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Abstract

A dynamie urban model is used to stady the post-var evolntion of the Mlantic
Canada urban system. The computer based simulation model is calibrated for the period
1951-1986 and then employved to predict the 1991 population of cach CNLA and ¢A
within the systenn The sinmlation results show that to a large extent, the evoliubion
ol the system can he understood in ferms ol endogenous system dynamies rather i
exogenons events. Specifically. competition among, the cities of Tthe region is a signilicant
lactor 1n the nrban system evolition. The high degree of abstraction of the model means
that data requirements for application ave minimal, and the catibration procedure i
relatively simple. The suceesslul predictions show that the moded can vield usefnl resnlts

in spite of its stmplicity.
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Chapter 1

Introduction

The economic development of a region is closely related to the growth of the nrban
svstem within the region. The existenee of an urban system implies that the eities in
the region foro an integrated wnity [H]. which facilitates the transmission of economie
impulses, the diffusion of technical innovations. and the migration of population. n
creasingly, cconomie growth is articulated in the system of cities, and this systenin tae
determines the direction of growth in terms of the tlow of information and innovations in
the region. Thaos it can be seen that the growth of an urhan system plays a significant
role in the economic development ol a region.

The importanece of an urban system is refleeted in the Targe amount of research carried
out in recent decades and in the evolution of rescarch methodology. Urban systems luve
long been stadied using a deserviptive, historical approach [2, 3, 4, 5], More recently,
since central place theory [6, 7, 8] was established, the favonred methodology in arbian
system research has shifted from a historical approach to a systems approach, However,
central place theory suffers from snch disadvantages as overly restrictive assumptions
and formulation as a static model. These limitations have restricted the osefulness of the
theory for exploring and explaining the hehavionr of veal urban systeins. Consequently,
much recent, research is aimed at modifying central place theory by introducing thne
to the static models,  Tn fact. this effort represents nothing less than the application

of a dynamic systems approach to the study of urban systems. Most of this rescareh
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in dynamie nrban modeling has heen devoted to ereating the models and investigating
Lhiem theoretically, However, tests of the applicability of such models are relatively recent
and searce [9]. Only in the past decade has some research foeused on the application of
dynamme urban models to actual nrban systems.

Most dynamice urban models arve spatial interaction based models. Examples of this
kined of model are the various dynamic central place models of Allen, White. Tellier,
and others, [10. 11, 12, 13] and the production-constrained spatial interaction models of
Wilsou, Taris, aud Clavke [14. 15, 16]. These models explore the dynamic meehanism
responsible for the evolution of an nrhau system. The nonlinearity of these inodels, a
rellection of the complexity of the systems, usually yields a bifurcation in the evolition of
the system deseribed by the model. "Thias hifurcation theory may he applied to the study
of these systems. Bifurcation theory coneerns changes in the nature of solution propertics
of noulincar equations when the values of parameters in the equations are changed.

Pumain e, al. applied a complex dynanne central place model bhased on bifurcation
theory to the French nrban agglomeration of Rouwen in 1984 [17]. and to the agglomera-
tions of Bordeaux, Nantes, Ronen, and Strashourg in 1987 [9]. Straussfogel applied the
same dynamie urhan model to the American metropolitan arca of Philadelphia in 1991
[18].

The disadvantages of the complex dynamic urban models can be seen in the experi-

mental research of Pumain et, al. and Straussfogel. Pumain ct. al pointed ont:

The diffienlties encountered in ealibration show that the general methodology, required
for application of such cotnplex models to real-world situations. has to he seriously im-
proved. They also underline the insuflicient state of our empirical knowledge about intra-
urban processes and regularities: we use many nnportant concepts but we do not always
know how to measure thetn how to find the values for the parameters of the madel,

And inevaluating the case and aceuracy of operationalizing the model for a practical
application, Stranssfogel concluded that the diffienlty involved in the model’s calibration

may make it too costly and time consuming to be used for practical purposes,
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Lombardo and Rabino applicd a catasirophe theory based model to the Rome metrapoli
tan arca in 1981 [19], and in 1986 they applied the same modef to an calarged urban area
centred on Rome and inelnding a nimber of neighbonring towns and villages sienilicantly
linked to the core [20]. Unfortunately. however, the ideas of catastrophe theory the model
is based on mit the model’s applicability. This kind of model is appropriate for a simple
svstem with a small number of variables. 1t is nsnally dilticalt to apply o model hased
ot catastrophe theory 1o a large seale, hicrarchical nrban system |21, 22),

It would be advantageous to have a model withont the disadvantages seen in these
approaches, ideally a model with a relatively simple calibration procedure as well as
modest data reguirements,

White [11] has developed a generalized dynamic arban model which possesses sueh
features. This model is bhased on an integration ol spatial interaction theory and the
theory of the firm. Bifurcation theory is used to reduce both the nnmber of equations and
the munber of parameters, thus in prineiple, minimizing the data required Tor cinpivical
applications and simplilying the calibration procedure.

The primary task of the present thesis is to investigate the applicability of this madel,
to see whether such a model cau, in lact, pive a usetul representation of the evolution of
a real urban system, and to provide an insight into the dynamie mechanisin involved in
the evolution of the urban system, in terms of endogenous system dynamies rather than
exogenons events. In the present rescarch, the model is applied to the urban system ol the
Atlantie region of Canada, for the period 1951-1991, "This system, which inclades eighteen
Census Metropolitan Arveas and Census Agglomerations, not only is a hierarehical arban
system but also possesses a relatively large geographical scale,

The major contents of the task are as follows:

o deseribing three Kinds of dynamie urban maodels, comparing the features those



Cliapter 10 Introduction 1

models, and diseussing other relevant rescarch;

o deseribing the details of the urban model 1o be used, providing operational det-
initions for sotme variables used in the model, and simplifying the procedure for

calibrating some parameters;

o illustrating the definition of an urban system and presenting a brief deseription of

Lhe cconomie development of the Atlantic urban system;

e cxamining problems i data sonrees, and establishing and applying procednres for

dealing with those problems;

o calibrating the dynamic urban model to replicate the historical evolution of the
nrban system over the period 1951-1986, and using the calibrated model to prediet,

the 1991 population of cach CMA and CA within the system:
e cvaluating the calibration results and their signiticance,

The following chapters will show how these tasks are accomplished, in order to eval-

nate the model’s applicability and usefnllness in the Atlantic region.



Chapter 2

Related Research

[ this chapter, section 2.1 presents the elassical central place theory put forward in
the 1930%. Section 2.2 briefly reviews the modern dynamic central place theory estah
lished in the 1970%s, and section 2.3 discusses arecent application of that. theory, Finally,
section 2.4 brielly diseusses traditional economice hase theory as it is related to the present,

resarch,

2.1 The Classical Theory of Central Place Systems

Five decades ago two German scholars, Walter Christaller and Augnst Losch, estab
lished the bases of central place theory {6, 7], This theory Toenses on i system of market,
enters and the relationships among the centers’ location, size, and retail and services
characteristics, The work of those two scholars remains an important. Lonlmack in the
history of urban geography and regional economies. It provided o necessary Toundation
for further work in the analyses of central place systems, However, lwo thajor weaknesses
constrain its range of application. First, all assumptions underlying this theory are very
simplified, and are not consistent with the situations enconntered in reality, so that the
central place patterns deseribed by them can not be found in the real warld, cxeept in
special situations.  Second, the elassical models of Christaller amd BoOselr are statie in

conception and say little about how the systems behave t major changes of underlying
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conditions ocenr. In other words, the central place systems deseribed by these models
are o an equilibrinm state, and the models do not illastrate the process of ehange and
adjustiment by which the equilibrinm is attained. In spite of these weaknesses, the theo-
ries of Christaller and Loseh have inspired a great deal of rescarch in urban systems. In

recent, decades this rescarch has extended o the dynamies of central place systems.

2.2  Modern Dynamic Urban Models

T'he modern central place theory originated in the 19707s, and was aimed at explaining
and predieting growth and change in central place systems by means of dynamie mecha-
nisms inherent in the system itself. The three most representative models are the retail
center model put forward hy Winte [10] in 1977; Harris and Wilson’s model [15] proposed
in 1978 and Allen and Sanglior’s central place model [12] published in 1979, "The common
feature of these models is a competitive mechanism based on spatial interaction among
centers i a central place system. This mechanism, deseribing the evolutionary nature
ol the system, drives the central place system to a final equilibrium or a steady state
corresponding to a given initial state and boundary conditions. The evolutionary process
of the system is usnally reproduced by computer simulation. However, the suggested
dynamical mechanisim varies from one moddel to another and thus the theories and the

results differ from cach other substantively.

2.2.1  White’s Dynamic Model of a Central Place System

Considering the differences in spatial organization among actual central place sys-

tems, the complexity of the cconomic activities in varions centers of the system, and
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the impossibility of solving a set of non-lincar ditferential equations analytically, White
[10] established a dynamic central place theory formulated as a sinmulation model. He
deseribed a retail system [10, 23, 24] in the original model, and then developed the maodel
to represent an urban system [11]. In White's original model. the inferaction hetween
retail activities and consumers generates a central place systencin which the hebavior ol
consumers is deseribed by spatial interaction equations, the characteristios of the vetail
activities are represented by cost equations, and the behavior of retailers is deseribed by
a growth function.

White's dynamic model of a central place system is composed of a set of equations

expressed as follows:
! n
I — 'H.I/l)l.‘l
[ I I
EI 'S.I/ I)l_l

where [ is the relative Hlow from i to j. S, s the size of j1h center in the system which

(2.1)

may be characterised as the Hoor space of the jih commercial center ina retailing svstem
or the population of the jth city in an wrban systemy 125, is the distanee Trom the ith
residential area or ith commercial center to the jth commereial center in the retailing,
system or, i an urban system, from the 26h ruval vegion or ith ity to the jth city. T'he
value of the distance between ¢ and j denoted by matrix clement D), depewds on the
transportation network, and the exponent v represents the “friction” when people move
from site i to site g I can be seen that this expression of distance dependence s a form
of the Gravily Equalion defined by Lakshomanan-Hansen [25], and is a representation of

competition among centers in the model. The Rewenue 18, in conter jis then given as

kR, =35 Q. (2.2)

where (; is the total volume of expenditures in arvea i The Cost inenrred in generating
the revenue [ is assumed as

(!, =uat b, .S'JI"‘ (2.3)
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where a is the threshold cost for a commercial center, b; is a scaling constant, and [
represents cconomies of scale (I8 < 1) or disceonomies of seale (12 > 1), The Profit I,

received by center J s the difference of reve ne and cost:
=R, — (] (2.4)

Kq.(2.1) to (2.4) specify a spatial competition relation among the centers in the sys-
temy and a temporal relation refleeting the process of evolution of the central place system

is introduced as

—_—
o
iy}

~

LH""J = t‘q" +49 I)J

where ¢ > 0 is the cconoiie response, denoting the size inerement per nnit, profit.
Using, computer simulation, an extensive sensitivity analysis [10, 23, 24] was carried
ol on this simple dynamic model. The main focus of the sensitivity analysis was on the
linal spatiat pattern of the central place system in a steady state. The results show the
dominant types ol patterns that may be given by the model as well as the relation between
the final pattern and the initial condition of the system. This process may be scen as a
Lheoretical investigation of the model, and the parameter values contained in the model
can be chosen quite freely, within limits, during this sensitivity analysis. Of course, in
order to sitmlate an actnal central place pattern, the values of the parameters mnst he
calibrated to make the simulation resnlts capture the real pattern. This procedure tests

Lhe applicahility of the model.

(i) Bifurcation Phenoinena

The simulation results cited in the previous paragraph show that the initial pattern of
the central place system, which is the input data in the simulation, has a weak relation
with the linal pattern of the system, which is the output of the simulation. Either a

regular or random initial pattern of distribution of centers in the system can yield a
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central place system with a centralized pattern (one or a few centers are extremely Large)
or a decentralized pattern (all the centers have a similar size), depending upon the value
of certain parameters. This, al a preliminary level, indicates that the centralized pattern
and the decentralized pattern are gualitatively independent of the initial state (althougl
they are affected quantitatively by the initial state).

Furthermore, whether the pattern in the steady state of the system is dominantly
centralized or decentralized is determined by the distance exponent. nin 1q.(2.1). The
simmlation results show that there is always a decentralized pattern for high valnes of i,
e.g. o= 2, and a centralized pattern for low valies of 1, c.go o= 1. Also the simmlations
reveal the transition range of values, 1.2 < u < 1.7, which separates the two ditferent
evolutionary reginmes of the central place system.

Behind this phenomenon is bifurcation theory [26] (See Fig.2.1). I states thal a
deterministic equation does not necessarily give a nnique valne for the variable delined
by the equation, such as 1S; in (2.5). Therefore, corresponding Lo the various sels
of parameter values in the egnation, there will he different evolutionary processes and
qualitatively different linal steady state patterns for the system.

A more detailed interpretation is that the form of a delerministie cquation sueh as
(2.5) defines a short term relation between 1S and 885, whieh tells the variable S,
how to go across cach short interval. The value of a parameter snch as the exponent n
determines the long term possibilities for the evolution of 1S, Therclore, o final steady
state is determined by both the short term behavior, which gives a particular size, or
a point on an evolutionary trajectory at every thne, and the long term hehavior, which
specifies the whole shape and position of the trajectory. With the non-lincarity and
tuter- dependency existing in a set of coupled equations, bifurcation theory tells us that,

a continmons change of the value of the parameoeter will fead to a sudden shift. in the whole
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Size of Centre

Figure 2,13 Bif wreation in Retail Centre Size. For n > 1.7, there is only one stable size,
For n < 17, there are two stable sizes, and the system must choose one branch or the
other, Inan actual system, behaviour in the transition zone L7 > n > 1.2 may appear
unstable,
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evolutionary trajectory. Henee, the range of values 12 < 0o« L7 ds a transition zone
separating two gualitatively different evolutionary processes ol the central place system.

Sinee the bifurcation was the most important feature of the simulation vesnlts, o fur
ther test of the robustness of the bifureation phenomenon was carried out by substitating
the negative exponential equation for the gravity equation sueh that

S ey

l, = =/ (2.0)

- r — I)
Ll ‘SJ‘ "

The simulation results [10] show that the bifurcation still exists; however, the transition
range of values of the parameter nis 0.1 < . < 0.2,

Relating the bifurcation plicnomenon to the cconomie aclivitios in a retail system,
the anthor [24] pointed out that the decentralized pattern deseribes the distribntion of
retail stores providing low order goods whereas the centralized pattern represents the
distribution of retail stores selling the high order goods.

Aside from the distance exponent n, White’s [23, 21] researel suggested that the
parameter /£ may also yield « bifureation that wonld be responsible for centralized and
decentralized patterns. It was shown that the major efflect on the centyal place pattern of
increasing the discconomics of seale (inereasing 14, wheve [55 1) is to decrease the range
of centre sizes. This effect is similar to that of lowering the order of goods (inereasing,
n). And the effeet of inereasing the cconomies of seale (decreasing I, where 17 - 1)
is Lo increase the range of sizes, which is like raising the order of goods (decreasing, ).
However, due to the transportation network dependence, a high(low) vadue of 1 is not,
equivalent to a high(low) value of 150 14 s readily seen that a Jarge 15 will suppress the
increase of a big center in the system diveetly by raising the cost non Binearly and las
little impact on the location of this center in the system. In contrast, the effeet of Larpe n

on suppressing the inerease of a big center, acting mainly through the spatial interaetion
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of consimers with conters, depends largely on the location of the centre relative to other
centers. Similarly, a small 15 will favour the growth of a big center in the system directly
by deercasing the cost, regardless of the center’s location.  However, the effect of small
n in favoring the growth of a big center through increased spatial interaction at longer
distance, depends largely on the position of the center on the transportation network of
the central place system: Tor growth to be favoured, the centre must be centrally located
in the network,

Sinee the 19 value may introduce the hifurcation, White also analyzed the role of b;.
What he found is that it is diffienlt to distingnish the roles of parameters b; and £ in
applying the model to a veal case. However, in present rescarch, this nncertainty will
be ruled out hecanse the value of b; will be fixed by certain conditions imposed on the
urban system. The details will be presented in next chapter,

Generally speaking, bifurcation phenomena may appear in all sufliciently non-lincar
nrban dynamic models.  As for Whites model, bifurcation produced two types of be-
haviour, ecach gqualitatively distinet. corresponding to specific ranges of values of key
parameters. According to the theoretical investigation of the model {10, 11, 23, 24],
these two Lypes of Dhehaviour correspond to the high order sector and the low order sector
respectively, In general as the nmber of sectors ereated in a model s increased, the
model hecomes more complex, and the calibration of a complex model needs much more
time to complete than that of the model with two sectors. Yet the bifurcation analysis
shows that there is little qnalitative difference between @ model with two sectors and a
model with more than two sectors, as long as both types of sectors are preseat. This is

why White establishes his dynamic urban model based on only two scctors.
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(ii) Two-Sector System

White made an immediate generalization of the model 1o a two sector central place
system (23] and analysed the simulation results in comparison with the Reak-Si-e Bl
that has been found to characterize many urban systems,

The model consists of the lollowing set of equations:

t‘q,) = Z Pm ""'J,IH (3 R

m=\
where tW; ., is the size of sector mein center § and the p, are the parameters specifying,
the relationship of sector size to the total size 'S, of eenter jo Uhe cost equation for

sector me in center 7 is similar to that in the single-sector model, and is given by

i = a, + b, "W Fin (2.8)

gain

(4 Al . . ..
Fhe revenue for sector v in center Jis expressed as
! t ¢ g, Nl . .
H.Iy”' = Z ‘gl ( “/J,m I):llm>/ L H/ 1t I);,'Im (.:‘))
! i

Finally. the temporal evolution is given by
41 ! ! t .
+ M/.i.m = "V.i.m + .'lf.m( I{-j.m - ( "_/',m) (2.1 ()

Wiiile this two-scctor model is very similar to the previons single-seetor model, an i
portant differenee is that there are two friction exponents, ego oy -2 3 and iy .
respectively, which means that both low- and high-order sectors are present in eacli cer:
ter. The bifurcation phenomenon, which is explicit in the results of the single seetor
model, when the pattern is cither centralized or decentralized (see Fig, 2.2), now is hiel-
den in the simulation results, sinee the size S) of cach center is measured by o weighted

sum of the two sectors (see Figo 2.3), Farthermore, the hehavionr of each sector aflects
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that of the other, sinee the growth of cither sector will lead to the growth of the other
one, T he interaction of the two seetors may even producee a linear rank-size distribntion
with @ slope approximately equal to minus one. a result that is never observed in the
single sector model,

However, the bifurcation still manifests itself in the rank-size distribution obtained
from the simulation. Starting with the same initial sizes {o° both sectors. most svstems
evolve toa steady state, with a small number of high-rank centers containing two scectors
together with a farge number of low-rank single-sector centers, This result indicates that
the appearance of high-rank centers is mainly determined by the centralizing process
dominated by the high-order sector with ay = I, while low rank centers result from a
loss of the igh-order sector and relleet the decentralization process governed by 0y = 3.

