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ABSTRACT

This theslis 1s an attempt to develop a more
comprehensive understanding of the pattern and procesg‘pf
redevelopm®ent through modelling. Conéeptually,.
reﬁevelopment is viewed as a process consisting of a serles
of 1individual events related in space and time.. The
16cation of redevelopment i{s influenced by both the relative
abllity of sites t¢ attract it, as determined by their_
physical and locational attributes, and chance ﬁactors.
Based on this con;eptual framework, a stoéhaétic simqlation

‘ .. »
model of redevelopment is developed. JIt is applied to the
R 7 .

“core area of Kitchener, Q@&ario‘xénd produces a ten-year

‘ fobecas; (1980 - 1989) of the spatio-temporal 'paﬁtern .of

‘redevelopment therein.
N

Analysis of thé model oufput indicates that, as éf
1980, the sites with the higheét redevelopment potential are
concentrated in the eastern core. 1If past trends continue,
redevelgpment in the earl? 1980'8 will occur primariﬂy on
the eastern core periphe(y. However, by the latter half of
the decade, the locatioﬂ:of redevelopment wiil have éhifted'

to western core siteé, 1gnorihg those in between.

> -
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The contribution of this research to the geographic

-l1iterature is three-fold. Its detalled analysis of

redevelopment is a significant supplement to the few

existing studies of such an important urban phenomenon. The

applicability of the logit model as an alternative

functional form- in regression analysis under certain
conditions 1is revealed. Finaliy,-the ability of the model
]

to operationalize change and to "incorporate  a

spatio-tempdbal shift in redevelopment®location demonstrates

the utility of the simulation approach in dynamic urban

modelling. - .
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CHAPTER ONE

INTRODUCTION

»
g

The city -1s a dynamic and complei system. Its

. - ' A
multitude of interacting elements and structural relations
* . L
are in constant flux, continually adjusting and adapting to

changing pressures exerted on them by a gradually evolving

- ’

soclety. The processes of adjustment . incorporate many
differént'forms and'occur at various rates. Their diversity
and undeniable impact on the c¢ity have stimulated the
interest and curiosity of ascores of wurban geographers,
economists, and soclologists. Their inherent complexity,
however, has thwarted efforts to) gain a 'coﬁprehensive
understanding of them in._their/jentirety. Mo§t urban
scholars attempt to 1isolate one of the many adjustment
processes and concentrate their effgrts on {t alone.
©

One such process {is that of urban land use change.
.Urban land use change involves t%e continual accomodation of
.fixed urban capital and urban activities to the supply and

demand conditions, respectively, 1imposed by each on the

other. For Qrésent purposes fixed urban capital shall be

4



restricted to buildidgs whereas ,urban activities include
commercial, industrial, institutional, and residential land
uses. There must be a measurexgzhsgzgespondence between

these ‘two related elements of urban structure because

buildings provide the physical space in which the urbqn

population engages in. thelr various activities (Bournq,

1967).  Through -time buildings must be adjusted to

. accomodate the’ changing space and location demands of urban

activities and urban activities must adapt‘ to thé space

supplied by buildings. Thus a mutual'adjuatment process 13'

the mechanism whereby a'tendency.toward a balandée between

urban space supply and demand is maintained.

A city-wide equilibrium 1is never attained so the
process of adjustment contigues perpetually. Constant

malad justment in the location, quantity, or qualiﬁy of space

(henceforth floorspace as buildings are of prime concern)'

stems from certain innate characteristics of both bu}ldings
and urban activities and  their consequent tendency and
capacity :for change. Although urban actiQities are

relatively mobile and cap counteract the fixity of

buildings, the rdte of change of the fluid and malleable.

floorspace demands of urban activities can never be matched
by the rate of adjustment of durable buildngs. . There}d}e;
it is the adapt;tion of urﬁan floorspace supbl}, as provided
by buildings, to the floorspace demand of urban activities

P I



7

(rather than vice véqsa) ghaﬁ ig of interest in this thesis
because it 1involves a gﬁeater poﬁential for disequilfbrium
at any given poiﬁt iqjtime or space. Identifiedf\with. this
facet of wurban land use change are Qignificant urban

problems and inefficiencies. -

Despite being only one of many urban adjustment
processes, urban land use chaﬁge 15 a very compléx spati '
. phenoménon. Bourne (1976b) identifies. four separate bz?".L
interrelated components of it in an empirical
investigation of Toronto. One of the dominant. components
was labelled 'Renewal'. According to Bourne's’
eclassification, '‘Renewal' consists of the growth of_  the
urban core including the expansion and, replication of core
land uses as'wéll as thé replacement or rejuvenation of the
elements, of the existing _core area. It 1s on one
sub-compbnent of urban éore growth, _the reblacement 6f
existing bulldings or the redevelbpment process;ﬂthat this '

thesis will Ffocus.

1.1 The Concept -of Redevelopment

In the literature, the term redevelopment is used to
refer to two related concepts: 1) any re-use of urban land
éubsequent to the initial rural-urban conversion, and 2) the

b |
actual demolition and replacement of existing buildings

e i e i el

: e n gt e e .
CedalaX el L e

e e WA



(Bourne, 1967). The former concept. implicitly

incorporates 1land wuse succession.  Even though some urban

economists equate the terms redevelopment and successlion

(Clapp, 19773 Hellbrun, 1976; Ratcliff, 1961), the latter
term usually refers only to‘the relocation or migration - of

activities. Eafiier it was menU%:ined that this facet of

urban land use change i3 not of. interest here. In "this

thesls, .therefore, redevelopment is only used in the context

of the physical demolition of existing bulldings and the
replacement phereéf_by the erection of new buildings.

1 ' .

From the perspective of an individual site or plot of
land, redevelopment is an event discrete-in both time and
space. _Tﬁe d;bolition and red&acement of a bu£1d1né on a
gfven site takes place at one point in'time and then doe;
not usually reoE;;r for several decades at least. Since
sites are separate spatial entities, defined as such by the
legal right of land ownership, the replacement of a building
on one site 15 épatially distinct from a similar action on
another. . It is bepause of the building- situated on iq that
a site is referred to 3s 'devgaopéd. When an existin;
building is demolished and a new one constructed, the Site

is sald to have been redeveloped.

From the perspective of the entlire city,

redevelopment 1is a spatio-temporal process. It exhibits a

F
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discernible pattern in space that evolves through time. The

procegs consists of a spatially and témﬁoréily 1inked sefies

¢
of 1individual redevelopment events. The rejuvenation of

the entire urban building inventory is the sum total of the
replacement of individual buildings at various ﬁniqué

locations at many different times.

‘

-

contingﬂﬁs in both space and time. Redevelopment differs
ffom- developdenﬁ in that it involves the replacement of
existing bufldings rather than the construction of ﬂew
buildings during the initial rural-urban convhrsion. Both
redevelopment and development, however, .éan be considered
complementary segments of the urban growth process. As such
they form a spatial continuum from redevelopment in the core
to developmen} on the periphery (Bourne, 1967). The
proportion of ;édevelopment to development 1is relatively
high in the city center decreasing gradually away from it
with declining building ages and 1néreasing amounts of

available, unused urban land.

Ny " L. -,

In a temporal coniéxt, the redevelopment process
continually replaces old, deterliorated, obsolete buildings
at the end of their of their physlical or econogic lifeéﬁans
with new ones. Once all buildings constructgd .in a given

time period have been replaced those built in the fdllowing

- Théoretically, . the .redevelopment "process .ls-

L]
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period undergo the xame treatment. Bventually all existing
buildings will have been replaced and the cycle recommences.

In reality, the redeielopment pro;ess is spatiélly
and 'éemporallg discontinuous. Differential 'deterioration
aﬁd obsolesdence'réﬁes'of"bui;dings,' differing locational
advantages of sites and many other diverse faétbrs impede
;tg steady brogress. bespite the 1lack. of spatio-temporal
]continuyty,’fthe redevelopment process exerts a significant
influence-on both urban morpholoé& and fhe urban econoﬁy,

. | ' . J\
1.2 The Urban Impact and Signifieanhe of Redevelopment>

. N

-

The impact an redevelopment on the city is
subétantial and cannot be den;ed. It is "the mechanism by
which cities are rebullt” (Bourne, 1§?6b, p. 183). Th
efficiency, vitality, and future form of-the city depend g

the regenerat*le capacity of the redevelopment process.

A Because they are complementary components of urban
'structure, the supﬁly @f floorspace provided by buiiding
and the demand for it by éctiviﬁies.must match each other to
some extent. The degree of fit 5etweeﬁ them reflects the
efficiency of the urban economy because a lack of fit
produces unused or underutilized buildings and contributes

"4
to activities being forced into unprofitable operation
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levels or poor locations; all of which are inefficient.

- k) - _
- Thus the process by which floorspace supply and demand are

reconcliled partially determinés how wélf the 'urban economy
) . “ . B

functions.

According to Smith (1975), replacement investment 1is
very lmportant to the maintenance of.urban living standards.
Uuring times of econémic growth, not only must losses to
natural hazards and to natural aging énd obsolescence
procesées be covered, but upgrading of the urban inventory
must take place for urban living standards to even remain
stablg. Sincg redevelopmeﬁt represents a major percentage
of replacement investment, it is crucial to the sustenance

of urban opportunities.

>

-

-

The vitality of the city can in some ways be measured’

by the ﬁégy‘éxistence of redevelopment. The visdal'impact

of a new building is obvious. In addition to the aesthetic

gain there 1s the symboliec significance of the replacement

of the old with the new. The city .1s pepceived as Dbeing
vibrant and alive. _'//’“\mx\_,\\J(gc |

¥
Besides these aesthetic and symbolic benefits,
investment in redevelopment generates both direct and

indirect economic benefits. In terms of employment, for

example, the numbers employed by the construction industry

*\"t) .
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swell during the demolition and}construction stages. The

_wages received .circulate thfouéht the wurban ecdnomy ang
stimulate iF. Future employﬁhnt for the.cbyy's residents is
promised in the activities that the new building will house.
And since redevelopment usually involves an .1ncrea§ed
intensity of land usage (Bourne, 1967), iﬁ,glso-méans,é'real
increase in the level of urban émployment. Furthprmore,
whether the firms destined to occupy the new bullding are
new to the city or are previous ‘resideénts, the fact that

they plan to locate there reflects their satisfaction with

the current sociceconomic environment of that city.

Of course the effects of redevelopment are not all of

a beneficial nature. Redebelopment generates externalities
that are a real cost to urban dwellers and businesses
< (Alexander, 1974). Undesireable products of the
construction activity include noise and air pollution,
congestion, and an increased demand .on exlsting
transportation‘ and utilities netwo}gg. Furthermore, the
removal of bulldings may put displaced activities out of
business unless they are able to relocate in close proximity
to their previous location. It may also cause the erosion
of the social character of an area by ﬁeﬁoving a part of the
milieu that made it unique. Névertheless, redevelopment

relentlessly reshapes urban structure.



Bourne (1367) claims redevelopment is the major way
in which the existing elements of urban form are altered.
.Alth?ugh th; actuél numbergof buildings replaced per year is
relatively small, the average amount of‘ investment, in
dollar terms, repre;e by a new bulilding 1is phenomgnal.
Figures In the million and multi-million dollar range are
not uncommon. A building repreéents a great‘time investment
as well. The initial investment decision, the site
selection~ process, finapcial arr;ﬁgements, and demolitién

and construction activitigs are very time consuming and 1in

aggregate may require two to five years or more.

Because of - the amount of money and time invested in
it, redevelopment indicates commitment. Commitment on- the
part of’ the' developmeﬂt -agent, whether it bé a land
development firm, a financial 1institution, or a private
individual to the future of the city. Buildings have an
inherent permaﬂence. They are characterized by immoblity
and durability (Shafer, 1975). A building is vulnerable to
the:;characteristics of the physical and - socloeconomic
envibon@ent surrounding it for a long period of time; and it
~iIs costly ‘and time consﬁming to replace. By engaging in
redevelopmént the development agent indicates that it has
analyzed the socioeconomic future of the c¢ity and has

expectations of a profitable future there. This is probably

the greatest significance of redevelopment to the city. It
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‘expresses and refle¢ts long term patterns and trends.
Redevelopment not only signifies the current health of 'gpe

city, it also is indicative of the future status of it.

1.3 Thesls Rationale

Ironically, despite being the subject of widespread
concern of planners and péliticians because of ‘its urban
impact _and significance, relatively little acadeqic
attention 'haS "been pald to the redevelopment process,
especially by urban geographers (Bourne, 1978; Ledent,
-1976). It is not that they have ignored urban dynamics
altogether. It 1s just that traditionally only" the
migration of activities -and populations or land use pattern
changes have been considered-as urban change (Bourne, 1969).
Changé in the inventory of bulldings has been largely
disregardedg"'Bourne attempted to remedy this'oversigpt with

his classidﬁl study of the nature and pattern of

redevelopment in Toronté (1967) and his series of papers

thereafter (1978; 1976a; 1976b; 1974; 1971; 1970; 1969).

Despite his éfforts little published work has followed.
Lewis et al. (1974) developed a decision-based simulation
model of redevelopment and Alexander (1974) applied a
redevelopmeni forecasting model to the Eovent Gardens area
in London. In a theoretical paper, Clapp (1977) examined

how redevelopment decisions are affected by uncertainty and
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' ) : .
risk. Some of the recent theoretical models of urban

growth and 1land ;se, whilej not spécifieally focusing on
redevelobment, haye at least recognized the re-use of_ urban
land and the non—malleabiigpy of“iloorspace {(Breuckner and
von Rabenau 1981; Breuckner,&19861~Anas, 197835 Muth, 1973).l
" Real estate economists have acknowlddged the replacement of
buildings but their t;eatﬁént of it is cursory and aspatial
__fBalchin aqd Kieve, ‘1977; Shafer, 19755 Smith, 1975;

Cooﬁer, 1974; Dorau and Hinman, 1969).

One can only speculate as to the reasons for the
paucity of redevelopment reséarch. Bourne (1971) suggests
the answer lles in the complexity of the, urban real estate
market and the lack of disaggregate data. Admittedly both
these factors can serve to intimidate anyone attempting to
" begin research. They do not, however, provide justificatioh
for ignpring the redevelopment process in 1light of its

]
encormous Iinfluence on the city.

Buildings shape and constralin the activity patterns
“of every urban resident and function. They are an integral

component of the urban system. | Their demolition and

replacement 1is ™an ancient and basic process by which the ' -

urban structure ... moves to adjust itself to + the
everchanging needs of the community" (Ratecliff, 1949, p.

427). Redevelopment is the process on which the future



growth and form of the city is laqgely'dependent. It is
1ndica£§ve of future 1long term patterns and trends and
-repﬁesénts "a summation of a complex array of factors acting‘
to alter the spatial structure of the city" (Bourne, 1969,
pi;18H). Urban geograﬁhers -would possess keener insight
1n£o the nature:of the dynamics of urban spatial structure
ir they'obtained a better, more complete undgrétandin& of
the redevelopment process. - Such knowledge would also aid
urban planners for 1f they aim to’ manipulate existing
processes in order to reach certain predetermined goalé, the
better the underst?nding of the‘proceéses involved, the more
successful‘ they ﬁill be CCowén; 1969). For these reasons

the research reported here was carried out.

1.4 Thesis Purpose, Scope and Objectives ' .

The aim of the thesls is to develop a model of the °
redevelopment process, The pﬁrpose of the modelling effort
is to: 1) develop a fuller, more comprehensive understanding
of the Qéture and pattern of the redevelopment process by
integrating several currently disparate concépts, and é)
test that understanding by facilitating the prediction or
forecasting of future  spatio-temporal patterné of

redevelopment in an ‘empirical application.
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The difficulty' of forecasting patterns ' of
redevelopment, Stemming from the discontinuity of the
process in both space "and time, has been noted by Alexander
(1974). It 1is felt, however; ' that by making certain
3implifying asau@ptions and by limiting the time span over
which the forecast 1is madé, future redevelopment patterns
thaf are acceptable in terms of what 1s known and understood
aboqp it can bé'identified. Thus the forecast. period will
be only 'tén yeafé. "Furthermore, it is assumed that during
those ten years there will be no parametric shlfts in social

e .
and economic structural relations, i.e., there will be no

change in societal values,,technological levels, or decision
rules which‘® would alter the 'laws' governing the
redevelopment process (Kibel, 1972). The latter condition
makes the forecast a projection in the sense of Habris
(1965) in that {t 1is a prediction which assumes‘ a

continuation of present 1nfiuences.

One basic restriction put on the ' term redevelopment
is that it is used to refer only to building demolition and
replacement‘py.private deve;obment agents. . Henceforth, the
terms urban renewal and revitalization' are reserved for
building -converéion and replacement in which public
(government or quasi-govgrnmeht agencies) or institutional

*
(churches, "school boards and other non-profit

organizations) agents are écti§61x> involved. Admittedly

Y
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there 1ls often a fiﬁe line between redevelopment and urban
renewal because public agentslare ngcessarily involyed in aa
adjustments to urban form. Perhaps for this reason the two
terms have. been used interchangeably in the past (for
example Woodbury, 1953). For definition purposes; a
building will be ebnsidered a product of urban,renewal ir
thére 1s any financial involvement by a public or
institutional aggnﬁ, short . of floorspace. leasing
arrangements. |

The-reason for differentiation betwéen redevelopment
and urban nenewal‘ is ease of prediction. In order to
forecast anything there has to be some regulatory force or
rationale that to some extent controls future outcomes. The
'guiding hand' in the land fdevelopment industry, as in many
other economic activities, is the profit motive. Thé profit
motive, for all intents and purposes, makeg private
.development agents bghave rationally to the extent that
their future actions can, to_a certain degree, be predicted.
On the other hand, public and institutional agents are .not
regulated in the same manner. The behaviour of public
agents is influénced by such cbnsiderations as the public.
interest and. politics. This can and does lead to
unpredictable . actions. Inspitutional agents are
definitionally non-profit oriented. 1In .fact, they may

attach some non-economic sentimental, relféious, or historice
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value to a bullding and-actively resist redevelopment even
~if it 1is economically Justified. The demolltion and
réplacement of buildiﬁgs by non-private agents is,
tﬁerefore, excluded from this analysis; not a signiffcant
omission as the prime instigators of building replacement

are private development agents (Bourne, 1976a).

It was mentionned earlier that redevelopment can be
;xamined as an éyent'and 'a prodess. To do so0o Iinvolves
studying it at both disaggregate and aggregate spgpial
levels. Unfortunateiy there are two problems‘ with working
at .a .disaggregate scale 1in this context,. They are‘the
availability of data and the sheer qyantity of fit. This
‘ méy sound contradictory ‘but it is not. In moét cases,
de;aiied data for many of the characteristics pf individual
sites and buildings thereon dé 'not exist - or aré not
available for inspection. If data do exist, it 1s wusually
for J|only oné‘ period in, time. St&%ying urban processes
réquireé change data or data recorded at many different time
points. Incidently, this is alsoc a problem ﬁhen working aﬂ
a more 3ggregate -spaﬁial- scgie. . Because of these
defficlencies the use of sufrogate.measures for which data
are avallable 1is ‘necess;tated. If the data are collected
for several variables for each individual site,'even for a
relatively small area of a medium-sized city, the resulting

~data matix {s quite large. Time constraints on data
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collection and_manipulation then become a sizeable problem.,
To some extent, a personal knowledge of the study area can

alleviate these aforementionned problems.

For the above"yeasoﬁsﬂ the core'area of Kitchener,
Ontario was chosen for the study area. Kitchener {3 a
medium-siied city with a population of 136,000 as of 1979.
The clity Is large enough to attract a significant amount of
redevelopment while possessing a core area thét is small
enough, in Lerms of the scope of the thesis, to’ bé studied
at the 1individual site level. Attention 1s focused solely
on the core area for ﬁhe above data considerations énd
because theory and emﬁifical investigat;on indicate a very
large percentage of all redevelopment"in the_ city occurs
therein. The specific bounéaries of the study area will be
defined later.

There will be no differentiation between the types of
land use activitieslinvolved in redevelopment in the study.
Sincg Kitcheqer experliences é significant but certainly not
an overly abundant number of redevelopment events each year
in its core area, the-data matrix of past redevelopment 1is
reffdered inadequate if redevelopment involving only one
" building type were included. Any forecast of the amount or
locatidn of.redevelopment‘will not ﬁake any reference to the

type of building being replaced or built. Neither will
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there be any reference QP the scale of construction. The
type and scale of the new building are not partlcuiarly
interesting subjects to %orecast because they are both

determined to a iargeﬁ degree by the land use coqtrols in
effect at any given location. These qualifications are not
especially constraining because 'redevelopment usuall&
involves an increased land wuse intensity and ogcurs
primarily in the city center. The result is-a certain
similarity between nPwly constructed buildings. They are
similar in that they are revenue-generating real estate and
they exhibit a relatively narrow range of difference in- the
size of the investment required. Typically these buildings
are offiée towers, commercial préﬁises, or highrise
apartments. The trend toward multiple use buildings which
house a combination of office, commercial, énd residential
activities serves to make new buidings even more homogeneous
(Witherspoon, 19762.

\

' The principal objectives of the thésiéa then, are the
following:

1) To outlinq in detall the significant elements of the
redevelopment process, paying special attention to
the factors influencing the location of redevelopment

events and the spatio-temporal links between them;
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2) To analyze and .eyaluate previous attempts to model
redevelopment r ‘to Incorporate flooraspace supply
and demand, and to determine a modelling approach
that appears promising and productive in terms of

' the special nature of the redevelobment process;

3) To outline a conceptual model of redevelopment that
will provide the theoretical base on which an

operational model can be built;

4) To create an operational model of redévelopﬁent

that produces a forecast of likely spatio-temporal

patterns of redevelopment.

