is discussed in Chapter Two in the section dealing wiﬁh the data used in the

analyses of this thesis.
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-The problem of closure is nmot restricted to the systems approach.
Lahgton sees it as a "fundamental problem of geography" {Langton, 1972, p.'134).
Thﬁs closure is also a problem in regibnal analysis and in stqdies based on
central place theory. The difficulties relating tolcl;sure do not necessarily
invalidate the findings of studies based on reéional or central place concepts o
nor do they destroy the usefulness of the systems concept. However, the
systems approach might be more vulnerable than others in this reépéct because
of the sensitivity of the systems models. How severe will ﬁe ‘the disruptive
effects of the failure to resolve the closure problem satisfactorily will
depend in a larée measure on the nature of the model used in the analysis.
If a study calls for fhe me#surement of delicate interaction properties, e.g.
'determining nodal sensitiviti;s to flow variations, a sophisticated type of
model is usually required, a model which will likely be quite sensitive to
any fallure in meeting one or more of its b#sic requirements. On the other
hand,‘if the analysis calls for a more primitive or robust model, the results
will not bé s0 sensitive to the c%psure issue.

Detefmining the proper scale at which the study should be done presents

another obstacle to the implementation of the systems concept. The Importance
of choosing the proper scale is wéll illustrated by Ray and Villeneuve (1975,

pP. 99), who found that the slope patterns of the national components of

Canadian urban growth are not at all similar to those of the regional and local

v L)

components. Depending upon the nature of the problem, a national, régional,
or local set of centres will comstitute a system suitable for analysis., What
might appear as a random'pattern of system behavior at one scale might show ’

ub as some recognizable pattern at another. The problem of scale is also

~
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indirectly related to that of system closure.
' There is also a problem caused by the disparity between the complexity
of geographicéilsystems and the simplicity of the models used to depict them.

Many factors influence the evolution of an urban system but system models can

handle only a few factors. Urban systems are nonlinear, but many of the

models used in systems analysis are linear. Social systems are.adaptive rathgr

a
]

I

than mechanistic and are subject to considerable interchange of parts and
functions (Emery and Trist, in Bourne, 1975, p. 1l6) and this tends to place
social systems beyond the:scopé of most models borrowed from the field of

physics. Thus BHhe flexibility of soéial systems can make the use of rigid

i

systems techniques hazardous or even thorsughly misleading.
N "

However,\system models are'dhly "conthient_abstractions" (Harvey, 1970,

p. 448) that help the search for hypﬁtheses concerning the struéture and
operation of networks. The simplicity and elegance of a model can be one
of its attractive assets in the study of structural apd interacti9na1 chara ter-.
istics, If the purpose of the.researcher ié to simulate urban behavior,
simple models might be found too lacking and he might want to‘construct more
elaborate‘;odels where the complexity of the model approximates the real situ-
ation, e.g. Forrester's (1969)_dyﬁamic urban model. In this approach the
modél serves somewhat as a "black bok"‘model in which case the iﬁtermediate
transformations within thé system afe of secondary.importance, the attention
being centred on the output product: the approximation of the real world
sitvation.

Finally, the determination of the lag time between action and reaction

in social systems is one of the main stumbling blocks.to the use of the systems

approach in urban research. Social systems operate slowly (Langton, 1972,
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P. 141) and the combination of this slow response coupled with the epennese
of such systems makes it extremely difficult to establish :the relationsh%ps

between the input forces and the system 8 response (Bannister, 1976). Work

»

on the problem of lag time has only recently begun and has been confined
principally to diffusion-type problems (Langton, 1972, p. 139). The reaction
time is conditioned by numerous factors such as the magnitude of the input
force, the political or economic cleut of the decision-makers, or the urgency

of the moment. The solution to this problem is not to be expected in the
near futufe. :
In spiteuof all these difficulties, the, system concept can play a use-
ful role in geegrephical research largely because it is oriented towards
intergction analygis, and interaction is an importaﬁt element of spatial
processes, Proézeing Ehat the operational definition'is in harmonf with
the Basic assumptions of the model employed in a given study and that the
conclusions do not stretch beyond that which is allowed by the limitations

of the model and the data, there is much to be gained by the systems approach

to geographical analysis,

Urban Systems:
When the term system is taken in its broadest sense —— a set of related
objects —-- it is fair to say that the system concept has been in use in

»
geography for quite some time, What is new to the discipline is the much

narrower definition of the concept which is implied in "systems analysis"
where the principai~pbjective 1s the measurement of interaction circuits and
properties, usually for the purpose of exercising some control over the system

(Beer, in McDaniel and Hurst, 1968, p. 1). Geographers have found the concept

appealing because complex systems always present some strong hierarchical
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features such as is readily percelvable in most urban and economic organizatiohs:
More recently, a few authors-have seen the system concept as a means of unifying
the numerous sub-discip;ines within the field‘of ggography (Johnston, 1;71,

p. 2). This attempt seems to have met with little success so far presumably
because the theoretical developments of the different branches within the
discipline are still in their infancy or else the divergences between them .
are too great to be covered by a single organizing theme.

Econonié geographers have shown considerable interest in urban system
analysis (Berry et al., 1976). Originally nalyses of economic and urban
systems were largely taken independently, eagh requiring its own conceptual -
and theoretical background. The economic apprpach elaborated the role
of the factors of capital, lgbour, resourcegs and markets, while the urban
system emphasized changes ié urban structures, in land-use, in levels of
income . of 'the urban dwellers,rand on the new demands for goods and services
these changes entailed. In geography the separation between the two fields
of endeavour was bridged at least in one respect when geographers established
a link bepweeﬁ city size and economic functions by means of the central
place theory‘(Berry and Pred, 1961). Only recently has the development of
both systems been explicitly tied together., The importance of intra=-urban
structures on the national and reglonal economic system Has been brought
out by Thompson (1965), Mills (1972), and Richardson (1973). Lampard's
paper "The Evolving System of Citiles in the United States: Urbanization and
Economic Development" (1968, p. 99) suggests that both systems are so strongly

interconnected that evolution of the spatial economy is directly related to

both systems in a morphogenetic fashion; that is, any development in either
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of these systems reinforces its own presént tendency and that of the other
s&stem; In a recent paper, Lasuen (1973, p. 181) argues that urbanization
in.moat countries is strongly influenced by the innovation diffusion pro-
cess at the intermational scale, a process which is characterized by twos
main tralts, a) a decreasing time-~lag between sucgessiﬁé innovations, and
b) increased complementarity among inpovations. The net effect on urban
development has been the'promdtion of greater metropolitan concentration

of population and economic activites and thus greater integration of both
systems. This obviously raises important issues concefning planning bolicy
and firm organization&l structures (Goddard, 1975). Another good example
"of the need to study both systems simultaneocusly is Perrin's (1975) model of
the relationships between industrial and urban developments in a regilonal
context.

It seems then that more attention is being pé}d now and likely will be
in the immediate future to the problem of sorting out the interrelationships
between economic and urban systems (Richardson, 1973, p. 74). Because of
the complexities involved in this type of interaction, it is also likely
that the concept of system will Be of considerable servicé in this respect.

The system coﬁcept has beén used in a dual purpose in geography,. firét
for structural analysis, and more recently for interaction studies. Among
the earlier applications of the system concept to urban geographical research,
the principal objective was usually to outline the structural features of
urban systems, Whether the researcher was ;onsidering a regional set of urban
centres or a single centre, the first aim was to identify its principal com-

ponents and establish the hierarchical relationships among them., That struc-
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tural.analysis held precedence over interactional analysis in the earlier uses
of the concept, 1s understandable for many reasons. Firstly, it was necessary
to sort out the componentsof an urban system before trying to picture the
interaction patterns between them. Secondly, thé rapild urbanization that
followed the industrialﬁrevolution had resulted'in the growtﬁ in number and
size of urban centres as well as in the differentiation of theilr functions
and structures, As centres grew, théir internal structures became more

®
differentiated, more complex, and more structured (Berry, 1973). It was
_ also apparent that at the regional and national levels; cities could be dif-
ferentiatgd according to their functions, e.g. some centres had developed
Into manufacturing centres while others became mainly resource centres. To
evaluate the effects of the intra—-urban and régional organizational changes
on the urban system it was necessary to identify the new hiefarchies that
had been created. Thirdly, because complex organizations do form hierarchies,
satisfactory results were obtained from modelé based on the structural aspect

of the system concept. ‘This promoted still further studies along the same

lines, a process that explains the numerous studies that grew out of the

Christaller ceﬁtral place theory.

In many instances, system terminology #as ﬁot explicitly used as'’
réséarchers preferred to label their models as urban location models, However,
Berry and Horton (1970, p. V) in an exhaustive review of urban-location theory
and techniques specifically refer to them as belonging to the field of urban
systéms.‘

There is an extensive body of literature on the subject of urban system

structure. ﬁhile it is beyond the scope of this work to review all the con-

cepts and techniques developed in these studies, it is possible to review

1l
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briefly the leading concepts, perticularly those relating to interregional
- analysis as they are directly‘releted to this thesis. It might seem, in
the following paragraphs on structural‘analysis,‘that the system concept has’
heen stretched to the boiht where it 1s hade to cover all studiee.reported
in;the 1iterature. However, this section i1s justified on three groundS'
firet, -since geographers have long teken a global view in spatial analysis,
it iIs only normal to find that the system concept underlies a great many of
the cohcepts oeveloped; seconoly, the systemic element in alllthe studies
reviewed In the following section has bheen explicitly recognized (Berry and
Hoxton, 1970), and thirdly, because of the recurrence of the system concept
in so many structural—type analyses, researchers have begun to deal with
the more formal aspect of system analysis, e.g. nodal interdependencies and
interactions, and to apply systems analysis to urban studies,

There are several important coﬂcepts in national and regional analysis
that are.founded on the notion of system, but it is probably the central place
theory (Christaller, 1933) that best exemplifies.the use of the concept in

geographical research. Central pla eor has been important because a)

it has given geographers a conceptua ework\for the~gtudy of city size

‘-__

and location, and b) it has stimulated some much—needed theoretical develop—
ment. lhe theory uses a deductive aogroach to study the size-and location of
cities on a uniform planeiby means of the three principles of marketing,
administration, and transportation. Central place theory has been widely -

used to account for the distriburion of trade and service institutions.

More recently dits 1imitation5 have been revealed and it has been found necessary

to introduce several new developments in keeping with a changing urban system,
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Berry and ﬁofton (1970, p. 173) note that éentral place theory as originally
formulat;d 1s_not so well suitéd to 'a modern industrial system whose spatial
form can often be better described by some simplé?lconcepts, some of them
derived from central pldce theor&, such as the concepts of threshoid_and of
ranée of a good.

Central place theory played a strong role in promoting both the deductive
approach and the system coﬂcept within geography. Numerous efforts have been

made to verify Christallgr's theory empirically, giving rise to a great number

of studies having the 'system concept as a basic assumption:" e.g. consumer

r -

travel analysis and market area bouﬁdaries (Ray, 1967; Bérry et al., 1962),
changes in trade centre viability with changing transportation technology
(Hodge, 1965), the creation of models of 1ocation.gased on probability functions
and their comparison with the central place theory model (Dacey, 1966). The
number of studies based on central place theory or on concepts derived'from'ig

. L

is greatgindeed (Berry and Pred, 1961; Greer—Wbotten,'l972),.

Another major system concept developed to explain urban organization is

& the heartland-hinterland concept (Harris, 1954). Harris' concern was to relate

industrial growth to market accessibility. He described urban organization

in terms of a heartland and a hinterland with the former being the zone of

Liigh population demsity, the principal market area, and the location of indus- )

trial growth and ghe latter, the hinterland, a zone of lesser population and
slower groﬁth, often a zone of'primary resources, However,.the heartland-

hinterland concept failed to account satisfactorily fﬁr the spatial organiza-
tion that followed the coming of post-industrial technologies such as petro-

chemistry, avionics, electronics, and telecommunications. The concept was
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nincapable_alsb of eccounting for.the growing propensity of people and indus-
tries to lecate 1In more emenable surroundings. Harris developed the concept
. within a\United States context, but icuhas been applied to the Canadian
syste%fas well: Ray (1972) recognizes a heartland—hinterland component in
the location of population growth, Bourne et al., (1974, p. 4) in a series
" of studies on forecasting the urban future of central Canada explicitly
refers to it as the heartland of the eountry, and the concept is implicitly

"

recognized in a recent comprehensive ane;ysis of the Windsor-Quebec corridor
(Yeates, 1975, p. 3). ) |

‘The concept of system 1s also fundanental ‘to the use of the rank-size
-rulé (Stewart, 1997), a technique of urban develooment analysis that had\
considerable vogde in spatial research (Berry? 1970; Mills, 1972). The rank-
. size rule is an index of urban system development. Essentially it states
that a well developed national urban eystem shonld give a straight-line graph
when populations of the centres are plottgg against their ranks, both values

L .

Being expressed in logarithmic form. The rank-size rule implies a regularity

between the size of a city and its rank in the system. If the largest ciﬁy

‘has a population of one million the next one in rank should have approximately

one half million and so on down the line. When urban systems gave graphs in
accordance with fhis-pattern, they were thought to be fully developed\systems;
if not it was assumed that planning policy should be directed at developing
this hierarchy. The concept is interesting in that it is descriptive of so
‘many developed areas but it has one major failing: no suitable theoretical

basis has been found to support it and it remains a purely empirical tech-

a

nique (Mills, 1972, p. 106).
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The system concept also underlies the two principal forms of the conceptg '
of region developed in geographical research _ The earlier form of the region
concept stressed the interplay of human and physical factors in defining the
1andscapes of human organization, principally within rural autarkic economic
systems, Vidal de la Blache (Wrigley, 1970) was. the leading prOponent of this
approach, one which would generate a large number of ad hoc studies. The
notion of system was present in this approach_ even though only in a pqimitive
form. Although some authors find that this. concept of region has not been
productive of empirical generalizations, laws, and theories, it has nonethe— :
less been a valuable one because it has emphasized the interrelationships N
~and hierarchies within small closed systems and it has been,the SOurce of
considerable inductive research'(Amedeo andbGolledge 1975, P 136)

Later, the concept of region mas modified to model the. nrban—economic
systems-that grew out of the Industrial'3evolution.(Wrigley, 1970) . In these
new structures the regions became highly°interdependent and linked together

-+

by means of transportation networks.. Regional analysis then centred around

Such themes as regional growth regional disparity, system hierarchy and inter-
dependence. Hithin this context, concepts and techniques of systems analysis
_found numerous applications in regional analysis. ' In his review of the state
of the art of regional analysis Richardson (1973) discussed a number of
regional models, e.g. the export-base, cumulative-causation, and inputfoutput_
medels., One could add to this list the growth pole model as Perroux (1955).
first proposed it in which the role of space was a key factor, a considerae'

" tion which faded out of the limelight as the early‘proponents of the growth

pole theory became almost exclusively concerned with the analysis of the



of the multiplier effects of various economic sectors within a single
growth pole, The rele of space would be re-emphasized later by Lasuen (1972)
and Hansen (1972) asg they stressed the necessity of considering the spatial
aspects of networks of growth poles forming regional and national systems,
It is quite clear, even from a cursory review of the literature, that the
regional analysis concept has led to the development of a large number of
models, theories and techniques and that the concept of system structure
is fundamental to them all; That all the regions within' a country form the
elements of the national urban system ig the basic assumption under which
two recent voluminous studies of urban development ‘were. carried out indicates
the extent to which the system concept has become implanted in regional
anelysis (Berry, 1973; Hall 1973). Because regional analysis is concerned
with the role of interaction between the elements rather than the struc-
tural characteristics within each of the'regions, furtner discussion of the
use of these models will be Pursued in the next section of this chapter.
Finally, studies on classification of cities are also based on the
system conCept. The Harris (1943) and Nelson (1555) classifications are two
of the most cited in geographical circles (Yeates and Garner, 1971 Berry and
Horton, 1970) but there are numerous others based on a variety of clustering
algorithms, e.g, correlation coefficients as in Linkage Analysis (Racine,

1972), on distance as in CONGROUP (Berry, 1967), and HGROUP algorithmg ,
(Veldman, 1967), on discriminant functions'(King, 1970}, and on factor analysis
(King, 1966):- Classification is an important aspect of scientific research
but it seems tnat more effort was devoted ‘to the introduction of new cluster-

ing algorithms then to the analysis of the classification problem itself

(Berry and Horton, 1970, p. 111),



Interaction Models, (Table 1-5):

The formulation of generalizatioms, laws, and theories about urban
spatial forms depends on a thorough understanding of the processes operﬂ%ﬁng
in systems. A process is "a collection of interrélated activities that
operate on a set of eants and, consequently, produce. (or in some cases,
prevent) changes in the characteristics of these events through time and space"
(Amedeo and Golledge, 1975, p. %77). The assumption behind process research
on urban systems is that it is possible to relate spatial patterns to certain
stages in the development of a process operating within the system. While
there-are no "puré" spatial processes (Amedeo and Golledge, 1975, p. 172)
there are some that have direct effects on spatial organization, e.g. the
urbanization, diffusion, marketing,'and growth processes.

Process impliés interaction. The interest geographers have shown in
developing concepts and techniques for interaction analysis comes from a reali-
zation that précesses generate or regulate urban growth and form. In Meyer's
(1973) view urban locational research should be completely reoriented so as
to focus on urban change and not on urban structure as it has in the past.
Underlyiqg all the interaction concepts and techniques used in urban éeography
is the assumptioh that different componenfs within an urban structure form part
of an interacting system,  This explains why system concepts and teéhniques,
including systems analysis; have found wide applications in interaction research.

Becauée this thesis is about sys;em sensitivites and feedback circuifs_
in national and regional urban systems, the following review of interaction
models will focus on interregiohai and mot intraurban models, Diffusion

-

models will not be reviewed either, as their primary concern is to establish
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| one~way patterns of innovation adoption., As the flow-graph model developed

in the thesis is basédron 1inear matrix algebra, the review wiil be confined
almost exclusively to thils type of model with thé exception of the gravity
model which warrants consideration in any review of interaction research.

Regional interaction analysis can be performed on a variety of types
of flows. A great number of studies have been done on commodity flows
although Smith (1970) notes that it was not until the mid-fifties when Ullman
intrﬁduced-his spatial interaction model was any significant development in
concepts and methods of coﬁﬁodity flow analysis achieved. Some studies have
focused: on a single commodity such as steel (Nelson, 1971; Black, 1972),
aluminium (Cox, 1965), or grain (Morrill and Garrison, 196Q) while others
concerned whole categories of commodities such as manufactured goods (Black,
1972, Britton, 1972); agricultural products (Smith, 1970), or both (Berry,
1966). In some instances the purpése of the analysis was to define the urban
structure generating the flows.(Berry, 19675 Suzukd, 1971; Chisholm %Pd
Sullivan, 1973) and in others the aim was to optimize flow patterns (Cox,
(19653 Nelsom, 1971). ’

Other stt.1dies have analyzed interregional interdependencies and
hierarchies through the analysis of flows énd linkages between banks
(Borchert, 1972; Conégn,_1977), or flows of interregional telephone calls,
In most of'these cases, the main purpose was to establish the urban

,system_strﬁcturea re;ealed by the flow patterns (Illeris and Pedersen, 1968;
Simmons, 1972; Clark, 1973; Clayton, 1974; Langdale, 1975; Yeates, 1975).
Studies have also been carried out on inter-urban airline passenger flows.

Here again the purpose has been to identify urban system structure (Reed,

1970; Yeates, 1975; Storey and Bulker, 1975; Soot, 1976). Another productive
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line of flow.analysis has focussed on inter-urban migrations. In some
instances the testing of techniqués has been the aim (Schwind, 1975; Slater,
1976; MacKinnon and Skarke, 1977). In other cases the characteristics of
the interregional migrants (Stone, 1969) or the factors promoting the flows
and the effects of the flows on the urban systems have been the principal
interest of the research (Alonso, 1971).

Inter-urban road traffic has been extensively anélyzed, particularly
by the government agencies responsible for highway traffic and maintzahpce
such as the Canadian provincial ministries of transport, the Canadian ILans—
port Commission (1975}, or Tramsport Canada (1975). The effects on the urban
system of changes in highway connectivity have been researched by Garrison
(1960), Whebell (1969), and Janelle (1969). |

Finally, foliowing the pioneering works of Torngvist (1968), several
authors including Pred (1973) and Goddafa\{lSJé;jThave focussed on the effect
of Information flows on the development of urban systems. This type of
approach could well become the subject of intensive research if appropriate
measures of information exchange can be established. For the moment the
surrogate variables are still unsatisfactory (Pred, lé}G).

Researchers have developed a variety of techn ﬁ s for the analysis of
flow matrices. The purpose of the'following gezigffﬁhs is to review a number
of the most important of these techniques and to show that the development:
of signalflow-graphanalysis is an important contribution to this battery of
analytical technlques because the signal flow-graph model is tﬁexgzi;ﬂane that
has been created for the specific purpose of amalyzing feedback éi uits and
system sensitivity, The techniques that will be considered are the following:

gravity models, graph theory, factor analysis, Markov'chain models, linear
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Programming, input-outpﬁt analysis, and signal flow-graph theory. As eaéh of
these technigues has been amply presented in the literature on interaction
analysis, no attempt will be made here to repeat the detailed mathematical
and theoretical developments on which they rest. Attention will focus on

the specific objectives of the various models, their data requirements, thelr
underlying'assumptions, and gheir applications in geographical resgearch.

Gravity models:

e
| /0f all the models used in interaction research, the gravity model is
the best known. Although its introduction in human interaction analysis
d¥tes back to Carey in 1858 (Carrothers, 1956), it was first used in inter-
fégional studies by Pallin in 1920 (Finney, 1972, p. 85). The two most
: }common objectives of]the use of gravity models have been, a) to explain

{

\ nteraction between cellres in terms of their respective masses and the
didtances separating them, and b) to forecast changes in levels of inter-
act/ion resulting from network transformations and changes in the mass variables.
’///fhe gravity model has data requirements that are easy to satisfy: a measure

of the masses‘of tbe urban centres, such as total population or total income,
a measure of separation, such as distance in miles, in time, or in cost -HE)
a measure of inter;ction such as passenger or comﬁodity flows. In many
instances other variables are included in the model to account for various
other‘factors influencing interaction, factors such as income or political
barriers (Canadian Transportation Commission, 1970).
The basic assumption underlying the model is thaﬁ interaction varies
directly as a func;ion of the product of the centres' masses and inversely

as a function of the distances between centres. It 1s assumed also that the

geometry of the system does not influence the parameter values. When the
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model coﬁgrises additional variables, there is at least one additional
assumption per new yariable. Thus, the inclusion of a variable related to
income implies a relationship between income and interaction.

Uliman madg an importént‘contribution to the gravity model technigque
when he introduced hisrconﬁepﬁ of spatlal interaction., The Ullman model
h&pothesized that interaction bétween two centres should be greater than
expected 1f the two centres exhibit complementarity and ﬁhat it should be
less than expected if there are interveniné opportunities located between

the two centres. In terms of the gravity model, this could be taken to

-,

mean that positive residuals are to be explainéd as complementarity inter-
action while negatibe residuals reveal the existence of interveniﬁg oppgrtu—
nities. Thus instead. of searching for a better fit of the gravity model
line, research could be directed towards the analysis of complementarity
factors and intervening opportunities (Smith, 1964). |

There‘ére several difficulties associated with the use of E&e grévitﬁ
model. irstly, it lacks a theoretical basis, which leaves the mbdel open
to a varlety of interpretations of its farameters (Olsson, 1970; Curry, 1972;
Johnston, 1976). Niedercorn and Bechdolt (1969)-have preposed an economic
derivation for the model but so far it .has not proved completely satisfac-—
tory (Mathur, 1970; Ewing, 1974).

Secondly, it is difficult to separate the effect of the system's
geometry from the frdctional effect of distance on the exponent value of the
distance variable, a p%oblem which Johnston (1976) investigates thoroughly.

Both Johmson and Ewing propose, as one solution, that the distance varilable

be expressed as a ratio of the system's total distance, a solution which
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fésembles the emﬁirical formulation generally used by transportation planning
. researcheré (Finney, 1972, p. 87; Black, 1972). Black (1972) has also ‘
attempted to evaluate the distance exéﬁnent directly from a set of variables
rather than through empirical adjustmenté on a sample data set. TFor the

present, this difficulty is still to be resolved,

Another difficulty consists in the fact that the gravity model is
deterministic réther than probabilistic., Olsson (1970) saw this as a major
obstacle to the development of interaction theory from this model, However,
Wilson (1970) has reformulated the gravity model within a general systems
framework.\U;n~h$s_entropy—maximization model, the flows are distributed so
as to maximize entropy according.to a probability function regulated by a’
number of constraints. In this fasﬁioﬁ Wilson converted the gravity model
into a probabilistic one, an important step in interaction regearch (ﬂur;y,
19723 Lowe and Moryadas, 1975, p. 195). An interesting alternative to
Wilson's entropy ma#imization model is Beckmann's exponential model. The
model is probabilistic, dispenses with the "questionable assuﬁption of
'equally likely trips' that is essential to an entropy model” (Beclkmann,

1976), and is easy to implement. Whether it is as effective as the entropy
model is still to be demonstrated. -

The gravity'model has been used extensively in geographical research
principally for two reasons: firstly, the empirical results héve been
found to be geﬁrally satisfactory, particularly in short-run forecasting;
and secondly, appropriate data are relatively easy to assemble. There have
been two main types of application of this model in geography. It is pro-
bably the most common technique of forec;sting interurban and interreglonal flows

~ of all types, whether they be passenger movements (Canadian Transport

-
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Commission, 1970), migrants (Stone, 1969), or commodity flows (Black, 1972).
__The model has also been used to evaluate complementarity pf regions (Yeates, .
1975), and to measﬁéé intervening barriers and intervening opportunitigg
 (Mackay, in Lowe and Maryadas, 1975, p. 186). In this second application of
the model interpretation of the parameters, partiﬁularly the exponént value
of the distance wvariable, haé not. been satisfactory because of the difficulty
Jdn separating the frictional effect of distance from the influence of system
;;;figuration on this exponent vplue; The difficultles associated with

the gravity model have prompted the seafEﬁ)for more appropriate models,

Graph-theory Models:

Anotherset of interaction models have come from graph-theory. The
models can be sub-divided ‘into two categories; é)'structural-type model.s
which are concernéd with internodal connectivity structures, and b) flow-
type-models which deal with internodal flows. ‘

The first objective of the structural-type models is to measure a
number of network and modal characteristics and through them identify nodal
hierarchies and sub-network st;Eétures: The second objective consists in
relating network characteristics to socloeconomic variables in an effort
to account for system development. The objective of the flow-type models
is also to identify nodal hierarchies and sub-networks but in terms of
volumes of flows instead of nodal connections. The;ﬁata requirements of
these models are simple: for the first t&pe, a binar} matriﬁ of internodal
linkages or a matrix of the distancgs separating the nodes will suffice.
For flow-type models, a matrix of internodal flows is required.

There are a number of basic assumptions underlying graph-~theory models.

They imply that an urban system can be taken as a set of dimensionless points
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linked by a set of straight lines that can be subjected to topological
analysig. They also imply that nodes are éharacterized only by their
1inkages or their flows and the links or flows adequate1§ represent nodal
interactign: |

" An additional assumption of independence is implied in the Nystuen-
Dacey apd transactional analysis graph-theory models. TIn the Nystuen and
Dacey (1961) model a centre is assumed independent 1f its largest flow is
to a smaller centre and dependent it is towards a larger centre. In the
transactional analysis model (Storey an&'Bulker, 1975) it is implied that
centres are independent of each other and draw flows only in proportion td
their rank in the systeﬁ. The model makes no provision for'complementarity
of interaection or intervening opportunities,

Graph~theory models have f;und a number of applications in geographicai
analysis. Garrison (1960) first dntroduced the graph-theory concepts of
‘ﬁétwork connectlvity, diameter, and accessibility to describe the American
~Interstate Highway system. Garrison and Marble (1962) later developed
'other graph indices and attempted to relate them to sociodconomic variables
by means of regression models, but with little success, Kansky (1963)
created a graph model based on these same indices to.predict network of
Sicilian railfoad growth closely approximated the real network. Ho%ever,
these early graph-theory models had one major limitation as they relied
mainly on network comnectivity features only and not on actual interaction.

Nystqen and Dacey (1961) developed a technique of flow matrixlanalysis
based on graph theory concepts., Their purpose was to create indices to
measure the strength of direct and indirect linkages;betwéén cgntres aé

revealed by the dominant flows within the system. The indices would then



total, a standardization procedure. This prodiced a matrix wherein 511

P :
‘the summation. However, there has been some debate over the question of
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. v
allow them Po identify network sub-systems and the *‘hierarchy of centres

within each sub-system,

In graph theory a network can be represented by a graph or its adja—
cency matrix, a binary matrix that indicates. the presence or absence of
‘1inks between the centres in a network. The interest of the Nystuen and
Dacey model lies in their‘method o£ calculating the adjacency matrix, a -
method which accounts for the indirect as well as the direct flows and which
gssigns the lowest values to the most extended channels of interaction under
the assumptioﬂ that dnteraction decreases with the length of the chamnel.

Usually the adjacency matrix of a gfaph is set up by-inscribing a
valﬁe of 1 in the cell aij if there is a direct link between centres i and
J, and a value of 0 if'no direct comnection e%ists. This then is the matrix
of direct linkage. When this matrix is raised to the second power it indi-

cates all the.channels made of two paths and, when raised to the third

power, it will show all the three—;ath Fhannels in the system and so on up
the expansion 1addé¥. The rsummation of all the power matrices will give

the total number of direct and indirect interaction linkages between all

the centres, Nystuen and Dacey transformed their original or}gin—destination
matrix so as to ésaign smaller linkage values to the longer chamnnels. They

’

achieved this by dividing every element in the matrix by its largest célumn

N

the elements had values less than 1. The higher the power expansion of this

new matrix, the smaller its elements became and the lesser its impact on

using the maximum column total as the welghting factor-(Britton, 1971;

Simmens, 1972, p. 212).
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The next step was to d;vide the matrix into a number of sub-graphs
using dominant flows as the criterion. The cities were ranked accopding.to
their total in-coming flows, that is according to their column totals;
Hierarchic relations between centres were measured by the largest out-bound
flbw to a higher-order centre. .Thus the centres were gfouped into subsets

ﬁ the basis of their dominant flows. When a city's largest outgoing flow
was towards a centre of higher rank, the city formed part of this subset.
.In this manner all the centres are clustered into sub-graphs that indicate,
the limits-oﬁ each region andrfhe hierarchy of centres'witbin each one.

It is worthy of note that the Nystuen abd Dacey technique performs .
much the same task as factor analysis, that‘is, it delineates the interaction
fields and shows the rélative importanbe gf.the centres within each field
(Britton, 1972). However, thefe is one important difference in that the
Nystuen and Dacey matrix'is a probabiiistic model. Railging the direct floﬁ
matrix to some power is, in a sense, a measure of the probability of indirect
contacts occurring. Whether or not this is tge best approach to establishing
the probab}lities of interaction is a point of some controversy<(Stephenson,
19743 Tinkler, 1976).

Reed's (1970) graph thebry model is sbmewhat similar to the Nystuen
and Dacey model. From the powergd adiéceﬁcy matrix he calculated éhe
average graph distances of shortest paths in a network. In a second step,
each of the nodes in turn is removed an&_the distances are recalculated., If ‘
the node omi%ted isﬂa centful one, removal of its linksrfrom the matrist
will ;ncreaée the average graph distances, a feature which Reed uses to
establish system linkage structure and hierarchy. Reed suggests that it i1s

possible to use élther links, as in the exdmple he provides, or flowa, as

L]
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in ‘the Nystuen and Dacey approach. However, it should be noted that if
links are used, the emphasis is on the connectivity;patterné but if flows
are used, interaction is emphasized.

-

Storey and.Bulker (1975) compared the Nystuen and Décéy model to a

. Transactional Flow technique deveioped by Goodman (1963). Whereas the

graph technique determines system structure from dominant flows, the trans-—

action mo&ﬁl determines structure on the basis of deviations about a

staniprdized expected norm of flows. The norm is founded on the hypothesis

that a centre should receive from other centres a proportion of their flows

equivalent to its 22? rank within the system;"regardless of economic ties

-and spatial location. This form of standardization i%'superior (Britton,
'i971) to the one used in the Nystuen and Daéey model where each cell is

divided by the maximum éolumn total. However, the trénsactional model

introducés _new problems of its own in flow analysié such as the question
of determining deviation thresholds and the validity of the hypothesis of
indifference on which the standardization procedure is based. The results
of Storey and Bulker's analyses using the graph-theory and transactional
technique show that the interdependeﬁcy befween the Canédian ﬁrban centres
and sub-systems has increased considefably over the 1960-1973 period.

Factor Analysis Models: g .

Facfor analysis is another technique dhich has been aﬁplied to inter—
action research. Thé technique is specifically designed to reduce data
matrices to a few basic ‘dimensions (King, 1969) by regrouping into clusters
called factors, those va;}ableg‘which are highly intercorrelated.. Factor

e

analysis was first introduced to geography as a method of outlining the

underlying structure of a set of geographical units as exhibited by a-
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number of socioecohomic variables. Because of ®he similarity of form
between structural matrices and origin—destination tables, factor anglysis
became a toél of interaction r;search as well (Berry, 1966).

When an origin-destination tayle is factor analyzed, the destinations
that are correlated are regrouped into factors and the flow matrix is re-
duced to a few basié dimensions. Each of the factors can ﬁe interprated as
forming an interaction field within the broader system, As each of the

factors explains as much as possible of the variance still unaccounted for,

the'interaction fields  will be presengéﬁﬂzkif;e decreasing order of theilr

importance. Another important featurd of thé factor analysis model is that
each factor is statistically independent-of the others so that the original
flow maérix is brokén down into a number of statistically independent sub-
systems (Illeris and Pedefsen, 1968). Analysis of the fields over a period
;f time reveals the evolution of the fields, e.g. growth of one field at
the expense of others or integration of a number of fields into a single
one (Berry, 1966). Thus, the purpose of the technique is to identify
common patterns of exchanges that form sub—networks ‘within the system.
Origin-destination matrices are the only data required by the model,

There are three assumptions underlying the model. Firstly, it is
assumed that the relationships between the flow vectors are linear., Se-
condly, the fields of interaptioﬁ as represented by the factors are assumed
to be independent of each other, in statistical terms at least. These two
first assumptions result from the faét that the flow matrix is processed as
a.multiﬂlinearvector gpace by means of matrix algebra. Thirdly, the use of
this model implies that only direct flows between centres are of significance

in delimiting the fields.
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In comparisen to other techniqués,-factor analysis has a number bf good
features. Britton (1971) found that in comparison to the Nystuen and Dacey
and the transactional f£low techniques, factor analysis was remarkably easy
to interpret, thét it was free of built-in problems relating to the staﬁdar—
dization of the data, and that it dealt with common relationships rather
than individual arcs. Becausé the factor model searches out independent.
fields of iﬁteraction, it is useful in regional analysis as a method for
identifying the most appropriate locations for regilonal activities (Illeris
and éedersen, 1968). Black (1973) saw it as an effective and objective
method of flow analyéis in spite of the problems that might be caused by
some skewness of the d%ta. |

There are a number of difficulﬁies éssociated with the use of factor
analysis in interaction research. Firstly,'theAresults may be biased by the
skewness of the data (Simmonms, 1972). Secondly,.the technique focuses on
the matrix of direct flows only, and this may become a serious 1imitation° _
. (Simmons, 1972, p. 211). Thirdly, it is often difficult to determine the
iower cut-off vaiqes in evaluating the extent of each field., Fourthly,
it can be difficult to delimit the various zones of interaction within a
given field, e.g. determiniﬁg-the zones of higher, intermediate, and lower
interaction. Finally, if two closely related centres df approximately equal
strength pérform as the Fﬁo:centre nucleus of a given field, the factor
model ﬁay‘identifyrtwo lower-order fields iﬁsfead of a singlé strong one
and this may present a problem of interpretation.

Notwithstanding the limitatlions outlined above, facto; analysig can be

helpful either by ditself in taxonomic studies or in conjunction with other

techniques such as canonical correlation or multiple regressilon where it can
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servé to relate interagtion patterns and structural characteristics (Berry,
1966). ‘

The model‘bas been applied principalXly—to the identificag%pn of re-
gional interaction networks (Illeris and Peggrsen, 1968; Britﬁ;ﬁ, 1971;
Simmons, 1972).

Linear Programming Models: v

Linear programming is another commonly used technique of interaction
analysis. As a technique for achieving optim%} solutions to allocatioﬁ
problems, linear programming has beeg a basic.tool of operational research
since the 1950's wﬁen it was first deveibped by Dantzig and others (Campbell,
1971; Scott, 1971). The objective Iin the use of the model is to optimize
allocation of resources through the maximization or minimization of a linear
function of variables subject to a number of comnstraints. Mathematically
it‘consists in solving a set of simultaneous linear equations made up of
the objective function to be opﬁimized and the constraint equations, Geo-
metrically, onme can visualize tﬁe solutions to the set of simultaneous
linear equations as forming a region of feasible solutions in n-dimensions
where "n" is equal to the number of variables in the objective function,

Each constraint equation acts as a straight-line boundary to the region of
feasible solutions and each of the intersections of the constraint equatiomns,
the corners of the solution figure, forms a Hégic solutien to the allocation
problem, The corner which maximizeg (or ﬁinimizes as the case may bej the
objec;ive function will optimize the allocation problem, subject to thé
constrainté. The model requires the data specifying the types and quantities

of the resources to be allocated, and the constraint conditions under which

they are to be allocated.
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The assumptioﬁs under which these models operate are simple. The
relationships between the variablgs in the objective function must be
linear, the constraints can be written as linear inequalities, and all
variables must have nonnegative valuest

One of the first applications of linear programming in geography was
done by Morrill.(l967). Because he considered too unrealistic the optimal
solutions provided by the model commonly referred to as the "Transportation
Problem”, Morrill sought to formulate a model of linear programming that
would\provide a variety of acceptable non-optimal solutions for the transport
problem which is itself a simplified version of a linear programming model;
Morrill found that when dealing with aggregate data, potential or gravity
models provided bettgp estimates than linear pfogramming but for single
commoditfy analysis, the latter was superior (Morrill, 1967; Black, 1972).

_ Cassetti (1966) applied linear programming to the problem of allocating steel
plan;s and iron ore sources within the Ontario-Quebec area. Tmn spite of the
difficulty in establishing the necessary constraint equations, Cassetti
described the technique as useful in this type of venture.

A much more complex set of allocation modéls for interregional analysis
was developed by Nelson (197%). As his purpose was to reproduce és clogsely
as possible the essential features of the U.S. steel industry, Nelson used a
linear programming model coupled with a variety of other models in such a
manner as to be able to account for variations in technologiqal achieve~
ments and the effects of feedback circuits. The set of models operated
sequentially somewhat like a simulation model and the results seemed to have

been quite satiafactory.
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Linear programming, as a forecasting technique, was tested on U.K.
road and rail flows by O'Sullivan (1972). Besides noting that the model
worked better when a single commodity was involved, 0'Sullivan found that
when the emitting and receiving zones were somewhat homogeneous in size and
type of activity, the model performed much better. 0'Sullivan recognized
the objections raised in the literature against the assumption of optimality,
but he found it more satisfying than the assumption of stability of past
trends on which are founded regression models used for the same purpose.
Granholm and Ohlsson (1975) reemphasize the point that the technique is good
for single commodity analysis, but if a more complex set of variables are
used, as is often the case in geographical research, the quality of the re-
sults drops off rapidly.because tco many unrealistic simplifications have to
be made. %inally, Lowe and Moryadas (1975, p. 284), in their review of &
variety of studies, e;g. Morrill and Garrison (1960), Yeates (1963), and
Gould and Leinback_(1966;, find that the technique works best when the

/decision—making process lies within a single body such as a large corporation,
the military, or the govermment in times of crises.

Linear programming is a technique for optimizing an allocation function:
it does not attempt to search out system structures and feedback circuits, nor
is it capable of measuring nodal sensitivity to flow fluctuations.. It is
essentially an operational technique and although it is an extremely important

tool of'operational research, it cannot provide the type of information about

system operations which 1s sought through the use of flow-graph models.

Markév Chain Mddels:

Markov chain models provide another approach to the analysis of Inter-
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action. They are particularly useful in evaluating the general direction of
movementoyithin a system and in assessing the rate at which the system is
changing. Because these are two important characteristics of system develop-
ment, Markov chain models have generated considerable interest in geog{sphy
(Coilins et al., 1974). Thg data required by the model are a vector or:
matrix déscribing the initial state of the system and a transition matrix
'<giving the proﬁzﬁilities_of movements within the system. The iﬂitial state
is usually described by giving the number of events or cases in each of
the system's categories or cells. The transition matrix may be calculated
from ;Epirical observations or derived direcfly from a theoretical formu-
lation of most likely patterns of.movementg.

The Markov model is subject to a number of restrictive assumptions
which have hindered its use in geographical research. The model assumes
that the process is markovlan, i.e. the present state is dependent on the
one immediately preceding it. It also implies that the system is a closed
one. There are two other important assumptions basie to the model, the
assumptions of stationarity and uniform probability. Stationarity implies
that- the parameters remain éonstant during the evolutionary period, and
the assumption of uniform probab?lity assumes that the probabilitj functions
will be the same for all the elements in the systeﬁ. It is quite unlikely

: P
that either of these agsumptions hold true, particularly the second one for
it is assuming a lot‘to suppose that small cities or small plants behave
in‘the same manner as their larger counterparts.

The Markov chain model, like the Nystuen and Dacey model, 1s a proba-

bilistic model. Both are based upon matrix power series expansion (Tinkler,

1975, compared both techniques in preat detaill). Rogers (1966) presented.
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in considérable detail the mathematics of the Markov chain tech-
nique and demonstrated how it could be used in interregional migra-
tion dnalysis.

The m&dels can serve in two capaéities, either as descriptive
tools to indicate the configuration the present system will have if
current movement trends continue, oxr as predictive models, in which
case a number of refinements have to be incorporated info the model
to offset some of the difficulties associated with the rigid assump-
tions on which the model is based.. Collins (1975, p. 28) presented
two possible modifications which can be made to the tramsition

probability matrix when Markov models are to be used in forqcasting

, L
techniqueg. However, he noted that in this respect, Markov models

are still in the exploratory stage.

) kecognizing the difficulties raised by the rigid assumptions
of the model, particularly the assumption of uniform probability,
Rogers (1966) suggested that the %roblem could be partially over—
come by doing a series of shoft term an;lyses on continuously upda?ed
data such as one might find in the automobile license registrations .
for migration studies. Browm and Hdrton (1970) found a Markov chain
model satisfactory in defining hiérarchieslin a system by interpreting
the matrix of Mean First Pagsage 6f migration flows as relative mea-

sures of functional distances. Lindsay and Barr (1972) compared the

Monte Carlo and Markov chain techniqueé in interregional migration
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analysis. They preferred the Hhrkov.chain'model because they found
it more realistic and the operational procedures simpler and more
elegant.' The simpl%city of the mitrix operations makes the Markov
model a better analytical tool thén the simulation procédures of the
Monte Carlo technique. Hirs:\EI;TG) used the technique In a Ugandan
migration study. Although he was aware of the limitations of the
model,.he favoured it principally because ié is a probabilistic model

and it considers both direct and indirect flows.

Input—Qutput Models:

The input-output technique 1s one of general eqdilibrium ana-
f&sis of economic activity (see Richardson, 1972, pp. 7-30). It was
created to amalyze the interdependencies among industrial sectors as
exhibited in a transactions table where the destination of the outputs
of each industrial sector is compiled. TIts specific purpose is to
determine the effects of change in final demand on gross output. In

L

inbut—outﬁut analysis it is assumed thét the gross output of each in-
dustrial sector can be broken down into twe or more types of co&pénents,
that which is destined to final demand and. those which serve as direct
inputs into the other industrial sectors. This information, which is
containéd in the tramsactions table, can be written as a 'set of‘simul-

L
taneous equations. In matrix algebra notation the equation of the

system would be: . ‘ &

X-AX =



; : : 5l.

where

X = the gross outpgt vector
Y = the final demand vector
A = the n by n matrix of direct

. input coefficients
The system can be transformed to isolate X:

@ ~ALX=Y
and
© x=a-alty
where

X = the gross output vector

Il

Y
1

the final demand vector

(I - A the Leontief invesse matrix

- of direct and indirect requirements,

The effects on the g?oss output X for any change in the final
demand Y are thus_easily calculated. The inverse matrix, the Leontief
matrix, is the key instrument of input-output analysis. It indicates
the direct and indirect requirements froﬁ'each industrial sector to
produce a unit change in final demand. The inverse matrix has also

'prqvided the basis for the computation of a number of multiplier indices
which assess the various imp;cts on Industrial production through

changes in final demand, such as might be generated by public and private

invesatments.
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The input-output models are based on a number of assumptions. It
i1s assumed that the production functions are linear and constaﬁt. As pro-
duction functions are rarely linear or constant input-output analysis has
come under severe criticism. The technique has difficulty in accounting
for economies of scale and factd: sugstitution and it is not suited to
deal with production functions which ;:;_not linear. However, in Richardson's
view, input-output alhalysis has not been overly handicapped by these problems
(Richardson, 1972, p. 9).

The input-output technique has been adapted to interregional an%lysis
by expanding the input-output transaction tahles (Isard and Kavesh, 1954).
The output of each industrial sector for each geographical region is taken
as a geparate entity. Although the manipulation of these enlarged matrices
creates no problems because of the availability of large scale computeré,
the introd;ction of space and distance to the'mgdels has caused a number of
serious problems. The literature on these problems and thei; proposed
golutions has been reviewed by Méyers (1963), Goode and‘Tolley (15665, and
more recently by Richardson'(lQ?Zj.

Isard and K;vesh (1954) discuss the difficulty in setting up suiltable
categories of induéfrial activify because of the practice in government '
. clasgifications of groupiﬁg.tdgethe; local-oriented and regién—orignted
industries. They also discuss the effects of interregional transportation
costs on the model, Isaré (1960) commented on the types of industries which
should be include& in the analyses, how the sectors should be aggregated,
and the type of regfons which can ﬁe included. He stated that the input-

output technique can be used as a predictive tool only if the assumptions

of constant interregional input coefficients and constant production coeffi-

#
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cilents and constaﬁt production coefficients hold true; or as Harrison{pﬁt
-it: "the modei impiies that the proportion of a given input 1L impofted
from a particular regidn (r) for use by a specific purchasing sector (3)
located in a specific region (s} should also be constant. This assumption,
.in effect, freezes the spétial structure...as well as the technological
structure"” (Harrisom, i972, P. 58). Of these two assumptions% the first
~ one, the one relating to the stability of the Interregional trade coeffi-
cients, seems to cause the greater difficulty (Mose;, 1955). Goode and

Tolley (1966) stressed the point thatiinput—output models are powerfui

tools of repional analysis, but they are nothing more than models and shole

be treated as such, and that it is unfair to expect more of them. Richardson

(1973, p. 43) believed that these models do not deserve the bad press they
’ihave received ;s they are good flexible models that work best™ in combinatién

with other models such as gravigy and linear programming models. Perrin (1975)

saw interregional input-output models as a means of linking the two processes

of industrialization and urbanization, a feature he considered too little '

understood in regional analysis.

The input—outéut model presented in the earlier paragraphs is simblis-
tic., There have been a great many mathematical and tpeoretical developments
made within input-output analysis. These refin?ments have made the technique
more reliable as a means of measuring the interdependencies among‘economic
gectors and geographical regions, though the lack of proper data still

¢

constitutes a major handicap to its use.

Signal Flow-graph Models:
Since the A.S.T. flow-graph model is central to this study, . the

conceptual basgis of flow-graph models will be discussed in great detaill in

-
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this section. The detailed mathematical formulations of the A,5.T, model
will be g?ven in Chapter Three.

Researchers have sought for some time now for a method of tracing
economic impulses thfough strongly interdepeﬁdent systems of cities (Ponsard,
1967; king et al,, 1969). The interest in impulse and feedback analysis
may be attributed mainly to three reasons: a) a growing interest iﬁ under-
standing the behavigur of ;he system through the analysis of nétwork.inter-
action pattérns‘(Simmons, 1978, p. 61), b) khe concerted effort to develop
a theoryrto account for growth in modern economics in terms of urban
interdependencies (Tornqvist, 1968; Pred, 1973); and ¢) a need to complement
some of the inadequacles of the intefregional inputvouﬁput ﬁqggls {Ponsard,
1969; Bannister, 1976). |

The objective of the flow-graph model is to measure feedback effects
In strongly interdependeﬁt nétworks.' The model indicates how a nodé's
‘output will be influenced by its various sub-networks and individual arcs
for chanées in outputs of the other nodes. The data_required by the model
are difficult to obtain as they must be in the form of a transaction table
depicting the interaction betweentgentres of highly interdependent net-
works. Imput-output transaction tableé and origin-destination matrices of
information exchanées between high-level administrative and gxe;::ive
personnel are two examples of the type of d;ta suited to the model.