The other parameters introduced in the model also play important roles in the sense
that a quantitative change in the size and location of a center may be determined by
varving these parameters: nevertheless, the qualitative behavior of the rank-size distri-
hution of the central place system is indeed dominated by the value of the exponents u;,

due to the bilureation.
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similar-sized centres,
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(ili) Comments on White’s Model

Based on revenue and cost functions for centers competing spatially, the model is con
ceptually simple and empirically reliable. The development of the madel fron a stinple
version with one sector to a somewhat more complicated two-sector version enables us
to understand the variety of behavionr appearing in the evolution of a vomplex system.
Morcover. the wide variety in the spatial organization of the central place systems pen
crated by the madel indicates the strength and utility of the simudation technigue, Thns
the model should be applicable to any real central place system, whether a focal retail
system or a resional urban system.

However, as Christaller’s theory pointed outy a model aimed at deseribing o veal
central place system should be able to deal with the hicrarchical structure in the system.
From the point of view of dynamic eentral place theory, this requirement takes Lwo
forms. The first is that a hierarchical structure must natureally and pradoally appear
in the evolution process of the system {10023, 24], and the second is that the ercation
of a new center at a certain hicrarchical level must bhe possible, But the ereation of &
new center level raises basic methodological diflienities. Research aimed at incorporating
this new mechanism in a model has been carried ont since the 1970°s by o munber of
rescarchers, ineluding White himsell [27], Wilson [14.15, 16] and Allen [12]. Wilson’s

and Allen’s models will he reviewed in sections to folfow.

2.2.2 Wilson’s Model

Wilson's approach [14, 15, 16] is somewhat similar to White's, althongh the dynamies

of centre size are expressed in differential equation form:
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W, = U, kW) FW) (211)

where W, s the size of center jo R is the revenne reecived by center j, and £y is cost
per unit of commercial arca, The Tuction f(W;) may be taken to he simply W, and in
Lhat case the equation represents a logistic growth process.

From this equation, an equilibrinm condition for the size W, is seen to be
I, = kW, (2.12)

at. which ,'Ii,WJ = 0. However, this equilibrinm condition is not as simple as it looks
due to the non-linear dependence of 12, on 1V, as well as the interdependence of all the

{We: VE#£ j} The explicit expression for R, is
h,=> 1 (2.13)
where the /;, constitute a flows matrix, with
[, =4, W] ¢ "Hen (2.14)

and

A,

| / > W et (2.15)
k

Wilson paid particular attention to the analytical properties of the equilibrium con-
dition. A detailed disenssion and stmmary may be found in [16]. however, certain im-
portant results will he disenssed here.

The similarity of Wilson's model to \White's implies the existence of a bifurcation
phenomenon dependent on the value of 4 (equivalent to » in White’s model). However,
Wilson also shows that the parameter a (analogons to £ in White's model) has a major

offect on the final pattern of the system. A large value of a raises the cost per unit
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arca to maintain a large center and a smail value of o reduces the cost. Therefore, the
bifurcation point of the evolution process of the system will be determined by the vilues
of hoth a and /1.

More interestingly, the detailed study [13] of the dependence of the vevenue 12, on the
k; (cquivalent to the b, in White’s model) vields useful vesults concerning, the system’s
equilibria. The existence of an equilibrmm state of a center with size W, is deternmned
by the values of both o and k&;, i.e. the equilibrinm state of a center § s delined by two

equations
R
J

N,

R, =k W, and

xaly! (2.16)

The second condition brings about the nonlincar dependence of the revenne ') on size
v
W,

Wilson found that, for o < 1, there is always o non-zero stable equilibeinn state for
any finite value of k3 for o = 1, the equilibrinm state may be fonnd only when £, b

with &5 being a critical value: and no cquilibrinsm state can be found iF &, - b For
a > 1, however, there are several possibilities: there may be two non-zero equilibrinm

states, one stable and the other nnstable, for the case ko<

", or Lhere may be one

cquilibrinm state for & = &5, o finally there may he no equilibrinm state, for the case
ki > kS, This means that for o 2 1, for a partienlar center j, il ke, inereases and passes
smoothly through &5, then the size W, will jump from a finite value to zero. Conversely,
for @ > 1. when &, deereases wntil k= &7 W, will jump back from zero to o linite
value. If Wilson’s model, Eq.(2.11), van be changed 1o make the zero equilibrinm, in
the case a > 1, hecome a non-zero equilibrinn, then an interesting phenomenon can he
observed. When & decreases throngh k) = 10, this process can not generate a definite

finite value for the size W, due to the existence of two possibilities. A decision has Lo be

made hoetween them. This phenorenon, which implies the possibility of o sndden change



Chapter 2. Related Research 20)

in the size W, of a center as the parameter & varies continuously, may provide the basis
for a dynamic mechanism for ereating a new eenter at a certain hierarchical level of the
system. However, a plansible reason for &, varying continunonsly has to be fonud. This
means, of course, that the cocflicient &, has to be a well defined variable deseribing a

relevant aspect of economic activity.

2.2.3 Allen’s Model

Allen and Sanglier [13, 28, 29, 30, 31] have developed a very general model of the
evolution of an urban system, one with maximum accommodation for various possible
dynamic iechanisms. Their approach is based on the theory of sell-organizing systems
established by Prigogine et al. [32], and involves such concepts as “memory”, “irre-
versibility™, “learning”, “induction”™ and “dissipation”.

A typical model [28] that represents Allen’s theory is deseribed as follows. The model
is hased on a logistic equation for the evolution of the population S; at center 7, expressed

as

{ .
-(—-H, = bSi [+ Z .If' - N, ] —m&;
(“ s
4+ T Zﬁ'j (‘.\'[)(—/f(l,'j) - .Q’?Z(!X])(—/)'(l,'j) (217)
JF# J#i

where b and e are the hirth and death rate, respectively, & is the index denoting sector,
JY s the basie “carrying, capacity” at ¢ derived from the basic sector of employment, and
JX denotes the job opportunitios offered by sector & induced by the baste sector at conter
i The first termn tu the square bracket denotes the crowding taking place in centers j # 4
which drives population flowing into center 7 from all j and the second term, with minus

sign, represents the possible low of the population from i to all j due to the crowding at
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The second eqnation in the model is the logistic growth of job opportunities given by

d ko k k k 9w
m.,i —“'11 (“Il' ""'.1") (.’.IA\)

where MF is the employment at i originating {rom the production of sector b and o is the
rate measuring the response of entreprenenrs to demand for their goods. So, cinployment.

is proportional to demand and the relation is given by
kK ok .
M7=y D; (2.14)

where %¥ is the number of jobs per wnit of production, and D¥ denotes the potential

demand defined as
- k k
.HJ ( /\,_,

)k =5
=2 (P + Fdig) 30 AN,

J

(2.20)

where ¢ is the quantity of goods produeed by seetor b per individual at nuit price, 12¥
is the price at i, ¢* the transportation cost per nnit distance, d;, the distance hetween
centers 7 and j, ¢ is related to the clasticity of demand for £y and /lf, is the attractivity
of the center 7 to center J. We see immediately that Allen specifies hiere a relationship
between demand and supply which forms the basis of the nnmerical simulations. More
over, the attractivity term /lfj/ i Af',j appearing in the demand cquation introdinees
spatial competition among the centers, whicly is the conmon feature of nodern dynamie
models of central place systems.

In order to complete the simulation model, the dependence of the atiraction A on
Si and di; mnst be represented. Allen’s choiee for the relationship is a complicated one

given hy

I
. l o ,
/1":.) = ’7 - (s + ’)( (" - "v”‘) /(1);1' + (/JL(/I/)I (2-21)

The denominator represents the Talling off of the attractivity of center 7 with inercasing,

delivered price (PF+¢Fd;,) at center j. Phe mumerator takes into acconnt the attractivity
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of 7 as well as a saturation effect. The difference denoted by (S; — .S'f") implies the
possibility of ereating o funetion at level & in center 7.

The above set of cquations constitutes a well defined simulation model for a complex
nrban system. Essentially all cconomice activities are included, not just the retail and ser-
viee sectors of traditional central place models. The model provides a dynamic mechanism
for representing such phenomena as the ercation and decay of centers, the appearance
ol a hicrarchical structure through self-organization, and the exercise of decision-making
control procedures,

It is obvious that Allen’s model is more general than any of the others treated so far
within the framework of modern central place theory. Due to the presence of a large set of
adjnstable parameters, the model should be capable of giving a good representation of a
wide range of real urban systems. However, the large number of parameters, which gives
the model its penerality, reduces the reliability of the simulation results unless the value
ol most parameters can bhe more or less determined exogenonsly. While this diflienlty of
unspecified parameters exists inomost simulation models, it is extremely severe in Allen’s
model. Pamain o al. [17) used Allen’s model to investigate the development of Rouen,
France. They found that it is very diflienlt to calibrate the parameters in the simulation,
though finally they were able to replicate the spatial organization of the central place

systent in the region.

2.2.4 Comment on the Three Maodels

We have brielly reviewed three representative dynamical models of eentral place sys-
tems. The models of White and Wilson are very similar to cach ather; however, the focns
of the rescarch of the two anthors is somewhat different. White looks for insights into

the behaviour of the system through extensive simulation experiments and application
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to a real system. This approach leads to the discovery of a bifurcation phenomenon
and the determination of the parameter values which yvield the bifurcation. Moreover,
White’s model is developed inerementally by inchiding new variables, pavameters and
mechanisms, The advautage of building a model in this manner is that the knowledge
of the role of the parameters in the previous model is always helplul in testing the new
model. This leads to the calibration heing velatively simple at cacl stage. Nevertheless,
care has to be taken in designing & new model sach that the newly included vaviables
and parameters are consistent with those alveady in the model. Therefore, the approach
relies on the experience, intuition and techuical proficiency ot the researcher,

Wilson studies his model using analytical teehniques. Using this approach, he discov
cred a bifurcation similar to that found hy White, Further analysis leads him to introdunee
catastrophe theory as a dynamical mechanisin for discontinons change. Wilson's anal-
ysis provides a deeper understanding of the gnalitative behaviour of the deterministie
equations used in lis model. However, it is quite diflienlt to constraet a general model
dealing with the evolution of a complex system on the basis of analytical mathematies,

Rather than the approach White took in building a model (from simple Lo conmplex),
Allen established his model direetly in its most general form. However, the priee paid Tor
the generality is the great complexity of the model, If the model is really general, it has
to be applicable to every sector and every region for any kind of hicrarchical structure
fonnd around the world. It shonld be able to tell explicitly that what is the diflerence
between one class of strncture and another by vecognizing certain characteristic values of
certain parameters. In this sense, Allen’s iodel at the present stage may be considered
as a formally general model, and a tremendons amonnt. of work for specifying, the details

needs Lo he carried ont.,
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2.3  Koh's research

In 1991 Koh [33] applicd White’s dynamie retail model to the major retail centers in
the St.Johin’s metropolitan area for the period 1960-1980. During that period the sys-
tem included one very large centre (Downtown), two intermediate sized centers (Topsail
and Kenmount), and five small centers (Churchill square, Forbay Road. Wedgewood,
Elizabeth Kast , and Elizabeth West).

According to the theory on which this model is based, the development, of a center de-
pends upon its profitability: *when the revenne attracted by a central place significautly
exceeds the cost of providing the goods and services, the center will grow, whereas if costs
exceed revenue, the centre must in the long run deeline [10)." The original dynamic retail
model derived from the theory may not adegnately deseribe the action of entreprenenes
i the St. John’s metropolitan system. Therefore, when testing the model, Kol modified
the growth Minetion in order to make the model refleet the real situation properly. The
madifications were of two kinds. First, Kob considered that there should be an upper
limit on centre size, “a Maximum Centre Size”, which she took to be the maximum size
ol cach centre in its own business history, The limits on centre size mainly reflect two
lactors, planning regulations and competition for land use, For example, at some speeific
sites the relevant law effectively limits the development of retail activity by limiting the
amount of avaliable land. Sccond, the growth of a retail centre usually oceurs in what
Kol referred to as stepped growth, becanse retailers usnally do not respond immediately
to every change of prolit or loss; but when the profit or loss is large enough, and sus-
tained over a sullicient period, the retailers may decide to expand the centre or rediee
the retail space. Tu other words, the growth or dechine of retail centers is discontinnons

rather than contimions. To capture this phenonmenon, she introduced the parameters .
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the threshold sensitivity level of expansion: d, the threshold sensitivity level of reduetion;
and y. the time lag of the growth. These parameters were used in constraint conditions
on the development of retail centers.

The suecess of the calibration can be ehserved in a comparison hetween the actual
history of the system given in Fig.2.4 and “best™ model result in Fig.2.5. Koh's resnlts can
he deseribed as follows. First,, Koh’s research foensed mainly on qualitative charactoristies
rather than quantitative features. Although most absolute sizes were under-estimated,
the relevant patterns were captured acceurately: the results showed one very large center
(Downtown), two intermediate sized centers (Topsail and Kemnount), and live snall
centers (Churehill Sqnare, Torbay Road, Wedgewood, Flizabeth Fast , and Flizabeth
Wast). Second, it was emphasized that, in the calibration, a simple model and o single
set of parameter values, unchanged thronghont the study period, were enongh to replicate
the pattern of relative sizes. The fact that the evolution of both Ketimount and "lTopsail
from small centers into intermediate sized centers was captured by the model means
that the location of these shopping centers is consistent with the location of high-order
centers established by the dynamie mechanism of the system. Thivd, the zero vaidne of
the threshold parameters appearing in the siimulation results indicates that the growth
of retail centres depends mainly upon the inherent dynamics of the system rather than
the individual behavionr of retailers,

Kolt’s rescarch proves that although o retail model is not comprehensive, it can be
employed to replicate gnalitatively actual system development, and to make reasonable
predictions of the behaviour of the retail system. The pattern of relative centie sizes
from the simulation results indicates that the data and methods employed Jor estimating,
centre size and retail expenditures are sufficient to carry out the gqaalitative analysis of
the retail system. The results of her rescareh support, the argument thal it is not always

necessary Lo deserilie all details of a spatial process in establishing a model which can be
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cinployed Lo predict the stractiare of retail systems.
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2.4  Economic Base theory

It the Tast section of this chapter it will be nseful to discuss briefly some aspeets of
ceonomic base theory, sinee that theory is linked to some extent with the present research.
The concepts ol the ceonomie base theory were livst specified in quantitative form in the
late 1930°s by Hoyt [34]. who developed the idea of a “hasic-service ratio”, and attempted
to measure the basie and service components ol individual cities and regions [33].

The economie base theory concerns the relationship between the different economic
sectors and the role played by those sectors in the total economie activity of the re-
gion, The theory [36] is nsually applied in the context of stadies of urban and regional
ceonomic development. Some coneepts for the theory have also bheen used in dynamie
nrhan modeling. For instance, Allen’s model deseribed the export activities and service
activitios in terms of the economic hase prineiple [12].

ln the cconomie base theory all ceonomic activity of an wrban arca is divided into
two compatients: basie (or export) activity and non-basie {or local service) activity, The
goods and services produced by the baste activity in the local avea are sold bheyond this
areas that as, the market for the produets of the basic sector may be regional, national or
international. The more an area can produce for export. the more income the area will
obtain, In contrast with this, the nonbasic activity supplies the goods and services only
for the arca itself. Bevond the elassilication of basie and nonbasic activity. the economic
base theory emphasizes the basie activity’s importauee in urban economie growth, Any
impulse of growth in the basic seetor spreads to the non-basie sector and results in the
development of the Tatter,

Based on the discussion above some simple formulas can be employed for under-

standing the theory and the relationship among, total economic activity, basic activity.
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and nonbasie activity ol an urban arca,

The total economie activity can be represented as
I'=8B+4+N 22

where T is total activity, 3 is basic activity and Vs non-bhasic activity, I the non-basie

activity is asstimed 1o be a proportion of tofal activity, then
N o= LT (2,238
where & is a constant, Then Fq.(2.22) can be rewritten

|
Ep— 2.2
F=17 )

or

1 =mls 2.00)

where mis the cconomie multiplior relating total activity to basie activity.