The second and third' chapters review the exiéting
'redévelopment.literature, both theoretical and 'empirical,
summarizing what is Known about redevelopment and
1dentifying strengfhs and weaknesses of selected attempts to
model it. An introduction to Kitchener, its core area, and
past - redevelopment therein 1is provided in Chapter U,
Chapter 5 bresehts the conceptual model of redevelopment and
describes the structure and operation of the simulation
model. The sixth chapter contains the analysis of the
output of the model, i.e., forecasted patterns of
redevelopment in Kitchener's core area. A summary of the
research together with the conclusidné that <¢an be drawn

from it are the concern of the seventh and ‘final chapter.

[y



CHAPTER TWO’

SYNOPSIS OF REDEVELOPMENT

2.1 Introduction

" Models are selective approximations of reality
(Chorley and Haggett, 1968). Modelling, therefore, is a
subjective task and requires informed Judgeme&t on the part
of the modeller., Bracken (1978) maintains 1t is as
A importaét Eo declde what elements to exclude from a model as
Ato declide which ones to include. Thus the initial modelling
step is to describe and summarize the pertinent features and

relationships of the phenomenon of interest. Such a

synopsis of redevelopment is presented below.

The chapter 13 organized in thé followipé manner,
Initially the evolution of urban flobrspace supply and
demand is described providing the background rationale for
redevelopment. Then the factors determining when the
redevelopment of a site  1s feasible are examined.
Subsequently the factors that {nfluence the redevelopmeﬁt

potential of a site relative to all other sites at any given

19
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point in time are reviewed. Attention is then swltched to
two concepts that spatially aﬁh temporally link the serles
of redevelopment events in a spatio-temporal process. An
examination of the factdrs unde;lying the temporal variation
in the number of redevelopmént events Iin a -city completes
the chapter,

2.2 Urban Real Estate Market Dynamies

The demand for urban floorspace by urban activities
and the supply of it as providqd by the urban building
inventory are constantly changing. The changes experienced,
however, are divergent rather than convergent. 1In othér
words, the supp;y of floorsBace becomes increasingly
unsuitable for the new demands put on 1t by urban
activities. An adaptation brocess is requiﬁed to reﬁedy the
malad justment. Urban floorspace as contained in the*
building inventéry_must be continually adjusted in response
to changing urban socidégggaﬁﬂbgngeds. Many.demand changes
can be accombdated within existin; buildings. Eventually,
however, the disequilibrium becomes severe enough at a given
locatiéﬂ that redevélopment is required.

Real estaﬁe maladjustment results from a combination
.of three factors: 1) the fluidity and malleability of

-

floorspace demand and its propensity for change; 2) the
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- relative rigidity of floorspace éupply and its inability to
accomodate change; and.g) the constént decline through time
in the suitablility of buildings to house any activity.
While the factors causing demand changes are of little
interest here, those relating to supply changes are, and are

expanded on below.

Immobi;ity and durabiligy are two characteristics of
buildings that d{;tinguish them from many other economic
goods and prevent them being easily moulded to the varying
demands put oh them (Shafer, 1975}. Immobility or fixity

precludes buildings ffom being moved from one location to

another as an activity's location demands shift. Durability

or longevity refers to the long -physical lifespan of a
building. Once erected it is difficult and very costly to
“replace the building l;f'it'no longer satifies the demands
put on 1it. . |

The suitability of a Building to house any urban‘

activity constantly declines with the aging of it. Aging
refers to fhe -natqpal process of physical deteriorat;on
through time. Although its rate cén be partially controlled
by prdﬁer ﬁaiﬁtenance operations, the agiﬁg process can

never be reversed. At some point in time after {ts

construction a building becomes physically’hsed up and must

'be replaced.
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The . durability, iqmobility, and aging of bulldings
nqgg;sitate the implementation of a disjointed sequence of
adjustments to buildings so some semblance of correspondence
between floorspace supply and demand 1is maintalned. Such

adjustments are collectively called the adaptation process.

The adaptation process takes place 1in a tempora;
sequence of stages (Boqrne, 1969).. Each stage corresponds
to a level of maladjustment, Inittally an equilibrium
exists in that the building is inhabited by the "highest and
best use! for which it was built., Shafer (1975, p.61)
defines the 'highest and best use' as "the use that returns
to the [building's] owner the maximum money ‘retur; in
comparison to alternative uses". Eventually the original’
activity 1is replaced by another, 1less suitable for the.

buiiﬁ?ng. A slight structural modification may be required.

Zis time'passes, activities successively replace each other,
.

he building ages, and the disequilibriull increases tos the

point that a partial conversion of the building is required.
4

Once the disequilibrium becomes great enough the building

expeﬁiences the most drastic adjustment, redevelopment.

-

2.3 Redevelgﬁment Timing Factors

. A bullding is an investment vehicle and the

replacement of it can be perceived as a normal . investment
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decision (Newell, 1977). The return on an investment has to
be competitive with investmené alternatives. Assuming the
only two alternatives available to the development agent are
to leave the existing building stand;ng or to replace 1it,
the agent must base its decision on a comparison of the net
return from a new building from the time of redevelopment
forward and the net return from the continued.'operation of
the existing building (Ratecliff, 1949)., That is, assuming
that development agents are profit maximizers, a site. will
be redeveloped at that point in time when it is economically
feasible to do so. The timing of redevelopment, therefore,
depends on a set of cost-return relationships,

The profit fealized from redevelopment varies with
.its cost relative to the return from the new building after
redevelopment (Bourne, 1967). The costs of .replacement
'include those assoclated with demolishing the existing
building, constructing the new building, and the future
income foregone by eliminating the existing 'builq1ng.

Therefore, the redevelopment.of a given site is economicélly

feasible when:

Vo= By >V, + D, - (1)

Clapp, 1977, p.73
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where V, is the present value of the salte and the new
building, B, 1is the cost of constructing the new building,
VO i3 the present value of the site and the exlsting
building, and Do is the cost of demolishing the existing
building. The demolition and replacement of -an existing

building will occur, ceteris paribus, when "the value of the

cleared land ... exceeds the remaining value of the original
property, 1land and building" (Rateliff, 1949, p.403). The
above condition for redevelopment may be fulfilled either
because physical deterioration or functional obsolescence-
reduces the value of Vo; or because land values appreciate
increasing the #alue of Vn, or by a combination of both

changes (Heilbrun, 1974).

Theoretically, it is relatively easy to determinl\,’
when the redévelopment of a given site will occur. It is
known that a profit is realized from redevelopment when a'
certain cost-return relationship exists. One needs on;y to
examine the c¢hanges in the relevant costs and returns
through time and caléulate when inequality (1) first holds.
There are, o however, many factors in reality thaﬁ introduce
" much more comﬁléxity and make the prediction of the timing
of redevelopment very difficult. These factors relate to:
1) the ease of determining if and when inequality (1) holds,
2) actions and ci}cumstances which can alter the

anticipated changes in the values of the quantities in
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‘inequality (1} through time, and 3) contingencies that

thwart redevelopment déspite the economlice feasibility of it.

Certain characteristics of the real estate market and
of buildings themselves introduce uncertainty to the
redevelopment timing decision. Uncertainty refers to both
the lack of definite knowledge of the magnitude of the costs
and returns involved 1nfredevelopment and their dYnamics and
the lack of‘assurance that the estimated redevelopment time
is a profitable one. Uncertainty in turn introduces risk
because if redevelopment occurs before inequality (1) wholds

a capital loss will be incurred (Clapp, 1977).

In terms of the real estate market, infrequent
transactions, the absence of a central institution, and
imperfect knoqledge of the true market state all_servq to
~ make current prices and values of land and bulldings
difficult to estimate (Balchin and Kieve, 1977;Newell,
1977 ;Alexander, 19Td;Ratcliff, 19u49). fhe heterogeneity of
buildings and sites has the same effect (Case, 1974).
Because of the durability of buildings, future prices and
values muét be taken into consideration és well and there is .
no way of acccurately estimating them (Clapp, 1977; Smith,

1975). Uncertainty, therefore, hampers the accurate

*

determinatibn of the timing of redevelopment.
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Circumstances and actions which cause existing
building and site values to fluctuate alter the time at
whiph inequality (1) cap be expected to hold (Balehin and
Kieve, 1977). Overcrowigng and the lack of maintenance and
repairs‘are profitable policies for building owners in that
they reduce current costs and the resultant depreciation may
be tax deductible (Rateliff, 1961). The savinés realized
increases the value of the existing building and prevent
redevelopment from being economically feasible even though
the building becomes " physically blighted. Extensive
conversion :of the puilding produces an 1dentical effect in
thgt the return from the building, and, therefore, its value
rises. The declining demand for floorspace‘ in the city
center, because of pollut*on and conkegtion, can reduce land
values and fnereby also extend the building's economic life
(Smith, 1975). Conversely, improvéments in the urban
infrastrucﬁure, or anything that causes land values to rise
or the value of the building to fall, 'uilll encoﬁrage the

economic justification of redevelopment.

And  even if the development agent accurately
estimates the costs and returns of redevelopment and the
economic feasibility.exists, the demolition and replacement
of tﬁe‘building may not take place. Such things as a
non-monetary interest in-the building and the unwillingness

to sell the site to a development agent may forestall
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redevelopment (Balchin and Kieve, i977). Planning
restﬁictions, legalities 1in the form of leases or multiple
ownership, the lack of access to finance capital;‘and lower
returns from real estate in relation to other investment
alter@atives may all act to prevent redevelopment (Balchin
and Kieve, 1977; Neweli, 1977; Alexander, 1974; Bourne,
1967; Turvey, 1957).

For the above reasons, then, the timing of the
redevelopment of a given site 1is subject to . random
variation. In addifion to depending on the basic
cost-return relationship, it is affected by chance factors
too numerous . to describe in .detall. Hence.. the
spatio-temporal pattern of redevelopment is characterized to
certain extent ) by random variation resulting in

spatio-temporal Adiscontinuities.

An alternative method of analyzing redevelopment is
to examine the characteristics of each site and building in
an attempt to determine the relative attractiveness of each
site as a location for redevelopment at a given.'point in
time. Identifying and evaluating the location factors that
influence a site's relative redevelopment potential ;;

2

arguably a more rewarding approach than is calculating the

entire range of present and future costs and returns of

redevelopment. It must be remembered that dpspite the

Ly
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perspective from which one studies the spatio-temporal
pattern of redevelopment, the influence exerted by the

chance factors remains.

2.4 Redevelopment Location Factors

.

The distribution of redevelopment among the multitude‘
of sites comprising the urban anee is a function of the
reiative potential of individnal sites to attract new
investment ﬁourne; 1967). Redevelopment location"factors,
therefore; ;2e those physical and locational chardcteristics

of " the site and building that determine their respective
'values and site clearance costs., Anything that inc{eases ‘
the re-use value of tHe site, decreases the velue of the
exlsting building, or decneaees site clearance costs
increases the potential'of the site for redevelopment, i.e.,

increases the relative 1likelihood that~ inequality ~(1)

holds; and vice versa. Lo P‘

The physical characteristiecs of the site, exclusive
of the building thereon, inelude essentially slze or area,
shape, and topography. These attributes influence the velue
of the site for re-use. ' For example, a ninimum threshold
size 15 required before. a building ean be phofitably
constructed on a site (Bourne, 1976b). Assnming inereasing

returns to scale in construction, the larger the site the

/
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‘ hiéher the re-use value. Land 'pwnerghip is usually so °
fragmented in the urban core that sf&es of a size greater
than thif:’or which 1ncrea§ing returns to  scale no longer
hold are rare. Conversely, 1if  the 'shape of a site is
extremely irregular or the topography especlally unsuippble
for the construction of phe Itype of ,building prﬁposed, then
boqstruétioﬁ costs may exceed acceptable levels aﬂd the
vélde for re-ﬁse wo@;d be’relatively low. This would appear
to be an unusuair-situation though begauée a building had

~already been erected on the site. If either 6f these two
characteristic; had not preventéd.initial development, fhen
it 1s unlikely they wouldl reclude_redevglopﬁéht.

. \ N
‘ The relevant_physical cﬁarécteristics of the existing

- building consist of itszlevel of physical deterioration and

functional obsolescaqce ;nd of its scale. They determine to™

a 'lgrge extent the value of the site and building in their

presept use and the costiof site clearance. The greater the

_'building's deterioration and ;bsolescence, phe. highér, the

maintenance costs and the lowér the returh from teﬁapcy{

and, therefore, the greater the potentiéi for redevelopment.

On the ophér hand, the relative cost of demolition varies

with‘ fhe scale of the building relative to the slize of the

site; the greater the relative scale, ' the "lower ths

redevelopment potential.
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The. locational characteristics of a site are
extremely important determinants of its redevelopment
potential. Unlike the pﬁysical-characteristics of sltes,ahd
buildings, the locational attributes of each siﬁe are unique
because of the exclusivehess of location. The spatial
position of an {individual site Eglative to all other
entitiés in the urban area cannot be replicated by any other
site. Thus . although pwo sites may not be differentiable
according to thelr size, shape oribuilding characteristies,
they can always be distinguished from éﬁch other in terms of
‘their relatiée location. As a result, a site's locational
attributes p#imarily influence the re-use value of the site
alqne. In general, a site's rela;ive location can be
identif;ed in terms of accessibility’ and prdximity: "The
accéssibility of a site 13 usually measured with reference
to the enéiré- metropolitan population and to the urban
" functions and activities concentrated in the city center. A
'Site'S"rproximity‘ referq to its nearness tq urban amenities
such as parks and to disamenities such as blighted buildings
Bouﬁne, 197{; }967). The more accessible and thes more
pr&ximal Jto ‘urban ‘amenities, the higher "the site's

-

redevelopment potential. : -
1
The land use controls that apply to a site determine
the range of options avallable to the develSpmenp-agent}with

regard to its redevelopment. - In many cases thh the type
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~and inteneity of site usage are restricted by them. They:

imfluence the re-use value and, therefore, the redevelopment
potential of the site- by controlling the possible future
uses of the site (Balchin and Kieve, 1977; \Newell, 1977).
If the most profitablezre-use of the site is not allowed,
in terms of either the fype or the scale ef the building,
then redevelopment will not occur despite the site's

apparent attractiveness to 1t-exhibited by its physical and

locational characteristics. Thus the more restrictive the

land use controls, the lesser the possibility that a
profitable re-use is allowed, and the 1lower the site's
redevelopment potential.: '

The attractiveness ef a slte to redevelopment is thus
primarily affected by the following location facto;s= 1) the
size of the site; 2) the level of physical deterioration and
functional obsolescence of the building; 3) the scale of the
'bﬁilding relative to the site's size; 4) the relative

accesslbility and proximity of the site; and 5) the planning

restrictions that apply to the site.

2.5 Spatial and Temporal Links

RN

To this point fedevelopment has been treated as a

discrete event. It has been examined in both an aspatial-

temporal context (redevelopment timing factors) and in .an

o m—

RPN JELAARN IR )
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atemporal spatial context (redevelopment location factors).
It is now -appropriéte to analyze the concepts and factors
that link the seemingly independent redevelopment events 1in

time and space 1In a process that rejuvenates urban built

form. . .
In terms of the entire clty, redevelopment is highly-
spatially localized in that it is concentrated in the urban
core. This 1is 1ntuitivé1y obvious Dbecause the great
majority of the city's oldest bulldings are, found therein.
Bburne (1967),. however, reports that even at a very
disaggregated spatial scale a strong tendency exists for
agglomeration and clustering.. Such 1locational inertia of
redevelopment has two causes.. Firstly, the 1location
requirements of many urban core activities are similar. The
combination of accessibility and proximity that is
attractive to redevelqpment exists on a épatial scale both
larger than an individual-site and smaller than the entire
core area. The result is the existence of nodes of
relatively high redevelopment potential, each consisting of
a number of individual sites. Secondly, previous investment
decisions often ' generate opportunitie§ for  further
redevelopment (Bourne; 1967). If the redevelopment of a
site has just bccurred in a given:core sub-area, it usually
indicates that planning declision guidelines for that

sub-area have been set and that community resistance, if it
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exlsted previously, has' been broken. This acts as a
'triggering mechanism' for the future redevelopment of
proximal sites (Bourne, 1967). For the above two reasons
redevelopment can be perceived as a series of spatially

related events.

Although neither von Boventer (1978)- nor Johnston
(1976) discussed it 1in this context, the 'contagion' or
'bandwagon’ effect can help explain the temporal
relationShip between redevelopment events Because of the
relatively ¢onstant rate of physical deterioration bulldings
of similar ages are, in genqral, replaced around the same
time. However, the redevelopment timing decision is rife
wiéh uncertainty and risk. The term contagion effect refers
to the fact that peoples' attitudes, e;Bectations, and
behaviour are influenced by those of others in similar
circumstances. Thus a development agent, in the absence of
a definite knowledge of the érofitable redevelopment time,
may declde to proceed with redevelopment because another
agent faced with similar constraints is doing the same or is
thinking of doing so. The decisidn is made easier and
carries with it somewhat less uncertainty and risk because’
soﬁeone else has decided similarly. The behavioural
Similarity extends as well to the situation in which one
development agent decides against redevelopment at a certain

time. The contagion effect infers bedevelopment is a self-
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éi_i} supporting expansionary or contractionary temporal ,process'

(von Bovgnter,‘ 1978). How the actual quantity of‘
redevelopment varies through time depends on a combination
of the contagion effect and the factors that shape and
constrain the ability of development agents to respond to

changes 1n urban floorspace demand.

~

i

2.6" The Level of Redevelqﬁ&t

LA B
It has been argued 1in “this ‘chapter that the
redevelopment process consliats of ; spatio-temporally
related serles of building_Fepiacements:} One important
aspect of the process that has yet to be discussed 1is the
determination of the levei of redevelopment in the urban
core and éhe temporal varlation thereln. The 1level of .

redevelopment is herebf defined as the quantity or npmbgr'of

redevelopment events initliated in a given time period.

The set of factors influencing the 1level of
redevelopment is perhaps the most complex of any discussed
to this point. Becausee of the nature of the real.estate
market 1oc§l, regional, and national.factors conme 1nto-play.f
Urban floorspace demand changes with national 55 well as
local or regional population growth, employment levels, per

capita income, and household and business expenditures.

Alterqgtively, the supply of floorspace varies with the
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national and local availability of construction materials,
labour, and finance capital (McMahan, 1976). Thus national,
regional, and 1local economic'trends influence the level of

redevelopment in a city's core area.

Becauselof the magnitude of the investment required
for 'redevelopment the availabllity of finance capita; is
perhaps the single most important dete;minént of the -
redevelopment level. Access to capltal resources for
investment.alternatives depends on their relative rate of
return. During periods of economic growth the demand for
non-real estate investment increases. Real estate becomes a
less attractive investment vehicle as higher returns are
realized on short-term financial instruments and business
plant investment. In times of recession the demand for
busingss capital decreases thereby making it avallable for
investment in real estate. Thus ¢the avallabiiiﬁyf‘ of
redevelopment finance capital follows a c¢yeclical trend
opposite in phase to the business cycle (McMahan, 1976;
Smith, 1975).

The ability of development agen}s to pursue the
“implementation of their redevelopment plané is shaped by the
eyclical availability of capital éinancing. Because of

the “contagion effeet- the number of development agents

-
L

responding to increasingly favourable or unfavourif;e real
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[
estate investment conditions is initially small, 1increasing
as time passes. Thus the level of redevelopment exhibits a
cyclical trend consisting of what Case (1974) refers to as
'feast and famine' conditions. The redevelopment level

cycle and the finance capital cycle are not necessarily in

' phase; reflectfng the influence of time lags caused by the

contagion effect and the neccessity of having to plan .ahead

for redevelopment.

2.7 Synthesis

This chapter began by briefly outlining th role'of
redevelopment in the evolution of urban structure. The
fluidity and malleability of urban flobrspéce demand
Acomﬁined with the relative rigidity of floorspace supply,
and the constant aging “of buildings, produce a
disequilibrium in the real estate market. Aﬁ adaptation
process c;nsisting of both the relocation of ' urban
activities and the structural modification of existing

buildings attempts in Qain to reduce the growing
\ .

-

maladjustment.. Once the disequilibrium at a given 1location

becomes éieat enough the only recourse is redevelopment.

Redevelopnment will not‘ ogceur unless it is
economically feasible. The economic feasibility depends on a

balancﬁ between the value of the cleared site and the value
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of the site with the existing building. The balance is
. tipped iﬁ‘ favour of redeveloppent when physicél
deterioration and functional obsolescence reduce the value
of the existing bullding to such a point that it '{s just
exceeded by the appreclating value of the land on which the
building stands. '
N

Theoretically, determining when redevelopment >is
economically feasible 1is reiatively easy, In reality,
uncertainty resultiﬁg from an imperfect knowledge of the
future ahd anythiné that changes present or future land or
bpilding values makes the evaluation of the arrival of
economic feasibility difficulp. Other factors relating to
- the availabiltiy of the site for rédevelopment also
contribute to. the difficulty of predicting when the

redevelopment of a given site will occur.

r

Each urban site possesses a certain potential for
redevelopment relakive to all other sites therein dependiqg
on i{ts 1locational and physical characteristics -  site
accessibility and proximit&, site size, and building
deterioration,_obso;eqcence, and scale. The availability of
the site for redevglopment in terms of 1loecal 1land use

controls also influences and modifies relative redevelopment

potential.
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Redevelopment efents are spatlally related 1n‘that
they exhibit-a highly localized pattern, appearing in smali
clusters Iin the urban core. They are temporally linked by
the influence one development agent's expectations and
behaviour have on those of others. The demolition and
replacement of. an individual bullding 1is but a single
element of the spatio-temporal process of redevelopment.