There are two‘majorassumptions which underlie the applicéfion of flow-
graph models to urban systems, an assumptioh of causality in the linkages
and an’ assumption ofv linearity. | ——

- Since the A,S.T. flow-graph model is concerned with the analysis ofr

feadback effects in urban systems it is important to define the nature of

..
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the bonds iﬁplied in the modelling of urban networks as flow;graphs. it
will be reéalled that flow-graph theo;y is base@ on that branch of mathe-
matics called topology and that directed graphs in topﬁlogy do éot imply
capéal~linkages between the néaes. Topology is only concerned with a
number of properties of geometric figures, the gost impoftant one, in the
present case, peing that of connectedngss between the nodes of a graph.
Thus, topological transformations of a network will‘hscertéim that the
connectivity of the network remains the same even tho;gh it 1s subjected
to various transformations, but there is no implication as to the natude
of the bonds between the nodes.

Mason developed signal flow-graph éheory in order to measure feedhack'
effects in electrical.;etwnrks by sylfjecting them to a number of trang-

ﬁirmations without, however, alterlng their conneetivity properties.‘ Thus,

he resorted to a topological approach. t in modelling networks as flow-

gXaphs Mason'assumed that § signal transm éion network could be interpfeted
as a sign;l flow-graph where each nod rece£ signals from various sources,
comﬁiﬁes them, and emits resultant signals to ther nodes in the sys-

N

tem. Since the size of a given node's output is related to.its inputs, a
causal relationship is therefore implied. Chen (1971, p. 169) notes that
Mason's approach has been useful in golving a number of difficult problems

* and that the assumption of cauiflity has.n;t causgﬂ;any serious difficulty.
"Thus, Mason was able to crégtq a number of algorithméﬂ‘ r measuring feed-
back effects through topologiéal transformat%jﬁérbg ne Ibrﬁs.

" When urban systems are modelled as fl&ﬁ—graphs, causal linkages

i . ; ,
) between the nodes &re also implied. This 1s apparent im the manner in which

the linear equations and flow-graphs are set up (Figure 3-2A, 3-2B, and

L
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3-2C of Chapter Three). Consider an urban system formulated in the fal-

lowing flow-graph equation system.: (Chapter Thrge, Equation System No. 45 :

%

= QX Uy %+ Xy Hod X,

™
I

Xy ¥ CapXgt l“xl + 122.\'24-...-!- t.mx"

& -

Xp = Cuoxo* tulxl - tn:xz"'""{" tnn"n

-The total output.xi of each node is expreséed as the sum of the individual
'6ﬁféuf; from thelnode'to all the others in the system. Since-the coeffi-
clents o and tij give the ratios of inputs into nodes‘ko.éndlxij to “their
‘own total output, the equation implies that there exists_é'relatiﬁnship bet-
ween a2 node's oufput énd'its inputs.

There is anfexplioit recognition of ;his‘type ;é interdependencé in
sﬁhdiesfdevoted to the tracing of flow impulées through.urﬁén systems Xding,
Casgetti, and-Jeffrey, 1969; Bannister, 1976). _Even though the ﬁroblem of
lagft%me bafwéenéﬁtion and reaction in urban gystem remains ﬁnsolveé, it has

 not deterfed Feéearcﬁers éway from pursuing thig type of resehrch.becaﬁse

of tﬁe yoténﬁial bénefits that wonld come frqm the develépment of an appli-
cable feedﬁéck'analysis.ggdel. Of the various tfpes of flows. exhibiting
causal liﬁkgges,rinfofm;tion flows are amﬁng those having received the most
attention in the reéentiliterapure'(Tornqyist, 1968, 19733 Pred, 1973, 1976;
Goddérd, 1975). Dunn (i970),.in‘discussing the use of graph_tﬁeog}.iﬁ urban

analysis, notes that for reasons of economies of scale most urban interaction

networks serve a multitude of functions and are not restricted to a single
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purpose. There is an implicaflon here that if it is possible to identify
the network structure and feedbéck‘pafterns-of one type of interactionm, '
the results apply, in varying degrees no doubt, to other types of interaction.

In summary then, the A.S5.T. model in its applicatlon of flow-graph
theory to urban systems implies causal linkages between the nodes and that
in spite of the difgiculty in fulfilling the data requirements for thié
type of research, development of a flow-graph model and its application to
urban systems is a valid and potentially useful endeavour. i

There is assumption of linearity, in addition to that of the causality
éf linkages, implied in the flow—graﬁh modél of Chapter Three.

Tn the following discussion on linearity, a distinction is made bet-
ween two very different applicat&fns of the model. As it now stands the
A.S5.T. model is set up to anal&ze internodal activity covering a single
time peridd. The model is a static one in that tﬂé laé—tgmes in reaction
between the nodes are considered nil. However, thgre are.lndications that
the model could be adapted to take into account the delays in reactioﬁ time,
in which case the model would be a dynamic one, Alﬁhough the develépment
of such a dynamic model would prove interesting, there are still so many
major difficulties to overcome thag its development 1s still far off in
the future. The implications of the linearity assumption are different f9r
these two approaches and they will be discussed separately{b '

In the case of the static model, the objective is to determine feed-
back effects and circuilts in a network at a giggﬁ mement. The data of the
internodal activity is thergfore contained within the origin-destination -

table. The assumption of linearity in this case is quite straightforward.

It implies that, for a given matrix, each of the entries into region 3
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coming from the other regions 1 is-ptoportional to the total output of
region j.3 Linearity is implied in the equation system associated with

the network's flow-graph. The equations define the total output of each

.node x. in terms of the flows it sends to the nodes xo and xij' The co-

i LY

)
efficients P and tij express these inputs as ratios of the total outputs
of nodes xoand xij' Since the equations contain no products of variables

nor.do any of the variables have any exponential indices, the equations .
are linear. The equations.imply that the output of a node is proportional
to the inputs it receives from the nodes to which it is connected. If the
relationsgips between the nodes are not linear but curvilinear, the static
model then deséribes the characteristics of the network at a given point
in time in terms of the tangent to the curve at this point.

The procedure followed in the flow-graph analyses of Chapters Four
and Five has been to apply the static model separately to a series of
origin-destination tables covering a peried of years and .to observe the
network characteristics revealed in these static analyses of the system.
Because the feedback characteristics and nodal sensitivities are always mea-
sured with respect to a unit output from the source-node, it was possible to
compare the results of the separate analyses without resorting to any other
standardization procedure, As a result, it was possible to detect changes
experienced by the system over this short period of pime.

In the case of the dynamic model, the approach 1s totally different.

The flow-graph and its equation system are much more complex because the?
.0

3The formula for calculating the coefficients of linearity
1
cjis t ¢ = fy/2f; , £ belng the inter-urban flows,
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must take into account the lag-times in reaction between the centres.

-

* Some suggestions as to the manner ih which such a dynamic model could be
set up have been put forward by Ponsard (1969). He proposes a flow-graph
in which a single centre is represented ﬁy as many no&es as the centre has
different reaction lag-times. Thus, 1f centre A has different lag-times *
fﬁr its interactions with centres B and C, centre A would be represented
by two different nodes, one for each reaction. As each centre may have
different delay—t%mes for all of its interact;ons, the flow-graph can
~ quickly be blown into gigantic proportions., However, once the flow-graph
is established, the equation system can be written and solved. The m;jor
difficulty lies in that the lag-times musé be known before either the f£low-
éraph or the equations can be established. Determining the lag-time coef~
ficients is in itself a major difficulty and establishing the linearity of
the relationships in the equations is another in such dynamic models,
Applying a flow-graph model to an urban system requifes that one
urban centre He chosen as the system's source-node. How this choice should
be made merits a few adaitional comments. In any flow=-graph the nodes repre-
sent output activity of the centres and the arcs symbolize the relationships
between the centres. All the nodes, with the exception of the source-~node,
have inbound and outbound arcs with the arrows pointing in the direction of
the on-coming flows. But the source~node has only out-going arrows, tﬂat is
only the individual inflows to the source-node are identified and not the
outflows. This implies that the whole system iIs analyzed with respect to
a unit flow out of the source-node. The source-node is considered the inde-
pendent node and the whole network's behaviour 1s analyzed with respect to

a unit output emitted By the source node. There is a reason of mathematical
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necessity, which is thoroughly discussed on page 95 in the second section of
Chapter Three, for aésigning a unit value to the total output of the source-
node. If the flow-graph technique were applied to an inter—industry input-
output problem, total final demand would be conside?ed as the independent
variable, the source-node, and the system's feedback characteristics would
be analyzed with respect to a unit change in total final demand. 1In apply-
ing the flow-graph technique to an urban system, any node may arbitrarily
be chosen as the source-node. In the studies of Chapters Four and Five, the
nodes with the largest outputs were taken as the independent node, the source-
nodes. The feedback circuits and nodal sengitivities of the other nodes
were examined with respect to a unit output of these major centres. .This is
implying that the activity in the major centre is an independent variable. °
with the rest of the system adjusting to its behaviour. Since the largest
centre usually contains the elemepts with the strongest influences in the
decision-making processes this choice was deemed justifiable, i

If‘any node other than the major node is taken as the source-node th;.
analysis can still be carried out. The reshlts‘;ill show how-tye system
behaves with respect to a unit output from this newly chASen gourcé—node.
The results will differ considerably from those of thé'origin;l anal&sisé iﬁ
general, the system's sub-networks should report hiéher}feédhackncircqit ;
values, (these transmission sub-networks are defined in Chaptér Three under
the label of transmission gains), since the largest node ;ith ﬁresﬁ;ably the
best overall network connections, is now included in the Sependent(pet éf
nodes. Its strong network linkages shoiild increase the values of ;he_varidhs

fgedback clrcuits. The nodal sensitivity valueg' should alsd differ. 1In

i H "
general, the sensitivity values should bear an inverse relationship to the
a &

" -
f .
‘ "

~o



‘have not been widely applied to network research.
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magnitudé of the source-node output.j This is accounted for by the fact that

N

- gensitivity is measured with respect to a unit output of whatever source-node

has been chosen. While a unit output might be but a small share of large
centre's acfivity, it represents a substantially larger share of a much smaller
node's output. Therefore, an increase of output of ome unit from a large -
centre will not alter the se;si;ivity results as much as a unit output from

a smaller centre.

Signal flow-graph models have but a short history aqd as of yet they

Ponsard (1967) was4not the first to realize the advantage of treating
a graph‘and its‘associated matrix within a topological context. Mason (1953j
had already modelled an electronic signal network as a flow-graph and devel-
oped a set 6f topological transformati;ns of the network graph for the
b;rpose of identifying féedback circuits and network sensitivities. ~ Ponsard
ééneralized some of Mason's formulas and applied them to the analysis of -

jndustrial intersector transactions. It is important to note that Ponsard

¥

" was pot adapting a model of electronic analysis to economic research. Both

‘he and Mason were applying a mathematical theory in its 'pure form" (Amedeo

3

and Golledge, 1975, p. 61) to two different situations and, therefore, there

" ‘ ~
is no need to eatablish a correlat%én between the poncepts-éf:eonnomic ana-

lysis and those of signal transmission systems. The flow-graph theory is a
logical system much in the same way as probability theory is and, providing
the flow—graph model can be adjusted to reflect the économic'system'without
viélating its own baslc assumptions, it 1s posaible to apply it to the dna-

lysis of an economic system and to interpret the results within a’topological

context. (Rota,1971} pp. 40-51) related mathematically the input-<output madel

- , -
L
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to the flow-graph one. He demonstrated that the final demand vector, usually
labelled Y insinput-output is the equivalent of the source-node activity
vector xoc of the sydtem of equations (2) of Chapter Three, that the Leontief
invefse matrix and‘the matrix of tij coefficientg of system (2) are qlso )
related, and tbat the X vector of’input—thput is the equivalent of the de-
pendent nodes of the flow-graph model of‘sySteml(Z), the dependent nodes being
all the nodes in the system with the exception of the source-node. Vuez (1971)
applied a flow—graéh model to a seventeen sector input-output table (data
taken from.French national transaction tables of 1959) and tested the utility
of the model in detecting the impact of variations in.the technological coef-
ficients on other points in the system. He found the performance of the
model superior to that of the input-output model in th;g{respect~becapse
the flow-graph model was more flexible through its topological algoéﬁthms.
Bannister (1976) introduced a signal flow-graph model to measure system
feedback and sensitivities. He discussed various approaches to the problem
of meaguring transmission functions and time lags in the transmission of
impulses. d

. As all the models discussed in this Chapter deal with interaction
analysis it dis éppropriate here to point out the specific differences bet-
ween the A.S.T. model and the others. |

The A.S.T. flow-graph modei ié fundamentally different in its approach

and in its objectives from the models derived from graph-theoretic concepts
outlined earlier. The approach is different in that the flow-graph model ‘
rests on the analysis of the system of equatilons associated with a flow-graph

and not on the creation of a number of indices pulled from a connectivity

matrix as in other graph-theory approach. The topological'transformations
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in the A.S.T. model are performed on the equaéion system and not.on the con-
nectivity matrix. There is also a fundamental difference in'Lhe objectives. .
The A.S.T. model deals with feédback effects and nodal sensitivities and

not with nodal cpnnectivity per se. In the flow-graph model the gain at a

node is always discussed with respect to its response to changes in outputs

in other‘nodes. The three praperties of_ the flow-graph model, system gain,
transmission gain, and sjstem sensitivity have been developed for the sole
purpose of measuring feedback effects in gsystems. System feedback analysis

wis so complex that without an appropriate technique it is almost a hopéless
task,

Facter agalysis, Markov-chain m;dels and linear programm%ng are ‘
similar to the flow-graph model in so far as they are all formulated as
linear equation systems but they differ in their obje;tives. Factor ana-
lysis identifies fields of interaction by clustering nodes with similar
patterns of activity. Markov-chain models attempt to project network
evolution and measure the rate at which the transformations are occurting.
Linear programning models aim at determining interaction patterns to opti-
mize allocation of resources. .Thus, none of these models attempt to sort
‘out feedback networks in systems and are therefore_basically different from
the A.S.T. flow-graph model.

Of all the models outlined earlier, the input-output model is the
closest to the flow—gfaph model because they both deal with system inter-—

. dependencies., The input-output model analyzes the intérdependencies between
the economic sectors of a transaction table and prdvides a number of multiplier

- -

ipdices but it does not provide a method of identifying and meaduring feed-

back circuits which is the specific objective of the flow-graph appreach.

)



Signal flow-graph theory, therefore, has its own specific contribution
to make to interaction analysis. It pursues cbjectives whiéh are distIfctly —
different from the other techniques outlined in the preceding paragraphs.
Certainly, it is incaﬁable gf solving a number of problems that the other
techniques can, e.g..optim%zing a distribution or predicting the major trends
of change within a system, but as a technique for ideﬁtifying feedback cir-
cuits aﬁd nodal seﬁsitivity to flow fluctuations, it is the best model devised .
so far. As a systems techmique it is particularly appealing in that it is
founded on a theory in its pure form rather than on concepts borruwed from

some other social scilence or from the field of physics.

-



. CHAPTER 2

THE CANADIAN METROPOLITAN URBAN SYSTEM: SELECTED ANALYSES

+

The Canadian urban system has recently been the object of considerable
study. Ray (1972) has analyzed the dimensions of urban growth in Canada,
Yeates (1975) has researched the evolution of Canada's Heartlaéd over the
1961-71 period, Lithwick (1970) and Bourne (1975) have stressed the necessity
of establishing a national strategy og urban development, and Simmons (1974)
has formulated.a conceptual framework of systems analysis applicable to
Canada's urban network. Others, such as Bartwick and Crowley (1973), Storey
and Bulker ilQ?S), have studied some traits of Canada's urban evolution _-l-
througho 1951-1973 period. | |

The analyses presented in this chapter add to our knowledge of the
structural characteristics of thg Cénadiau system by revealing through gross
flow and factorial analyses certain main features of the intermetropolitan
air passenger flows over the 1963-1973 period.

Gross flow and factorial_analyses of intermetropolithn airflows provide
convenient methods for determining some of the organizational characteristics
of the Qanadian urban networﬁ. As thesé analyses cover a decade of activi-
ties, they may providé some initial understanding of the‘metropolitanization
Process that has.been transforming the Canadian urban system. The structural
characteristics revealed by these analyses may later be Eompared with the
system properties Qiséovered'through éraph—theory and presented in Chapters
Four and Five, |

Measuring system properties and forecasting system behaviour require

interaction data of one kind or another, usually in,the form of origin-

65,
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destination matrices. As there exists many sets of spatial linkages -
Simmons  (1976) speaks of no less than soﬁe 100,000 such netwérks -- it is
importanq/Ziﬁgetermine which of tﬁese spatial interactions are most relevant
to the purpose at hand. A review of the'recent literature on urban systems
shows that the most commonl; used data fall within one.of the following cate~’
gories: telephone calls, financial flows, commodity exchanges, air passenger
and internal migration flows.

Two recent studies have used telephone calls as their main data base,
one by Simmons (1972) on Central Canada and another by Clark (1973) on Wales.
Simmons noted that telephone matrices served his purpoée better than air pas-
senéer flows because several cities in his;study were too c}OSE together to
warrant air travel or some of them did not‘have major airport facilitieg.
Clark ended his study with an important remark about the usefulness of tele~-
communication data in urban systems. While he had hoped that call patternms
would provide some insight inteo future trends of the Wales urban network, he
found that they adopted "a lag rather than a lead role in determining spatial
form" (Clark, 1973, p. 321). This supports Tornqvist's (1973} and Goddard's
(1975) argument that operatiomal information flows (e.g. telecommunications)
have little impact on system evolution; their main funééion 1s to keep the
present one operational not to generate system changeé.. It is the person-to-
person contacts inltheir view that provide thé forces of system change. Since
the present study is one of system evolution, telecommunications data would
be of limited value. Financial and commodit§ flows are also of limited value.
Both these linkage patterns reflect past or actual performance of the system

(Goddard,'1974). In brief then, while all types of interaction data would

project some light on urban system operation, telecommunications, commodity,
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~and financial flows are not as helpful as personal contsct information'flows
in projecting system behavior (Storey and Bulker, 1975, p. 1). However,

data sources regarding personal contacts are extremely rare, and”it has been
necessary to resort to the use of a surrogate wvariable, air-passenger flows.

Inter-urban air passenger flows have been central to a large sector of

recent urban systems research. Pred (1973) reports that the Swedish researchers

Sahlberg and Hedberg relied heavily on this type of flow in their analyses of
the Swedish urban system. The importance of this type of interaction was
strongly reinforced by Tornqvist's (1973)‘discovery that of the two typES'of
information flows, personal contacts and telecqmmunication exchanges, the
first was the decisive one in determining urban system development, Tornqvis
insistance on the importance of face-to-face contacts is now widely accepted,

(Dunn, 1970; Pred 1973; Yeates, 1974‘ Goddard, 1975;. and Storey and Bulker,

L3

1975), 1If one'considers that over 657 of inter-urban air passenger flows are

coﬁpany business contacts (Canadian Transport Commission, 1970), it is not,
surprising tsat‘air,passenger flows have been #sed widely in urban systems
analysis. |

The data on intermetropolitan flows used in the following chabters were
compiled by Statistics Canada (Cat. 51-204, annual) and cover a period of
eleven years, 1963-1973, which is "about the maximum period over which the
role, relative size of cities, and their hierarchical relationships can be

taken unchanged", (Simmons, 1976). Since 1959, . the origin-destinatfon matric

t's

es

- published by Statistics Canada have been calculated from a continuous sampIdng

survey of passenger coupons for all the major national and reglonal airlines
in Canada. The two largest airlinea, Air Canada and C.P. Alr, take a 10%Z

~sample of all their domestic flights, while the smaller airlines provide a
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& . RSN
207 sagple. This last gfoup of airlines includes Eastern Provincial Airways,

Pacific Westef; Airlines, Quebecair, ?ransair, Nordair, and Norcanair. All -
of the above airlines participated in the surveys throughout the 1968-1973
period with one exception: Norcanair ceased to report its flight figures in
1973. Only domestic flows are reported in the air passenger matéices analyzed

in this chapter. Through traffic is excluded as only journeys whose origin

and destination were Canadian cities were included in the sampling survey.

Some caution must be exercised when comparing the origin—aestination matrices
covering a number of years because factors éther.than person—to~pgrson con-—
tacts alsc influence airlinemfléﬁs. Some factors promoted'increases in
passenger Fraffic, suéh as the opening 6f new routes or improyeméhts in
airport facilities. Thus Transair's new Winnipeg-Zhunder Bay-Toronto service
in 1970 and Nordair's new Montreal-Hamilton route in 1971 are véry likely to
have been partially responsible for increased interaction between these metro-
politan centres. On the ofher hand, some factors exerted a negative influence
on these airline flows such as the strikes by Canadian pilots ana air traffic
controllers in 1972 and 1973. The elimination of airline routes, such as
C.P. Alr's decision to abandod‘part of its regional serviceé in British
Columbia in 1970, must have had a negative effect on airline traffie.

. The fact that.this research into the Canadian urban system i1s limited
to the set of metropolitan centres when origin-destination data is available
for all centres with airports im Canada ﬁay demand some justification. Con-
ceptually; the A.S.T. model implies thaf thérelis a high degree of interdepen-
dence among the nodes in the system to whicﬂ it is aﬁplied. There is ample

evidence.in the literature —-— Gafrison, (1960) , Borchert (1972), Pred (1973a),

Lasuen (1973), "4Ad Goddard (1975) --- that these strong linkages exigt among’

.
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the 1arge.;rbah c;ﬁtres in a ;odgrn economy., This is not particularly .
surprising épnsiderlng‘the congentration of demographic, econoﬂic, fi-
nancial, and political forces in the metropolitan areas. Limi?ing the

data set to metropolitan centres implies that the system is clesed with -
respect to the‘centrés invalved in determining the fuﬁctioning of“the sys—
tem., It must. be rebognized,-%owever, that fhe system is not truly closed, ‘
Its bogndarieslare arbitrary and cannot be wished away; Nevertheiéss, with

so many of the decisive factors of urban growth now concentrated within these

. { s
large centres, limiting the system in this manner is assumed to be justifiable.

Gross Flow Analysis of Intermetropolitan Air-Passenger Traffic:

'Tq,prdvide some ‘Initial sense of proportion and scale this section
* .

v"- ¥
will describe and compare the destinations of the largest {lows of the -

.

metropolitan centres for 1963 and 1973, the first and last years of the study
' . *

period. The flows are given as percentages of the total system outbound
traffic (tables A4—67 and A4-77 of the appendix). Table 2-1 and Figure 2-1

sumnarize tgéﬁfesults of the analyses.

' >

P <
Total intermetropolitan traffic increased from 1,823,895 to 6,014,020,
a growth of 2297 over the eleven year period. A notable feature of ‘the period

. N A ] . .
was the drop in the relative importance of the exchanges between the two

qlargest centres, Toronto and Montreal, TIn 1963, the largest single flow was

from Montreal to Toronto, which represented 10,6% of the system's total out-—

[ - : : )
" put, whereas in 1973, the va%;; of that flow dropped to 7.67Z. JThis suggests
3 .

L2

. % the development of‘g more evenly distributed pattern of activity. The.new
distribution pattern may.be a reflection of such factors as expanded airlime
facilities throughout the system, or new travelling patterns of the)pﬁblic

[+] S . v
M in general, or again it may be a confirmation of Pred's .(1973) theory that .
{ R “ ' o
) L

-
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Figure 2-1 Intermetropolitan Domestic Air-Passenger Traffic, 1973, -
| (Largest flow as a percentage of total system flows.)

Q 300 600 890G km,
[N 1 i i

- Percent of total flows I
T e— <% }
teesr . 1-19% )
_—— 2-29%
sssss  3.130%
| — >7%
4 .




72.

[}

development of modern economies is accompanied by gréater ﬁorizontal as
well as vertical interdepéﬁdency of large urban centres. The case of Regina
may be an illustration of Pred's argument. -In 1963, Reéing's oufpgt was
principally towards two centres, Calgary (0.561)_and ?innipeg (0.51?)3. In
1973, its.flows ﬁere more evenly balanced between four centres, Calgary
(0.46%2), Winnipeg (0.467), Vancouver (O:ASZ) and Toronte (0.437).

Table 2-1 indicates that Toronto was the dominant centre with strong
1inks to all the major centres across the country, several of which them-
selves served as poles for regional sub-systems. By 1973, Toronto had ex-

tended its field by the addition of Thunder Bay and St. John's. That London

did not appear in the Toronto field likely reflects the convenience of other

modes of travel over the short distance betwéen the cities. The strength of
Toronto's field is even more apparent if the number of cases where Toronto

- ¥
reteived from centres outside its field almost as many flows as these’ centres

sent to their own primary pole, e.g., Regina, Saskatoon, and Saint John.

Toronto dominate flows East and West. There was an increase in relative and

. absolute terms in the number of flows into Toronto from Vancbngfifzgpﬁgef

-

Bay, Halifax, and.St. John's. There was a loss in relatile terms in the flows‘
from Montreal, Windsor, Winnipeg and London. \

Montreal was second in importancé within the nﬁtional system, It was
the primary pol@ for. Toronto and Queb'ec. Ottawa was proﬁably also'lirimarily
oriented toward Montreal.although the short distance betweeﬁ the centres hé?/
favoured other modes of travel. Montreal, like Toronto, haﬁ strong ties wiﬁﬁr
gll the cegtres across the country. Its ties in the Eaét were comparable to

) . .
Toronto's but its links to the Western centres were much weaker.

The other important centres within the ional system are Vancouver,

L]

Regina's output as a percentage of the sjystem's-total output.
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Ottéwa, Calggry, Edmonton, Winnipeg and to a lesser degree, Halifax.
Vancouver, in addition to being the primary pole fdr Victoria received
large flows f;ém Toronté, Montreal, Ottawa, and all the Western centres.
Its influence over the smaller Western centres of Regina ahd Saskatoon

had greatly increésed by 1973, 1Im 1963'Regina's output towards Vancouver
‘was only 0,277 of the total system traffic while in 1973 it had increased
to 0.45%. Saskatoon's share had gone from 0.197 to 0.397 over the same
period. Vancouver's ties with the Maritige centres remainedrweak, however.

hY

* The growth in volume of traffic of the three centres of Ottawa, Calgary,

0 .
and Edmonton place them within the mainstream of the national network but

only Ottawa had strong ties in the Maritimes as well as in the Western

cities by 1973. In 1963 Halifax's output towards Ottawa was only 0.27%

G
e

.of the system‘é,éztal activity,'but by 1973 it had grown to 0.47%. Van-
couver's share into Ottawa had gone from 0.26% to 0.56%; Winnipeg's had
increased from 0.30% to 0.45%; and Calgary and Edmonton's share had increasedf‘
from an average of 0.167 to one of 0.26%. The growth/experienced by Calgary
was pfincipally-from flows coming from Véncbuver, 1.37 in 1963 to 2;12 in
1973, and to a lesser dégree'through the additional flows from Toroﬁto,
0.77% in 1963:to 0.93% in 1973, Edmonton's growth was similar in these.
respects go-Calgary;s. Winnipeg{suétained losses from Regina and Saskatoon,:
the two centres having %ncreased their flows into Vancouver and Toronto.
Halifax’develdped as a Mafitime regional centre:_ It'éent é;, and received.
from; Toronto and Montreal congiderably-more fiows.than did either Saint

‘ John or St. John's. Of Ehe Fﬁree'Maritime centres 1t 1is the'pne thgt had
;hé‘stfongest liﬁks'with the_W;stern'centresg .In-the map showing the

. AW

largesf flows in the syétem, the predoﬁinance of Toronte étanda out. Only
. - . ' ’ Y

L
.

-
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the iargest of the two flows between pairs are shown as the matrix is quite
gymmetrical (Figure 2-1). Since the largest flow patterns were almost iden-
tical for ﬂoth 1963 and 1973 only the latter have been mapped. The ffictipnal
effect of distance on the flow pétterns appears to be strong except in the
case of Toronto.

The -description of gross flows has simply revealed a number of the .
main features of Canada's intermetrqpol;tan alr flow activity. Restricting
the descriptionr to the exchanges of largest flows, of course, iﬁposes severe
limiﬁatibns. To complement the preceding gross flow analysis, the air-
passenger traffic data wili be studied by means of factor amnalysis, which
searchgs for similar patterns of activity based on all the flows in a matrix.

»

Fqétor Analyses of Intermetropolitan Alr
Passenger Flows for the 1963-1973 Period:

A series of factor analyses was performed on air passenger origin-
destination matrices for the 1963-1973 years. These analyses revealed some
major structural features of the Canadian interaction system and supﬁorted
arguments, based on other analytical techniques, concerning the existence of
a trend towards greater integration of the metropolitan system with Toronto as
the national focus {(Hartwick aﬁd Crowley, 1975; Storey and Bulker, 1975).

Factor analysis has been used by several authors for the study of origin-
destinatioﬁ matrices. Illeris and Pederseq (1968) used the technique to de-
tefmine‘tegiqnal functional structures within Denmark; Simmons 11972) used it
to analyze structures within Central Cénaaa; and &inkler (1972) found the '
ftechnique-more'safisfaétory than Gould's hdi;ect analyses" in describing

Ugandan road networks.

The‘principal interest of the technique 1lies ip the fact that each factor

-
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in turn extracts as much of the variance of the matrix ae possible. Eech
factor describes a major sub-system within the network by grguping fne urban
centres that strongly interact together. In the present study, this property’
of the factor analysis model is particularly useful. As the technique is
applied to a set of matrices covering a decade, it is possible{to determine - “

whether the sub-systems are expanding by the addition of new centres or

regressing through the loss of some of their elements.

The. analyses were first performed on the matrices of air flows in abso-~
lute values to determine the main features.ofinhe system's structure and their
relative impontance within the system for the ll-year period. There was some
difficulty in identifying the finer traits of the system with_;ﬂe data in
absolute values as the influence of the strong elements in thelsystem, e.g.
Toronto, Montreel, and Vancouver, tended to obiiterate‘some of the weaker
system structures. To do away with this problem of size the analyses were
repeated with the data expressed as-perceptages of the emitting cities' total
output, This led to'the discovery of sone'of the finer traits of‘network
structure. £ |

The data can be factor analyzed in two ways, elther as an origin— ;;
destination matrix or as its transpose, a destination—origin matrix. In ;he
first instance the factor loadings identify centres with similar receiving

4"

patterns, e. g. attraction fields, and the factor scores list the centres
emitting flows towards these fields in order of éheir importance. In,the i‘
second case the factor leadings outline the emission fields and the factor
scores give the 1ist of receiving centres. The interaction fields outlined

in this chapter have- been derived from the results of the first type qffanalyeis

and confirmed through the eecond type.
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Defining the Main Features of System Structure:

The results of the factor analyses of the data in absolute values show
that the interaction patterns have chahged over the 1963-1973 pericd. They
also show that there has been two distinct periods of structural change in

the network during this time,“with the first extending from 1963 to 1968 and

the second from 1969 to 1973. A comparison of the 1963 and 1973 results bring

out the principal changes that have taken place during these years (Tables
2-2, 2-3, 2-4, 2-5).

The 1963-1968 Period:

In 1963 there were four major fields of interaction in ghe Canadian
Metropolitan System and thef remained fa rly.stablé until 1968. The Toronto
and Montreal fields were the main ones in the east while Vancouver and Cal-
gary were the central poles of the two western major fields. ’

The Toronto field was the largest of the four coﬁprising over 357 of
the flow matrix. The 357 value defines the eigenvalue/trace ratio in per-
centage form of -the Toronto factor and as such it measures Toronto's influence
within the metropolitan network. The extent of the Toronto field of éttrac—
tion at the beginning of the study period can be seen from the factor loadings
of the metropolitan cengres on the Toronto factor (Table 2-2), Toronto's in-
fluence covered central Canada, ‘(Montreal, Sudbury, Ottawa, Windsor, Thunder
Bay, London), extended as far west as Winnipeg, and included part of the
Maritimes (Halifax, St. John's). |

The cut-off v‘alu'e of factor loadingéz the field deliﬁ;iﬁations that was
teﬁtatively chosen was 0;45. A loading of 0.45 is equivalent to a_coefficient

of determination of 0.20; or in percentage form 207. Thus factor loadings

eqdal to or greater than 0.45 indicate that the factor accounts for 207 or

' L
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or more of the interaction of th; given metropolitan centre. What matters
are the changes which have occurred within the interaction fields over the
1l-year period.

The cities listed as being under the influence of T?ronto in the pre-
ceding paragraphs do not represeﬁt the limits of Toronto's influence within
the metropolitan system in ;963. They represent only the pr;mary field pf
its‘influence, for Toronto's flows were st?ong on the other three fields as
well as the factor scores clearly show (Table 2-3)}, Even in 1963 Toronto
already had a national dimension in its interactiom]patterns.

The Montreal field (227) in 1963 was the second in importance in the
system an& considerably weaker than Toronto's. The field consisted essen-
tially of two parts: ties with Quebec, Toronto, and London in central Canada,
and ties with all the Maritime centres.

Unlike Toronto, Montreal's influence was essentially limited to this
factor though its flows into the centres of the Toronto field were not in-
significant (0.8783? Table 2-3). Thus Montreal|was essentially only a
régional pole in 1963, |

The Calgary field (17%)-has third in .importance and included Reginé,
Saskatoon, Vancouver, and Edmonton. The factor scores reveal an imbortant
point about this field. Though Calgary has the highest scores (1.5760) it is
followed closely by Winnipeg (1.4046) and Vancouver {0.9769, Table 2-3) and
to label this factor as the Calgary factor is an over—simplification. It
would probably be more appropriate to label it the Calgaf&—Winnipeg field.

The Vancouver factor (12%) is the smallest field as it includes only

Victoria, Calgary, Edmonton and Winnipeg. The fact that the Vancouver factor

is independent 3§_zhé Winnipeg-Calgary one shows that the Western networks

—



Table 2-2 Factor Leadings:

Intermetropolitan
“Air Flows in Absolute Values (1963)

(Origin-destination Matrix)

Toronto Factor (35%)

Montreal 0.9748
Sudbury 0.9688
Qttawa 0.9529
Windsor 0.9343
Thunder Bay  0.8883
Winnipeg 0.7270
Halifax 0.5896
London 0.5890
St. John's 0.4991
Vancouver 0.3901
Saint John 0.3837
Saskatoon 0.2361
Regina 0.1528
Calgary S 0.1383
Quebec " 0.1257
Edmonton 0.0526
Victoria 0.0181

Calgary Factor (17%)

Regina 0.8896
Saskatoon 0.8330
Vancouver 0.7991
Edmonton 0.6322
Thunder Bay  0.3573
Calgary 0.3318
Winnipeg 0.2614
London 0.2465
Windsor 0.2043
Ottawa 0.1748
Sudbury 0.1504
Victoria 0.1293
Toronto 0.1035
Montreal 0.0961
Quebec 0.0931
Halifax 0.0600
St. John's -0.1682 .
Saint John -0.2241

Montreal Factor (22%)

Quebec 0,9531 -
Toronto 0.9386
Londen 0,7411
St. John's: 0.6970
Saint John 0.6773
Halifax -~ \0.6397
Windsor 0.2684
Winnipeg 0.2471 .
Ottawa - 0.,2095
Sudbury 0.1550
Thunder Bay 0.1290
Vancouver 0,1044
Saskatecon 0.0236
Victoria 0.0160
Montreal 0.0046
Edmonton -0.0151-
Calgary -0.0347
Regina -0.03655

¥
Vancouver Factor (lZi}

Victoria 0,9641
Calgary 0.6550
Edmonton 0.5348
Winnipeg 0.4724
Saskatoon 0.3747
Regina 0.3007
Ottawa 0.0890C
London 0.0738
Montreal 0,0725
Windsor . 0.0640
Sudbury ' 0.0599
St, John's 0.0423
Saint John 0.0398
Thunder Bay 0.0336
Toronto ~ - D.0109
Quebec -0.0372
Vancouver -0.0702

Halifax ~0,0867 -

78.



Table 2-3

Standardized Factor Scores for
the Factor Loadings of Table 2-2

Air Flows in Absolute Values (1973)

(Origin-destination Matrix)

Toronto Factor (38%)

Sudbury
Montreal
Ottawa
Thunder Bay

.Windsor

St, John's
Ralifax
Winnipeg
Saint John
London
Vancouver
Quebec
Saskatoon
Regina
Calgary
Vietoria
Edmonton

i -

0.9720
0.9640
0.9450
0.9180
0.8356
0.7390
0.7194
0.6616
0.5744

0.4750
. 0.4628

0.3749
0.2426
0.2178
0.0796
0.0767

0.0256°
K-., K

Montreal Vancouver
Toronto Factor Calgary Factor Factor ~Factor

Toronto 3.88544 2.48425 2,21228 1.8627%
Montreal 0.87826 0.33728 3.11970 0.05828
Ottawa 0.14230 - -0.25284 0,80109 -0.30280~
London -0.46824 -0.68537 -0.54447 -0.65280
Quebec -0.35851 -0.78303. ~0.49479 =0.74123
Windsor - - —0.48634 ~-0,68428 -0.40349 -0.66242
Sudbury -0.60786 -0.85877 -0.62287 -0.81546
Thunder Bay -0.50253 -0.73412 -0.51901 -0.63365
Halifax .=0.00683 -1.03443 0.57533 -0.51868
Saint John -0.41376 -0.82622 -0,33636 -0,85471
S5t. John's ~-0.45427 -0.83323 -0.39889 -0.83975
Winnipeg 0.10975 1.40457 -0.18948 0.57615
-Regina -0.34994 .—0.21966 -0,51525 -0.03143
. Saskatoon -0.45072 -0.45965 .~0.56885 -0.37920
Calgary -0.10054 1.57604 -0.41483 0,94666
Edmonton ~0,07496 0.81115 -0.37933 0.84379
Victoria -0.41565 -0.21860 -0.55215 -0.64022
Vancouver -0.04099 0.97691 -0.26862 2.78@70
Table 2-4 Factor Loadings: Intermetropolitan

Montreal Faétor (21%)

Toronto
Quebec
London
Saint John
Halifax
St, John's
Windsor
Winnipeg
Ottawa
Vancouver -
Sudbury
Thunder Bay
Regina
Saskatoon
Victoria
Edmonton
Calgary

- 0,9606

0,9041
0.8019
0.6499
0.5863
0.4972
0.4828
0,2297

 0.1664
0.1574

0.103%
0.0729
0.0712

. 0,0656.

0.0489

-0,0193

0.0155 -
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Vancouver - Calgary Factor (27%)

s
9 ‘ Victoria 0,9538
Regina ..0,9384
Saskatoon . 0.9018
Edmonton 0.8189
Calgary 0.6742
Vancouver 0.6185
Thunder Bay 0.2839
London - 0.2456
Ottawa 0.2362 )
‘Montreal 0.2213 o
Windsor - 0.2189
Sudbury 0.1663
Toronto, 0.1055
Halifax ' 0.0750
! Quebec  * - 0.0377
St. Johns ~0.0255
Saint John e -=0.0911

Table 2-5 Standardized Factor Scores for

.

the Factor Loadings of Table 2=4

Toronto Mpnfreal 'Vancouver—Calgary

& v Factor - Factor Factor

‘Toronto 3.8082 2.4485 - 2.3854

- Montreal 0.9253 - 2,7085 : 0.2212
Ottawa 0.2139 . - 0.9542 0.0304
London .’ -0.4804 -0.6587 . o =0.7287

. Quebec - -0.4766 ~0.6167 . ~0.7752
Windsor -0.5371 -0.6154 - .~0.7511
Sudbury , -0.6073 -0.6171 ' -0 8333 »

* Thunder Bay ~0.5217 - -0.5277 o -0.6955
Halifax 0.0519 - 0.2577 ' -0.7081

* Saint John -0.0524 . -0.5926 . . ~0.8406
St. John's ~0.4648 -0.4864 * . - ~0.8250

" Winnipeg * . 0.0399 , -0.0851 L 0.7697-
Regina =0.4487 . -0.5828 - © . =0,4433
Saskatoon -0.4852 -0.6160 , -0.5283
Calgary 0.0042 K -0.1610 . 1.5125
Edmonton -0.1100 ~0.2743 0.8979
Victoria . —0.5046 -0.6426 N . . =0.4565
Vancouver - . 0.1132° - . 0.1077 . . 1.7685

Yy
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were not thoroughly integrated at this stage.

The 1969-1973 Period:

Throughout these years strong forces had been progressiyely altering
the interaction fields of the Canaéian network and by 1973 the principal
elements of the new structuye were well established. By 1§73 there were only
three major fields, two in the East and one in the West. The existence of
only three fields where therelhad been four is some in%icatioﬁ of the syétep
integration that had taken pl?ée during this period.

The Toronto field had increased considerably (38%, Table 2-4). It
covered central Canada, all of the Maritimes, and included Vancouver as well
as Winnipeg. The ties with Vancouver can be'tékep as an indication of Toronto's .
growing importance within fhe national system., Toronto is‘tﬁe only'ceptre
which displays such an Extensiye influence.

Vancouver and Montreal formed the nuclei of two strong regional fiélds.
All the centres in the western provinceé fprmed a single field with.Véﬁcouver
(1.7685) as its main pole (272). Calgary (1.5123) and Edmdﬁfon (0.8979).yere
important secondary. poles (Tables 2-4 and 2-3). 'integ;ation of the western
“cities.into one large reglonal fleld was a'ﬁajor chahge.within the period.

FinaIly,"thére was the Montreal_field'ﬁz;Z); There is soﬁe'iQdication
that thisdfield had stronger ;ies ﬁith southern_Ontaiio.in 1973 than in 1963
for both Toronto and Windsér have qtroﬂger }oadipgs (Table 2-4), Another
significant transformation is revealed by the chéngeé in the factor scores.

Ottawa and Halifax have switched places in the rankings (Tables 2-3 and 2-5).

- L , .

By 1973 Ottawa was an important node within this field and Halifax was rele-
. o _ - <

gated to a mMch smaller role within this eastern regional hetwork.

~
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Additional Features of the Canadian System:

The analyses of the matrices with the flows expressed as percentages
revealed two other interesting system changes within the -networks.

a) The Saint John - St. John's Field: .

This field had been thoroughly blotted out by the‘analyses on the abso-—
lute values and yet it ppesents some interesting features. Throughout the 11
Vyears the two cities of Saint John and St. John's.formed a small attraction
field for the flows out of Halifax. Even though thislfactor remainedrlargely
unchanged over the period there are some small but significant changes in the
factor scores reported for t;;§x£igld. Halifax.experienced a slight but con—
einuous loss in scores, dropping from 3.7866 to 3,40Q47 whiie Montreal and
Toronto gained slightly (Tables 2-6, 2-7). By the;selves these changes are
too small to lead to any definite comclusion about system evolution, but in
the light of other researcy on the hational system ehey may be'taken as an
indicatipn‘of the tendency of the Maritime suﬁ-system to be absorbed by the

great eastern network centred on Toronto and Montreal.

b) The Halifax-Winnipeg Sub-Systems:

The percentage analyses revealed another interesting feature of evolu-
tion within the national network: changes within the westeran component of the
Halifax—Wiqnipeg dipole (Tables Z-8 and 2-9).

The aealyses show the existence of a bipolar faceor which‘opposed the
behévier of ewo tegional sub-systems, one in the East and one in the Hest,
In‘the’EaEt the network has Halifax as its primary node and Montreal as its
secendar§.oneg"ihe de?endent ceetree revolving.arouﬁd these nodes are Saint
Johp, St. jdhn's, and Quebec City., In the West Winnipeg and Calgary serve as

the principal and secondary nodes. The fact that this is a bipolar factor

]
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Table 2-6 Factor Loadings and Factor Scores

of the Saint John — St. John's Factor

Loadings 1963

(1963-64-65)

Winnipeg 0.2154
Toronto 0.1556
Saskatoon 0.1375
Regina 0.1294
Halifax 0.1161
Thunder Bay 0.1048
Edmonton 0.0955
Calgary 0.0841
Vancouver 0.0825
Windsor 0.0085
_ Sudbury -0.0020
Quebec City -0.0548
Victoria -0.0587
Montreal -0.1672
Ottawa -0.1914
London -0.2281
St. John's -0.9584
Saint John -0.9694
Toronto
Montreal
Ottawa
London
Quebec
Windsor
Sudbury
Thunder Bay
Halifax .
Saint John
St. John's
Winnipeg
Regina
Saskatoon
Calgary
Edmonton
Victoria -
Vancouver

Loadings 1964

Winnipeg
Halifax
Calgary
Saskatoon
Regina
Torontd
Vancouver
Thunder Bay
Sudbury
Edmonton
Victoria
Windsor
Quebec
Montreal

"London

Ottawa
St. Jaohn's
Saint John

Scores 1963

-0.47892
~0.42801
-0.08080
0.02670
-0.32033
0.30390
0.28069
0.52367
-3,78655
-0.31§231
-0.12355
0.57702
0.70851
0.61184
0.81735
0.57767
0.46928
0.47385

0.2329
0.1571
0.1387
0.1300
0.1224
0.1042
0.0943
0,0842

0.0737 -
0.0698 .

0.0479

~-0.0276

-0.0623
-0.1813
-0.1878
-0.2115
-0.9560
-0.9695

83.

Loadings 1965

- Winnipeg 0.2383
Halifax . 0.2022
Saskatoon 0.1765
Calgary 0.1515
Regina 0.1362
Vancouver 0.0983
Edmonton 0.0943
Toronto 0.0520
Thunder Bay 0.0508
Victoria 0.0493
Sudbury -0.0021
Windsor “ -0.0207
Quebec -0.0623
London ~0.1459 °
Montreal =-0.1913
Qttawa -0.1924
St. John's -0.9590
Saint John

4
1

Scores 1964

-0.42268
-0.45865
~-0.15426
-0.04345
-0.32980

0.26195

0.06747
0.49113
-3.74844
-0.11389
~-0.14462
0.56795
0,73919
0.74005
0.72811
0.71596
0.48611
0.61786

~0.9650

Scores 19635

-0.47400
-0.51670
-0.19121
~0.14032  °
-0.36911
0.13899
0.04437
0.41151
~3.67534
-0.05475
~0,10195
0.59213
0.89985
0.72523 -
0.83202
0.77790
0.46850
0.63288



Table 2-7 Factor Loadings and Factor Scores
. of the Saint John —.St. John's Factor

Loadings 1971

(1971+72-73)

Loadings 1972

Winnipeg 0.2303
Vancouver . 0.1742
Saskatoon 0.1573 -
Halifax ~* " 0.1442
Regina 0.1329
Calgary . 0.1304
Thunder Bay 0.1087
Toronto 0.0945
Edmonton 0.0805
Victoria 0.0361
Sudbury 0.0238
Windsor - 28
London -8.1008
Quetec -0.1632
Ottawa -0.2419
Montreal -0.2630
Saint John -0.9394
St. John's - =0.9447
;

Toronto

Montreal

Ottawa

London

Quebec

Windsor

Sudbury

Thunder Bay..

Halifax

Saint John

St. John's

Winnipeg

Regina

Saskatoon

Calgary

Edmonton

Victoria

Vancouver

Winnipeg
Vancouver

'Saskatoon

Calgary
Halifax
Victoria
Regina
Edmonton
Thunder Bay.
Toronto
Sudbury

‘London

Windsor .
Quebec
Montreal
Ottawa
Saint John
St. John's

 Scores 1971

~0.53820
-0.66530
-0.15988
~0.22352
~0.60623
0.12808
0.04474
0.46454
-3.45808
-0.28727
-0.27313
0.75857
0.79228
0.80877
0.91400
0.86814
0.75297
0.67954

-~

0.2741
0.1601

"'0.1509

0.1486
0.1402
0.1176
0.1151
0.1150
0.1056
0.0741
0.0465

-0.0012
~0.0712
-0.2244
-0.2596
-0.2645
-0.9512
~0.9552 -

* "' Scores 1972

\g.