Formulas from (2.22) to (2.25) deseribe only qualitatively the ceonomie hise theory.,
In order to quantify cconomic activity. the employment of an arca is usually alilized as a
measurement. For example, if etmployment of in basie and nonbasie activity in an urban
arca is 4000 and 6000, respectively, then the ratio of basie activity to nonlsasic activity
is 2 13 and the economic mudtiplier will e 2.5 in terms of the formala 2.23. This means
that the cmployment inerement, of total activity will he 2.5 times as big as that of hasie
activity. Tlhns if changes in the basic sector can be forecast, and il the multiplier can he
assumed to remain constant, then it is possible to forecast, changes in total activity, The
critical role of the hasic activity and the operation of the cconomic mutiplier are the two
characteristics whi~h are usually scen as constituting the core of ceonomie hase theary,

Computationally, cconomic hase theory seems very simple, I spite of this, there are

two main limitations to the theory, First. it is difficult to determine whether the funetion
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of a sector is basic or non-basie, bhecause most economie sectors involve hoth basie and
->
non-hasic funetious. Second, the ceonomic multiplier is an average value, The multiplier
of an urban arca may change with the different sectors hecanse of the variety of the
growth potential in different, seetors.
In the present vescarch, while ceonomie base theory as such is not ntilized. the eco-
nom’ sectors in the urhan model are established by modilying the coneepts of basic and

non-basie activity, and the size of the sectors is defined in terms of employment, These

points will be disenssed inomore detail in the following chapters.
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White’s Model of Urban System Dyn:unics

This chapter presents a detailed discassion of the generalization of White's two-seetor
retail center model to a dynamic model of an whan system, Seetion 3.1 presents the na
ture of urban dynamics, Section 3.2 deseribes the generalized dynamic nrban model and
the treatient of exogenons versus endogenous effects in the system dynamies. Seetion
3.3 comments ou the inflnence of choosing a transportation network appropriate to the

urban model.

3.1 The Nature of Urban Dynami~s

The development process of an urban arca is a complex one, and includes niany events
which may be the stimuli forcing the growth of the arca. Nader 3] considered that this
process normally involves five main stages throngh which an arban centre usnally passes
before achieving metropolitan status.

A single cconomic activity, performed by most towns, is a mark of Che first stage.
In the second stage, after fnctions sueh as distributing, wholesaling and warketing
are developed, a town becomes a serviee centre, In the third stage the town becames a
primary manufacturing centre by processing products originating within its region hefore
they are sent to their ultimate markets, The fourth stage, in which the town funetions

as a secondary mamfacturing centre, is achioved by expansion of the town’s indnstrial

31
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activities, including the manufacturing and processing of products. In the fifth stage,
the urban centre becomes a regional metropolis that acquires the control functions for
the regional economy. The achieveent of national metropolitan statns, the final stage.
is reached only hy a few cities,

These live stages deseribe a dynamic process of urban area evolution. Ttow to model
Lhis process in order to show the dynamic mechanism has heen an interesting research
topic in urban modelling, Generally speaking two kinds ol model may be employed to
deseribe the mechanism. One is a detailed and complex model that may include many
faetors iinpacting on the growth of an wrban arca. The other is a generalized and abstract
model that only involves a few prineipal rules which are common to most, urban arcas,
Comparing the former with the latter, one obvious dilference is that there are many
vatiables and parameters in the detailed model, and consequently the general behaviour
ol the model is not well understood, even when the model is suecessfully calibrated
for speeilie situations [H]. In contrast, the variables and parameters in a generalized
model usually are mneh less numerons than those in a detailed model. This difference is
mportant. Fiest, in the calibration process of the detatled model, the large nnmber of
parameters will make the calibration diflicnlt and time consuming. Morcover when the
calibration is achieved, the value of many parameters often can not be casily explained,
By contrast, a generalized model is quite casy to calibrate, and the limited unmber of
parameters can frequently be interpreted,

White's modelis of the second Kind: it is generalized and abstract. The urban dynam-
ics deseribed by the model  treats population distribution as primarily a consequence of
the location of cconomie activity, but also recognizes that the distribution of population
is an important determinant of the location of the economic activity {11]." Population
is thus selected as the basie variable of the model due to its importance with respect

to the location of economie activity, The mechanisms embodied in this model can be
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suminarized as follows. An urban arca with varions cconomic sectors tends to capture
the market of its smrrounding region, which consists of other urban centres as well as
riral arcas. However, whether the urban area is able to capture the market suecesstully
will depend in part on its operating, eflicieney in producing or supplving, the required
goods and services. Generally speaking, a large urban arca, or a relatively large one
with a good location, may possess more advantages [37), beeause economies of scale aml
agglomeration are more pronounced in these metropolitan centres. The advantages will
allow certain cconomie sectors in these urban centres to enlarge more rapidly than the
growth of the cconomy as a whole, This phenomenon does not imply that the size of
an urban arca can increase indefinitely hecanse of the appearance of disccononies seale
and agglomeration, These arise dne to sueh facts as urban congestion, decline of the
environmental quality. and so on. FEven though on a short teenac large urhan centre may
possesses competitive advantages compared with smaller urban aveas, over a longer term
the urban dynamiies may drive the urban system towards a new conlignration in which
the size of the largest centre in sell-limiting,

For such an abstract model of nrhan dynamies, it is nseful Lo recall the relationship
between an individual event (or micro event) and the abstraction of the inadel (or macro
event.). For example, many people start businesses in Moncton, Tor a variely of reasons.
Some of these businesses sneceed while others fail and disappear. Companies move in
and oul of Mouncton. The appearance or disappearance of cach husiness s an individual
event. Bat in general, people do business in Moncton becanse it has o relatively arge
population and a good location; it is a transportation node with good links to othe
places.  Compared with a city with a smaller population and o worse location, like
Edmondston. more people prefer to open businesses in Moneton, and inore hasinesses
arc successful.  Therefore, the population of Moncton will inercase, and Moneton will

develop faster than Edmondston. The growth of Moncton refative to Fdmondston dae
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1o its better location illustrates a basie macro-level property of the model: the dynamic
competition mechanism facilitated by the transportation network.

One further issue at. the macro level conecerns the bounds of the model: the arca of
application of the model has to have a geographical limit. But once the geographical limit,
(or rescarch area) is determined, another issue appears - how to handle the conneetions
between the urban system being modelled and the rest of the world. Links with cities and
regions heyond the study arca olbwvionsly afleet the dynamics of the local urban system.
he the imodel used in this research, it is assumed that the net effect of these links is to
determine the growth rate of the urban system as a whole; this growth rate is treated as
exogenous 1o the model In other words, the model does not predict the growth rate of
Lhe system, It takes that as given. The model servers to distribnte the over-all system
growlh to the individoal urban centres that make up the system. The mechanism will

he discussed in the following section,

3.2  White’s Generalized Model

After introdueing a general deseription of urban dynamies in the last seetion, we will
diseuss here White's generalized model in detail. In the most general terns, the model
shows how a system develops under the assumption that all centres are competing for the
ceonomice activity penerated in the systenn. All changes in the overall level of economic
activity in the system are assumed to be exogenous, If there is growth in the system,
the model will show how 1o allocate the total inerement of growth to the varions centres
within the system. The model does not itsell generate growth or decline for the system
as i whole,

The competitive mechanism in the model is developed using concepts such as revenne,
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cost, profit, and scctor size. However, the highly abstract nature of the madel gives
these common words a somewhat different ineaning, from their usual detinition, Revenue
measures the competitive snecess of a city in capturing a market, cost deseribes the
competitive ability of a ity in producing or supplying goods and services. and prolfit
represents the synthesis of the two competitive abilities, The sector size is mcasured by
a kind of index. rather than by output or craployment, These concept will be deseribied
in more detail below,

As White deseribes it the model starts with a delinition ol the general saitability
of an urban center as a location for activity in a given cconomic sector, This suitability
may be thonght of as an aggregate level of profitability for the sector in that particalar
city. It depends first of all on the degree of aceessibility to thie entive urhan system, sinee
that system constitutes the market and thus provides revenue [ White™s generadized
model of an urban system consisting of » eities and -0 rural arcas may be deseribed

by a set of equations as follows. The first is the total market potential defined as

n t g"

Wik =2 =R 1)/\' coi= L j=1 (1)
i=1

where 'S, denotes the population of ¢ity j at time (1, denotes the distanee hetween
city (or raral regron) i and civy J, and Vg is the exponent of distance with & [,
denoting the non-basic and basie sectors discussed i chapter 2. IFrom the delinition, it
is seen that Ve s the total attraction exerted on the popualation in ety or rural area
by sector & inall cities in the system,

The revenne received by sector kool city J from all cities and raval areas s given as
m f(" /I)NL w ) S /,)
t — g o
R,y = Z‘T R LT 12'7 v, (:3.2)
1= o 1=

where LS; denotes the popnlation of cither city or rural arca i at time /.
In order to capture the revenue, the urban arca, considered as an economic cutity,

must incur the cost of providing the goods and services, The cost at time £ for secrtor k
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ineity 7 is exprossed as
1 ' ] ITTTILN g
Ca=Co+ B ( WJ,;.-) (:3.3)
where constant, €4 is the threshold level of cost, (for simplicity, we assume the threshold
level of eost Oy = ), ' 13 is a conversion or sealing parameter, the parameter /2 deter-
mines whether we are dealing with a case of disceconomices of scale (5 > 1) or cconomies
ol seale (I3, < 1), and "W i is o measure of sector size.
The notional profit. ', obtained by sector A ineity j ab time f is then simply the

dillerenee of revenne and cost,
! ¢ ! .
I) & = l{j,k —_— "J.k (.‘.4)

The evolution of the size of sector kin city jo PW ., is given by the following difference

cqnation

AN "Vok
S T Y it s g .
W= W+ G () e (W) (i ) (3

The right hand side of the Eq.  (3.5) consists of three terms. The first term is the
initial size of sector k. The second term indicates that the size of sector & will incrcase
or decrease in response Lo positive or negative prolit, respectivelys the response rate (i
denotes the size inerement per unit protit, However, the size inerement of sector b in
city J ois determined not only by the profit it carns, but also by the total increase of
the population in the system. The effeet of the atter is given by the third term, IF
the total inerease in the size of sector A due Lo an exogenous inercase of the system
poputation is TV TASY/1S with 1S = 0 and W= T8 TWy, then this amonnt
ol population will be allocated to cach sector b in every eity j according Lo its relative
attraction Ve / 350 V.

Itis nteresting to compare this latter term with the “crowding” term in Eq. (2.17)

of Allen’s model [12] T Allens model. the *crowding” term plays a role in population
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redistribution within an urban svstem with a pavameter 7 determining the strength ol
this term. However, it is dilliendt to give an interpretation to the value of the parameter
7. This parameter is nsually calibrated together with other parameters in a sinulation
and its value is mnexplained.  In White's generalized model, the term responsible for
poptlation distribution is sell-consistently defined . throngh 1V, and the relative atteae
tion that expresses the distance effeet as seen in 1qg. (L1, The strength of the tevn is
determined by the pereentage inerease of the tota) popnlation in the wrban svstem. "I'he
valne of the parameter representing the net growth rate ol the system, - ((AS)/ 1S,
reflects the net effeet of the birth, death, and migration rates. This parameter will also
play a role in determining the value of the paranmeter 13, i the cost eguation (Fega303).
The new size 1Y of sector ks used to estimate the new population of cach city
by the following equation:
2
L = 3 () ( ”"HI’,,A.) (:3.6)
k=1
where py is a parameter deseribing the composition ol a city i terms of the two sectors,
According to the economie base theory, all cconomie activities found in the eities of
the system may be represented by two categories: export sectors and local serviee seetors,
However, in reality it is quite diflicult Lo separate all cconomie sectors as conventionally
defined into these two gronps, hecanse each of those sectors contains both export, and
local service activity. For some sectors the proportion of sales in the external market
is greater than that in tocal market, but for others, the proportion of sales i the local
market is greater than that in the external market.,
The difference is in the sensitivity of their sales to distance or in theie relative abifity
tu export. Morcover, even thoagh the sector size in a city is intnitively redated to the
cmiployment classified by sectors in that city, it is diflienlt to find i standard which allows

us to divide the employment in cach of the sectors into two comnponens, “export” and
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“local serviee”, Henee, actnal employment data will not be used. Instead, size for the
two scetors will be estimated using a method disenssed in chapter 6, in the context of
calibration,

We go back now 1o the cost equation and show that the conversion parameter £ 3,
st be calealated instead of being calibrated with the other parameters. The model
Lreats growth in the region as comprised of two parts, redistribution within the region
isell and net regional prowth, treated as exogenous whether internally generated or
cansed by influcnces from ontsice the region. This treatment of all net growth in the
region as exogenons is ensured by the condition that total profit for cach sector kin the

system he zero:
11
Yo 'Pk=0, for A =1,2. (3.7)
J=1

From this condition and Fqs.(3.5)-(3.6), we may derive the following expression:

n n 2 2 n
(O ST 35 SURCITANES St SR
=1 J=1 k=i k=1 =1
2 7 n 2 tAlq n t‘/_ k
= Z I Z ‘I'V‘,'L- + (,’Z 1,;_“‘ + Z I i ‘H/k Z—th—i/- (13.8)
k=1 =1 )=1 k=1 ! 2 ZJ Ik

The first term ol 19q.(3.8) allows us to look at redistributive changes within the region
in the absence ol net regional growth, The second term illustrates £he effect of the net
increase of the system population. This net increase is treated as exogenons data, and
one important function of the model is to allocate the net inerease of system population
to centres within the region.

The calibration process ean be simplificd by means of the constraints imposed by the

condition (4.7) that total system profit be zero. Condition (3.7) may be rewritten in
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terms of the revenue and cost:
Z Ryx ~ '(',k =0, (3.0
=1 _;=l

A substitution of Eqs. (33.2) and (3.3) into the above condition yields

m l"/l)‘\k n ' — .
323 SIS (e ) =0, oo
=1 i=1 t a=t

Then the definition of the potential (3.1) can he used to simplify the above expression

s0 that

m ", . " ‘
D S = e | D0 W (3.11)
i=1 ik J=1
which yiclds
"B = Z pe Y Wk 3 'l'l/_)"'i,* (3.12)
b= =1 J=1

This relation not only simplifies the calibration procedure for a simulation by eliminating,
two parameters B for A= 12, but also ensures that the condition 320 Py - 0

imposed on the system is satisfied,

3.3 Transportation Network

A significant, issue concerning Lhe transportation network arises in generalizing White’s
retail center model to deal with a regional urban system, Hsually a single transportation
mode is used in the retail center model for a city. However, the large geographical seale
and the historical development of transportation technology yiekl a mnlti-maode netwaork,
"l . . ot Gy . iy o . l'l I .l.' H . .'l... H ..
Fherefore, it is necessary Lo choose a most likely mode, taking into consideration Lrins
portation co<ts and the popularity of the transportation mode, On this hasis, o single

cffective transportation network can he defined,
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For the Atlantie region, the effective transportation network is constrneted as follows,
First, highway transportation is chiosen as the most popular transportation mode and
the shortest distance between two eities 7 and § by highway is taken as the ellective
distance 12; . Second, for those cllective distances containing water barriers, the ferry
distance is converted into the highway distance by introducing a conversion factor /),
which denotes i speed ratio (speed on highway /speed on ferry ). Sinee highway speed is

preater than ferry speed, the effective distanee D will be inereased by this conversion:
Co_nhoy gt 2 |
D, =Dl oy DY, (3.13)

where DY denotes the highway distance and l),!j denotes the ferry distance, For certain
very isolatoed cities in the region, sueh as Labrador City, air transportation is the mode of
choiee; a conversion factor Ap, expressing a cost ratio (cost of airline/cost of highway),
is intraduced Tor converting the air distance into the the equivalent highway distance,
which yields
D, =D+ Ap- Dy, (3.14)
For raral regions including CMAs or CAs. it may be desirable to make an adjustment,
to the distance measire hetween the point chosen to represent the location of the city and
thaat representing the rmral regions Inorder to truly reflect the attraction of a CMA or
CA toits surromding, raral region, a separation coeflicient Sy is introdneed for obtaining,
an cllective distance between the city point and the rural region point in a particular
census division, this viekds
D, = Sp- D (3.15)
where the selection of Sy values will be discussed in the calibration chapter. The details
ol the effective transportation network D is given in Appendix A,
In most. previouns rescarch concerning urban systems, the influence of the choice of

(rausportation network on the simulation vesults is scldom discussed [10, 16, 17, 23,
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27. 30, 3], Inorder to understand the importanee of the transportation network, o
trial simulation. using a transportation network delined o terms of Fuclidion distanee,
will he also carried out; this simulation will use the parameters as calibrated for the
model employing the ellective transportation network. A comparison hetween the two
simudation results should show explicitly the role of the transportation network in the

dynamic urban model.



Chapter 4

The Atlantic Urban System, 1951-1986

The study arca chosen for application of the dynamic urban model is the Atlantic
region (Fig..1). The evolution of the urban svstem in this region is elosely associated
with the ceonomie development of the arca. Therefore, this chapter will focus on both
the defining, characteristies of the urban system and the economic development of the
study area.

The research covers the period from 1951 1o 1986, Some consideration was given
to using & longer period, beginning in 1931, However, such a time frame. including
such different historical periods as the depression. the Second World War, and the long
peacelul period following, would be quite complicated to calibrate.

Section L1 discusses the definition of an urban system in the context of the Atlantie
region. Section 1.2 outlines the economice strueture of the Atlantic region, and section
L3 Driefly deseribes the economic history of cach provinee in the region as well as the
history of major urban arcas. Finally, section 4.4 deals with technical issues arising from

the definition of the study arca bouudary.

42
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Figure 4.1: Study Arca, Showing the Location of the Eighteen Census Metiopalitan
Arcas and Census Agglomerations. (Base map supplied by Memorial University of New

foundland Cartographic Laboralory)
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4.1 Definition of the Systein

Before seleeting an arban system it is necessary to have eriteria for defining such a
system. Bourne [1] has established a nseful scheme for classilfyving urban systems.