Finally, the level of redevelopment véries cyclicélly

&A‘\h’}/,nBSponding primarily to the cﬁanging availabiliéy of finance
. ’ Y
capital for real estate investment, a product of the

business cycle.

The contents of this review of the nature of
redevelopment as an event and a proéess‘will be used later
to develop a conceptual model of redevelopment on which the

~ultimate operational model willrbé based. Prior to doing
S0, an introduction to urbén mddelling -and a ‘' survey of
previous attempts tp model redevelopment will be presented.
Such an excercise enables one to become acqualinted with the
many modelling considerations involved and allows the
evaluation of the relative merits of varlous modelling
approaches and techniques previously employed in similar

circumstances. .
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CHAPTER THREE

MODELLING REDEVELOPMENT: A REVIEW

L

3.1- The Nature of Modelling

When designing a model, the modeller has to make many
crucial decisions with respect to the identification of the
essential components, variables, and functional
relationships of the relevant phenomenon and to the deqign

of the model structure 1tself.

Assuming that he has isolated the important. elements
and interactions to be 1ﬁc1uded, the modeller must then
decide on, among other things, the 1level of épatial
éggregation, how time is to be treated, and the combination

of alternative solution methods and techniques to be used

(Ledent, 1976; Zeigler, 1976). In terms of spatial scale,

the modeller chooses the basic areal.unit at which the ‘model
operates. With regard to the handling of time, the model
can be either statie of dynamic. The choice of solution

methods = and techniques, perhaps the most important

structural design decision, consists priﬂag&ly of choosing

/ 39
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between employing an analytical or a simulation approach and

decidfﬁg whether the model will be deterministic or

stochastiec.
.k\ _ -

The model desigh 'stra£egy is based on both the
purpose of the model and the nature of the phenomenon of
interest. . To reiterate the essential purpose of the
broposed mbdel is to forecast future spatio-témporal
‘patterns of redevelopment empirically. The characteristiec
features of redeyelopment weré summarized in the preceediné
_chapter. On the basis of that review, present design
decisions will take , into account that redevelopment is a
complex, dynamic urban process comprised of individual site
redevelopment events. And although they can be conceptually
linked in both space and time, the series oﬁ?redevelopmeﬁt
events are characterized by spatio-temporal discontinuity.
The resultant spatio- temporal pattern of the redevelopment
process 1is a product of the . physical and lqcational
characteristics of individual sites and buildings in’
relation to those of all others, but also of a multitude of
chance factors or unknown, unspecified causes.

A —

3.2 Critique of Selected Urban Models

Despite the felatively short history of wurban

modelling there has developed a rather large related body of
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literature. A very broad range of urban phenomena has been
examined. As well, many different types of models based on
the various combinations of methods used to operationalize
them have been employed. It is generally agreed, though,*
that urban modellers have pald more attention to urban
population and functional activities, such as'retail or
residenﬁial location and spatial interaction, than to the
urban building inventory (Batty, 1976; Colenutt, 19725.
Thefe existd an abundance of urban modelling reviews
in the literature, organized either by the phenomenon*
modelled (see Webber, 1979; Goldberg, 1977; Ledent, 19763
Chorley and Haggett, 1968) or by the structure of the models -
(see Bennett, 1978; Batty, 1977). There is no reason then
for a comprehensive survey —here. A partial review ls
worthwhile in that 1t can provide insight into how
redevelopment can be successfully modelle&.' In light of the
accumulated knowledge of redevelopment one can evaluate the
strengths and weaknesses of different modelling techniques.
Additionally, certain interesting Taspects of existing
redevelopment.models can be highlighted. The survey is
arranged by solution methaed. The‘first half contrasts the
analyticaf and simulation apprq?ches. The differences
between deterministic and stochaétic models are butlineg in
the second .section. Not only will the differences between

the approaches be analyzed, but examples of the application
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of each will be provided. The examples will be restricted:
to models of urban growth, land use, and land use change;
focusing specifically on those that incorporate change in

r

the urban building inventory.

3.2.1 The Analytical Approach

" The analytical modelling approach is the use of
formal mathematical analysis to arrive at expiicit equations
‘(Batty, 1976). Tt has-been adopted by those involved in the
recently developed field known as the new urban economics or
_ NUE (for indication of the research 1in this field éee
Papageorgiou, 1976). 1In fact, analyticél modelling and NUE
are-sé closely intertwined that aléritidue of one can be

readily applied to the other.

" NUE' is concerned with the stud; of the growth,
compdsition and spatial form of urban areas and the analysis
of related problems such as ‘congestion, pollution and
diserimination (Goldstein and Moses, 1973). The theoretical
von 'Ihunen-type analytical models that dominate the field

.havg recently been suﬁjected to much criticism. It is felt
| the ﬁnreélistic and restrictive assumptions that make the .-
model mathematically'trﬁctable render.them unable to deal
with séveral essential aspects of urban strucﬁure

(Richardson, 1977; 1976; Goldstein and Moées, 1973). The -

L)
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qbsumption of unidimensionality, monocentricity aﬁd
exclusive zoning, among others, make the analytical_ models
exclude an explicit consideration of time,,trivialize space
in that the second and third dimensions are ignored, and
unaplé to 1include the competitioﬂ between residential and
non-residential uses. The failure to adequately deal with
both space and time produces a certain lack of forecasting
ability causing Richardson {1976, p.17) to write that the
"kind of prediction possible with NUE models . . . is too
general to be of practical help". Another short-coming of
.the analytical.models especially relevant to their potential
for modelling redevelopmeﬁt is the demand for floorspace is
treated simply as the demand for land; therepy gnoring the
durability ﬁgpd immobility of buildings ahd the dynamic
adaptation proéess therein (Richardson, 1977).

In defense of the analytical approach, the above
criticisms mainiy apply to the first and second generatigﬁ
, models (Anas and Dendrinos, 1976). The more recént “third
generation models overcome some of the weaknesses of their
. predecessors. Pines.(1976), for exagple; attempts., to deal
with the durabi}aty of buildings by introducing the
assumption that the qbsts of adjustments to buildings are
infinite. And . Anas (197%) not only explicitly deals with
the durable néture of béggg?

Aings, the adjustment costs of

building conversion and replacement and the fact that

3§
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investment deci{isions are based on rutgsp expectations; he
also makes the model dynamid through the use of recursive
equations. However, the aasumptiohs, ‘such as perfect
durability and deci%ion -maker myopia, introduced to account
\‘\"—'ﬂ

/
for the aforementionned considerations are s3till far rdm

realistic.

Another set of analytiecal models - that recognize
building durability are the vintage mod’is of urban housing
(see Muth, 1976; 1973; Evans, 1975). These models focus
specifically on changes in the residentiél - buillding
inventory over time with increasing incomes and construction
costs, ‘physical deterioration, and urban growth. Breuckner
(1981; 1980q; 1980b; 1978) by himself énd‘:Tbh von Rabenau
(1981) has extended these e ' vintage models by
incorporating housing demolition and redevelopmént and by
alléwing developers to have ra‘ choice_in the lifespan of
their buildings. Héie importantly, he eliminates their.
aspatiality by sucéessfully integrating the viﬁtag;'mgﬁels
of housing with a spatial model of urban érowth.. This has
enabled Breuckner's modei, unlike any other analytical one,
to generate urban growth patterns. Tﬂe model's output is
interesting fn  that it demonstrates the spatial
discontinuity of the redevelopment process. Its wultimate
significance 1is that 1t facilitates the empirical testing pf
analytical models, something which had previously  been

impossible. . -

H
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Excepting the most recent efforts,' the analytical
appboach possesses several drawbacks as a method of
modelling the redevelopment proéesg. Its atemporallity and
aspatialdty, not to mention the mathematical complexity, do
not make 1t conaucive to the purpose of.the present model.
The recent developments outlined 1mmed1ately'above 1nﬁicate
that it does hold.promise for empirical application 1in the

near futurg.

3.2.2 The Simulation Approach

The alternative to the analytical method is
simulation. A simulation.is an analogy or replication of
the behaviour of a complex phenomenon (Bracken, 1978). It
is actually a wéy of using a model in that the model
reppesents the phenomenon or process and simulation imitates
it (Ackoff, 1962). The model itself is constructed in such
a manner that it artificially depicts certain significant
features of.the phenomenon in reality (Morrill, 1955a). The
purpose of the simulatipn is to emulate the operation of the
process and follow its evolution (Chojnicki, 1970). As.

¢
opposed to producing explicit equations, simulation arrives

’

at a number of potential histories of the process.

' y

The simulation method is especially applicable to the

wide range of urban processes that involve spatialrpatﬁérns
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which are a product 6f 1ndiv1dqa1 decisions and develop over
time (Chojnicki, 1970; Morrill;, 1965B). It facilitates the
emﬁloyment of a disaggregate approach by allowing ?he
summation of individual events into an aggregate process.
The dynamic aSpect’ of the pfocess can be captured via
recursion. That is, fhe simulabion‘consists of a sequence
of steps in which the results on one step become the
starting point for the next (Harris, 1965). In this way,

the time dimension that is such an essential component of a

!

“
process can be explicitly accounted for. Bracken (1978)

suggests simulation possesses apecial relevance when the
analytical methed is prevented or made difficult by such
things as fa large number of variables, non-linearity,and
probabalistic  or random effects. Furthermore, two
dimensional space, 1ocatioﬁa1 interdependence, and real
estate heterogenity can Be better handled by simulation
models than analytical models (R;chardson, A9777.
Simulation, therefore, appears to sult the requirements for

the modelling of the redevelopment process very well.

The simulation approach is not immune to criticism.
Besides the charge that simulation produces more expensive
and less comprehensible models than the analytical approach,
.the main argumént against its use is that it lacks any kind
of theoretical structure (Ingram, 1979; 1915; Goldstein and

Mosés, 1973). It should be pointed out, though, that even

-
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1f the method lacks a theoretical basis, simﬁlation models
may not. IBy carefully analyzing the phenomenon of interest
before constructing the model, the médel;en can formulate a
conception of it and- design the model accordingly. He,

therefore, proposes his theory of the phenomenon in the

structure of the model itself.

The attempts to sfmulate entire urban economies. or
major portions of them are the reason why fhe critics.of
Simulation claim that it .produces relatively
incomprehensible and expensive models. Because of their
notoriqty, they have recéived the most attention of all
urban simulation models. They include such ambit{ous
efforts as the Massacheusetts Institute of Technology
Econometric Simulation Model (Engel et al., 1972), the
National Bureau of Economic Research Urban Simulation Model
(Kain, 1975) and the San Francisco Community Renewal Program
(Robinson, Wolfe and Bafringer, 1965). Besides their large
scale, an interesting aspect of these models is that they
recognize the durability and héterogeneity of buildings and
the importance of the adjustments therein to the urban
economy. They are so comphehensive, however, that their
actual application has been hampered by the costs and-
difficulties of data acquistion. They also (EE%JTQBQ

consideration of nonresidential buildings. ;
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One of the :few models found to date that deals
specifically with nonresidential and residential

redevelopment 1in the urban core {s pﬁat of Lewls et al,

(1975). The Manchester Decision-Based Urban Simulationl

Model (MANDEBUS) 1is a theoretical model that was developed
for the simple reason that "there Seemed to be no reasonably
adequate model of central area change" (p.396). «

As 1ts name implies, the model 1s decision based. At
the end of a lease, the tenant deckdes to renew It of
relocate. Similarly, the landlord decides whether to relet
_or demolish and redevelob. The Yandlord bases his decision
on expected rents for various land use;, probabilities of
leééing, and costs of redevelopment., Chahge in the market
is not only accomplished by supply and demand decisions, but
also by the aging process. The model's basis in
declsion-making is further reflected by the fact that the
landlord can influence the aging process by his maintenance

decisions. The output of the model includes the number of

buildings used by each activity demolished and repiacéd each

year, the number of un;gs by activity évailable for tenancy

each year, and the rent.per unit by activity and building

quality. ‘rﬂh

'The significan DEBUS 1is that it is one of

*u

only a few piblished studies to concentrate solely on
-
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redevelopment modelling. Its 'most interesting feature 1s
that it is decision-based.  Since decision-makfng underlies
redevelopment it seems .usefulilto étructure a model on it.
For example, the incorporation of expectations of-the future

and variable building aging rates is accomplisheh relatively
easily.

The model's primary fault is that the urban core 1is
Sseen as a 3single zbne thereby introducing aspatiality. Thus
1; is unable ¢to recognize the spatial pattern of the
redevelopment process or the locational influences thereon.

e

Another weakness }% that influences on . the level of
redevelopment tﬂat are\exogenous to the wurban core, let
alone to the ci?y itself, are not corsidered. And although
redévelopment can be modelled in a theoretical context on a
decision-making basis, it would be extremely diﬁ{icult to do
so empirically. The data required are just not available.
The model,/fherefore, remai;s artificial and wuntested 1in
tﬁét it has not been applied to an actual clty (Lewis et

~,:>§l4’ 1975). Personal communication 'with the modelling
project director 1nd1c§tes that if it could be done again, a

-
-different approach would be’ used (Lewis, 1980).

1



3

L4

3.2.3 Detérministic versus Stochastic Modelling 0

To_ this point urban_models have been differentiated
primarily on lthe basis of whether they involved the
analytical or the simulation approach. A second important
distinction can be made 1in terms of whether they are
deterministic or stochastic. The 1implicit assumption of

-deterministic models is Ehat the behaviour of a pﬁocess can
be perfectly predicted if a set of initial conditions and
relationships are known (Harvey, 1967). Stochastie or
probabalistic models, on the .other hand, assume the
existence of incomplete kﬁowledge and uncertalinty in terms
of the agents in the process and in terms of the modeller
himself (Morrill, 1965b)}. To accommodate this, they include
a random variable in their structure. Thus processes that
Seem to be probabalistic” ﬁnﬂ sub ject ﬁo possibly random
fluctuations and disturbances are prime candidates for
stochastic modelling.

- /

o Because of thé innéte characteristics’ of their
solution method, analytical models are usually deéerministic
whereas simulation models are- predominantly stochastic.
There are exceptions of course. For example, Breuckner
(t981a) has developed a stochastic version of his ~vintage

model of urban growth in which building lifespan is assumed
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‘to be random. For the most part, though, mathematiéal
tractability 1s Jeopardized by the inclusion of .random or
probabilispic . elements, thereby | necéssitating that
anaiytical models be deterministic. .For this and other
reasons stated earlier, analytical models are no longer of.

Interest here.

Stochastic models can basically be divided into two

groups depending on whether they involve Markov chain or

Monte Carlo methods.

Markov chain models-involve-the use of a probability
transition matrix to predict future states or descriﬁe past
changes (Lee, 1974). They have been used in the urban
context primarily to model land use succession (see Bounne,
1978; Lee,° 1974; Cowgh, 1969; Drewett, 1969). However
Bourne (1971; 1967) also used the Markov chain me%hod to
model redevelopment in Toronto. His model consisted of two
parts: an aggregate area K model and a disaggregate site
model. The area modél allocated redevelopment activity to
Sub-areas of the city on the basis of a set of .10cat%bn
féctors summarized in a series of regression eduations. The
site model with its probability transition matrix converted
éhe output of the area model into changes in the location-of
activities (implicitly redevelopment) within eéch of the

urban sub-areas according to the probabilities.
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Bourne's model is noteworthy because agaln it 1s one
of only a few published attempts'to model redeveldpmenﬁ. It
deserves recognition for the fact that {t {s an empféical

' . application’ rather than being purely theoretical.
Furthermore, Bourne recognized that redevelopment c¢an only

" be effectivg}y modelled Iif a comblnation of aggregate and
disaggregate spatial levels are utilized. However, he did

not ‘coﬁcern himself with predicting where redevelopment

would occur dn an individual site basis. 1In_ fact Bourne was

ﬁore interested in the type of activity'a new buifding Qould

house than in the essential questions of whenand where

- “ building” demolition and replacement would take place,
Hehce, althoﬁgh he correctly .p;rceived that he could
"describe and measure the potential for change from
conditions apparent before redevelopment occurs" (1971,
ﬁ.185), he failed to .pay close attention to, i.e., examine
on a small enouéh spatial scale, the evolution of the
épatio-temporal pattern of redevelopmgnt. Furthermore the
basic premise of the Markov Chaln method is thatlthe présent
state of the process is a functlion, of the ’;mmediate past
state; not of all past states.(Drewett, 1969). It is felt

* this assumption precludes the method from being an

appropriate one by which redevelopment is modelled., The

redevelopment of a site ig planned many years before it

actually takes  place. The present or futurzPstgte of the

-%fedevelopment process, therefore, is not a fungtion of only
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8
the immediate past state but of states two, three or five
years earlier, as well as anticiﬁated cdrrent and .futdre
states. Bourne's effort, as would any that employed the
Markov ch%*p'method to model redevelopment suffers from this
contradic?ion. By the process of elimination, only the
Monte Carlo method remains as a fruitful technique by which
redevelopment can be stochastically modelled,

/
3.2.4 Monte Carlo Simulation

The Monte Carlo téchnique 1s analogous with the
throwing of the dice in any game in that it involves a
random sampling from a knoun‘ probability distribution. As
opposed to obtaiﬁing it from the dite, the value of a random
variable 1s taken from random number tables or generated by
some ariihmeticél procedure (pseudé-random). The link with
reality takes place when a set of actual Qalues, having the
statistical properties of the random variable, is
substituted for™ the random variable (Hammer;ley and
Handscombe, 1964),

There is general égreement that a réhdom element is a
 very characteriétic feature of certain urban processes. It
follows that a model which imitates a réal worid process
should ineclude that chance factor (Hage;strand, 1967). Thus

the Monte Carlo technique is virtually synonymous with urban

*
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simulation modglling. The procedures of Monte Carlo
simulation will be described in detall later. At this point
it is wuseful to Introduce two models of this type. The
structures of the models, rather than the phenomenon being
modelled, are of primary interest in terms of the potential

for their"application to redevelopment modelling.

The first of the two models to be analyzed was
developed at the University of North‘Carolina in the early
1960's and reported by Chapin and Welss (1962), . Donhelley,
Chapin and Weiss (1964) and Chapin (1965). It was designed
to simulate the rural-urban.land conversion process,

\

The simulation procedure wds the following.
Initially a grid is 1mgosed over the land area. A value is
assigned to each grid. square based on 'its. score on an
attractiveness index. The éttraetiveneés inge% {s developed
by determining the  factors important 1n_l§ﬁd:developﬁent
using multiple linear regression. -Each square's value 1is
then deified bwidensity'q?nstraints that gu;ﬁe-the pattern_
of growth. The Ménte Carlo:tecﬁnique 1s subsequently used
to determidé in turn whether a development unit is to be
assigned to an 1ndividﬁa1 square. The number of  units
akailable for allocation is determined exogenously. Time is
accounted for by récursively applying the entire procedure.

in thé following-maﬁﬁér. Once all- development units for a
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given time period are assigned, the attractiveness {index
values of alllﬁites are adJLsted togaccommodate the changes
brought about by the development in the preceding time
periocd. The .enﬁire procedure 1s repeated for as many time
periods as desired. In this way, the spatial pattern of
lapd development 1in terms of 1location and density is

developed.
!

One significant aspect of this model is tﬁaﬁ .space
and time are expiicitly dealt with., The spatial évoiutioh
~ of the process can easily be\ffoliowed becauée the model
operates on a spatially disaggﬁegate level and is recursive,
The dynaﬁic nature of the model is enhanced by the fact that
éhanges in previous time periods influence the process in
the present. Another interésting point is that the locatlion
of land developéent depands pr;ﬁarily on the characteristics
of each grld squareﬁho@ified‘to a certain eﬁpent by a ‘chance
element,- . Furthermore, through time, the relative
attractiveness of each grid square changes. Thus the
importance of certain. lozation factors and the temporal
changes therein to the spatial pattern of the process is
recognizéd, and yet they dp not eﬁtirely determine how the

pattern evolves.

'The"ﬁeaknesses of 4+he model stem not from the use of

Monte Carlo simulation but from certain other model qgsign

L3
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decisions. The imposition of -a.grid to form the model's
basic spatiai units 1is too artificial tp satisfactorily
imitate reality. It does not allow the modél to account for
" land ownership patterns and the influence that will have on.
the ldﬁEQJdevelopment process:. The1~comp1§xity of the
attractiveness 1index requires excessigp data manipu%etfon.
The modellers were only.interested in rgaidéntial land: uses
and 1ignored not oni& the existeﬁbe of the nonresidential

/_- +

sectgr but also the influence the pattern of nonresidential
deyelopﬁent has on that of residential dévelopyent.
kNeverpheless, as one of the first attempts in geography to

model urban growth, it was’ a notable achievement.