~0.55902
~0.67826
~0.09864
-0.24434
-0.68981
0.08013
0.10864
0.54281
~3.42156
-0.32237
-0.28768
0.70081
0.73786
© 0.80646
0.95196
0.84917
0.73688
0.78697

84,

Loadings 1973

Winnipeg
Vancouver
Calgary
Saskatoon
Reginag

" Thunder Bay

Victoria
Edmonton
Halifax
Sudbury
Toronto
London
Windsor
Quebec
Montreal
Ottawa
Saint John
St. John's

.2863
.1758
1573
.1392
21213
.1169
.1126
.1085
.1085
.0718
.0718
-0.0384
-0.0723
-0.1231
~0.2716
-0.2962
-0.9428
-0.9456

OO0 0000O0O0O00

Scores 1973

.52920
.56630
.07288
.22389
.69316
.06107 -
.03473
.55076
L40473
.40989
. 40888
.70323 ..
.76063
.80623
. 94685
.90327
.B0994
.73224
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Table 2-8 Factor Loadings and Factor Scores
of the Halifax-Winnipeg Dipole

Loadings 1963

Winnipeg 0.8134
Calgary 0.7674
Victoria 0.3558
Saskatoon 0.2777
Vancouver, 0.1909
Edmonton 0.1538
Windsor 0.1088
Regina 0.0939
London 0.0636
Sudbury -0.0023
Saint John -0.0785
St. John's -0,1031 -
Quebec City =-0.1153 _
Ottawa —-0.1335
Thunder Bay -0.1628
Toronto -0.1936
Montreal -0.4232
Halifax ~0.5453
Toronto
Montreal
Ottawa
London
Quebec
Windsor
Sudbury
Thunder Bay
Halifax
Saint John
St. John's
Winnipeg
Regina
Saskatoon
- Calgary
Edmonton
Victoria
Vancouver

(1963-64~65)

Loadings 1964

Winnipeg 0
Calgary 0
Edmonton 0
Victoria 0
. Vancouver 0
Saskatoon 0
Regina 0
Windsor 0
Sudbury it
London 0
Quebec - -0.
Saint Johm -0.
St. John's -0.
Toronto -0
Thunder Bay ' -0.
Ottawa -0.
Montreal -0.
Halifax -0.

Scores 1963

-0.48182
-0.56047
-0.29424
-0.46342
-1.17964
-0.58813
~0.54052

0.49334
-0.86912
-1.51878
~1.32586

0.07029
1.73976
1.31693
0.77001
1.54357
0.42661
1.46147

.8048
.6185
.4089 .

. 3162
.2984

.2105
.1%67
. 0834
.0182
.Q158

0400
0852
1129

.2033

2090
2407
5534
6360

o

- Loadings 31965

Halifax 0.6116
Montreal 0.4610
Ottawa 0.2041
Toronto 0.1947
Quebec 0.1382
St, John's S. 0.1099
Thunder Bay 0.1022
St. John's N. 0.0878
Sudbury 0.0855
' London ~-0.0150
Windsor -0.1021
Regina -0.1045
Edmonton | -0.1395
Vancouver -0.2424
Victoria -0.3159
Saskatoon -0.4327
Winnipeg -0.7531
Calgary =0.7661

récores 1964 .

¢

-0.
-0.
~-0.
-0.

61931
42331
19871
49754

~1.23845
~0.49942
-0.57583
0.43528
-0.97132
~1.52464
-1.
0
1
1
1
1
0
1

36125

-02419
.56012
.39168
.21370
.30171
.66002
.32308

Scores 1965

.58680
.59374
.26027
46802 .
.10741
.48962
.51873
-39504
.99178
.564428
.38069
~-0.34950
~1.81990
-1.13559
-0.86123
~1.58035
-1.53389
-1.26587
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Table 2-9 Yactor Loadings and Factor Scores
of the Halifax-Winnipeg Dipole

(1971-72-73)

Loadings 1971 ‘\

Halifax
- Montreal

0.5402
0.3981

Thunder Bay. ~0.2239

Toronto
Ottawa

~ Saint John

Saskatoon
St. John's
London.
Regina
Quebec
Windsor
Sudbury
Edmonton .
Vancouver
Victoria’
Calgary

+ Winnipeg

0.1851
0.1632
0.1038
0.0951
0.0822
0.0671
0.0528
0.0223
-0.0801
-0.0932
-0.2238
-0.2353
-0.3797
=0.4189
-0.9000

~ Toronto
Montreal-

. Ottawa
London
Quebec
Windsor
Sudbury
Thunder Bay
Halifax
Saint John
'St. John
Winnipeg
Regina
Saskatoon
Calgary-
Edmonton
Victoria
Vancouver

v

e

Loadings 1972

Halifax
Montreal
Ottawa
Toronto
Quebec City
Saint John
St. John's
London

Thunder Bay'

Sudbury
Windsor
Saskatoon
Regina
Edmonton
Calgdry.
Vancouver .
Victoria
Winnipeg

Scores 71
.34420
.32987
.23089
.48586
.07032
47774
.75842
.63703
.94608
L46115
.39463
.51119
.64339
.72091
.99133
17406
. 63092
.21272

.

oORRFRFOOCOHOO00O0

.

0.6954
0.6158
0.3836
0.3548
0.1777
0.1497
0.1045
0.0670
0.0630
0.0622

-0.0837

-0.2690

-0.3078.

-0.5680

-0.600%

-0.6302

-0.6775

-0.7672

Scores 1972

¢

OO}-‘OOOO

Winnipeg
Victoria
Vancouver
Calgary
Edmonton
Regina
Sagkatoon
Windsor
Thunder Bay
Sudbury
St. John's
Quebec

.Saint John

London
Ottawa
Toronto
Montreal
Halifax

44514
.56275
.26792
.60794
.18176
.58340
75483

‘-gﬂb05628 e

. . 1.00069

1.40997
1.32611

.53150
15084
.26366
.58144
.33288
.98598
.23795

. Loadings 1973

0.7398 °
0.5959
0.6722
0.6020
0.5575
0.3014
0.2506
0.0402
0.0017
.0215
.0968
.1333
.1455
.1498
.3282
L4283
.5652
.6905

;Scores 1973

.34702
.61813
.36800
42599
.(8915
.62745
.88279
.01785
. 98342
.39534
.36697
0.57114
1.17125
1.21618
1.60018
1.39495
1.04100
1.12741

86.
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stresses the reglonal népure”of both sub-systems. The ¢entres revolving
around the nucleus of network have little interaction with tﬁ; network at
the opposite end.of the factor.

It is the Western component of this factor which presents the most
noticeable changes. In-the early-yeais only Winnipeg and Calgary served
as the gttf&étion poles of this reg16n31 nétwork (Table 2-8, Loadings for
.1563~64—65). By 1971, the attraction field of the Western component had
expanded with the inclusion of Vancouver, Victoria, and Edmonton (Table-
2—8, Loadings'for 1971-72~73). The small regionﬁl sub-system clustered
around Winnipeg and Calgary had ﬁeen superseded by a larger reéional network
that included all the major Western cities. There is no evidence that there
had been a comparable expansion ofithe Maritime regional network. In the East
the integration of most centres about the Toronto—Montreal.nodes had not allowed
for the expansion of the Maritime regional network.
Conclusion:

The purposes of this Chapter have been to bring out the main structural
features of the éanadian metropolitan system and assess whether there have
been some system transformations over the 1963-73 period.

It is not overly surpriéing in the light of recent research (Borchert,
1972, Pred, 1973).to fiqd that the factor anaiyses have detected some evolu-
tion of the metropolitan system towards greater integration of its structures
as this is a characteristic trait of the urbanizatlon process preseptly
operating in modern econcmies.

A notable feature of the evolution of the Caﬁadian system is the fact

that there have been changes in two different directioms. On the one hand

there has been change in a vertical direction with a partial hierarchical




restructuring through a Qeriés of néwly created dependency relationships
between the urban centreé; and on the other, there has been a horizZontal
movement towards_ g greater girect intérdepepdéngy among the metyopolitan
centresb\\ . \ _ | -
The\hierarchiqal restructuring of the 1963-1973 period has resulted in
the creation in Canada of a‘tnuly national urban field centered on Toronto.
.Within this large national field there are two st-sfstems, one in the West

centred on Vancouver and Calgary and covering the whole of Western Canada,

and another covering Central and Atlantic Canada with Torento and Montreal-~as
S~

~

N
™~

central nodes:fdr Toronto has both a national and\a reglonal rolé. Thesé
large networks have‘replaced the numerous small sémi—independent sub-systems
still predominant in the early 196Q's (Sim;ons, 1973; Béurne, 1975} and haﬁé
given Canada a stroﬁger hierarchical organization.

The move towardé greater metropolitan ipterdependéncy'is not as cleaﬁly
demonstrated by these analyses as the hierarchical feature for the factor
analyses do not specifically provide a means of measuriﬁg this type of rela-
tionship. However, greater interdependency can be inferredlfrom the increase
in the size and the decrease in the number of interaction fields over the
period.

Useful as these techniques may be they are incapable of going beyond
these broad generalizations of interaction field delimitation. They cannot
determine the intra-system structures formed by clusters of bonds berforming
as network éub—structures nor evaluate their performances. They cannot
measure the systeq‘s feedback patterns nor the semsitivity of thé nodes to

flow fluctuations on the individual ares. )

For a better understanding of the urbanization process, it becomes
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pecessaﬁy.to develop techniques conceived specifically for the purpose of
analyzing the detailed interaction patterns of urban systems and measuring

\

system interaction properties at the system, sub-system, and individual arc

level, Chapter 3 is an attempt at providing just such a technique.




\FCHAPTER 3

4

MEASURING SYSTEM CHARACTERISTICS: THE A.S.T, MODEL
, The first c@aptef has shown that there exists a growing concentration
of population in metropolitan centres and an increasing interdependency between
the metropolitan centres of an urban system. The second chapter has attempted
to demonstrate some structural features and recent transformations within the
Canadian Mg;roﬁolitan System. This third chapter presents a model for measur-
ing system interaction propéf;ies. !

The flow—éraph model §eveloped.in this chapter has several interesting -
fe.atures.5 Any urban systeg that can be expressedvas a set of simultaneous
linear equations can be formulated within this flow-graph theory framework and
its system characteristics measured. The direct and indirect internodal activity'
can be studied in depth because the flow-graph model can be subjected to topo—‘
logical transformations for the purpose of identifying the feedback circuits
within the system which, in turn, provide a measure of nodal sensitivities.

Conceptually the flow-graph model is an elegant analytical technique. It pro-

vides a three level approach to the analysis of a system. System gain at anyt

A

i

4 Lamarche, R. et Francon, J. (1975), "Analyse et Simulation Topologique
en Geographie', Cahiers de Geographie de Quebec, Vol. 19, No. 46, pp. 189-207.

This model was the outcome of a serles of discussions with Professor
H. Reymond, Department. de Geographie,.UgiversiEe Louls Pasteur, Strasbourg.
Zacause the derivation of the sensitivity formulae in particular presented
some difficulties, Professor J. Francon was consulted and this led to the
publication of the above mentioned paper.

9q.
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node is analyzed first with fespect to the activity in the system as a whole,
then with regards to the activity on‘gggh_nﬁ_;hg;system s sub-networks, and
finally with respect to fluctuatidﬁ: on each individual arc. Operationally,
it is an easy task to programme the model because of its matrix algebra formu-
lation. N

However, there is a problem in the appliéation of a flow-graph model
to urban analysis. In all likelihood, the bonds between urban centreg, such
as intermetropolitan migraéijz movements or alr-passenger exchanges, are not
as tight as the asgsumptions o tﬁe model demand. However; the analogy between
an urban system and a flow-graph model. has been justified in Chapters One and '
Two. The basic assumptions of the flow-graph model, rigorous as they are, are
no more so ghan thoge of the iﬁputJOutput modei, a model it closely resembles.
Just as the input—output model, in spite of its restrictive assumptigns, has
led to a better understanding of economic systems, it is hoped that the flow—
graph model will shed congiderable light.on urban systems.

There are two‘different approaches to the derivations of the formulae
that measure system properties in flow-graph models, the csmbinatorial (Mason,
1953; Henley and Williams, 1973) and the matrix algebra approach (Ponsard, 1969;

Lamarche et Francon, 1975). The combinatorial algorithms are usually a reformu-

lation of the original Mason algorithms which are based on the progressive re-

2 1

duction of the flow-graph down to a single arc. Mason developed a number of
algebraic rules for the combination and addition of arcs in graph reduction.
This approach was developed essentially for small networks though Henley and

Williams later created a combinatorial computer prografme for large networks.

However, thls thesis rests on the formulae presented by Lamarche et Francon (1973
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v

.
.

as they are suited to the analysis of large systems, are easy to programme,
afid constitute a more elegant analytical technique.’

Chapter Three is divided into three parts. The first section presents

i /

some basic concepts of flow-graph theory, the’é;:;;a details the mathematical
formulations of A.S.T. model, and ‘the third section gives a geographical inter-
pretation of flow-graph system characteristics. The third section also in-
cludes an example of the technique as it applies to a small urban system

with the calculations worked out in detail.

Basic Concepts:

¥

There is within the wider field of flow-graph theory a particular branch

Definitions -

which deals with flow-graphs that can be expresse@ as a system of simultaneous
linear equations. Graphs of this type are properly called signal flow—gfaphs
(Mayeda, 1972). This thesis deals exclusi;ely with signal flow~grap£5:

But, for brevit&'s sake, the term flow-graph rather than signal flow-graph
will henceforth be used.

A flow-graph consists of a set of nodes interconnected by a set of arcs
or branches. In the context of urban systems analysis the nodes represent the
centres of an urban system and the arcs‘their interrelationships. One node is

. defined as the independent variable, labelled X and is called the major or

source-node of the system. The other nodes are the dependent variables and

labelled %, (Figure 3-1).

X, =a

1 loxo'

Figure 3-1  A"Flow-giph relationship’




The arrow of Figure 3-1 indicates the depenﬁency o% X, on X and not the

i

direction of the flow. The flows go from Xy to X - The ccefficient aié des-

cribes x, in terms of X, that is it mapé % into x Thus in Figure 3-1 the

i

flows into x from X
) 0 i

L
are a fraction of xo's total flows. If Figure 3-1 were
expanded to include several depeqdent.nodes, then ¥i would be defined as a.
;um of interactions, a sum which can-be calculated by simply summing the flows
which the node Xy sends to all the otherlnodes. In floﬁ-graph theory a node
is simply the sum of interactions a centre has with the other centres, a point

which is jillustrated in the equation in the following.paragraph.
Any node can be expressed in terms of the other nodes. For example, in

a system .of "n" nodes, the dependent mnode x

is defined as:
Vl L

Xy =ajoXe tap1xy tajexa t ot 3 x,

Any other dependent node.can be fdrmulated in a similar fashion.  Evidently
gﬁe above equation implies that the nodeslbelong to the same system as eaqh
no&e is a function of all the others. When the sys?em i1s written with each
node. in turn, starting wigi the_first, isolated omn éhe one~ side of the equationm,

the .system is said to be in its canonical form (Ponsard, 1969). This implies
: .

that xl'is isolated in the first equationm, xé'in the second and so on down to

the Iast node. The canonical form suggests how a diagram of the network could
be drawn from the complete set of a systeﬁ's equatioﬁs. This will be 1llus-

trated in the following sub—section.

.

The whole syStem can be written in summation notation as:

(1)

n
] X, l=j§oaux} (.1=
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In system (1) each of the nodes is shown to be a function of all the

others., System (1} 1s in its cqnonicél form. If the equations are modified

slightly so that the left~hand side 1is made equal to zero, the system is said

to be homogeneous and would take the general form of:

-

2y 0=§aﬂx, (i=1l,.,n)
j=0

Drawing a Flow-graph Diagram -

This section démonstrates how a flow-graph diagram can be drawn for any
origin-destination matrix of Interaction.
Assume that Figure 3-2A represents the exchanges between the nodes of a

r L]
small system.

Destination
nods Xo X, X, total 3
Xg 0 50 50 110 |
Origin _ ' 1
x| 30 o | a0 |
x,| 19 20 0 . 30

Figure 3 -2A : O -D Matrix of a Three - Node System.

From the 0-D matrix, the arec coefficients are calculated ‘accordingdto the
*assumption of linearity which states that each entry into a node j coming from
reglon 1, is proportional to the total .Output of reg.ion i. This is achieired.
by dividing eac:n row by the total column, the first ceil in the row being
divided by the first e.le.ment in the total column, ther gecond member in the

row by the second member in the total column and so on. Figure 3-2B smnmériges

these calculations. B ' .



95.

odd X, x, ‘\ X,
Xg|  w— — —
x,| .27 0 13 . '
A R

Figure 3 2B : Arc Coefficient Matrix.

K

Note that in Figure 3-2B the coefficients for the X, node have not

:

been calculated and the figure provides the data for a two-equation sys-
« tem only:

S 0.27 X, + 1.3 X,

X, =, 0.09 X + 0.29 X

"There are three variables and only two equations and the system cannot be

+

solved as it now stands. Even if the coefficients for the first row of
Figutﬁ(B—ZB were added to define X, as:

x = ,71x, +2.0 x
o -

1 2

the’ system would still be unsolvable. Since the system is a homogeneous

system in which the constants for all three equations are 0, the augmented
matrix is the same as the coefficient matrix, The determinant of the aug—~
mented matrix will not be equal to O and the system remains unsolvable.

One of the variables must be assigned a value, unsually a unit.value, he-

fore the system can be solved. The node which is arbitrarily assigned a

unit value is labelled the source-node in flow-graph 'theory. Any variable

may be agsigned the value of one and thereforé any node may be taken as the

7
L]

source-node. A tomparison with the Input-output model should gerve to

clarify the notion of source-node.

-7

e
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- - E
The Leontief equation system of the inmput-output model gives the

‘distribution of the total output of each sector: : '

.
Xy = 34Xy = ... = A1pXy =y

he ' Xy — A Xy = e - 8inXp = ¥y .
Xn — 31Xy — ... = AapXp =

|
e
a

- '

the x values represent the total dutput of the n sectors, the y values give

the final demand sectors, and the coefficients a,, are the direct intersector

ij
requirements. By a slight modification, the system can be changed to:

~

I - |

l X1 = Xy < -.- = {pXn T A0Ye | = Y

P _ I

le'- Xy ~ -+ — B Xp T 3o Yo | = Yi
. 1. T

| Xg — An1Xy — -« — 3pnXn T 3n0¥e I = Yn

]

in this system Y, represents the total final demand sector.. The bracketed
system is a flow-graph formulation of.iﬁteraction. The right-hand side of

the equation system expresses what each sector x, sends into the final

i

demand as a ratio of total final demand a; ¥, instead of in absolute values

Vi- The:e is no equaﬁion in the above systém‘showing how total final demand
. . . » K -

is distributed among the sectors’ but the“righf—han& of the system shows the

proportions,-é

1070 théﬁ each sector‘sends'ﬁo the demand sector. The f%pw—"

.\graph of this system would show yélas‘a'ﬁoéé with anés briented in oné/l

ﬂitectiop-oniy whereas all the other %odes;wodld.have incoming and outgoing

T

: arcé. In keeping,with flowfgrgph‘thgory.réquifing,thatvﬁhe,arrows point in

dow

k)

- s - . " R

K4



‘équations of the system. In a canonical equation a node is expressed in

~*

the direction of the oncoming flows, the Y, node would have arcs oriented
' <

away from itself and this is by definition of the theory a sourte-node.

"1In such a system every other sector would be analyzed with respect to a

unit output of total final demand. "The above input-output system 'could

be transformed slightly to isolate any sector as the source—node in order

- to analyze the rest of the system with respect to,a unit output of this new

A
ar :

source;node.‘ In a gimilar fashion any system of equations depicting inter-
’ At

utbaﬁ'ipteraction can be written with any of the centres'gerving as the

source-ﬁbdo. \
Remembering that the arrows are pointing in the direction of on—coming

flows, the‘f}ow—graph diagram of Figure 3-2B would give the diogram of Figure

3-2C. . .

_ Figurc 3-2C: Flowgraph Diagram,

[

The flow—éraph diagram suggests'a method for writing the canonical p

IR

terms of all the flows it emits. For any node in.the system, the diagram
ad <
Indicates these flows by the number .of arcs whose arrows are pointing to

the node in question. Each equation contains as many variables on the

right-hand side of the equality sign as there are arrows leading Into the

node described by the equation. The canonical set of equations of the sys-~

tem in Figuré 3-2¢ is‘qé follows: - .
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X, =02Txo + 13x,
(3) X = 0.09.}0 -;0.29)(1

-
-

The system represented by the flow-graph of.figure 3-2C and its associated

-

gystem of equations (3) can now be subjected to a number of topological
transformations for the dual purpose of identifying,its fgidback circuits
and measuring the sensitivity of modes to fluctuations in the system.

.Mathematical Formulation of the A.S.T. l-IodelE6

A system of "n" interrelated variables can be expressed-in its caponi-

cal form as+

1l

,qA
N K.i'= Cloxo+t11x1 +temxz + . tinXp
. 5

e Xq =C0Xp T t21%1 ¥ l22X2 toetlonXg . -
. N " »
@) o

" Xp = CpoXo T a1 Xy +tr_12x2 ot tgnXa |

-«

The major node X has its arcs labelled Cio while all other arcs are labelled
éij' The Cio values bind the major node, the independent variable, to all
the other nodés while #the tij coefficients show the bﬁnds between the depen-—
dent ﬁariaﬁtes x,and #j where 1 = j =1, ..., n, In flow-graph theory the
major nodg is the independent variable while the other nodes a;e called

dependent variables. System (4) is transformed to (5a) by isolating the

major node x  on the right-hand side:

6The definitions of the system properties developed'in this section are
summarized in Figure 3-6A. '



(5a)

To simplify the writing of the equations, for values of 1 =1, 2, ..., n

”
(tyy =1 )% +tyaXz + o+ t0Xn = <joXe
21Xy +(tag - 1 )X+ + tan X = <C20Xo

taiX) ttazXg F oot (tap = I )Xn = <ooXg |-

and j =4, 2, ..., n, let

%
|
b = i :
3 = t{j . i?&j

Y=ty -1 !

Then system (5a) becomes (5b):

(5b)

1

. |
allxl+812X2+--q+3]nxn=BlXO !
i

a21X; $a99Xg t ..t 2pXy =bgXg

L Y

anyXg FaggXg t e tagnXy =bpXg

12

Let X be the vector of Xis Xgs eeey X, B the vector of bl, b2’ ey bn and

A the matrix of the a,, elements. Syatem (5b) can then be written:

(6a)

ij

[A][X]=xo[B]
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or if the vector C contains ClO’ 020’ ey Cno’ as (6b):

(6b) [Al[X]=x% [C]

The diagram of Figure 3-3 outlines system (6a). The enclosed area symbo-

1izes the coémplete set of arcs linking the dependent variables.

Figure 3 - 3 Generalized Flowgraph Diagram

As this second section of therchapter deals with the deri;ation of the
formulae, flow-graph terminology of system properties will be used, namely,
systém gain, transmiséion'gain,_and sensitivity. However, in the third
section of the chapter where the geographical meaning of these properties‘-
will be examined, terms more appropriate to urban systems will be suggested.

Before proceeding to the derivation of the formulae it would likely

be useful to outline in diagrammatic form the -specific manner in which each !

Y

of the three flow-graph properties helps to describe a system's operational /'

-
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structure (Figures 3-4A, 3-4B, 3-4C).

System gain (Figure 3-4A) is thg equivalent of reducing the whole
graﬁh to a single ar;’Fxtended between the source-node x, and the stqdy
node Xg whose system gain is being measured., In effect, sfs;em gain then
compares the output generated at X, with the output'of the séurée-node.

Transmlission gain (Figure 3-4B) partitions the systeﬁ into sus;\
sysﬁems and measures their ability to transmit activity from thé major node
to the secoﬁéafy node. ’ s

quposéﬁtha; ;he coefficients ClO’-Czo’ ey Cno of Figuré 3-4B were
equal in vglue and yet twice as much of the system galn at x_ was transmitted
_thrpugﬁ sub-network‘T.G.l than throﬁgh any other sub—network. This would
indicate that the bonds bgtween.xl and X through T.G.1 were twlce as strong
aé.gny o;her sub-network,- that is the transmission gain, T.G.l, would be -
'responsible for most of the high system gain at”xs. Closé‘study gf the trans-
mission gains reveals much about the internal.structure of a system.A

Transmission ‘galn- sub-networks are not as simple to outline as Figure

3-4B seems to imply. Each transmission gain is one element of the inverse

-

'-'.matrixrin-equation (llxg (This will be démonﬁtrated in detail later.), Thé

T'.G.-l,

T.Q.z an T;G.n’sub—netwdrks may have, anq are likely to have, numer-—
" ous: nodes in common, a‘point_ﬁhich'is'not cogveyed by Figure 3-4B because
thé-diagram is a greatlj Aver—simplified representation of . network structure.
‘We can say that the f;ahsmiésion gain-T.G.i, represen;ed by a single vélue

of the inverse matrix, measures the capacity of the sqb—network between X,

/énd X of Figure 3-4B to transmit activity generated at C10 to x, through

the intervening network T.G.l. The diagram is an over-simplification but

* ~\ -
K ' [ o
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X, - major node
x, = sscondary node under anslysis

Figure 3 - 4A : System Gain

Figure 3 - 4B : Tramsmission Gain

Figure 3 - 4C : Sensitivity
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the fact remains that T.G.l measures the operational structure of the sub--

system linking x,‘and xé..

To measure the Influence any individual arc might have on the sedbndary

node, fiow;graph theorists have deﬁgloped the sénsiti§ity measure (?&gure
3—40); Sensitivity measures the ch;nge in systém gain for any change oﬁcur-
ring on an arc. A node which is insensitive to a majority of the Qrcs would‘
be poorly integrated in the system while a node which is highly sensitive toh
most of the arcs must have an exténsive'network. Sensitivity carries sys-
tems analysis down tp'the level of the individual arc. The three measures of
systeﬁ gain, transmission gain\énd sensitivity provide considerable knowledge

about the operation of a system.

System Gain:

In flow-graph theory system gain'far node x, with respect to node X is

i

’

defined as:

(7 SI=%

System gain establishes the relative importance of the dependent node Xy to

the independent node X -

The equations of system (5b) can be written as (8) if the definitiom
f

(.
i

of (7) 1s taken into account:

Xn

X X2 i
a; 1x.++ 312;;'?.... + amgé b] J
Xy Xz Xn
3317 tagT—t .. tag,—=b
(8). 217, T2y 203, 2

X
gy + tnapat ot Bonss = b
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or again as (9):

i
81181 21382 t o Fay8 = by !

a3 +aga8 tu.tagngy=by

(9

8n18) t8p382 + .o t 23R =by

and in matrix algébra as (10):
(10) [A][G]={B]

The' vector of system gains for the dependent nodes is obtained by
. iy

éolving for G as.in‘(ll):
an  [Gl={A*][B] -

In equations (10) and (11} G and B afe vectors, A and‘.A'.-1 are matrices.

In the analysis of a system's operation it ié usually more helpful to
gsolve for the system gain vector G of (Il1) than it is to work out the actual
flow values of vector X of (6a) bécause the G vector descriﬁes tﬁe perfor-
mance of the nodes relative to the major node for as long as the s&stem's

structure remains unchanged, whereas the X vector simply states the volume

of flows at each node, given a matrix of node interaction. Equation (11)

-

Tequires one equation leas than equation (6a) since the division by x, in

(11) 1is equivalent to attributing a value of 1 to X fg_= 1. Since the .

X
o]

system ﬁresented in (11) 18 a flow-graph system of equations it‘is-necessafily
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a homogeneous system, One‘variable must be chésen as the source-node an
‘given a value of 1 otherwise thé gystem remains‘unsolvable.

Although é&st;m gain is but a ratio'of two outputs, fiow—graph theory
provides a means of determininé how the gain is influenceﬂ by each of the
other elements in the system, The flow-graph modql brings out the succes-
sive.dependeﬁcies and interdependencies in the system and it becomes possible
to_follow the path of the interactions generating a node's system gain.

Transmission Gain:

Equation (11) shows that system gains at the nodes result from the matrix
multiplication of the A—l-matrix by the B vector, operation of equatidh (11).

Using summation notétion equation (11) can be written:

¢

(12) & =§l[ Al L.h

. ) ‘
Since bj = ~Cj0 Equations (5b) and (12) can be expressed as (13) and

(13a) 1f A% and -C are both multiplied by ~1:
. | 3 .
a3 meEA el
[c] = [-A"] [c]

(13a) 1

-

In equation (13} system gain is ex?tessed in terms of the % coefficients
and in terms of the —A—l matrix. The matrix contains the actual transmission
gains for all the sgb—networks in the system. The value aij in the —A"l matrix
multiplies the corresponding Cjo coefficient in the calcglat?gnlof system
gain at node Xy . System galn at Xy je simply the dot product of row 1 of the
matrix bx the C véctor. Thus the magnitude of the gain registered at Xy is

a function of two Factors: the coefficilents in the C vector and values In
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the'i;row of the —A-1 matrix. The C coefficients measure the relative

importance of the flows a node sends to the major node. ' The matrix coef-

13
ficients weigh the bonds between the secondary node Xy and the other nodes.

Thus if all the coefficients Cjo were equal in value, the system gain

at the secondary node xi would depend entirely on the aij values of the
-A_l matrix. Thus the aij values measure the strengths of the sub-networks

. connecting the secondary node X. to each of the other dependent nodes. Each

3 '

value in the --A','l matrix represents one sub-network, The value itself sum-
marizes in a single number the streng_th of the sub-network in transmitting
activity from the source node to the secondary node through a given sub-set
of linkages, |

Determining which of a sub-network's arcs are most‘viﬁfluential in

generating feedback effects presents a serious problem. Khowing that the

transmission gain is one single value of the inverse matrix is not veriz\\rxglp?'\

. #
ful in tracing interaction through a network. Even for/a small 3 x -3.)5n'atrix,

evaluating which of the arcs influence a given value an :anefse trix is

difficult as Figure 3-5.. illustrates, - '

. r/
The inverse of a 3x3 matrix: S \ .
a b c
Let A = | d e f )
| [ “h i

®

then the determinant of A -

.[_( aei+bfg+cdh ) - ( gec+hfa+idd ) ]

~

and the inverse of A fs:

{(ei-hf) -{bi-hc) ( bf-ec )
At =

-(di-gh)  (ai-ge)  ~(af-dc)
(dh-ge) -(ah-gb) (ae-db)

det A

Figure 3-5  The Sub-Network Structure and the Inverse Matrix
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There 1s anotherpmanner'by which this problem can be tackled and

™ that 1s by the gradual reduction of the graph. Mason divised two xules by' v

which a graph can be reduced to a single arc. If at each step the new sub~
network structures are measured it becomes feasible to estimaté which arcs
in'a given sub-network are most effective in transmitting intéraqtion.
Mason's first rule is one of addition of arcs. When two arcé are in paralilel
and oriented in the same way, . they can be replaced b& a éiqgle arc bearing
a coefficient ;qual to thg sum of the coefficients of the two arcs it re-
places., His second rule is one of multiplication. When ;wo arcs are in
series; they may be replaced by a single one carrying a coefficient equal
to.the product of the two separate coefficients. WNote that in this case,
one node wili be eliminated. To iliustrate this last point assume that 2
region A's exports are directly dependent on the inputs into region B from
region C, the multiplication rule will evaluate the total impact of regions
B and C on region A. By repeatedly applying both rules of reduction, it
becomes possible to estbma;e the strongesat  1I'nks in a sub-nétwork. |

A third approach to the problém of identifying criticél arcs in the
feedback systems consists in a close examination of the sensitivity characﬁer;
istiés of nodes. If the sensitivity éf a node is calculated with respect to
every érc in the system it is then possible to determine the most Influential
arcs of the feedback sub-networks. It is to this problem that we now turn.
Sengitivity:

System sensitivity measures the change in system gain at a node xi‘for

any change in the arc coefficient linking nodes X and Xpe

3G ]
day

(14) 1Sx1 =




#

JEO R - AP ='a[°'y L TRE

The sensitivity of node ¥

o Sensitivity 1s given in terma of the inverse matrix, the coefficient C

-
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i
However, sensitivity is more often expresSEE\in relative terms such
that it measures the relative thange in system gain at x, for a relative

chdnge in the arc coefficient, and (14) becomes (15}):

. aa” & - B

)

' . -

-~

The notation ‘iSkl refers to the sensitivity at node Xy for any fluc-
o A

tuations on ‘the arc joining Xy to Xq3 The symbal 3 refers to the_parﬁiel

difﬁéfentiation of the vectors. Since the derivation of:the formula of

sepéitivity involves the derivatives of matrices and vectors,- the derivation

of the formula will be presented in‘detail in the appendix (A~3Uhto A-38}).

Formulk (15) gefines sensitivity in general terms. In practice other formulas

derived it are aused, If sensitivity of a node is to be measured with.

'respect to an arc linked to the source—node,formulas (16) and (16a) are-used

1 to cHange on the arc linking a node—xk to theu'

“source-node is, in absolute terms:

’ o

(16) & . ; i
ackr [-Allki

.
and 1n relative terms:

(16a) Sco = [-A7 ) %"'

s -

kon

the source-node arc, and the system gailn at node Xy,

-If the sengitivity of node'xi’is_tq be measured wilth reéspect to any
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1

arc other than those originating in.the source-node formulas (17) and

(17a) are used. The sensitivity of node Xy

is, in absolute terms:

to change on an arc going

from node x, to node x

k 1
. -y _‘ . . .
o an '—aau_:-a[A lix _ y '
and in relative terms:

a . . . -

(17?3.)-“' |ék1 = ['A-l}lk' ] gk

;
.'Sensifivity 1s here-expressed in temms of the inverse matrix, the system

galhs at the nodes X, and X

and x,. For any given node, there is a matrix of sensitivity values, “
*1 1°

and the coefficient of the arc between nodes

one for each arc in the system. .

Sensitivity analysis of flow-graph theory corresponds to elgstiéity
analysis of ecomomic theory. It can be particularly useful for a number of

| purposes, Thus in Input-output or interrégional anéiysis, seﬁsitivity indi-

cates the response of one sector or ome reéion to variations of the inter-
sectb;alror interregional coefficients, Sensitivity can serve to distin-~
guiéh @gtween stable aﬁd noﬁ—stable elements in the system. It also provides
a mééns of differentiating between the central and peripheral no&?s; Finally, .~
as noted earlier in the discuséion on transmissiﬁn gain, sensitivity analysis .
can:be'used to ddentify thefcfitical arcs inrthé sub-netwo¥ks of the system,

Thére are two other aspects of system analysis which have not been

cqﬁgred in flowhgraph theory but which have interesting applications. The

first is the calculation of an Index of Total System Sensitivity (Lamarche *_’/5/
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evaluating system performance, a technique which has been developed by the _ :

e)
author in the hopé. that it might have some practical utility.

An Index of Total System Sensitivity

The concept of system sensitivity described in the preceding paragrephs

‘applies to a particular node for fluctuations “in a given single arc. "However,

it is useful to define an index of sensitivity which measures a node's over-
all sensitivity to changes on all the arcs: thejIndex-of Total‘System,Sen—'

sitivity for node xif"

. ‘ \ . >-'%
- A AT B WA
18 < —2(_)+-—22( )
(18) L [ M e=1\ 3¢, M g=11=1\ day

wherem equals the number of arcs tied to the source,node_sndlm equals the %

:

number of arcs Binding the other nodes.‘

The index is in effect a measure of the average sensitivity of a’ node
to fluetuations in the arc coefficients. Note that the index gives sensitivity
in absolute values, having heen derived from equations (16) and (17). For
medium or large networks a high index value suggests that the'node is sensitive
to fluctuations on a large number of arcs. A low index valneisignifies that
the node is isolated with respeet to most of the-nodes_vithin the system.- Even
thongh an isolated node might hsve a few strong ties, its overall average inden
value will be 1ow becauge of-the nany weak ties it has, The evolutionlof the
index values over a prolomged period is a clear indication of a.node's.ability
or inabiiity to‘develop intra;network ties.,

The chief advantage of this index over aother well hnown measures of
centrality and dispersion ides in that first it is truly a system‘charsctece'

M

istic and secondly, it is founded on the principle_oﬁ sensitivity rather than

spr
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.on distance betmeen'the nodes in!a"system.

For any given node X s the role of row 1 of the -A- =1 matrix is essen-

gtial in the calculation of the node ] system gain (Equation 13), of its average

transmission gain, and df its index of total system sensitivity (Equation 16,

K 18) It is not surprising then that the rankings of the nodes on:all

three meaSures might be.similar since the largest networks tend to have the

'best developed sub—networks. However, ‘the mean value of transmiSsion gain

r -

of . the sub—networks (a measure that will be discussed further in Chapter Four)

rl

’ Vand the Index of Total System Sensitivity are not introduced as additional

- 4

' ranking-measures but for other.purposes. The mean value of transmission gains

.

",of a network along with other related descriptive statistics are used to
fstudy the distribution curve of the strengths of its various sub-networks, and

f_the inder sensiti*}ty ‘values serves ne other purpose but to indicate if nodes

‘are sensitive to a'wide diversity of arcs or‘if their sensitivity is limited

FANM

to a few arcs only i o ', e T ,ﬂ. j;

A

Figure3—6\summarized ‘the princlpal characteristics of the system pro—

perties discussed in the preceding paragraphs.-

If measuring system properties is. of prime importance ifi’ urban and

'regional research in the end it is the ability to evaluate a system s per—

formance which really matters to planners and decision—makers. The key ta

-

the understanding of a system s reaction to policy implementation lies in

“performence analysis.. In planning g%w urban development policies it is

important “to determine whether or ‘mot the existing system sub—networks are

being used to their_full capacity. Policies aimed at-strongly developed -

under;utilized'networks are likely to have-greaterfimpact than those directed

at networks of restricted.development., Performance and sensitivity analyses
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together'shpuld help in determining the areas where the greatest benef?ciél
effects are likely to accur. This becomes especially signifkcant when in-
vestment funds are limited...

This thesis provides a technique for meaguring system performance, The
technique 18 simple enough in that it rests an the comparison of tﬁo system
properties pfééénted earligr, System Gain and Transmission Gain.

ft will be recalled that the transmission gain is a measure of the in-

ternal sub—net&orks of a system (figure 3-4B).
10° Cpqs ++s C__ of
FigurE,B—AB are all equal to 1, then the share of the study nbde's output

Assume for a moment that the arc coefficients C

transmitted through each of the internal networks will be proportional to their

transmission gains. The relative shares of the transmission gains measure the

importance of the different sub-networks that'link the secondary node to the
majar node. However, it is highly unlikely that all thé-arcs emanating from
the major node héve coeffigients of equal value,

The technique of evaluating a system's performance consists +n comparing
the actual share of system gain carried by a sub~network to a node with:the
relative importance of the sub-network in the system. The.relative value of
a sub-network is simply its transmission galn expressed as a percentage of the
total vector of transmission gains. The actual share of total system gain
carried by each sub-network is calculated quite easily. Since the system gain
at node X is the product of the Transmission gain vector by the C vector of
arc coefficients) the ﬁercentage of gystem gain at node B attributable to

t .
each sub-network #s:



115.

(T.Gy) (C,o)
(%S.G.). % of System Gain through TGy = System émizx X x 100
yste 1 :

T.G,; and Cy refer to Figures 3-7A and 3-7B.

Let the coefficie§ts.clo, 020, and 030 of.Figure 3-7B be 0.2, 0.4, and
0.8 respectively. Then the proportional shares of system gain through each
sub-network T.G..are those of Figure 3-8. Note that the highest share of
transmission gain-is found in sub-network T.G.1 and yet the traffic is greater-
_on 020 and C30. The Z values of the T.G. row vector depict the real metwork
structure, the ¥ values in the‘C vector of Figure 3-8 show the actual use that
is made of éach sub-network in generating the system gain at the. study node.
This is in effect a comparison of a system's operations versus its structure
and that is by definition a measure-of p;rformaqpe (Figure 3-7).
In the example_of Figure 3-8, the performance index values for the three
sub-networks are: |

27.3% _

P.I.l = 50.0% 'Of55 \
_ 36.4% _

Pquz - 33.3z 1-09
_ 36.4% _ , . .

P-I.B - lﬁ\.?z 2[18 ) ., )

A perforﬁance index (P.I.) of 1, shows.that the structure and its use are
in perfect harmony, a FP.I. less than 1; indicates that the structure is not
beiné used to its full potential, and a P.IL. value greater than 1, shows that
there is greater use of the network than the structure warrants. In the ex—
ample, the structure between Xl and XS has the greatest development since its
interaction generating ability is equal to 507 of the whole system's, and yet

it generates only 27.37 of the activity of XS because the activity on the arc
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[{T.G.i) C14/Gy] x 100

PL; = ]
(T.G. /ll: T.G,;) x 100
[

P.Ly = Parformance Index of sub-natwork |,

T.G.j Transmisslon gain of sub-network 1.
Gy = System gain &t noda xg.

Clo = Arc coefficlent linking major node xq 1o node x| .

Figure 3.7 System Performance Index

! -
T.G., T.G., T.G.,
abs, value 3 2 1
eoftotall gag 1" "maa 1~ Sav b
T.G. 50.0 3.3 16.7
Cia
-} - -
'ﬂ $tudy node = Systemn Galn xg
masjor nods '
' Cia
(c]
CI.
[r.6.] [c] = o,
Figure 3-7TA System Performance (A) Figure 3-7B System Performance (B)
T.6., TG, TG, : : .
abs, value 3 J 2 1 |92 _ ]
% ot total 50.0 33.3 6.7 27.3%
- - ) cl .
0.4
(364 %|~{ 22 i
Cl- 0 :
0.8 .:
36.4% i
T 1
Cgr
[t.6.] . [c]

* Tha % values in the C vectar indlcate the % of totai system gain

transmittad through Cjg and T.G.; as calculsted by equation of
Figurs 3-7. .

27.3%
! 50.0 %

i 36.4%
Pdes = J3%

36.4%
16.7%

= 0,58

Py = - 218

*Porformance Indicies of Sub-networks T.G.,,7.8.,,T.G.,,

Figure 3-8 Evaluating System Performance

”
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Clo is very weak in comparison to that of the other two arcs. increasing the
activity of the arc ClO’ that is generating more flows from Xy to X, would
have rather widespread effects in the general direction of Xgy a8 this is the
systém's best internal network with regards to the structure between the
major node and the study node. |

Again referring to the example,'tﬂg T.G.3 network has a high P.I. value,
2.18, This implies that the study node's interactions are due mainly to the
" intervening net—

3

work. Increasing the activity on C30 would have repercussions in X s but the

very strong tles between Xq and X rather than to the T.G.

system effects to the other nodes in the subfnetworks would be very limited.
As it was demonstrated in the preceding paragraphs, evaluating the
performancé of different parts of a system is fairly simple once the system's
charadteristich,properpies are known. The ﬁerformance index does not specify
which of tﬁe arcs are responsible for the strong (or weak) ties betweeg.the

nodes in question, nor does it give any indication as to the nature of the

- -~

s@bioeconomic'factors generating the interaction, but it does outline the
system's operational features. Once sufficient research has been done in

the application of the technique to urban systems, it could become in conjunc-
tion with other techniﬁues a useful tool in urbqp'systems yesearch.

Geographical Interpretation of Flow-graph Characteristics: -

The three properties of system gain, transmission gain, and sensitivity
developed in flow-graph theory and presented in the preceding section can
find wide application in urban s&stems analysis. The only two major factors
which would preclude their use would be the unavailability of interaction
data, on the one hand, and the low level of interdepeﬁdency'between the

elements of some systems on the other.
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Besause the terms.systemlgsin sﬁd‘trsnsmission.gain are somewhat mis- .
1eading as they imply a "gain".while the model 13 in effect measuring the
interhal response of the network to a unit output by the major node, Lamarche
-and Ray (1976). have proposed a new terminology for the three network properties,
one which is more descriptive of their nature in the geographical context._ In
their paper, system gsin, transmission gsin, and sensitivity are labelled inter-
actance ratilo, interactance‘muitiplier, and interactance sensi;ivity ;espect-
ively. - |

The purpose of this section is to redefine these three properties in
geographical terms asd to illustrate the calculstionslinvslved in‘the.appii—

~

cation of flow-graph to a small urban network. ‘The calculations are worked

out in detail.

In this exsmple, the data matrix,fepresents information flows that have
a bearing on the transmission of growth in the systsm. Person—;o—person con-
tacts among high-level administrators are judged to be of this type. The
aSSumpEisns of ths model are taken to be respected. The system is assumed
closed with rsspsct.to the problem under study. Because the interaction occurs
at the decision-making level, is is assumed also that the contacts result in
gecisions affecting the grswth patterns of the organizations thereby influ-.
encing the developmeﬁk of the centres in wﬁich the firms are located. Since
the matrix covers a single time period, lineafity presents no particular
problem. |

The example is based on three cities In Atlantic Canada. Halifax is
defined as the source—sode sincs it is the largest of the three. The whele
system is studied with respect to a unit output from Halifax. This does not

o

imply that all the growth impulses do or must originate in this centre. The

n/



SR At e e

119.

‘model is designed primarily to measure interdependency rather than hierarcﬁly.
(As Pred (1976) has shown in a number of case studies, growth'does not filter .
down according to some\ hierarchical diffusion process but is trandmitted

- through 'a network of i:nterdependency relationships). This example has been

inserted simply to illustrate the flow-graph technique.

“Flow-graph Analysis of Atlantic Canada, 1963:

Figure 3-9 presents the interaction data base for the analysis.

St,  Saint : | ]
Halifax John's John  Total §

Halifax, N.S. 0 7465 | 9650 |17,115

‘| St. John's, Nfid,[ 7640 0 600 | 8240

Saint John, N.B,| 10,200| 610 .0 10,810

Figure 3 - 9 : Air Passenger Traffic in Atlantic Canada : 1963,

.

From Figure 3-8 the arc coefficients are calculated in accordance with the

linearity hypothesis..

: St Saint '
Halifax John's John

Halifax

St, John,s 0.448 0 0,056

Saint John 0.696 0.0740_ 0

Figure 3 --10 : Arc Cofficient Matrix,
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The Graph of gzhe system can be drawn as in Figure 3-11.

'Figure 3 -11: Flow - Graph diagram.

The canonical equations of the system are written as in (19): .

X, = 0.446x, + 0.056x,

(19)
. 0.596xq + 0.074x,

X3

In (19) each node X, is described in terms of the flows it emits to the
other nodes per .unit flow of their own respective ocutputs.

System Gain = Interactance Ratio:

From (19) isolate xon the right:

~Xy + 0.0SGX2 = ‘0.446X.°
0.074x; - x3 = +0.596x
Dividing by x_: '

(20)

l

X1 Xa
Z + 0.056; = -0.446
(21) °
Xy X2
00714— . — = -0.596
Xo X0 ‘

Since g = ;(:—o (21) becomes (22)

(22) .gy + 0.056g, = -0.446

0.074g, - gz = -0.596
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In matrix notation:

»

[Al(G]=[C] ,
-1 00s56] [g | _ [-0.446
0074 -l g, | . 059

where § is the coefficient matrix, G the gain veétor, and C the vector of co-
efficients of the arcs out of X
Solving for G:

e

(&7
or G = [-A'}{c)]

Since [Al[A? ] =[1]

4o o [1004 00567].
00743 -1.004

c1=l® _ |[1-004 o.0s62] [0.446] [o.481
g| l00743 1004 | |os9s| ™ [0.631 o

+

The system gain at g, equals 0.481,

But . X, __ St. John’s total output _ 8240

(23) 87K, T ‘Halifax's total owtput 17,115

= 0.481

-

System Gain at a node“is in fact an. INTERACTANCE RATIO. It compares a node's

output to the major node's output., While the temm gystem gain misleadingly 1m-

plies some gain,  interactance ratic more appropriately describes what is actually
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. - B
being measured. It 4s obvious from-equation (23) that if interactance ratio
were the only system property to be measured there would be no need to resort
to matrix algebra for its calculation. Howaver, all ‘other system properties
and indices of the A.S.T. model require as a first step, the calculation of
interactance ratios in this manner.

+

Transmission Gain = Interactance Multiplier:

Since [G] = [-&1][C]

the Interactance ratio at node X; comes from the dot product of the [-A™]
matrix and the [C] vector. ' . b e
|-l-004 I 0.0562] 0.446 | . e R ,
! =0481 " ST : “
s [ ] | [os98 I S

The values in the -A"l matrix multiply the interactance coefficients
of the -arcs tied to the e node. * The transmission gain values 1. 004 and 0 0562
are thus better described as INTERACTANCE MULTIPLIERS _ Each interactance multi-

)

plier represents the way in which the arc coefficients 0,446 and 0, 596 out of

the source node x, are amplified within the system to produce the interactance

ratio at node xi.

Sensitivity = Interactance Sensitivity:_.j

In this example, the sensitivity of "the St. John's node will be measured
for changes on all the arcs .in the system. Since the equations:involvé the"src
coefficients and the interactance ratio, it is appropriate to'speak of the

INTERACTANCE SENSITIVITY of the node,
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4-Interactsnce senSitivity tO‘ko-atcs are calculated as in formula, (16a}:

s Q6a) |Sko = ['A' T _Elo_
i: the node whose sensitivity is being measured
k: the node from which the flow are originating,.
o: ‘refers to the source-node,
pko:"the arc lioking nodes Xo and Xic;
gi: system gain or interactance ratio at node Xi.