We do know that economie growth in any given country is increasingly articulated
through the nation’s set of cities [38, 39, 40]. This articulation has led. in advanced western
ceonoinies at least, to a particular type of urban system organization. This organization
may be sunmarized as consisting of at. least three levels:

(1)a national system dominated by metropolitan centres and chiracterized by a step-
like size hierarchy, with the mmuber of centres in each level increasing with decreasing
papulation size in a regolar fashion;

(2) nested within the national system are reg wnal sub-sysiems of cities displaying a
similar but less elearly differentiated hierarchical arrangement, usually organized about a
single toetropolitan eontre, and ju which city sizes are smaller over all and drop ofl more
guickly thin in (1) above as one moves down the hierarchy;

(1) contained within these subsystems are local or daily urban systems representing
the life space ol urban residents and which develop as the influence of cach centre reaches
our, absorbs, mnd reorganizes the adjacent territory. In a small country levels (2) and (33)
may he dillienft. to differentiate, whereas in larger countries both of these levels may show
further subdivision (see Fig.d.2).

[t may be recognized that in actuality there are more than three types of urban
systems according to Bourne’s definitions. In contrast to Bourne’s regional sub-system
including a metropolitan center, the Atlantic wrban system seems to he a combination of
Bonrae's levels (1) and (2), shaving characteristics of both a national urban system and
a regional sub-system. In other words, this system is a collection of several regional suby-
systems. A few metropolitan centers - alifax, St.John’s, Saint John, and Moncton, and
Charlottetown  play a leading role in the ecconomice activity of cach proviuce. However,
as the economy ol the Atlantic region has developed, an economic core arca has formed.
Within this core, metropolitan Halifax has its greatest strength in the service sectlors -

edncation, trade, transportation, and the provincial and federal go. -nments. Its role as
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a distribution centre in the whole Atlantic region is growing. Halifax, to a cortain extont,

exerts a leading role in economie activity within the region. Burke and Treland [ 1] have

Hierarchical lovel

1 National urban system

®  National motropolises
® Othor metropolitan centros

Principal paths of interaction
boetwoen citios

2 Regional urban subsystem

(») National motropalis
e Othor metropalitan centra

0 Regional centros

3 Daily urban syslem

@ Maetropolis
{11 Bulit-up area
11 Local centres
3 | 1] Commuting fields

Figure 4.2: Hierarehical and Spatial Organization of the Urban System (after [1}).
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argned that “ in the carly 1970s for the first time the core arca hegan to play a major
role in the economice leadership of the region.” This core area inclndes Halifax, Moneton,
and Saint Jokn (see Fig, 1.3),

Morcover, although there are connections between the Attantic region and places
outside of the region, the area is relatively isolated, both by ocean and by the distanee
from the major national and international markets. Also, Canada’s westward spread over
the last 100 years has inereased the cecentricity of the Atlantic region [4]. I we regard
the Atlantie region as a whole in terms of its relative isolation and the emergence of
metropolitan Halifax as a regional or sub-national metropolis, the urban system is then
quite similar to Bourne’s regional sub-system. Thus, the nrban system in the Atlantice
region would seem Lo provide a reasonable test case for the simulation model that forms

the bhasis of this rescarch.

4.2 Overview of the Study Area

Before 1949 the Atlantic region was not a politically or cconomically integrated arca,
not. least because Newfonndland was not a part of Canada. The region was compara-
tively isolated, and the resonree based economy relatively open. In spite of connections
between the eities within the region, many of the cities had an independent export rela-
tionship with other areas such as mainland Canada, the United States or Europe, which
tended to minimize the economie relationship among the region's cities. When in 1949
Newloundland joined Canada as a provinee, many of the political and administrative
barriers to the cconomie integration of the region were removed. More recently, as the

tertiary sector has developed, the resouree based structure of the cconomy has gradually
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Figure 4.3: Burke and Ireland’s Atlantic Core Region. (Base map supplicd by Memorial
University ol Newloundland Cartographic Laboratory)
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shifted toward a serviee based stroeture. This shift underlies an important trend - vela-
tively independent, eities are gradually becoming integrated into a system of interdepen-
dent, relationships. Nevertheless, fishing, tarming, mining, and forest, industries continue
to he major cconomie activities, producing largely for export from the region.

Today, metropolitan Halifax is becoming the dominant centre in the Atlantie region
for service sectors like finance and publie administration.  Moncton, due to its strate-
gic transport location, is a major wholesaling and distribution point for the Maritime
provinees. Saint Joho is an industrial city, In contrast with these three eities, St.ohn’s
and Iredericton are both centers of government and educational services,  Compared
with the more diversilicd ecconomice strunetures of these eities, many smaller cities in the
region are dominated by a single industry. For instance, there are pulp and paper mills
in Grand Falls, Corner Brook, Bathorst, Camphellton and Edimndston, and iron mines

in Labrador City,

4.3 Economic Growth and Change in the Atlantic Region

1.3.1 Newloundland

The ceonomy of Newfoundland [42, 43] is heavily dependent on natural resources. For
soe 00 years the Island depended almost entirely on the fishery, until dnving the past
century the lorest and mineral resourees hegan to be exploited. After confederation with
Canada in 1949, the cconomy of Newloundland experienced dramatic and substantial

changes. A number of fresh-fish processing plants were established and they gradually
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replaced the old method of processing the fish. A large proportion of the provineial
forest output comes from the pulp and paper operations in Corner Brook, Graud Falls,
and, (during the latter part of the study period) Stephenville, Sinee the 1950 most
of the exported mineral product has come from Wabush and Labrador City in western
Labrador.  Agriculture is of minor importance in Newfoundland,  New manufacturing,
industries were established with government support, but only a fow succeeded,

St John's, the provineial capital, is the largest city in Newloundland. After 1919,
ceaper Canadian manafactured goods entering Newfoundland cansed the city’s indus
trics to collapse and reduced ('umnu-r('ial' activity at the port, St Jdohin’s beeame more
dependent. on public-sector employment, and lost its traditional role as the lish-exporting
centre of Newloundland, The growth ol a large civil service expanded the city’s Tabonr
force and stabilized the cconomy.  This growth supports a sizable vetail, serviee and
business sector. The completion of a paved highway across the Island (1965) further
stimulated the city’s economy. The other city in castern Newloundland ineluded in this
study, Carbonear, was an important, centre for commeree, fishing, trading, shipbuilding
and scaling in the [9th century. Carbonear’s importance as a shipbuilding centre and as
a port of trade declined beecanse Lthe seal hunt and both the Labrador and the inshore
fishery declined. By the 1970°s Carbonear, in addition to providing goods and services
to its own population, was a distribution and scervice centre for the adjacent area. The
Fishery provided employment in the primary sector, but most other employment. was
related to the distribution of goods and serviees.

In central Newfoundland Grand Falls was established with the opening of Lhe palp
and paper mill in 1909, Althongh it was the mill that employed the mmajority of workers in
Grand Falls, sccondary and service industries grew quickly. During the period 1965 1970,
the company’s production incrcased by fifty per cent. The il remaing the largest single

employer in Grand Falls. Gander was established iu the late 1930% with the construction
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of the airport, and the town remains an important service centre for trans-atlantic flights
and is hmportant as a distribution centre. The town’s central location on the island
makes i a significant transportation point, and by the carly 1980s, in addition to other
carriers, there were seven tracking livms in Gander. Gander's central location and variety
of transportation methods have also made it an important. convention eentre.

Corner Brook, in the western part of the provinee, is Newfoundland’s second largest
city. Because of its size and location, Corner Brook is a distribution, transportation and
service centre for western Newlonndland and Labrador. It is the location of the western
regional povernment oflices and the regional centre for medical facilities, distribution,
education, transportation and industrial and commercial resources. While the economy
greatly diversified after the 19505, the pulp and paper mill remains the base of the
cconomy. The mill was once the largest integrated pulp and paper mill in the world and
was still among the top twelve in 1976,

In Labrador, Labrador City began as a mining town in the late 19505, Within a
decade, it hecame the largest conmmunity in Labrador, and the fourth largest city in the
Provinee. In order to atbract a more stable work foree, the mining company, in the carly
1960s, sponsored or imtiated a shopping centre, medical care and recercation facilities,
and a school complex. Labrador City contined to grow thirough the 1970s, reaching a
population aronnd 12,000 by 1980, Shimping world demand for iron led to the first layolls
at Labrador City in 1981 and the population declined as further layolls and occasional
shut-downs occurred throughont the 1980s. Air transportation provided the only links

hretween Chis eity and the rest of the provinee.

4.3.2 Prince Edward Island

The cconomic structure of Prinee Bdward Island was relatively stable throughout the
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first half of the 20th century [44]. Agriculture was the most tmportant activity: elose to
half of the Island’s land is highly productive. Fishing was the other important resonree
based industry. In contrast with the rest of the Atlantic region, the forest and mineral
resources were not. commerctally important, Stuee [945 tonrism has cmerged as a major
industry. And by the mid-1960s, the munber of farmers and fishermen was declining,

Charlottetown is the capital city of the provinee 18] At one time the eity was a
major port, but in recent years the number of vessels eutering has declined siguificautly.
First enconraged by the erection of a major railway hotel in 1931, the tourist trade was
further developed by motel constriction in the 1950s and 19605, and was enhanced by
the completion of an extensive network of paved roads expanding from Charlottetown,
In 1984 the Jederal Department of Veterans Affairs was moved to the eity, resnlting in
development, of the administrative sector.

The next largest urban centre is Sunmmerside in the western part ol the Island 1)
Summerside was launched as a shipbuilding centre. After the collapse of shipbuilding,
in the fate 19th century | trade with the county’ lTarming community sustained S
merside’s economy. Smnmerside’s prineipal economic activities are agricultural service

industries, government, offices and the nearby Canadian Forees Base.

4.3.3 Nova Scotia

Nova Scotia has limited natural resonrees. Kven so, they are vital to the provineial
ceonomy [46). Since the 1950s cconomic development has been the primary concern of
provincial government. In the carly 1960s the coal and steel industries had serions dilli-
culties, The Cape Breton Development, Corporation, established in 1967, was aimned at.
developing alternatives for miners as the coal industry deelined. Most of the manufactur-

ing plants in Nova Scotia are hased on primary prodacts and are relatively sinall. Only
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a limited mumber of the industries have heen established since the 1960s. At least half
of the mannfactured produets are exported, most of them to the United States.

Halifax [17] is the capital of Nova Scotia and the largest city in the Atlantic region. Tn
the middle of 19th century the growth of Halifax’s ceconomy was based on trade with the
West Indies. The internatic | shipping at this time brought a prosperity that led to a
spurt of industrial growth in the eity. Unfortunately, however, this industrial heom was
shori-lived heeanse of distance from markets, lack of local resources, and central Canadian
competition. During the study period Halilax has experienced steady development based
on wholesale distribution, transportation, and government, services. The strength of the
metropolitan arca ceconomy depends on the defence and port. functions, and the serviee
seclor,

Sydney is the second-largest city in Nova Scotia. A steel milly bazed on local coal
resources, limestone from nearby quarries, and iron ore from Bell Island, Newloundland,
formed the core of the city’s cconomy. This industry has deelined sinee the end of WWII
as the coal mines became less productive and the steel mill became obsolete and less
competitive with central Canadian producers.

In the central part of the provinee, New Glasgow is the centre of an urban community
ol 1 towns  Treaton, New Glasgow, Stellarton, and Westville = and the trading centre
for the farming, lumber and fishing counties of Pictou, Antigonish and Guysborongh.
The establishment of coal mining, resulted in the development of this arca. The Nova
Scotia Steel Company, the first steelmaking plant in Canada, was opened in this arca,
and supplied steel for central Canadian manufacturers of farm implements and for railway
construction. Althongh the coal-mining industry has declined substantially, the economy
of this area has been assisted by a relatively new paper plant and a tire-manufacturing
facility. Truro, the other city in central Nova Scotia, is a major railway centre. The city

has a relatively dive zsified cconomie base, with such manufacturing activities as metal
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foundries, machinery, printing and lumber milling, The textile mill established in 1868

still operates, and a dairy company located here sinee 1920 is a major employer,

4.3.4 New Brunswick

The forest is the provinee’s greatest natural resonree [1, 18], supporting various indus
tries, and by the 19305 pulp and paper mills were move important than lumber, Second
i importance are mineral deposits, which inelide the mines near Bathurest and Sussex.
Agricnfture and fisheries are of lesser, and declining, importance in this provinee, but
they support a substantial food-processing industry. I the first hall of this century,
the industrial towns in the provinee stagnated as their industries faited to cotpete with
central Canadian industries. Government support for cconomie development. sinee the
19605 has stimnlated the expansion of forest industries, the establishment of a new and
important mining indnstry, the modernization of fisheries and farming, and inereased
manufacturing based on local resources.

Saint, Johu, in the southern part of the provinee, is New Branswick’s chiel metropoli
tan arca. Timber trade, shipping, and shipbuilding were historically the inportant ceo
nomic aclivities of this city because it has an ice-free port. Alter WWILL shipping and
the shipbuilding industry continued to develop, and the pulp and paper mills also ex
panded. In recent decades Saint John has contined to develop industrially, with the
addition of an oil refinery, a mnelear power plant, dry dock Tacilities and o major con
tainer port. Fredericton is the seat of the provincial government and university, In the
1960s and 1970s the civil serviee and university both grew rapidly, ‘T'he mmber indnastry,
agriculture, and its role as a transshipment point hetween the lower and upper Saint Joh
River have also been important to the city’s cconomy. Moneton started as a shiphuilding,

centre. The ecconomy was transformed, however, in the post-Confederation period when
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Moneton became the headegaarters of the shops for the Intercolonial Railway and a rail-
way centre, Until very recently, the railway remained one of most important. activities
in the city. The ity owes its importance to transportation and distribution facilities.
hecause most railway lines in and out of the Maritimes pass through it.

I the novthern part of the provinee, Bathurst is the administrative centre of Glouces-
ter County. Lumbering, shipbnilding (hegun here in the 1820s) and sawmills dominzied
the cconomy until a pulp mill opened in 19145 it was expanded to make paper in 1923
and underwent. mijor renovation in 1983 and 1987, The discovery of sizable base-metal
deposits e 19953 in the surronuding, region stimulated the city’s development. In [Sd-
mundston the forest industries have expanded in this century from a sawmill operation
to pulp and paper manufacture, and Edmnndston has emerged as essentially a single-
industry town, Campbellton is the administrative centre of Restigonche Connty. 1ts carly
industries were lishing, shipbuilding and trapping. Lumbering became most important,
in the late 19th century and remained so until a pulp mill was huilt in 1928, s present

rajor industry is tourism.

4.4 Study Area Boundary Modifications

In defining the study arvea, Bdmundston and Campbellton, both in New Brunswick,
cause special problems because of their partienlar location (see Fig.d.1). Edmundston
lies ona narrow strip of territory squeezed between the provinee of Québee and the 17.S.
state of Maine, T'hus the local trade arca may in reality include territory which is not
within the stody arca. But the fact that there is an international boundary between New
Brunswick and Maine probably limits the influence of the population in the adjacent part,

ol Maine. Thus the more important. part of the Edmundston arca popilation omitted
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from the simulation may come from Témiscouata county of Québee (see Appendix B he
Rural Population Question for Edmundston).

For Campbellton the problem involves the delinition of the CA houndary as well as
the raral trade arca population. In the present researel the 1986 CA (or CNEA Yboundary
is chosen as the standard boundary to he used throughout the study period. However,
Campbhellton is the only CA in the Atlantie region to inelude components within two
different provinees in this area. New Brimswick and Québee, in the 1986 census, Accord
ing to 1981 and 1976 census data, Camphelton CA includes components only within
New Brunswick., This implies that there was very limited commuting, from Quéhee in
previous years, and therefore that cconomic integration across the provineial honndary
was weak. Thuos the 1981 CA boundary Tor Camphellton was chosen as the standard
boundary within which to reorganize Camphellton CA data throughout the reseaveh pe-
riod (sce Appendix B Definition of the CA Boundary). Unfortunately the population
of Bonaventure CSD, Québee, will be omitted from the simulations (see Appendix B
Delinition of the Rural Population of Compbellton).

According to the data analysis presented in Appendix Bo exeludiug, the varal popu
lation in Québee may have a small influence on the simulation results for Camphellton
and Edmundston, and similarly for Maine on Fdumndston, However, the effeet on other
cities would he negligible becanse onee the distance beeome larger, these minor pereent

age errors become very small,



Chapter 5

Data Collection and Processing

In order to apply the dynamic urban model descviled in chapter 3 to the urban system
in the Atlantie region, it is necessary 1o have actual data for the system. which provides
a basis for calibrating the parameters and testing the model. For the Atlantic urban

svstem, three sets of data are required:

e Puopulation of the Censnus Metropolitan Arcas (CMAs) and Census Agglomerations

(CAs), as a measure of city size.
o Population of Census Divisions (CDs). to establish the size of rural regions.

o Distance hetween all eity pairs and hetween all cities and connties or census divi-

stons as measured on a transportation network.

Section A0 discusses honndary problems of CMA and CA data and suggests an ap-
proach to solving the problems. Section 5.2 deseribes data processing for different Census
Divisions and methods of seleeting, the node to Lepresent a census division in the trans-
portation network. Finally, Sestion 5.3 presents two types of distance and points out an

appropriate way of representing distance in the Atlantic transportation network.

t

-
—_
-
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5.1 Population Data for CMAs and CAs

Metropolitanism has become a common phenomenon in the twentieth-century, s
most distinetive characteristic is the ability of a city to dominate other cities and to
extend its social, enltural and cconomie impact over a wide area 3], According to the
Census of Canada “Census metropolitan arcas and census agglomerations are penerally
defined as large urbanized cores, together with adjacent urban and vural arcas which
have a high degree of economic and social integration with the core {19].°

In an carlier era. non-primary cconomie activities were nsually conlined to eities and
towns that were well separated from cach other. Long distance conmmuting was uncom
mon. With the development of transportation and rising levels of ecconomica tivity in the
system, hiewever, commuting becaime more common and the degree of cconomie integra
tion between the urban core and adjacent. urban and rural arcas increased significantly in
both frequencey and scale. Therefore, mettopolitan arcas have heeome more appropriate
Lhian cities as spatial entities in detining the urban system [36].