The * second of the two Monté.Carlﬁ;simulatipn models
being evaluated here 1s due to Morrill (1965a)§' Also
dealin31 ﬁith land use change on the‘urban ﬁériphery, the
model simulates the locafion, size and density of land
development on the qutskirté ;f‘Seattie usiﬁg probaﬁility

functions based on previously observed frequencies.,

Parcels of 1land, according to 1legal title,: are\j

selected randomly, one at ‘a time. . A value of . the
"probability" for development of the parcel 1is Kasélgned
based on 1its accessibility to existing major developments,

its qualiEy in terms of view, lake frontage and so on, and

its proximity to noncompatible land uses or blighted areas.
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The probability value Is converted to a range of discrete
numbers ana the Mbnte Cé}lo technique invoked. If the land
parcel is picked for Aevelopment, th; new activity at that
location 13 determined- by usieg probabilities'of land uses
occurring in the existiné zoning Jcateg&ry and the Monte
- Carlo fechnique. The scale of develoﬁment corresponded’
roughly to the area of the land parcel. And ;I;;II?}\\§::/
density of development is calculated by assigning differe
probabilities to different numbers qr.development units per
acre and again employing the Mohte Carlo technidue.' ﬁg;}ill
also reallzed that the sgcéed?ion of uses on a singié land
parcel based on building quality, the distance to a shppping

center, and opportunity costs could have been 1incorporated

in his model. -As well, he mentionned the entire procedurs /

sy

could have been rePeated over and over but llke the use- -
succeséion idea, he did not include (it 1in his shed .
account. 2 | ) ’
M

" Morrill's model inproved hﬁon that of Chapin, .Weliss
and Donnflley in some ways, and ;p others was mo!% crude.
wherea .the latter impoéed a._gri? to determine the basic s

spatial Nnits, the former used actual land parcels. It
should be noted, though, that Morri;lsattributed‘some of the—.

major differences ,between. the simulated and acEgST‘

develqpmd&k "pattern to the fact that he _did not-

differentiate between institutionally rand-pri-vately owned
\ _ B

-
-

. 7’/\
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land. Morrill's . effort also included both the
nonresidential and resideni?ﬁi/ sectors and distingulished
between devglopmeht units by land use wﬁilg Chapin; Weiss
and Donnelley did nelther. bn the other hand, unlike his
counterparts, Morrill did not have the use of a compufer and
was forced\EQ\ES;:EEE;phe*simulation cbmﬁletely by hand - a
tedious and ti b consuming chore. He was, therefore,

prevented’f?ﬁﬁlproducing numerous runs or trials of the

“model; a’distinct disadvantage in that the general solution

of a Monte Carlo simulation is a distillation of many

// unique solutions represen%g by each repetition.

p

. The two models just nqviewed,ieodld not be used as

they exist for the purposes of this thesist ~They are botE

designed to eimulate 1land development, not’?edevelopment,

C
and thus do nbt take into acéﬁth building characteristies.

. Furthermore, cerEgin of ‘their respective design elements, as

pointed out above, are aot’ acceptable here and can be
improved upon, Oge shoﬁtcoming they shdre is that land
units ar -considérdd for aeve}opméht in {solation instead of
in. relation to ‘all other units,. Hence the models are
implying that ufban laqg use decisions are made irrespectlive
of the entire range of obportunites in exispence. This and
other flaws would necessitate substantial changes in elther
of the models if they were to be deeﬁed‘ acceptable for

3
present ﬁurposes.
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The 1important point is that Monte Cﬁr o simulation
appears to be the most promising’ approégh—J{EP modelling
redevelopment., It satisfactorily imitated the land
development process and pattern in the two aforementionned
empirical models; and land development and redevelopment are
in many ways quite similar. .Space and time can be
explicitly accounted for; a necessary condition when
modelling a spatio~temporal process, Furthermore, it
naturally includes the random or chance factor that arises

from unbertainfy -and 1nd1vidual and real estate

vériability; elements that are inherent in redevelopment.

Before closing this review there remains one
additional model that should be introduced if only because
it 1s "the only other existing model o%:redeveloﬁment that
has yet to be mentionned here. It is left until 1last
because it  is not:a mathematical model and, thus, did not
fit in with any of the other models in this chapter. It {s

interesting for its unique approach.

For the Covent ' Garden area of London, England,
Alexander (1974) attempted to predict when and wheré
wholesale (block by block) and piecemeal (site by site)
redevelopment would take place by using a very subjective
_exerclise, His . data consisted of property ownership, the

distribution of lease lengths, and the age of buildings.
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The ﬁrocedure employed was the following. Initially
sites potentially avglilable f;} redevelopment are identified
using lease 1lengths as a gulde. The ages of the bdildings
on available sites are then examined. All buildings.OVGr a
certaln age were designated for redeveloﬁment whereas only a
varying percent;ge of younger bulldings would experienge-the
same. Likely sites for redevelopment are picked on the
basis of their relative location and past growth trends. In
light of planning restrictions, site location, and apparent
potential, new land uses‘are allocated to redeveloped sites.
The timing of redevelopment is dependént.on the length of
the lease currently in effect. A detailed prediction is
m a period of fifteen years and a g%neralized one for

thirty years. . 2 .

Alexander's. model, in relation to the ones prgsented
earlier, indicates the wide range of approaches that can be
taken to model urban land use change. Itris fqlt, though,

“that 1£ suffers from beiqg/toe/;ubjective and depermihtstic,
It does demonstraﬁe,-alohg with the efforts of Lewis et al.
(1975) and Bourne (1971 ;1967) that a satisfactory model of
redevelopment does not exiét. Any further research'along

that line is‘certalply Justified.,
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3.3 Synthesis 7

This chapter commenced with an ‘-examination of the
various decisions a modeller has to make with respect to
ﬁodel structural design. Iﬁ was pointed out that, in this
case, those design decisions should be based on the fact
that redevelopment is a spatio-temporal process subject to
random or chance variations. A review of models of urban
land use change arranged by solution method and technique.
was then presented. “The restrictive assumptlons,
mathematical c¢omplexity, and deterministic nature of
analytical models rendered them unacceptable for use in this
theslis, although recent efforts have reduced their
inflexibility. The simulation appqpach was subsequently
shown to be especially applicable to the predictive
modelling of urban processes because the spatial . and’L
temp@ral aspects of the process could be imitated. Amcng
the urban simJlation ~ models reviewed  was a
decision-based model of redevelopmént. Since it was
strictly bheoretical and. aspatial 1t possessed little
relevance to tgis thesis other than it was one of a very few
exigting redevelopment models.

<«

The differentiation between models was shifted to

that of debeﬁministic versus stochastlic. As opposed to the
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rigidity of the deterministic approach,ljtochastic models
incorporate a random variable. They were “judged td. be a -
suitable set of models to employ when the process being
modelled is subject to random variations. Redevelopment 1is
such a process. It was further argued that t%?’ﬁahta’Carlo
technigue, when combined with the simulatizn approach, is a
very promising tool with which to model redevelopment. Two
Monte Carlo simulation models of 1land development wlre .
closely analyzed and é&aluafeﬁ in tenms,.of thelir
applicabllity in whole or iq part %o' the modelling effort
propbsed here. It was concluded there were certaln aspects .
that could be improved upon. They 1ineclude, amohg others,
the method by which the potential for the occurrence of the
phenomenon at each location is calculated and the way {in
which 1t 1s decided where the phenomenon will take place.
And finally, a non-mathematical redevelopment model was
introduced, not 8o much for its structure as for a
demonstr;tion of the eitent of the need for a generally

t .
applicable, objective model of redevelopment.

Such a model has been developed and- it 1is the

substantive basis of this thesis. Because 1t {i{s an

empirical model and because it deals with an urban economic

T ~ ‘
process there 18 good reason to briefly introduce the

’geographic features and the socloeconomic history'of the

city;té which the model will be applied, prior to describing



its structure and operation.

the next chaptef.
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This is the-subject matter
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CHAPTER "FOUR

THE STUDY AREA

4.1 Kitchener's Economic Development and Growth

Kitchener {s a medium-sized south-western Ontario
city ‘with. a 1979 population of 136,000. Situated adjacent
to the MacDonald~Cartier Freeway (Highway 401), halfway
between London and Toronto, on a rolling till plain in the
Region of Waterloo (inset Map 4.1) it lies at the heart of
one of the fastest growing metropolitan areas in Canada
(Table h.1). A highly industrialized city, Kitthener has a
reiatively diversified manufacturing base (Bunting, 1972;
King, 1966). Bordered on the north and south by the cities
of Waterloo (51,000) ﬁnd Cambridge (74,400) respectively, it
is the physical, economic, financial, and administrative
center, of. a prosperous agricultural hinterland. Its
pesition of regional dominance, hbwever, has not always

£

. existed.

[

~Prior to the turn of the century, Galt (now

Cambridge, together with Preston and Hespeler) was the

—
4
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MAP 41 CITY OF
KITCHENER |




Table 4.1 Population Growth of the Fifteen Largest CMa,

1961 - 1971

CMA 126é;;g£; 1971 1961
Kitchener 46.u8 226 8u6 154 864
Calgary 44,53 403 319 279 062
Edmonton 37.76 495 702 359 821
Toronto 36.92 2 628 043 1 919 409
Ottawa . 31.83 602 510 457 038
Vancouver - 30,91 1082352 826 798 .
Quebec 26.76 480 502 379 067
London 26.18 286 011 226 669
Victoria o 25.76 - 195 800 155 763
Hamilton 24.30 498 523 401 071
Montreal , - 23.81 2 743 208 2 215 627 '
Windsor 19.07 258 643 217 215

- St. Catheriqés 17.70 303 429 . 257 796
Halifax - 15.15 222 637 . 193 353
‘Winnipeg o 13.37 540 262 476 543 ;

~

Source: Ray, D.(1976) Canadian Urban Trends, -Vol. 1, -
Table A1.3, Population Growth, Employment Growth,
and Age of Housing, Urban Areas, 1961-1971

pu
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¥
s, dominant urban center of an area extending from Brantford to
Stratford to Guelph, including Berlin (Berlin ‘was renamed
Kitchener 1In 1916). °In fact, it was the general consensus
in the early half of the nineteenth 'century‘ that of the
cluster of three settlements in Waterloo Township, Berlin,
Waterloo and Bridgeport by name, the latter would become the
largest §nd Berlin would pefpetually be the smallest
(Uttley, 1975). The reason underlying such a belief was
Berlin's lack of access to water; a distinct disadvantage in
terms'ﬁf economic development potential at a time when water
Qas the chief source of energy for industrial purposes. The
initiative, innovativeness, and drive of its entreprenaurs
together with the enlightened policies adopted by loecal
politicians allowed Berlin to overcome its initial
disadvantages gnd eventually outgrow no£ only Bridgeport and
Waterloo, bu!}alt as well (Jeffrey, 1968). ,
- ) da‘ ‘

‘Josebh Schneider is generally recognized as the
founder of Kitchener (Berlin). A Heﬁnonite from
Pennsylvania, Schneider purchased the 448 acre Lot 17 of the
German Company Trgct in 1807 (unless otherwise noted the
following historical review is from Uttley, 1975). That
ex;anse of land included most of what is downtown Kitchener
today. After building a road frem his homestead to the
Preston-Dundas Road and erécting‘ a sawmill (1816), he

further stimulated settlement by leasing some of his land

c

Ay
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(at the corner of King and Queen Streets) to Phineas Varnum,
an 1innkeeper and blacksmith. With the influx of European
German craftsmen in the 1830's, the developing village

prospered but was still smaller than its neighbouring

communities. .

The prospects for Berlin brightened when in
succession - it was awarded the County seat (1854) and a
ralilroad (1856) after intense political struggles with Galt
and Waterloo. The adoption of a facto?y pelicy by town
council im 1874 spurred rapid industrial gfbwth. It granted
a five year tax exemption to all new manufactories and a
bonus equal to the annhal rental of the building if the
establishment employed seventy-five or more. ‘Steam power

Was readily accepted by local businessmen thereby erasing y

. T
the‘@aterpower, advantage held by other towns (Jeffrey,

1968). Berlin was a’pioneer in the munic%gé; ownehship of
"utilitieé and was ég}e to draw inhustrieﬁ byq?he fact that
it ~owned a waterworks (1898), gas company (1903), sewagp
disposal system (1891) and streetcar line (1607). The town
was also the first urban center in Ontario, besides Niagara
Falls, to receive electrification (Octobef‘11, 1910) because
two of its citizens, Sir Adam Beck and D.B. Detweiler, were
instrumental in establishing’ihe Ontario Hydrg Cqmmissibn.

Industrial power costs subsequently dropped by a little oyer

50¢%. All these factors worked to bkimulate Berlin's

4
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economlé development so that by 1912; when it became a city,

Y

it was not only the dominant urban center in the reglon but__
-+
also a nationally and internationally known producer of

buttons, furniture, 1luggage, and .rubber, leather and felt

roducts,
prod - NP

As %aﬁle 4.2 indicates, Kitchener oontinued to widen
thel‘pqpulatibn gap. between 1itself and the other Waterloo
County wurban centers as time passed. Its phenomenal
demographic?)énd economic growth were slowed by the onset of
the Gfeattbepression'in the 1930's and the outbreak ‘of World
War II; Entering the 1950's as the slxteenth iarg st g
Canadian city, Kiﬁchener's population growth rate once aga

exploded and continued relatively steadily throughout the
following two decades as one of” the highest of the largest

.cities of Canada (Table 4.3). 'During the period 1951 -
Tt

1976, Kitchener reported not less ‘than the sixth highest

_bopulation growth rate by five year increments, and over
L] A .

that entire time boasted the third highest total percentage

.increase (189.02%), ranking only bahihd Calgary (269.111)

and St. Catharines (224.74%), reSpectiQe}y. And during thef:
five year period, 1971 -~ 1976, in whieh Canadian urban
growth rates in general began to dedline {(251 of the 20
largest Canadian cities suffered real population losses)},
its population growth rate (17.95%) was secondlonly to that
of Mississauga (60.20%). However, despiée recording an

h

vt
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Table 4.2
Kitchener
1951 44 867,
(25.83)%
1941 35 .657
(15.80)
T 1931 30 793
- (41.92)
1921 21_763

(43.22) ““}

1911 15 196

(55.90)

1901 9 74T
Sourcez

Table

1901~ 1961

Galt
19 207
(25.16)
15 346 @
(9.57)
14 006
(5.98)
13' 216
(28.32)

.10 299

~ (30.93)/

T 866

70

‘*terloo

11 99

" (32.86)

9 025

(11.49)

8 095

(37}60)

5 883

(34.96)

u 359

(23.28)

Preston

T 619

(13.65)

6 704
(6.75)

. 6 280-
(15.80)

5 423
(39.66)
3 883

-(68.214)

3537 ‘~ 2308
C

DBS, 1961 Census of Canada,

- (Peqéentage Change)

Population Growth of Selected Urban Areas in °
Hatarloo County, 1901~1951

‘Heapbler
3 882
(26.29)
-3 058
(11:11)'
2 7152
(-0.90) .
2 717
(17 27)
2 368 5
(-3.62)
2 us7’

Vol. 1(1), Population,
opulation by Census Subdivisions,

/,_ —
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Table b3 popustion rowtn of the fuenty Largpat [
st.
. C.alglgry’ Cathgrifqes Kitcgener Edmﬁnton : Osl‘;awa
1976 469 917 1823 351 1317870 461 361 - 107 023
(16.51)  (15.42) (17.95) 33.30) (16.85)
1971 403 319 109 722 111 804 438 152 91 857 .
(22.00)  (13.00) (19.89)  (16.24)  (17.30)
1966 330 575 97 101 93,255 376 925 78 082
_(iz;ua) . (1u.95) '(25.20)' (34.12) - (25.10)
19617 249 Bu? 84 U472, T4 485 281 027 62 415
C @3 (1273 (25.05)  (24.35) (23:81)
1956 181 780 . 39 708 59 562 226 002 . 50 412
(40.85)  (M.58) . (32.75) ¥ (41.58)  (21.34)
1951 129 060 37 984 44 867 159 631 41 545
- | | . , ~ Metro.
. _Lorsldon Saqutgon | -Himaiipag ) | Regina Tor?gto-«
Q6 240392 133750 560-874_. 149 593 2 124 231
CT.69) (5.TTY - (WT9) (7.26) - (1.83)
1971 © 223 222 126 h4g 555 233 139 469 2 086 017
(14.82) (9.11) (6.47)  (6.36)  (10.86)
1966 194 416 115 892 502 694 131 127 1 881 691
S OmES)  (21.32)  (5.97)  (16.93) . (16.20)
1961 169 569 95 526 - ATh 374 112 141 1 618 787
L (66.75)  (31.11) 5.9 (28.947.  (27.63).
1956: . 101 693 72 858 255 093 89 755 1 268 376
. (6.66) . .(36.78) (8.22)  (25. 851;, (22.20)
1951~ 95 343 53 268 235 710 71 319~ 17037 920
- . .
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Table 4.3 Population Growth of the Twenty Largest

-

1976

1971

1966

1961

1956

1951

"1976

i971
1966
1961
1956

1951

\

Canadian Cities, 1951-1976, Continued 7.
Thunder |
B?¥5 | Win?gﬁz 0t$gua Ham%ﬁton Hal%;ax
111476 196 526 30 462 «_312_063 117 882
(2.83) © (-3.33)  (0.73)  (0.92)  (-3.40)
108 411 203 300 302 241)° 309 173 122 035
(1p.88) (5.59) (3.96) - (3.71) . (40.61)
97 770 192 Sk4 290 741 298 121 86 793"
(9.13) | (68.36)  (8.40)  (8.81)  (-6.18)
91 625 114 367 268 206 273 991 92 511
(18.07)  "(-6.24) . (20.72%—~ (14.34)  (-0.85)
77 600 121'980 222 179 239 625 93 301
(17.38) (1.61)  (9.97)  (15.03) (9.01)
66 108 120 049 202 045 208 321 85 589
Végcggvér Qu$$ec‘ 'Monﬁgeal .Lavali Mississauga
470 188 177 082 1 080 546. 246 243 250 017
(-3.77)  (-4.84)  (-11.02)  (8.00)  (60.20)
426 256 - 186 088 1 214 352 228 010 156 070
(3.87)  (11.44)  (-0.65)  (16.28)
410 375 166 984 1 222 255 196 088 .
(6.72)£<i'(-2.9o) . (2.62)  (57.20)
384 522 171 979 1 19% 062 124 Th%e
(51 (0.75)  (T.36) T
365 8M 176 703 1 109 #39 "
' (6.097 *(4.08) ". (8.61) ~
(3W4 833 164-016 1 024 520 -
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. Table 4.3 Population Growth of the Twenty Largest
Canadian Cities, 1951-1976, Continued

‘M_I

Source: DBS, 1961 Census of Canada, Vol. 1(1}, Population,
Y . _  Table b, Population by Census Subdivisions, 1901-1961

Stats. Canada, 1971 Census of Cénada, Vol. 1(1),
Population, Table 7, Population for Incorporated
Cities, Towns and Villages,.1966 and 1971

Stats. Canada, 1976 Census of Canada, Vol. 8,
Supplementary Bulletins: Geographic and Demographic
- Population, Land Area and Population Density
- ' for Census Divisions and Subdivisions, 1976
’ : A

O - Indlcates 1951-1976fcrowtn Rate Ranking

+ ~ Includes: City of Toronto; Boroughs of Scarborough,

Etobicoke, York, East York, and North York

* _ Includes: Fort William and Port Arthur

™ o _ \
.3‘ Table 4.4 . Population® Growth, Kitchener,‘1971f1979
Year Population % Change Year Population % Change
1979 136 091 1975 130228 |
(0.59) (3.22)
1978 135 208 1974 126" 162
| | (1.10) ) (3.00)
1977 133 8%s5 1973 122 881~
(1.47) ' ~ (2.51)
1976 131 870 1972 119 483 >
. (1.26) (2.06)
1975 130 228 1971 117 075
. Squrce: Region of Waterloo Planning Department,

"Population - Regional Municipsd ity of Haterloo"

mimeograph

r
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-annual growth rate of 2% -~ 3% in the first half of the
1970's, the city has experienced as -1ittle as 0s59%
population growth in the latter half (Table 4.4).

Kitchener's recent. economic performance as méasured
by the number of dollars lnvested in construction per person
(deemed appropriate considering the subject matter of this
study) has been good relative to oﬁher large Canadian cities
despite its lagging population growth (Table 4.5). Every‘
year since 1975, except in 1978, the valué of construction
iﬁ#estment per person‘ equalled or exceeded the median and

the average value for 1975 - 1979 ($574 /person) was the
third highest of all recorded .Eastern Canadian citles.

From_vthis brief historical analysis of Kitcheneﬁ's
population and ecqnomic growth it can be reaséhably argued
that, although it 1is not anrgxtrémely large city by national
standards, it . has a vitality that rivals ahd in some cases
exceeds'that“offbitqu much larger than itself. Its Qynamic
yet relatively gtable economy makes/Kitchener an appropriate

'clty in which to study the dynamic prbcess of redevelopment.

S

4,2 The Coré of Kitchener: Delimitation and Development

. &

4

The delimitation of the areal extent of the - urban

core, br central business .distﬁict (CBD), was thé sole
' A /
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Table 4.5 Building Permit Value / Population¥,

Twenty Largest Canadian Cities, 1975-1979
1979

City

.
Calgary
Edmonton
Saskatoon
Regina
Mississauga

Vancouvar

" Windsor

Kitechener

Laval
Thunder’Bay.
Oghawa

Halifax

: Otgawa

Mq}ro. Toronto+
Quebec | |
Winnipqé

London ‘

St. Catherines
Hamilton‘

Montreal

Source: Stats. Canada,

($)
2347
1685
1915
1195

) 1069
891
1024

673

586
531

353
324

337
164

' 464
391

‘. .hoy

218
196

552
" 693

1978

($) -

22140
1568

1711
\

M7 -

965
985

563

756
12
uts
617
2534
560
486
508
548

486,
316
270

184

Table 10, Building
Areas, by;ﬂuntcipality .

* - 1976 Population Statistics Used Throughout

1977
($)

1307
1218
1212
1051

570

518
545
545
643
576
633
500
462
108
417
488
292
357

304

Building Permits,

1 FGI‘EIES 3

1976
($)

953
1046
963
1135
1332
592
339
658
660
489
727
391
/’;555
398
577

433
o7

406
"~ 335

374

1975
($)

833
657
956

1009
917
371
288
552
500
119
457
676
625
551
273
272
438

368
475
266

Average

(%)
1617
1253
1245
1103
1071

597

585

574

556

540

529

517

499

477 .