3

B The interactance senSitivity of St. John's to flow on the Halifax-St.-

<John's arc is: . o T . ‘ g
: €10
1510 = A Ll. .
: g1
oL L 0446 -
Del T R 1004 =031

The sensitivity of St. John'stto‘fiows'on the Halifax—Saint'Johnvwould be:

* -

. . C 'Cz':; ‘ St
1_52_,0 ‘ {"Al]u * _E;_ ’ o ,

) o
_ 500562 - 0.596 ’
- [ ' I ] 0481 "9‘069_4

-

Interactance Sensitivity ‘to” arcs noquinked to the xo tode are calculated F

L . . -

as in (17a): . ' D o D
Lo ) . ) .
‘ = [-A* gr—-k T . S
(172) | 15k, ]ik . .‘ R

- where 1 refers to the node whose sensitivity is being measured k refers to the node
to which the arc is. pointing and 1 to- the node from which the arrow originates.
The interactance sensitivity of St. John s to flows on the St John's~

Saint John arc is given by

o o ‘
A : 221
—:321 = ['A Jyame = 2

-1 -0.0562 o014 T
o ——d=T2] 0481, ——— = 0004
S N 0481 o

4
0 - - ‘
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'y + at .
. Figure 3-12 lists all the interactance sensitivities for the St. John's
e L = T '
L@ B} ) S : . .
-node. :
. a .
L :1
. g e . I‘ A ’
oo . 7. e
Interactance Sensitivity of St. John's - . St. John's
T T - o - Y L ’,
“ ) Halifax — St. John’s Arc 0.931 Pt
’ — B - k] i - [
Saint John —St. John's Are’ | 0.073* | - N
— — : Halifax<'< _ A
" Halifax — Saint Johh Arc 0,069 e e N
v # . - - ~u_ M
N ! St. John's — Saint John Arc 0,004 ~ 2
2 _ ) : : Saint John
N ' F :
Figure 3-12: Inferactance Sensitivity.
"% The value 0.073 referks o St. John's interactance sensitivity to flows

going from St. Jol'_m's to ‘Saint John, . the Saint John - St. John's arc.

Index of

Fl

Total System Sensitivity:

The index of total system sensitivity is not célculated from the relative

values of interactance sensitivities as they are listed in Figure 3-11 for the

St. John's node. The index is calculated from the absolute values of inter-

.

actance ratio and arc.coefficients as equation (18) shows:

(18)



'where n snd m stand for-tbe.number“of arcs involved in each case. Use of the-

relatiﬁe instead-of absolute values tends to decrease the importance of the
arcs, carrying the largest flows.

Equations (16) and (l?) define the . sensitivities in absolutejbalues for

. node xi to changes on source—node arcs’and non—source node arcs respectively.‘

P 16 ) - —— ,-l - i . - e b
e g e T : S o :
an v L e =gl . S .

v

- In (16) and (17} i identifies the source—node whose sensitivity is. being

,measured k the node at which the arrow, is pointing (the emitter node) and l

- u

o the: node from‘which the arrow origindtes (the receiving node). | ' 'ﬂ'ﬁf

' In equation (18) the values are first squared to offset the influence

ﬂof signs and added The square Toot of the sum gives the value of total sensi—'

1

,”-tivity in absolute numbers. _— S '

rThe Index of Total System Sensitivity ofASt. John's: -

St Johq}s sensitivity to flows on source node arcs: First sensitivity

'-_at St John s to. flows between Halifax (x ) and St. John 5 (x )z

-

- WY A ." agi--. : ag‘ ag{ . . .‘ 1
T.8. - = = - = [.XV = 1.
( ™ l_). o aCk s acko . acm ) [ K .]“ 1.004
(T.5., = Sensitivity- to flows in absolute. values)

. Secondly,'sensitivit?tto flows on arc between Halifex Cxo) and Saint John:
. - CF ' . .

og)

= [-A? = 0.0562
aC:O . [ A }12
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Thirdly, sensitivity of St. John's to flows coming into St. John's from Saint

John:7 ) ' ! -
Bi -1
- = - » A
P gl ]u;
. 2 -
(T.5.5) afl = g [A], = (-0481)(-0.0562) = 0.027
21 )

Fourthly, sensitivity of St. John's to flows coming into Saint John from

" St. John's: 7
' 3
(TS.4) a::, = -ggo{A'];, = (-0.631)(-1.004) = 0.633
The Index =\/(T'S'I M +(TS.4) + (T.S.3) +(TS.,4)?
2 2

_ﬁl.omf+(o.oss)= +(0.027)’+(0.633)’.
- 2 2

#

= +/0.506 + 0.200

1, = 0841

-The Index of Total System Sensitivity is 0.841. The value has meaning
o

when compared to values of other nodes of the same system or if the value of a
single node is calculated for several successive years. Higher values mean
greater total sensitivity, therefore, greater extension of the node's network

is more sensitive to flow changes on a greater

1

because its interactance ratio

number of arcs.

7 .
The k in refers to the node to which the arrow is pointing, the
node emitting the flows. -
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System Pérfo;:ﬁfance -of the Atlantic Network:

. System performancé evaluates system use versus system structure in a
network's sub-systems..

Tn the Atlantid network St. John's interactance ratio is dependent on

. -
o~

two sub-systems -as Figure 3-13 illustrates. IL,R. defines the interactance

ratio or system gain; I.M., the interactance multiplier or transmission gainj;

' a,nd',C

10’ an arc from node Xy to the source-node.
[-At)[c]) = [G] .
1.004 0.056 0.446
- Interactance  |M,, Cro .
Muttiplier = 0.481
‘No. 1 10.596 I.R.
Cao
C1a, C20 arethe arcs tied to the source node.
- Figure 3 -13. : Interactance Ratio of St. John’s.

Since the total value of interactance multipliers in Figur.e 3-13 is

!

1.078, the relative interactance multipliers can be written as:

M, IM,

If the arc coefficients ClO and C20 were equal in value, the I.M.l, or the

first sub-system would carry 94.7% of the interactions registered by St, John's.

However, the actual percentage of interactance ratio actually carried by the

fif%\t sub-network 1s calculated as:

*
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(1M.; ) (Cy0) _ (1.004)(0.446) _
T x100% = 0481 x 100% = 93.01%

Since the performance index is:

(IM;)) (C)%

Use LR. 23.01%
BL = = = = 098
Structure LM, % 94.7%

Thus structure and operational use are in harmony since the P.I. is approxi-
mately equal to 1.

Obviocusly this is not the best exampie to iilustrate the concept of
system performance. Better examples are provided later on in the analysis of
the Canadian Metropolitan System. An interesting case occurs in the Quebec
City system where Quebec shows a low system performance because so much of
its interactance fatio is relatéd to its Montreal arc flows in spite of the

complex‘networks that bind Quebec to the other Canadian metropolitan centres.

Conclusion:
Urban systems like any other system have operational characteristics.

Thé A,S8,T. model provides aqtechnique for measuring some of these character-
isties. The assumptions of interdependency and linearity on whicﬂ.the model
is based are important and must not be overlooked.

. The validity of the model will be tested.}n Chapters Four and Five
where the A.S.T. technique will be applied to the analysis of intermotropolitan
"air-passenger traffic and intermetropolitan migrations. These analyses will
indicate more concretely the model's conceptual and potential practical
contributions to urban research: conceptually by providing a new theoretical

framework for the analysié of urban systems, and practically by introducing

a technique for the measurement of system properties and performance. At this
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stage in the deveiopment of the A.S.T. model,.it i1s possible that the values
provided in thege: analyses are of limited use as further resea;ch musf;Pe
done before the hypotheses on which ;he model is based can be fully testé&.
However, the A,S5.T. model as it 1s presented here measures the order of
magnitude of the direct and indirect syséem interactions and thereby olutlines
an urban system's operational structure in its essential features. By
simulating changes in the interaction patterns, the A.S.T. model could be
N .

used also as a simulation model, However, no work has been undertaken in.this

direction as yet. .



CHAPTER 4

INTERMETROPOLITAN AIR-PASSENGER FLOWS: A.S5.T. APPLIED

Introduction:

In this chapter the A.S.T. model is applied to the Canadian national
and regional metropolitan networks; The purpose is to measure system pro-
perties of the nétworks and to reveal the direction and pace of their evolu-
tion through time. -The interactance ratios, multipliers, and sensitivﬂgggs
are precise measurements of inter-urban activity and help réveal the ndture
and the form of inter-u;ban bonds. Changes in these characteristics from
1963 to 1973 wili show some features of'the evolution of Canada's metropoli-
tan system which other techniques of iInteraction analysis cannot reveal.

The interactance ratios show the relative growth of the activity of the
dependent nodes to that of the ma;n pode. Of particular interest are the
situations of those centres that have sustained either a steady increase or
_decrease in iutefacfahce ratiqs over the period, reflecting differential
population growth.(\ \
The interactan&h\::ltipliers describe the activity dq thelsub—networks
linking the study node tb all:the otﬁer dependent nodes. The increase in
value of-an interactance multiplier indicates either an actual expansion of
a sub-network to include more nodes or an intensification of activity on the
existing structure. Note Epat the first case does not apply in the present
"context since all tﬁe centres in the Canadiag’Metropolitan System are already

linked directly to each other as the origin-destination matrices show. The

interactance multipliers do not specify whether the increase in activity is

s

130.




- 131.

occurring throughout tﬁe whole sub-network or is limited to a few.arcs. This
is:a severe limitatioﬁ of interactance multiplier analysis, If, for-a gi&en
study.node, an increase over time in th; average'value of its interactance
multipliers is accompanied by a decrease in the standard deviation, it can be
§ssumed that the node has experienced some degree of network development since
it is now less depéndent on just a few of its sub—netwérks for, its internodal
activity, the activity being more evenly distributed over the set éf networks.
It is this kind oflnetwork development which is of interest in this chapter.

Qf the three system ﬁroperties, sensitivity is the most useful inrdeter; .
mining if system change is occurring or not. Because it is a relative measure,
it establishes a ratio of change in nodal interaction per unit change in arc
activity. 'Thus,'sénsitivity is unaffected by the factor of the size of. the
dnteracting urban centres. - A careful examination of the sensitivity wva-
lues through time will indicate if the status of a centre within ghe system
is changing. If a centre becomes increasingly more sensitive to only a few
arcs in its immediate surroundings the centre is becoming more isolated from
the rest of the network. If a cent¥e shoﬁs greater sénsitivity to a greater
number of arcs outside its immediate enviromment as well as within it, it is
a sign of greater diversity of éctivity within the system, e.g. the casg*§f
Oftawa. ‘

The Index of Total System Sensitivity also provides useful indications
conéerning system change. Since it defines an average value of sensitivity,
any substaptial increase in the index value reveals.some measurée of network

development, Thus in a completely interconnected system of 18 nodes with

over 300 arcs such as the Canadian Metropolitan System, the index wvalue will

not change substantially if a node has experienced greater sensitivity to only
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a few additioﬁal nodes. There must be greater sensitivity to a ﬁairly large
number of arcs before the indgx shows a significantiy higher value.

The A.S.T. analyses will be performed on the set 6f eleven matrices
reporting the intermetropolitan alr-passenger flows-for the 1963-1973 period.
The results of these analyses should be viewed, within thé limitations of

-
the data as noted in Chapter Two. Of course, the changes.in system patterns
revealed by this set-of data might not be the same ié the model were applied
to other tjﬁes of fiows, aqd one problem with the use of air traffic flows ‘
is that thé& are not a good measure of interaction when tw§ centres are
rather cloée together. In such a situation it can be assumed that some of
the flows are diverted to other forms of transportation, so the results are
likely.to be somewhat distorted.. Nevertheless, it i; felt, despite these
deficiencies, that the analyses provide a good deal of ins;ght into inter-
regional linkages and reveal several interesting changes in the Canadian Metro-
politan System'during the 1963-1973 ﬁeriod.

Chapter Four consists of four parts. The naticnal system of the eighteen
Cénadién metropolitan éentres having a majo; airport is analyzed in the first
section;\ The sgéond section deals Withla sub-system of eleven of the above
métropolitan-centres located in the Easf and forming the Eastern Sub-System.
The Western Sub-System, consisting of seven cities, is studied in the third
part. The last section of this chapter_is an evalﬁation of the performance
of the National‘System. The performance indices of the various sub-networks
within the national system will be presented and analyzed.

Y .

Part I: The National System 1963-1973:

Toronto is assumed to be the source-node of the national system since it

has the highest intermetropdlitan air—passengerftraffic in Canada (Taﬁles A4-67
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to A4-77 of the Appendix). The complete list of centres in the national
system appears in Table 4-1, -

| Tables 4-1 and 4-2 summarize the changes in the systém parameters over
the 1963-1973 period. A number of observations regarding'the behayioﬁr of
the system iﬁ general can be drawn from these.tables. ‘Firstly, Sn the avefage,
perceﬂtage growth in flows has been over ten times greater‘than'popuiat16n  |

growtq. Secondly, growth in interactance ratio, that is flow growth in rela-

| - - :
tion to Toronto's output, has not been equally strong'for all the centres.

|
The cohbinaticn of_a low éverage (19.1%) with a high standard deyiatibn (37%)
suggesks the existence of two sub-groups within the system. Sudbury, Calgary,
: fhhnder Bay, Vancbuvgr, énd Edmonton show great Increases in intgractance-
;§Fios‘while Quebec, Windsor, and Saint John have:sustained losses. Thirdly,
the same observations hold true for the interactance multipliers and indices
of sysfem sensitivity, In both cases a number of centres have experienced
strong growth, e.g. Ottawa-Hull, Calgary, and Edmonton while other have showm
losses, e.g. Quebec, Montreal, and Saint John. Fourthly, the performance in-
dices show am average loss of -3.67 and a standard deviation of 22.3%. For
a number of centres such as Calgary, Edmeonton, Vancouver, and Sudbury, the
decrease in performance value is largely attributable to higher values of
interactance multipliiers. The better performance values reported for Windsor
‘and Quebec result from losses in interactance ratio.

The correlation coefficlents of table-4-3 also warrant commentary. The
correlation betwgen growth in population and growth in flows has a value of
only 0.43. While some centres have experienced pronounced growth on both
variables, e.g. Calgary and Edmonton, and other centres have had low increases

on both varlables, e.g. Windsor -and Saint John, there is a third group of
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entres that have shown increases on the one variable alone, centres such
."as Sudbury, Montreal and Thunder Bay. The correlation between flows and
interactance ratios is high (0 98) since the,ratios are directly related to
-the flow variable. Table 4 3 also shows that the relationship between growth
in flows and growth in interactance ‘multipliers is fairly strong (0.75),
indicating that . the centres that have had the greatest increases in flows

are also those that have developed the strongest sub-network structures,

e.g. Calgary, Edmonton and Ottawa-Hull. Regina, Victoria and Hallfax are
exceptions to this rule' although their flows have increased greatly, thedir
interactance multipliers have decreased.

.

Because the index of total system sensitivity and the average interac-
“tance multipliers describe the influence of the arcs omn interactance ratios,
'both properties are strongly correlated (0.94). Note that the performance
_indices are negatively correlated with the flows (-0. 75), with the interactance
ratios ( 0 61), and with the interactance multipliers (~0.45). A detailed

'3:examination of the various parameters that enter into the calculation of the

performance index will reveal the meaning of their negative correlations in

terms of network evolution. This will be done in the detailed analyses of

a subsequent gsection. Finally, the'correlations between the accessibiltity

index and the other parameters are all low valued. There are centres with

high accessibility'indices that exhibit strong values for their’ other para-
meters, €.g. vancouver and Saskatoon, and there are other centres: with gimi-

larly high accessibility indices that do mot report high values for their

other system characteristics, e. g. Quebec and Saint John.

A) Interactance Ratios: - - '

Table 4-4 shows the interactance ratio of every metropolitan area for

.
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o ,"-'table b= Throughout this period all the CMAs: have had 1ncreased inter- -

139,

;the 1963-1973 period and Figure 4-1 represents graphically the results of

o jmetropolitan interaction, as shown by the origin—destination matrices (Table

o A4-67 to A4—77 of the. Appendix, but there have also been, important changes

:‘in the relative proportions ofasystem interaction. Some-centres, e. g Van~
Acodger Calgary, and 0ttawa~Hull have increased consistently in relation to

Toronto s interaction during this period, an indication that they have become

.

progressively more active within the national system. The increased,metro~

L

politan integaction may result from greater activity of one. centre with most

-+ of the other nodes —- this would be a case ¢ 'gidespread system interdepen—
. » - . «

dency —— or the increase might result from greater activity between a few

centres only, such as greater interaction hetWeen the major pole of a system.

and a peripheral centre, without increased interaction of the peripheral

1

centre with the other nodes in‘the system. This second case woald'represent'
very little in‘terms of system dévelopment. In most cases analyzed here the‘
increased interactance ratios have resulted from a general .increase in inter;l
metropolitan activity. This raiSes tne question as to whether or not the

i greater metropolitan interdependency described for the United étates oy‘
Borchert (1972) is also occurring in Canada.,*

The most important interactance ratio gains have beenvachieWEd'by éan~ .
couver, Calgary, 0ttawa—ﬁull, and Edmonton. Vancouver's interactance ratios-
increased from 0.311 in 1963 to 0.452 in 1973. Thus while‘Vancouver's inter-
metropqlitan activity was less than a third of Toronto's in 1963, by 1973 it
had grown to almost half of Toronto's. Calgary, Ottawa~Hull, and Edmonton :

form a second set of CMAs whose interactions. have increased very‘substantially

during this time, their interactance ratios averaging 0.234 in 1963 to 0.343'
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in 1973. The growth of several of'thé higher order Western metropoli has
been combined with a relatively gre;ter degree of intermetropolitan intérﬂ
acti;n. i
There are four qentres whose interactance ratios have dropped, some

grédually, others more precipitously throughout this period. Thef are
‘Montreal, Quebec, Windsof, and Saint Johﬁ. Montreal's interactance ratio
dropped by 17 percent from 0.732 in 1963 to 0.606 i;r1973. Even though this
still leaves Montreal with the highest level of intermetropolitan exchanges
after Toronto, the drop is large and perhaps significant in that it implies
‘that Montreal is rapidly moving into a position relativel; much lower than
Toronto, at least in terms of volume of intermetfopolitan activity. Quebec
and Windsors dropped even moré rapidly than Montreal, from values of 0.144
and 0.123 to 0.087 and 0.082 reapectivelj. This, too, c&uld be a gignificant
change because Quebec and Windsor, the extreme poles of the Heartland, have
become weaker elements on the fringe of the Canadian Manufacturing Heartland.

- Seven ;entres have had a period of interactance-ratio growth followed
by either a period of stabiliiation or one of slight decline. In this group
we find Halifax, St. John's, ﬁinnipég, Saskatoon, Regina, Thunder Bay and.

Sudbury.
Victoria and Londen are special cases. Victorla has experilenced a rise
in its interactance ratio followed by'a period of stabilization. It seems
plausible that as Vancouver was asserting itself as the major pole of the
western field (Stﬁrey and Bulker, 1975), Victoria's intermetropolitan activi£y
benefited from Vancouver's proximity and growing imporfance. Once it had

achieved a certain degree of interdependency with the centres of the Vancouver

sub-gsystem its own level of activity stabilized and continued to keep pace
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with that of the national péle, Toronto.
_London, by contrast, had a period of decline followed by a constant

Increase in interactance ratio. Whatever the reason for this, it would seem

that up-to 1967 its interaction was mostly ;imited to the Windsor-Quebec
corridor and since then it has gradually, as Toronto has continued to expand
its field, become a much more active and dynamic element of the national
system, not only keeping pace with it but attaining a more significant role
within this structure. The growth of london's interactance ratio, along with
Ottawa-Hull's accompanied as it has been by a decrease in gain for Windsor
and Quebec, could signal a restructuring‘of the Canadian Heartland into a
central core consisting of the citieé of To;onto, Montreal, Ottawa-Hull, and
London, surrounded by a fringe area made-db essentially of Windsor,rThunder
Bay, Sudbury, Quebec, and Chicoutimi-Jonquiere. Fhis would be a considerable
change from what had been essentially a two sub-system arrangement of the
Heartland, an eastern section centred on Montreal and a western section centred
on-Toronto. More evidence of this restructuring will be presented later.8

The smaller CMAs or those thaﬁ are less suitably located, show indica-
tion that the size of the country and the weakness of some regional economies
make it difficult.for ;hese centres to interact mﬁLe fully within the larger
national metfopolitan network, In most cases, tﬁese cities have been following,
it would seem, a trend of greater systém interaction, but not at the national

scale, for their activity is still limited mostly to their own sub-systems.

The sheer size of this country is still important (Simmons, 1976) as a limiting

8

Note that Central Canada CMAs that do not have a major alrport, such as
Hamilton and Kitchener, are not considered here.
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factor of interaction even ﬁhough great progress has been made in transport
technology. A detailed analysis of the sub-systems' sensdtivities will show
that, iﬁdeed, most CMAs are undergoing a proéess of network development but,
for several centres, it has been at the regional 1evel,rather than at the
national le;el, where development is limited td the country's major nodes.
Again it is stressed that the interactance ratios do notereveal the factors
responsible for these changes.

B). Interactance Multipliers:

The interactance ratio says little about the system{s intgrnal oﬁera—
tions, forlit fails to measure the strengths of the sub-networks that link
the study node to the main hodeﬂ The Interactance Multiplier is specifically‘
designed to measure the most important set of these internal networks and
thereby monitor‘the system's internal structure.. The interactance multipliers
of a system measure the set of networks located between the étudy node and
each of the system's nodes that have a direct link to the main node. The
derivation of the interactance multiplier, is based an.the partitioning of
the arcs of a system into two sets. The first set includes all the arcs

emanating directly from the main node, and the second set all 'the other arcs.

The National System, 1963-1973:

The interactance mﬁltiplier technique is used here to measure and com-
pare the national system's internal sub-network structure. The interaction
characteristies in this section refer to the air passenger traffic between
the 18 major airports of Canada with Toronto taken as the major node as it
has the greatest total interaction. Since there are 17 direct links from
each of the 17 CMAs to Toronto, the system has 17 interactance multipliers to

’ee considered in the analysis of each study node. In effect then, there are
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17 different internal sub-networks tying a given city to all éf the others
of the national system: To identify the interactance multipyiers the ori-.
ginal data matrix of direct linkages has been ;ransformed inéo a matrix.
depicting both the direct and indirect linkages between th?;centtes; Consi-
def for instaﬁce, the study node Ottawa-Hull which is tied to Toronto directly
and indirectly through the other 16 nodes, and hence by 17 sub-networks. The
interactance multipliers summarize in'a.single vector of:l7 values, each of
the networks involved in the generation of flows at the study node.

1f the average value of the interactance multipliers for a giveﬁ
study node is low, the node is isolated from the rest.of the system. In
poorly developed networks, one interactance multiplier is ﬁery strong and
all of-the others are low valued, The strong interactance.ﬁultiplier is
the direct.arc between the main nodé and the study node, whilé the éest of
the nodes have very littlg impact on the study node. 1In the case of well
developed networks; the average interactance multiﬁlier is hiéh and no single
interactance multiplier dominates all the others.

A close scrutiny of the evolution of the system's interactance multi-
plier vectors over the eleven year period, from 1963 to 1973, will show the
changing patterns of interactiong and indicate t?e sub-networks showing ;

either greater or lesser aétivity over the period (Tables A4-1 to A4~17 of

the Appendix).

The Western CMAs of iﬁ;l;ational System:

Vancouver (Table A4-14): .

Table A4-14 indicates the changes in Vancouver's interaction patterns.
Vancouver has, over this time period, greatly intensified its network activity

with the other metropolitan areas, Its average intéractance multiplier value
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has increased by almost 187. As the drop ih standard deviation shows, the
hetwork increase has been broadly spread out and not iimited to a few CMA
sub-networks. 'Vancouvér relies less on its Toronto-Vancouver link”in 1973
than it did in 1963 and dits ties with the Prairie cities have risen consi-
éerably. Vancouver's role within the western sub-system is much greater in
1973 as the networks intervening between it and the oﬁher CMAs are more
equally balanced. Vancouver has, over this short period, also developed
. its ties with each of the eastern and Atlantic cities. It has strong sub-
networks with centres across the country as well as with its immediate Weétern
neighbours. . ,

Calgary (Table A4-1): f

Calgary has become less dependent on Toronto for its interactions and -
its network ties with the western CMAs have not changed substantially; Even
in 1863 Calgary had good regional ties. By 1973 it had developed stronger
sub-networks with the Heartland cities of Toronto, Londen, Ottawa-Hull, Montreal,
and Quebec.

Edmonton (Table A4-2):

Edmonton's interaction patterns are much the same as Calgéry's.
Throughout this period, its networks with the Heartland cities hav% grown

while its networks within the western sub-system have been maintained.

Regina and Saskatoon (Tables A4-8, A4-11):

The cities of -Regina and Saskatoon have altered their patterns consi-
. AS
derably. Even though Regina and Saskatoon remain well entrenched within the
.Western System, Edmonton and Calgary play a relatively less important role

in their total interurban activity. Their Vancouver sub-networks are res—
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ponsible for more-of their activity but their depeﬁdency on Toronto as a
generator.of interaction still remains. It is striking that all networks
iinking both Regina and Saskatoon to Central and Atlantic Canada have
inéreased. |

Winnipeg (Table A4-17):

Winnipeg received in 1973 a smalier share of its interactions from all
the Western cilties and an increasingly larger share from the east with major
gains coming fgom the Heartland cities of Ottawa-Hull, Windsor, and London.

’ Victoria (Table A4-15):

Victoria did not rely so heavily on Vancouver in 1973. It has stronger

western networks and has developed to some extent its network ties with the

east,

The Central-Canada CMAs:

Montreal (Table A4-5):
There has been a consistent drop, though mnot a large e,\in Montreal's
average interactaqce multipliers over the eleven-year p riod, (Téble 4-5},
The standard deviations have remained much lower in value than the average
interactance multiplier because Montreal's intermetropolitan activity is not
limited to a few major arcs but is national in scope. The networks linking
Montreal to all the other CMAs aré very well developed so that no single one
is responsible for an exceedingly large share of its iifermetropolitan iﬁter—
action.

Montreal's level of interaction has become more dependent on its direct
Toronto-Montreal arc. Its ties ﬁith the dynamic western citles, Vancouver,
Calgary, Edmonton, Winnipeg, and even Saskatoon and Regina have grown and 1t

has also developed greater ties with Ottawa-Hull and Windsor. There has been

a decrease of intervening network activity with Quebeec, Saint John, Halifax,

Rt}



MONTREAL CMA INTERACTANCE MULTIPLIER

Table 4=5

—— e ———

EXPRESSED AS A PERCENTAGE OF THE NATIONAL SYSTEM'S .
TOTAL INTERACTANCE MULTIPLIER, TORONTO AS THE MAJOR NODE

147.

ARC

f

=

Toronto—-Montreal

Toronto—Quebec

Toronto—Saint John

'Toronto-Halifax

Toronto—-London '
Toronto-St. John's
Toronto-Victoria
Toronto-Vancouver
Toronto~Calgary

Toronto-Winnipeg

“Toronto—Edmonton

Toronto-Saskatoon

‘Toronto—Regiﬁa

Toronto—-0Ottawa—Hull

Tqronto—Windsor

Toronto—Thunder Bay

. Toronto—Sudbury.

Lo

Average Interactance Multiplier

‘Standard Deviation

1963 1973
16.50% 17.60%
11.60 9.10

7.90 7.30

7.30 6.50

6.80 6.70

6.80 5.90

4.70 4.60

4,50 4,80

4.50 4,80

4,40 4.50

4,30 4,70

4,30 4,40

4,00 k.40

3.90 4,30

3.70 5.70

2,70 2,60

2.20 2,30

0.441 , 0.394

0.265 0,230 .

The Average and Standard Deviation are in absolute values,
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St, John's, and Thunder Bay.
In shert, Montreal -has stronger networks within the Canadian national

gystem mainly because it has increased “its interdependency tiles with western

CMAs.

Toronto, with Montreal as the Major Node (Table 4-6):

It is instructive to reverse for a moment the roles of Montreal and
Toronto within the national system and to measure intervening network struc-
ture when Montreal serves as the major node and Toronto as the study node.
The question that can be resolved by this operation is how well developed are
the negworﬁs.linking T&ronto to the CMAs when Montreal serves as the major
nede?

Table 4-6 shows that Toropto:s intermetropolitan networks are more
developed than Montreal's as all of Toronto's intervening networks contribute
fairly equally well to its total interactioms without any one sub~network
dominating the others. It is indicative of Toronto's national role that the
Central Canada CMAs, although they are much closer to Toronto than the western
cities, provide only slightly larger shares of Toronto's intermetropolitan
activity. It is striking also that the Central Canada CMAs which in 1963
did have a slim ﬁargin over the rest of Canada CMAs, have been the dnes
to see their shares of Toronto's total intgraction drop in importance by
1973, The Atléntic Region cities and Quebec, on the other hand, became res-
ponsible by 1973 for a larger proportion of Toronto's activity.

In short, Toromto has well developed neyﬁorks, and its ties with l

Central Canada, the Western and Maritime centres are stronger in 1973 than

.in 1963.

+

We now go back to the analysis of the.citiles in the national system
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TORONTO CMA INTERACTANCE MULTIPLIER
EXPRESSED AS A PERCENTAGE OF THE NATIONAL SYSTEM'S

[N

Table 4-6

TOTAL INTERACTANCE MULTIPLIER, MONTREAL AS THE MAJOR NODE

149,

ey
ARC 1963 1973
Montreal-Toronto 9.00% B.30%
Montreal-Thunder Bay A 8.40 6,80
Montreal-Sudbury 7,20 7.10
Mgntreal-Windsor 6.90 5.70
Montreal-Qttawa-Hull 6.70 6,20
Montreal-Calgary 6,00 6.00
Montreal-Victoria 5.90 6.00
Montreal-Vancouver 5,80 5.80
Montreal-Edmonton 5.80 6,00
Montreal-Saskatoon 5,80 6.00
Montregl«Winnipeg 5.70 . 6,00 ¢
Montreal-Lohdon 5.30 5.30
Montreal-Halifax 1 4.80 5,20
Montreal=Saint John * 4,40 4,70 -
Montreal-St, John's 4,20 5,10
Montreal-Quebec 2.40 3;80
Average Interactance Multiplier 1,120 1,388
Standard Deviation 0.296 0.235

The Average and Standard Deviation are in absolute values.
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.nith Toronto as its major node.
- Ottawa-Hull (Table A4-6):
AThe_netqorks between Ottawa-Hull and allftherother CMAs have grown

consistently throughout the period. Through increased intermetropolitan

inter—denendency Ottawa-Hull has increased its'role nitnin ohefnetional
metropolitan, K system and reduced its dependencj on Torontoifor_dnoenotben_
activity. By 1973 it was a much more important element of the netional
system, | |
Quebec (Table_A4-7): .
As Quebeo‘s eeerage network structure has not ehanged and its ties
7 with Toronto have increased, there must have been some reduction in Quebec's
ties with other CMAs. Its ties with Saint Johm, Halifax, London and St. John's
nave decreased considerably. Quebec'’s ties wieh Montreal'have also decreased
proporticnately. (This might be due to greater highnay.inoer-oity‘travel
through highway improvement. The results presented here e;e,.of oonrse;
based on air passenger traffic.) From these results it seemsdthat Quebec
also is being drawn into the Toronto 9pherefof-dnfluence_on the one hand and
being relegated to the fringe of the Central Canada‘Heeftland on the other.

Sensitivity analyses should shed light on Quebec's evolution throughout this
period. | ’

London, Windsof,‘Thunder Bay, and‘Sngury'
(Tables Ad-4, AH-12, A4-13 and-A&*IG)‘

London and Windsor rely on Toronto for ‘a very large share of thelr total
interactance response, in the range of 607. However, while Windsor has expe-

rienced a slight increase of dependency on’ Toronto, London seems to have

lowered if only slightly, its dependency on Toronto and to have developed
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ite networks withlthe other Heartland citiee. -Both citiee had, in 1973,
‘fless influence on the interactions of the western cities than they had in \\\\‘\\
1963.. It seeme also that London has developed slightly greater network ties
‘with the Atlantic cities. | . ‘ A
Thunder Bay and Sudbury were heavily dependent in 1963 on Toronto with
the Toronto sub—networks accounting for 67.7% and 92.97 of the structure
respectively. - By 1973 both’ cities had developed other sub-networks to a -
Lcertein'degree, Torontofs shere of their interaction having dropped to 63.5%
A :andKBZ.oz respectively. Thunder Bay had developed a few links with the
eastern cities andfrednced its dependency on the west. Sudbury had developed
' ell of its intermetrOPolitan networks during the period although it is still
"strongly TorontO"oriented. . ‘

.The Atlantic Region CMAs:

+

Halifax has a much lower dependency on Toronto (367%) thdn Saint John
”(69?) or St. John s (627). 1Its links with the Atlantic and the Heartland
cities of London, Ottawa-Hull, Hontreal, and Quebec ere-twice as intense

as those of the other -two. Throughout the period Saint John experienced

‘very 1ittle network development with the exception of its ties with Téronto.

St. John's, on the other hand decreased its dependency on Toronto and increased
its ties with other bMAs, Ottawa-Hull in particular. It also experienced

slight increaees with the western citiee.

During the 1963-1973 period most of the intervening sub-networks

between the dependent nodes have experienced growth. This 1is not surprising ////

”

-

as this refleets the increase in intermetropolitan interéctionrat all.thfii’//,?
nodes. What is of interest is the fact that several nodes have a new pattern

of sub-networks activity. This serves as a first indication of system . -



restructuring. ¥ ,

. The four western cities of Vancouver, Célgary, Edﬁonton, and Saskétoon
: & . : R - ~

- afong with the eastern city of Ottawa-Hull have deﬁéloped.muchlbroader and

more balanced intermetropolitah'networks with é_reQuded dependency on
Toronto as a generator of- interactipns. The cities of London, Thunder Bay,

-

and Sudbﬁny'haﬁe followed .the same pattern of evolution but at a much lower

-\ B

scale., The cities of Winnipeg, Victorih,'Ha}ifax, and St. John's have under-

gone some slight changes also. Im genef@ldtheir dependency ontToronto has

)

decreésed and althbughfthe average yélueq’of their.igteractaﬁce multipligrs
have remained almost constant, the standard de;iations have droﬁped{as the
git%€§ geﬁerally improved their ngtvork links with the rest_of Cénada;
'During this same pel;iod, Moﬁ:‘eal, Quebec‘, Saint Johln; and_Regiqa
have experienced a droep in tﬁéir averégé interactanée multiplier values

and 2 reduction 'in staydard deviatioms as well, an indication that these -

. centres now have netw which a;q)better developed, that Es networks with

:::}’:7 - ©  a greater number of stronger Hdnks. TFor all four centres Toronto plays ag/’
N ” . .
increasingly important role. : ’ \

- ) In general, then, it seems that several changes have occurred im the
~ .
gy S :

sub~network Mtructures of the Canadian Utrban System over the 1963-1973 period.

The sub-networks show an expected increase in their role in generating nodal

. &
interaction. Some have also shifted in their orientation. The emergence of

Toronto as the national pole is also amply demonstrated. The western semi-
independent sub~systemh have evolved into a more intefdépendent system,
with Vancouver as the major pole and Calgary~Edmonton as the secondary one.

Nevertheless, Toronto is the whole western system's national pole.

. . A

&
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o

c) Interactance'Sensitivities: o >

Interactance sensitivities go a step further than interactance multi-
pliers in defining gystem structure. While the multiplier measures the

study node's dependency on whole sub-networks of the system,.e.g., the inter-

~

vening networks, interactance sensitivity measures the node s response to

[

flow fluctuations on any given arc of the system. It probes more deeply
«

into system operations. Just.as any other elasticity measure, interactance

sensitivity‘is a relative measure: -

‘ .

' SENSITIVITY =

3 interactance ratio ///- 3 arc activity
interactance ratio © arc activity

3

The interactive sensitivity reSults'are'nseddhere to determine if thepd
nodesuhave-extended their interaction_netwotks. 1f e-node is more sensitive
i to a growing number of arcs over the period'it has in effect diversified its
ties'within the system and. in this sense at least it has undergone network
development.

| As there are as many sensitivity measurements for each node eslthete
?gre‘ercs in'the-system, it is important to detine an Index of Total System
Sensitipity which summarizes in a single index a node's reaction to overall

.system_change. (Lamarche and Franconj 1975):

In essence the index is the average value of arc sensitivity expressed in |

absolute terms. A high index value indicates strong node interdependency

e "
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.and a low value points to weak integration network development.

In the analyses to fcllow both the index and the interactance sensi-
tivities will serve to depict system behavior and system structure.

The results for the index of total system sensitivity are presented
in Table 4-7- and Figure 4~-2. The values show that there have been some
important changes within the national system over the 1963-1973 period.

The most important changes have been the losses sustained by Montreal and
Quebec and the gains made by Vancouver, Calgary, and Edmonton.

Because Montreal holds such an lmportant position within the Canadian
hierarchy it is most important to understand the nature of Montréal's losses,
whether they refer namely to arcs wit%in the eastern systen or outside it,
for it is essential to know whether the role of Montreal within the national
system is changing or whether it is only its éole within the eastern sub-
system that is changing, or both. The interactance sensitivities should
clarify these points.

The rather stable values for the other cities in the system are
interesting in that they show that the relative positions of these cities
within the system have not changed. However, this apparent stability could
be misleading. Some centres such as Winnipeg, might}pave experienced some
losses in one sub-system and gains in another. Here again a look at the
interactance sensitivities will show whether or not there have been signifi-

cant changes in network structure.

- —
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Montreal and Quebec
(Tables 4-2, A4-38, AG-40):

Bothlcitigs are less sensitive to changes in the arc flows as the
indices show, Montreal's going from 0.522 in 1963 to'O.ASG in 1973, aqd
Quebec's dropping from 0.294 to 0.269 in the same period.

Analysis of the individual interactance sensitivities for both these:
cities inﬁicates important changes within the anadian system; particularly
_in the Wiﬁdsor—Quebeé'axis. By 1973 Montreal was much less sensitive to
fluctuations'on the Mo#treal—to~Quebec and Toronto-to-Montreal arcs. As‘a
these are among Montreal's most important arEB, the losses greatly influence
the index value. It must be noted that Montreal has become more sensitive
to flows on other arcs such as those between Halifax and Montreal, Toronto
and Ottawa-Hull, Ottawa—Hull and Montreal, Winnipeg and Montreal, and
Vancouver and Montreal but these gains are not impértant enough to compen-—
sate for the losses. It is surprising to find that Montreal's index re—
mains lower than ancouver's thraqghout the perioé, 1967 excepted. Vancou—
ver's higher values reflect the greater diversity of its network.

Quebec's evolution is simpler. It 1s leés sensitive to changes on

.

its ares with Montreal and much more influenced by flows on the Toronto-to~

° Quebec, Toronto-to-Ottawa—Hull, and the Ottawa-to-Quebec arcs. A graphical

display of Quebec's sénsitivity, Figure -4-3 summarizes in part the evolu~

tion in the eastern system struéture.
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The major changes within the interaction pattexns are twoefold. First,
there is the increasingly dominant role of Toronto within the eastern system
along with a growing Ottawa-Hull role, wieh an accompanying loss of importance
for Montreal. Secondly, the gains made by Montreal show an increased interde- -
pendency of the national system as Montreal became more responsive to fluctu-
ations on arcs originating in what had been in 1963 more distant sub-systems.

London, Windsor, Thunder Bay, and Sudbury
(Tables A4—37, A4=45, A4-46, A& -49)

[

The average value of the index of total system sensitivity has remained

v ]

practically unchanged, 0.256 in 1963, and 0.258 im 1973. The individual inter-
actance sensitivities for Sudbury and Thunder Bey, confirm that there has been
iittle change in sensitivity patterns for both these citlies, but London and
Windsor have altered their patterne considerably. London is less sensitive
to flows on the Toronto-to-Montreal arc and more sensitive to flows on the
Ottawa-Hull-to-London, Toronto-to-Ottawa—Hull, and on flows between Calgary
and Edmonton. Windsor islless sensitive to its arc with Toronto and more to
the ares linking it to Montreal and to the Toroneo-eo-ﬂontreal arc.

In %rief, of‘the four cities, London is the only one that has become
national in scope, to a certain degree at least. The other three centres are
strongly dependent on the Heartland, but with little interaction outside it.

Halifax, Saint Johp,:and St. John's
(Tables A4—36, A-4-42, A4—43):

The changes in interactance gensitivities for these citles are important
even though the index values have changed but little. Halifax is less sensi-
tive to fluctuations on arcs linking it to Montreal and Saint John and much

more to.changes on its links with Toronto and Ottawa-Hull. "St. John's is also
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more één;itive to itsﬂlinks with Toronto and less with its ties to nontreal
and Haiifax. Saint John's patterns have evolved in much the same wéy, its
links with Torontoc and Ottawa-Hull becoming more important and its ties with
Montreél'and Halifax decreasing in importance. ihe behavior of Saint John
and Quebec is very similar as their graphs show, Figures A4-2 and 4-3.

The evolution of the interattion patterns of the three cities shows '
the increased role of Toronto in the eastern system, the extinction of the
Atlantic network as a sep;}ate entity by 1973, and the decreasiné role of

Montreal in the east. oA

' _Winniﬁgg, Regina, Saskatoon, and Victoria
(Tables A4-50, A4-41, A4-44&, AL-48):

The index values for these four cities have not changed subs;antially‘
thr;ughout the pericd. Winnipeg, in part no doubt because of its iocation at
the junction of the eastern and western sub-systems, has a high 1e§el of sensi~
tivity ;b ares in both‘sub-systems. Over the period Winnipeg has become in-
éreasingly sensitive to variations on the ércs linking it to Vancouver,
Edmonton, ‘and Calgary'on the one hand, and to arcs lidking Torontq to QOttawa-

" Hull and ioroqto to VancSuver on the other. The city is less senéitive in 1973

-

to arcs linking it to Montreal and to the Toronto-Montreal arc. In short,

“ +

* Winnipeg has become more tntegrated within the western sub-system and has strong -
ties with Toronto and Ottawa—Huil, both dynamic centres of the eastern system.

Its ties with Montreal are still strong but have sustained nonetheless a loss

v

throughout the. period. -
Begina's evolution in the west is similar to Quebec's in the east. It is
increasingly more sensitive to the arc linking it to the western system's new

pole, Véncouver, and less to 1ts own reglonal centre of Winnipeg.: Regina is
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also more sensitive to changes in the arcs' between Vancouver, Calgary, and

L

Edmenton. ‘

Saskatoon's pattern is not as clearly defined as Regina's but it is
similar in that it is now more oriented towards Vancouver, Calgary, and Edmonton,
and less towards Winnipeg.' |

Victotia, much like Regina, Saskatoon, and Quebec has reduced its ties
with its‘strong neighbour, Vancouver in this case, and has becomelmore influ7,a\\
enced by flows between the western system's other main centres of Calgary, and
Edmonton. Like Regina and Saskatoon, Victoria has experienced greater inter-
action with otner western centres.

-

In{symhary, the small semi-independent network of Regina, Saskatéon, and

Winnipeg, with this last centre gserving as the major node, has ceased to exist,
and a wider and more interdependent network covering the whole western part of
Canada has come into existence with Vancouver as 1ts main centre.

Vancouver, Calgary, and Edmonton
(Tables A4—47, A4—34, A4- 35)

-

The index values of Vancouver have increased from 0.548 in 1963 to 0.586

in 1973, due primarily to Vancouver's increasingly dominant role in

the western system. Its role in the west is greater than Montreal's in the
east where Montreal must compete with Toronto. Vancouver has also inefeased
in sensitivity to flows on the Vancouver—to—Toronto, the Vaucouver—to—Montreal

and the Montreal—to—Toronto arcs, a net indication of greater national system

interdependency

Both Calgary and Edmonton have also undergone great increases in inter-

actance gsensitivities. In their role as secondary poles within the western
netwotk they have become increasingly more influenced by flows on the western
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network as it bec;me progressively more unified into a highly interdependent
network.

Ottawa—Hull (Table A4-39):

Over the period, Ottawa-Hull's role in the natilonal urban sys;em has be-
come more apparemnt, not so much in the scale of its intéractance sensitivity
response as in the widespread nature of.the network structure to which it

responds. It§ index value has gone from 0.297 in 1963 to 0.353 in 1973, a

net indication of network extension. What is mo;t—gtriking in Ottawa-

Hull's case is its passage from a regional city to a national city and nowhere

is this more apparent than in the maps.outlining the network arcs to which it
responds  (Figure é4-4a, 4-4b). In 1963 Ottawa-Hull was an elemeﬁt of the eastern
system. In 1973 it has become an importént.element of the national system. Its.
sensitivity to flows on the arcs linking it to Toronto and Montreal has d;opped
but it is influenced by a network of arcs covering the nation.

Conclusion:

Interactance sensitivity analysié may be considered a valuable tool of
system analysis principally because it allows the researcher to stﬁdy at the
individuél arc level_thehbehavior'bf a node's respo;se to fluctuations on it.

The analyses have brought out .some of the important cﬁanges that the
Canadiaq natiopal system has undergone: a generally greater dependency of the
metropolitan centres on Toronto, the partial restructuriné of the eastern and

western sub-systems, and the differentlation within these sub-systems of the

major and minor elements,
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Part IT! The Eastern Sub-System, 1963-1973:}

A) Interactance Ratios:

h This sub-system consists of eleven metropolitan areas with Toronto

- . taken as the_major node. Table 4-8 and Figure 4- 5 present the major changes

which have occurred in the system during this period

A striking feature here is the contrast between the role of Montreal
in this regional field as opposed to its role at the -national level. At
the national level Montreal's intermetropolitan activity dropped from 752
of Toronto § in 1963 to 617 by 1973 (Table 4-4), Within the Eastern Sub-
System, Montreal's activity was 83% of Toronto s In 1963 and dropped slowly

to 712 in 1973 (Table 4-8). Within the'more limited space of the Eastern

.Field Montreal has managed to keep abreast of Toronto whereas at the mpational

" scale the dynamism of Toronto has more readily overcome the frictional effect

of distance and increased interactions with the western cities.
Ottawa's share of ‘the total interactance ratio has gone from a value

of 25, 6% in 1963 to ome of 33.47 in 1973 The results reported in Table 4-8

. Suggest that the Eastern system will become progressively more. centred on the

three CHAs of Toronto, Hontreal and Ottawa while the cities of Quebec and
Windapr decline. ‘The combination of high interactance ratio in the central
CMAa of ‘the Axis, along With the decreasing gains in the marginal cities,

again auggeat that Present evolution trends could lead to a well-defined two-

felement Canadian Heartland, a central core of highly interactive CMAs surrounded

v__by a peripheral zone of centres of less importance.

London '8 intermetropolitan activities have 8lightly increased in rela-

'.tion to Toronto 8 and then atabilized 2 Sudbury's interactance has increased,

r
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(Tables A4-67 to A4~77) but this increase has’ been very heavily -Toronto
centred. Sﬁdbury is still an outlier in terms oﬁ system Interaction.

‘Table 4-8 reveals a striking increasing interactance ratio for Thunder
Bay. Aﬁy suggestion that the distance effect has been largely reduced and
that Thunder Bay has become, in this age of iﬁproved transit, an integrated
part of the Eastern system, is not sﬁpportgd, however, by the origin-desti-
nation matrices. In 1963, 787 of Thunder Bay's‘exchangeS were with Toronto.
In 1973 the percent has not changed. The interactance ratio through the years
increased at a greater rate than Toronto's,but és most of the flows have been
Toronto centred, Thunder Bay has remained in the hinterland of the Eastern
Field, caught mid-way between the Eastern and Western ne?works.

Haglifax and St. John's have successfully increased their share of inter-
metropolitan activity in relap}on to Toronto's. Halifax has gone from 17.1%
.to 28.2Z\and St. John's from 6.67 to 8.4%7. Their increase is diversified and

not solely Toronto driented. - , . )

L)
In contrast, Saint John has experienced a relative drop in metropolitan

interaction going from 3.6% to 3.1% of the total imteractance ratio. From

1971 on: the value held steady. Saint John has not dﬁﬁeloped its ties with

all thelQMAs of the Eastern sub-system. '

The interactance ratios show that most of the metropolitan centres of

-the Eastern sub-system have experienced greater inter-urban activity in rela-

tion, to Toronto's total output. Is all this new activity_attributable to the

v .

one factor of‘population growth or are some of thése exchanges Indication of
s v

-

. . , S :
system ration as recent literature on urban systems suggests (Borchgrt,

1973; Pred, 1977)? An examination of the changes in network structures,throﬁgh
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interactance multiplief and sensitivity analjses should shed some light on
, this question.

B) Interactance Multipliers:

The analysis of interactance multipliers over the 1963-1973 period will
show what evolution there has been, if ény, in the interaction networks linking
the centres of the Eastern Sub~System (Tables A4-24 to A4-33 of the Appendix).

Montreal and Quebec:

Both Montreal and Quebec have expe;ienéed a net reduction in the averﬁge
values of their‘interactance‘multiﬁliers as the inter-urban netwdrks linking
them o the other centres have become less capable of generaﬁing interactions
in response to flows on the arcs iinking these other centres to Toronto. Both
.centrés exhibit a greater depeﬁ&ency upon Toronto as the flows from Montreal
aﬁaVQuebec'have progressively formed a larger share of Toronto's total output.