In such an evolution, a metropolitan area develops throngh several stages: village
— town — city — CA — CMA. Two problems avise in applying White's model Lo
system in which the urban centres have evolved in this way. FFiest, all of the CAs in
the system were first, defined during the study period. Second, the houndary of & CMA
or CA typically changes with time, which yiclds a sudden change of the CMA or CA
popilation. Both problems relate to the definition of CMA and CA,

The delinition of the Censns Metropolitan Areain 1981 given by the Census of Canada
refers to the main labour market ares of an urbanized core (ar continuousiy huilt-up area)
having 100,000 or more population. CMAs are ereatded by Statisties Canadic and sive usu
ally known by the naune of the urban arei forming their urbanized core. They conlan
whole municipalities (or census subdivisions). CMAs are comprised of (1) municipalities

completely ur partly inside the urbanized eores and (2) other inapieapalities if (a) at Jeast
A0% of the employed labour foree living tn the nmumreipality works i the urbanized eore,
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or (b) at least 25% of the employed labour foree working in the municipality lives in the
urhanized core [50].

The Censns Agglomeration in 1981
refers Lo the miin labour market area of an urbanized core (or contimiously built-up area)
having, between 10,000 and 99,999 population. CAs are created by Statistics Clanada and
are usually known by the name of the urban area forming their urbanized core. They con-
tain whole iunicipalities (or census subdivisions), CAs are comprised of (1) rmunicipalities
catupletely or partly inside the urh- “zed core; and (2) other municipalities if (a) at least
A0% of the eniployed labonr foree living in the municipality works in the nrbanized core,

or (b) at least 25% of the employed labour foree working in the municipality lives in the
urbanized core [50].

T'he above definition, however, was modified in the 1986 Censas of Canadas:
While the CMA and CA coneepts remain the same as in 1981, the use of place-of-work
data from the 1981 Census as well as several modifications to the delineation criteria
have resulted in new CMAs and CAs and many that are significantly different. from those
reported i the 1981 Census. To be included in a CMA or CA, a CSD! now requires a
commuting flow of 50%, up from 408 in 1981, In addition the llow must be at least 100
persons. CAs composed of a single CSD are now permitted. Adjacent CMAs and CAs
which are closely interrelated will now be combined into a single larger CMA or CA[49].

The change in definition of hoth the CMA and CA with time causes a problem
in calibrating the parameters in the model.  Here is an example, given to show the
problem explicitly. According to the 1986 Census of Canada, New Glasgow is defined as
a Census Agglomeration with population 38,737, which comes from an arca consisling
of 8 component census subdivisions:  Fishers Grant 24, Merigomish Harbour 31, New
Glasgow, Pictoun subdivision B, Pictou subdivision C, Stellarton, Trenton and Westville
[19]. The population of New Glasgow in 19762, however, was 23,513 coming from an
arca of only -1 componeuts: New Glasgow, Stellarton, Trenton and Westville [51]. The
population change (15,224=38.737-23.513) of New Glasgow in the period 1976-1986 was

caused not only by the dynamices of the wrban system such as are deseribed by the model,

Census Suhdivision
FPhe definition of 1976 CMAs is the samne as that of 1981, but the definition of 1976 CAs is dilferent
frotn that of 1981,
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but also by the boundary change in redeflining the Censns Agglomeration to inelude four
additional components. Moreover, from [951-1971, the Census Apglomeration of New
Gilasgow was nol defined at all.

The problem arising from the change in delinition of the CMAs and CAs may he
solved by a consistent construction of the urban system in the Atlantic region. The
simulation in the present rescarch covers the study period T951-1986. So, for the entire
period, the study uses as a standard houndary for each CMA or CA (with the exeep-
tion of Campbellton), the boundary as defined by the Census of Canada in 198G, T'he
geographic population distribution data in carlicr years from the Census of Canada was
then reorganized in terms of the standard bhoundary to construet for cach CMA and CA
a cousistent set of population data for the period 1951-1981,

The example of New Glasgow shows this construction procedure. T'he eight compo
nents, according to 1986 Censns of Canada, are taken as the census agglomeration for
New Glasgow in the study period from 1951 to 19815 and the population of cight com-
ponents are summed as the population of CA New Glasgow {or each census year within
this period. The result is shown in Table 5.1, The detail of reorganizing the popalation
data for the New Glasgow CA is given in Appendix B, This procedure is applicd Lo all

cighteen urban centres (CMAs and CAs). Table 5.2 shows the resulls.

Census year | TO51 | 1956 | 1961 | 1966 | 1971 | 1976 | 1981 | 1986
Reported - - - - - 23508 | anee | RTeT

Caleulated 34,680 | 30,098 | 34476 | 35400 | 36,608 | 38,508 | 80,552 | ke

Table 5.1: Census Agglomeration of New Glasgow.  Data in row 1 s popnlation as
reported by Census of Canada, Data in row 2 is caleatlited from popalation of individnal
components as given in Census of Canada, 1986.
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i City Name 1951 | 1956 | 1961 | 1966 | 1971 | 1976 | 1981 { 1986
| St.Johin’s 77058 | ooasy | 104108 | 1iss00 | 133230 | 130046 | 152002 | 161901
2 | Carbonear towes | isor | o11wes | nisdo | orie7o | oaz2ds2 | 12083 | 1a0s82
3 (:()l'“(?l' “l‘()()k 1 7250 24681 206778 28009 30111 340649 34735 33730
4 Gander ATKE 5031 7207 7611 8426 9663 11056 | 10899
5 | Grand Falls 16oBy | Boces | 22857 | 25487 | 25871 | w6017 | 26116 | 25612
6 | Labrador City | 2i03. | 3516, | st44x | 7525 | 11009 | 15781 | 14693 | 11300
7 Charlottetown | sis2 | miase | sa106 | seves | 4162 | 4484z | 48225 | 53868
R | Summerside 1ot44 | romso2 | w2020 | taete | oasurr | 1su28 | 14950 | 15614
9 Halilax 151926 | 187563 | 216276 | 234637 | 250579 | 267000 | 277727 | 205900
10 ] New Glasgow | 34680 | 34948 | 34476 | 35409 | 36093 | 38508 | 39412 | 38737
Il | Sydney LI7148 | 122018 | 127866 | 125749 | 125188 | 124069 | 122837 | 119470 |
121 Truro 27047 | w1058 | rows | 32554 | 34623 | 38304 | 30751 | 41516
13 | Saint John R30S0 | 91925 | 101474 | 107632 | 109367 | 11TERS | 119950 | 121265
14 Bathurst 2in0t | 24555 | 2s181 | 2sesd | stz | 33847 | 35011 | 34805
15 1 Camphellton 12084 | pa31t | 15470 | 15856 | 15802 | 15706 | 15508 | 14867
16 1 Fdmundston 18224 | wwor | 2101 | o217 | 20161 | 21351 | 22420 | 22614
171 Frederieton 26055 | 306o3 | 35068 | 37421 | 51746 | 58492 | 63048 | 65768
IN 1 Moneton 58365 | GeAR3 | 75263 | TTGR4 | 85435 | 95647 | 98354 | 102084

Table 5.2: Population Data for Reorganized CMAs and CAsin the Atlantic Urban System
Based on Geographic Population Distribution Data, Census of Canada, for 1951-1981.
Data with *+" are estimated values by annual growth rate between 1966 and 1971,

In constracting this table, CA Campbellton is treated slightly differently from the
other CMAs and CAs. Six components are within the boundary of Camphellton ac-
cording, to the 1986 Census of Canada: Addington, Atholville, Campbellton, Tide Head,
Pointe-d-la-Croix and Restigonche, The first four components are in New Brunswick;
however, the last two components, Pointe-a-la-Croix and Restigouche, are in Quebee and
therefore out of the present study arca. Thus, these two components are removed from
the Census Agglomeration of Camphellton, and the boundary of Campbellton as defined
Ly the 1981 Census of Canada is selected as standard boundary for whole study period

(sce Chapter 1),
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The estimated value of the urban system’s total population in cach non-census year
is obtained by use of the Akima cubie spline interpolation [52, 53], applicd to the actual
total population of the urban system in cach census year. This method prodiuces a
smooth trend of population and the shape of the curve matehes the shape ol the census
data points. It also minimizes oscillations within the interpolant. Using the interpolatod
data, the anmmmal growth rate of the urhan systen, 4, (4 = {AS)/ '8) is caleulated.
These rates are then used as the growth rate of total size of both the local service and
export sectors () and treated as exogenons inpat. Fig, 5.1 shows the urban growth

rale, v, in the Atlantie region from 1951-1936,

5.2 Population and Location of Census Divisions

In this seetion, we diseuss how to process the population data of a census division,

and how to choose a node on the transportation network to represent a census division.

5.2.1 Population Data for Rural Regious

Populations for rural regions are based on Census Division data, According to Censns
Canada, Census Division (CD) is

the general term applying to census divisions, counties, regional distriets, regiomal muniei

palities and five other types of geographic arcas made wp of groups of censns subedivisions,
In Newfoundland, Manitoba, Saskatchewan and Alberta provineial law does not praviee for
geographic areas which are intermediate between the censas subdivision and the provinee,
Therefore, census divisions have been ereated by Statisties Canauda in co-aperation with
the provinees. In all other provinees, the ditfferent. types of census divisions and their limits
are established by provineial law[54].

The census divisions in the Atlantic region should he divided into two groups: in one

gronp are those census divisions containing CMAs, CAs, or boths in the other are those
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which do not contain CMAs or CAs. A more complicated situation arises whon a CNEA
or CA is located in two censnas divistons.

Wawilll elucidate the data processing procedure through particalar examples as in
the - section. FFor census divisions containing a CNA or CA inside their homdary,
we simply deduet the poprdation of the CNEA or CA and the remainder is ased ax the
population of the rural region. The details of the raral region population data are piven
in Tables 5.3 and 5.4, The rural region name used here is composed as follows: the
lirst letter denotes the provinee (IF'=N.F,, P=DPE L, S=N.S., and B=N3): the next two
numbers denote the index of the Census Division acceording to the Census of Canada;
and the last three Tetters are the abbreviation of the transportation node correspotding,
to the Rural Region. For example, 190110, means Holyrood in Censas Division one of
Newfoundland.

In New Brunswick, Saint John (CMA). Fredericton (CA), and NMoncton (CA) cacls
lie in two census divisions (Saint. Aol CDs 6 and 11 [Fredericton: (Ds 12 and 15;
Moncton: CDs I and I4). For the case of Saint John, the COMA core the city of Sain
John ~is in Censns Division 11, Most components (two of three), lowever are i Consis
Division 6. Tu this case we sum the popilations of census divisions G and 11 Lo ereate o
composite rural region. The population of Lhis new areais Lhe total population of eensis
divisions 6 and 11 less the population of CMA Saint Jobhn. The detail for consus years
19511986 is shown in the Table 5.5.

For the case of Frederieton, the CA core Frederieton s in CD 1S aned most. CA
components (four of five) are also in CD 15, So, instead of merging, these two Censiy
Divisions, wededuet the population of CA components within CD 15 from the popnlation
of the CD 15, and the population of CA components within CH 12 from the population
of the CD 12, The remainders are used as the mral region population for 1) 15 an:d C1D

12 respectively, For the case of Moncton, the CA core Moneton is ey 1 and
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most CA components (four of five) are also in CD 14, The same procedire as for CA
Fredericton is applied to CA Moteton.

j]1en FOSTE | 1956 ] 1961 1 1966 | 1971 197G | 1981 | 198G
1O { FORMAR | 22360 | 2:30m0 | 24779 | 25672 | om0 | 20627 | 30368 | 30285
200 | FoiMIL 20434 | 21675 | 23299 | 2680 | 24816 | 25836 | 26200 | 25747
21| FO4STE 15082 | 10635 | 24185 | 265286 [ 2350 | 3012 | 27740 | 27278
221 FOTPRIL | snwns | 38200 | 3u652 | 303tR | quses | a2 | 43438 | 4618

=a

23 | FOSLEW | semug | do620 | 4650 | ezt | sosvo | s3192 | sasa2 | sazes

24 | FOSHIBA tront |ortooTo | 21710 | 23tse | 23140 | 24967 | 26738 | 25954

25 1 POL B3R 1703 | 1TRss | r7Ras | oasors | oamazs | mssTs | 19215 | toson
26 1 S01TBRI 2077 | 20682 | 22649 | 21579 | 21842 | 2308 | 22522 1 23589
27 | SO2ANT | v1v71 | 13076 | taseo | koo | 1e814 | 17w | osno | 18776
o8 | S06s I'R S0655 | 30508 | 37767 | 35033 | 351600 | 45014 | 35231 | 34819

20 1 SOGWEY | 1oose | 1osea | 20216 | w827 | 20840 | 20032 | 21680 | 21852
SO S0TCHA | ova2es | oassoz | oisers | 1230 | 12864 | 12825 | 12952 | 12721
BULSOORAW | o2wasr |o2amsso | o2ataa | osos | oovoss | a2 | 33121 | 36548
32 { S1I05MA 1000 | o18ess | 8T8 | 1mis2 | oamsrs | o217ms | 22337 | 21940
33 1S11C0] BRI | BTRUG | D0TAT ] 43240 | 49975 [ 4F9TT | 49739 | 53276
B SI2NBA | ssene | 207 | 34008 § 36114 | 38422 | 42088 | 45746 | 46183
a5 | STANIL 12n4d | o1wera | 1iss {12807 ) 12050 | 12wT | 13126 | 13125
36 1 SIASPE oty | 1006 | 1isva §o s | o |t |12 | 1sdq
37 S16SHE 1302 | 1o | 15208 foe2sg | owesst | otewio [T | 17s16

AR SITHCO 8217 BI85 R266 R0 1 823 R417 8442 8704
39 SISYAR 22700 | 22302 | 238G | 23582 | 682 | 25200 [ 260 | 27073
A0 | BOTRAL aros | osees | osaam | omes 5321 2906 2056 | 2001

AL BO2HAR | 22200 | 223073 | waeT | 236 | 24428 | 24561 | 24650 | 25420
A2 1 BOSBOC | 2516 | 2497 | 25085 | 23543 | 21551 25423 | 26571 | 26525

1| BOABRI 26TGT [ 27492 { 26667 | 273G | 2901 | 28087 | 307w | 31496
A BOSNCOA | oa2oog |oag22s | so03s | s1711 | siser 53804 | 54130 | 52081
AH L BOOYCO | o6 | or2sas | ticao | weso | s2ase | o1zmo | 12486 | 12487

A6 BE2MAU | 7o | =aso | 20067 | 22275 | 17808 | 17420 | 16874 | 1788)
A7 BIBPRO | assat | 1ooz0 | rovr2 | 1wees | oteres | o2oms2 | 20815 1 21504

Table 5,3: Population of Rural Regious Consisting of Census Divisions not Containing
CMAs or CAs, T951-1956.
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ilTop 1951 [ 1956 | 1961 [ 1966 | 1971 | 1976 ] 1981 1986 ]
AR FOLHOL | sosa7 | eso2n | 72871 | 71076 | woden | 7e067 | 7e2s | g 7iies

49 | FOSPAS LOR33 | 10RA4 | 12313 | S8 | tares | ot2zet | tiee | oo
50 | FOGBAD Gton | Riae TuRl 161 ATU2 werr | oasae | aaon

F10GBA RART 7208 R00 | psene 17157 | 1727t | tnees (R

—

5

52 | PO2SHE Tison | 12030 | 11736 | nises ]owre | st | oveeas wan2
53 | POSMPL | 27801 | 27615 | 27005 | 2so00 | 27008 | 27uew | 27s7i | s
51 | SOAEBA atas | 60 | e 3R KT AT T T
Hh | SOAMAS 3580 | s8R | oduie 3196 B2 et | i | anrr

A6 | SOSMITA | ro2o1 | 10580 | o447 | s tosse | owona | 1o s

AT 1 STASTE u3t3 | wets | a2 | oeost uill 10h68 | 1omas 1045

58 | BOAPAQ | 35985 | 39564 | at162 | 41647 | 43620 | 47198 | B1Las | onunTs

h9 | BOTRVE 1105 | vrory | orross §oeaTan Loasis | owasa | s IR

60 | B1OTID 28228 | 25400 | 2650 | 26265 | 2mdRT | 2 | o2noms I

61 | B1IBRI 13004 | 137340 [ faass |oasd2 | o080 |oansos |7 e TH)

62 | BEAMBR | armset | 20340 | 2vsss | 2seis | 2220 | o2oam | 20u62 | so7a

63 | B157ZST 17796 | 18357 | oouss | 20788 1 s | oteTan | 15803

1 1ho

Table 5.4: Population of Rural Regions Corresponding to Censts Divisions Containing, o
CMA or CA, 1951-1986.