472
456
. 42
357
337

265

Annual Summary,
3sued in Metrpolitan

+ - Ineludés; City of Torbnto; Boroughs of Scarborough, .

.

Y

Etobicoke, York, East York, and Nerth York
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concern of many early geographical stud@és of the Iinternal
structure of cities. Murphy and Vance (1954), for example,

developed two indices based on the hei

t of bulldings and
the intensity of land use specificdlly for that purpose.
Method; based on retail sales attractibn, diurnal population
density variations, land value vafiations, and building
function were considered by Bdyce and Horwood (1959) aé alds
for delimiting a city's CBD While urban geographers have
turned their attention t ore sophlsticated urban problems,
an undisputed, easily employable delimitation technique has
not yet been found. The 1dentification of approﬁriate coré
boundaries for a study such as thls one, therefore, remains
somewhat problematié. | "

-In the case of Kitchener there has been no consensus
among urban consultants, the municipal government, or the
federal government as to what land area its CBD consists of
(refer to Map U4.2). In 1955, the Dominion Bureau of
Statistiés outlined the city's central census tract by Webén
Street, Victoria Street, - Joseph-Church Sfreets, and Cedar
Street. Thq Kitchener Pianning Department, using a standard
of 48% legitimate CBD use (the ‘ability of the “land use to
attract people to the ;ore_area), identified an area broad}y
.derined by Duke Street, Francis Street, Charles Street and
hEby Street as the city's core (1967; 1964). An: econonic
analysis of K chener‘s CBD (gf an urban consulting firm
<
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(Larry Smith and Company, 1964) used yet another set of
boundaries. 1In light of this lack of agreement the decision
was made to adopt the census tract boundaries for the study
érea since they represent/a compromise between the Kitchener
Planning pepartment's position and that of the urban
consultants. Thus the study area is bounded by Weber Street
on the north, on the west by Victorla Sﬁfeet, Sy Joseph and
Church‘ Streetg‘ on ppe sgﬁih, and on, the east by Cedar
Streef. "

4

—

Originaily a densely forested serie; of sandy -hills
and * swampy depresalons, Kitchener's core area 1s now thé
largest commercial center of th? entire region, althougﬂ its
dominance is being challenged by at least one regfbnal level
shopping mall (KPD, 1967). As mentionned earlier, the

initial commercial development consisted of an inn and

. blacksmith shop at the, southwest corner of Kihg and Queen

Streets. \Efﬁcq then King Street has always been the
undisputed commercial artery in the city,-and the corne} of
King and Queen Streets the prime land value intersection
(S$impsdn , 1968). o~

b d
-

In the early stages of the city's development,
commercial land uses wefé dispersed along King Stregt,

intermixed wigh residential uses and avoiding swampy areas

(this review of the historical development of Kitchener's

N

{
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core areé is from Simpson, 1968). By 1911 businesses and
residences were sti1l interspersed but commerclal uses were
beginning to dominate. Twenty years later, most residential
use on the main artery “had been eliminated with. the
convaersion of single family dwellings to commercial use.
Industries.began moving off of King Street about the same
time and some office buildings began appearing. During the
depression and war years little chagge took place other than

the replacement'of less intensive uses by more Iintensive

_ ones. In the early 1950's, with federal rent controls

lifted, construction acfivity increased. Soon afterward the
CBD agproaéhed its current areal 1limits and Qirtually no
horizontal expénsion occurred .since then. However, the
pressure for more intensive land use and technological

-~

changes in floor space demand requ that many of the

existing buildings within the core area be replaged.

. 4,3 Past Redevelopment in Kitchener's Core

’ »
I's

. ’ L}
Because of iﬁé spatial ~discontinuity of +the urban -

growth process and the lack of historieal records of land
~use it is often difficult to determine whether a building
constructed- in the past was the first one erected on the
site or if it replaced‘a'pﬁéyiously exlsting one. Thus this
*survey of past redevelopment in the core area of Kitchener

covers only the 25 year period, 1955 - 1979. The data were’

’ L. A SN
.
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obtained from the city's Engineering Department building
permit records and annual repbrté. It was assumed that by
1955 all core sites had previously been bullt upon, even
though possibly vacant at that time. _}n the building permit
records all new bullding units were entered in red. In some
cases . though it referred to the conversion Sf an existing
building rather than the bullding's replacemént. Demolition
records were, therefore, checked to corrobpréke the evidence
in the building permit records. It was also assumed that
a;l new bu?idings within the"study area boundaries

]
represented redevelopment whether they replaced buildings

th;l had simply aged and obsolesced or buildings that had
been destroyed by nétural hazards,’such as’ fire. Of the U5
redevelopment , events that were initiated between 1955'and
1979 inclusive, -only:-four are known to have resulted
directly or indirectly from fires;
y

~ As expected-‘from the review of redevelopment in
Chapqér 2, the 1level of redevelopment varies cyclicqlly
through time (Figure 4.1). A high of five was reéordéd in
1960; the years 1966, 1967 and 1974 were marked by the
absence of any rgdgvelopmenp. The cyclical trend appears to

exhibit some regularity. This point will be investigated in

more detail in the following chapter.

LA
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Figure 4.1 Number of Redevelopment Events per Year,
Kitchener's Core Area, 1955-1979

NUMBER .1
OF

3

REDEVELOPMENT

EVENTS 2|

o e A A . . s A A A A A " 'y A A A A
1955 1960 1965 b 1309) BN 1713

: /
-~ TIME (YR.)

-~

Source: City of Kitchener Engineering Department,
Building Permit Records, 1955-1979

A}
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The éstimaggd construction value of individual
redevelopment projects varies widely (Table 4,6). Of the 21
tﬂ_events for which price data are avallable, 8 are valued in

excess of one million dollars, 7 between one hundréd
thousand and one million dollars, and 6 under one hundred
thousand dollars. The most expensive project is in the
“eight million dollar range whereas the -least expensive 13
slightly lesas than twenty-five thousand dollars.

In general, rede&élopment from 1955 -~ 1979 is,
linearly dispersed along King Street (Map 4.3). In fact, a

little over 55% (25-of 45) of all redevezppment during that

quarte

tury rred ' thereon. ff King Street
redeveloPmen was - predominant in the northern half of the
core as only ~ three _ofg twenty cases took' place Iin the
southebn half. Thé dominance of King Strxeet 1is., also
refiected by the marked absepce of redevelopment in “the
corner blocks of ths core area:'the points furthesi'frOQ

- King Strwet.

® Redevelopment from 1955 - 1964 ~ lacks any.
distinguishing spatiﬁl pattern other than opcurring adjacént

~ to traffécr artery intersections. (641);_a1th09§h over the
.= entiré twen;y-rive_ year perlod ‘just under haif of all
redevelopment was similarly situated. However,.beginning in

‘the late 1960's and  continuing through the 1970's

»

-
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. Table 4.6 Location.%nd Value of Redevelopment,

Kitchener's Core Area, 1955-1979

Year Buillding

Permit Issued

196%

1970
1971

Street Address

1955 194-204 King St. E.
1956 143 Duke St. W.
. 31 Water St. s,
1957 166-1TU King St. W.
33-39 Scott St.
21 Weber St. W.
1958 ° 155 Duke St E.
70 King St. E.
1959 277-281 King St- w.
1960 150 Duke St. 4.
92-96 King Sto w'
102-1gu King gt.-ﬁ. )
259-269 King o
60-62 Ontartio gtf‘iﬁ”‘
1961 29-39 King St. E.
183-185 King St. W.
31962 64-68 King St. W.
1963 305 King St . W.
104 Ontario St.'\N.
1964 329-339 King St. E.
. . 13-15 Scott St. ..
: 30 Water St. N. /“ |
1§‘~ 1965 157-153 King St. E. -
153-157 King St. W.
1968 2 Ontario St. N.

30 Duke St.IW.

99-127 King St.'E..

200 King St. W.

T1=-75 Weber St. E., T,

53,Hapér St. N. .
~ 18‘2” water Stl'Sl

Estimated Value
of Construction
(1971 Dollars)

—' %

11 [ LS I I B | ]

W

62 000
787000 *
T 4 252 000
1 913 000
N 48 Qo0
37 000

1 875 000
100 000

.
\ a}‘r :
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St.
St.

St.

E.
wl
S.

‘N.

E.
N.

E..

St.
E.

1972 22 Frederick
25 Frederick
1973, 49 Frederick
2-8 King St. W.
1975 67 King St. E.
1976 235 Kin® st.
400 King St.
91 Queen St.
“ - - .77 Water St.
1977 265 King St.
50 Queen St.
1978 ™S 342 King St.
B 231-255 King
1979 301 King St.
Sources

City of Kitchener Engineering Department,

w.

" Table 4.6 Location and Value of Redevelopment ;
Kitchener's Core Area, .1955-1979, Continued

-TH9

1
2

2

529

069
546

515

297
393
6

485
594

24
349

261

000
000

000
000

000

000
000

4 000

000
000

000

000
000

Building Permit Records and Annual Reports

1955 - 1979

L]
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redevelopment shifted toward the eastern half of the CBD
(east of Ontario Steet). During the'1970's;169$ (11 of 16)
of ﬁll redeveloped sites were located in the AOre's east
end. - Another notable recent trend 1is the increasing
occurrence of redevelopment on the core periphery. In the
period 1975 - 1979 redevelopment took place farther north,

south, east and west in the core than in the previous twehty

years."*
3
Conclusions pertaining éo the ,i;eation of future
redevelopment 1in Kitchener's CBD that can be drawn from
these two trends vary. If the location of redevelopment 1{is
-Influenced by that of previous redevelopment, then one might
eipect to observe a 'continuation of the, majority of
redevelopment in the eastern core. On the other hand, one
has not yet accounted for the distribution of sites with
_relatively high redevelopment petential. If such sites in
..the core's eastern half become nearly all used 'up by
redevelopment relative to tﬁose in the western end, then
redevel opment may .shift to the western end in the near
future. With regard to increasingly' periﬁhqral
redevelopment, one might expeét to see the continuation of
" the replacement of slightly newer buildings or larger, more
accessible peripheral sites‘fhan exist in the center of the
core. This would lead to a. rejuvenated ring around an

increasingly deteriorated and ,'ocbsolesced central core.
7/

) . !
. A
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Alternatively, the condition necessary’ for the
red@velopment - of the innermost sites may be rapidly'

approachlng and buildi;g_replacement'may switch back to the
heart of £he CBD. : o '

To attempt ‘to deteréine the future spatio-temporal
behaviour of the redeﬁelopmept process in Kitchener _from
such a summary review of past redevelopment is«Jhot
“justified. However, likely patterns of redevelopment in
terms of what is known about thé process can be geneféted'by
an operatianal simulation model, whose basis consists of -
past redeve?opment trends. In the next chapter a conceptual
model of redevqlopment is outlin;& and'the'coqstrﬁction and
operation of an empirically -based simulation™model is -

described. - ' -



CHAPTER PFIVE
AN EMPIRICAL REDEVELOPMENT SIMULATION MODEL

© 2.1 _Intpoduction

A r

The model of redevelgpméﬁt presented in this chapter

is, in the terminology of Alves and Morrill (1975), a

conditional predictive modeI. It is prbdictive in that the

inputs are characteristics of the current state of an urban

process and the oﬁtputs are attributeé of én expected future

urban process. Th9 pr§g1ction or forecast of phe future

statg of {he redé%élopment process 1s an 'explorative' one

because it "begins with the assufed ,basis_,of present

knowledge ‘and is orlented toward thé future® (Chojnicki,

‘1970, p.215). The simulation approach 1is particularly
-appropriéte for the explorative forecasting of a~dynamic

process because it facilitates the ‘Opérationalization of

change.

The model 1is conditionally predictive in that the
output depends on the input conditions or the rules of the

model itself, Therefore, stochastic modelling in itself

v : 88 ' ‘ e
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"does not necessarily imply grave uncertainty as to the
outcome™  (Harris, 1965, p.94). A certain amount of
variability in the output can be expected because of the
randomness allowed. 'Nevertheless, the simulation of the
process is guided by the structure of the model itself, and
thdugh each run produces individually varying output, a
succession of runs 1leads to a convergence of outcomes
(Cowan', 1969}).

This chapter 1is organized as ‘follows. First, a

b -y

conceptual model or " . concise, systemetically organized
statement™ (Lehmén, 1977, p.28) of the redevelopment process
is introduced. Sﬁbsequently the organization of the data .
set required for the simulation model 1s outlined. A
discuseion of the techniques utilized in the development of
the redevelopment attractiveness index and the redegelopment
level forecast, the two bas;c elements of _the 'simulation‘
model, follows. . The chapter is completed with a detailed
description of the st%ﬁcture -end the operation of the

Simulation model in its-entirety.

-

. 5.2 A Cénceptgal Model of Redevelopment - i

b

-
]

At any given point in time each and every site in the
urban core exhibits a varying potential for redevelopment

relative to all other sites therein based on certain '
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physical and 1locational characteristics of both the
1ndivfdual site and the .building therebn. The rglévant
attributes relate to the value of the site alone in the
higheat and best re-use éhd to the value of the site and

existing building in the present use.

Through time, the relative redevelopment potential of

an individual site is constantly dltered reflecting

continual chanées in the physical and locational attributes
of the site and bullding relative to those of all the

others.

However,‘ the relative potential for redevelopment of
a given site and the changes therein do not exclusively
determine when that site will be redeveloped relative to all

the other 'sites. That is, the location of redevelopment in

the urban core does gpt depend solely son the relative

ability of individﬁ sites to attract 'it. It is also

. . %
influenced by a chance or random factor arising from

unceqtainty and‘ incomplete knowledge on the part of the

.development agent, the variability and heterqgeneity of real

estate, legal restrictions pertaining to the individual

sites themselves, and other unspecified causes.
]

o ——

The level of bedévelopment in the urban éore varies

primarily with the availability of finance capital which "in

r
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turn varies with the health and vitality of the national and

Q .
local economies, 1In general, it will follow a eyelical
trend reflecting the influence of the business cycle on
investment opportunities and the response bf development

ts to™the changing investment climate.

A

5.3 Organization of the Data Set

L]

The construction and operation of the simulation
model required the collection of a wide variety of data.
Data were needed for three purposes: 1) the creation of the
redevelopment/ attractiveness index; 2) the development of
the redevel pment 1level forecast; and 3) the operatién of
the model itself. The bulk of the - data. collection effort
was asso&iathg, with  obtaining the data for the
attractiveness index. Therefore it will ‘be described 1in.
¢ detail below. The remaihing data will be introduced where

- : . _\ ./-_/
) appropriate. K / |

~

Tﬁé dérivation of ihe attractiveness index required
data measuring: 1) the physical - and 1locational-
characteristies of the individual sites of interest in the
study area as of the end of 1979; and é) those.same
characteristics of each site‘redeveléped between'.1965 and
1979, 1inclusive, prior to the occurrence of redevelspment.

The fifteen year period 1965-1979 was chosen for two
'ﬁ,. b
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reasons. It was presumed that the redevelopment-occurring
within thoséhfifteen yedrs Just 9xceeded the minimum amount
nﬁcessary' to positively identify the relationships between '
the occurrence of redevelophent and various site attributes.
It was alsoc felt those same relationsﬁips were then current
enough ;that it could be safely assumed they would not change
significantly over the ten year forecast period. A binary
variable recorded as 1 if redeVelopﬁent had taken place on
the site within the allotted fime or 0 if the ‘opposite were
true completed data matrix [Al. It should be noted thaé ‘a
site could be includéd twice; once with the relevant

characteristics measured prilor to redeﬁelopment and once

‘measured at the end of 1979.

5.3.1 The Spatial Units ; - ’/// e

As both the creation of the attractivéness index and
the operation of the model required individual site data the
firgt data collection task was to discern theA_pattern of
land ownership in the study area, 1i.e., record, the .
dimensions, of every parcel of land as of tﬁe gnd of 1979
(henceforth a parcel of Igﬁd is referred fo as a property
whep land ownership is involved and as a site in reference
to a 1location fén redevelopment). This' was primaﬁily
accomplished with the aid of the 1979 property assesément

records, Often being incomplete in their deseription of

-
-

. _ N
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property, - the information 'acquired from the assessment
records was supplemented with a map of property ownership in
the mid-1960's (City of Kitchener, 1967,-Rlate 2) and the
personal knoﬁledge of the researcher of ﬁhe study area,

\-.-l-u

Once the record of land ownership was completed ° all
' 3

contiguous or abgttingjproperties (abutment greater ‘than Sr
‘equal to 30 feet)‘ouned by. one )party (whether a privaie
ihdividual. or ja comﬁan&) or a group of parties rélated in
some manner (in Ehe caée of individualgy-when they éhared a
surname, i.e., kinship; in the case of two or more
companies, when they shared at least one principal; in the
césé.of an individual and a gompany,‘uhen the individual was
a principal in the company) were joined and counted as one
site. In this'way site assembly that might not have been
obvious by s@mply observing property boundaries as recorded
in the assessment rolls was uncovered. The grouping' of
properties owned by apparently unrelated pat@es was not
carried out because of insufficient grounds on which to base

a grouping procedure. Just over 500 sites remained when the

grouping of the'properties was completed.

The next step involved selecting the sites that were
to be included in the study. It was mentionned in Chapter 1
that the ‘involvement of public agents in the re-use of urban

land was to be ignored. In the case of public institutions



‘and the federal government it was assumed their bqhaviour is .

not influeficed by the profit motive and, therefore,' is

relatively more difficult éo predict;than that of private
agents. For this reason all sites') owned by churches,
schools, or other public (non-government) institutiong, and

by the federal government were excluded fwom further

-

analysis, Fewer than twenty sites were affected although

some, ‘such as the holdings of the Roman Catholic church
bounded by Weber, Young, Duke, and Ontario Streets were
relatively large. Sites owngﬁ'by the munieipal ggvernment
Wwere 1nc1uded however, because it was felt that the actions
of local officials in the past indicated a willingness to ’
support the redevelopment- proposals of private agents even
if they included the purchase of city owned"land (more will
be said about this matter later). Additionally,’all‘sites
possessing an area of less rthan 3,900 square feet (.09
acres) were excluded from consideration as it was assumed
their small siZe 'precluded- their redevelopment. All
redevelopménﬁ since 1965 has ogcurred on siteé of at least
that size or larger; T%e assembly of several small sites.
for redevélopment during the time period covered by.the
forecast 1is a possibility thaé is 1ignored because no
reasonable method of ‘modelling site assembly cqpld' be

discovered. One further site on the southwest corner of

~Benton and King Streets was not included because it was

zoned as parkland. The 259 sites inecluded in the data set

-

are shown on Map 5.1.
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A perusal’ of Table 4.6 indicates there wére
twenty-three redevelopment events in the study area between
1965 and 1979; The location of each is identified on Map
§.3. Kﬁ"/(;;i;ination of pre-redeyelopment property'
boundaries revealed that four oE the redeveloped sites
consisted of two or more propertfés. In three of the four
cases the p50pert1es involved were contiguous so they were
tregted as one site.in the data collection process. The
exceptlon was the King Cent;é redevelopment on King Street
West. It involved three properties separéted by a publie
laneway and a major traffic artery (Charles Street). The
developmént agent obtained air rights from the city so the
three properties could be’}inked by one building. Because
of the uniqueness of the situation data was collected for

all three -properties and -entered into .'the data set

‘separately; thereby raising the number of redeveloped sites

to twenty-five. Ip order to avoid this problém in the
simulation, and in conjunction with the aforementionnZd site
assembly problem, it was aésumed all future redevelopment
will 1nvoive only one site at a time regardless of the size

of the site. ' o

Another problem, alluded to earlier, regarded whether
the replacement of Kitchenqr's eity hall in 1972 and
*

gﬁrmer's market 1in 1973 should be considered urban renewal

or redevelopment in terms of the respective definitions
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. assigneg in ‘Chapter 1. Whether the proposal for thelir

repl7§Fment was Initiated by the private development agent
(Oxlea. Inyestments Limited) or by the city's planning
department and urban renewal committee has never been
decisively proven. It 1is known.the city sold the land to
Oxlea and has leased the parking garage erected thereon
since then (Pasternak, 1975)., It was concluded that the
replacement of the two bulldings would be considered

redevelopment and would be included in the data set.

One further problem in determining the number of

f

sites redeveloped between 1955 and 1979 was how tqrtreat the
erection ofha new building on a vacant site or® parking lot

since no existing building was “-demolished at that time.

Technically, building replacement did not take place. 1t

was mentionned in Chapter 4, however, that the assumption
was made that all sites in the study area had been built on
by 195%. The fact that a bullding did not exiat on the site
immediately prior to the construction of a new bullding was

consldered to be the result of an extended 1lag periocd

between demolition and replacement; even to the point of -

including a temporary land use in between. In this way the

problem was eliminated.