Montreal has seen several of its sub-ne;works regress, in particular, the
“ network structure linking it to Quebec, to the Atlantic cities, and to Thunder . _
Bay. On the other hand, it has developed its network tieé with Ottawa-Hull
and Windsor. Montreal still has an important role witﬁin‘the eastern system
but a reduced one. Its ties with the Heartland cities have increased but it

_ &
has lost some of its responsiveness to interactions occurring outside the Heart-

land%core .

‘ Quebec has become progressively more isolated from the. centres in thé
eastern system with the exception of its neéwork ties with Toronto, Ottawa—Hu;l,
and Windsor. Its networks bave bgcomé more limited but more responsive to the
interactions generated in the core. It has don;_less well with the hinterland

cities 'of the eastern system.
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‘Ottawa-Hull, London, and Windsor:

During the 1963-1973 period Ottawa-Hull h;s extensively developed its
intermetropolitan network, the average value of I.M. has increased frqp 0.212
to 0.287 while the standard deviation has dropped slightly. This increase
applies to all the CMAs with the single exception of Toron;o, indicative of
the greater national role of Ottawa. Its greatest network developments have
occurred within the Windsor-Quebec axis, especially with London and Quebec.

London has experienced a slight increase in network growth. Its‘ties
with Ottawa-Hull, Sudbury, and fhunder Bay have increased while thosé.wiﬁh
Quebec, Montreal and the Atlantic cities have stagnated.

Finally Windsor has shown very little-hrogress in intermetropolitan
s&stem development. Throughout the period its prqpo;tional shares of-I.M. with
the CMAs have not ch;nged. It reﬁains highly dependent on Toronto and fairly
weil_linked to the Heartland cities of Mbntréal; Quebec, anq Ottawd-Hull.

Thunder Bay and Sudbury:

Both cities are extremely Toronto'orienped though this dependency has
decreased over the Hecade, the_average value of interaction dropping from 937
in 19@3 to 85% in 1973. 'Sudbury has intensified all of its intérmetropql?tan-
| links, Toronto excepted, with the iargest_gro;th involving Heartland cities of
London, Ottéwa—Hull,'Windsor, and Thunder.Bay. However, all of these ﬁetwork
'developments'remain slight in gegard to Sudhurﬁis Interdependent ties with
Toronto. Thunder Bay has increased its links with Sudbury and London in
particular: Because Thunder Bay lies on the fringe of the Western syépem, a
good part of its network developqent has ;nvolved the westérn clties. Vancouvef

LN

and Vittoria in particular,

- e
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Halifax, Saint John, and St. John's:

In general, network structure ?f.the three Atlantic centres of Halifax,
Saint John and St. John's has changed slightly during the period. Halifax has
increaséd its ties with all of the Central Cana@a centrés andAhas undergéne
some reduction in interdependencles with Saint thn and St, John's. Saint
John ﬁas experienced a reduction in I.M. with all of the centres with the ex- -
cepﬁion of Toronto, Saint John in 1973 is much more isolated within the eastern
system and St. John's has rémained fairly stable, its share of losses in inter-—
action with Toronto being compensated by its growing ties with Ottawa-Hull.

In summary, the evolution of interaction networks of the Eastern systém
reveal some important if not dramatic changes. In most cases the reduced de~
pendency on Toronto has_beeh slight and almost always in favour of one or
several of the other Central Canada CMAs, Ottawa-Hull ard’ London showing the 'gﬁ
greatest gains, Halifax is the one exception, for in spite of its distant
loca;ion from Central Canada, it has become an integral part of the eastern
system. Cities that remain highly dependent on Toronto are centres that fringe
the Canadian Heartland; such as Thunder Bay, Sudbury, Quebec, St. John;s, Saint
John, and Windsor. It would appear that the eastern system is evolving towa;ds
3 two-components system: a core containing foronto, antrea;, Ottawa-Hull
and London, and surrcunded by a fringe area, the hintérland consisting of
Windsor, Thunder Bay, Sudbury, Queb;c, Saint John, and St., John's.

This reorganization of the eastern system's interurbag internal networks
departs from the interaction patterns that existed in the early 1960's. 'At

"the beginning of the, period the data suggééf three different sysfem compbnents,

two major and one minor, The minor consisted of an Atlantic sub-system centred

Lo
[AAR
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on Halifax and,iﬁcluding the cifies of Saint John and St, Johh;s. The two
major components consisted of an Ontario sub-system centred on Tqronto, and
a Quebec sub-system centred on Montreal. Although both interacted they were
largqu two separate entities. If further rfseérch confirms tﬁe findings
presented heré, the Eastern Sub-System has undergone an imporﬁant restruct-
uring within the short period extending between 1963 and 1973,

cy' Interactance Sensitivities:

-

Analysis of the tables o6f individual interactaqce sensitivities, Tables
A4-34 to A4-50 as well as the indices of total system sensitivities, Table 4~9
and Figure 4-6, largely confirm the changes outlined in the analysis of the
evolution of the national system. .

By 1973 the Atlantic cities of Halifax, Saint John and St. John's form
én integral part of Toronto's network structure and this has been accompanied
by a reduced Montreal influence in the Atlantiec region. More syﬁbolic of
Torongo'é growing influence.is its capability of drawing even Quebec within its
orbit. The role of Montreal in-the Eastern sub-system is';till very impoftant
for the flows on the Toronto to Montreal arc strongly influence Windsor, London,
Ottawa-Hull, and the Atlantic cities, but Montreal in 1973 cannot be described

as the only major node of what was in 1963 a Quebec~Atlantic sustystem. Iﬂhé

sub—syétem has been absorbed into'the Eastern System and Toronto has'asédEii\

the role of centrial node.

Another trait of the Eastern network that comes out here as well as in
the national system analysis, is the increasing importance of Ottawa-~Hull in
Canada. lMost of the cities in the system are sensitive to flows in the arcs
emanating froem Ottawaéﬂsll,‘but Ottawa-Hull itgself has redﬁced sengitivity to

the arcs ﬁithin the eastern system., ‘It has passed from a centre of regional

importance to one of national significance. London's behavior within the

[
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Table 4<%

INDEX OF TOTAL SYSTEM SENSITIVITY,
* EASTERN SUB-SYSTEM, TORONTO AS THE MAJOR NODE

173.

CMA 1963 1966 1969 1971 1973
Montreal 0.627  0.599  0.563  0.564  0.539
Ottawa-Hull 0.365 - 0.371  0.384  0.403  0.409°
London 0.340  0.338  0.340 0,341  0.342
Quebec 0.392  0.373  0.360  0.359  0.355
Windsor '0.335  0.335  0.33  0.335  0.336
Sudbury 0.329  0.329  0.328  0.329  0.329
Thunder Bay 0.330  0.329  0.329° 0.330  0.330
Halifax 0.452  0.439  0.434  0.426  0.421
Saint John 0.373  0.359 0.353  0.348  0.347
sé. John's 0.358 0.358 0.355 ° 0.354 0.354

/"""‘H
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limits of the eastern field, but not to the same extent as Ottawa—Hnll.

Part III: The Western Sub-System, 1963-1973:

The Western CMAs of Canada form a well defined sub;system of the Cana-
dian metropolitan system. Through the 1963-1973 period these cities have ex-
oerienced more interurban-.. activity., What ™ffect hag this growth i% Inter-
'aétion had on the network Structures of the western sub-system? The behadior
of the interactance ratios, multipliers, and sensitivities of the sub-gystem
should reveal some of the network changes that have occurred. The cities in
the sub-system are Vanc0uner, Victoria, Calgary, Edmonton, Regina, Saskatoon,

and Winﬁfﬁeg with Vancouver acting as the major node of the sub-system,

& . Sy

A) Interactance Ratios:

-

The western segment of the Canadian national metropolitan systen has
changed to a much lesser extent than its easterp counterpart. In 1963 the !
Western region consisted of several semi—independent sub-systems. The Presence
of physical barriers, the extensive distances and the absence of a very 1arge
urban centre capable of dominating the smaller systems probably help explain

l

the slow rate of evolution of the western urban network,,
)

The results of Table 4~10 and Figure 4—7 stress twa points. The inter-

consistently over the entire period while the smaller centres have experienced
elther decline or stagnation. The Western sub-~-system may be described ag a two
component network with an inner core consisting of the large centres of Vancouver,
Calgary, and Edmonton, and an outer peripheral zone made up of the remaining

centres, The high level of intermetropolitan activity of the core centres ig

’

f
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indicetive of their dominant positions. in the western hferarchy.-

»

"The Prairie cities of Winnipeg and Regina have experienced a decreasing

interactance ratio. “A comparison of thelr behavior in the Western Sub-System

with that of the national system. confirms that these two centres have become
progressively drawn into the Toronto field of activity and this has served
to cut, relatively, some of their ties with the Western Field.

B) Interactance Multipliers:

: Calgary and Edmonton:
e |

The network structures‘tying these two cities to the bthers in the

. 3
Vancouver centred'wastern_sob—eystem were already strong in 1963 and by 1973

they have developedlstill further. Their average interactance multiplier was
0.80 in 1963 and 0.85 in 1973. As the average standard deviation value of

t interactance multipliers has dropped from 0.405 to 0.349, ‘it is clear that

1 the cities’within the system have experienced a greater iuterdependency.

.fhe Breatest developments were in the{networks linking Calgary and Edmonton to
Victoria.' The interactance multipliere for the direct links Vancouver-Calgary
and Vancouver—Edenton have remained.practically unchanged. These arcs were
responsible for approximately 30% of the total interactance multiplier for
'both Alberta cities and again confirms that both cities have Widespread net-—

works with a limited dependency on.Vancouver as a source of intéféction.

Winnipeg, Regina, and Saskatoaqn:

The average values ‘for the I.M. and their standard deviations have

changed only slightly throughout this period. The only changes have been in

the iucreasing importance that the direct links Vancouver—Wicnipeg, Vantouver—
L

Regina, and Vancouver-Saskatoon have taken, as‘ghese arcs in 1963 accounted for

%5.3% of the total I.M. and in 1973 the percentage has risen to 50.2%Z, a clear
\_\ -
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innication of Vancouver s rising dominance of the whole western system. The

networks 1inking Victoria to all three of these cities have developed consider-

ably as the response of the three cities to flows on the Vancouver—Victoria

arc have almost doubled over the period from a value of 4,57 to 8 57 of these

threg,cities' total I.M. ; : o
Victoria:f..

_ ! <Victoria‘a‘anerage value of I.M. has increased from 0.262 to 0.319 over
"ghe period ano'its-standard deviation has remained stable at a value of (.38,
an indication that the city has increased its intermetropolitan activity.

This is also cpnfirmed by the decrease in Vancouver's share of Victoria s, total
: interaction from 65.7% of I.M. in 1963 to 57.7% in 1973. By 1973 Victoria has
developed its networks linking it to- all the other westérn-systéms making it

s

- much more responsive.to changes in their'metropolitan.interactionsf

S C) Interactance Senaitivities:

Interactance sensitivity analysis of the seven western cities-taken as '
a separate sub-system simnly confirm the findings recofied in the previous
section. The indices of individual CﬂA total aensitiyity, Table- 4-11 and'
Figure 4-8, as well as tne individual interactance sensitivities of the differ-
ent n;dea show that Vanconven, Calgary, and Edmonton/form the core of the
western network with Vancouver gradually taking a more dominant role. Sur-
rouniing the core is a sacondary zona consisting of Winnipeg, Regina, Saskatoon,
and Victoria. This is quite a different pattern of interaction from what ekisted_
in the early 1960's with its three semi-independent networks, one for the .
Pacific, one in Alberta, and one in the other Prairie provinces. Themnéw two—

component structure is suggested by the sensitivity patterns recorded in Tables
N\

A4-51 to A4-66. The centres are sensitive to changing flows on the arcs linking
4 ‘ N ' '

“
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Table 4-11

INDEX OF TOTAL SYSTEM SENSITIVITY
WESTERN SUB-SYSTEM, VANCOUVER AS THE MAJOR NODE

¢

CMA ;' 1963 1966 - 1969 1971 1973
Winnipeg 0.808  0.859  0.791  0.780  0.745
Regina  ,  0.691  0.723  0.654  0.628 0.600
Saskitoom  -0.593  0.628  0.613  0.601  0.570
calgary 1.023  1.161  1.150  1.143  ,1.084
Bamonton 0.9 1.067 1018 1,025  0.982 .
Victoria 0.496  0.513  0.517  0.540  0.558




so] -~ .

’mea l ' ] . | ‘ I ] I ]l969 ] [ . I —1107.3

FIGURE 4~8 . INDEX OF TOTAL SYSTEM SENSITIVITY, WESTERN SYSTEM
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them to the core cities, or the arcs linking two core cities, bu? they are
influenced very little by any flow changes otfi the arcs between the secondary
elements out%}ée\this western Heartland. This is quiﬁe evident in paftticular
in the dwindling influence of Winnipeg on Regina and Saskatoon. Both cities
have much stronger bonds in 1973 with Vancouver, Calgary, and Edmonton.
Victoria finds itself in 1973 well eptrenched within the western system whereas
it was previously but an extension of Vancouver, in its shadow as it were;

.

Part IV: Performance of the Canadian Metropolitan System:

Air-Passenger Traffic, 1963-1973

The performance indices (P.L.) have been calculated for the main sub-
networks surrounding each of the Canadian CMAs for the 1963-1973 period.

'If the P.I, value remains_constant throughout thg_éeriod, then eitﬁer
the?e has been no change within the network structure and its use, or both the
structure and, the uée made of it have evolved in the samé-fashion at the same
rate. If the P.I. wvalues i{ncrease with time, either the relative share of
interactance ratio transmitted through:the sub-network has increased while the

relative share of interactance multiplier has remained stable, or the share of

interactance ratio has remained comstant while the multiplier share has de-

creased, or again both might be decreasing with the multiplier decreasing at

a greater rate than its interactance ratio counterpart. If the P.I. values
drop over time, it may be due to a reduction of activity on the arc linking
the sub-network to the major centre, or to an increaée in the sub-network's’
relative share of interactance multiplier (I.M.). Finalli; if both valueéigre
dropping, the lower P.I. values show that the losses of the interactance ratios

have been more substantial than those of the interactance multipliers,
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The ‘Montreal and Vancouver Internal Networks:

» i ) ] .
" Along with Toronto, Montreal and Vancouver are the st%ongest elements

of the Canadian Metropolitan System and their sub-networks are extensive,

The term "internal network' as used in this section refers to the iInteractance
multiplier sub;networks illuetrated in Figure 3-6A. The interactance multi-
plier is itself a coefficient related to the magnitude of the’interaetionszof
these sub-networks, but the' term "internal network" refens to the set of centres
and arcs' thg link the s{udy nddf ;o another dependent node. Thus in Table

e . N ‘.
4—12, thg.Calgary—Hontfeal internel network refers to the network that binds

<
~. - Montreal to Toronto thraugh Ca!gary. : T
L . N A4
k) Inbéenerei, the performance indices of the Hpntreal sub-networks
4"'

increased over the}1963;?973*ﬂﬁribd. Thé P.I;'of,tne network linking Montreal

4 . ’ "!" . Lo 9 R ¥ . ? -
L dirdctly to Toronte dropped f%om 4.8 to 3.6. The drop is attributable to a
- “
,, decrease in the relgtive 1mportanee of. Montreal s flows inte Togonto and to .
Ve YT % . - &
a decrease in the. I M. value’ of this network. A’ larger share of Montreal's
' R . ¢ '
interacti%#'hasfgeen E?rough its other networks, namely, Ottawa-Hull, Vancouver,
- - ’., L4 £ " " o R . .
and Halifax. ,iflrﬂ T - PR ¢ . 7 ,
- F IS ) ‘\‘Q -t y ot . a
- Vau&ouver 8 networks Underwent a different EVoln,;on (Table 4-13), The
. ' [ 4

. ’_.."‘"
P.I. of T /pronto—Vancouver increased fromﬁl 4 to 1 7 in spif% of a decrease in
iy s ’ |
. the I.M. of this subfnetwork. The increaSe is_attributable to Vancouver s
= T '
greater flows fnto Toronto. The 1ower 1.M7 valne of this sub—network is counter-

v

'

. ‘ ,

baléneed by increases. in therI.M. values.egfits Ottawa-Hull and Mentreal net-

. .,.».f (r - - M ‘ - f r ' .
works., - Tﬁe“table'algo reports increases in the ISR. values of the Ottawa-Hull,

- -

) ” - . . . ’
w Calgary,'eﬁ& Edmdnmon sub-networks.’ L .o ¢
. L

""'$ . The maps of Figures G- 9 and 4—10 cdmpare the complete set of 1963 and

r

1973 perfonmence indices of the two eities. In Hgntreal s case the 1973 values .

LA
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are generally higher while in Vancouver's case the opposite holds true.

/
The Qttawa-Hull, Calgary, and Edmonton Internal Networks:

The three CMAs of Ottgwa—Hull, Calgary, and Edmonton form a very '
”dynamic set Qf urban centres.within the Canadian Metropolitan System, Ottawa-
Hull has made remarkable chaﬂges througﬁsut the decade. In almost every iﬁstances
its networks show higher performance indices (Table 4-14). The higher values

are due in part to a moré evenly distributed pattern of interactance multipliefs

i

and in part to increased activity on the arcs directly linked to Toronto.

.
Ottawa-Hull received a smaller share of its Interactioms from Toronto and Montreal
and a greater share from mdsq of its other networks in 1973.

Calgary and.Edmonton also report higher P,I, values. Both ce

@aived a larger share of their interaction from Vancouver, Ottawa-Hull, and
éach other as the I.R. values shows The interactance multipliers of their
Ottawa-Hull, Montreal, and Winnipeg sub-netwérks are highér but the I.M. of
the Toronto and Vancouver networks are lower. These network changes show a
greatersiﬂterdependency of these céntres within the national system.

The London, Windsor, Quebec, Sudbury and Thunder Bay Internal Ne@works
(Tables 4-17, 4-18, 4-19, 4-20, 4-21):.

London, Windsor, and Quebec show higher P!I. values for their Ottawa-
Hull sub-network in 1973. 1In all three cases, there has been a large increase
in the I.R, values and a slight increase Iin the I.M. values. Therefore, the
higher indices are the outcome of the greater share of flows Ottawa sends to
Toronto and to the éact that the Ottawa-Hull sub-network carries a larger

share of the interaction of the three cities, Quebec also shows higher I.M.,

I.R., and P.I. values for its Toronto sub-network as a result of its increased

interacéggn with this centre. ;
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Sudbury received a slightly larger share of its interaction through -
its Ottawa-Hull network, but it remained highly dependent on Toronto right
through the period.' Thunder Bay showed a small decrease in its dependency
on its Winnipeg sub-network and a comparable increase i;'its ties w;th

Toronto. Both cities are regional centres highly dependent on Toronto.

The Winnipeg, Victoria, Regina, and Saskatoon Internal Networks

(Tables 4-22, 4-23, 4-24, 4-25): . '

Winnipeg, Victoria, Regina, and Saskatoon reported higher P.I. values
for their Vancouver sub-networks in 1973. Winnipeg, Regina, and-Saskatoon
received a larger share of their interaction through this network principally
as a result of the increased importance of Vancouver's flows to Toronto. Regina
and Saskatoon also reported increases in tﬁeir I.M., increases which suggest
their greater dependency on their Vancouver suﬂ-networks. The P.I. values
for the Calgary sub-networks of all four citiee have increased., FTFor Winnipeg,
Victoria, and Saskatoon these increases in P.I.jare accompanied by ipcreeses
in the I.R. and I.M. values. The cities received a larger share of their
interaction through their‘Calgary sub-networks. Victoria showed increases for
all three parameters of its Ottawa-Hull sub—network and Winnipeg exhibited
almost simiiar patterns. Both eities show greater interdependency with the
national capital.. Regina and Saskatoon report decreases in P.I. values and

increases in i.R. and I.M. values for their Ottawa-Hull sub-networks. They

too show a relative increase in their ties with Ottawa over the period.\

The Halifax, Saint John, and St,. John's Internal Networks (Tables 4~26 4=27, 4£-28):

Il

The three Atlantic centres of -Halifax, Saint John and St. John's have
undergone a number qf gimilar changes in their ‘networks over the decade. In

general, they show relative increases in interaction with Torontc and decreases.
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with regards to Montréal. fhe three cities also report higher parameter
values for theilr Otﬁaéa;ﬂull sub-networks. The aub-nétworks linking these
three cities have aecreased relatively in importance as their interaction
with Toronto and Ottawa-Hull have grown over the decade. o -
The objective of this section has been to apply a technique for re-
vealing system pefformance tﬁrough fhe‘c0mparétive analysis of the structure
and operation of a system's component parts and, in particular to indicate

. *

the performance of the Canadian metropolitan system. The technique has distin-
guished between perf;rmance fluctuations thatfare'due to network development
from those that are simply the result of variat}ons in flow size of the sys-
tem's main arcs. The analysis has revealed the pattgrn of linkaée develoﬁ;_

ment of the metropolitan areas forming the national system., It has shown the

higher and more widespread interaction resulting from network growth and ope-

ratién.
Conclusion:
The major features of the Canadian Meﬁropolitaﬁ System brought out in
the analyses of air paséenger flows are as follows:
a) - Toronto is the major node in the ﬁhole nat%onal system and it
has grown in importance over the period;
b) after Toronto, Montreal and Vancouver exert the greatest
influence;
c) another set of less important nodes that have national as well
as regional roles are Ottawa-Hﬁll, Calgary, and Edmonton;
d) 1in the east, the key heartland-éities comprise Toronto, Montreal
-Ottawa-Hull and London. The other centres forming the eastern

hinterland are: Quebec, Windsor, Sudbury, Thunéer Bay, and
¢

- the Atlantic cities;

-
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™

e} Winnipeg, Victoria, Regina, and Saskatocon form a Wesfern hintgf—
land-;round the core cities of Vancouver, Calgary and Edmoﬁton..

Although restructuring of the eastern and western sub-systems into ﬁwo
large entities each with its own core and hinterla#d comes out ciearly in ali
the analyses, "the positions of Quebec and Windsor may seem anomalous. Further
research will be required h@fore those centres can properly be located within
this centre-periphery type glassification (Stone, L.0., 1976, p. 310).

The performance analyses show that the linkages of Ottawa-Hull, Calgéfy;
and Edmontén have attained prominence af a natlional scale. The increase in

their volume of flows as well as the greater diversification of their linkages

support this argument, ‘ '

"

At the reglomal level the analyses reveal several important develdﬁments
that have lea to the two 1afge regional sub-systems now in place, Most per-
tinent has been the growth of the Vancouver networks in the western sub-system
and a slight regression of the Montreal metworks in the east. Althou;h Van-
.couver dominates the western network, Calgary and Edmonton also exert strong
influence., In the east, Toronto and Montreal dominate. In the west greater
use of the exiéting network has Been largely responsible for £he creation of
the new large western system. In the east, the analyses show that the esta-
blishment of a single 1arge sub-system has regsulted from the absorption within
the -Toronto sub-system of_the Atlantic networks.

Application of the A.S.T. technique has enabled us to carry interaction
analysis down to éhe sub-network and indiyidual arc level, an approach that is
not feasible with either gross flow or factorial analysis. The A.S.T. technique

has thus provided an addiiional insight into urban system operation. The analysés

-

reported in this chapter have outlined the changing interaction patterns of
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' intermet?opolitan/bir—passenéer flows in the Canadian Metropolitan System.
They have shown the relative importance of the various metropolitan networks
and the changes in the patterns over the 1963-1973 period. They have measured
the strength of the numerous sub-networks by.which a centre interacts with |
others and contrasted the evolution of the sub-systems over the perlod: The
analyses have alsé meagsured changes in the sensitivity‘of ﬁhe nodes .to move-
ment on the ares over this same period. Finally, they have discussed the
pérformagcefof the various sub-networks of each of the nodes used in trans-
mitting activity through the system. |
The-A.S5.T. énalyses have simpiy'identified and measured these patterns
and the-natu;e of the chaﬁges theyihave undergone. The interaction patterns
are, of course, only the external shape of the urban system's activity, the
symptoms of the interaction processes as it wére. For a more thorough under-
standing of urbaﬁ systems it i; obviously eqsential to arrive at some under-—
5 . :

gtanding of the demographic, economicé and political processes by which the

interaction patterns are generated and transformed and this the A.S.T. model

cannot do.

Nonetheless, the A.S.T. technique may be expected tq serve a usgeful '
purpose in urban anglysis £n two respects'at least. Firstly, a more detailed
knowledge of a sysfem's interaction patterns can help in the-formulation oé a
number of relevant hypotheses about the prbcessés generating interaction. A
thorough analysis of the interactance ratios, of the evolution of a node's
sub-networks, or of ghe system's sensitivity patterns may prove to be of some

assistance in the formulation of a number of detailed hypotheses about their

causes. Secondly, because the A.S.T. technique provides quantitative measures

T L L T R B R



200.

of system interaction properties, 1t proﬁides by the game token the possibility

of relating interaction patterns to structural chafacteristics. This could

possibl& be achieved either through mult;ple regression or canonical correla-

tion analyses.



CHAPTER 5

CANADIAN INTERMETROPOLITAN MIGRATION: A.S.T. ANALYSIS

Introduction

This chapter applies the A.S.T. model to intermetropolitan migration
data. The sttem.characteristics revealed with this data are then compared
and contrasted with the results reported for the air passenger studies of
Chaptex Four. The specific objectives of these migration analyses are a) to
outline the principal charaéteristics of the Canadian metropolitan system with
respect to migration interaction, b) to determine the position within the
system of those metropolitan centres which were not included:.in the air pas-
senger analyses, and c) ﬁo compare the interaction patterQs‘;f migration and
air passenger networks. Little attempt will be made here to undertake fhe coms
plex task of evaluating the nature and strength of the factors promoting or
_inhibiting migration flows as this would be beyond the scope of this research,
- The origin-destination matrix of migrants uséd in this chapter covers
a single period from‘1966—1971,(tab1e A4-78). Though this is a short period,
the data is su%ficient for two purposes: first, 1t is sufficient forhthg
measurement of system pfoperties,‘add second, -it provides results that can
be coméared with thqﬁe from the alr passenger analﬁses for the same period.

It must be pointeﬂ out that geographical units for the compilation of

; .
the migration data do mot necessarily coincide .with thdse of the alr passenger
data. In the case of migration, the units are the Census Metropolitan Areas
of the 1971.Canadian Census. There are problems aasociéted with the use of

the census definitions (S immons ,1976,p.73) but there is also an advantage

in thatsit becomes possible to correlate the migration flows with other

201.
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variables reported for the same areas. .

The airport catchment areas have no.such well defined boundariles, a
"fact which creates some difficulty when it is desirable to compare migration
and air-flow systems. The difficulty arises in particular with respect to the‘
Toronfo, Montreal, and perhaps Vancouver ‘airports,for in all otﬁer instances
it is common practicelco equate the Censqs Metropolitan Area and the}Airport
Market Area (see.the Alrport Ope;ations analysis Reports prepared for the
Ministry of Transport by the Airports and Fields Operations Branch, Departmeét
of;Transport Library, Ottawa).

There are at least two air-passenger survey reports for the Toronto
E

Malton airport: The Study of Airport Utilization vs Accessibilitg,(l972) and

the Originating—Terminating Pasgenger Forecasts for the Toronto -Airports System,

Volume II,Appendices (1974). The firgt of _these two reports analyzes data

collected in 1968. It shows that over 807 of the domestic flows originated
_within 45 miles of the airport and 95% within 75 miles. The'seéond report
(Exhibit A-4 of the report) estimates on the basis of a sample survey taken
at Malton in 197i that 82% of the domestic flows originat;di within the Toronto
CMA. For the Montreal Dorval Airport an air-passenger survey (NMIAPO Plan-
ning Group, 1973) shows that 937 of the flows origninated within the Greatéf
Montreal Region. This area includes Montreal Island and Laval, the north ghﬁré‘
as far ag Jollette and St. Jerome, the south shore from Beauharnois to St.Hya-
cinthe (19 miles) and .the western centres as far as Vaudreuil and Soulanges

(23 miles). Though no such survey is available for the Vancouver airport, it
Is likely ﬁhat a‘large pexcentage of the flows are from the Vancouver CMA.

‘It seems reasonable to conclude that a comparison of the migration- aﬂd air-
passenger systems would nqt‘be overly distorted 5ecause of the discrepancies

in the definition of the geographical units.
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From .the viewpoint of graspi;;hzgghaﬁaiuﬁinn_gf‘the metropolitan system,

;he importance nf_intermetropolitan migration stems from two facts (Alonso,
1971).: Firstly, internal migration is becoming a major element of city
populat?on growth as birth rates decline and foreign immigration is cur-
tailed. Intermal migration is a major contributor, therefore, to the redis-
tributiA£ of our human resources. As migrants are genefally young, educated,
and perhaps even enthusiastic, this redistribution favours some cities at the
expense of others. Secondly, the sheer size of the migration volumes has
repercussions in time on the social and economic structure of cities (Tables
5-1 and 5—25. ‘
Close to 507 of the Canadlan population changddre;idence between 1966--

"and 1971 and for every two changes in residence, one entailed a change of mu-
nicipality, which is defined as a migration. The tables show that urban peo-
ple are more mobile that others and that inter-provincial migration had be-
come more widespread in the 19@6—71 period than in the previous peribé of
1956-61. Close to 15% of tﬁg/;opulation of the Caﬁadian Metropolitan Areas
were in-migrants in 1971,

Migration ratios are systematically aéseciated with a network of eco-
nomic and social indicators (Stone,1969, p.18). The mean gross migration‘ratio
increased from 17.7% in the earlier period to 267 in the latter, that is;
one person in four living in the CMAs was either entering into or emerging
from the migration streams during “this period. The net migration ratios
for the ind;vidual metropolitan centres aré evén more revealing, They
vary -tremendously, going from -4,27% for Chicoutimi-Jonquiere to 7% for Cal-

gary. The centres with the highest net ratios are Calgary, Ottawa-Hull,
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\

\.’

‘;Victoria, Quebec, and Vancouver. The lowest centres are Chicoutimi-Jonquiere,
" Halifax, Winnipeg, and Regina. A few centres, euch as St. John's, Quebec,

and Mofitreal draw a very large percentage of their internal migrants from

non-CMA centres. £

The figures reported in these tables illustrate the growing extent
of mobility of the Canadian population, presumably a partiai response to
changing economic activity patterns within the country. A better knowledge
of the characteristics of these flow patterns should enhance our understand-

ing of the Canadian urban system.

A(5.T. Analysis of Migration Flows, 1966-1971:

The migratlon data matrix is assumed linear, transformed into a set of
flow-graph equations and subjected to flow-graph analysis for threg pur-
poses. Firstly, it will reveal the system's structure at a given moment, for
no matter how curvilinear is the urban system's curvé; any point on the
curfe may be taken as constituting a linear function, though of course no
projections can be made from the results obtained from this approach. Second-

1y, the analysis will provide some indication of the roles played within the

Canadian urban system by the CMAs not included in the previous analyses

becauge they lacked a major airport. Finally, the analyses may reveal
similar or perhaps contrasting characteristics to those featured in the

preceding air traffic studies.

' | | . :E
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Before the migrant flow matrix is run through the.A.S.T:-programme .
for analysis, the matrix is transposed to provide a destination-origin
matrix, rather than an origin-destination one as waélthe éase in the
previous-analyses, The logic'fehind éhe transformation is quite straighﬁ—

. % :
forward. In migrant flow analysis the fundamental system characteristics
that are sought are tied to the process by whicﬁ a ce#tre 1s capable of
drawing migrgnts'out of other;centées, and not to its own emission of mi-
grants (Aloﬁso, 1971 p. 328). The essential features are not linked to
the emission f;éld of a centre but-éo its attraction field and the network
that extends tﬁroughou; tpig field and supports it. In the case. of infor-
mation flows (e.g. §ir passenger traffic) the main prqpefties of.ﬁﬁe-éystem
have been related ﬁg.the process of information emission on the assumption
that dynamism of a centre is bétter measured in ter&é of its abiliéy to
generate outboﬁnd interactioﬁ‘fiows‘than through its ingdrmatioﬂ dfawing
power. Thus a destination-origin matrix is requiréd in the mig;ant floé
case, and an origin—destination one in the analysis of informationrfldws.

This is the conclusion that has been reached in this study after a cafeful ¥
consideration of the results of faétor and A.S.;. analyses perfbrmed on :ﬁV

, . -
the Canadian intermetropolitan ﬁigratioh data.

In Lﬁe énalyses of interactance ratios, multipliers; and sengitivities
that are to.follow, Tofonto_has~been taken as the major node since it has
- recelved the grééteéﬁ numbér of intermetropolitan migrants‘and each of fhe

2

other CMAs will din .turn serve as study nodes;

-
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- _ ' Table 5:-1 ‘
IN-MIGRANTS, 5 YEARS AND QOVER AS A % OF * '*
1971 TOTAL POPULATION, 5 YEARS AND OVER y
. 4 /
R i_.
A) Origin of Internal Migrants:
a .
S | . 1956-61 1966-71 Dif.
Urban centres 21.5% $26.9% 3.42°
‘Rural non-farm ) 22.6% .  25.0% 2.4%°
Rural farm . S 8.6% 9.7% 1.1%
- ) .w. . ) - -
B) -Inter and Intra Provincial Migration:
) «  Intra A _ Inter ¢/
1956-61 _ 66-71 - 1956-61 66-71L %
Urban cemtres. . .13.5%2 7 13.8% 3.9%, 4.7%
Rural mon-farm @ o - 17.5% . - 17.9%. 7 [3.4%° . 3.9%
Rural farm - 2 gl 7.3% 1.0% C141%
C) CMA Internal M%grationﬁ: - . I _ D ‘
;S B U C 1956-61 - 1966-71
h ? % . . N
In-migration ratio Coe N 9:9% ~ - 13.7% .
'Out;migrqtion_rg.tio W . o 7.87 so12.47
Net in-migration ratio” ® 7 - 2.2% % =.1.4%
Gross migration. ratio . C J‘_ l?..-!'% Pt 26,07
. . &
M . g K-
4 . . ..
by ; T : ) . . oy
Source: Stome, L. 0., Migration In_Canada o -
Canada: 197] Census, Gat. 92-746, vol. 1, part 5.
' . . S R
‘C“ n »
. R . )
v v
- 4 . - '.:;
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. I - e e e e e e R i oW L s el s s



E . - g 207,

n
‘ Table 5-2 : W
IN-MIGRANTS, 5 YEARS AND OVER... - ‘éégé'«
AS A % OF 1971 M POPULATION, .5. YEARS AND OVER '
, Ry %3 By
Calgary ) 21.4 . 15.9 7.0 36.2
Chicoutimi-Jonquiere o8 0 18 4.2 21.3°
Edmonton. | 17.9° . .15.5° 3.2°  32.6
Halifax - . 16.1 17.3 -1.8 34.0
Hamilton . 10.0 8.6 L. 18.6
Ki&g&fiif-Waterloo ‘ 15,9 . 131 3.7 28.2 .
London Ty 16.2 13.8 2.9 T 29,5
Montreal = 6.3 6.5 0.3 - 13.0
Qttawa-Hull | L _: 15,5 g 10.9 - 5.1 .-25;9_
. Quebec - _ S 1.8 T 42 19:4,
‘Regina B - 20.0 . 20.8 . ~1.7 n.s
L&t Catherines*Niagara . .' 8.3 | - 8.7 | -0.6 | 17;2.i }
St. John's ST 12,2 11.0 . 1.2 . '23.1
Saint John- P 10.1 - 18.0 ~0.6 . 20.9
Saskatoon _— 23.6 26,3 1 -0.7  48.0
Sudbury 16.2. 14,0 2.6 29.9
Thunder' Bay . 10.3 ° 9.7 . 0.2 . 205
Toromnto o L 7.7 9.0 . -0.8 16.2
Vancouver, . :f ‘13.1 o 9,1 - 4,6, 21.6
Victoria’ . T 195 e 1301 . &9 32,00
Windsor . _ 7.9 8.2 . -~0.4 ° 16.1. ’
Wiﬁﬁipeg ' 11.3 13.3 -1.8 T 25%4.
Mean 137 12.4 1.4 25.0
'Rl = In-migration ratio = (Total, i-ter;al migrants - (intra—CMA movers +
: unspecified) / population 197 ) x 100. .
R2 = out—migration ratio = (Total miprants out of the CMA / population 1966) x 100

]
I

3 Net migration ratle =

=
|

5= Gross migratiﬁﬁ ratlo = (In—migrants + out-migrants / population 1971 x 100
" Source: 1971 Census, Canada, Gat. 92—746, Vol. I, Part 5. .



A) Interactance Ratigo: G ) ] N o 1;tﬁf.‘:

The interactance ratios do nothing more than establish ratios of inter—

‘metrOpolitan migrant attraction, and the more detailed features of the migratfhn '

r

interaction system will not become apparent until che interactance multi~
' pliers and- sensitivities are analyzed However, a few comments can be '
made concerning these’ ratios;“'
Table 5-3 presents the.set oi interactance ratios for the 21'Census'f'
'Metrcpolitan Areas.’ The average value of the set is 0 203 and its.standard.
: deviation is 0 178. The vector can be subdivided into three groups with the
'first including cities having interactance ratios greater: than one standard
'deviation above the mean, that' is, gregzer than’ 0.381, the second group,
those that have an I.R, greater than 0. 203 and less -than 0. 381, and the
_‘third .the cities whose I.R. value is below the average -;ﬁ 1 _ -
The first get includes Vancouver, Montreal, and Ottawa—Hull Vancouver
has almost 75% of Toronto s attraction power while Montreal has less than
50%: of Toronto -5 migrant attraction. That Vancouver displays a migrant.:
attraction s0 much stronger than Montreal's raises a few interesting questions -
'.regarding the interaction patterns of their networks. Are there anv‘differ—
ences, "in the ‘extent oﬁ the networks of both these centres? Is the Vancouver
network “more national in sc0pe'than Montreall s? To what degree if any, ig
the Montreal network restricted to exchanges with other centres in the prov—
ince of Quebec? None" of these questions can be answered through the use of
interactance ratios but the analysis of the interactance multipliers and |

sensitivities will clarify'these and other points regarding these network

“structures. Considering-its size Ottawa-Hull has a very'large drawing power,

- f

L
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L d

44% of Toronto's. Since Ottawa is the nation's capital it might be

.reasonably expected that its migrant network extends right across the

country with its strongest links being'with the major administrative and

economic centres of the country., These and other points’will also be

'clarified in the subsequent'sections.

{fhe second set includes Calgary, Edmonton, Haﬁiltbn, London, Winnipeg,

and Victoria. 'The number of ﬁigrénts they draw raﬁges from 387 of

.
n

Toronto's number—of'pigrants in' the case of Calgary to 217 in the case of

Victoria, Most of the citiles of this grouﬁ along with the cities of the

’

ﬁrevious group form the cores of the eastern and western sub-systems.
. . - L

~ Thus, it might be expected that the importaht roles these centres play within

their own sub-systems will be reflected in their migration networks. .These

network structures should also refiect a number of other features of these

. . »
centres such as : a) their location within the country, e.g. migration

streams of gestern ceﬁt?es are likely differeht from those oﬁgthe Atlantic
centres; b).the urBan eﬂvir;nment‘in which the céntreé are located; the
highéf metropoliéén density éf sputhe?n Ontario will create networks that
differ from‘those ;f more isolated centéés such as Winnipeg; c¢) and finally,
other factogs such as.economic vitality and the development of new re-
gources that cquld create linkages which egtepd beyond lhé immediate sub-
s§stems of éome of these centres; Here again answefs to these queries

will be provided through the analysis of Interactance multipliers and sensi-

tivities.
The third group includes small cities that form the hinterlands of

the western and-eastern sub-systems, namely: Regina, Séskatoon, Quebec,
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Windsor, Sudburx, Thunder Bay, Chicoutimi-Jonquiere, Halifax,.Sainf
John;-and St. John's. It also contains the centres that are within the
eastern heartland but that do not exert much inflbence beyond their
immediate surroundings:- Kitchener-Waterloo, and St, C;tharines—Niagara.
.The centres of this third group that draw thé most migrants are the larger
ones; Quebec, Kitchener-Waterloo, St. Catharines-Niagara, Halifax, and
Windsor. The remaining centres are sméller and more peripherally located.
The size and locatlon of these centres are surely important factors in
determining the number of migrants they attract and the strength and confi-
guration of the networks they have. The principal characteristics of these
.intgraction-patterns will also be studied in the following sectioms.

' Table 5-3 lists all the CMAg';ccording to.their interactance ratios,
including the centres which were not part of the air-traffic studies.
The importance of Hamiiton within the urban system stands out in Table
5-3 where it is ranked immediately after Edmonton. Kitchener-Waterloo
) and St. Catharines-Niagara are almost as strong as Quebec while Chicoutimi-
Jonduiere fares no better than Saint John. The ratios also serve to point
the strong role of London within fﬂe system, a point not appaiéﬁt in the
alr traffic analyses,.because of the proximity of Toronto and its airport.
The ratios also bring éut thquFrong pogition of Halifax within the

N
system as opposed to the much w%aker positions held by Saint John and

St. John's.

.
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Table 5-3

CMA INTERACTANCE RATIOS,
NATTONAL, SYSTEM, 1666-1971

Arc | Interaﬁtance Ratio
4 Vancouver . /Toronto / 0.7262
Montreal - ~ /Toronto ‘ 0.4712
Ottawa—Hull /Toronto _ 0.4351
Calgary - ' [Toronte . 0.3789
Edmonton /Toronto . 0.2982
Hamilton /Toronto ' 0.2715
London /Tofonto ' . 0.2261
Winnipeg _ /Toronto N 0.2081
Victoria /Toronto ) 0.2074
Quebec ] /Torento : 1601
Kitchener-Waterleoo /Toronto . o -——‘ijIEBB‘J'
St.Catharines-Niagara /Toronto 0.1294
Halifax /Toronto ) . 0.1128
Windsor /Toronto y 0.1037
Sudbury /Toronto C 0.0871
Regina /Toronto 0.0735
Saskatoﬁn ' /Torento 0.0698
Thunder Bay /Toronto 0.0425
Chicoutimi-Jonquiere /Toronto 0.0380
Saint John /Toronto 0.0338 .
St. John's /[Toronto 0.0286

Mean Value: 0.203 Standard Deviation: 0.178
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B) Interactance Multipliers and Sensitivities:

1 - Vancouver, Montreal, and Ottawa

(Tables 5-4-4, 5~4—-ii, 5-4-—11i) . : .

The sub-networks of Vancouver have interactance multiplier values which
are considerably greater than those of Montreal and Ottawa. Vancouver's
strength stems first from its position within the well developed western .
sub-éystem which provideé 1t with 56% of its migrants, and secondly from its
position within the naEicnal system through ité ties with Toronto, Montreal,
aﬁd Ottawa-Hull, which combined provide 34% ;f its migrants. Montreal receives
no less than 34% of its intermetropolitan migrants from the cities of Quebec
gnd Chicoutimi-Jonquiere, an indication of restraining cultural factors on
ité ﬁigration attraction (Table A4-79). Ottawa—Hull receives 53% of its
migrants from Toronto and Monﬁreal; the others come from all sections of the
country in.keeping with Ottawa's role as the nation's capital. An examina-

tion of the mean values, standard deviation values, and the individual inter-—
actance multipliers reveals the principal characteristics of the network
structures serving these centres.

The mean value of interactance multiplier for Vancouver is the highest
recorded in the.analyses and this indicates the centre's strong sub-network
structure. However, the hiéh standard deviation value suggests that Vancouver's
sqb—networks can be classified into two sub-groups with the first having high
multiplier values and the second sub-group having very low values. The high
multiplier values for the sub-networks of Saskatoon, Regina, and Winnipeg are
inﬁicatibe of thelr dependency on Vancouver and its networks for their migra-

tion patterns. The threM centres, Saskatoon, Regina, and Winnipeg, send to
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Vancouver aﬁd the otherlﬁestern centres that are strongly related to it
more migrants than xheyfreeeiﬁe. Any nigration activity occurring in
these centres should have some impact on Vancouver. The case of Chicoutimi
is more difficult to explain. The fact that Chicoutimi has strong ties with
Montreal and Otﬁawa which in turn strongly interact with Vancouver is proba-
b%y‘responsible for Chicoutimi's high multiplier value. It is emphasized
again that ﬁhe interactance multipliers onlg describe the internodal structures
and not their actual usage in determining {nteractance ratios such that, though
the sub-networks discussed above might have the highest mﬁltiplier values, théy
do not necessarily have the greatest impact on Vancouver's interactance ratio.
‘Vancouver's intermetropolitan activity is not controlled solely by these sub-
networks but also by the flows gn‘the arcs binding th;gé sub-systems to Toronto.
Since Saskatoon and Regina have weak flows to Toromnto, their sub—networks have
only a small effect on Vancouver's migration pattexns in spite of their high
interactance multiplier values.

Montreal has 5ub—ﬁetworks which are stronger on the average than Ottawa-
Hull's but are weaker than Vancouvér's. The high standard deviation for the
Montrgal sub-networks indicates they élso form two distinet sub—groups.
Montreal has strong sub—netwdrks with‘Chicoutimi, Quebec and Toronto. The
first two probably reflect cultural aspects of migration paiterns while the
1attér is presumably a question of economic bonds. The Ottawa—Hull sub-
networks have a standard deviation which is somewhat smaller than the mean
value which implies that theé sub-networks are more evenly distributed, as
might be expected.in the case of the nation's capital. The Chicoutimi, Toronto,

&t
and Quebec sub-networks have the strongest multiplier values. This is due to



Table 5-4-1

MIGRATION INTERACTANCE MULTIPLIERS OF VANCOUVER

Mean Value: 1.169

Standard Deviation: §.835

I.M. % of Total I.M.
Toronto—Saskatoon 2.9608 12.07%
Toronto~Regina 2.9535 12.03%
Toronto-Chicoutimi 2.7760 11.31%
Toronto-Winnipeg 1.9195 7.85%
Toronto-Windsor 0.4306 1.75%
Toronto—Hamilton 0.3731 1.52%
Toronto-London 0.3676 1.50%
Toronto~Kitchener 0.2997 1.22%
‘Table 5-4-1i
&
-
MIGRATION INTERACTANCE MULTIPLIERS OF MONTREAL i
[} :":
Mean Valug: 0.8010 Standard Deviation: 0.8912
. I.M. % of Total I.M.
~ - ]

Toronto~Chicoutimi 3.9711 13.61%
Toronte-Montreal 1.9356 11.51%
Toronto—Quebec 1.9035 11.322
Toronto—Vicﬁoria 0.2050 1.22%
Toronto~Vancouver 0.1893 1.13%
Toronto~Kitchener 0.1863 1.11%

214,
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Table 5-4-iii
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(

MIGRATION INTERACTANCE MULTIPLIERS OF OTTAWA-HULL

Mean Value: 0.6579

Standard Deviation: 0.5102

I.M. 7 of Total I.M.
Toronto—Chicoutimi 2.2337 ©16.17%
Toronto-Ottawa-Hull 1.3031 9.43%
Toronto—-Quebec \\ 1.0937 7.92%
Toronto-Victoria 0.2197,—*~ '1.59%
Toronto-Kitchener 0.186 1.35%
Toronto~Vancouver .179 1.25%
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the stfong ties that Montreal has with Ottawa-Hull and with eééh of these

other centres. ‘ .
The interactance sensitivity analyses for the three centres of Vancouver,»

Montrea}, and Ottawa—-Hull are interesting in several respects’ (Tables 5-4-1iv;

5-4-v; 5-4-vi). Vancouver has the highest system index although the largest of

its individual arc sensitivity values is.about half that of Montreal's and

Ottawa-Hull's highest values. The Vancouver network is-more diversified

than either Montreal's or Ottawa-Hull's. The sets of arcs to which each of

the centres respond are also revealing. Vancouver is highly sensitive to

fluctuations on the arcs linking it to the major poles of the western net-

work and to those that bind if to the centres infthe east that have national

statutre, Toronto, Montreal and Ottawa—Hull.’ It is also quite sensitive to

-flo;s on the secondary arcs within tﬁe weétern networks, e.g. the Regina- Q{

Saskatoon arc, and ‘to flows on the arcs that bind Vancouver to the centres

on the periphery of the Canadian Heartland, Thunder Bay, Quebec and Chicoutimi-

Jonquiere. }t shows very little sensitivity to flows on the arcs linking the

urban centres of southwestern® Ontario.