Census Year | CD 6] CD 11 Saint John [ Joined Rural Region.
1951 22467 | 71497 83950 KO
1956 2ARGT | 81392 91925 BYRY
1961 25908 | 89251 101474 13685
1966 I8548 | 929206 1076332 3812
1971 33285 | 92162 109367 1Goko
1976 43588 | 90103 17888 15804
1981 51114 | 86148 119950 17312
1986 RGHOR | 82460 121265 17793

Table 5.5: Calenlations for a Composite Rural Region at Saint Jolin.
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5.2.2 Locations of CMAs, CAs, and Rural Regions

The geographical location of cach CMA or CA is represented in the model as a point.
These points are used as nodes on a transportation network for the Atlantic region (see
asterisk in Figs. 5.2, 5.3, 5.4, 5.5). For a rural region, choice of a representative point,
is ore or less arbitrary due to the irregnlar shape of census divisions and the varying
population density in rueal arcas. Nevertheless, points representing the location of rural

regions in the present research are determined according to the following rules:

e Il the geographic center of a riral region is close enough to the center of population,
then the geographic center is taken as a node on the transportation network; c.g.
Sherwood is selected as the transportation node for census division 2 in Prince

Fabward Island (sce 1Mig.h.3).

o If in a raral region there is one arca with higher population density. then this
location is selected as the node on the transportation network; e.g. Riviere Verte
is selected as the transportation node for census division 7 in New Brunswick (see

Fie.5.50).

e When more than one possible location is found, the one closest to the main highway
is selected as the node; e.g. Holyrood is selected as the transportation node for

census division Uin Newloundland (see Fig.5.2).

The nodes thus determined to represent the location of rural regions are shown by

the solid squares in Figs. 5.2, 5.3, 5.4, and 5.5,
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| PN ——— |
kilometres

Figure 5.2: Census Map of Newfoundland, showing census divisions, with location points
of CMAs and CAs (asterisk), and raral regions (solid square  transportation distanee).
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0 kilomelres 5

Figure 5.8 Census Map of Prinee Edward Island, showing census divisions with location
points of CAs (asterisk) and rural regions (solid square - transportation distance: open

square  Fuelidian distanee),
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Fignre 3.5: Census Map of New Bronswick, showing censns divisions with location points

of CMAs and CAs (asterisk). and rural regions (solid square

apen square

Fuclidian distance).

transportation distance;
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5.3 Transportation Distance

The transportation network expressed by distance matrix 1, in the model can be
represented by cither the Euclidian distance (KUCH which can be obtained by digitizing,
the point locations shown in Figs.5.2-5.5) or the transportation distance (TRAPD). lor
the Atlantic region. because of the water harviers, the Buclidian distance is not an ap
propriate one to reflect the actual travelling distance, Therelore transportation distance
is nsed to represent. the transportation network in this rescarch, However, a temsporta
tion network consteucted from Enelidian distance will he also tested in order o see the
sensitivity of the model to different. distance representations in the transportation net
work., The caleulation of the Buclidian distance was carried ont asing the coordinates
of locations on a digitized map [55] which had feser place locations than the road map
[5G, 57, 58, 59, 60] used for caleulating transportation distances. As a result, o few lo
cations in cach of three provinees differ between the twvo kinds of maps. “The lovations
which do not coincide can be seen [ron a comparison of the solid squares and the open
squares in Migs.h.3-0.0.

The transportation distance hetween two points (cities or rural regions) was measired
in kilometers using cither the distance chiart on the velevant. provineial road wmaps. or by
summing the distance segments shown on those maps.  For some pairs of points the
transportation distance includes the ferry distance (e, Charlottetown Halilax) or
the airline distance (eg. Goose Bay — St.John’s). Both ferry and aidline distanee aree
converted into highway distance through the Fyy and Ay cocllicients as disenssed i the

last chapter. The detail is given in Appendix AL
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Calibration

In this chapter Seetion 6.1 deseribes the calibration procedure. Section 6.2 disensses
the empirical range of values of certain parameters.  Section 6.3 presents the results
of the numerical simulations and disensses the significance of the calibrated values of
the parameters, and Secetion (i.tl. examines the difference between simulation results using
Lransportation distance and those based on Euclidian distance. Finally, Section 6.5 shows

popitlation predictions for 1891 made by using the calibrated model.

6.1 Calibration Procedure

Calibration of non-lincar dynamical models has long been a difficult arca in nrban
modelling, particnlarly for the models containing multiple parameters. Various proce-
dures have bheen employed in the calibration of different urban dynamical models using
data from diflerent regions or cities. For instance Allen and Sanglier [28] considered that
the only method available for the calibration of non-linear dynamic models is a system-
adic “trial and error” approach, Pumain ot al. employed a similar approach as they tested
Alen’s model [17]. Wilson proposed three statistical methods as he discussed the nature
of the calibration and testing task [61].

In the present research, the calibration approach used is a fusion of an experimental

method, which is similar to that used by Pumain et al., and a goodness-of-fit measure
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proposed by Wilson. The experimental method used by Pumain ot al. conld be deseribed
as changing the value of one parameter after another and comparing results obtained by
simulation with actual values for cach of the variables.

In the present rescarch the objective of the calibration is to determine the set of
parameter values that “best™ simulates the pattern of cities in the arban system from
1951 to 1986, Achievement of the *hest™ simulation vesults is determined not only by
the calibration approach to he used. but also by the initial set of parameter vidues.

Becanse of the farge niimber of variables and the relatively long, time period of 1951
198G, this empirical calibration approach has to he made efficient, Thus a standared error
¢y i relative error RIZE, and a mateh between simulation pattern and actual pattern,
called a pattern mateh in this research, are all employed in carrying ont the cmipirical
approach. The standard crror. a constricted anxiliary function, plays a preliminary role
in the scarch, making the search for better simmalation results faster, 'This funetion cnsires
that the parameter values are changed in a diveetion that gives better results, The ereor
information representing the difference hetween actual data and sinmmlation resalts for
cach variable in the system is integrated tnto this measure and caleulated for cach year
in the whole perivd of research, As a result it can nol nnambiguonsly indicate which of
two simulation results is better, hecanse one simulation may be bhetter for some years
bt not. others. Therefore, in the first instance the mnnber of error valnes is reduced 1o
one: that for 1986. I is obvions that depending on one error value is convenient, but not,
entirely appropriate. [Furthermore, when ¢ reaches s minmsim and varies slowly with
the small change of parameter values, it is diflicult, Lo assess whiich result is better, For
those reasons, a more supple criterion, the relative errory will be used conenrrently. The
observation of the relative error is made not only for one particalar year in the period,
but, also for the whole period thirough pattern matel plotting. I show below the formulas

I use aloug with some explanation.
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More formally, if we have a set of real data ST (population data for the eighteen cities
in the Atlantic Region), and a set of sitlation values, S;, from the model, how do we
compare the two? One possible measure is the sum of squares of the differenees. proposed
by Wilson [61]:

S =30(8, = 8y (6.1)
J

Becanse the magnitude of the popnlation variables will make the value of S very large,
Jndgment of the simulation results will be quite inconvenient if S is used directly. There-

fore, in the calibration procedure, the main measnre used is the standard errory ¢

(6.2)

where ¢ = 0 indicates an exact it and a minimum of e indicates a “best” fit. lor
cach parameter we require a valie that gives rvise cither to a minimum ol ¢ or a slowly
varying c.

The relative error REE is delined as follow:

S
REE, = g—’, —1 (6.3)
)

where the S; and 8% denote the simulated population and actual population, respectively,
ol city J.

Based on the disenssion above it can be seen that the standard error and the relative
crror only help us to find the solution effectively and quickly, since the final solution we
arrive ab may also depend on the initial set of paramceter values, Different initial sets
determine various starting points for the scarch for the final solutiou. The initial sct
of parameter values in this rescarch is determined by the theoretical evaluation of the

prosent model [1].
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In the process of calibration, the seetor pavameters wy (A = 1,2) have a role which
is different from that of other parameters. They are used to estimate the initial sizes for
the two sectors. The basie equation for the calendation of the initial size of the “locad

service” sector (A = 1) mentioned in the model chapter, is expressed as
Dyg- . Oy .
W= x by (6.1

where wy is a scaling lactor and wy rellects the power law ol the dependence of seetor
size "W oninitial ity size "S5 These two parameters arve calibrated fogether with
the other parameters in the model. Before the calibration is carvied out, theoretical
considerations give rise to the likely range of values lor wy: specilically wy &= 1 dne Lo
its sensitivity, For simplicity, we mainly consider the case of wy = 085 and wy 1 in
this study, but during the calibration procedire the value of wy will be changed to a few
other trial values.

The size of the other sector Wy may bhe obtained directly from the size equation

Jre

(L¢.3.6) in the model
N = x MW

1

W=

Thus there is no need to calibrate.

6.2 Empirical Range of Parauneters

In the present, model, there is a set of parameters to he calilrated simultanconsly.
These parameters are as follows: the interaction parameters Ny, the cconomies of seale
parameters, Eg, the fixed cost (4, the response rate ¢ Lhe population parameters py, the
stclor parameters wy, the separation cocflicient Sy, the conversion cocflicient of airline

distance Ap, and the conversion cocflicient, of ferry distanee [0 Henee, itis important,
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Lo estimale a resonable range for cach of the parameters. empirically or theoretically.
baseel on earlier researeh work.,  Onee the teial range of values for cach parameter is
determined, a large number of combinations of parameter values can be used in running,
the model and the optinmm combination can he obtained by comparing the resulls from
the simulation with the actiual data for the period.

First, we have two distance exponents, usually called “lriction”, N, (b = 1.2) ap-
pearing in Fq. (3.1).  Empirical stndies have shown [62] that they are in the range
00 < Np < 4.0, with Ny and Ny corresponding to the “nonbasic” and “basic” scctors
respectively, Sinee the *nonbasie™ sector is more sensitive to distance, Ny shonld be

greater than Ny, The empirical range of the two parameters is given {24, 62] as
X< N < 4.0 and 0.5 < Ny < 1.3, (6.6)

No single eritical value of Nj, can be found which distingnishes a centralized pattern,
corresponding Lo the basie sector, from a non-centralized pattern. corresponding to the
non-basic sector, as discassed in Chap. 2. However, there is a smooth transition from
one kind of pattern to the other as N changes in the range 1.2 < N < L7 [10].

Next are the parameters for economies or diseconomies of scale, I5, (k= 1,2) in Eq.
(3.3). In terms of the sinulation resnlts in two-sector shopping center model [24], the
cipivical range is chosen as

0.95 <[5y < 1.05 and 0.5 < [, < 0.75. (6.7)

The fixed cost, Cy, in the same equation is taken as zero because it probably has no
important effect on simulation [10].

The parameter (Cin Bq. (3.5) is a scaling factor, denoting the response rate ol sector
size Lo profits gained by a city [10]. 17 the value of (7 s too large, sector size will be
unstable. hi order to avoid the oscillation ol sector size, the range of ¢ is estimated as

0008 < (7 L0122,



Chapter 6. Calibration 0T

The population parameters p (b = 1.2) in Eq.(3.6). according to the simulation
results of the two-sector shopping center model [23]. constitute something like local pop-
ulation multipliers for the city. Higher calues for these parameters mean that the cor
responding sectors will ccononueally support. more people in the eity, Beeanse the most
important factor is the relationship between py and py, the teial range for py ix chosen to

he relatively large:

00 < pp <20 for b= 1.2, (6.8)

The range of the separation coeflicient. Sy introduced in chapter 3 is chosen as 0 -
Sp < 9.0, For t £ .85 < 9.0, the action of the cocllicient is to enlarge the distanee
between a city and its rural region in order to avoid too mueh local rural expenditure
power being attracted to the city, and the coeflicient performs the opposite action when
0S5y <IL

The last two parameters, Ay and Fpy, relating 1o construction of an effeetive trans
portation network, enter the simmlation only through the distance 1) and thus the
simulation result, may be not sensitive to them. Trial values of Ap = 5.0 and Fyy - L5
were chosen as the initial values at the beginning of the calibration. Ay was measured
by dividing the average price of air transportation (38 dollars per 100 kilometers [6:3]) by
the average price of highway transportation (8 dollars per 100 kilometers {64]) and 1,
was measured by dividing average speed ol highway transportation ( 90 kilomelers per
hour [64]) by average speed of ferry transportation ( 20,4 kilometers per hour (59, 561).

The ctpirical values and ranges of the parameters merely serve as an initial guess in
alibration. Based on the considerations above, the set of initial parameter values was

chosen as follows (see Table 6.1):
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Parameter ( Il Ap | Sptm | pa | I8 | B | Nv | No| wy
Initial Value | 0,008 | 4.5 1 5.0 | 8,07 1.0 0.8 1.0 ] 0.5 2.0 1.0 ] 085

Table G.1: Initial Parameter Values for Calibration. In addition, two parameters have
lixed values that are not altered during, calibration: wy, = 1,5 =0,

6.3 Calibration and Results

In this section the stages of calibration and the calibrated parameters will be diseussed

in detail.

6.3.1 Stages of Calibration

The calibration procedure consists of two stages. In the first stage, starting rom the
initial set of parvameter valves in Table 6.1, we vary one of the paramesers within the teial
range, and look for the *best™ simmlation results by searching for the mininmm of ¢, and
by comparing 211 throngh pattern mateh, I the minimum ol e is fonnd at a partienlar
value of the fivst parameter we replace the value in the original set by the calibrated
one.  Qceasionally the wminimum of ¢ is not unigue or it can not he found becanse of
a slowly varyving ¢ so we choose the hetter result, by comparing REE throngh pattern
mateh, Then keeping the first calibrated parameter and other parameters unchanged.
we calibrate a second parameter by following the same steps, These steps are repeated
until a preliminary calibration has been achieved for all parameters. Each parvameter
is calibrated Tor the period T951-1986 in the first stage. Table 6.2 shows a preliminary

combination of parameters obtained from this stage.
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Paramae G« FolAp Sl m 22 I T ]\,
Calibrated Valie | 0.009 1 8.0 1 9.0 | 1.0 ] 0.95 | 1.01 { 0.h9 l).li-l]_l.!)

"

0.8h

- \—’

I

Table 6.2: Parameters Values from the Fivst Stage Calibration, ws, = 1,0, -. 0,

ln the second stage the steps involved in the first stage are repeated in this stage until
the “best” combination of parameters is again reached. xeept for wy, cach parameter is
calibrated around the value obtained in the lirst stage. The standard error e and rvelative
error RE IS are still employed as the two eriteria used in searching for the *hest™ solntio

Table 6.3 shows the “hest” result.

Parameter ¢ l"[) A ) H” I m I'/'| I’/'z i /.V| N;g

Calibrated Value | 0.011 137120035 Too 1ol ros o6y [ 1814

.85

Tahle 6.3: Calibrated Parameter Values, wy = 1, (%) == 0,

With this set of parameter values, the simulation resalts qualitatively captare the
population evolntion of the system from 1951 to 1986, T'he following section will diseuss

the gquality of the calibration in detail.

6.3.2 Evaluation of the calibration

The general quality of the simulation results can be seen in ‘Table 64 and Fig, 6.1

The 1986 population of nine cities was underestimated: St Jdolin’s, Carbonear, Cornes
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Brook, Gander, Labrador City, Charlottetown, Truro, Saint John, and Frederieton. Nine
were overestimated: Grand Falls, Summerside, Halifax, New Glasgow, Sydney, Bathurst,

Campbellton, Edmundston, and Moneton.

CMAs and CAs | Actual Size | Simulated Size | Relative Error
St. John’s 161901 141957 -0.12319
Carbonear 13082 12275 -0.06168
Corner Brook 33730 31837 -0.05612
Gander 1)899) 10878 -0.00195
Girand Falls 25612 40867 G.RAG2
Labrador Clity | 11301 1767 -0.843062
Charlotietown | 53868 39057 -0.27495 |
Summerside 15614 19810 0.26872
Hadifax 295990 J00316 0.C1462
New Glasgow 38737 48295 0.24674
Sydney 119470 1136044 0.13873
Truro 41516 33613 -0.19036
Saint John 121260 101774 -0.07827
Bathurst 31895 48292 0.38391
Campbellton 11867 23717 0.59527
Idmnndston 22611 23982 0.06048
Frederieton GHT68 18491 -0.26270
Moneton 102084 180242 0.07991

Table 6.4: Comparison of Actual and Simulated CMA and CA Sizes (Population) for
1986, Using Transportation Distance,

The eities with #1715 < 15% in 1986 are Halilax, St. John's, Sydney, Saint John.
Moncton, Carbonear, Corner Brook, Gander, and Edmundston; they constitute half the
cities in the system, and represent the suecessful part of the simulation results. The cities

with 15% < RICI5 < 30% are New Glasgow, Trivo, Charlottetown, Summerside, and
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Figure 6.1: Actual and Simulated Population, 1986, for The Atlantic Region Urban
System. Simulation is based on Transportation Distanee; e=11179,
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Fredericton, representing a third of the cities in ihe system. Cities with REE > 30%
are Grand Falls, Labrador City., Bathnrst. and Campbellton, The simmlated population
of these eities is the worst, part, of the rosults.

Aside from the relative errors for 1986 shown in Table 6.4, stimulation results for the
entite study period, shown in Fig. 6.2, also indicate that most eities are suceessfully
cstimated for the whole 35-year period.  Ou the basis of these results, cities in the
system may be elassified into three major gronps. The fivst. group inelndes those cities
for which the simulation was fully suceessful: Halifax, St. John’s, Saint, John, Moncton,
Fedmundston, Gander, and Carbonear. The simulated population of these cities is close
Lo actual population for the whole period from 1951 1o 1986, Cities in the second group
have as a common characteristic that the population is well simulated within the period
from 1951 Lo 1966; however, after 1966 these cities may be classified into two sub-groups.
One sub-group includes those cities having @ simulaied popuiation with slow changes
and small percentage errors such as Sydney and Truro from 1966 to 1986, The other
sub-group includes these cities having a simulated population with fast changes and large
pereentage errors from 1966 to 1986 - specifically Grand Falls, Fredericton, Campbellton,
Charlottetown, and Summerside. The third group includes Labrador City, New Glasgow,

and Bathurst, which for most of the study period were not, well simulated.,
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The total system growth rate data in chapter 5 shows that from 1951 to 1966 the
arowth rate decreased steadily, while from 1966 to 1986 it oscillated, Correspondingly.
most, eities show a better simulation result iy the carlier period than in the later pe-
viod. This suggests that the model ean better handle population evolution of vities when
population change is stooth rather than ereatic. It also indicates that good simulation
restlts can more casily he obtained for relatively short periods, as would he expeeted. A
longer rescarch period generally will imake a snecessful simalation diflicult. and simnlation
results are kely to be worse, Thirty-live years is a very long period for a simnlation.