5.3.2 " The Variables

The. site attributes that influencel the economic
feasibility of redevelopment and, therefore, determine the
relative redevelopment potentlal of each site were reviewed
in Chapter 2. From that review it can be hypothesized that
site accessibility, site promimity, site size, building
deterioration, and building obsolescence vary directly with
site redevelopment potential whereas building scale and .land
use control restrictiveness vary inversely wilth it., 1In
order to test these hypothesized relatioﬁsﬁips data
measuring each redevelopm;nt location factor on each site
had to be collected. Since most of the factors cannot be
measured directly one or more surrogate variables had to be

found before the testing could be undertaken,

The cholce of variables to be utilized was restricted
to a large degree by data availability, or rather the lack
of it. For example, the physical deterioration and
functional obsolescence of buildings would ideally be
determined by? a bu¥lding condition (internal and external)
survey of a;l.buildings in the'study area. The 1last such
survey performed in Kitchener took place‘in the mid-1960's
30 the data collected for it were not appropriate for

current use. Since this researcher did not havefthe time or
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expertise to carry out an adequate building condition survey
it was assumed bulldings of a similar age had deteriorated
and obsolesced to a similar degree. Historical building
permi@ records were chéckéd to determine'the.age of all
buildings in the astudy area. Agalin, data availability
problems arose because building permit records only extended
back to 1927. The solution arrived at was to assign a
uniform construection date to all ‘buildings erected before
1927 for which an exact age was not known. The year 1915
was chosen for this purpose because the great majority of
old buildings date from at least tpe turn of the century and
1915 1s apbroximately midway between 1900.and 1927. Thus as
of the end of 1979 all undated pre-1927 buildings were
considered to be sixty five years old. It 1is felt the
imprecision of such a measure 13 - insignificant. Once
bulldings attain that age five or ten yearé do not make much
differ®nce in terms of their 1level of deterioration or
obsolescence, Data avallability, therefbré, greatly
" influenced the substitute variabies that were selected in
lieu- of the|actua1 location fagctors and the manner  in which
the data for éach variable werk sollected and recorded. The
rest of the variables and the mefhod by which they Lere

-

calculated are recounted below. Variable acronyms are in

)

brackets.
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! ™~

Site =size (SS) was obtained by wusing the site

_dimensions (length and width) from thé land ownership

records compiled for the purpose of delimiting the sites to
be included in the study.

U
- ¢
-

The relative scale of the bullding on a site was
rebprded as the patio- 6f th total flborspape of the
building to the total area of the site (FAR). Total
building floorspace was calculated by measuring the
dimensions of each building from a map and multiplying that
area by the number of floors in the building; the 1a£ter
determined from a map of building heights (in terms of
floors) provided in a City of Kitchener Planning Department
study (1967, Plate.11) and from visual observat}on.

The %ccessibility of a site was measured in three
different ways. The first was the straight-line distance
from the geographic center of the site' to the prime land
value intersection of Kitchener, gene;ally';acknowledged to
be the intersection of King and Queen Streets (DCC). The
secofhd was the stréight-line distance from the major traffic
arte vy (King Street) to the closest site boundary of each
site (DK), The reason for using the closest site boundary
instead of the geographic center was so that all sites
bordering King Street would be assigned the same value; asv

opposed to having the value vary with the size and the shape.
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of the site. The third accessibllity measure was the total
average annual daily traff{c volume on all vehicular traffic
arteries bordering the site (TV).' It was felt this variable
would indicate the amount }of exposure to the urban
population the slte received. Since such traffic volume
data existed- only at intersections an average value was
assigned to all sites situated between each pair of
intersections. In the case of some relatively infrequently
used streets such data did not exist and had to be

estimated; =

Obtaining a surrdgate variéble for the proximity of a
siter to urban amenities or disamenities proved to be .
unnecessary in Kitchnerer's case because none are ¢clearly
recognizable, There are no slums or extremely blighteﬂ
sub-areas within the c{ty center. The one park that does
exist near the core, Victoria Park, does not’ appear to have
aff;cted the location of redevelopment in the past.
Therefore, proximal 1location was idcludeq only in terms of
the average distance of each site to sites that had been
reaeveloped. in the previous five years (ARD). To obtain
data for ﬁhis variable a grid was placed over the study area
(centered on King and Queen -Streets) and a pair of 1loecation
coordinates were assigned to each site (based on its

geographic center). The location coordinates of all sites

redeveloped in the years 1975 - 1979 were then identified.
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The straight-line distances- befween each site and each
redeveloped sitq. were summed and the total d;vided by the
number of redevelogéd sites. In this way the possible
influence of the locational inertia of redevelopment on a

site's redevelopment potential was measured.

" The elghth and final variable was one which ipdicated
the restrictiéeness of the land usé controls applying _to a
site (ZONE). Zoning sheets allowed the zoning category
corresponding to each site to be recorded. The zoﬁing
categories were ranked from the least restrictive {1) to the
most restrictive (9) based on the number and type of
activities allowed thereon. They ganged from the least
restrictive Downtown Commercial (CH) £o the most restrictive

Restricted Residential (R2).

The site cﬁaracteristic data matrix [A] (Appendix
5.1) was completed by.collecting for all redqveloped gites
data of a similar nature as close to the year of
redevelopment as possible. Reflnements to the raw data
included the following. The variable TV was logarithmically
transformed. The building age variable was represented by
three dummy variables since the exact ages for many
bui}dings were not avallable. The first dummy took on the
value 1 if the building was 0~15 years old and 0 if not

(BA1); the second assumed the value of 1 for building ages
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16-53 and 0 if not (BA2); and the third referred to the 54
year and older age. group (BA3). All three dummy variables
registered 0 if no building existed kon the site. The
building age data recorded in years was retalned for another
usé in the simulation. Finally it should be added that the
slte size ,vériable was categorized into four levels - 1)
less than 6,530 square feet; 2) 6,530 - 19,999 square-:feet;
3) 20,000 - 44,000 square feet; 4) more than 44,000 square
fept -~ according to the observed cluétering of the values in
the range of the variable in order to increase its level of

explanation.

5.4 The Redevelopment Attractiveness Index

The assumption underlying the creation of the
attractiveness index 1s that redevelopment location factors
do not change substantially through time. Thus a
comparative examination of the characteristics of sites
redeveloped in the. past,  prior to redevelopment, and
non-redevelopeé slites shoulh reveal the location criteria of
future redevelopment and thelr relative importance. One
statistical technique employed by geographers to
investigate the 3tati§tica1 relationship between variables
is multiple regression analysis:~ - If a statistically
significant regression equatibn- ;ielating the various

location faectors to the'dccurrence of redevelopment can be
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found, then it can be used as a composite attractiveness

index to ,measure the redevel®pment poténtiql of individual

sites,. —

5.4,1 Multiple Regression Analysis;

The Binary Dependent Variable Case

This specific application of regression analysls |is
* unusual because it involvés a discrete dichotomous or binary
dependent "varlable. The redevelopment of a site,' the
dependent variaple, is an event. It elther occurs or (it
does not. Interest, therefore, 1lies not in the value or
numerical size of the dependent variable but rather in
analyzing the underlying probability of the event and in
determining how the independent vériablesr influence that
probability (Hanushek and Jackson, 1977;\\ of céurse the
probabilities are never observed; only the occurrence or
non-océurrence of the event Iis, Quantitatively, the
dependent variable Y can only take on the value 1 If the
event ' occurs or 0' if 1t- does not. But tpe expected or
estimated value of the dependent variable Y can be
interpreted as the prﬁbability that Y, = 1 'given the levels

of the independent variables X at the 1ith observation

n
A .
(Neter and Wasserman, 1974).

The existence of a dichotomous dependent variable

causes at least two problems with using the classical linear
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regression model and the 'etandard parameter estimation
method known as ordinary least squares (OLS). First, the
assumption of honpscedae%icity, one of the ‘seven basic
assumptions of the classical 1in$ar‘regression model, is
violated. Homoscedasticity refers to the constant variance_
of the error term (ei) over the ranges of the independent
variables. When the dependent variable is binary the error
variance is unequal varying with the values .of the
independent variables (Wrigley, 1976). This results in the
OLS. parameter estimators not being the best possible. That
is, they no longer have the smallest variance of any linear
unbiased estimator - a  statistically desirable property.
Secondly, although the estimated value of .the dependent
variable can be-usefully and reasonably interpreted as the
probability of an event occurring, the actual predicted
values -can range "from positive to negative Infinity
depending on the levels of the independent variables. Since
probabilities are only defined over 0 to 1 the predicted
values may fall outside the meaningful range of probability
and, therefore, be inconsistent with the "ifkerpretation
given them. These two problems require that some
modifications to the classical linear regression model or to
the OLS method of estimation, or both, mnst.be made. Thus
when modelling with a discrete dependent variable special
consideration must be given to both the functional form of

the regression model that 1is specified and the parameter
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estimation method that is employed (Hanushek and Jackson,

1977).

A  possible  solution ‘to  the problem of
heteroscedasticity is to use weighted least squares
estimation instead (Neter ahd Hassermaﬁ, 1974; Wrigley,
1973). This méthod lntroducés weights that are the I1nverse
of the known error variances (Wrigley, 1976). The problem
with using that method is individual observations must be
grouped into sets with a constant probability of the
occurrence of the event within each ‘set. With mwmultiple
regfession anglysis it is rarelf possible to achlieve such a

grouping (Cox, 1970).

Two options exist for the solution of the improper

range' bpoblem. Quite simply the range of the estimated

value of the dependent variable can be arbitrérily'

restricted. For eample, if it falls abo;e 1 or below 0 it
can be assigned the value of 1'or'0; résﬁéctively. The OLS
method can then be used to estimate the parameters of this
linear probability model. This solution, however,/ results
in parameter estimates that are significantly biased below
their true values when several of the observation ave
values drawn from their respective ranges where the

probabilities take on some extreme value (Wriglé&, 1976).

That solution, therefore, is not acceptable.

N>
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The alternative 1is to completely respecify the
functional form of the regression model so the predicted
values 6f the dependent variable fall within the desired
range. In the case of modeiling with a discrete binary
dependent variable the two alternative forms are the logit
and probit models. Associated with the logistic and
cumulative normal distributions, respectively, the logit and
probit models produce estimated values so similar that "they
are virtually equivalent for empirical purposes" (Doﬁencinch
and McFadden, 1973, p.58). Because the loglt model 1is
better known in geography and because it is a 1little less
complicated, ~ it was chosen for further investigation (for
examples of the use of logit models -in geography, see
Wrigley, 197635 1975; 1973).

-

5.4.2 The Logit Model and Maximum Likeiihood.Estimation
When the estimated value of the dependent variable is
interpreted as a probability a non-linear functional
-relationship (that when graphed produces an S-shaped or
logistic curve) between the dependent and Iindependent
variables is suggested and 1is more intultively appealing
than a straight-line relationship. In such cases the
classical linear regression model s replaced -by ‘ the

non-linear logit mddel of the form:
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r
- eq""éipnxin

P1= f 1)

o °(+n'1 ﬁ nxin

1 +

where Pi is the probability of the occurrence of an event
given the values of the independent variables at the ith
observation, xin is the nth independent variable at the 1ith
observation, n = 1,...,p, & is the constant terni, ﬁn is the
coefficient of the nth independent variable, and e is the
base of the natural logarithms; Deriving the linear form

of the model requires a minor transformation:

p
Py eo<+$_;“ﬂ n¥in (2)
1 - Pi
P P ’ ]
i
log, —— = “*.‘E,pnxln (3)
L

The term 1logit 1s due to Berkson (1944), " The ratio
(P1 /1 - Pi) defines the odds of an event‘occurring at .

When the logarithm is taken it becomes the log-odds or
logit.

Whether the linear or non-linear form of the logit
model 1is adopted depends on the parameter estimation method

to bg- used. Either weighted 1least squares or maximum

T
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likelihood estimation is appropriate (Wrigley, 1976; Theil,
1971). When there are many repeat observations the Mnear
logit model and weighted least sqdares can be\ytilized.
However, when‘few repeat observations exist, as in many
cases of multivariate analysis, the éame grouping problem
noted earlier arises. Maximum iikelihood estimation with
the non-linear logit model is the alternative.

L
Maximum likelihood estimation was developed by

Fischer in 1936. It avoids,the grouping problem by treating _
each observation separately;\

involves choosing a and b, as estimates of « and B 1in such

In simple terms the method ./

a way that, 1if they were actually & and ﬁ., the given
) observatiéns would have the greatest pfobability of
occurrence (Ashﬁon, 1972, p.24). In other words, the
parameters o(' and B are éstimatgd by accepting as estimates
the values of ® and B that maximize the 1likelihood
function, The 11ke11h60d 6§_a“set of observations from a
‘discrete distribution 1is their Joint probability of
occurrence and is_ derived from observing the patterﬁ of .-
occurrences and non;occdrrences in the data set.

Maximum likelihood estimators are. sfqtistlﬁally
desiéeable becauge under  broad - con&itions,lﬁhey are
consistent (as the sample size bﬁcomes larger thé

probability distribution converges on the true parameter
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values), asymptotically efficient (smallest asymptotiec
variance among all asymptotic wunbiased estimators), and:

asymptotically normal (Hanushek and Jackson, 1977).

The non-linear "~ loglt model, therefore, will be used

as the structural base of the attractiveness 1index in the
simulation model. The only adjustment to be made is that

-the estimated value of the dependent variable will be
interpreted as +the potential for- re?evelopment, not the
probability of ﬁ%development. The parameters that specify
the relationships between the occuﬁﬂgnce of redevelopment on
a slte and .the site's physical and locational dtfributes
will be estimated using the method of maximum likelihood;

The attractiveness index‘will have.the form:

N 1
Py

P (4)
- - (a +é§ bpXin)
where'?i is the estimated redevelopment potential of site i, .
xin is the nth 'attribute of site i, bn is the estimated
coefficient of the nth attribute, and a 1is the estimated
constant  term. Bgfﬁre the results of the regression
analysis are reported and the specific form of the index
ﬁresented, two of the common problems asscciated with its

(regression analysis) use, despite thg functional form of

the regression model and the'pafameter estimation method
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employed, will be briefly addressed. They are the violation
of the assumptions of the independence of the " observations

and of the independent variables, -
5.4.3 Multiple Regression Analysis: Two Problems

The former problem, spatial autocorrelation, "exists
when the value -of a variable at one observation i3 not
independeht of the valﬁe of adjacent obéervations"
(Johnston, 1978, p.253). It causes statistical estimates of
regression parameters to be .bliased. In the last decade

geographers have 1ncreasingiy recognized that to a great

. extent geographical applications of regression analysis

necessarily involve épatial autocorrelation. ‘Some now
believe regression techniques must no longer be used in
geographical research (Gould,_1970). Others have spent time
devgloping measures of spatial autocorrelation so a
researcher will know the extent to which the problem_ exlsts
(Crifr ,and  Ord, 1973). In the case ‘of non-linear
regression, however, the same measures cannot be used‘ and
Wrigley (1976) maintains much woPk remains to be done in
this area. .Therefore Johnston's (1978) view  that
regression analysis can s8till be validly utilized if the
problem is recognized and the results qudlified in light of
the problem is adopted here.
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The lapter problem, multicollinearity, occurs when
there is a high degree of lipear dependence between two or
more of the independent variables. The result is that the
estimated regression coefficients tend to have a large
sampligg variability and, therefore, only imprecise
information éboutsthe true coefficients may be gained (Neter
and Wasserman, 1974}. That does hot mean a good fit of the
data cannot be obtained though. It 1is Jjust that when
multicollinearity exists it is possible for many different
models to provide the same good fit. One must avoid
interpreting any one set of coefficients as reflecting the
inherent effects of the particular independent variables on
the dependent variable; father they are partial effects
glven whatever other correlated independent variables are

included in the model.

Various remedial méasures can be used to eliminate or
reduce multicollinearity. They include dropping one or
several of the independent variables, increasing the samplg
Ssize, or estimating the coefficients for different variables
from different sets of data (Neter and Wasserman, 1974).
Often, however, these alternatives aré not possible or
desireable; the regression analysis must then proceed with
. multicollinearity. Poole and O'Farrell (1971, p.55) eclaim
fhat "if the purpose of the regression analysis ié only to

prediét the value of Y corresponding to a set of X values,
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then multicollinearity is not a serious problem". Since
this 1s the express aim of employing regression anlaysis inE
this vthesis any multicollinearity of the independent
variables will be noted but will not be deemed a significant

problem.

5.4.4 Logistic Regression Analysis:
: Results and Interpretation

!

The initial regression analysis was performed on data
matrix [a] consisting of 284 observations (259
non-redeveloped and 25 redeveloped sites) measured on the 1Q
independent variables and 1 dependeht' variable deseribed
earlier, The SHAZAH Version 3.0 Logit Analysis Program
(White, 1978) was used. The method of maximum likelihood
was employed so significance testing of the 'goodness of
fit' of the resultant logit model involved both a likelihood
ratio atatistie and a pseudo R2 statistic. The likelihood
ratio A is the ratio of the value of the likelihood
function-assuming a constant probability divided by the
Qalue of the funétion when the prdbabilities are assumed to
depend on the independent variables (Nerlove and Press,
1973). For large samples, the quantity -2 1log A is
distributed as X 2 (cnt Square) with as many degrees of
f?eedom as independent variables. The alternative test
_ statistic, pseudo Rz,. is a variation of the usual R2

statistic; the variation required‘because maximum likelihood
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rather than 1least squares estimation was uggd. It can be
Interpreted in exaétly the same way as Rz. ~The .astatistic
for testing the significance of each of the individual
regression coefficients is the t-rétio..

The selection of the variables to be iPcluded in the
final form of the attractiﬁeness index was performed by
running a number . of regréssion analyses with different
combihation; of the original variables. After each analysis
was completed the A , R2, and é-ratio statistics were
analyzed to evaluate the change in them caused by dropping
the various variablés. ' The seven variables found to be
siénificantly related {at the .05 significancé level) to
the occurrence of redevelopment were (t-ratios): 1) DCC -
distance td the ecity center (3.97); 2) ARD - average
distance to other redevelopment (-H.BB); 3) TV - traffie

volume (2.60); U4) SS - site size (2.19); gnd BA1, BA2, and

BA3 - the three building age dummies (-0.99,-2.52, and

-2.57, respectively). Despite several transformations of

the other three variables the absolute value of their

t-ratios did not °become .Large enough to statistically

conclude their respective coefficients were significantly
different from zero. And although the t-ratio of BA1 did
not indicate statistical significance either, it was accpted

because those of the other two age dummies did.



accepted form of the logit model and,

hence, the attractivegess index was:

o)

_ (M
i -(-10.96+24,02DCC, -46.28ARD +H.15103Tvi;

1+e

N ‘
where Pi is the estimated redevelopment potential of site i,

DCCi is the distance to the city center from site i, ARDi is

the average distance to other- redevelopment from site i, TV
is the traffic volume at site i, SSi 1s the size of site
and BA1,;, BA2;, and BA3; are the dummy variables ref
to the age of the building on site.i. :

' v,

According to the pseudo R2 statistiec the model
explained approximately half (49.80%) of the variation in
the dependent variable. Cohsidering the complexity of the
redevelopment process and the number of wuncontrollable
factors involved that amount of explanation 1is acceptable.
The 1likelihood ratio stat;stic also indicated ghe model was
~a gooiifit of the data as its value T71.87 with 7 degrees of
freedom far exceeded the critical value 20.28 at the .005

Significance level.

Because of the multicollinearity  between the

variables DCC and ARD (¥=.877), the specific relationship
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between the occurrence of redevelopment and each of the
independent variableéﬁ was not revealed by the respective
regression coefficients. Some‘general relationships, both
expected and unexpected, between the independent variables
and the dependent variable and between the various
independent variables themselves were identified\though.
3

As hypothesized, site proximity varied with the
dependent variable. However, since proximity itself varies
inversely with distance, the sign of the regression
coefficent of the variable ARD is negative. In other words,
the closer a site is toc other redeveloped sites, the greater
that site's redevelopment potential. This spatial
¢lustering or locaticonal 1nert1a' of redevelopment was
suggested in the literature and there appears to be evidence
of it in ppe core in Kitchener. Traffic volume and site
size varied diﬁectly with. redevelopment potential. The
highér the traffic volumé or tﬁe larger the site, the higher
the redevelgbment potential. The relative asize of the
regression cSQ{fiéEEpts'of the building age dummies together
with their signs (all negative) suggested the older the

bullding, the greater thé'attractiveness to redevelopment.

The unexpected relationship that emerged related to
the DCC variable that was included as a measure of

accessibility. According to traditional geographic theory

#

Y
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the most accessible urban locations are those nearest the
center of the city. Accessiﬁle locations are asasoclated
with high land vp;ues because of their_ relatively 1lower
transportation costs. - If land valus are high one would
anticipate relatively high redevelopment potential. Thus
one would expect distance measures of accessibility to vary
indirectly with redevelopment potential since accessibillity
itself varies inversely with distance. OL the contrary, the
DCC  variable was ﬁoﬁitively related to the dependent
"variable. That is, the farther the site from the city
center, the greater 1its redevelopment poteptial. This
relationship does not extend to the urpan fringe. It only
applies as far as the periphery of the core because that was
the qutiai extent of data collection. A tentative
conclusion that 1s suggested is that the peripheral core

sites are actually more accessible than those of the inner

core.

The fact that the regreasion coefficlent signs of the
DCC and ARD-variables are opposiﬁe is Iinteresting as well.r
" If they had been the same, both negative, they would be
identifying the clustering of redevelopment in the central
core; a spatial pattern suggésted by theory. Thelr opppsite
signs cqmbined with the negative DCC coefficlent suggests an
unexpected pattern of past redevelopment; that of clustering

on the core periphery. The continuation of such a pattern
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for an extended period of time would have undesireable
consequences for the socloeconomic health of the inner core

area of Kitchener.

5.5 The Redevelopment Level Forecast

The second substantive component of the simulation
model is the forecast of theflevel of redevelopment over the
ten year prediction peridd. There are seeveral ways ¢to
develop such a forecast; some very complex and some rather

simple.

One' approach involves the relationship of
construction ‘activity with. the health of the national and
local economies. Baded on future trends in the business
cycle, a forecast of the building or construction cyele can
be made. The problem.with,thls particular approach is that
it .is extremely difficult to identify the speéific link
between the perfofmance of the national or 1local economies
and .the level of redevelopé;nt in a particular city.
Furthermore, it iq also an onerous task to forecast the °

behaviour of the business cycle for any length of time.