’

Montreal shows sensitivity Eo fluctuations on the arcs within its own
provincial territory and to changing flows on the, arcs that link it to &oronto,
Vancouver, and Ottawa-Hull. It is also sensitive“to the arcs between Edmonton
and Calgary. Finally it shows éome sensitivity to fluctuations on the arcs
linking the other Praifie clties. w2

Ottawa=-Hull is sensitive to the network of ércs linking it to Toronto,
Montreal, Quebec and Chicoutimi-Jonquiere, an indication that Oétawa—Hull is

an important node of the eastern Canada network. It 15 also sensitive to the
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Table 5-4-1v

MIGRATION SENSITIVITIES OF VANCOUVER

Index of Total System Sensitivity: 1.4245

Individual Arc Sensitivities:

‘Toronto - Vancouver: 0.227
" Quebec - Montreal: 0.206
Winnipeg - Vancouver: 0.203
Edmonton -~ Vancouver: 0.183
Montreal — Quebec: 0.180
Montreal - Vancouver: 0.175
Toronto - Montreal: 0.165
Calgary - Vancouver: 0.147
Calgary - Edmonton: 0.129
/;;) Edmonton - Calgary: 0.129
Victorias — Vancouver:’ 0.117
Montreal - Ottawa! " 0.106
Ottawa — Montreal: 0

.103
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Table 5-4-v °

MIGRATION SENSITIVITIES OF MONTREAL

Index of Total System Sensitivity: 1.1824

Individual Arc Sensitivities:

Quebec — Montreal: 0.506

Toronte — Montreal: 0.406

Montreal — Quebec: 0.402

Ottawa =~ Montreal 0.259

Chicoutimi - Montreal: 0.172

Montreal - Chicoutimi: 0.160

Montreal — Ottawa 0.140 .
Chicoutimi - Quebec: 0.140 . f
Winnipeg - Montreal: 0.105

Quebec — Chicoutimi: 0.105

Vancouver - Montreal: 0.097

Toronto - Ottawa: 0.096

t
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- . : _ . Table 5-G-vi
3 -

MIGRATION SENSITIVITIES OF OTTAWA-HULL

Index of Total System Semsitivities: 0.8251

Individual Arc_Sensitivities:

¥ Montreal - Ottawa:

it 0.406

~Toronto - Ottawa: - 0.279

Quebec - Montreal: 0.261

Montreal - Quebec: 0.250

. ‘Toronto - Montreal: 0.209

T Ottawa — Montreal: 0.133 ‘ ‘
Montreal - Chicoutimi: - 0.098 . :
Chicoutimi - Montreal: 0.089 '
' 0.084 .

P Chiqoutimf = Quebec:

Lo



distributed than those of Hamilton, London, and Winnipeg. The low average *
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o

arcs 1inking the Prairie cities to itself and to Montreal and Toronto._

2 - Calgary, Edmontdn Hamilton London, Winnipeg, and Victoria.

(Tables 5—5 i, 5-5-11, 5—5 -111, 5-5-iv, 5-5"v)

Calgary and Edmonton have stronger sub—network structures than Hamilton,

)

London, Winnipeg or Victoria. Because their,atandard deviation-values are

somewhat lower than theirﬁaverage'multiplier values itfcan‘be assumed'that
a : A

the strengths of the sub—netWorks of Caigary and Edmonton ‘are more evenly

i o

multiplier values for Hamilton and London suggest that their migration patterns

are weak by comparison to those of Calgary,'and dominated :by a few centres

, only Without being as important as Calgary and. Edmonton within the western

-

sub- system, Winnipeg and Victoria have fairly high average multiplier values

that are- indioative of the&r position within the western structure.

\

‘The Total System Sen51tivity indices of‘Calgary and Edmonton show that

they are sensitive to fluctuations on a large number of arcs. Both centres

-are gtronmgly sensitive to two separate groups of ares. Firstly, they are very

sensitive to arcs extended between all of the western centres.. - Secondly,

v

Calgary and Edmonton are also sensitive to the arcs binding them to.the national
centres of Toronto, Montreal, Vancouver, and to ajlesser degree Ottawa—Hull,,
and to the arcs between these. national centres. On_the other hand, both CMAs

are rather untouched by the flows on arcs binding the secondary centres of

the eastern system, such as . ares linking Hamilton, Sudbury, Windsor and-

Thunder Bay.

Winnipeg and Victoria have fairly high indices of total system sensi-

.

tivity. "Much like Calgary and Edmonton, both these centres are sensitive to
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* Mean Value: .0.718"'

Table 5-5-1i

. L
DL . S0 221,
I T .‘.i .\.q . . _. . - ;-‘ -. ) ] ) .
- f . : : e
. . " Table 5—5~1\§§ . o
[+ ot .
® ‘frl'. .- ™ [ - LA . ‘ ' ‘ ".,'
'MIGRATION INTERACTANCE MULTIPLIERS OF CALGARY - .
14 " . , :
. . o
. v © Standard Deviation:. 0.603
e IM. > . % of Eotal I,M.
Regina-Calgary 2.1398 . ‘14,197
Saskatoon-Calgary _ "2.1067 . - 13.97% 3 .
Chicoutimi~Calgary - 1.4632 . Y 9.70%
Toronto~Calgary® . 1.4221 . 9.437%

MIGRATTION INTERAéTANCE.HULTIPLIERS OF EDMONT@N

Mean Vélué: 0.569

]

Saskatoon-EdmoRton .

Regina-Edmonton

* Totronté-Edmopton

-

1.6658

1.6146

l.4462 -

Standard Deviation: H05ﬁ93

Z‘of Total I.M.

13.94% s
13.51%
12.10%
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cMA
Hamilton'-
London.:
, Winnipeg-
- Victozda - -

- 7% Table 5-5-iii

MIGRATION INTERACTANCE MILTIPLIERS AND SENSITIVITIES

OF HAMILTON, .LONDON, WINNIPEG, AND VICTORIA

 INTERACTANCE MULTIPLIER

0.277
0.258, °
0.378 -

... 0.3%

AiMeag Deviation

Standard

0.227

0.221
© 0.357
-0.307 .

Ihdex of Total

'0.3548
. 0.3361
- D45143 -

0.4951

222,

. System Sensitivity -
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Table 5-5iv . .

MIGRATION SENSITIVITIES OF CALGARY

Index of Total System Sensitivity: 0,9287

Individual Arc Sensitivities:

Edmonton - Calgary: 0.417 .

Quebec — Montreal: - 0,203

Calgary — Edmonton: 0.181

Winnipeg - Calgary: 0.181

Montreal - Quebec: - 0,180

5 Toronto — Montreal: 0.163

+ Yancouver - Calgary: 0.142

™

Table S—SV

MIGRATION SENSITIVITIES OF EDMONTON

Index of Total System Sensitivity:  0.7449

" Individual Arc Sensitivities:

Calgary - Edmonton: 0.385
Quebec - Montreal: 0.204
Vancouver - Edmonton: 0.195
Edmonton -~ Calgary: 0.184
Montreal - Quebec: 0.182
Winnipeg — Edmonton: 0.175
Toronto - Montreal: 0.164
Saskatoon - Edmonton: 0.134
Toronto — Edmonton: 0.125
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fluctuations on the arcs linking them directly to centres of national e
importance and to ogher centres in the western system, and again much like d
Calgary aﬁd.Edmonton, they are insemsitive to flows on the arcs within

' southwestern Ontario. Hamilton and Loundon are both strongly influenced by
the arcs that bind them directly to Toronto. They-are both sensitive, but

to a lesser degree, to fluctuations on the arcs binding them to. the other
centres of central Canada, but they are botﬁ§tndifferent to arc activicy
between the centres in western Canada.
- . 3 - Southwestern Ontario: Windsor, Kitchener—Waterloo

’

and St. Catharines - Niagara. (Table 5-6-1i)

-

All three of these southwestern Ontario centres have limited migration-
sub-networks. The average values of interactance multiplier_are very low.
The only sub-ﬁetworks that degonstrate any vigour are thése which} tie each
of them directly to Toronto. The Toronto sub—netﬁorks alone account for
approximately 30% of the1t0t31 multiplier value and_all othef sub—networks

‘are much less significant. Apart from their direct link with Toronto all
three centres exhibit sensitivity principally to those arcs that link them .
directly to other centres within central Camada, and remain largely unaffected

by arcs exténding outside this field.

4 — Eastern and Western Urban Hinterlands: Quebec,

Chicoutimi—-Jonquiere; Sudbury, Thunder Ray,

Regina, and. Saskatoon (Table 5-6-1i):

. v
The six urban centres of this group display the same limited character-

isties but in varying degrees. In general their interaction behaviour is

characterized by a high degree of interdependency with the large nodes of
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\
Table 5-6-1
SYSTEM CHARACTERISTICS
CMAs Interactance Multiplier Index of Total
System Sensitivity
Mean Standard ®
Deviation
Windsor 0.150. 0.215 0.267
Kitchener- -
Waterloo 0.190 0.212 0.291
- 8t. Catharines-. . )
Niagara 0.168 0.219 0.281
Table 5-6-ii
SYSTEM CHARACTERISTICS
Y
CMAs Interactance Multiplier Index of Total
System Sensitivity
Mean Standard
Deviation
Quebec 0.359 0.532 , 0.651
Chicoutimi-
Jonquiere : 0.117 0.287 0.313
Sudbury 0.141 0.215 ' 0.262
Thunder Bay 0.098 0.221 0.245
Regina 0.186 0.305 " 0.363 -

Saskatoon 0.179 0.300 0.355
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- ’

their respective sub-systems, some interaction with the hinterland centres
of both sub-systems and very little interaction with the centres of gouth-
western Ontario...The great disparity between the sub-networks is shown by
1he very high values of standard deviations of the inteéactance multiﬁliers.
0f the group, Quebec has the strongest sub-networks But they are
largely confined in two directions, a small but strong Quebec province net-
work, and a weaker secondary network ;hat extends in two directions, towards
the Prairie centres on the one hand and towards the Atlantic centres on the
other. 1Its relatively high index is due to Quebec's close ties with Montreal,
a4 major centre that responds strongly to changes in a fairly large ﬁumber of
' Centres, such as Toronto and Ottawa—Hull in particular.
If it is diff%fult to determine whether Quebec City belongs to Central
' -Cana%F's heartland or to its hinterland, no such difficulty occurs for defin-
ing'Chicoutimi—Jonquiere's position within the system. It clearly belongs to
the eastern system's hinterland. Chicoutimi Jonquiere is strietly a regional
town. Its sensitivity is mainly limited to fluctuations on the arcs that
link it to Montreal and Quebec though it exhibits some sensitivity to the
arcs linking Montreal tp Toronto and Ottawa-Hull,

Sudbury and Thunder Bay both belong to thisg group as both centres have
very limited interaction networks. Sudbury and Thunder Bay are both .dominated
by the arcs that bind them to Toronto.. Both centres are also mildly sensitive
to changes on other arcs as well. Sudbury reacts to changes on the arcs
between Toronto, Montreal, Ottawa-Hull, Quebec and Su&bury,while Thunder Bay
regponds to fluctuations in the ares linking it to TorontQ;LEontreal,‘Winnipeg,

and Ottawa-Hull. Southwestern Ontarlio and the Atlantic SE s exert very



227.

little influencejon the two citles.

Regina and Saskatoon have neafly identical migration interaction net-
works. Both centres are very sensitive. to fluctuations on the ﬁrcs linking
the threelPrairie centres of Saskatoon, Regina, and Winnipeg. They both
react quite strongly to changes on tﬁe arcs linking them to Calgary, Edmonton,
and Vancéuver. They react also but more mildly to changes on the arcs link-
ing Toronto, Montreal, and Ottawa—ﬁull. Strangely enough both centres react
to fluctuations on the Montreal—-Quebec and the Quebec—Montreal arcs. In
short, these centres belong to the hinterland areas of tﬁe western sub-system.

5 — The Atlantic Centres: Halifax, Saint John and St. John's

(Table 5-6-1ii):

Hélifax, Saint John, and St. John's have similar interaction networks.
The main links in their networks extend to the other centres in eastern Canada:
Toronto, Montreal,‘Oitawa—Hull, Quebec, Chicoutimi-Jonquiere and to the other

‘ two Atlantic cities. ,The three networks have some links with the western

[ 3

centres of Calgary and Edmonton. Halifax distinguishes itself by having its

interaction network more widespread than the other two and as such it is some-
1 .

what less dependent on the}major node Toronto for its interaction patterns.

In spite of the limi%aticns of the migration data, the preceding analyses
raise a number of interesting points concerning the centres which were not in-
cluded in the previous. analyses. They have, on the one hand, indicated the
importance of Hamilton within.the system, and on the other, théy have shown
that itg sub~networks and sensitivity patterns are quit; iimitéd wher compared
to those ofrother centres éf comparable size, .Presumably, the proximity of

i

Toronto is largely responsiblé for this state of affairs as migrants moving



Table.5—6-iii

SYSTEM CHARACTERISTICS

228.

CMAs Interactance Multipliexr Index of Total
. System Sensitivity
Mean Standard
Deviation
Halifax 0.214 0.252 0.337
Saint John 0.093 0.221 0.243
St. John's . * 0.080 0.222 0.239
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to southern Ontarilo would likely be drawn t6 Toronto where “the greatest job
market exists. Kitchener-Waterloo and St. Catharines—Niagara appear to be
affected in much the Same way as Hamilton by their proximity to Toronto.
Their sub-networks and sensitivity patterns are limited to southern Ontario.
Finally, Chicoutimi-Jonquiere is very regionally oriented with ties limited

to Montreal and Quebec.

System Characteristics of Migfation and

Air Passenger Floﬁs: A Comparison

Since the migration and air passenger flows are generated by the same1
urban system, it might be expected that there would be a number of similar
traits between the system characteristics reporEed here and ﬁhose found in

Chapter Four.

interactance Ratios:

A comparison of the 1966-71 migration and 1971 air-traffic Interactance
ratios reveals a number of interesting features of the Canadian me;ropolitan
system (Table 5—7).- The most strikingrpoint is the powerful role of Toronto
within the system. The average interaction of the other centres for both
types of activity is omly 20% that of Toronto's. Toronto draws f£lows, not
only from its own sub-system but from centres right across the country.

=
The high stgndard deviation for the ratio suggests that the centres can be
clagsified into one of three categories according to their migration ratios.

The first group consists of the 1argest centres in the system: Toronto,
Vancouver, Montreal, and Ottawa-Hull, Vancouver ranks first after Toronto
with almost 75% of Toronto's migrant attraction while Montreal attains only

472. In air-traffic activity the ranks are reversed, Montreal having

627 of Toronto's output and Vancouver 427, Vancouver draws its migrant
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and air-traffic flows principally from the other western centres., It also
has strong interaction with the national system's major centres of Toronto,
Montreal, and to a lesser dégree Ottawa—Hﬁll. It appears that Vancouver
;erves as the major pole for the western sub-system for both types of inter-
action. Hoqtreal‘s patterns are somewhat different. Montreal's air-traffic
interaction extends to all the major centres in the country but its migra-
tion activity is principally limited to the eastern, centres of Toronto,
Quebec, Ottawa~Hull, and Chicoutimi-Jonquiere. Ottawa-Hull has a migration
ratio of 0.435, a figure substantially higher than its alr-traffic ratio of
0.325. This last figure might be soﬁeﬁhat underestimated as a result of

the short distance separating Ottawa and Montreal. For a centre that has a
population less than 257 of Toronto's, Ottawa-Hull has high interactance
ratios. It interacts strongly with all the major centres in the East and

West in keeping with its role as the nation's capital.

The second group includes Calgary, Edmonton, Hamilton, Winnipeg, and
Victoria. Calgary has air-traffic and migration ratios that are approximately
equal in value. It is an active centre for both types of flows and its
activity is primarily oriented towards the other western centres. Edmonton
shows similar patterns, but at a slightly lower scale. Hamilton's migra—
tion activity is dominated by Toronto (47%). Victoria's migration ratio
is much higher than its air-traffic cne. On the other hand, Winnipeg's
migration ratio is lower. Winnipeg is shown in this analysis not fo.sérve
as a fegional polé for the prairié cities of Regina and Saskatoon. Both
these centres have stronger tiles wit;/Calgary, Edmonton, and Vancouver than

with Winnipeg.

The third group consists of all the smaller centres in the system. The
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Atlantic cities report ﬁigration ratios lowgr than their air-traffic ratios.
All three centres have stronger migration interaction with Toronto and
Montreal ghan they.do among themselves. Regina, Saskatoon and fﬁunder Bay

;
also have lower migration values. The competition from the Alberta and
B.C. centres is probably responsible for their weak attraction. In this
third group, only Quebec, Windsor, and Sudbury have migration values higher
than their air-traffic ratios. The location of these centres at the peri-
phé&y of the Windsor-Quebec axis could be the reason (Simﬁons; 1978a). In

general, air traffic i1s strongly related to city‘size (r =0.91) but the cor-

relation between migration and population is not so strong (r = 0.81). , '

Sub-network Structures, Interactance Multipliers:

Vancouver's migration sub-networks are on the average much stronger than
its air-traffic omes (Table 5-7). For both data sets the standard devlations
of the interactance multipliers are high, an indication that a small number of
sub-networks strongly influence Vancoﬁver‘s interaction. For the most part
the breakdowns of the sub-networks into thescategorles vary considerably for

( the two data sets (Tables A4~1l4 and 5-4-1). The migration sub-networks are

\\ﬁﬂﬁh stronger for those centres that emit mqre miérants than they receive.
The air-passenger networks provide a different illustration of Vancouver's
position within the metropolitan system simply because they emphasize the
bonds between Vancouver and the other major western centres. The migration
networks on the other hand, stress the Vancouver ties with the minor western
centtes.

A comparison of the Montreal sub-networks for both types of flows

presents some distinct contrasts. As in the Vancouver case and probably for
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the same reason, the average migration intefactan;e multiprief is almoéf
twice that of the air floﬁs, but, while the stéﬁda%d-deviation for the'a;r
flows is just about half the mean,.for'the-migratiop déﬁa theAstandard de:{
viation is actuéily larger than the mean. Although in‘terms of economic
activity Montreal has strong networks right across_tﬁe country, its migra- -
 tion attraction power has proved limited to only a few widely dispersed
centrés, namely Quebec City, Chicoutimi—Jonquieré, Torontq, Ottawa-Hull,
Vancouver, and Winnipeg. ,

The migration aqg air passenger sub-networks of Ottawa~Hull, Calgary,
and Edmonton have one point in common! In all three casés the standard
deviations are substantially smaller than the mean values of the interac-
tance multipliers. In this respect both types of sub-networks are similar
in that all three centres draw flows from a great number of centres right
-acrqss the.country (Tables A&=6; 5-4-1ii; 5-5-11i). The important migration
sub-networks for each centre seem much more restricted In extent, however,
than do tﬁe air traffié ones,

London, Winnipeg, and Victoria have migration sub-networks for which
the standard deviation values of the interactance multipliers are only
slightly smaller than their mean va}ues. Thus, the cenéres have a number of
strong sub-networks and a comparable number of poor ones. In this respect
Victoria has a migraﬁion sub-network structure which is more evenly dis-
tributed thaq itsg air passengér one (Table A4—151 The Toronto-Victoria
sub-network of air flows accounts for 477 of Victoria's total multiplier

value while the same sub-network accounts for only 137 of the migrant-valie.

Winnipeg has similar sub-network patterns for both types of data. It has
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strong pieé‘with all western'cities'on both:cauﬁté; ‘The £a§e éf;ibﬁdqn is
hard to'aséega. i;s air flow ﬁultiplier étan&grd deviation ié mgch greatér
thaﬁ‘ité'ﬁean value while bbth valueé ére approximately tﬁé samé-inlfhe
caséfof miérﬁtion patterns. Because df'Loﬁdon{g 19cét10n wiﬁhin the sou-
ihernfoﬁtério peninsula it ié less ﬁeaningful perhépé-to argue the éir
passenger figures are vaiid ﬁeasufés opreison-to—person contacts and a

comparison of the migration and air passenger patterns of interaction has

.

less value,

For the remainder of the metropolitan centres, the migration sub-
networks are similar to ﬁheir air flow structures. In both instances Fhese
centres Have but one or two strong sub-networks thqp bind them to their
.regional centres, Their ties with the dtﬁer centres are‘ve;y weak on bth
accounts (Tables 5-6-1; 5—6-11;_énd Tables A4=-3 to A4-17).

Interactance Sensitivities: L -

. Sensitivity analysis iﬁ'the A.S.T. technique relies on two distinct
l measures, ﬁhe index of Totél System Sensitivity and the individual arc
'sénéiti§i;ies. ‘Sip;é the indices'are calculated in aﬁsolute values they are
.ofiﬁa;usé'wheﬁ‘ﬁoﬁpé}iﬁg-ﬁhe:results of analyses carried out on different:
maﬁ:iéés~ésni8;éhé-cése3hefé; On the other hand, the individual arc sensiti-
Avi;ig§ ;ieire1éfife me;qufes and can therefore be used in a comparative
';aﬁgiiéiéﬁﬁiaﬁif;phé iﬁdividual arc sensitivities will be considered in the
‘L'biiéfhaiséu;Sibh'#d foliow.
' Twotpdiﬁﬁs'oﬁiiﬁtérest_s;aﬁd'out'in the comparison of the sensitivities
of metropolitan‘géﬁéiéq téﬂﬁigration and alr passenger activity. Firstly,
in almost évgfy3ins;aqéehthg‘centres will exhibit greater sensitivity to

the air péssengéi;éctivity on thelr main arcs than té the migration activity

‘-' _- 7‘ ] . - - - | - ) - . ff.'_- N ‘”234. -
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on these arcs. Secondly, the sensitivity figures for the migration data,
though not as strong, show a more‘even distribution pattern over -a greater.
number of ares. It is‘probably the case that the strong air passenger sené
sitivities of centres to activity on.a Iew of their:principal arcs ia a
consequence of the hierarchical structure nithin:the‘urban system. As
«for the weaker and more evenly distributed migration sensitivities-they may -
reflect the interplay of a number of migration forces which might or might
not follow the hierarchical network structures, forces such as the existence
of job opportunities, the attraction exerted by the larger metropolitan
centres, or the needcior corporate and government organizations to extend

or restructure their administrative functions.”Beyond these few‘remarks;

-

and the facﬁ‘that both types of data outline in broad terms. the same system
, -+,Structures, very little can, for the present, be drawn from a comparison of
the ‘results of the ‘analyses carried out on migration and air passenger data.

‘Conclusion:-g- "o

The migration analyses have identified a number of features of the

migration patterns within the Canadian Metropolitan System.’ The results show;

that Toronto is the.system's major centre, that the metropolitan system is

made up of two sub-systems, one in the wést centred on Vancouver and Calgary,

and*another in the east with Toronto, Montreal, and to a lesser degree,

Ottawa-Hull as its main centres. The analyses qi.the interactance multipliers

and,sens*;ivitiés ghow that the core centres of

-

of common traits. The core centres have strong ties with-other core centres

’

of their own sub—system, with the national centre Toronto, and with the major

)

core centres outside their own sub-gystem. The core centres also serve as

et

‘the focal point for the networks of tHe minor centres of thelr own sub-gystem,

- ’ -

oth sub-systems have a number

-



On the other hand the minor or hinterland centres of both sub—systems have
networka that are almost entirely restricted to the major nodes within their

. own sub-system. The analyses also show that the migration patterns of the

. Atlantic centres are dominated by a few centres in the east namely Toronto,
Montreal Ottawa—Hull and Halifax. rinally, the centres of southwesternf

Ontario, Windsor in particular have very restricted migration patterns

. . N 6
dominated for the most part by Toronto., - :

- - v

b L - L]

~

The migration analyses have made it possible to identify a number of

characteristics of the networks of ‘centres which were not included in the air

passenger analyses. fwé centrés referred to here- are Hamilton, Kitchener—

Waterloo, St. Catharines—Niagara and Chicoutimi-Jonquié%e. Hamilton‘has

an interactance ratio which ‘ranks it after Calgary and Edmonton. Thus

Hamilton draws a considerable number of migrants. But f{ts interaction
networks differ widely from those of the tw; western cities. Its auerage

~ Anteractance multiplier ‘value is much lower than theirs and therefone its
networks are much'weaher. Its sensitivity to arc fluctdations difrers nidely .

>

“from those of Calgary and Edmonton as well. 'Hamilton's;networks are dominated.

® +

by the ares that link it to Torénto and Montreal whereas the western centres

have more diversified networks. Unlike these two .western ‘centres, Hamilton .

has but weak bonds outside its own sub—system. - e T

. Kitchener-Waterloo and St. Catharines-Niagara have interactance ratios

" which rank them slightly 10WEr-than_Quebec‘and somewhat higher than Windsor.
Their_average interactance multiplier values are very low which implies.that:

"

their network structures are weak. Both centres are dominated by their links’

with Toronto. Both centres are slightly sensitive to other centres of south-

ern Ontario. ) - ‘ . '

Lo
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Chicoutimi-Jonquiere appears from these analyses as 1itt1e more than a
reglonal centre much like Saint John. The only network ‘ties that really
matter are those that bind it .to Montreal, Quebec, Ottawa—Hull,‘and Toronto.
In an earlier section_of this Chapter a comparison between the migration
and air passenger networks was made. It is appropriate to recall here the
&principal observations that were made. .The most striking differences noted
ooncerned Vancouver and Montreal. Vancouver's migration networks mere stronger
°a§& more extensive than Montreal's. But in air passenger network structures,
Montreal s position was stronger on both counts. Ottawa-Hull, Calgary, and
Edmonton had migration networks that were more limited than their air pas-
senger,ones.‘ Winnipeg has similar network patterns for both types of data.

Finally, for the remaining centres, & comparison of the two series of analyses

failed to bring out. any strong differences. On the whole the main traits.of

network structures for these centres were similar.

'Thus the analyses of intermetropolitan migration ‘have. provided'addi—
tional insight into‘the interaction structures of’the Canadian Metropolitan

System. It will become possible to compare the evolution of network patteins

‘.‘.

ﬂ. of both the air passenger and migration networks when more migration data is

-

_ made availabie. A comparison of the evolutionary processes of these two net-

works could prove to be of considerable help in the analysis of the trans-

" formation of the Canadian System.



- ‘ CHAPTER 6 -

SUMMARY AND CONCLUSION

The main purpose of this dissertation has been to develop a new
technique for the amalysis of interaction within urban systems and to apply
it to the Canadian Metropolitan System. The final Chapter will consist of
‘three parts: a) an evaluation of the merits and limitations of the A.S.T.
flow—graph‘technique, b) a review of the main characteristics of the Canadian
Metropolitan System brought out in the analyses of Chapters Four and Five,
and c¢) a discyssion of the most promising directions for further reeearch
in the use of flow-graph techniques in urban research,

The principal merit of theAe.S.T. flowfgraph model is that it is a
technique for the analysis of urban interactions within a systems frame- -
wo?k. It is an approach which emphasizes the interdependency of the centres
within a system whose constituent parts are complex, strongly differeetiated,
very specialized' and highly interdependent. In the anei;;is of the inter-
aeeion flows of such a system the more well-known techniques sueh as regres-
sion and factorial analyses can determine broad patterns of field attraction
and emission as well as the basic structural characteristics of the system,
but they are’only capable of determining network structure at a rudimentary
level. They are incapable of differentiating sub-network structureg and

operations, and it i1s most likely at these finer levels that system evolu-

tion first occurs. Urban systems do not, in general, change in drastic

. ’ 238.
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, .g?
fashion, but slowly, progressively, as certain of their sub-networks

respond to new regional dynamic forces. Even before changes becdmé

apparent in the overall system structure, the evolutionary process is
already discernible in the sub-network qperatioﬁs.

The definition of sub-sygtem structure and operation is mainly a
question of inter-node activity patterns. The A.85.T. flow-graph model wa; :
developed to'measure both internal sub-network structures and the impact of f

individual arc activity on various elements of the system. The A.S.T.
"model is sﬁecifically designed to measure thes; interactioh properties
directly. The interactance ratlo shows a centre's overall response to the
exchanges occurring in the system to which it Belongs, The interactance
multipliers define the different suB-networks-Binding a city to all the
others in its system. The multipliers also measure the g%solute and rela-
tive importance of a city's sub-networks in generating its interacfion
output.. The interactqfce sensitivities determine a centre's sensitivity
to changes in flows on any arc in the system. Finally, the A.S.T. model
péovides a means of evalﬁating the performane; of.é system's sub-networks,
a feature which in itself suffices to mark the difference separating the
A.5.T. model from other interaction models presently in use. Performance
analysis is made possible because the flow-graph technique provides the means
of comparing the relatibe structural importance of 'a system's sub-networks

b

with the proportions of flows they are actually carrying. This comparison

R
of structure and operation is unique to the A.S.T. model, by no means a

small feature in systems analysis, It may be appropriate to make a few

comments here to refute any objections that might be ralsed concerning the

-
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existence of similarities between the signal flow-graph model as presentéd
in thi tudy and the input—output technique, a point that was raised
earL;eiﬁig Chapter One. This-thesii demonstrates conclusively that there
is an advantage in examining a given data set in the light of the well de-
veloped theoretical framework of signal flow—graphktheory. Because the
interaction matrices were examined within this theoretical framework it
became possible to distinguish sub-network structures, to measure their
carrying capacities, add"to evaluate their performance. The discovery of
this approach is certainly 2 key~point of originality of the contribution
of this thesis to iqferaction analysis.

There are a number of difficulties associated with the use of the
A.S5.T. model in the analyéis of interaction patternsl'difficulties which
are not entirely‘insurmountable, however:' The first limitation derives
from the assumption of linearity on which the A.S5.T. is founded. The

assumption implies that the inputs into a node are proportional to its
total output. When the model is applied tona matrix covering a singié
time period, the linearity assumption is mnot overly restrictive. In this
case, if the relationships are curvilinear rather than linear, the results
of the analysis describe the characteristics of the tangent to the system
at that point in time. Linearity in this case is mno more an impediment

to the use of the A.S5.T. model than it is to any other linear model com-
monly in use in various disciplines, e.8., factor analysis, linear program-
ming, regression models, and Markov chain models.

Linearity is more difficult to establish for dynamic models where lag—

times are incorporated into the equation system. These dynamic models are



241.

\

are more complex because each centre is represented by_seﬁeral dif-
ferent nodés in the flow-éréphs and in the equations. d‘ centre will
have as many different nodes as it has different reaction iaé—times
with other centres. This leads to a multiplicatibn of the variables
in the equations which makes it more difficult to establish the linearity
assumption of the model. Since the lag-times must be known beforehand,
getting up the equation systems of the dynamic models is even more
difficult than testing for linearity. Of course, this thesis does not
attempt to treat a series of consecutive matrices simultaneously. d,,///
A secoqd 1imitation of the A.S.T. model lies in the fact that it
simply identifies and measures interaction patterns and characteristics.
A better undexrstanding of the functioning of an urban system must go
beyond this and be founded en the analysis of the forces generating thiese
network patterns. However, while the A.S.T. model does not go this far,
it does provide the means of achieving this objective, a feature which
is not found in other models. Because the A.S.T. model provides vectors
and matrices of interaction measurements it makes it possible, through
regression and canonical correlation analyses to relate interaction
patterns to structural characteristics. This may prove an important step
towards the better understanding of the interaction processeslat work

in urban and regional systems.Lk
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A third limitation to the use of the model as it épplies to
the analysis of metropolitan systems is a deficiency in theoretical
development. The model implies that strong interdependencies exist‘
between metropqlitan‘céntres, that nodes are sensitive to feedback "
effects and to arc variations in activity. The failure of growth-
pole, central-place, and similar types of models to account for trans-
mission of growth in modern urban systems, (Fred,.1976), has led to
attempt to develop a number of alternative concepts that may provide
a better theoretical’basis for the introductiom of flow-graph models,
such as the A.S.T., in urban research (Bannistex, 1976). These
concepts relate traﬁsmission of growth in mpde;n economles to the
person-to-person contacts by corporate and government decision-makers,
(Tornqvist, 1968), to the patterns of interurban information flows.
(Pred, 1973, Lasuen, 1973), and to the influence of spatial structures
of corporate organizatloms, (Goddard, 1973). These new approaches
stress the high degree of interdependency among citiés and the powerful
influence of such interdependeicies in the evolution of modern urban
sysﬁems. These interdependency networks stretch inter and intraregionally
and are often viewed in terms of heartland—hinterlan& relationships.
The networks extend horizontally between citles of similar size as well
as vertically up and down the urban hierarchy. Flow-graph models are

’

admirably suited for the analysis of such.highly interdependent systems.
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The A.S.T. analyses of Chapters Four and Five identified a number
of system characteristics and interactién patterns of the Canadian Metyro-
.politan System. In many respects, the A,S.T. analyses relterate the
findings of other researchers ;egafding the.évolution of the Canadian
system, Ehe merit of the A.S.T. approach has been that it has pinpointed-
the finer netwofk structgral changes through which the system has recently
evolved,

The analyses show that.there has been a nuﬁber of important changes
within the system. This is not too surprising considering the growth Bf
metropolitan population in general and in air traffic in particular, The
dominant role of Toronto as the national system's central node has increased
over the 1963-1973 périod, at least in terms of air passenger traffic.
Centres which in the early 1960 years had only minor links with Toronto
have developed their ties with the national centre to the point where their
Toronto sub-network is either their strongest or second strongest one. Alfl
metfopolitan centres in Canada are sensitive to the activity on the lin#s
that bind Torontd to ﬁhemselves. They are also sensitive to the links that
bind Toronto to other major nodes in the system.

The A.S.T. analyses revealed the pattern of emergegce of two broad
sub-systems within Canada, one in the west and another in the east. Over
the study period the diversity of the bonds within both sub-systems has
increased, the interdependency between the centres has grown,nand this has
resulted in the absorption of the éarlier smaller semi-independent sub-

systems by their larger counterparts in the east and west. The western sub-

gystem consists of a core and a hinterland. Vancouver, Calgary and Edmonton
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are the core cities of this sub-system while the other wesﬁern cities form
the hinterland centres. In the east, ﬁﬁe core centres afé Toronto aﬁd.

‘\ ﬁontreal, and Ottawa-Hull to a lesser degree. ThqéAtlgntic centres héye
been pulled int; the Toronto-Montreal field and fofm part of the 5§stern
hinterland.

Within each of these sub-systems there are a number of interesting
features. A major feature of the western sub-system is the strong and
diversified bonds that 1link all the centres into a tight web. Even the
hinterland centres of Regina and Saskatoon experience strong linkages with
all the other western centres., The western sub—system would be a good test-
ing grouPd for Pred's (1973) argument that modern systems are more character-
ized by their indernodal activity than by their hiera;chical structures.
This is not to say that the hierarchical relationships between these eore
centres and their hinterland areas are negligible. The growing imporfanég
of Vancouver within this sub-system is anothef major feature. Vancouver

- has become the dominant centre of this sub—system.‘ The other ¢entres are

very sensitive to the arcs linking them to Vancouver and to the Vancouver-

.
!

Toronto and Vancouver—Calgary arcs as well.
The eastefn.sub—system has demonstrated a number of interesting traits

as well. The major centres are Toronto and Montreal with Toronto assuming .

the dominant role within the sub-system. Ottawa-Hull has grown rapidly to
.:.'f-become the most important centre in.this network after Toronto and Montreal.
The centres onHamilton, Kitchener-waterlaot St. CatharineSHNiag%ra,'Windsor;

and to a lesser degree, London, are highly dependent on Toronto.. Their
. 1

ties with Toronto surpass by far all their other linkages, although they
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stiil have important bonds with Montreal and with each other. London,
in particular, seems to have attained a degree of national importance.
The centres of northern Ontaric, Thunder Bay and Sudbury, have developed
very little breadth in their intermetropolitan interdépendencies. They
remain as regional centres whose links are almost exclusively dominated
by Toronto. O0f the two secondary centres of the Province of Quebec,
Quebec City has apparently undergone the greatest changee in its network
structures. By 1973, it appears relatively much more dependent on its
Toronto sub-networks than previously, with a subsequent reduction in its
i

ties with Montreal. Howeve:, the apparent decrease in flows with Montreal
night simply reflect a change in the relative importance of the modes of
travel between Montreal and Quebec. Chicoutimi-Jonquiere appears as nothing
more than a regional centre on the periphery of the eastern sub-system,
Finally, the Atlantic centres torm an integral part of the eastern system
rather than an independent network of their own in 1973.

#- These analyses have revealed a number of changes in the network
structures over the period. But the analyses are only as good as the data
on whicn they are based., Air passenger traffic as a surrogate variable for

person-to-person information flows within a decision-making conteéxt is not
J

so satisfactory that it can be relied on to deplet all of the finer points

r

of the network structures of the Canddian Metropolitan sttem.

The A.S5.T. technique offers some interesting possibilities=as-a
research tool for interaction analysis but only further research will deter—
mine its real value. Furthervresearch should focus on two themes for the

present. Some work should be done on developing a better ‘understanding of
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tﬁe flow-graph model itself. T%is implies determining the relationships
between nodal sensitivity and network configuration as well as the relation-
ships between the strength of a sub-network and its structure.‘ This could
be achieved in two wayé. The first approach would consist in experimenting
on a number of sma}l networks and establishing the desired relationships.
These experimentaiAsysfems'could be made to evolve systematically and the
results tabulated and graphed. A second approach would be to investigate
the manner in which the aij values of the inverse matrix —Anl vary wity dif-

ferent structures. These aij coefficients represent sub-network structures

and are of great importance in the caleulation of nodal sensitivity and other -

flow-graph measures. This approach involves the calculation of the ipverse
of a matrix by the cofactor expansion method. This ultimately leads into
the combinatorial approach in calculating flow-graph progerties (Rota, 19715.
This type of investigation is feasible with small systems. Either approach
5

should lead to a better understanding of the likely impact onhfhg system:of
network transformations. | i

Finally, research should be undertaken to establish the relatiénships
between network patterns and the fo?ces that generate and control them. The
ability of the researcher to forecast changes in network structures in res-
ponse to mew forces acting on the sYgtem rests on this type of investigatidn.
Two methods can serve iﬁ this endeavour. The use of factor analysis in comd
bination with multiple régreasionAis one approach. Factor\j:ijysis could

determine the system's structural characteristics and multip¥2 regression

h—e— ‘___/

would serve to welgh the impact of each factor in determining nodal sensitf”

vity and sub-network strength. Another approach would bé to relate directly
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through canonical correlation the interactional and structural matrices
of a system, Either of these methods would, to-some extent, shed light

on the manner in which interaction systems respond to various forces at

.work in the system.
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A.8.T. PROGRAMME: GENERAL.OUTLINE AND DECKX SETUP

The A,S.T. programme 0perations.are summarized in the
simplified flow diagram of Figure A3-l. fgg‘programme consists,
of a two-step procedure, The first step reads-in the required
data and performs the necessary operations of data manipulations

in the cases where only a sub-system taken from the main matrix

" is required .for the second step analyses. The second step applies

the A.S5.T. algorxithms, performs the required operations and prints
out the results.

The A,S.T. deck set-up r;quired is illustrated ig Figure 33-2.
The first data card to be read is an appropriate title card
(80 columns). .The second card is a parameter card that indicates
the order of the matrix, the major node and the study node, and
whether a sub-matrix is to be pulled from the matrix that has 7
been read in, The third card is the format card of the original °
0-D matrix that follows, The names of the nodes are then listed
on séparate cards, a maximum of 12 characters is allowed for
each name (3A4 format). If a sub-matric is to be generated, a
parameter card fs; its  generation follows immédiately after the

last node name. The sub-matrix parameter card gives the number

- of rows of the sub-matrix, its major node} the chosen study node

followed by a list of all the nodes to be included with the major

node heading the list,

An example of the control cards re?ﬁifgg/;;r the creation

of a sub-system consisting of three Canadian Atlantic CMAs taken’

from the 22 X 22 matrix of the total Canadian CMA system is

provided in Figure A3-3,

~
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FIGURE A3-2 A.S5.T. DECK SET-UP
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C ‘ ‘A.S5.T. ANALYSES: TABLES Ad-1 to Ad-G66; A-S
‘ FIGURES A4-1 to A4-7,

C ’

TADLE A4-=1 INTCQACTANCE MULYIPLICGHS, CALG{FY. NATLONAL SYSTEN, 196)-1973°*

ARC 1941 1944 - tgos 1964 15 1.} 4 1568 lqaé\‘ 1970 1971. 1972 19T
TORONTO=CALCARY 26.03 24,36 24,15 23.51 22« TA 22413 21450 21493 21.53 21.11 21 .23
TOQONTO=-FEDOMCANTCN 11.78 12.18 12 .90 12+2% 12.01 t2.27 tz2,.01 1l.5%08 12.11 Tla43% t1.33
YOAONTO—=REG INA V.92 a.581 Ye 83 929 BeT6 17 Bags Va2l 8.43 8:.36 8.50
TORCNTO=VANCNUVER 8,02 9.03 B.83 . P13 Baa7 6,73 8.69 8,706 8,09 D.6h 04,32
YORONYO=-VICTORL A B.44 haO? B.AT7 LR} T«R9 8.07 700 LR Y4 9.1 3% G313
TORUNTO=SASKATUIN LR X] Be 76 A.56 d.17 815 B8.71 f.ny . B8.92 B8.58 8.11 T Q7
TNAOKTO=% INNTPEG 6.0 G6a33 8,20 S5.99 S.n2 Se17 G217 8.30 6.22 619 Halb
TOAAOQMYO-LONDON Jedn J.n0 3a.u8 A.dn Aad2 439 4,568 4,18 4,05 4017 4.27
TORONTO=THUNDER BAY 2.9 2«38 2a8T 2252 2049 2452 2+58 243 2.32 2.50 263
YORONTC~OTY AwA=HULL, 238 Zab} Za47 2.79 2.98 2.81 2.58 2.%89 J.03 3.21 .21
TORCNTO=HALIFAX 212 2e02 2404 222 2«80 2.31 2449 251 2.57 - 2.70 278
TORONTO-YWINNSOR 1 .94 1.93 2.04 2«37 2e 54 242 266 2«51 2ab4 2.72 2«99
TORDNTO=MNNYRE AL 1.90 1.97 2.0a 2440 282 2249 2.72 2«50 2454 2.5 2487
YORONTO=-SAINTY J20MHN lenn 190 f«94 2423 2440 2e22 2.33 234 2442 231 249
TOAONTO=-OUEDEC 185 1.7 2.01 2221 2.7¢ 232 2.8} 2e4) 2.50 2431 207
YORONTO=STs JOMNTS 1.2 156 166 1-06 2e22 2el2 2slM 208 Re28 2a23 2.24
TOHONTO-SULRURY Q.27 0.90 Qas71 Q.92 0. 04 101} 1.06 1.03 107 1431 127
MEAN 0,32 O.38 0.37 0.38 040 Qa4t 0.4) Q.43 , Outa Oala 0.43
SKEWNKESS 1.87 1.07 1606 174 1780 1.60 1.60 1.54 1.558 1459 165
KU YOST S 3.37 255 28T 281 2299 2+23 Z2.23 2.02 2.006 2.2) Y
STANDARD DEVIATION Q.33 0.37 Ce38 036 - 0.30 Q.38 0.30n Q.38 0.39 Q.37 036

TADLE AA-2 INTERACTANCE MULTIPLIERS. EDMONTON, NATIONAL SYSTEMe: 1963-1973

ARG 1963 1964 1963 1968 1967 1968 1959 1970 1971 1922 1971
TORONTC=~EOMANYON 25 .50 2%.91 256 .09 24 .87 24,07 24.5%9 23.81 23.86 23,41 22.99 23,07
TORONTO=-CAL GARY 1232 1248 12472 1248 12.07 11.87 11.86 11.78 11.96 11.28 11.23
TORONTO-VANCMIVER B .90 9,07 a.05 A.65 H.49 o.,83 B8.38 Bab6 Ba51 a.52 B.29
TORONTO-VICTNRIA .57 9,06 Ba.33 Be.24 Ten9 3.01 Teu9 T-9) De%: eS8l BeS7
YORONTO=RLGINA A.3G f.a1 8.32 8.1tp Te06 4.33 A2 8.53 T+9% T84 795
TORONRTC=SASKATCON A.ld 0.12 B.25 T 29 Ta99 ' B.04 8.35 Baaa 8.35 B.00 T+06%
TORONTO-WEINN]PES 6.03 He2a Bala S.A8 SaTe 5.91 Hans 6,10 6.04 5.99 9T
YORAONT(I=LCNDON .70 3.73 4.00 4 .29 4. 29 «2% S.60 12 4,01 4.1a 4,26
TOROATO=-OTT AwA~HULL 2247 2252 2455, 288 J.On 2.84 2.97 2% 3. 05 .24 3.26
TORANTO=YHUNDLR BAY 2.37 -« 2.34 2.43 2.48 2445 2.43 2edd 2433 2.2) 2.50 2.%6
TORONTO-HAL IFAX 2e14 2.:02 2«06 2420 2.%% 2231 2a82 2289 2+592 2aT2 270
TOIONTO-RINNSOR 210 1.91 2.02 2.29 237 £:39 2480 2a4% 240 25 2.0
TORONTO=SAINT JUNN 165 1-80 192 2=20 2+45 Za15 2.26 2.3C 238 2«54 FEL Y
TOIONTO=FONTREAL 154 1.97 205 2.30 2.R2- 2. 39 2.8% 2.5 LY. 255 Reb2
TORONTO-QUENECQ 1.51 1+9Q 2.04 2a22 2.00 2.2% 2.50 282 2.48 2455 229
TOPCNTO-5T. JOFN'S 1.70 la%0 104 1-07 2a19 2.Co 2.12 2.08 2.22 2206 2+21
YCRONTO~-SUOBURY C.n2 Q.93 D69 0921 0.06 0«93 1.06 V.58 1,07 1.20 1+23
HEAN 0.31 Q.32 0.33 0,3% 0.3e 0.36 0.37 Ced7 0.308 0.38 0+30
SKEWNESS 1.58 l.080 1«93 1.52 197 191 1-91 1.07 1.87 1.87 1.%51
KURTOSIS 3.80 3. 37 J.55% 3.351 3.75 3,53 3.52 3435 J+30 3.Ja 3.5
STANDARPD DEVIATICON - Q.33 C+34 035 0.35 0+35 [+ .Y [-n 1 V.36 0.36 0.35 De3a

~

TARLE A4=3 INTERACTANCE MULY IPLIERS, HALIFAXs NATIONAL SYSTEM, 19831673

. ARC 1963 1964 1963 19686 1967 1968 1969 1970 1973 1972 1973
TORONMTO=HAL IFAX I7.10 37.98 38.01 37.02 ' 36049 37.20 36.49 36.62 I6.17 35.93 3s.16
TORINTC-SAINT JOWN 15.64 15,75 15.33 14.48 13,38 14,47 13.37 12.78 12.13 12.22 11.88
YORONTO=ST, JOMNSS 1Z2.48 12.34 f1.94 11.86 1112 11.94 11.72 11,94 11,74 J1.79 11.c7
YORCNTO-LCHOCN d.e7 4,12 4,08 X.89 4a0& 4,08 4,20 4.11 A La5 4,18 A
TORONTO—-MCNTFRL AL J.46 3.03 3.87 4403 4+09 4,09 A,27 As.l4 . 3,97 J.ad5 R rY-L]

‘ YOSANTO-OUEDFC 3.3 J.61 3.60 J.TA 3.91 3.71 3.85 3.74 3.69 2.82 S
TORONTO-VICTORL A J.20 2.1 2.45 2.81 2.8} Y 2.59 2.74 2.87 2.75 3.02
TOTONTO=CTTARA~HULL 2.93 3.22 3.20 Jaas Jaab 3.35 3.34 3.57 l.72 1.7 3.50
FOAUNTO-C AL GARY 2.40 2.16 Z2e28 2243 2.72 29 2.56 2.6 24111 2.00 1Y
TARONTO-VANCIUVER 2.37 2.20 2.2 Zedl 2.82 2.8 2.52 2.57T 2.59 2.569 2.79
TORONTO~COMONT N 2.35 2.12 2431, 2,41 .2.71 2.a42 2454 2.66 2.79 2.02 2.2
TAICNTC=5AGKATCON 2.2% 2,11 212 2.26 2.47 223 2.40 2.54 2.59 2.62 2.70
YORONTO=-ANGINA 2.18 2.07 2.05 2.27 2.8% 2.5 2.42 2.65- 2,68 2,78 2,80
YOHANTR-w{nBIPEG 2.14 ?.19 2.0R 2.29 2,582 2.24 2.41 2.5 2.56 2.5¢ 2422
TOUCKT O=w INDGOI 1 .10 =78 tens 1.90 2.47 2.10 2.50 2.2) 2.41 2,39 2.65
YORQNYN=THUNDEN BAY 126 1.27 1.44 1.43 1.55 1,37 1.4 1.34 1.37 1.44 1.5
TOHONTO=-SUDRURY 1.12 0.95 1.08 1.30 1.03 1.19 1.21 1.27 Le36 1.35% 1,30

! MEAN i Q.10 o.ln Oel8 O.18 0.10 0.10 Q.18 0.1 IS Y] o Det
SKLWNESRS 2a+54 2.5%% 2460 2«61 272 Ze03 2.68 272 279 ‘2 T 201
' KuaTnsl s , Beh0 S+91 Selts G.32 GaHl 6.2 beb] Ga. L0 Ga5Q 6.9) Tel29
STANDAED DEYIATION 0.20 0.208 Q.27 Q.27 Q.27 O27 Qa«26. o286 Q.26 4] Q.26