Tables 6.5 and 6.6 show the employment straeture in terms of each of three major
sectors for the Athantic region CMAs and CAs, based on 1986 data in Census Canada
[65]). Exeept for Labrador City, all cities have more than half of their employvment in the
tertinry sector. In other words, for the urban system, the resource hased structure of the
Atlantic cconomy has shifted toward a service based structure, 11 we take the s of
the secondary and tertiary rates for cach city, the six highest values are for the cities of
St John’s, Gander, Halifax, Saint, Johin, Fredericton, and Moneton. Exeept for Gander,
cach of these eities has a relatively bigh value not only of the tertiary rate, bt also of
tertiary crmployment. Among these five Saint John and Moneton also have a relatively
high proportion of employment in the secondary sector, Having a well developed tertiary
sector alone or in combination with a well developed secondary sector is an indication
that these Jive cities have relatively more ecconomice links with other places in the system.
Therefore they are more likely to be in competition with cach other as well as with
other centres. Inaddition, live cities  Gander, Halifax. Saint John, Fredericton, and
Moncton  have a relatively good geographical location. Compared with these cities, the
grographical location of St. John’s is quite peripheral. Both economic and locational
lcatures of these cities are consistent with principles underlying of the present model.

That is probably why these cities can be well simulated, In contrast. the three greatest
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valies of the primary rate are for Labrador City. Svdney. and Bathuest, Twao of these,
Labrador City and Bathaest, have a relatively peripheral geographical location, and
these two cities are not well simulated. On the basis of these observitions, it would
scem that cities possessing more cconomie links with other places within the Atlantie
region. specifically, St Jolhn’s, Halifax, Syduey, Saint John, Moncton, Corner Brook, aml
Gander. arve successfully estimated, while eities with resource based economies (Grand

Falls. Labrador City. Bathurst. and Camphellton) are not.

| CMAs and CAs | Primary | Secondary Tertiary
St. John's 1800 13135 G130
Carhoncar 190 1630 q20n
Corner Brook | 440 3395 1057h
Gander 65 915 175
Grand Falls 4240 2695 7020
Labrador City [ 2165 120 | 280
Charlottetown | 1635 ATHh RO
Summerside 410 I 5785
Halifax 2224 28640 120270
New Glasgow | 855 300 9645
Sydney 4805 10150 31500
Truro 1495 5ARN 12480
Saint John 1070 14795 39295
Bathurst, 1885 3100 9870
Campbellton 215 1160 1790
Sdimmdston 150 2985 GARN
Fredericton 1170 5065 | 28505
Moncton 765 12440 35845

Table 6.5: Employment Data for Three Sectors for AlF CMAs and CAs, 1956
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TCMAs and CAs | Primary Rate | Secondary Rate | Tertiary Rate
St. John’s 0.023571 0.172003 0.8044206
Carbonear 0.037512 0.321816 0.640671
Corner Brook 0.0305:44 0.2:35600 0.7338065
Gander 0.011916 0.167736 0.820348
Grand Falls 0.011913 0.265779 0.692308
Labrador City 0.4.3605H2 0.084092 0.479355
Charlottetown | 0.060645 0.176372 0.762982
Summerside 0.052h641 0.205769 0.741667
Halilax (1.O13895 0.1788149 0.8072h06
New Glaspow 0.054114 0.335443 0.610443
Sydney 0.103133 0.218491 0.673076
T'ruro 0.076431 (1.28hH32 0.638037
Saint John 0).019:398 0.268220 0.712382
Bathurst, 0.126801 1. 20895() 0.664199
Campbellton 0.031874 0.188159 0.7764967

FEdmundston 0.044910 0.297904 0.657186
I'redericton 0.033679 0.145797 ().820524
Moneton 0.010h596 0.253619 0.730785H

Table 6.6: Fmployment. Rates of Three Sectors for All CMAs and CAs, 1986.

6.3.3 Discussion of Paramelters

The relative values of 15y and [, (Table 6.3) rellect an wtual phenomenon in the urban
system [66, 67, 68). The major part of costs in many local service sectors consists of rent,
and wages, For instance, typical local services such as primary schools, restanrants, and
shopping centres need space and labonr to provide their service, but are not usnally

capital intensive, and do not rely heavily on highly specialized business services and
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facilities. Rents, and occasionally wages, are typically higher in large citios. Therefore,
the average cost of operating local service sectors s likely to he higher in larger cities
thau in smaller ones. This means that the local service sectors experience disecononies
ol urbanization when city poputlation changes from small to Targe. In contrast with this,
in export sectors such as manufacturing, rent and wages usnally acconnt for a smaller
proportion of expenditues, while capital equipment and equipment maintenanee, and
services siuch as technical consulting and rescavel are relativi iy more important. Usually
the larger cities are home to a greater variety ol technical aud husiness services, hecanse
the larger cities provide a larger market for those services, Thus it is casier for export,
sectors in large citios to have access 1o these kinds ol services, while the same sectors in
small cities are at a disadvantage in terms of access to these serviees, Thas the export.
sector in small ecities will frequently face higher costs for these services, As a result,
export activities will typically have cither lower diseconomies of nrbanization than the
local service sector, or actual cconomies of urhanization.

As mentioned in the previons chapter, cach conventionally delined cconomie sector
contains both local service and export activity, The important difference bhetween sectors
for our purposes is 1n the sensitivity ol their sales to distanee, or in other words, in Lheir
relative ability to export. The fact that Ny > NV, shows that sales of the non-hasie seetor
arc more sensitive to distance than those of the basie sector. The simulation resolis for
those two parameters support the argnment proposed by White in [24]

In the *best” combination (Table 6.3) the airline cocllicient. Ay, Terry coellicient I,
and location-segregation cocflicient Sy are equad to 2.0, 3.7, and 0.35 respectively. T'he
value of 7, indicates that the ferry mode takes more time and costs more Lhan the
highway mode does for the same Enclidian distance. The valne of Apy illostrates that.
although the airline mode requires mmneh less time than the highway mode does, the

cost, of the airline mode is mueh higher than highway mode, so the net effeet is that i
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wost cases peaple would prefer the highway rather than the airline. The value of the
cocllicient. Sy, deseribes a phenomenon in whieli the rural population in those cen. s
divisions including a city strongly prefor to purchase in the local city vather than in cities
catside the local CD o a preference even stronger than the relative distances would imply.

In the combination of parameters rom the second calibration stage (4 equals 0.011,
a value that is close to the initial and first stage values of 0.008 and 0.009 respectively.
This reprosents Lhe value of € that is just small enongh to avoid oseitlation of sector size
and is effeetive in obtaining the minimun value of e, The values of wy ard pe provide a

sealing action,

6.4  Euclidizg Distance

As discussed in chapter 3, in order to nnderstand the importance of the transporta-
tion network, a trial simnlation was run using a transportation network defined in terms
of Baelidian distance aloag with the parameters calibrated for the actnal (modal) trans-
portation network., One point that bas to be emphasized is that one run of the model can
only give a preliminary idea of the difference between using transportation distance and
Fuclidian distanee. A comprehensive evaliation would regnire a complete recalibration
of the model using, Eaclidian distances.

Table 6.7 represents the comparison of actual and sinmlated population for cach city
in the Atlantic urban syvstem using Euclidian distance (1986). Table 6.8 illustrates the
diferences in relative error between using transportation distance and Euclidian distance,
Fig. 6.3 shows the absoliute error of eity population using these two kinds of distance and
the higher standard error from using the Buelidian distance. Compared with simulated

popilations using Euclidian distanee, the simulated populations of seven cities - Halilax,
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CMAs and CAs | Actual Size | Sinndated Size | Relative Frror
St. John's 161901 136676 TO0U AN
Carhonear 13082 29 7T 008006
Corner Brook | 33730 WAt | S020s1e
Gander 10891 8719 IO 0006
Grand Falls 25612 35210 0TI
Labrador City [ 11301 1797 | 081005
Cliarlottetown | H386S 14595 019201
Summerside 15614 INAR KL 00T
Halilax 297000 DTI176 L0088
New Glasgow I8TIT 166332 1,208
Sydney 119470 119226 021907
Traro 11516 32816 020883
Saint John 121265 147804 TTOL2ISSD
Bathnrst 34895 39629 T TOLEIRGT
Campbellton 14867 23706 0.50.055
Sdmundston 22614 21379 006462
Fredericton GHTGS 16222 T0.2070
Moncton 102081 22616 | 0.20142

Table 6.7: Comparison of Actnal and Sinmlated CMA and CA Sizes (population) for
1986, Using Euclidian Distance,

Moncton, Saint John. Sydney, St.John’s, Corner Brook, Gander  using transportation
distance, has a smaller relative error (see Table 6.8). The transportation distanee obvi
ously fTavours large cities becanse most of these seven eities are Targe ones, The siimmlated
popilations of another seven cities  Carboncear, Labrador City, New Glasgow, Truro,
Campbellton, Edmundston, Fredericton  show relative errors that are ittle changgd
by the use of Euclidian distances. OF these seven, the error of Carbonear, Traro, and

Fredericton is smaller when nsing trausportation distance, but the error of Labrador City,
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CMAs and CAs | REE OF TRAPD | REE of EUCD |
St John’s -0.123149 -(), 15580
Carbonear -0.06168 0.08006
Corner Brook 005612 021512
Gander -0.001495 -1,.20006
Grand alls 0.095H62 0.371476
Labrador City -0.84362 -0.84095
Charlottetown -0.27495 -0.1920]
Summerside (.2GR72 -0.01271
Halilax (0.01462 -0.0838:3
New Glasgow 0.246G74 0.20:381
Sylhl(‘y 013873 0.24907
Truro -0.19036 -0.20883
Saint, John 007827 0.21885
Bathurst 0.38391 0.13567
Campbellton 0.59527 0.5941H5
ddmundston 0.06048 -0.05462
IFredericton -0,26270 -0,29720
Monecton 0.0799] 0.20142

Table 6.8: Comparison of 1986 REI for Two Treatments of Distance. TRADPD: Simula-
tions based on transportation distance; KUCD: Siimulations based on Enclidian distance,

New Glasgow, Campbellton, and Edmundston is Yarger. FThe sinmlated popualation of the
remaining  four cities, Grand Falls, Charlottetown, Stunmerside, and Bathurst -~ shows
a smaller relative error when using Eoclidian distance,

Besides the relative errors of simulated populations in 1986 shown in Tables 6.7-6.8,
and absolute population differences illustrated in Fig. 6.3, the simulation for the whole
rescarch period, given in Fig. 6.4, also presents a pattern similar to that discussed in the

last paragraph. Compared with simulated populations using Euclidian distance, the
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Figure 6.3: Actual and Siminlated Population, 1986, for The Atlantic Region iban
System. Simulation is hased on Faclidian Distanee; o= 15781,
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sinptlated population of ecight cities  Halifax, Moneton. Saint John. Syduey. St.lohn's.
Corner Brook, Gander, and Fredericton using transportation distance, has a smaller
relative error in the stady period; the simnlated population of three eities. Grand Falls,
New Glasgow, and Bathurst, has a larger relative error over the whole period. The
refative error of Labrador City and Campbellton remains alimcst the same when using
two kinds of distance, The relative errors of the remaini g five eities change sign dur-
ing the sinulation period. After the 1960°s, Carbonear and Truro have smaller relative
crrors using, transportation distance. In contrast. before the middle years of the study
period, Chiarlottetown, Sumimerside. and Edmundston have smaller relative errors using,
the transportation distance. One point that should he noticed is that the simmlated
population of each eity, nsing, the two kinds of distances, has the same population trend
within the study period. In other words, the use of Enelidian distance alters the popula-
tion trend only quantitatively., 'The qualitative nature of the trends is determined by the
parameters in the model.

Two important vesalts emerge from comparison of the sinmlations using transporta-
tion distance and Fnelidian distanee respectively, First, for the same set of parameters,
the simulation results nsing transportation distance are marginally hetter than those
hased on Iaclidian distance, Secondly, the difference between the two kinds of simula-
tion results shows explicitly the role transportation distance plays in the urban system

of the Alantic region in which water barriers are so iimportant.
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6.5 Prediction

The correspondenee hetween the actual urban populations and the sinmlation vesults
based on the calibration for the period T951-1986 is one measure of the snecess of the dy-
namic urban model. This suceess refleets the degree to which the evolntion of the system
can he inderstood in terms of endogenons system dynamies, which the maodel represents,
rather than exogenons events, Specifically, the results indicate that competition among,
the cities of the region is a signilicant factor in the urban system evolution. On the other
hand, whether the calibrated model can swecessfully prediet the future distribution of
population in the urban system is another question, and would he another test of the
model, Therefore, in order to investigate this point, the 1986 population data are used
as inpnt data and the calibrated model is employed to prediet the 1991 population (or
cach city in the system. The results in Table 6.9 and ig.6.5 show a suecesstul prediction.
Except for Labrador City, the relative error of population in cacl city is less than (0%,
with the error of twelve eities being less than 6%, a signilicant feature of the pattern
of errors is that larger cities of Halifax, St. John'’s. Saint John, Moncton, and Sydney
all have errors of less than 2.7%. This suggests that the competition mechanism rep
resented by the model structiure indeed plays an important role in the evolution of the
urban systent. U is also evidenee in favour of Lhe argnment that relatively independent
cities are gradually becoming integrated into a system of interdependent relationships
as the resource based structure of the ceonomy gradually shifts toward o serviee Dased
structure,

I should be noticed that the prediction is made by nsing the growth rate of system
population during L985-86. We use the growth rate of 198586 instead of that of 1986 91

because we assume that we have only data available in TO86, Therelore the RIS of
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CMAs and CAs | Actnal Size | Simulated Size | Relative [Srror
St. John’s 171859 169948 -0.01112
Corner Brook 33700 34133 0.01017
Gander 11003 11093 0.00362
Girand Falls 25HU82 26890 0.06360
Labrador City | 11392 BY82 -0.21157
Charlottctown | 57472 52022 T 10.09182
Summerside 15237 15577 0.02234
Halifax 320001 319886 -0.00192
New Glasgow 38676 38213 -0.01198
Sydney 116100 [16730 0.0078G
Truro 44003 39770 -0.09619
Saint John 124981 121708 -0.02619
Bathurst 36167 37881 0.04739
Campbellton 14508" 15388 0.06066
Fdmundston 22478 21284 -0.05312
Frodericton 7186GY 67878 -0.050h53
Moncton 106503 108045 0.01448

Table 6.9: A Comparison of Actual and Simulated CMA or CA Population for 1991,
PIA508 is population of CA Campbellton hased on 1986 houndary.

the prediction using the regional growth rate of 1985-86 have two components: one dne
to the behaviour of the model and one due to the error in the assumed growth rate
In order to see how much of the REE is caused by the model, we eliminate the system
growth rate error by modilying the 1991 simulated populations by the ratio of the sum
ol 1991 actual populations to the sum of 1991 simudated populations. Then we caleulate
a mudified RELS for cach city using the modified simuated population (see Table 6.10),
The modified REE can be seen as a measure of error cansed only by themodel. Compared

with #2185 tn Table 6.9, the adjusted REEs are very similar, Except for Labrador City,
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COMAs and CAs | Avtual Size | Adpusted Simnlated Size | Adjusted Relative Error
St John's 171859 172259 0.002:33
Corner Brook 33790 34507 0.02388
Gander 11053 11244 0.01728
Crand Falls PATYA Y 27256 0.07808

“Labrador City [ 11392 9104 -0.20084
Charlottetown | h7472 H2729 -0.08253
Sununerside 15287 15789 0.03623
Halilax $2000 1 324236 0.01165
New Glasgow 38670 38733 0.00147
Sydnoy G100 TIR36R 0.01953
Truro 4400:3 4031 1 -0.08390
Saint John 12498 1 123363 -0.01295
Bathurst 36167 38396 0.06163
Camphellton [AH0R™* 15597 (0.07506
Fdmnndston 22478 21573 -0.04026
Fredericton T8G9 (8801 -0.04269
Moncton 1065033 109514 0.02827

Table 6.10: A Comparison of Actnal and Adjusted Simulated CMA and CA Populations

and REs Tor 1991,

the adjusted relative error of population in each eity is now less than 9%, with the error of

cleven cities heing less than 5%. Eight of the cities have a slightly better REE while the

other nine have slightly worse RIEISs. The significant feature of the error-pattern evident,

i Table 6.9 can still be seen in Table 6.10: the larger cities of Halifax, St. John’s, Saint

John, Moneton, and Sydney all have a small error of predicted population - less than

2.9%. Therefore the conclusions drawn from the nnadjusted simulation results (Table

65.9) remain valid.