An alternative approach is to assume there will be no

substantive change in national and local economic conditions
-

in the future from thosehin the past. The redevelopment
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level, therefore, will continue to vary from year to year
according to the trend established in the past. A forecast
of the variation Iin the level of }edevelopment can then be
derived by anaiyzing the historical trend, determining its

regularities, and extrapolating it.

There have been numerous statistical techniques

»

gdeveloped by econometricians and others to analyze such time

series data. They range from the sophisticated Box-Jenkins

approach and the autoregressive integrated moving average

(ARIMA) ‘models - (Box and Jenkins, 1976) to the conventional

. regression analysis. One technique, Fourier analysis, 1is
specifically used for 1identifying cycligal tends. It
involves fitting a combination of trigonometric functions to

L
time series data (Bloomfield, 1976).
It‘was decided, however, that the degree of precision

in trend 1identification afforded. by the aforementionned

statistical techniques, when compared to the amount of time

and expertise required to propérly use them, did not warrant
their uti}ization. Furthermore, the amount of variation in
the number 6f redévélopment events 1nitia£ed from yeéﬁ to
year in Kitchener's core area is rather minimal. . The
average for the past twenty five years is 1.8 sites per
year. The maximum was five in 1960; the minimum =zeroc in

1966, 1967, and 1974, Thus even if the average value were
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selected for each year of the forecast the maximum error

would be underestimation by three or overestimation by two.
Over the entire forecast the cumulative  error would be
negligible.  However, a rather simple yet effective
techgique was devised to hrovide a more satisfactory

estimation of the past redevelopment trend.

v
The procedure employed was the following. Initially

*

the number of sites redeveloped annually in the study area

for the years 1955 - 1979, inclusive, as recorded by the

City of Xitchener Englneering Department, were plotted on a

graph (Fig. 5.1). The points on the graph were joined and

‘the curve was examined closly by eye for any indication of

regularity in 1its frequency or amplithde. ‘It was noticed

that indeed the curve exhibited a cyclical trend with an
average wavelength of approximately four years. Hence

varying repetitive series of four numbers were plotted

-against the observed curve in an attempt to replicate the

trend as much as possible.

A 'goodness of fit' measure between the actual and
the various fitted time series of numbers .was calculated by
summing the difference between them -for e;ch of the
twenty-five years (Table 5.1). Of the six fitted series,
the two with the smaliest sums were serjes C (1,3,1,2,...)

and E (1,4,2,0,...); they both underestimated by two. A

-——

e b
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Observed Versus Fitted Redevelopment Trends

Figure 5.1

»—s QBSERVED
O=0 FITTED

-

)3’2’

Series A - 1,2

975

1970

NUMBER

3}

CF
REDEVELOPED

2

SITES

TIME (YR.)

Series B - 1,&

’2, . - .

s 1

REDEVELOPE

TIME (YR.)

’2’ . - .

1

Series C - 1,3

1940

w75

wro

NUMBER

OF
REDEVELOPED

TIME (YR.)



122

Observed Versus Fitted Redevelopment Trends,

Continued
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Table 5.1 Statistical Comparison of the Observed
: and Fitted Redevelopment Trends

-

Obs.
Year Level = Serles A 5 Series B .

(0) , (A) (0-A)® (D-A) (B) (0-B)* (0-B)
1955 1 1 0 0 1 0 o .
1956 2 2 0 0 4 -2 4
1957 3 30 o _ 1 2 4
1958 2 2 0 0 2 0 0
1959 1 1 0 0 1 0 0
1960 5 2 3 9 4 1 1
1961 © 2 3 -1 1 o1 1 1
1962 1 2 -1 2 -1 1
' Ve
1963 2 1 1. 1 1 - 1
1964 3 2 1 1 TR 1
1965 2 3 -1 1 1 1 1
1966 0 2 2 Y 2 22 4
1967 0 1 -1 1 1 -1 1
1968 1 2. -1 1 y -3 - 9
1969 4 3 1 1 1 3 9
1970 1 2 -1 1 2 1
1971 1 1 o 0 !1 0 3
1972 2 2 0 0 . =2
1973 2 -1 1 1 1 1
1974 0 \‘g‘ -2 ¥ 2 =2 ’
1975 1 - 1 0 0 1 0 0
1976 4 2 2 4 4 0 0
1977 2 3. -1 1 1 1 1
1978 2 2 0 0 2 0 0

~ 1979 1 1. .:0 0 1 0 0.
5 49 - 2 TR 49

y

* _ Negative value indicate overestimation; and vice versa

—t
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_ »
Table 5.1 Statistical Comparison of the Observed
ﬁ and Fitted Redevelopment Trends, Continued

Obs. - .

Year Level Series C 5 Serles D 2
. (0) () (o-C)* (0-C) (D) (0-D)* ({0O-D)

1955 1 1 0 0 1 0 0
1956 2 3 -1, 1 4 -2 y
1957 3 1 2 f y 1 .2 4
1958 2 2 0 0 0 2 h
1959 1 1 0 0 1 0 0
1960 5 3 2 h L 1 1
1961 2 1 1 1 1 1 1
1962 1 2 -1 1 0 | 1
1963 2 1 1 a 1 1 1 1
1964 3 3 0 0 y -1 1
1965 2 1 1 1 1 1 1
1966 0 2 -2 Y. 0 0 0
1967. 0 1 -1 1 1 -1 1
1968 1. 3 -2 y b -3.. 9
1969 4 1 3 9 1 3 ‘9
1970 1 2 -1 1 0 1 1
1971 1 1 0 0 { 1 0 0
1972 2 3 -1 1 y -2 o 4
1973 2 1 1 1 1 1 |
1974 0 2 -2 4 1] 0 0
19.75 1 1 0 0 1 0 0
1976 y 3 1 1 4 0 0
1977 2‘_ 1 1 1 1 1 1
1978 2’ 2 0 0 + 0 2 y
1979 1 1 0 0 1 0 A

45 43 2 4o 37T 8 48

. % . Negative value indicates overestimation; and vice versa
-
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Table 5.1 Statistical Comparison of the Observed
' and Fitted Redevelopment Trends, Continued

Obs.
Year Level Serles E 2 Series F 5
(0) (E) (0-E)* (0-E) (F) (o-F)* (0-F)
1955 1 1 0 0 1 0 0
1956 2 i -2 Y 3 -1 1
1957 3 2 1. ] 2 1 1
1958 2 0 2 4 0 2 4
1959 1 1 0 0 1 0 0
1960 5 4 1 1 3 2 n
1961 2 2 0 0 2 0 0
1962 1 (1} 1 1 0 1 1
1963 2 1 1 1 i 1 1
1964 3 4, -1 1 3 0 0
1965 2 2 0 0 2 0 0
1966 0 0 0 0 0 i} 0
1967 0 1 -1 1 1 -1 1
1968 1 @l -3 9 3 -2 - y
1969 b 2 2 I 2 2 Yy
1970 1 0 1 1 0 1 1
1971 1 1 0 0 - 1 0 0
" 1972 2 4 -2 y 3 -1 1
1973 2 2 0 0 2 0 0
- 1974 0 0 0 0 0 0 0
1975 1 1 o 0 1 0 0
1976 I 4 0 0 3 1 1
1977 2 .2 0 0 2 0~ 0
1978 2 0 2 4 0 2 L
1979 1 1. 0 0 1 0 0
ys 43 2 36 37 8 28

-~

®* - Negative value -indicates overestimation; and vice versa

e
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second 'goodness of fit! measuré was then calculated to
determine which of those two provided the better flt. It
consisted of the squared differences of each yg?r summed
over. the entire period and guaged the absolute difference (
Soth over- and underestimation) between the observed and
fitted curves. Series E scored the lower total of the two
- on the second measure. And although outperformed on the
second measure by both series F (1,3,2,0,...) and A
(1,2,3,2,...), 4t~ was felt serles E provided the best
overéll fit. 1In addition to its relative performance on the
two goodness of fit measures, it also boasted (together with
serles F) the greatest number of coinecidental values
(approximately 50%) with the actual series. Extrapolating
that trend into the future the forecast of the level of
redevelopment in the study area is: four in 1980; two in
1981; zero in 1982; one in 1983; four in 1984; and so on to
1989,

5.6 The Simulation Mddel: Structure and Operation

The simulation model of redevelopment is a computer
program  (Appendix 5.2) written .in FORTRAN IV. It is a
sequential procedure consisting of six basic steps: 1) data
input; 2) ;edevelopment attractiveness index calculation; 3)
Asite redeQelopment selection; U4) data output; 5) Waccounting

proeédures'; and 6) repetition of the entire sequence as
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many times as desired. For the sake of computing ef Eipncy
parts of some of the steps are not in exactly the same 6rder

as listed above.

Before a detailed descrip%ion of the model s
présented it should be ndtedl that one completion of the
entire procedure is considered to be bne time period
equivalént to one year. Although the model could have - been
designed to 6perate for any glven number of time periods,
the 1limit was qet at teﬁ (one decade). It was felt ten
yeafs was 1opg enough for the ‘evolution of an obvious
spatial pattern of redevelopment and yet shbrt enough for
the socloeconomic, and the resultant redeyelopment, trends
on which the attractiveness index and the level forecast are
based not ﬁo drastically change. The model furnishes a
forecast of the number and location of sites redeveloﬁed in
the core of Kitchener each year for the tén year period 1980

- 1989.

The intial task of the model 1s to declare the number
and order of the data arrays required for the execution of
the program. It Ethen instructs the computer fo access or
locate those arrays in its memory bank. The primary data
matrix [B] 1is a mutation of matrix [A] introduced earlier.
It consists of 259 observations (non-redeveloped sites)

méasured on T variables (comprising the attractiveness
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index) .- Matrix [B] 1s necessary for the repeated
calculdtion of the estimated redevelopment potential of each
site. In order to facilitate data collection each site was
assigned an identification number, 1 through 259. 'The sites
were numbered in a spatially ordered fashion beginning at
the north-east corner of Victorla and King Streets and
continuing clockwise around the ‘study area. 1In ordeF) that
the manner in which the Indentification numbers were
assigned did not affect the”%esults of the simulapion,h the
observations' order was arbi.;éri}y,scrambled before being
entered‘into the computer. .Th‘oughaqt the \model measures
were taken to ensure that ‘site identification remained
correct. Other data arrays requireQ for the operation of
the model are: 1) the ten redevelopment.lgﬁe%'forecast
values; 2) the X and Y location coordinates of each.'of the
259 non-redeveloped sites; 3) the building age in years of
each site; and 4) the x and Y coordinates of previously
redeveloped sites (Appehdix 5.3). After all the data arrays
are >located a number of quantit}es used_elsgwhere in the

program are initialized.

The following step 4: the calculation .of the
estimatéd redeveiopment pgtential of each site from the
attractiveness indéx (loglt moﬁel), the form of which was
reported earlier. The raﬂge of the index values 1is

originally 0-1, inclusive: but it is transformed to 0-100,
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inclusive. ﬁny transformed index values between .500 and
{ . .
.999, inclusive, are increased to 1.00; any less than .500

are considered to be 0.00. - All sites with estimated

potential values of zero are lgnored for +the duration of
time period. The maximum index value and the sum of

- values are both calculated and recorded for 1later use.

A matrix of consecutive numbers-[IR] consisting of a
variaple number of rows corresponding to the number of sites
,with non-zero index values and a variable number of columns
matching the maximum index value for the given time period
is then created. BEach row relates to one observation or
site and s comprised of a series of consecutive numbers,
the number of which corresponds to the index value of the
given site. The rem;ining elements of the row, up .to the
maximum index value of all observationé, are assigned
‘zeroes. .For exaﬁple, if a given.site's index value 1is 23

and the maximum value is 89, there would be 23 consecutive

" numbers in that row, beginning in the first column, and .66

‘zaroes. Thé value of the first element in each row is.one
greater than the last non-zero value in the previous row.
The . sequence begins'at one and ends at a value equal to the
sum of all the index values. This matrix [IR] 1is the
probability distribution by which the pseudo-random numbers
generated by an arithmétig procedure within the computer are

transformed into values that have some empirical meaning.
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Prior to the-generation of the pseudo-random numbers
a check is made to determine how many, if any, sites are

forecasted for redevelopment in the glven time period. Ir

no redevelopment is forecast for that year the computer is

'1nstrugted to ignore all following operations until the
output stage. Otherwise the Monte Carlo technique 1is

invoRed.

The Monte darlo-technique involves the generation of
a pseudo- random number whose value lies between zero and
one, inclusive., It, in turn, is multiplied by the sum of
the index values so that it E?lls within the range of values
created by the attractiveness index., Matrix IR is then
checked to determine in which-row the pseudo-random number
falls., The site that correaponds to th& rbw which-contaiﬁs
the element whose value matches the pseudo-random number i3

the site that is selected for redevelopment.

In this way the chance a site 1s selected for
redevelopment in a given .fime period varles with 1its
redevelopment potential relative to that of all other sites.
The randomizing factor |is, therefore,'subject to certain
restrictions. A site with an index value higher than
another site has a greater chance, of being selected for
redevelopment than the second site,. However, the

possibility of a site possessing relatively 1little
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redevelopment potential being picked still exists. Thus the
index value is relative rather than absolute. A value of 90
does not represent a 90% chance of being selected for
redevelopment in a given time period. It merely indicates
the site has twice the chance orifwice*the potential of a

site scoring 45.

Returning to the model procedure, the location
coordinates of the redeveloped site and the year of

redevelopment are recorded for latef use. Th uilding age

variable value is changed to zero and the site's dummy

variables' values are adjusted accordingly. The subroutine
is repeated as many times as the redeyelépment 'leve;
forecgst specifies. On sub?equent passes through ‘ the
subroutine a check 13 made to ensure that the same site is
not redeveloped more than oﬁcé in one timé period. |
&

At this point the computer is instructed to output
the results from the previous operations. However, the’
format of - thé; output will 'be descr%bed - following thé

presentation of the rest of the model.

Once all redevelopment forecasted for the given time
period has been produced by the'model, one time period haS
effectively passed. ‘The time variable is incremented by

one. The only remainihg task before the activities of the

e IR o b o o
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subsequent time period are embarked upon is Lo account fqy
the changes in the data values contained in matrix B tﬁS%
resulted from the redevelopment activity and the passing of
time. The changes with respect to the age of the buylldings
on redeveloped sites have already been processed. Thus
alterations must be made to the ages of all buildinés
arising from the passing of one year and to the average
redevelopment distance of each site stemming from the
redevelopment ‘that occurred in the recently expired time
period.” |
>

The adjustment to the building age variable consists
of incféasing each respective vaiue by one, except for sites
lacking a building (indicated by the value 999). The age of
each building is compared to the limits of the three dummy

" variable categories and the required changes in the dummies

.made.

Thé average redeﬁelopment.distance of each slte 1is
recalculated by recording the location coordinates of all
sites redéveloped in the previous fiye years; includiqg the
one -Just completed. All the distances from‘one sité\ko
each redeveloped'site are calculated, summed, and an average//
value computed;. the procedure 1s pepeated for all sites\\/

included 1in the study. With that all accounting procedures

are completed since'site.aséembly and, therefore, site slize /

Y

¢
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changes are ignored, changes in the prime land  value
intersection and, therefore, changes in the distance to the
city center are assumed not to occur, and traffic volumes

are assumed to increase p;oportionally through time,

Subsequently the entire procedure is repeated
beginning with initialization. Changes 1in ﬁthe values
included in matrix [B] prpduce changes in the redevelspment
potential of each site. All sites including those selected
for redevelopment in the previous time period are available
for redevelopment once again. However, the newness of
recently replaced buildings lowers the redevelopment
potential of the ~sit; relative to the preceeding time

period. The attractiveness of non-redeveloped sites may
.1ncrease or decrease depending.on the interﬁlay-of changes
in building age and average redevelopment distance. If the
number of time periods for which the operation of the'model
1s desired has expired, tﬁi‘:iiyées to the age variables
and the ARD variabI; are gﬁored and the operation of the
model ceases. '

~

The model output is uncomplicated. For each of _the
ten time periods the attractiveness index values of each
site are listed, the forecasted number of redeveloped sites
13 \printed, the atreet address, identification number, and

location coordinates of each redeveloped site are reported,
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q

and the year corresponding to the given time periocd 1is

recorded. Matrix B ,—contaihing all the adjustments made
to it over the slimulated decade, congludes the model's
output. '
I t

Since the randomizing factor within the model causes
each run of it to produce a unique potential history of
redevelopment in the core of Kitchener -in the 1980's, 100.
runs of the model were performed. It was felt thaér after-
100 repetitions were analyzed a convergence on the probable

outcome would occur. The actual output and the analysis of

it are presented in the following chapter.

5-7 SynthesisﬂL K

“¥his chapter began by ‘introducing the conceptual"
model of redevelopment that underlied ‘the construction of
the simulation modelx The redevelopment potential of any
site in the urban core depends on and varies with the site's
physical and locatiopai characteristics relative to those of

all others thereiln. fhe ultimate redevelopment of a site

_reflects not only the 1influence of the aforementionned

attribﬁtes but also the effect of a random or chance factor
re%ulting from uncertalinty and -incomplete knowledge, among
other things. The level of redevelopment in the urban core
varies cyeclically with the climate of investment

oppohtunities.
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Thel first asﬁect of the .simulation model to be
described was the organization of the primary data set; the
data required for the creation of the atﬁractiveness index.
Initially the_crit;ria used to determine the sdites .to be
included in the study along with their respective boundaries

were discussed.: It was mentfbnned that as of the end of

1979 there were 259 sites that qualified for 1inclusion as

non-redeveloped sites and 25 that could be considered as

having been redeveloped sinqe 1965. Redevelopment. location

factors and their relationship to the occurrence of
redevelopment were hypothesized. The surrogate' variables
for which data were cqllected subject to availability were

then briefly described.

The development of the attractiveness index emplbying

regression analytical techniques was discussed at length,.

The applicabllity of the non-linear logit mod?l and maximup

likelihood estimation to the binary dependent variable case'

was  outlined. The seven significant variables that

comprised the attractiveness index . and together explained®

almost half the variation ih the .occurrence of redevelopment,
were: 1) distance to the city center; 2) average
redevélopment distance; 3) traffic volume; 4) site size; and

5) three building age dummies.

e
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Subsequently, various methods by which a forecast of
the 1level of redeve;ppment cogld be generated were briefly
reviewed. It was declded an effective method would be to
analyze the past trend by eye for any apparent reguiarities:
and extrapolatg/:hat trend 1eto the future. After trying a
number of variations, a repetitive series of four numbers,
1,4,2,0, seemed to fit the cycllical curve from the past
reasonably well. Over the twenty-five year period 1955 -
1979 it underestimated the ﬁotal number dr redevelopment
eveets by 4% (2 of 45) and provided exacﬁly the same values
as the actual curve 48% (12 of 25) of the time. That series
of numbers, beginnihg with 4 in 1980, repeated two and one
half times -was eccepted as the ten year forecast of the

level of redevelopment. R
The final section of the chapter examiqed ' the
structure..and operation of the slmulation model. The half
dozen - basic. steps of the model included data inpﬁt,
reHevelopment attractiveness ' index . calculation, site
redevelopment selectioﬂ, data output,'accounping-procedures,
and rebetition. Follewing a comprehensive description of_
the entire model it was mentionned that,tﬁe model output
consisted of 1007 ten Year fprecasts of the 'number and
' location of ‘redeveloped . 3ites in the core of Kitehener

beginning in the year 1980,



CHAPTER SIX

THE FORECASTED SPATIO - TEMPORAL PATTERN OF REDEVELOPMENT '

6.1 Introduction

- The redevelopménﬁ simulation model generated two
arrays of data that will be presented and analyzed. fhe
first, matrix [C], 1s the set of initial attractiveness
index values (Table 6.1). These  values defiﬁe a

redevelopment potential surface. As each site!s 1index

values re mapped, the spatial variation in redevelopment

ial evolves. Since the initial attractiveness index
values are the same over all 100 runé of the model, théy
-proviﬁp equiﬁalent starting conditions for each mode;
repetition. Their distribut;on is different for each
succeeding time peried in the initial run and ali subsequent
_ runs becausé the vaiues of some of the variables comprising
the index change with the passing .of time Jnd the
rédevelopmegt locations selected. The 'redevelopment
potential surface significantly influences which of the 259

sites is selected for redevelopment at any given * point 1in

the forecast.