*Intable Ad4-110A 4.3, lha lmnracun:c muhlpllun are oxpressad ata p-rccnuga of the tyttem®s 101s)
Inlurncunc- - multipller valuo. The dn::lp:!u n-llnlc: ars In abrojuto values

Poor corY]
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TAHLE Aa=S INTERACYANCE MULYEIFLIERS, LONDON. NATIONAL SYSTEM. L1903-197)

' ARC 1963 1964 " 3983 1966 1947 19460 1949 1970 i1orl
TOQONTOA=LONDCN Z0.69 A1.684 B£1.07 60.70 62.06 B£52.9) 61.00 60.23 60.4D2
FOMONTO=SASKATOON 319 2.7T Q+0 2.02 Z.65 X.al Q.06 2.65 259
FAAINTC-VICTYOQRT A 3.07 2-07 307 314 T+ 06 26T ZeTh 29 257
YOHONTO-E0OMONTYCN 3.01 2.43 F T T4 Z+08 262 2.7T2 Ze78 2«05
YORONTO=CALGARY 2257 2aTh 2«TA Za91 269 2.59 . 2.6% Z 7S 2004
TORONTG—PRECTMNA 2-68  2.060 2.66 2.73 .58 2.50 2,60 2.080 2.53
YOHONTI=YANCOUVER 27T Z.59 2.09 Z.60 2.5 2.5) 2+53 2.6% : 2.%90
TOQONTO=FAL 1PAX 273 2.50 2.%59 2-4) Ze32 Zedn 2«40 Z.33 257
YOPONTI=%INNIPEG 273 2.70 2.09 270 | 2.65% 252 2e34, 2.L5 256
TORONTO-OTTAWA=NULL Z2.71 2-78 298 Z 09 Z-98 2.90 Ja10 J.14 .25
TORAOHTA-SaLNT JOFN 2226, 2«30 2049 280 Le22 2321 2,38 0.0 2402
FYOHRONTO~CUERANC 2 Al Zela Zu22Z 219 232 2.19 2086 2.312 2.50
TOROMNTN~=HNONTREAL ’ 2.7 Z.19 Ze2T 230 2«19 2el2 202 Z.39 2ehiy
FTORONTO-5T. JOEN'S .22 felh 2e2l 2206 2407 206 2,03 2.14 2.31
TOFIINTO=THUNDER DAY 175 1-.T4 l.89 J«93 192 2.13 FER R 2.11 217
TORONTO=SUDRURY ' 170 e 20 1=-43 1«77 40 107 213 207 2.30
tDRCNTD-hINDSUR : 1«27 1.19 1.30 144 153 134 1447 bet 2 l=48
KEAN | 0.10 0-10 Q.10 Ds10 [- 29 %] 0.\0\ O.10 0«10 0.10
SHEWNISS 3eal 3.42 .42 3.4a2 J.42 J.a2 3.42 3sA2 .42
KURTOSIS 10.30 10,32 0.3 10.31 10-.32 10432 10432 _ TO.32 10.33
STYANOARD DEVIATICN Oe2d D24 Oe2H Q.24 Quld [ -]

0«24 OCs2d O-EQ

TLULE A4=3 INTERACTANCE MULT IPLIERS. MONTREAL. NATIONAL SYSTEM, 1983~1%973

ARC 1983 1964 1563 1560 1967 1958 1969 ™70 197)

YORONTO-HONTRE AL 43 18.31 16,67 14,44 16,67 14.04 16.92 16.35 16.74 §7.01
TONCNTO-CJEREC 1155 3l.98 11.60 1Q.A7 .26 F.92 9.82 10.0t .40
TORQNTA—SATINT JOHN T.08 B.A5 N.6a _8.07 T.7T2 7.05 TuTl TeTh 709
TOUOMTD-HALIFAX T.26 Tedd T=-54 T319 713 ToesD Tala 7Tl S.H0
FOACNTO-LONCEN 5aB2 6.07 b.9T 8.59 5.5 6,31 .- 1Y [ N 6.4
TOUONTO-5T. JOHNTS &5 &.70 B.02 GaAT H.&5 T.A2 Ga7a [ ] H.5a
FOROHTO-VICTORI A i 4.6%5 Ao hA 4.43 AT 4,93 A.53 4,45 L% X .50
¥ORONTC=VANCCUVER 4.53 4.8 4.5 4 .39 515 4.72 4a70 47T 4.0
TOINNTO-CALCARY .50 a,21 4.33 aA.5T 5,05 a.ad 4,66 a4.59 4 .67
YTORCNTN-WINNIPEG 4439 .45 4.232 4.0 a.91 a.46 4,49 a.an &.40
FORCNTE=30MONTCN LY h) 4.04 4,39 a.an 5.05 4,45 4.59 Astil 4,65
TOACNT— SAS<ATOON P51 Q.12 Aall 4.10 4.B84% 4.23 AunS 4.37 4,84
,YOACNTC—FEGINS A .03 3.93 3.99 4.17 4.7Q 8,19 4,237 AaAs A.32
FORONTO~OTTAwA=—HULL 3.92 3.81 .62 J.87 3.70 3.70 3.p2 J.90 4.1a
TORQGNTO-w INOSOR 3.72 3.53 .79 A.09 E Y-S .47 A.a7 4 .57 4.95
TYORCNTC=THUNDER fAY 2.70 2.92 3.00 " 2.82 3.08 206 263 2+53 239
YOAONTO=SUDAURY 2421 1.%9 1.72 225 1.73 Z2.04 2.08 Z.18 246
HEAN O.44 D.44 .44 0,43 0.53 T4 D43 D42 [P} ]
SKEWNESS - F«58 ls0] 1.5% 179 1.37 1.51 t.n3 1.07 Z2.03
KUATNS1S 2«20 1.91 t.03 2.06 210 .21 3.33 3.45% A.10
STAHDARD DEVIATYION 026 027 0.27 0.25 025 024 De2a 0.2 0.23

" -

TABLE Ra=6 INTEPACTANCE MULTIFLIERS., CTTAWA-MULL. RATEORAL SYSTCEM. 1963~1973
ARE 1963 1966 1965 31966 1967 1566 198%  147C 1972

- L4 o7 %
FCHENTC=ATT Awa=HILL 33.1n 35.42 32,70 30.686 9.32 29.00 20.%0 27. 25.T46

5 76 .46 7.3
To- P 0% 7.0  B.7m  TLn6 750 7
MERENEN g P Si¢6 503 i1z Al90  a.9a  D.l& £.27 .30 S-23
IAICATC~CUEhEC &S0 L. 1A A.NT .07 . S5.AS5 3.(9 :.ﬁb 4-82 §-23
FOHUONTO-VICTOIIA AL9t A.Dh L% 4t ] S.33 LS L .o;: 4:5? A:TU ‘:ql
YBICKTO~SASAATCON ATEh AI3D alar aldr aces  aedl AT A.7w o 401
NEPCNTC-C 2L GARY. 4l36  4sz9 4,21 A-An AIS3 4-34 4-30 4.38 4070
YCu a4 TA-E0USHNITH ai3f A50 Slho alsa alsn 4.as aoan a.gT 400
LSttt S 4-4§ :'23 :'32 :-Eg ::;; ALa0 " atie A4.ns aLqz
; ~REGINA o - - - - S
:g:i::g-zigé;uusn 427 AL 42234 4233 A.A% A.35 :.g; " :.:2 :';3
NCMEHTA-ST. JCHE'S 2231 Atdh alir  aldp  alzn 4.32 A.30 7 4.45 4.R0
FOHO-ITO=vNNIFEC AT34 3150 al2z alas  aliz 4.3T a.2e 4.9 A.07
TOICHTO-HONTREAL 3.20 3.10 3202 3.12 d. T 3-12 3'31 J.ca 3:91
SXCOCHTO-n I NOSOR 2‘3; 3.33 g.;z g.zz g.gg 3.4 3-81 3-8 3-3t
- NDEFE MAY -l D - . - - o
;222::2-;33uu5v 2-32  i233  l.sr  iay  iie1 z.06 19T 2.0 2.21
0.24 .
0.10 0.1% G.t9 ©.21 0.2F 0.21  0.22 -
e Evness 9137 3137 3lzs  3lze  3lzi 223 Z.no 3.8 a1z
RATOSTS Pleh oA D.5%  9.e0 .37 U.4d 9.32 0. 5.9
STANDARD DEVIATION, 0.23 023  0.23 0.23 0.23 0.23 0.23 0.23 0.23

POOR coPY)
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TAOLE A4=T INTERACTANCE HULY IPLICAS. QUEBEC, NATIONAL SYSTEM. 1963-1973

ARC 1963 1964 1963 1966 1987 1960 19409 1970 1971 1972 1973
TORONIN=AQURRFC 4T7T.10 49.13 52,38 52.34 33,10 S57.80 S%6.T7 96.8) 35.00 1T.399 S6,.12
YORODNTO-HMONTRE AL, T332 Ted& 6205 G ha 5.07 5.13 5429 5.230 S04 4.62 467
YOINNTO=SAINY JOMN Sa.10 4,A9 A A2 4427 4.03 .93 Je91} J.81) 4.0) J.85 373
YOAONYO-HALIF AX AL 50 4,16 4,00 J.923 J. 74 3,57 J.al 3,40 3.8 Jal8 C 3,01
TORONTO=-LONDON A.lt 4,02 .04 3. 0] 373 J. 30 .74 I3 L Y14 .31 Jeat
TORCNTO=5T, JCHN'S 390 N6 EFTY) J«335 .37 J.46 .07 2.%5 24589, 2.71 2,39
TORONYO=OTTAWA-ULE. 3.78 .77 3.32 J. a8 .32 352 J.57 3.75 4,03 3.88 3.50
TNPONTC=VICTONIA 281 2.61 2ah8 275 2-£3 2,18 2.15 2.31 Za01 2438 XY Y.}
TOPONTO-CALGARY 2.76 Zeddy . 2.3% Z2.%90 FXY-1% 2+13 221 .23 2243 224 Ze07
-TORONTO=VANCOUVER 2.69 22855 L ] 2a49 cabh Z.16 2,23 2,29 2.8 229 283
YORCNYQO=€DMOATCN 269 2440 2443 2ab? 267 2el2 Zs21 2«28 240 2.33 -1
TOHNONTO=SASKATRON 23 - 2.4 T2l 2231 2.58 2.07 2.10 s d 2.44 2423 237
TORICHTD=-wINNLIPEG . 2.60 . 2,680 230 2.37 2«61 212 2.19 227 FERL-] 2+s23 243
IORONTO=REG I NA 2udb 232 221 231 2+52 2.00 2« 16 2425 233 2+.28 2.3
TORONYQ-WINDSNR R 223 2.09 2.45 2,59 2.13 24,41 2425 2456 2a42 -8y -3.]
TORCNYQ-THUNDER OAY 1«72 177 1.86 154 1.37 ta33 1.33 132 -le23 1«22 1.30
TORQONTC=SUDBUAY 133 122 0,97 1.22 0.93 C.94 1.80 1.07 le28 . 1a17 1e24
MEAN 0 0.1 0.12 Q.12 0«12 Qe G.11 0.11 Oa.11 Q.11 0.1
SKEWNESS 3.2 3.13 3.J6 3.37 3.39 3.39 3.39 3.39 J=39 Ja40 24l
KURTOSIS 9.27 V90 10.02 jo.08 10-.18 i0«18 1310.18 10.19 1018 1022 10.23
STANDARD DEVIATICN D28 O0.28 0a23 023 023 0.25 D.25 Q.23 Q.24 Q.24 Q.24

i
TABLE AA-8 INTERACTANCE MULTIPLIERS. REGINA. NATJONAL SYSTEMe 1943-1973 ¥

ARC 196) 19564 1963 19668 19487 1968 1469 1970 1971 19r2 1973
TOIONTOA=-REGINA a41.30 40.93 4,16 3I7.,91 38,59 40.95 41,17 42,13 41.89 42.52 42158
FOPONTA=CALGARY B.71 8,22 8.37 Ta82 Taa Ted} 7.01 Tel% T«00 G.70 G485
TORONTO~SASKATDAN ‘Tea2 T+50 Ta90 T8 Tea72 TuTO T.%8 &.80 BelS 4.88 4.57
TORCNTC~ECHMCNTON TelS 6.86 Ted2 6.9 e. 70 d.98 6.0t 6.80 B6eTS .41 6,53
TOAONTC-wINNIPREG 6.2 6ea 6.59 .41 G.20 .30 6.310 4,08 6.10 S.84 5.50
YORONTU-VANCDVER Sa%2 B.A9 5,006 5.59 Se53 5.89 5.5% Sab9 5.77 S.67 S.71
TORUNTO=VICTORIA 5.79 S5.82 5.58 3.40 S5.24 S.22 3.10 5.27 &4.06 6a.32 &e29
TORCHYO-LONDDON 3,03 .21 d.28 .58 3a.tn 3.J4 Je 66 3«21 Ju 21 J. 30 Jeda
TORQNTIQ-THUNCER RAAY 2«31 2eJO 2+4 2287 254 Zokd 235 2as23 253 2«35 2+38
TOQCNTN=CTT AwA=HULL 2.0% 2.05 2et2 244 24069 2a30 2ed5 2«43 2«59 2.70 27T
TORONTO=- w[NDSOR : 175 177 ' 1498 2.023 2436 2+1% 2,19 2.08 2.10 2.38 2«41
TORCNTO=FAL [FAX 1.6 1.2 1«03 1.80 2«11 1«81 ' l.91 157 1«98 2ela 210
FORCNTO-SALNT  JOHN 155 1«54 1.38 laT7 2.00 lebY l1.82 .80 1.80 1.95 2.00
TORONTO-HONTIEAL 1.54 1.061 1.06 1.91 2-29 leB8& | 2408 ‘L «94 1.90 1.94 240%
TOFONTO-CURCEC t-S51 1«53 163 1+79 223 1e82 1.95 1 .86 1.97 L.99 2a12
TORONTQG~ST, JCHN*'S 1.3% 135 1.31 152 1.80 Ls08 L7 1.21 1«70 1.7& Le72
TORCNTO~SUDBURY Qe60 Ce73 0«99 Qe7T Oe70 Q«78 Q79 0.85 D.83 1.07 1.08
MEAN . C.16 0.46 Ca17 Q.17 Q.17 0.18 O.16 Q.18 Dels Gs1S D16
SKEMNESS = 3.01 3.01 2.98 JaC4 3«07 3.08 J.12 J.123 3a.14 320 3.19
KUTASI S T 8.4l S.04 8429 8.58 8.71 B.75 BaSa 9.02 D403 9430 9.28
STANCARD DEVIATION T De28 .26 0«26 Qa6 0-26 Qe26 De2t D26 Q.20 D25 Q.23

i}

TABLE A4=9 INTYERACTANCE HULTIFL!ERS. SAINT JOHN, NATIONAL SYSTEH. 1963-197) ,

ARC. . 19563 1984 1965 1966 1967 1968 1969 1970 1971 1972 1573
TORONRTO=SAL KT JNHN 61 .91 63489 £3.98 (4,40 62.51 64,823 67:08 66.48 €8.83 £5.2%5% 58.99
TORONTO=-HALIFAX 10.A9 Q.71 Q.57 8.60 B.T2 8,04 T=45 TeAb Bat] b.08 €.42
TORINTA=-5Y . JORN'S S +50 S.06 4.70 4959 a.64 4.49 4,33 4.17 .95 3.75 3,05
TORGNTn—iD!HEC 254 | 2.64 275 2.5 2.54 2.56 2545 2e41 222 Qe 2+16
TOTONTO=MUNTREAL N 2450 2.01 277 2475 2.8% I 2.72 2a57 2 .60 2e4) 2.28 2.28
YORCKRTC=LGNDON 237 236 2ea7 22495 2.48 230 2.39 20 15 2.16 2.317 2.25
TORONTD=NYTAWA~HULL 1.40 1.82 t.53 1 .94 .97 Lens 1.70 le91 .79 l.84 1.28
FTORONHTO=vICTORIA 1.66 1,43 1-41 1e02 1.64 1.47 1.36 1.52 1t 1.39 [ ]
TOPONTN-CALGARY . 1«45 - 1.2 1237 Lana 184 1.328 1.37 1ea42 139 1.3] 1en}
TOASONTR-COMONYON l1ada 1«24 1.38 141 1.63 1.37 1.36 1.4) L.40 1.3% 140
YOACNTO=VANCAUVER Laal 1.32 141 t.al a2 1.43 1.35 1.42 1«36 le3a Tuayg

L JORCHNTIN=-SASKAYGON 1439 1.2n 1.30 133 1.50 1.29 1,30 le26 1.29 1.21 .30
TOUONHTA-RINHIPELG 133 1.36 t.26 1236 1.55 131 1.29 .33 la27 1425 1.20
TOAONTO-AFGINA : 1.32 t.213 le2% 1+34 1«51 de30 1.33 lad2 1429 1.29 1.3%
TAHCNT = wINDSOR 1.06 1.07 1.C9 1a12 159 .26 1,32 La27 1a26 lele .34
TORONTO=THUNDELH NAY . Q746 | 0.AD C. N 0.5 0.99 Q.81 0.75 Q.78 .67 Q.72 0.78
YOA0HTO-SuDOUnRY [+ .1 ] 0.64 0,55 0.74 .42 0.70 .80 [ 1Y .3 ] Q.87 Daoa D.80

. LY
MEAN . , 0s10 0,10 0.10 0«10 0.%0 c=10 0.09 0.09 0409 ¢.09 Q.08
SKE WNESS . J.27 3. 3.32 3.4 3.3 Jals 3. 386 Julb J.2n 3, J2 J.3o

KURTNSj S Q.51 Q.74 C.nA? 9. 94 9.2 9493 10.06 10.07 (0«14 10.14 10,16

STANCARD OCVIATION 0«20

0.25 0.25 0.25 0.2%5 0.23 Q.25 0.25 Q.25 Q.25 0.24%

POOR coP‘I-:_.
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TADLE AA=]10 INTERACTANCE MULTIPLIERS,

ARC

TORONTOLST, JOHN®S
YORANNY Q= AL TFAX
TORQONTO~SAINT J0KN
TORONTO=MONTHEAL
TOHONTO~LONDCN
TORONTO=CUE HEC .
TORONTO-0OTT AWA=HULL
TORONTYG-VICTAREA
TORONTYA=VANCOUVFR
TORONTA-CAL GARY”
TORCNTO~EDMCATCN
TORONTO-SASK ATOON
TYORONTO~KRCGINA
YORONYO-wINNIREG
TORQONTO-WINDSOR
JORQONTC=THUNDER OAY
TORONTO=-SUDBUARY

EL AN P

SKEWNESS - !
KURYOSIS
STANDARD DEVY] A'I'I’DN

Q

1961

64,17
9.0%
SenQ
2.43
232
2.19
1-27
166

L

1944 -

L]
62,30

Pl -

023

‘60.08
0. 33
Ded

023

2a04,

NAL, SYSYEM,

63 .40
8.0]
et 9

19411572
~ N
1066//‘106? 1940 1969 - 1970 1971 1972 1973
r

aa.o%
N\

63.70
7.09
5.27

2.54

TAEL! Aa=11 INTERACTANCE KULTIPLIERS. SASKATQOON. NATIDNAL SYSTEM, 1981-1673

ARC

TORCKHTD=5ASK ATOON
TORONTO-HRFGINA
TORONTO~CALGARY
TONONTO=ECHERTCN

. TNRONTO=wINNIPFG

TOPONTO-VANCOUVENR
TORPONTO=VICTNRE A
TOARONTO=LCNDAON
TORANTD-YHMINDER BAY
TORONTO=CTTAWA=-MULL ~
TORONTO-HAL TFAX
JOHONTO=w INDROR
TORONTO=SATNY JOHN
TORONTO=-MONTRE AL
TORCATO=-CUBLES
TORONTD-ST, JOHN'S
TORCNTO-SUDRAURY

“Ean .
SKEwNZSS
KUIYOSTS

ETANGARD DEVIATION

- .

TADLE A4-12
- ARC* . '

TORQNYO~ SUDAURY
TOQHNTO-LONDIN
TOPCNTC=w INDSNR
TORONTO=-VIC TORT A
TORONTO-HAL {FAX
TORNNTQ-SALAY JOMN
TORONTO-REGENA
TORCHTO=wINNTPCG
Tnncnrc-VAuccqug
TORONTO-ENNQONTRN
TORCNTO-C AL GARY
TORNNTO~MPNTRE AL,
TORONTO=-CULIrC
FYORONTC~SAGKATCON
YORONTO-CTTAwA=HULL
TOROQNTO=5T . JOFN*S @
TORONTO=THUNDER HAY

MEAN

IKEWNESS

KURTOSIS

STANDARD DEVIAYION

1963

51 .24
& +40
6.8
Sa79
Seat
4.90
4 .04
ZeT4
.90
1.82
1.A47

1963

92.91
G008
0.59

L, 051
Q.50
0.5
[« K%
CahrA
D.43
Q.42
Ded2
0439
0.6
0.8
0.34,
0,29
Qa27

1964 5
s

S2.48
G+4S
Ge 09
Seda
5.04
4. 65
439
203
209
1.78
1.38
1.13
1.27
133
129
1.02
QGe3%

Cal2
d.28
Ta b1
Qe 253

1964

93.22
107
T.42
Ced6
[+ - 1]
0.38

- Qe 3a

. 2037

Q.34
0,33
.36
Osat
CQeda
Q.34
Dedn
.34

0.6

0.06
3.42
10.34
D24

19463

50.29
G.b2
Ge21
6.6
5,53
4.79
A L.52
2.32
2223
163
laa2
1.56
137
l.40
1e42
1.21
Oa32

»

9Z2.77
1.14
Q.46"
0.45
0.40
Qa4
0.36
0.a0,
0.39
0.39
.38
2 Q.a1
Qe4ad
Q.44
D4

1966

49,22
7.02
S5.n8
S.67
S5.73
4,74
4shd
3.06.
Rel2
2.11
1.48
le&7
1249
1«59
1451
1421
0.563

0.13
J.24
Q432
Q.25

1964

89.97

o665

Q.73
0.50
.68
0.66
Q.45
0.52
Q.49
d.AB

L]
0,
C.
Oa
Oa
O.
[ X]

.06
J.a2

" 10.34

V24

19467

40. 49
b2
Gs15
3.06
5,62
4,83
451
3.3a
Ze 1A
2232
1A
2.91
1471
2,04
207
1.59
Qe &

Q.14
J.24
Qe51
Q.25

L1987

B82.76
1.62
Ca?7
.59

=]
-
o

ORI &
AN s & O]

(=]
-«
v

1968

A

1968

1969

0.23

1969

Bo.13

$10.34

“s970

0«25

INTERACTANCE HULTIPLIERS., SUDBURY s NATIONAL SYSTEM, 1963-1973
‘1565

1$7¢

85.00
F LY
1«16
Q.76
C.B3
Q.79
D79
CeZ4
Q.74
QT
Q.70
o.e8
Q400

Q.71

0.93

0.94

Q.71
L3

0.07
Jaa2
10.33
Oe2

62 .49
Ta9d
S5.28
EXLE)
2.47
2al4
231
leta]
1e%%
}-67

Y.
1«66

1e71

1.89
la7a
177
1.01
1259
Q-84

Cula
J.24
.49
Qe25

1971

B82.44
2.83
Laas
‘Q.EA
C+n9
O.58
000
O.84
C.04
0.0’
Q.86
L+04
G.968.
0.%1
* lelS

1.02

1.18

0.07
Jaa2
J0.13
Qela

LIRS L:)
B.B2
S.30
2.87
cet2
2.47
229
1.02
P68
1.71
173

1972

1eZ]
1.03

r Qala
286
9a01
0«25

1872
-~

82.58
2 .85
la8
Q.Ea

RN
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A TABLE Aa-13 INTERACTANGE MULTIPLIERS: THUNDER DAY, NATLIONAL SYSTEMs 1963-1973

ARC

YORONTO=-THUNDER MNAY -

" TORONTO=wINNIPEG
TOPONTO~ SASKATCON
YORONTO~RCGINA
TOHNNTO~CALGARY
TOAONTO=-FDOMONTON
TORONT C=VANGCOUVER
TORONTO-VICTORIA
TORONTO-LONDON
TORONTO=CTY AwA=~HULL
TORONTO~MONTHE AL
TORONTO=HALIFAX

. TORORNTO-wINDSOR
TORQOKRTD-CUENEC
TORCNTO=SAINT JOHN
TORONTC=5T. JCHN'S
TOROMNTO-S5UDHURY

pA MEAN
© SKEWNESS
XURTOSIS
STANDARD DEVIATION

TADLE A4—=14 [NTERACTANCE MULTIPLICRSs VAMCCUVER.

ARC

TORONTO=-VANCCUVER
TOAONTO-VICTCRIA
IDHCNYD—CALGAQY
TORQNTCO=EQHONTCN

TORORTP-SAINT JOPN
TOROMTD=w] NOSCR
TORONTO-~ST, JORN®S
1oao~go-§uoaunv

MEAN

SKEWNESS

KURTOSIS -
STANCARD DEVIATION

19¢&]

6T.71

510"

2.92
2.84
2 .57
2,54
2en])
2.+36
229
1.44
127
1a26
1.25
1a2Z%
1.22
Q.90

a.51 -

1943

21.60
14,00
10.123
.87
T-88
T.70
YL
J.TA
Z2.83
2.%8
220
Z2elh
2+13
211
1.98
1e83
0.+93

0.39
1.40
1.25
0 2%

1964

48.460
5.27
2290
2.44
2.27
1.99
2.23
2a13
237
1.37

1964

21348
ta,60
V.51
Da79
Ta6l
T+55
651
4.02
2.63
2,58
2«19
2.2%
2.12
2+06
195
12 T4
1.05

19463

6033
S.28
3.Q7
2.7%
249
252
2483
2e28
2+83
152
1«50
1.30

1e22

1.49
ladd
1.07
Qea?

0.09
3.39
10.21
0.2

1963

F4
1

ORRNRNNNNNR PO oW
" FEENEEEEE N

CRONWP LA JULES D= b=
Ot = NG =N D

1966

64,55
3,24
3.21
.09
Pe63
2.50
2.%3
EYS
2.93

1965

20.43
12.57
9.066
Q.48
T .49
T.58

2a
4AeSa
J.07
2.79
Z.50
2.78
2.56
2.53
2.%0
2.09
1.04

.41

TABLE A4-15 INTERACTANCE KULTIPLIERS. VICTIRLA.

. AAC

TORONTO-VICYORIA
TOPONT(O-VANCOUVER
TORONTO-CALGANY
YORCNTO-EOMINTON
TORQHTO~REGINA

- YORONTQ- SASKATCAON

r . YOSONTO=WINNIPEG
TORONTO-LONDON R
YORONTA-OTTAWA-HULL,
TORCNTO-FALTIFAX
TORONTA-THUNRER BAY
_TORONTO=SAINT JOMN

. TORONTA~HOHT AT AL

TORONTI-0UF BEC
TORPONTO-ST. JOHNN®S
TORCNTO-% [HOSOA
TORONTQO~SUDDUHY
KEAN '

. SKENNESS
KUATOSTS
STAHDARD OCVIATION

L

POOR c.op-y.g |

19463

AG. 44
9.6
CaTH
6.3%
S .20
Selsd
4.09
2.78
2.01
1.7
Ta71
1.%8

1964

468.25
Q.97
G.70
Ga7T4H
5.06
Ly-1-
Aalb

“2.88

0.27

1563

" A5.956

¥
662
£.03
5.00
5.09

4206
3.27
2.16
1.72
1.76
1.59
164
1.68
1.39
1.42
0-61

015
3«11
.00
Ga27

1966

A7 .TA
B.27
513
b.02
467
4.TT
3.03
325
2.44

106"

175

1987

63.79
4.9n
2.n8
2.56
2.57
2.52
2.48
233
.03
LeS4
1.706
‘1.40
177
1.70
1.49
1.29
Qee?

0.09
3. 40
10.24
Q24

1508

a%.10
S.03
.10

NN

-
el s

2-40
2+20
d.a2
1.7

| L L]
1«34
1153
139
23
1.21
D96

o

-

1989

6%.52
4.0)
2.91
2.7
2.82
24234
2+3%
2.21

Jusd,

da91
1514
1.28
1.59
1450
1.32
112
$e.12

T 0.09

3eAQ
10.25
D28

L1970

65.20
4231
2.0t
286
Z2.48
2.4
2,40
2.37
Jadd
1+ 285
1akg
1.32
1e7%
150
130
1.22
1.008

0.09
3.A0
10293
. 0«24

NATIONAL SYSTEM,. 1963-1973

1967

19.96
124189
$. 27
Fedd
1 Te0N
Tel8
6.01
LXX-R
3425
2.7)
2.87
.22
3.11
2.82
2.71
2«45
0.58

L
1968

19.A9

12.08

Gad G
2,90
Taby
T«78
8..30
469
A.08
2469
22060,
2+82
2.56
245
2.55
2.38
108

Gad A
1.39
1.39
Ce3G

1669

19.28
10,48
Q.2
9.7%
7a.83%
TaBT
&¢53
4.04
.28
2«70
a4
"Jels
2.83
2.58
2.80
235
1.24

DedS
.39
1.55
0.35

1970

19«29
19.57
QsTH
.93
8,24
B8.22
geS)
4,52
Je22
2.62
2.2
2«%8
LRe7S5
257
-1
228
lala

04345
1.33
1.28
Q.36

NATIONAL SYSTEM. 19563~1573

1967

44,16
8. TS
6.26
GeR9
K. 75
480
3.94
3.57
2459
2420
1.82
c 2205
220
218
1.849
1.82
C.70

e

1968

43,71

B.BY
6.2
G662
S5.22.
S.25
.16
J.60
Z2+43
1.94
1063
l-U6

1949

Q7,56
7+10
5,92
5He0y5"
4,05
A.90
3.9
.58
2.48
199
1.75
175
2.0%
1.809
1«60
193
0.n6

O.14
d.2¢6
Q.58
0.23

1970

.

toT1 1972
63.22 63,16
As2)  AJB3
.04 284
2.480 2.79
2.59 2.54
255 3.51
2.41] Tk
2.51 2.640
3,62 3,90
1.99 1.92
1.46 1.41
1.43 1.39
1.87 1.80
1.42 1.28
Lala 1«39
131 1«17
157 213
0.09 0.09
J.40 340
10,24 10,24
0+24 Qo224
.

1971 1972
{9.14 19.12
10,48 10011
9.92 9.59
10.01, %.63
8.11 Tl
8.27  a.,28
.48 G.4p
4,81 4,48
3.2 .54
2447 227
2.73  2.66
2,90 2.93
2.78 2.82
2.60 2.76
2.63  2.87
2.45 2,38
1.22 140
045 Q.45
1.31 1.41
1.22 161
0.35 0.3a
1971 1972
472G _AT7.71
e .18
6.61  6.38
G.ak  B.1%
S.%% 5.39
S.a3 2.2
4,05 . 4,10
2.98  -3.01
2.28  2.37
1.09 1.92
1,60 1.7a
1.79 1480
1.78 1.7d
1} °Y B =78
1.084 1.57
1.74 1-81
0.78 0.93
0,14 ©0-14
3.23  3.2%
F. a8 955
Q.25 Q2%

191}

63.53
4 .00

Qeds

OalA
421
Q.44
0.2
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TABLE A4—1{6 [INTERACYANCE MULTIPLIERS, WIKDSOR, NATIONAL SYSTEM, 1943=19T73 N M
ARG 19463 1964 1563 1964 1967 1968 1969 ‘1970 1971 - 1972 1973 :
+ TORONTO-wINDSOR . TIVe00 60.00 SATA ITL21 S3.97 O81.TT 624406 60.79 61,48 62.21 41.28
TORONTO=CALGARY . J3.02 263 289 3.02 2492 2.32 2.50 2.61 248 2.51 2471
YORONTI=WINNIPEG -~ 299 3. 10 3«10 3.17 J.0% - 2.78 2+58 28T 249 XeTH 2.70
YORCNYQO-REG INA ‘2496 298 12 3.0t J.048 ' R2.T7] 2.30 2473 280 2.6T  2.88
TORONTN- FASKATCON Z2+R9 2.78 300 2e94 3.09 2.8% 2.63 271 2.57 2267 2,39
YORDNTO~CONONTON 2.7 2430 292 2498 290 2.56 2.+5) 2.63 2451 249 250
TORONTN=YICTNHLIA . 274 2.62 270 2958 2,78 Z2e3a 2.37 2. 71 236 2441 2.43
TORDNTO=NONTRAE AL FY-1.] 2451 2461 2,90 3.45 2068 a2 272 24+78 2+060 [3-X)
TORCNTO=VANCOUVER. 283 2432 2.68 209 2«78 2246 2el0 2432 ' 2434 2.35 LT
TORONTO=HALIFAX 281 2424 233 241 2.T4 2.27 2.32 2.23 232 221 . 235
TORONTO-LONNEN 2.61 2. 608 2.71 2+ 63 2sR9 2.406 2.40 2s03 Z2e8] fa28 .22 °
TORONTC-CUIEREC 250 244 Y- 1) 2«03 2+96 2,40 2,62 262 .08 2481 264
YORONTO-0TTAwWA~HULL " 258 2.78 2479 2.86 Z2T0 2457 2e5) 2+ 60 2.69 258 268
S TORONTO=SALNT JOHN 2a21. 2.19 238 2ean? 2. T3 2,22 2.26 2.24 221 213 2418
TORONTO=S5T. JCHN'S 2.21 1807 209 1.97 2.52 2.07 A«03 1.93 2«04 {81 1.086" .
TORONTO-THUMDER BAY 1.86 2401 LeB1 . 171 199 1.70 1.63 1.87 1 +02 169 l«78 !
YORONTQ=-5SUDEURY 1a21 2«10 155 la89 lea2 1«54 j«61 1e74 .07 210 1.97
N .
MEAN 0.10 0.10 0.19 Q.10 0.11 "0a10 0.10 0.10 0.10 oqlc 0.10
-+ SKEwWNESS . 3.42 JudQ .42 J.a2 3.2 a4 Jea2 J.42 Jua2 J.a2 Jaal -
XKURTOSTS 10+32 §0+33 10.01 10,31 10.31 1033 10.33 1033 10.31 10.33 19.M3) v
STANDARD DEVIATION Celd - Cald .24 Qeh .

D24 0.2e O.24 Qs20 Da24 Qa4 Celb

. . ]

TABLE A4-17 INTERACTANCE MULTIPLIERS. WINNIPEG. NATIONAL SYSTEM, 1963-1973

ARC 1963 1964 1563 1966 1967 1940 1969 1970 1971 1972 1972 1
»TO”BNYO—NINHIPFG 28 .58 J0eTS 24,069 23,37 22.T0" 23.a0 23.08 22.98 23.98 23,92 2a.00 '
TO“CNTU"‘AS‘&TOON 9.18 - P Y068 QeaT f.98 Q.50 930 Fab Tala 8.85 .06 .
YORONYO=-SEGINA . .00 LXES-] V.29 P09 BeSa 9«02  Bu.7B 9.07" B.64  Ba.09 B10 - .
'\-onouro-c.u.c.am' 7482 7e06  To51  Tol8 6437 709 7,08 7.32. 74207 6.9%° 4.2 .
9 TORONTO-EOMONTON Tell S.07 T =51 T.08 be.88 .98 S84 Te26 . Tals Ga.82 G822, i
TYORONTC~VAHCCUVER Tala B5a.62 5.82 - EY-1] [-XLT:] D89 GeTH 6«81 S5+ 5A G55 . 6.39, H
'TORDNYO~VICTORTA 6.73 Ge31 4,30 4,27 5.99 . 3.90 6.01 Ha26 Ga53 6u79 O=7% .
TORCNTO-THUNNER QOAY 5 +89 B.58 6.30 .20 5493 Ga12 SeT6 S.41 Se09 Se306 S.58 1
TORONTO-LCNDCN 4 .36 4 .37 A7 491 5«17 4.95 5217 4aT0 4,508 A84 4,70 !
TORONTD-OTTAWA-HULL 2.95 a9 Ze 1 336 3«63 3.29 338 ' 3.48 Jaa8 . J.60 3.28 '
TORONYTO~w [NDSOR .- 2.48 2548 2e 64 2.87 I. 10 3.04 3,19 ' 3,19 300 .38 3.28 !
' TORONYD=HAL IF AKX 2eb A 2432 2+32 2.51 2.84 22507 2466 2477 ZeTN 2.81 2.813 i
TOPONTQ=-MDNTREAL 2.43 2.43 Z2ed9 277 3+25 2=04 3.04 ,2+90 2.81 2.84 2«86 !
FORCONTIN=CUF BEC i 2431 231 7 Zaad) 1. Je19 2+.68 2«47 279 2«78 278 290 i
TARONTO=SALNT JOHN 2.27 2423 226 2«52 2.78 24481 2.5] 255 2eS5T’ 26] 2e+58 :
TYOACNTO-5T. JOMRN'S 156 1.08% 191 . 2.11 - 2. 4% 2.27 229 231 243 231 2.3t '
TORONTO-SUDBURY . 100 106 ' Da91 1a12 1.00 1.09 1.28 1.20 14230 FYLY] 1.55 :
. . . v |
ME AN . V.29 0426 0.29 + 0.3} Q.32 031 Q.31 Q.32 030 0.30 0.30 .
SKEMNE <SS : 2«15 2433 2417 215 2,27 218 2.23 Z2.13 2432 _2.40 244
KURTOSIS 4,77 5.54 4.85 A. 76 Sa32 4.87 Sel2 4,66 S.47 Saus~ Sa.02
SYANDARD DEVIATICN D24 027 Q27 Q27 0.27 Q.27 0.27 Qe27 Ga27 Da.26. Q.20
. . - - |
. . - e - . :
S . |
B \ . . T — .

POoR copyg _ -
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TAQLE Ad-1B INTCHACTANCE HMULTIPLIEAS, CALGARY. WESTEAN SUB-SYSTER, 1l983-1573

ARC

-
VANCOUVER=CALGARY
VANCOQUVER=REGINA
VANCAUVER=F DMONTON
VANCOUVER-SASKATCON
VANCDUVER—W INNLBEG
VANCOUVER-VICTORIA

HEAN

SKEWNESS

KURTOSIS

STANDARD DEVIATION

1963

A -5

16ah-

16«6
15.0
13.6

6.3

0.837
C.630
~0.817
0.409

1968

29.7
“16.8
17-5
14 .0
13.7

T8

DaT42
0597
-0.0%6
O.413

1969 1971

29.0 28.7
1%. 8 14. 6
1735 174
19.7 LA.T
13:4 13.4
D7 11.3

0.943 0.948
0,719 1.063
-0.0827 ~0.95]1
0.384 0.358

TABLE A4—19 [INTERACTANCE MULTIPLIERS, EOMONTON.

- ARC

YANCOUVFR-EDMONTON
VANCOUVER-CALGAQY
VANCOUVER-BEGINA .
YANCOUVER=SASKATDON
VANCOUVER=WwINNIDES
VYANCOUVER~-VICTYDRIA

MEANM .

SKEWNE SS

KURTOSIS

STANDARD DEVIATION

1963

0.400

1948

1969 1971

0.681 =0.4nb
0«39% 0378

1973

WESYTERN SUB-SYSTEN. 1963-19T73

1973

TADLE A4=20 INTERACTANCE MULTIPLIERS, REGINA, WESTERN SUB-SYSTIH. 1963-1973

ARC

VANCOUVER~RCGINA
VANCOUVER-wINNIPEG
VANCCUVER=SASKATCON
VANCOQUVER=CALGARY
YANCOUVER-CDOHMONTON
VANCOUVER~VICTORIA

MEAN

SKEWNESY

KURTOSLES

SYANCARD DEVIATION

&

1963

45.2
14.1
13.4
124
10.5

45

~0.337
O.411

1966

et

S
&
r
1
[+
4

[ TF 2.1

-
.
-
-
*
.

C.4R2
1177
=0ala?
D416

1969 1971

A9 2 S0

13.2 L3.0
13.1 10.5
D9 L -
9.2 Qe
5«5 Ta

0.415 0.23%2

1.265 14322

~0.232 =0.14N7
0402 ©0a.293

1973

0.366
1.3]37

=-0.l28

Qe394

TABLG Aa-~21 INTERACTANCE MULTIPLIERS. SASXATNON, WESTERN SUB-SYSTEM. 1963-1972

ARC

VANCOUVER-SASKATCON
VANCMUVER=W INNIPEG
VARLCAUVER=QEGI KA
VANCOUVER=CALGAQY
VANCOOVER-CDHONT ON
VANCOUVER-VICYORIA

MEAMN

SKEWNFESS
KUR@S 15
STANBARD DEVIATION

1963

54,8
124
11.3
9.4
6.6
3.0

O.360
1.283
-0.201
Qeat?”

1968

0375
1269

1569 1971

4,5
2.3 12.8
15

]
N
]

8.
5.0

0.362 0,332
1.300 1.326

w0e202 =0.100 ~0a142

0.401

O.401L OQ.401

1973 -

58.% -
i1,



TADLE AA-22 INTERACTANCE HULTIPLIERS, VICYCALA,. WESTERN SUR-SYSTCH. 1963-19T73

ARG 1943 | 511 1949 19713 1971
- .
~

VAHCOUVER=VICTYORT A %Y 8749 68.7 6l.2 577 -
VAHCOUVER=CALGARY Tad 6.8 H.8 0«1 -~ D8
VANCOUVER-SASKATION 4.9 B+3 + &8 Ta9 B.5
VANCTHIVE R-AEGINA - Y. ] b.a 4.7 TaT? Na.6 '
VANCNUVEA-CODMONTON 6.7 443 6.5 T0 Da.4
VANCCUVLR=w INNIPEG 0.8 6.2 G T3 8.1 .
HEAN Qe2€2 04258 0.261 0.292 0.319 b
SKEWNESS 1.381 1351 1361 12360 1.360
KURTOS!S =0.084 =~0.084 =0.00) —0.004 =0.004

STANCARD DEVIATION 0370 €381 0.303 0.383 0.306

v + .

TADLE A4+23 [INTERACTANCE WMULTIPLICAS, WINNIPEG: WESTERN SUB~-SYSTEM. 1943-1973

ARG . 1963 1966  )1sed 1971 1973
VANCOUVER=w INNT1PEG - 36.8  38.2 . 37.9 38.3 38.9
VANCOUY ER-5 ASKATOON 174 18.1  17.8 18.9 16.2
VANCOUVCR~REGIMA 16.8 17.7 16.7 1%.7 14.8
VANCOUVER-CALGARY 12.2 1.3 10.8 10.5 10.4
VANCOUYER-EDNONTON 11.3  11.0  10.% 18.4 1041
VANCOUVER=VICTORIA 3.2 5.7 6.8 8.3 Yo7
MEAN Qebla 0833 0,578 0,369 0O.5a8
SKEWNE 39 0.8%2 0.802 0.963 1.100 1.192
XURTOSIS —0476%3 —0.896 ~0.716 -0.519 372
STANDARD DEVIATION 0.398 0.403 0.303 0.3768 0.367

e

TADLE A4-T8 [INTERACYANCE MU TIPLIZAS s HALIFAX\EASTERAN SUB-SYSTEM: 19563=-1973

ARC 1363 1966 1949 1971 1973,
TORQONTC=rAL TFAX 43.7 43.2 4.6 43.0 43,5
TORCNTO=SATNT JOHN 19.1 1Ta7 16.5 15.3 15.2
TORONTO=-SY » JOHN'S 153 14,5 14.3 4.8 14,1
TORCAYC-LCNNCN 3.2 5.2 59 Ge2 Gal .
TORONTO=HANTREAL 4,3 2% | Sab - Se2 S50
TORONTO-CUEREC A.2 A7 4.9 4.0 4.6
TORONTO-C YT AwA-HULL Je& Aoh 4.3 4.9 Sed
TORONTO=-WINDS0R 2.0 T2 3.0 3.0 363
TORCNTO-5SUDBURY 143 1e6 14 1«7 a8
TORONTO~THUNDER BAY 1.2 1.3 1.3 143 1+4
HE AN 0.268 0.270 0.263 0.2581
SKEWNESS 1633 1.664 1.710 1.7%]

RYOSIS 1495 1.621 1,782 1.9290 .
ANDARD DEVIATION Q34 0,339 0333 0.33)

-, -
TABLE A4-25 [NTERACTYANCE MWLTIPLIERS, LONDONM. ‘EASTERN SUD-SYSTEM. 1963-1973

ARC l1963 1966 1969 1971 1973

TORANTO-1. QNOON ) TTe1 75.5 " 73.8 72.5

TORONTC-HAL [T AX 3.4 2.9 . 2.9 3.2 3.3
YORONTO-CYTAWArHULL 3.1 -3 3.9 4 o2 A4

TORCNTC-SAINT POPH L }.2 3.0 2:9 2.0 Ja2

TORCNTO=CUL 3FG ] 2e8 3.0 3.1 3.0
TOROGNTO-FONTRE AL 2.9 2.7 2.9 3.0 3.0

TORCNTO=-ST« JOPNTS, 2.0 2.5 2.5 2.8 2.7
YNAONYO-SUNULAY 2.1 2a2 246 29 L I |
YORONTN-THUNDLR BAY 1.0 2.0 P 2.6 3.0

YOROMNT O=% INDSOR S 1.2 1.4 1.5 1.6 1.4

HEAN © Oel134 0,133 0.137 A0 O.143

SKEWNESS 2.773 2274 Z.2TA  2.2T3  2.271 .
KUATOSIS 3.559 3.562 561 3,560 3.u5A

STANDARD DEVIATION, 0314 0314 04315 0,315 0.314 -

Ll L4



TABLE A4-26 IﬁfERACTANC! NULfIPLlEHSo HONTREAL. EASTERN SUB-S‘SF!H. 1963~197)

ARG ’ RLT B 1966 1969
TORONTO=NONTRAEAL 2%.5 24.0 24,1
TORCNTO-CUFPLC t 187 168.0 146
“TORONTC=%ATNT JDHN 1.4 12.0 Li.r
TORONTO= AL [FAX 10.8 10.8 10.4
TOPONTO-LENDON - i0a? 10,3 10.9
TORONTO-3T, JCHN*S 2.9 Tt 10.2
TORONTO=-OTY AWA=HUALL 3.5 S.4 5.3
TORONTO-~wINDSOIR 5.l 5.7 €an
TORONTO~ THUNDER BAY 3.1 . 3.2 2.8
YORONTYO=-SUDBURY 3.1 3.1 28
HEAN Q.321 0.449 0,488
SIKEWNESS . 0.714 0..018 0.800
KURYOSES * =0+606 =0.339. 0,134
STANDAHO DEVIATION 02333 0,321 0.310

1971

24,68
14,0
11.3
10.2
10.08

.8

1973 .

- —-.M'

UNQO OO DA
LB TR I N Y

~NeNDGRIAOD P

TAGLE A4-27 [NTERACTANCE MULTIPLIERS. DTTAWA-HULL, EASTERN SUD-SYSTEM 1963-}973

ARC 1963
TORONTC=CTTAWA-HULL, 49,1
TORONTO=LANDON T 101
TORDNTC=MAL TFAX - T3
TORONTN-CUEBEC T2
TORDNTO=SAINT JOKN &5
TORONTC=5T. JCHN'S - % 1
TORONTO=HON TRF AL rers
TORONTO=w INNDSOR ~ 3.9
TORCNYOD~-THUNDER QAY 3.0
TORONTO-SUDBURY TeB
MEAN Ce212
SKEWNESS 241458
KURTCSIS J.181
STANDARD DEVIATION 0.295

19686

A5
1lel
T3
Ted

1969

42.5
12.8

1971

9.0

1973

bad” |

WWRedNOaNY
uOOOa:ounq

AR NN

TABLE A4-28 INTERACTANCE MULTIPLIERS, QUEDEC. CASTERN SUB-SYSTEM, 1963-1073

ARC 1963
TJARCNTC=CUEREC 58.7
TORONTO=FONTRE AL 9.5
TORONTO~SAINT JOWN a7
TJORCATO=HAL IFAX 6.0
TORONTO=-LONOCN S.¢
TOQRONTO~ST. JOHN'S a1
TORCNYOD-CYY AW A=HULL 4.9
TORONTO=wINDSOR 28
YORPCNTO-THUNDER BAY 1.0
TORONTO-SUDBURY 17
MEAN 0.203
SKEWNESS 2187
KURTOSIS 3.3908
STYANDARD DEVIATION 03213

r

ARC 19463
TORONTO-SAINT JGHN &6.0
TORONYC-HAL IFrAX 12.8
JOHONTO-5T. JOHN®S 8.5
TORCNT O=-LCNOCN : 3.1
TORONYC=-QUEDFC 3.0
TORONTO=-MONTHE AL, Ja.C
TORCNTO-NTT Aw A-HULL 241
JORONTO~wNDSOR 1.2
TORONYO-SUDAURY [
TOROKNTO-THUNDER DAY . 0.7
. ‘ .