Finally, in ovder to Turther investigate the model, the calibrated model is 1 using
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1986 data as mitial conditions and with AN = 0 so there is no exogenons inpat to the
system (Lhat is. no svstemy growth). The model is run until equilibrinm is approached in
order to see what state the system would approach in the absence of exogenous changes
like growth in the total regional population. The results of this experiment in Migs. 6.6
show that in spite of forty three iterations (equivalent to forty three vears) being ran,
the system still does not reach an equilibrinm, Even though some citios like Trivo, New
Glasgow, Summerside, and Fredericton have apparently approached an equilibrinm, most

cities still present a changing population. Some of these eities have a continnonsly in-
creasing population, for example, Halifax, Bathurst, Moncton, Gander, and Grand Falls;
and others, such as Sydney. Saint. John, and Charlottetown, show a continous decline.
The population of St. John's increases for the first 15 years and then declines. ‘I'he
location of four of the citics with inercasing population is in the central part of the local
arca transportation network. For example, Gander and Grand Falls are in central New

foundland, and IHalifax and Moncton are velatively centrally located in the Maritimes,
The location of two cities with decelining population, Sydney and St. Jolin's, is at the
periphery of the local arca.  Although Saint John lies on the central part of Lransporta

tion network, compared with Moncton, its position is less contral. Moreover the large
population i Halifax has a relatively stroug competitive effect on the surronnding srea.
Therefore the population of Saint John is suppressed by the competitive advantage of
Halifax and Moncton, based on the popilation and the locational advantage of these Lwo
cities, The dominant role of location in the model can be also seen in the case of St
Johw’s andd Sydney. Even thongh they both ave relatively large cities in their local areas,
in the absence of exogenous influence, their population ultirnately declines hecanse of
their peripheral location in the transportation network, In a word, when there are no
exogenous inlluences, the evolition of the system is dominated by the location of large

cities in the transportation network.
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Figure 6.6 Forty-three ferations of the Calibrated Model, With No Exogenous Changes
in Regional Population (AS = 0): Simnlated Populations of Atlantic Urban Centres.
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Chapter 7

Conclusions

This rescarch constitutes the first application of a dynamic urban model to the At
lantic urban system, The results indicate the utility of studying the urban svstem throngh
the lens of the dynamic system approach. Despite the simplicity of the model, it captures
the actual pattern of the urban system for a velatively long time period. "This cliapter
will evaluate the approach in light of the model used, the rescarch arvea selected, the
methodology of data reorganization and calibration, and other researeh in urban anid
regional development.

The most striking chavacteristic of the model is its simplicity and generality, Com
pared with the charvacteristies of some complex urhan models, the simple model has sacly
advantages as a limited number of paramelers and less extensive data requirements, whiely
make this model relatively casy to calibrate and apply. The modePs intrinsie strneturne
suitably refleets relationships of interdependenee among the eities in the system. The
calibration resnlts suggest that the simple model can be used as a learning tool for under
standing the endogenons system dynamies involved in the evolution of an arban system,
especially insofar as they depend on the competition mechanismg while the suecessing
prediction of populations in the urban system suggests the potential of a simple model
for use in forecasting appiications,

The simplicity of the model is refleeted clearly in the small number of parameters,

For example, only two, abstract, ceonomie sectors are used, cacli desepihed by just thiee

112
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parameters, There are no parameters that are specifie to individual cities in the system.
With a model designed in this way. the flinal values of the parameters show the general
characteristies of the whole systen, In comparison. a significant feature of Tellier’s
model [11], also highly generalized, is that cach eity has an independent parameter. This
approach is effective for giving good prediction results. Nevertheless, to the extent that
the results depend on these “Madge Tactor” parameters, the model can not provide a
peneral insight into the behaviour of the system. These individaal eity parameters make
every cily a special case,

The advantage of low data requirements would be quite useful for calibrating the
model in many conntries and regions of the world. North America has relatively good
data, Under such conditions many complex models can be calibrated in north Ameriea
hecause many kinds of data are available for long periods. Unfortunately, however, many
developing, countries and regions do not have good data systems. 1 is impossible to
calibrate a complicated model in those arcas. Nevertheless, popnlation data is common
in both developed and developing conntries. Only population data are needed to calibrate
the present model, Therefore, the model used in this research could be calibrated in many
developing conntries as well.

Like all urban models, this model is applicable only within a certain range of circums-
stances. In some respects the urban system ol the Atlantic region may not be an ideal
area for testing the presemt model. For instance, the developmient of the urban system in
the Atlantic area depends to a significant. degree on factors like government subsidies and
resotree developments. Although these phienomena are not consistent with the process
ol inter-urban competition the strueture of the model rellects, this is a problem which
does not contradicet the useMminess of the model, since spatial interaction and competition

are nniversal phenomenain urban systems. The results of the present research show that
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inter-urban competition in the Atlantic urban system is significant and can not be g
nored. In other words, this rescarch provides insights for nnderstanding the evolation of
the Atlantic system in terms of endogenous system dynamies rather than the exogenons
events, like resouree developments, which have traditionally been the focus of attention
in this region. Nevertheless, the model might be expected to perform hetier it applied to
a region like central Canada in which exogenous events play a less important role,

The nse of transportation distance has an impact on the simulation results, Fyen
though a separate calibration of the model using, Fnelidian distance was not carried out.
for a calibrated model the use of the two different distances gives two obviously dillerent
results. This means that the transportation system plays a key role in guiding, the
development of the urban system in an arca which ineludes important. wider barviers, 'T'he
demonstrated role of transportation distauce suggests further considerations, Due to the
importance of distance in population migration, retail centre growth, facilities allocation,
and industrial location, the transportation distance shonld be taken into aceount when
the rescarch area is one where use of different. transportation maodes, especially water and
air, is obligatory, Morcover, for the simulation of the Atlantie region nrban dynamies, it
is clear that keeping the transportation distance unchanged throughont the sinfation is
not, appropriate. This treatment is not consistent with the actual sibnation. For example,
compared with other parts of the Atlantic arca, the economy of Burke and Treland’s Core
region {see Chapter 4) developed relatively fast.  In order 1o adapt to the economie
growth. the transportation system had to he improved, for example by upgrading the
highway system. Then the improved transportation facilities of the area, compared Lo
other parts of the region, led to further growth in the core region. However, the statie
transportation network used in this rescarch is not able to refleet this actnal evolstion of
the transportation system. Therefore further researeh should consider the transportation

system as changing with time in order to improve the simualation results,
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The use of transportation distance helps ensure that the calibration of the model can
be suceessfully performed. However, how to make the ealibration more effective raises
another issue. Calibrating across all combinations of parameter values is practically
impaossible even though the number of parameters in the model is not large. Thus before
carrying ont the calibration it is necessary to consider rationally the value range of all
parameters and cocflicients to be calibrated. Onee the initial set of parameter values and
their likely ranges is determined in terms of previous rescarch or empirical work, how to
make the calibration quickly and efliciently becomes guite important. In this rescarch
the standard orror ¢ and the relative error RES are employed to judge whether the
sitmulation resnlts improve as the valne of an individual parameter is changed. Towever,
a standard and general approach is still not available. Calibrating different dynamic
urban models using actual data is usnally carried ont by different kinds of calibration
approaches. The present rescarelt shows that the calibration technigne used, a fusion of
an experitnental method and a goodness-of-lit measure, is an cifective approach for this
urhan system.

Given the simplicity of the model and the relative case of applying it, together with
the demonstration of its snecess in simulating and predieting the development of the
Atlantic urban systemn, it seems likely that the model has potential as a popnlation
forecast tool for urban systems.  Also, in its original form, the model can be used to
prediet the development of the retail center system within an urban arca. This poinl
suggests that the model shows potential for applications in urban and regional planuing.
Within an urban system suecessful population predictions will provide a basis for the
planning practise within cach eity on matters such as transportation network design, the
allocation of service facilities, and housing construction.

In coucnsion, this rescarch demonstrates that the dynamie wrban model is applicable

to the Atlantie urban system. In spite of the simplicity of the model, qualitatively
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accurate simulation of actual syvstem development was achieved. and the model proved
to he capable of making reasonable predictions of the population of urban centres within
the system. Thus, the model shows potential as a tool for analyzing and lorecasting, the

development of an urban system.
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Appendix A

Transportation Network

A.1  Index of Nodes in the Transportation Network
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Table A Index Number and Name for eighteen cities and forty-five censns divisions
(TRAPD), / = 1. 18 denote eighteen cities (CNMA and CA): § = 19.....47 denote
counties not containing cities; j = A8..... 63 denote connties containing cities. The name
is given as follows: the first letter denotes the provinee (F=NF., P=PI51., S=N.S.. and
B=N.B.), the next two nimbers denote the census division according to Census Canada,
and the last three letters are an abbreviation of the name for cither eity or census division.
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A.2 Transportation Network of the Atlantic Region

A.2.1 Transportation Network for Eighteen Cities
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Table A.2: Surface Distances Between Eighteen Cities. Sell-Distance is anity. Where
an air link is necessary, distance shown is the highway component. only; where a ferry
component, is necessary, distance shown is ferry plus highway, Other distanees are high
way distances.  These surface distances are shown for indicative purposes only, sinee
the distance used in the simulation are highway distance, or highway distance plus the
applicable ferry or air distance as modified by the relevant, coeflicients.




Appendix A, Trapsportation Network

1 8 6 7 [ L] 10 1" 12 13 1 " 16 1 1}
1 0 [ ] o L] O 7 44A 448 26 126 1% 426 126 426 426 426 426 426
2 " 0 f 0 o 17n* 440 (2L 26 120 426 426 426 426 426 426 426 420
3 ’ ll_— 0 o [} [H] ™A a2 182 160 160 160 160 169 160 160 160 160 160
[} [} [ 0 -T n wGTe 182 182 1co 1co 160 160 160 160 160 160 160 160
* D} n ] a [ 267" .:; 142 1.0 (L] 160 60 160 160 160 160 160 Ien
" o t1rn® mae e LTS Ad o T04° 794 a3 9953 wore 033" 356" 776° 77w 776* baiAd 6
7 LX) (L} 182 1) lhe 74° 4] o 22 22 22 22 H t4 14 1e ke e
(XL 182 (LT3 T n 0 22 2 22 7 1] 14 " 4 1" "
46 [EX] (] 941* 22 ?2 [} ] o 0 7 [} [ 72 ” 0
446 160 160 160 9%3° 22 22 [} 0 [ [} L] a 9 [} [} [}
20 160 150 1y ny7™ az 22 9 1] [ [} [} ] [} o [} 0
926 160 —;;D— —l_l:ﬂ ani® 2 97 o o o o o ] o 4] o 9
§26 thn (1] o (31 14 14 72 0 1] 0 ] o 0 0 ] ]
420 160 (141 e 176* " L] 9 o 1] [ [} [ ] [+] o ] o
1% ¥ 126 160 o 110 176* [X] 1 [} ] o [ [} o o [} [} [}
6 L ki 426 1co 160 >lh(l 776° 14 " T2 o 0 [} 0 o 0 [} o [}
17 (¥ 426 160 160 10 176° 1 " 72 [ 0 0 0 ] o [} 0 [
8 426 426 160 160 o 176" 14 1" [ L o o o o (] [ [ [

Table AL3:

Ferry

and (+) Air Component of Distance between Eighteen Cities,
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A.2.2 Transportation Network between Eighteen Cities amd Forty-Five

Rural Regions
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Table Ad: Surface Distances Between Cities and Rural Regions Not. Containing A City.
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Table A5: Surface Distances Between Cities and Rural Regions Containing A City.



Appendix A. Transportation Network 130

H] 1 2 3 L] 5 3 7 R s n 1" : " [ 1) 16 17 in
10 [} o ] ] ] agre 448 448 420 426 426 420 _;:':- ' Qe ;.'h [ PIN
20 [} o o o a 961° K2 tR2 160 160 10 1640 61 160 16 inty 16
23 0 o [} [ [+] 783°* 182 182 160 10 160 160 160 .n.n ll-ll- ton 160 140
22 o [} 0 o 1] 967" 182 182 150 160 160 160 160 0o 1o 160 lut (311
23 o L] 0 ] [} 967" 142 182 160 160 160 160 160 (] (184 160 160 (1)
24 1] o [} o L] kLhad 182 182 160 160 H Y] 160 1650 1060 (IEY in 1hi 1o
s 448 448 448 448 4148 79¢* [t} (4] 22 ‘:- 22 22 —-I_:‘ ) ;0 Hﬂ I-C “l’l (K}
26 426 420 160 t6o 160 053¢ 22 22 0 0 0 H 1 ) 7 12 7e 12 12
21 126 426 160 100 160 K97° 22 ¥y 0 0 [} [} 0 _1; 0 i 0 [0 [}]
28 426 426 160 180 | 160 76* t 14 [ [ ] o 0 1} ] » U] 1}
29 126 4126 160 160 160 951 22 2 0 u [} (1} 72 72 iy} T2 T2 1)
a0 426 126 160 160 160 Ko7 22 22 [} 4] [ 1} f n n 0 0 ]
31 426 426 160 160 160 951* 22 22 [/] o [ n T2 12 1 72 e s
32 426 126 160 160 160 897° 22 22 [/] [} 0 n o h t-)- _n ) (1) ’ "u 1] .
3 4206 4126 160 160 iGo 953 22 a2 o ] [} ] 12 12 12 12 T 72
a3t 4126 126 160 160 160 253¢ 22 22 o 4] 0 (] "7) - -.1_) T2 ;2_ -71 -11
35 126 4126 160 160 160 95%° 23 22 Q 4] 0 o 12 12 72 2 12 1
36 426 420 160 160 160 o7 22 22 4] o 0 0 1] (] 0 0 n 0
a7 126 426 160 160 160 a253* 22 22 0 0 0 0 T2 72 72 14 12 72
a8 126 426 160 160 160 A9T* 22 22 4] 0 0 1] (4] (1] (] L] ‘u u
39 426 126 160 160 160 53¢ 22 22 0 0 o ] 12 72 12 12 12 72
10 428 126 160 160 160 770% 1] 14 1] o (i} ] 0 —TJ._ [} ) 4] ] [} ’
11 126 4126 160 160 160 116* " " 0 0 n 1] n 0 n ’ 0 i o _ ]
12 126 126 160 160 160 856" X " [ 0 0 0 0 0 n " U] ]
43 426 126 160 160 160 716° 14 14 /] 0 ) 4 o ) 9 _—(-i - 1] ] 0
14 126 426 160 160 ino 176° " 14 9 n ] 1] 0 0 ] ] U 0 )
45 420 42¢ 160 160 160 T118° 14 14 L) o n U‘ 0 i “;;"“ l!— i fl- 1 t: 9
16 426 | 426 | 160 160 | 160 16* " 1] /] U] U} ] [} ] 13 U] 4 7}
47 426 426 160 160 160 1715* 1t 14 " 0 B 0 0 i 1] i "'-" 'r ) [l u— f

Table A.6: Ferry and (#) Air Component of Distances Between Cities and Rural Regions
Not Containing A City.
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A.3 Fuclidian Distance Network for the Atlantic Region
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A.3.2

IBuclidian Distance Network of Eighteen Cities
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A.3.3 Euclidian Distance Network between Eighteen Cities and VForty-Five

Rural Regions
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Table A.10: Euclidian Distauces Between Cities and Rural Regions Not. Containing, A
City.
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Table AL Buclidian Distances Between Cities and Rural Regions Containing A City.
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Population Data for CMAs and CAs

B.1 Adjusted CA population for New Glasgow

Table B.1 shows the population data nsed to construet. data for CA New Gilaspow,

No. [ Components (1986) | 1951 | 1956 [ 1961 | 1966 [ 1971 [ 1076 | 1981 | 19%6
i Fishers Grant, 24 . . . . L e |
2| Merigomish Harh.3) - . . . A R .

3 New Glasgow oo | voos | omee | aoaso | gk | oz | e | e

4 Pictou Subd. B 282 | od2an ] 4 44004 AR [ T BT
3 Picton Subd.C Toun | Tea | Tmar | TRan | s | wwanr | ooare | omin
6 Stellarton 5576 | sads | aser | st wint | s | s | e
T | Trenton some | s2d0 | atao | sz | oawn | sees | osina | o
8 Westville 4801 | 4297 | 1sw | 447 | smew | azel | dnee | s

SH"] 236N KRHZE 34476 25409 anang i:\-.;'»l—l‘: k-;‘;l.-l.! ".';N}'.'ﬁ'

Table B.1: Constructed CA Population of New Glasgow, Nova Scotia, based on 19806
boundary and on geographic population distribution in Census of Canada from 1951 1981,
* — denotes that there is no Census Subdivision in this census year, — denoles Lhal
there is no data for this Census Subdivision in present consus year. See "Fable 1001 iy
Catalogue 92-111 Censns Metropolitan Arcas and Census Agglomerations (1086).

B.2 ‘i'he Rural Population Question for Edmundston

From analyzing 198G census data of Quéhee and 1986 projected data for the state of

136
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Mine, an estimate can he made of the population not taken into account in the process
of the sinnlation. T the state of Maine, the population of Fort Kent (4. 650). Frenchville
(1,400), Grand Isle (G30), St. Agatha (930) was omitted. The ratio of the total omitted
Maine population of 7,610 (1986 census) to the local population of 14, 048 in Madawaska
county is 0.5, Taking Ednumdston as the centre of a cirele of 30&2n radius, within
Lhat rading the population of Dégelis (3,528) and of Saint-Jean-de-la-Lande (384) was
omitted, The ratio of the total omitted population 3. 912 (1986 eensus) iu Québee to the

locil population of 14,048 in Madawaska connty (1986 census) is 0.28.

3.3 The Case of Campbellton

13.3.1 Delinition of the CA Boundary

Choosing the 1986 population as au example, the population of the two CA compo-
nents lying in Québec is 2,051 Pointe-a-la-Croix (1, 655) and Restigouche | (896), The
population of the fonr CA components in New Branswick ts 14, 867: Addington (3,208),
Atholville (LA01), Campbellton (9.073). and Tide Head (1,085). The percentage error

due to the excluded Québee population is 0,17,

B.3.2 Definition of the Rural Popu'. tion of Campbellton

Taking Campbellton as the centre of a cirvele of 30km radius, within the cirele the
population of Escuminae (659), Matapddia (818), Ristigonche (213), Ristigouche-Partic-
sid-Est (145), Saint-Alexis-de- Matapdédia (851), and Saint-Francois-d’ Assise (942) was
omitted. The ratio of the total omitted population 3,638 in Bonaventire CSD o local

population 25,054 (1986 census) in Restigonehe county, New Breaswick is 0.15.