“HEAN ‘ 0.165
SKECWNE €S 2e147
KURTOSIS Jelta
STANDARD DEVIATION C.J35

.

1958

1966

-0

Co=NUWWWWGY
A EREEEERE)

[ 3- 170 AL R TONY

Qed27

1949

64,2
4.8
Sel
4.5
5,2
4.0
4.6

1949

1971

‘TABLE A4=29 INTERACTANCE PULTIPLIERAS. SAINT JOMN.

1971

>
1973

o
L]

Ll " XY Y
IR NN
AW e N=dren

EAST?RN 5UB-SYSTEM, t1963-1973
1973
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TABLE A4-=30 INTERACTANCE MULYIPLIEAS. ST. JOHN'S, EASTERN SUB~SYSTEM. '1963~1973

ARC 1983 1966 169 1971 1973
TYONONTO-5T. JOHN'S 69.2 06,2 68.0 ad.2 &T.3
TORONYQ~HAL T FAX 10.7 10,3 Ve th 9.8 .99
TAROMYO-SAI NT JOHN G Tad 7 St 8.5
TORONTO-LONDON «0 I3 «3 3=5 b
TORONTO-HONTREAL - 2a9 33 .4 3.1 Jda.l
TORONYQ=QUENEC, -4 29> 3.0 2.7 27
TORONTO=OTT AWA-HULL 2.2 2.9 Y] 2.9 3.0
TOPAONTC=wINDSOR Y- 1%4 1 126 1.9
TORONYON-SUDDURY 0.7 L0 1l 1.3 1.1
TORONTN=THUNDER AAY 0.6 Q.9 Qa7 0.0
HEAN D184 0,181 O.t58 Da1%4 0.157
SKEWNESS . 2108 2.190 2,206 2.210 2.204
KURTOS51 S Je293 3,299 3,353 3I.363  J.lab
STANDARD OEVIATION Cs324 Ca322 0.321 0,321 O0.320

TADLE AA~32 [NTERACYANCE MUALTIPLICRS, YHUNDER DAYs EASTERN SUB-SYSTEN,1963-1973

. ARC 1963 1954 1960 1971 1973
TORCHYO=THUNDER OAY . 9042 A7.8 B%5.6 83.6 039
YORONTO=-LONDON 2A=2 31 4,0 4.3 L Y
TORCNTG=0TT AwA=HULL 1.2 1a4 1a9 2.0 1.9
TORMNTO=-MCNTREAL . 3.1 1«3 1.3 1«3 Te2
TYORONTO-OUEDEC 1.8 1.3 13 1.3 fe2
TORCNTC=PAL [FAX 1 1ol te2 1.2 1.1
TORONTO-TAINT JOHN 1.0 el 1.2 - 1.2. 1.1
TORCNTO-wINDSOR 1.0 1.1 1ed _ 1a9 1.8
TOAGNTO-%T. JCHN'S 0.8 Qa9 140 1.2 1.0
TORONTO-SUOBURY - 1.0 $e2 1.9 2.e
MEAN N 0+s11R> 0,114 04117 0.120 0.120
SKEWNESS 20276 22273 2.272 2.271 2.270
KURTOS1S 3e367 24563 I.557 3.552 3.54@

- STANDARD DEVIATICN 04313 0313 0.312 0.311 0.311

TABLE A4-=-]1 INTERACTANCE MULTIPL}ERS. SUDAURY. EASTERN S5UB-SYSTEM. l?g}-lqrﬂ

ARG 1963 1966 1969 1971 1973
TORONTO- SUODURY 9%.8 . 92.4 91.1 86.3 06 .8
TOROHTO=LONDEN 1.0 2.1 2.4 3.7 3.0
TOPONTO-wINDSOR R 0.6 Q.8 1.0 1.7 1.7
TORQNTO=HALIFAX 0.5 Gan Qa7 141 1.0
TORONTO-SATNT JOBN ., 0.3 0.7 Oe7 1e1 1.0
TORONTO-FCNTRE AL Oes Q.7 0.0 Le2 1.0
TORONTQ~DUEREC 0,4 0.7° a.a 1.1 t.2
TORONTO=OTT AwA—HULL 0.3 Q.8 Ca® 14 1.4
TORCNTC-£T. JOMN®S 0.3 0.6 . 0.8 t.2 1.0
TORONTO-THUNGER DAY, 0.2 Oat - Cu7 et La2
MEAN Oe1QS 04109 O0.110 0117 ©O.11
SKEWNESS 2.277 2w276 2.276 2.273 2.273
KURTOSIS 1.569 J.567 J.565 3.540 3.558
STANDARD DEVIATION Qe315 0O.314 0.314. 0,312 O

Iy +
TABLE A4-33 [NTERACTANCE MULTIPLIERS. WINDSOR, EASTERN

ARC . © 1963 1966 1969 1978 1973
TORCHNY O-wINODSOR 7a.8 73.8 76.4 TA. & 75.6
TORONTO-NCHTREAL - 3.3 3.6 3.z 3.4 3.7
TOAONTO=HAL [FAX 3.2 3,0 2.8 2.5 2.9
TARQNTO=CUERFC 3.2 a.s 3.2 3.3 3.3
TORONTO~LONDON , 3.1 3.4 2.7 2.9 2.5
TOACNTO-OTT AWA~HULL 3.1 3.6 3.1 3.1 3.3
TOHORYC—SAINT JOMN 2.8 3.0 2.8 2.7 2.7
YORONTO-5Y, JOHN'S 2.7 2.8 2.5 2.5 ' 2.2
YORCNTYO-THUNDER BAY 1.9 1.47 1.5 2.0 * 1.8
TOROKYO~-SUDHURY 1.9 2.3 1.9 P 2.4
MEAN ' 04133 Q.13 D133 0,137 0.)38
SKEWNF 5SS 2.278 2,273 2,375 2.275 2.27a
KURTOS51S - . 3,563 3.558 3.56) J.543 . J.562
STANDARD DEVIATION 0+308 0.30% ©.310 0.310 O.311

S5UB-SYSTEMs 1961-1973
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TABLE A&-3a
ARC

EDMNONTCN=CALGARY
VANCOUVER=CALGARY
CALGARY-ENHMONTUN -~
TOAONTQO=CALGARY
TORONTO~MONTRE AL
VANCQUVEA=-EDRONTON
TOROKRTD-YANCOUVER
REGINA=CALGARY
WINNIPEG=CALGANY
TORONTO=wiNNIPEG
CALGARY = VANCOUVER

o b

i

198y

0.42¢
Q.07
0,200
0192
Oelut

O.141

0.135
0.133
Q.122
O.114
0.407

1964

RN R
-y P gk iy
N==Nssdd
O pU=g~Na

[-1-X-T+1-7-F-1-]

’
.

TR R Y NS O T RO L

1963

+

1908

[-2-2-1-4-T-7-]
LR I A ]

O
cnaba~Ne

TADLE A4=33 [INTERACTANCE SENiIJI?ITT- EDMONTON.

ARC

CALGARY=EOMONTON
VANCOUVER-EAMAONTON
EQHMONTCAN=CALCARY
TORONTN=MINTHE AL
TOIONTO-SOMCNTCN
VANROUVER=CALGADY
ToRONTO=- vANCOUTER

MINNEIPEG-CDMANTON

TARONTC—wINNIPEG
CALGCAR Y~ VANCOUVER
EDKONTOUN-VANCOUVER

TABLE Aa-30&
ARC

TORONTO-HAL IFAX
TORONT{I=HONTRE AL
HONTREAL~HALTFAX
SATNT JOFNwHAL IFAX
ETe JOHA!S~HALIFAX
TORONTO-0TTAMA—MULL,
QOYTAWA-HULL=HAL IFAX

TABLE AA-37
‘—-‘nc -

INTERA

TORONTO-LONDON

TORONTO-HKAONTFREAL
SHONTARTAL-L.ONDON
"OTTAwA=-HULL=-LOKDON

TORONTOD-OTTAWA-HULL

1943

Cetats
0315
Qa.1929
D.192
0.1%0
Galan
0135
Q127
aaY12
De107
0.108

19623 1964 1765 1986 1567
0327 0.312 7,337 0.327 0.217
0.308 0.3233 0.316 0302 0.325
0.3C4 0,327 0,335 0,324 0.169
Ost6e 0152 0.143 O.130 O.121
0127 04132 0Q0.122 04129 0,115
0.0M9 0,091 0.090 0.09% 0.096
Q.085 0092 0,091 0.099 0.098
)

CTANCE SENSITIVITY. LONDOM. NATIONAL
1963 1964 1563 1986 1567
0.290 0,283 0.244 0.2T71 0-223
0.292 0.280  0.206 0.260 0.281.
0.275 0.264 D0D.275 0Q.246 0.269
0.120 04139 04155 0.140 0.145

. 0.110 0.119 0.129 0.121 0a136

1954

19693

0.5487
.19

1966

TABLE AA~28 .. INTERACTANCE SENSITIVITY, HONTREAL «

ARC

TOQONTO~FON TATAL
GUEREC-MONTIEAL
MONTRE AL -QUEDREC

1963

0.709
0.13%9
0114

19¢&4

0,709
0.15%
O.114

1965

Q.699
Qg.128
0,092

1968

THNTCAACTAHCE SENSITIVITY. CALGARY, NATIONAL

1967

0+%30
0.321
0.283
0.1717
0.24%
0154
0.1286
0.109
0.113
0.0906
0117

\
lsia
\

De522
0,334
0-2R%
D.19%

LR R

Q+169
‘QslAS
0.101
0.1208
0.107
0.130

1959

536
0.359
0.302
Ce. 194
0a1lHA
Q.170
0.1A8
Q.0%2
Qer27
Q.107T

‘?.1&:

|

|
\

\.
|

SYSTEN o 1963-1973

i9T0

0.521
.74

NATIONAL SYSTEM. I963-1973

1967

INTERAGTANCE SENSITIVITY . HALIFAXe NATIONAL

. 1960

0.583
Oelaa
0.28%
D+.185
0.182
0-103
Qalay
V=099
Qs104
Q.133
Q124

1968

C.339
Qe 294
0.326
Qel28
0-116
0.057
0.02

SYSTEHR.

1968

1969

0609
De3as
0. 300
O.1a%
O-183

0. 201,

0.i50
Da092
Qella
Oa1la5
Qe 126

.
1]

1970

0591
O.381
0.289
0.180
Qel T
Q.2C7
0.151
Uells
g.110
QGe149
0129

SYSTEM 1963-1973

1969 1970
Qal3AT 04350
C.2R82 Q.271
Q0.323% 0.315%
Q. 099 0=0935
Dall3 0.111
0095 Del105
0.099 0.115
1963-1973 -
1969 1970
218 D.223
260 0.249
259 0.2as
176 0.185
142 0.1a7

HATIONAL SYSTYEH,. 1963-1973

1967

0.6%0
0.009-
Q.080

1958

Q.470
C.041
CaCag

/

1969

Q.045
0.0UA
C.0452

1970

D043
0.an?
0.053

B e R o

1971

cococooo0OoRo
T EEYREEEERR
e e v B O
NG OD i fides
ANOWORO =Ll s

1971

0.527
0.002
[ R:L XY

L v

A-15
.
1972 1973
0+508 O.491
04374 0.370
0.279% 0.263
0.196 Q.192
0.171 Oel72
0,169 0.171
0.159 O.i6t
0.079 0,083
0e121 Qo115
0,098 0,091
DelB1l Qelaa
L]
1072 | 1972
0.%560 0.545
0.34% 0,353
0e274 Q.253
O0s171 0Qal71
O«1R2 0e1nl
0.202 0.190
0.1%9 Q.1¢2
2.100 0.097
0.0668 0.089
OulSl Oalas
0.128 0e.128
1972 1973
0.350 0.358
0.246 0.235
0,272 0.258
0.082 Q.07
Da127 ©Q.113
0ell0 O0.112
0.129 04136
1972 5973
\l

0.207 dQ.208
0.248 0.239
0.250 0©0.237

0.203 0.200

Q0.153 0.i%l
1972 1973

Qe840 0,633
0.071 0.073
0,034 0.030




" »
A LR G A '

C ‘ e A~16

. b

~

‘ : =
-y

i

o

A

Al

3

-

. - ~
. Y , ra .
YTADLE A4-30 [INTERACYANCE SENSITIVITY, OTTAwA-HULLe NATJONAL SYSTEHM, L943~1973 4 N R
ARC - 1963 1964 1945 1088 1947 1968 3969 187Q 1971 1972 39713
" . ) . : - T . Vv
TORONYD=DTTAWA-MILL ©0.589 0.5A% 0,584 0,565 0537 0572 0.550 0.%48 0.539 0.526 0.313 v
YORONTO=HON TAE AL 0169 0166 0,158 Qo153 0,189 04147 0,149 0.1%2 O0.148 0,155 D.152 -
WONTREAL-OTVAWA-MULL 0.130 ©0.113 0,108 0.098 0,101 0,098 0+104 Da108 O0.107 04109 O.l12 %
- - . . -1 .
. i i ;
: . y
]
. ‘ - i o
N N . : 1
TABLE AA—A40 TNTERACTANCE SENSITIVITY, OUEDEC. NATIONAL SYSTEM, 1963-1973
ARG 1983 1954 tves 51968 1947 1968 1969 1970 | I9TI 1972 1973
MONT REAL=-OQUEREC 04781 0.781 0,743 0.496 n.osg\bo.avo 0.5SA6 04577 0.316 0.48% 0.4063
TORONTOD=¥CNTEF AL Oe%04 0Q.521 0500 0.48% 04437 0,400 0.397, 04390 0,357 0,388 0.320
TORONTO-QUEULC OelSA 0,182 04198 0.200 0,202 0.239 D230 0.23) 0.243 0.280 0.2467
CUEREC-MCNT REAL O.i84 0.114 0.092 0.081 0.062 0,049 0.051 D0.052 0.046 0.033 0,038
TORONTO=OTTAWA-HULL .0+989 0.090 0.00% .0.097 0,105 0.113. 02115 0.124 0.136 0.132 0.130
OTTAVA-DUEREC 0.00% - 0,089 O0.0M4 0s101 Qull5® 0,132 0135 0al52 0aIT3 0.174 0.171
N
TAOLE Ad~A1 [IKTERA Ichg SENSITIVITYs REGINAe NATIONAL SYSTEM, 1963-1973
ARC fvag 1964 1563 1968 1967 940 1969 1970 1971 1972 1973
CALGARY-RFGINA 0260 0,281 0,262 0.240 0.227 0229 0219 0224 0210 0.2C0 0,204 .
WINNIPEG-REGINA 0239 0,956 0,251 0.2%7 0,253 0.249 0.239 0.244 0,223 0.206 0.202
TORONTO-HON TRE AL 02184 0.192 .0.106 3,180 D.240 0176 Oel77 04172 Qe162 0.161 0.162
TORONTO=-REGINA 0.182 Qs179 O0s179 CelA0 0150 04179 04375 04170 ©0.100 04196 0.189
EDMANTON=CALGABY 0.169 043193 G217 0.268 0.210 0.216 0.222 0.219 04221 0Q.206]1 0193
CALCARY=ENNCNTAN Osl48% 0.165 0.192 04192 0.193 04222 0+21F 0210 "0.214 0,.15) 0.150
TNAQNTO-MINNIPEG Oel40 Q-148 0.13%5 0.135 0,124 Q.136 O0.134 04137 0.124 0.116 Q.19
VANCOUVE A—QEGINA 0el128 02125 Cel23 04121 Dell9 04137 0<151 0.15% 0.178 0.178 0,198
VARCOUVER=CALGARY 0al126 04133 04132 02128 - 0.127 0.138 Q.148 0.157 QC.1%7 Qa.lag 0O.ic8
EDHONTON-REGINA 0s123 Qel21 04121 0e121 04120 00132 0al26 003133 0126 0«13} Q132
- . \f
RN
-
TABLE A4-32 INTERACYANCE SENSITIVITY. SAINT JOMN. NAYIONAL SYSTEM, 1983-1973
- ARC 1983 1964 1585 ‘1968 1967 1566 1969 1970 1971 1972 1973
HAL TFAX—SATNY JOHN 0,439 0.377 0378 0.5853 04345 0,362 0.330 0.325 0,295 0,309 0,294
TOAORTO-FONTREAL 0336 0.369 0,360 0332 0.360 0,320 0.307 0,362  0.282 0.274 0.2863
MONTREAL-SATNT JOHN 0,275 0.342 04333 0,316 0.362 0.302 0.3C0 0.300 0.208 0,270 0.2%58
TORONTO~SATHT JOHN Cu226 0.226 Qo222 0,242 0215 0.248 0.252 0.28] 04273 0.269 0Q.277
TORCNTO-HALIFAX 0.145 0,132 0,134 04122 0,120 04131 04127 0.127 04117 0,121 0,119
HONTYREAL-HALIFAX 0.135 0,130 0.133 0.121 0,140 0.126 0.121 ©,11a 0.097 0.094 0.086
TAOLE A8-a43 [NTERACTANCE SENSITIVITY, ST. JOHHN"S. NATIONAL SYSTEM. 1963-1$73
ARC 1963 1964 1569 1986 1967 1968 1969 1970 1971 1972 1973
HALTFAX~ET, JOMN®S 0321 0.306 0.200 0.300 0Q.282 0.277 0209 0.29%5 0.290 0,309 0,.2$0
TORONTO~5T, JOHN'S 00212 0.320) 0.335 04332 0.290 0,313 04331 0s336 0,348 0.3556 D+356
TORONTO=-FONTHEAL © 04307 0.308] 0.291 0,201 0,318 0.295 0.269 0.25) 0.231 .0.230 0.222
HONTREAL=-5T+ JOHN'S' 0.274 0.286 0.251 0.252 0.307 0.209 0.,2% 0.234 0.208 0,208 0.201
YORONTN-HAL TFAX 0.113 0.11 CellO' 04107 ©0.102 0+106 0.112 0.115 0.111 D0D.136 O0.13a

\
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TADLE Ad-44 INTERACTANCE SENSITIVITYs SASKATOOM: MATIONAL SYSTEM, 1963-1973

ARC

1963

TTTY

N
1964 1964 1567 156a 1969 1970 1971 1972 1973
* - . \ .
W INNIPEC-SASKATOON Qe248 0,281 04237 0,273 04249 0256 0.258 04261 0.245 0.233 0.220
- TORONTO-#ONTHE AL © 0.188 0.197 0184 0.185 0.239 0.176 O.180 D.171 0.161 0.163 Oll61
TORONTA-SASKATOIN 0.184 0Q.l?2 0.1BT 0CalGY O0.162 0.173 0,159 0.1622 O.tha 0174 O0.197
- CALGARY-SASKATONN 04158 0178 0u182 0.185 0DalAd 04177 OQelf? 0.1H7 D0.166 0,170 0.167
EOMONTON~CAL GARY Oa143 0174 0,109 Qi85 04195 04201 04218 0¢211 0.207 0.193 0.186
TOMORTU=WINNLIDEG 0143 0,192 04133 0.143 (04125 04142 O0.181 0.143 0.129 0,125 0,113
CALGANY=FDMONTCH 0 0134 0.158 O.itla Q0,105 0.187 0.194 0.210 O0.2CF 0.210 0.198 0.10t
VANCUOUVER-SASKATCON 04125 04115 02120 04127 0.1)17 0.132 Oe.lad 04168 0,078 0.210 0.211
EOMOMNTON~SASKATONN 0110 Qal12 04123 0.116 04139 Dual26 Dul22  0.12%. 0.12% 0127 0.15%
VANCIIUVER-CALGARY 04107 04120 0.11% O0.114 0.117 0,130 O0.144 '0el51 0.140 O.146 0.139
YORUNTO= VANCOUVER 0.104 0103 0.1080 0.109 0.097 0.114 0.123 0.127 0,132 0.138 J.138
TABLE A4-43 INTCRACTANCE SENSITIVITY, SUDBURY, NATIONAL SYSTEM, 1963-19TY
ARc 4963 1984 1063 1966 1987 1983 1989 1970  197L 1972 {913
TORONTO~ SUDDURY B Q790 0,736 0793 0.749 0777 0759 0767 0.736 0.723 0.711 O0.718
TORONTO=-MONTRE AL 0.079 Q.108& 0,003, 0.067 0.093 0.085 0.080 0.00% 0,093 0,089 0.083
KONTREAL=SUDBURY 0071 0.109 0.CO0 0.094 04054 0.078 0,075 0.086 0.092 0,000 0.068
: - ' . " .
TABLE AA-40 INTERACTANCE SENSITIVITY, THUNDER MAYa ,NATIONAL SYSTEM, 1963-1973
"ARC 1962 1964 1965 1966 1967 1948 1909 t¢7¢ 1971 19272 1973
. .
TORONYO-THUNOER DAY 0555 «0.574 0,369 0,203 0.547 Cuo578 0.5 0.5A7 0.595 0.%75 0.576
WINNIPFG-THUNDER HAY 0.229 04221 0Q.222 0,230 0.219 J.223 0.203 0.195 0,184 0,188 0.185
TOACNTO-MONTREAL 0127 Oal33 04337 0120 0153 C.112 04109 0,105 0,097 0,099 0.397
TORONTC-s INNIPEG 0.990 04095 0,098 0.09%F 0.082 0.009 0.088 0.08%T 0,076 0.078 0.074
. r
. N 1}
TARLE AA~-47 [INTERPACTANCE SENSIVITYs VANCCUVER, Nar:onﬂt#svsrsu. 1963-1973
ARC 1963 1964 1965 1966 1967 - 1968 1969 1970 197t 1972 1973
TORONT (= VANCUVER 02298 04301 0.304 04296 04267 0.296 04298 0.259 0.316 0,316 0.317
CALGARY=VANCOUVER 0e233 Q.256 Qo251 C.249 0.249 0,268 0,209 0,296 0,300 0,300 0O=283
EDMONTCh -V ANCOUVER Q0232 C.237 Q.22 0.234 0.234 024G 0.251 04255 04250 0255 0.258
YICTORIA-VANCCUVER 0201 04218 0193 J.159 0.180 0,134 0.116 0.118 0,008 0.,08! 0.C07¢
TORONTO=MONTOEAL " 0.20C C.204 0Q.2C2 042C8 D253 O0el98 QJal94- 04lH? Qo173 0173 04177
. WINNIPCG=-VANCCUVER 04169 04149 04149 0.135 0,145 04193 0,166 0.161 O.143 O.143 O.138
. CALGARY=-EDMONTON 0,149 0.178 04193 04199 "0+202 0.209 04221 0.Z2i8B 0.226 0u207 0157
EOMONTON=CAL GARY 0s147 Q.177 0e193 02192 04197 04202 0,215 0.2%% 0,220 GCu206 .Co198
VANCOUVER-VICYDRT A 04131 O0.148 0.123 0.0%4 O0.113 0.117 0.064 0.C87 0.052 0.042 0.0319
MONYTRT AL -VANCOUVER 04129 Q.130 04137 06143 Jal9% 02137 0.148 0,141 O0.130 O.1264 OCald7
VANCOUVE R=CAL GARY 0.1C9 0,121 Q.l17 G.117 0119 Qal3C Qs1448 Gol151 04157 0u152 0,136
TORONTO-®INNIPEG G108 0,105 0.097 0.098 0.090 0.097 04102 0,104 0.0%98 0.092 0.085
VANCOUVER=-EQHONTON 0105 ©Q.108 0,109 04111 ©0.109 0123 0elZ24 04125 04123 0.127 0C.128
. i\ - l '
A . A
TABLE A4-480 [INTERACTANCE SENSITIVITY. VICTORIA., NATIONAL SYSTEM, 1963-1973
ARG 1983 1964 1565 1966 1967 1968 1969 1970 1971 1972 1973
VANCOUVER-VICTORIA 0.620 0.6A0 0,410 0C.543 0,580 0,569 0.437 0O.442 70 0.321 D.298
: TORONTO-MONTREAL G196 0.203 Cul99 0,202 0D.244 0189 0.186 04182 0.169 0,170 0.168
TORCNIO=-VANCNUYER C.199 04295 0,194 0.178 0.1&7 0.183 0.16%5 O.lea 71 O.iLa O.1038
CALGANY=- VANCOUVER 0150 0.174 0,160 Q.15%0 D0.135 0.105 04157 Q.166 0.162 0,15¢ O.l4s
CLOMONTON-VANCAUVER 0. 149 O.161 Os Qela) O.148 0,158 0,138 Q.14 0.125 .12 g.129
EDHONTCA=CALCANY 0.14) 'O.I7A 0. 04180 0.186 00190 0,199 C€.200 0.230 0.220 0,217
TORONTO=VIC YORT A 0-141 0.120 0.1J9 032151 0.130 0.165 0,181 0.167 0,157 D0.150 Os148
CALGARY~ECHONTCH 04139 0.178 0,106 0.1A4 0.150 0.193 0.205 Os202 0.2728 04214 0.218
VICTON A~VANGCCOUVER L, 0e127 0.148 04123 04095 0,112 0.11) 0,068 0,086 O0.053 D.042 Oe040
VANCOUVER~C AL GAUY 0,105 0,119 0,113 0.11% 0.312 0122 0.133 04143 0.168% Oel62 0,162
VANCOUV ER=FNMONTON 0.090 Q.10 0.123 0.1C3 0.103 0,314 0,113 0,117 0.124 0,132 Q.138
FOMONTAN=YICTORT A 0.370 0,103 Q.04 0,014 0.089 0,008 0.098 0,101 0.126 0.142 0.129
CALGARY=VICTORIA 04097 0.0956 QelC5 02105 0097 04109 0.126 0,139 0.191 0.208 OC.2L4

et it
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TABLE A4—A9 . INTERACYANCE SENSITIVITY. WINOSOR. WATLONAL SYSTEM, |9ﬁ3‘|°73 N
ARC -~ ‘96? 1964 1963 1968 1987 1460 1969 1970 1971 1o72
L YORONTO=wiNOSOQR . O848 C.0A9 0,614 0,974 O0ua92 0.553 0,530 0,536 0.50% Dea%6
- MONTREAL-W I NDSOR 0a.16] 0.153 O4l68 B.184 0,293 0.193) 0. 194 0.192 Q208 0201
-t FORDONTO=MCNTREAL Q.1506 0.!5[ 0al61 DV.lT4 Q.242 0177 Q17T 0172 0.182 0.1814
. 9 .
TABLE A4=50 INTERACTANCE SENSITIVITY, U‘NHI?EG, NlTIﬂNAL‘S'sTENC 1963-197)

., ARC ' 1963  tesa 1963 1965 (96T 1968 1989 1870 197V 1972
TOAONTO=NTNNIPES 0.356 04380 Q..349 0%343 0,316 0,346 0,347 0e34) Q338 0.330
TORONTO=MONTHE AL, 0,192 0:19) 04192 0.190 0.237 0.1n3 0.1n0 Cel?73 0163 0.18686
VANCOUVER-w ! IPRG ' Detf6 0.159 0a4180 0.1063 0. 1954 0.169 04192 0380 0174 Qa7
MONYREAL=-WINNIPEG 0,131 O.1al Q134 .0,.114 O.1806 0.135 0.132 0.121 D119 CGa116
EDHONTON-CALIGARY 0.300 O.111 0,134 ©0.132 04138 O.142 04182 0.15) De133 Tela7
CALCANY=EDM{INTCN 0.099 0,090 0013 G.138 0.137 0.1308 0.148 O.1081 Oal37 QO.l4a
CALGARY=wINNITEG 0,09 ©0.10% Q0.101 0.094 0,093 0,313 0,117 0.121 Q.117 Qel20

O.108 0.104 0.102 0,095 0.094 O.080 0,087 0.0B46 D079

.REGINA=W INYIPLG 0.0%90

/

s
'

TACLE A4-351 INTERACTANCE SENSIVITYs CALGARY, WESYERN SUB=SYSTZEN,. 19063-1973

ARC 1963 19686 1969 1971 1973
EDOMONTON=CALGARY 0.610 0Q.Ta9 0.723 0.702 0653
VANCOUVER~CALGARY O .4%% Qo400 O0.484 0,501 0s.492
CALGARY=EDUCNYCN 0.336 0.a%7 O.439 0.432 0.370
YANCOUVER=CDMONTON 0.237 0255 0.247 0,236 0,243
REGINA-CALGARY 0.192 Oe169 0Oei24 0Q.111 0Oa.11l
WINNIPTG~CALGARY 0,176 Q170 02§72 0Ca.1%8 0,133 X
VANCOUVER=WINNIPEG 0,139 0,132 0e129 0.3}10 0Q.106
CALGARY=REGINA 0106 0.098 0.066 00357 0.054

- X Fd

TABLE A4-32 [NTERACTANCE SENSIY}MITY- EDKONYON. UESTEEN SUD-SYSTEM.s 1943~1973

- ARC . 1963 968 1969 1971 1973
CALGARY~EDMONTON 0.84% 0.807 0.203 g.802 0.718
VANCOUVE R-ENYCATCN 0.456G 0.451 04433 0,438 0.1&5
EOMONTON-CALGARY - CedI6 04452 0,438 02429 0,377
VANCCUVEFR-CALGARY £.250 0.278 D,293 C€.3C6 0.2913
WINNI{PEG-LDMCKRTCN O.104 D0.153 04122 Q.13 0.128
VANCQUVCR-INNIFEG 043137 04127 0Q.121 0.108 0.102
REGINA-CALGARY 0.10% ¢C.102

0

A

6;075 C.068 0.063

TADLE A4=53 INTERACTANCE SENSITIVITY. HEGINA« WESTEHN SUB-SYSTEM, 1963~1973

ARC 1963 19686 1569 1971 19723
CALCARY—-REGINA CeAl Q.302 0.327 0.311 6,308
WINNIPEG-REGINA 0374 O0.410 0,356 0,332 0.305
"EDMONTCN-CALGARY 0,345 0.420 0.391 0.368 0.329
CALGARY=ECMONTCN 0.302 D.399 0.3263 0.256 0.311 .
VANCOUVER-CALGARY Ce257 Da263 0,262 0202 0.247
VANCOUVER=-ENKONTION 0.213 (.22 0.206 0.17%4 0,202
VANCCUYCR=-wW INNIPEG D236 0208 0.201 0.163 0.1%%
VANCOUVFR-NFGINA 0.201 O0«193 0.225% 0,205 0.299 .
EDHONTON=REGINA 0191 04193 0187 0.186 0.199 .

. .

1973

AR BT

Q4?3
0.230
04198

-
€0
~
1]

Cooo00Oph

© v o gn s e e [
DwerroN
Ot saNR™
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TARLE AA-34 INTCRACTANCE SENSITIVITY, SASKATPDN. SESTERN SUB=5YSTEM, 1963-197)

ARC 198) 19448 16569 1971 1973 4
t .

WINNIPEG=SASKATOON 0.389 0,415 QLIS (0.363 0.333
EDMONTCN=CALGARY 0312 04387 O0.38! O0.349 0,309
CALGARY=FNMONTEN 0298 0.3A2 0,362 0.351 0,293
CALGARY=SASKATCON De2483 04221 D272 0,248 0.2%2
VANCOUVFR=CAL GARY Q0232 06238 0.253 p.24a9, 0.229
VAHCOQUVER=wINNIPEG * 0.7217 04219 0.2t1 0178 D.162 .
VANCOUVER-LDMONTON 0+2C9 04213 04204 04152 0.190 -
VANCOUVE RS ASKATCCN 0197 QCal93 0.209 .0.265 0.318 !
EOKDONTON-S5ASKA YODN QulBs 0.176 Qu177 O0.lBS 04173
REGINA-SASKATOON 0127 041863 0.121 0.001 0.0

.
.
.

TABLE A4-53 [LINTERACTANCE SEN3IYIVEITY. VICTORIA, WESYERN SUB=SYSTEM, 1943=197)

'
ARC 1963 1906 1949 1971 1973
. VANCOUVER-VICTORELA 0729 04692 0.599 0.487 0.39%
EDMONTCN=C AL GARY 0123 0.180 0.222 0.284 0.300 '
CALGARY=EOMENTCN 0.120 Q4178 0219 0279 0.291
CALGARY-VICTORTA 0,313 Oe134 04173 0.2%1 0.28%
VANCOUVER~CALGARY 0,093 0110 Q=148 Q.203 0Q.223%
. . EOHONTCHN=VICTNOI A 0.000 0,107 0Q0..134 O.l6a 0,209 y

d YANCOUVER=EOMONTON 0083 O0.099 0O0«123 0.152 O0.188

TABLE A4-556 IATERACTANCE SENSITVIVITY., WINNIPEGe WESTERN SUB-SYSTEM, 1983=1%7)

ARC 1963 1968 1$6¢ 1871 197)
N . . -
- o v
VANCOUVER-WINNIPEG Oe43L O0.421 " Qsa44 0,400 0.402
- EOMONTCh—CAL GARY 04271 0.J44 0.326 0,328 0.259
> CALGARY-EDHCOATEN © 0,266 0.345% 0.309 0.329 0.288 .
CALGARY=%]NNIPFC D247 Q240 02271 0Q.2469 0.260
EDMCNTCN=-W INNIPEG 0e237 0.228 0173 0.29% 0.202
REGINA=wINNIPEC 0.233 0.26C 0.203 0,199 0,177 .
YANCOUVER«C AL GAQY Da202 04211 0218 0.234 0.221
VANCOUVER-FOMONTCN O.188 04193 04174 0.180 O.i8€
- SASXATOON-WINNIPEG 0.161 O.l188 0,173 0.180 0.i70
CALCARY~PEGINA Del21 0.121 0.08% Q0.078 0,070
' WINNIPEG=REGINA - 0111 Oet30 0092 0,083 0.069 ,
: TABLE A4=-57 INTERACTANCE SENSITVIVITY. HALIFAX, EASTERN SUB-SYSTEN, 1963~1973 -
: ARC 1963 1966 1969 1971 1973 »
. +
. TORONTC-HALIFAX 0.J60 0358 0384 0.390 Q.408
TORONTO-MONTHE AL Q.360 0.359 0347 0.310 0,290 .
MONTREAL“MAL TFAX | 04335 0,35¢ 0366 0.323 0.294
SALNTY JOHN-HAL IFAX 0181 D.141 0O2t10 0.063 0.091
5¥e JOMN®S-HALIFAX 0,140 04142 00123 0,130 0.120
TORONTO-OTT AWA-HULL ‘0al04 OCull3 Oellts OCul40 O.lal
OTTAWA=HALIFAX G+093 0.108 04110 O0.141 O0.15S

-

TABLE A4-58 INTERACTANGE SENSITIVIDP¥e LONDCNs EASTERN SUB-SYSYEH. 1963-3973

- -

ARC 1963 1966 1969 1971 1972

TORONTC=LCNDCH 0.374 10,364 0.293 0-259 0.27n

KONTREAL -LNNDCN 0.355}]0\33! Q0.J49 0.335 0,314

" - YORANTO~MONTPCAL QaT148; 0,322 0.338 0.J286 0.311
‘ . OTYAwA=NULL~LCADCN 0.155 0.107 04237 0.266 0,267
TORONYO-OTY AwWA-HULL 0137 04159 0196 0,218 0.212



»

TABLE A4-39
ARC" .

TORONTO-MONTREAL
GUEDBEC=MUNTREAL
MONTRF AL =QUENEC
HALIFAX—=MONTRE AL

v

Q.78
0.17
0.1

1963 -

19464

0.TT8
0.1139

02099

[ LY )

O.740
Q.100
0.04)
CelOa

t9re

0.250
0.0%7
0.034
0,093

1978

C.732
c.ons
04047
d.008

A-20

INTESRACTANCE SENSITIVIYY, MONTREAL, NASTERMN SUQ-SVS?EM._I963-197J -

TABLE A4—80 INYCRACTANCE SENSITIVITY.0TTAWA-HULL +CASTERN SUB=SYSTEM,§0a3~197)

ARC

TORONTO-QTTAWA—MULL
TORCNTO=MONTREAL

19631

De.6R88

o.ine

HONTREAL-QTTAWA=HULL 0.151

-+

TABLE A&-51)
ARG

NONTREAL-CUEBEC
TORONTO-MCNTAREAL
TORONTQ=CUEDEC
OUEBEC~MCNTREAL
TORONTO=OTT AWA~HULL
OTTANA=HULL~CUEBEC

TABLE A4~62

ARC

HALIFAX=SAINT JOHN
TOROHTO=MONTREAL
HOMTOEAL=SATAT JOMK
FJORCHTIC=SATAT JOKN
TORONTO=-HALIFAX
HONTREAL-~-MHALTFAX
TORONTO-OTTAWA-HULL

1963

0.794-
Ca573
Q.20
0.1131
O«101
0.009

1962

it w450
©.389
0.20n0
0.2136
G168
Q.154
0.095

1988

0:690
O.168
0.120

1966

19656

D361
C.392
0.J32
0.254
Q.140
Q.139
Cal0a

1569

0.6a8
0.16%
0.128

1969

" 19e9

TABLE A4—63 INTERACYANCE SENSITIVITY, SY.

ARC

TORCNTO=HONTREAL .
HALIFAX=ST, JOHN'S
TORONTTO-5T & -JOHN'S
MOHNTHEAL-5T. JCHN'S
TORQNTO~HALIFAX
MONTRFAL=HALIFAX
TOHDNYU—CTIAUA-HULL

1963 1986
-4

0.3%5 0.330
02333 o0.31s
0.3208 0.349
0.2R7 0.265
0.120 0.123
0.120 0.122
0.093 0.)06

{béq

1971

0.671
.17
0133

1971

0.556
Oeadd
0+ 2064
2.036
Qa169
CJ.l806

1971

1973

0.651
0.177
Qelsnd

1973

[=1-2-1-F-%-}
e T Y]
QUuNBoo

t
1
s
&
L]
a

1973

INTERACTANCE SENSITIVITY, QUEBEC, EASTERN SUB-5YSTE

v,
]

My 1963-1973

i

” ° Wt '
!NTEFAC'ANCE SENSIT.VITY. SALINY J0OHN. EASTERN SUE-SYSTEN. 1943~1973

JOHN®S s EASTERN SUB-SYSTEM.1963-1973

1973 .

EERER]
Ledmbal s L ¥ L7 E 5
N WN s =D
O M-

T OpoOOoOOoOo

1972

Codoooa
L B N L Y
LODONN-

LN
RO L 5 ey
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FAGLE AA-68 INTERACYANCE SENSIYIVITY. SUDBURY. EASTEAM

K

ARC

YORONYOD=-SUCPURY
YORONTO-HONTRE AL,
HONT REAL=SUDHURY

TADLE A4=83 INTERACYANCE SENSITIVITY, THUND&R BAY, EASYE&N SUD—SY;{EH-I@GJ—:??J

. ARC

YORONTO~THUNDER BAY
TORONTO~MONTREAL

1911 tera

0.757 0.763
Q.t08 0.09)

1963 1988 " 1989

0.831 0.7 0.803

0.082 0.108 0.Ce9

0.075 0.098° 0.079, 0.Q097 0.073
LI

1983

0.789
OC.112

HONTREAL-THUNDER DAY 0.108

TABLE AA~B6 INTERACTANCE SENSITIVITY. WINDSORe EASTERN SUB~SYSTEM. 10563-1973
. 1973

ARC

TORONTO-wINDSQOR
HONTREAL=WINDSQOQ
TORONTO=MONTRE AL
OTTAWA=¥ INDSOR

1943

1968

0.Tag ©
Dell2 04097
Delll 04000 0,078 0.0467

1946

C.869
0.212
C.195
0.0rs

1969

« 704

19a9

0.625
Ce228
O, 209
0.091

1971 1973
O.TH8 0. 706
o:0ar%No.on)

97

‘.

SUB=SYSTEN, l963-l975

’
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a !
 DERIVATION OF THE SENSITIVITY FORMULAS
& - )
CHAPTER THREE (p. 107)
INTRODUCTION: S B, :

]

System sensltivity measures the change in system gain at a node

Xy for any change in the arc coefficient linking the nodes'xk and‘xl.

For any given dependent node there are as many sensitivity measures as

there are coefficients in the origin—destination matrix, that is for

-

each node, the formulas generate a .matrix of sensitivity measures.

L) -

a:lk 1

| [ G : )
(1) 3 ‘SP“z“I""ﬂ - -'

Hoﬁever, sensitivity is more often expressed in relative terms such
that it measures the relative change in system gain at Xy for a relative

change in the arc coefficient, and (1) becomes (2):

g, = 3[Gi | B G ) day 4
. CZ) 2k 1 aakl & ——gi— _—m
" The notation iskl refers to the sensltivity at node xy for any fluctu-
ations on the arc jbining Xy to x,. The sjmbdl 3 refers to the partial differ-

entiation of the vectors. Since the derivation of the formula of sensitivity
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involves the derivatives of matrices and vectors, the derivation of the formula
will be presented in detail,

It is recalled here that in general, i1f V is a vector composed &f the

eleménts Vi, vy, . vy that are functions of glvariable x, then the
derivative of V, V] has as 1ts elements .Eﬁ. | EE' - -'Eﬁ .
' ax ' ax i ax
If M is.a matrix with/ elements mij that are functions of x, them -ELELL
' A _ T ax
defines the matrix ‘whose elements are %Eﬂ-.
. ‘ S ax

In calculatipg sensitivitig; of a node with respect to fluctuations on

the arcs, there ate two situations that mudt he dealt with, because the deri-

vation of sensitfivity to an- arc tled to thg major node is different from that

ensitivity to fluctuation pn the arcs extended between the

which measures
. dépendent nodes

First Case: Senditivity to Change o the.Source—nodeiArcé{

specifies the gailn at node x, as:

1
€)] . g = Z[-A0 L

Then sensitivity at node Xy for a change on major-node arc linking-xo togxi

whose coefficient is Cko would be described as:

I')gi _n 1 ey *
@) oy _]EI{-A by dck -

Note that.the inverse matrix contains no "C" terms, therefore it acts

/

—— g

*Since only those arcs that originate in the x, are labelled C, the
abbreviated form 3C, instead of 8C, 1s used in equation (4). The abbreviated
orm is also used in most of the ? gsubsequent equations dealing with C coef-~
icients since there is no pogsibility of confusion and the writing of the equa-
tions is thereby simpli{ie&{g ' '

¢
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as a constant in the equation, (Eqﬁatioas 6b and 13 of Chépter Thi:ee).

The ge*’nefal rules 6f differentiation apply to matrices aﬁd vectors and
it_ seems .;:tdvisable to recall here those that will be used in the sensitivity
) fomu],_aé. ' | |

First, for clarity's sake equation (3) will be‘e:':presse& in its matrix

form as (S)f

(5) [G]=[-A*][C]

The first rule that is of interest deals with the role of the constant
in an expression such as 2x, The differentiation of 2x with respect to x is
given in (6):

92x ax | :
(6): ax-"": 2.3_;_=(2)(l) =2

This rule applies as well to matrices and vectq‘rs as is illustrated in
equations (7_) and (8). | |
Let )
. [X1=1A]lY]
-_where X and Y are vectors and A is a matr_ix. 1f Y is a function of u and A
is not, then, .

' CLalx] AY]
® W - A

In the same manner the differentiation of (5) gives (9):

(€)) 9[_61_] =[-A ']M
+ Bcy dcy )
In (9) the -A_l matrix is considered a constant since it contains no C coef—~

3

'f#ients. The sensitivity at node Xy is found with respect to arc C
- ~

kl



Consider a vector C whose derivatives with respect to'Ck are sough

" In general,

(10)

The right-hand side of 'equation (10) will give a vector of zeros in all

/

.positiqné save a siﬁgle-one'which will have a value of 1, Element C

. vector will have a value of 1 and all others will be zero.

For example:

. 9[c]
a T -

. Q...'.QQ....

This results from the fact that in equation (11) diffe

vector C is made with respect to C

b

aCl

aCk

an
¢y

ac,

Bck

-

-

ll

-

A-33

“N\J

in'the

rentliation of s

then acting as a variable of the first

degree, Just as the derivative of x with fespect,tO'x equals l,'the derivative

of 3{C
’ dc

" All other {elements are hot functions of C

therefore reparded as constants with respect to C

equal to zerg,

ro

but of C,, c3,'..}, c_.

- will give a value of 1 for the first element in the vector,

Theyraré'

and theilr derivatives are
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" Because (10) provides a vector contalning a single value of 1, the

gsensitivity of node Xy to changes on the arc linking X, and X whose coef-

ficient is Cy» equation (9) becomes (12}.

. ]
(12) 2 = A

Equation (12) states that sensitivity of node xi to changes on arc Ck is

equal to the value.of élement in cell a,, of the —Aﬂl matrix (Figure 1).

ik

3

0 B

0 1

\ l

> i

]

%

row i By 1
A i

' Sl TS T

0

- : - : QC__ 4
Figure 1' . Sensitivity of Node x, to Arcc, . de,

In relative terms sensitivity of'g;; can be written as (13):

a3 . iSco = [-AT h-&i e
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S

Second Case: Sensitivif& of a Node to Change in Arecs not Linked
to the Major Node

Equation (1) defines in absolute terms the sensitivity of node x£ to

-

fluctuations on arc a9 joining node x and x, as being:

- Calg] % ; '
(1 Sk = [aa:;l * » : ‘ o '

*k . .
Therefore the derivative of equation (1l) must be determined for node Xy

with respedt to arc a .. This gives equétion (14).
. _ ~
Since:
(an** [G] = [A]1[B)
then: |
CoalG] | aAt) ~ - ;
(14). ; 2t s {B] .

Since vector B is mot a function of a1 the diff?rentia;ion of (11)** follows
the general rule which is illustrated in (15) and (16).
Let X and Y be vectors and A a matrix in equation (15).
(15) [(X]=1{A]lY]
If matrix A is a function of u éndvvector Y 4is not, the derivative of X with

respect to u is:

AX] a[A]
(16) _ﬁ\\ u.  au vl

} =1
jﬂgt—l-are not difficult to calculate in
gy -

matrix algébra. Since [A]tﬁ*] = [1] the identity matrix, the differenti-

Thi derivatives of the matrix

ation of [AJ[A?] ' will give (17):

an - AAUAT]
aak,

= [0]

. N -
In equation (14) the k subseript in iS 1 and a;. refers to the node

—

**to which the arrow of the arc is pointing. -
Equation (l1) from Chapter Three,
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. which can ¥ written as (18):

AAAT)

e "~

(18)

However since equation (18] involves the differentiation of’ a product of two
matrices, both of which a&e a function ;f.akl’ equation (18) can be written as

19) following the general rule of differentiation of a product.

: Coar . -1
(19) M[A“]+[A]-—a~£i—]=[0]
. day _aakl - \ -
which gives
. (20 ALY g 2AL
(20) ; ~om f [-A*] a%I[ff]

Note that the right—hald side is a three—matrix product,

-

Substituting in (14):

(&1 1(B]

: 3[G] AT
2 = [.at 1 AL
( l) aak; [ Al ] aakl .

The 'right-hand side involves the multiplication of three matrices and

"one vector.

Since (ll)**give [G]=1{Aa*1[B], (21} sigplifies to:

Q- i 3G ] - [(-A71 ]M[G]
: day, day; -

The differentiation of matrix A with respect to Akl wi}l éive a matrix
whose cells are all equal to zero with the single excéption of Akl in réw k,
column 1 where the valué of %¢he derivative will bé 1. This folléwg the same
logic that was outlined earlier for the differentiation of vectors in the dis-

cussion on sensitivity with respect to arcs tied to the major node,

T T T el —
-

Kk
Equation (1l1) from Chapter Three.

-
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. In (22) . ‘ e "
1o -1%- 0 i
3[A] MU L :
] |
"1 : e
- nlo 101 f
¢ Y
N
—
/ v
. Then , -
(_231 ; ! - _" ) » !
3[{A) ’
(6] =, J
32y .
* Evéry coefficient of the —éa-A— matrix is ‘equal to zero with the exception of
. . ‘ .. ag| : - . .
a
the coefficient in row k colum .l which is, equal to one.. Therefore af
) - k1

is a c'ol'umn.vector whose coefficients are all equalyto zero excéi:t for the k

one which has a value equal to Gl' Then the-vector £ has wvalues equal to
* e : ‘ \ a1 .

the product of G, by the k column of the —A_l matrix.

1
>
Expression. (23) simplifies to [G] or g which is the system gain at nfde x

‘Equation (22) camr now be written as:
: . N
(G} - ' T p
L + Ty, - bAIE] » .’
or ."
(25). L S T
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v
. . .
- - - o .
[ ) A
L4 .
- : .

ﬁquation (25) becomes (26) when the. sensitivity of'tﬁe_single node xi is

_measured with respect to arc 8pqt

@ |y I g

.Equation (26) gives the sensitivity in §bsoluﬁé value, In relative terms,
‘ T R _
gensitivity is given by equation (27). °
(273 ° ) ; 3k
(@n. S = A - 80—
. B
¢ y |
Equations (13) and (27) are the formulas for the calculation of sensi-

tivity measures for flow change in all the arcs of a system.
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