137



Table 6.1 Initial Attractiveness Index Values (1980)'

Site ID Index Site ID Index Site 1D Index

_’bj‘umber (:a]{gg) ‘Number (Xa%ggs Number (;’ai{.gg)
1 2 26 m 51 - 0
2 11 27 304 52 0
3 2\ 28 6§ 53 . 0
4 3, 29 2 54 0
5 0 30 - 0 55 15
6 0 3N 0 56 2

o T 0 32 0 57 1 -
8 0 33 0 58 1
-9 0 34 1 © 59 0
10 0 35 2 ~ 60 2
11 0 36 0 61 1
Y. 0¥ 37 0 62 0
- 13\' 0 38 2 63 4
/\u 1 39 1 64 a
15 1 40 1 65 0
16 0 41 2 66 1
17 1 T o2 1 57 o
. 18 Yoy 43 0 68 7
19 0 4 2 69 0

20 2 L 1 70 2 ’
21, 1 46 3 71 2
22 1 ) ¢ 0 72 0
23 2 48 0 73 0
24 1 ' 49 5 - T4 T

-

25 0o ' '
50 mb 75

-8t

3
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Table 6.1 Initlal Attractiveness Index Values (1980),

Continued _
Site ID  Index Site ID  Index Site Id  Index
Number Value Number Value Number - Value
(x 100) (x 100) (x 100)
76 3 101 4 126 . 2
77 2 102 36 127 3
78 0 103 5 128 2
79 0 104 0 129 2
80 - 5 105, 0 130 6
81 2 106 2 131 2
82 R 107 5 132 0
83 17 108 3 133 3
8l 7 109 87 134 5
85 - 19 110 0 135 0
B6 o0 111 29 136 0
87 0o 112 30 137 50
88 19 113 13 138 0
89 L 114 21 139 33
90 34 - 115 12 140 31
91 y 16 6 . 141 1
92 8 17 0o 142 1
93 31 118 1 143 1
9l 22 119 1 _ thi 0
95 20 120 6 145 0
9. &/ 121 12 146 0
97 2l 122 3 147 0
98 20 - 123 0 ws 8
99 1 124 0 Wy ~ 8
100 2 125 0 g

150
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Table 6.1 Initial Attractiveness Index Values (1980),

Continued
. Site ID Index Site ID Index Site ID Index
Number Value Number Value Number Value
(x 100)- (x 100) (x 100)
151 9 .76 0 201 1
152 0 ATT 0 202 2
153 15 178 0 203 1
154 v 0 179 0 204 y
155 15 180 0 205 10
156 25 181 0 206 .2
157 16 C 182 0 207 0
158 17 183 8 208 1
159 29 184 0 209 - 6
160 0 185 1 210 1
161 15 186 1T 211 6
162 76 187 1 T 212 1
163 .0 188 0 213 2
164 8y 189 18 214 1
165 % . 7 190 14 o215 T
166 5 191 11 216 2
167 m 192 0 17 2
168 8 193 26 218 0
169 8 194 0 219 1
170 9. 195 1 220 2
171 19 196 0 221 1
i 172 0 197 2 222 1
173" 4 198 0 223 21
174 0 199 0_ 221 1
175 0 200 0

! 225 . 0

[
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Table 6.1 Initial Attractiveness Index Values (1980),

Continued
| Site ID  Index Site ID  Index’ Site ID Index
Number Value Number Value Number Value
\\___///) (x 100) (x 100)

226 3 1 238 2 249 1
227 1 239 3 250 0
228. I 240 0 251 0
22§ 0 2l 0 252 0
230 23 242 2 253 1
231 2 243 4 254 2
232 0 _ 24 1 255 -~ @
233 1 245 o 256 8
234 3 2u6 0 257 o
235 L 247 13 258 1
'236 0 2u8 19( 259 2 ..

237 2
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The second array compiled from data produced by the
model is a 259 site X 8 time period matrix (D] (Table 6.2).
The elements of [D] indicate the redevelopment selection
frequency of each site per time period over the 100 ;uns of
the model. There are only eight time periods ineluded
because the ten year redevelopment level forecast includes
.two time periods, 3 (1982) and 7 (1986), for ehich the value
_is zero. Each row of [D] shows the frequency distribution
of redevelopment selection through time of an individual

-

siﬁe; each column the spatial frequency distribution of a

-

given time period. — - .

The forecasted spatio-temporal pattern "of
redevelopment will be unvelled by analyzing [D] in terms of-
1) aggregate redevelopment selection per site over the
entire forecast period; and 2) the teEporal frequency
distribution Cof (eite selection. The first analysis will
provide a statié piecture of future redevelopment patterns
whereas the second will furnish a dynamﬁc scenario, Befere
performing thése analyses, hewever, it is useful to ekamfﬁ:

“*tﬁe in#Mal redevelopment potential su;ﬁace thet spepifies
. the starting conditions for the subseeuent operation of- the

simulation model.
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Table 6.2 Site Redevelopment Selection Frequency,
by Time Period (per 100 runs)

143

Site Time Period Site Time Period

ID ID

No. «1 2 4 5 6 8 910 No. 1 2 4 5 ¢ 8

1 5 12 3 26 4yt 3 2 1
\ 2 41 b3 mawn 27 13 g0

3 1 4 4 5 28 2 1 1 8 6
B, 1 2 310 6 29 6 1 3 2

5 | 30 é

6 31

7 32 | 1

8 \ 1 33 ‘

9. 17 34 4 1
10 | 1 35 3 2 3 1
"o 1 4 9 2 1 36

12 37

13 5 2 9 2 38 1 6 2 5 3 1
ook 3135 2 2 39 1 2 2

15 1313 2162 40 2

16 7T 1 9 3 2 41

17. 5 110 4 513 7 42 o 1
18 1 4. 7 4 2 9 8 u3

19 6 4 3 4y 4 - .
20 2 1111 8 5 ,

21 1 2 6 5 46 3

22 3 611 4 ny

23 1.2 6 4 16 6 18

24 4 o2 7 2 3 49 1 3

25 1 2 5 1 50 .

S W w N =
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Table 6.2 Site Redevelopment Selection Frequency,
by Time Period (per 100 runs), Cogg;nued

Site Time Perlod Site Time Period
x%xg. 1 2 4 5 6 8 9 10 No. 1 2 4 5 6 8 910
51 | 6 1
52 ° o 77
53 ' 78 : 2
54 79 - 2 2
55 1 23 1 80 3 1 |
56 1. - S B1 1 1
57 1 1 82 '3 1
58 R T P 1
59 | i 84, 2 1 2 1
60 1 | 85 8 1 2 .4 2
61 © 86 1
62 87
63 - 88 8 1 A4 i
64 1 " 89 1
65 90 4 1 5 2
66 2 91 2 1
67 1 | 92 11
68 1 3 93 10 y o113
69 - 1 94 4 | 3 2
70 9 1 95 3 6
(A 1.2 96 3 3
72 3 97 3 2 2
73 . 98 7 | 3
I ' 1 99 ~ i

’ ﬂ\/
75 100
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Table 6.2 Site Redevelopment Selection Frequency,
by Time Perlod {(per 100 runs), Continued

Site Time Period . = Site Time Period

52. 1 2.4 5 6 8 910 rlqg 1 2 4 5.6 8 910
101 | g 126 ¥ o2 713 1
102 14 2 1 1127 416 3 1
103 1 1 1 128 y y o1 1
104 129 5 _2'5 4
105, _ 130 2 1 1 6
106 1 131 1 2 1
107 2 1 1 13%

108 1 133 2 | 2
09 24 5 310 3 1 3 134 1 -
110 1 135 - /
M1 7 3 1 5 1 136 L

112 13 2 2 5 2 2 1 1 137 1

113 4 3 1 1 138 1

M4 719 2 1 1 139 11 4 2 3 1 3
M5 p o4 3 o9 333 3
16 3 1 1 7 141 4 1 -
17 1 1 1&2/ 3 2 1 1
118 31 1 1 w3 5 1 3 1

L1119 4 3 1 9 14y~ | 1 2 1
120 4 2 1 1 145 P
121 6 5 111 146 o | -
122 2 6 2 6 147 '

123 ‘ : 148 3 53
128 _ ; 149 1 T2 251/7 2
125 ¢ 150 1 1 5 6

2



[ e

146

Table 6.2 Site Redevelopment Selection Frequency,
by Time Period (per 100 runs), Continued

Site Time Period Site Time Period
No. 12 4 5 5 8 9 10 No. 1.2 4 56 8 910
151 1 1 2 1 3 176 .
152 o ) 177
153 6 1 1 B 178
154 - o 179
155 4 180
156 9 1 181
157 6 2 182 - ' A
158 4 2 o183
159 18 11 184
160 T 185 1
161 2 ' 2 186 | 1
162 18 1 3 5 5 187
163 188 1
164 22 1 2 7°6 189 3 2
165 1 . - 6 190 -3 1
166 1 1 1 2 191 1 | 1
167 6 11 192 L
168 2 U 193 7 o 2 1
69 3 2 - 1 194 _
170~ 1 3 4 1 1 T 195 2
M9 2 2 41 196
172 197 ’
73 1 198
174 1 © 199
175 ‘ - 200-
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Table 6.2 Site Redevelopment Selection Frequency,
by Time Period (per 100 runs), Continued

Site Time Period Site Time Period
ﬁg. 1 2 4.5 6 8 910 ﬁg. 1 2 45 5 6 8 910
201 226 1 1
202 227
203 228 2 . 1
204 5 229
205 o 2 2 230 5 1 1
206 | 231 2 1 13
207 232
208 .1 233 - 2 1 2
209 3 2 3 1 234 3 2 1 4 5
210 1 2 1 235 1 3 1 1 11
211 2 1 1 3 2 " 236
212 1 _ , 237 171 2 3
213 1 1 - 238 . 11
214 1 239 1 3
215 1 1 ¢ 1 240
216 R 3 ) 211
217 ' 2 242 9 8 3
218 . 1 2 1 283 2 3 1 4 2 1
219 2 1 2081 3 1 6 2 8 1
220 . 1 1 3 215 31 6 4 7 3
221 ' 216 ) 2
222 2 : 1 a7 23 113 8 6§ 8 4
223 4 12 4 5 288 5 3 18 4 1 1
224 1 249 . 3 10 3 3 1.
225 5. 1131 o2
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Table 6.2 Site Redevalopment Selection Frequency,
by Time Period (per 100 runs), Continued

L A .-

e

PRV (e

5 2 t 9 2 -

_ Site, Time Period Site , Time Period
ég. 4 5 6 8 9 10 ﬁg.l 1 2 4 5 6
251 1 4 2 11 256 5 2 910
252 | 257 Y47 6
253 311 314 7 258 2 410 7
254 A 2 5 510 8 259 4 4y oy y
255 2

= o

o o I~ oo W

L% B~ T — S ¥ N« |
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6.2 Initial Spatial Vafiation of Redevelopment Potential

*

Of the 259 attraégzvenessl index values asscciated
with time period 1 (1980), 65% (169) were equalxto or less
than 2 and only 3% (§) equalled or exceeded 30 (Table 6.1).
This distribution 1is expected sgince at any point in—tiﬁe
only ; small percentage of a;l siteé are rélatively
attractive to redevelopment. .

A visual inspection' of the ;edevelopment potenfial
surface (Map 6.1) provides an overview of the spatiai
variation of redevelopment attractiveness in:gpe study area
at the beginning of the forecast period. gince the.- index
values affect to a great extent the selectién of siteé for
redevelopment, sub-areas of the core with a concentration of
relatively high index value siteé ha;é a greater
likelihood of having sites wig\\n them selected than those
that do not. An initial indication J: the general location
of redevelopment taking place early in the forecastAperiod
is, therefore, provided by the 1980 potential surface.
However, the chance factof built into the simulation model
can result in redeveloﬁﬁ;;t locating 1in core sub-areas
.containing predominantly relatively low p6tent1al sitea. 1If
this happens to occur several times the shape of the

potential surface may drastically change as average
@
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MAP 6.1 ATTRACTIVENESS INDEX VALUES, 1980
- (INITIAL REBEVELOPMENT POTENTIAL SURFACE)

L

. - ‘
D =
DUKE ST
R b
'.-_".'.'.',':-,'.' ...':
o iHi b
-

e _
En




'SS INDEX VALUES, 1980
ELOPMENT POTENTIAL SURFAGE) '~

_-F'-"—_j -




e a2 S

. / N
y © 151

a4 e -

redevelopment distancesfﬁecome significantly altered., Thus
high 1ikelihood areéf of &he core can Ashift during the
?grecast period. The initiél potential surface suggests
possible redevelopment locations in only the earlieét one or

two time per16d3.~ -

Map 6.1 reveals that the relatively high index values
are concentratéd ih the eastern core, especially along King
Street .between Cegab and Benton Streets. The high values.
along that section of the _majoq. conmerclal artery are
interrupted. only by low values corresponding to sites 791
110, 152, 154, 160, 163, and 168. All of those sites have

! been redeveloped in the previous fifteen years. Other nodes
of relatively high values are located along Charles Street
begfeen Queen and Cedar Streets, and on Weber Street and .

Dukg Street between Frederick and Cedar Streets. -

Conversely, relativel§ low index values are
predominant in the western core (west of Ontario Street).
The only sites therein with relatively high values are those
that are relativelyilarge. The exception is siie 223 on the
southwest corner of Ontario and King “Streets. Siﬁes with
relatively low index walues are aiso found on the socuthern
and eastern boundaries of the eastern core. These are

gengrally very small sites.
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The’general spatial pattern of the initlal index
values appears to be most influenced by the location of
redevelopment from 1965 - 1979. It was noted in Chapter U
(Map 4.3) that redevelopment Iin that fifteen year period
primarily occurred.in the eastern half of the study area.
The other variables included in the attractiveness index do
not seem to account for the east-west division. For
'example, the Index value of site 259 was one of the lowest
possible (2) even though it was the largest site included in
the study, its bullding was one of the oldest 1nl the core,
and its traffic volume was among the highest of all sites.

Although if was also one of the farthest sites froﬁ'the éity

cenyfer ' the fact that 1t scored ' so lowly on the
attractiveness index can be primarily explained by its

re% tively great distance from previously redeveloped sites.
b

" 6.3 Static Spatial Pattern of Forecasted Redevelopment

No model can perfectly forecast the behavfbd; of
urbaq phenomena through time. The bbject of conatructing a
stochastic simulation model is to generate a spatial pattern
enoﬁgh like that of reality that "both could have been
produced from the same' process" (Morrill, 1965a, p.197).
The difficulty of utilizing a stochastic model is that the
chance factor can produce a wide range of variability

between successive runs of the model. The results of a

“
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great number of ﬁodel repetitions must be analyzed,
therefore, to discover the solution which approximates
reality. Thus the output generated by the simulation model
is 1nterpreted in the following way.

The results of each of the 100 runs pf the model were
cumulated 1n£oqfrequency distributions. It is assumed that
after 100 repetitions the cumulative data represent the
spatio-temporal pattern of redevelopment about which all ibo
indiyvidual potentiél patterns are distributed, Thus the
éﬁeater the site redevelopment selection frequeﬁey relative
to other sites; the greater the reYative likelihood that it
will be redeveloped in real;ty; and vice versa.

LY

The. 1likelihood of eaéh indiﬁidualr site being
redevéloped any time during the enti I forecast period was
calculated by summing the elements o?;ach row of [p]. Each
- sum represents the total number of redevelopﬁené seleétioﬁs

per site after 100° runs of the model (Table 6.3). By
mapping these sums one obtains a statiec representation of
the forecasted aggregate apatial patterﬁ of redevelopment

between 1980 and 1989 in the core of Kitchener (Map 6.2),

The total.redevelopmenﬁ selection frequencies rarge
from a high of 49 for site 109 to a low of 0 for 71 sites.
,In fact, jﬁst over one half (145) of the 259 sites were

o s
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Table 6.3 Total Redevelopment Selection Frequency
and Temporal Dominance Index Value, by Site
T. D. Site T. D. Site } T. D.

©ID
No.

1

O Ww o =1 oo F W M

NNNNI\)-&.—n_t_l_a_.l_n_a_;_A
G:-C‘-‘WN—‘O\OOD-JO\U'IF’UJN-"

Sel. Index ID Sel, Index ID Sel. Index
Freq. Value No. Freq. Value No. - Freq. .Value

20 .64l 26 - 12 '-,185 - 51
41 469 27 14 -.317 52 -
W .730 28 19  -.135 53
22 .667 29 14 -.254 54
30 ' 55 7 -.016
‘ 31 56 1
32 1 57 2
1 33 58 1
1 3 5 .022° 59
1 35 9 -.358 60 1
17 -.111 36 T 61
37 o 62

18 -.296 38 19 =-.275 63

29 =-.050 39 5 =.333 64 1
28 .151 40 7 .302 65

22 =-.,222 41 2 | 66 2
45-  .333  u2 5 . .889 67 1
35 .333 42 5 .867 68 "
13 L7260 un 12 .630 69

——l

19 .159 s ’ 70 2
W 762 46 4 71 5  .156
24,676 AT ' 72 3
35  .479 48 73 .
18 -.111 49 5 -.11Y T4 2

9 =.210 50 75
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Table 6.3 Total Redevelopment Selection Frequency and
" Temporal Dominance Index Value, by Site, Continued

Site T. D. Site T. D. —Site T. D.
ID Sel. 1Index ¥ Sel. Index ID Sel. Index
No. Freq. Value No. Freq. Value No. Freq. Value

76 1 101 5 -.689 126 17 -.203
(& T 102 19  -.649 127 19 .018
78 2 103 3 128 10 -.2u%
79 //7:\\\{ ® om 129 16 .250
80 4 105 130 10 .267
81 2 06 1 131 3

B2 4 107 y 132 ‘
83 3 108 1 133 Yy -
8Y 6 -.593 109 49  -.546 134 1 -

85 17  -.569 110 1 135 ' 1

86 1 1 17 -.595 136

87 112 28 452 132 1

88 14 -.571 113 9 -.383 138 1

89 1 118 12 -.593 133 24, -.528
90 12 .093 115 22" .24 140" 21  -.365
91 3 116 12 -.407 1 5 -.6ul
92 3 117 3 2 7 -.206
93 16  -.444 118 6 -.444 143 10  -.400
ol 9 .037 119 22 -.212 144 I

95 9 ~.185 ‘120 10 -.500 145 1 -

96 6 -.111 121 3T -.135 46 1

97 7  .079 122 27 -.103 147

98 10 -.467 123 w8 11 192
99 1, o124 ' 149 15 .51
100

125 ) ‘ 150 13 .692
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Table 6.3 Total Redevelopment Selection Frequency and
Temporal Dominance Index Value, by Site, Continued

‘ Site‘ T- D- Site To Do Site . Tl Do
ID Sel. Index _ ID Sel. 1Index ID Sel. Index
No. Freq. Value No. Freq. Value No. Freq. Value

151 8  .472 176 201
152 177 : 202
153 8 -.889 178 203 ”
154 179 - 204 5 -1.00
155 y 180 205 y
156 10 -.911 181 206
157 8 -.722 182;// .+ 207
158 6 -.704 183 1 208 5 -.156
159 20 -.922 184 209 9 h~-,531
160 185 - 210 4
161 m 186 1 211 9 -.358
162 32 -.229 187 212 1
163 188 1 213 .2
165 38 -.246 .189 5 -.289 214 1
165 7 .52% 190 4 215 3
166 5 -.067 191 2 | 216 4
167 9 -.605 192 217 2
168 3 193 10 -.uk4 218 h
169 6 =.778 194 v 219 3
170 10 —.HG? 195 2 20- 5 .867
171 19 -.567 196 221
172 197 222 3 '
173 1 198 P 223 16 .333 /~>l»//
4
(NI B . 199 .22k 1

175 200 225
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Table 6.3 Total Redevelopment Selectlion Frequency and

Site
ID
No.
226
227
228
229
230
231
232
233

F 234
235
236
237

Sel.
Freq.

3

Temporal Dominance Index Value, by Site, Céntinued

TI DC
Index
Value

-0810
.079

. 156

-0.022-

-.250

.524

Site

ID
No.

238
239
240
241
242
. 243
244
245
246
247
248

H

Sel.
Freq.

2
4

12

13
22
24

45
23

T. D.
Index
Value

.056
-.256
LA
231

.185
-0295

Site
ID
No.
249
250
251
252
253
254

255

L4

256

257
258.
259

Sel.
Freq.

20
8
10

39
30
26
31
30
51
30

T. D.
Index
Value
.011
.028

.ol

.504
.630
179
71
.104
.274
.24y

o
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MAP 6.2 TOTAL REDEVELOPMENT SELECTION FREQUENCIES
(PER 100 MODEL RUNS)
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selected In less than 5% (5) of the runs. On the other
hand, the aggregate frequencies of the top 15% (39) of the
sites fell between 19 and 49, inclusive (Table 6.4).

The most frequently selectéd Sites vary widely in
terms of their physical attributes. Although most are of a
relatively large size, there are some, notably sites 38,
119, 127, and 17t%, that are among the smallest of those
included in the study. Most have old buildings on then,
maﬁy have no buildings thereon, and at least one (site 245)
has a sixteen year old office building on {t. They are
somewhat more similarA in terms of their locational
characteristies though (Map 6.3). Virtually all of them are
located on the fringe of the spudy ar although phey"are
ﬁolarized to the east and the west. The western core
contains more of the high frequency Jites than the east an;'
a substagtial portion of 1t |is ‘covered by thobe sites

- because of thelir large individual sizes,

The sites most infrequently selected  for
redevelopment (0-4 times) can be divided into three groups.
The first group includes relatively small 1nner\gngg sites,
primarily along King Street,(north and south sides) between
Gaukel and Benton-Frederick Streets (for example, 3sites
215-222, excluding site 220). The second group‘consisis of

. relatively small peripheral sites on residential (low
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Table 6.4 Most Frequently Selected Sites ~

Site ~ Site
ID Street Address Sel. ID Street Address Sel.
No. : Freq. No. Freq.
109 - Cedar St. N. 49 22 320-328 King St. W. 24
17 87 Victoria St. N. 45 139 325 King St. E. 2y
2117‘ - Charles St. W.(B) 45 245 305 King St. W. 24
2 410 King St. W. 41 248 36-40 Water St. S. - 23
256 399 King St. W. 41 4 80-86 Water St. N. 22
258 144 Charles St. W. 41 16 83 Victoria St. N. 22
253 445 King St. W, 39 115 59-61 Weber St. E. 22
i 164 - Charles St. E.(C) 38 119 87 Weber St. E. 22
121 103-109 Weber St. E. 137 9244 319 King St. E. 22
18 24 Water St. N. 35 140 329-339 King St. E. 21
23 334-400 King St. W. 35 1 247 Duke 8t. W. 20
162 253 King St. E.~~ 32 159 205 King St. E. 20
254 - King §f. W.(B) 30 249 54 Water St. S. 20
25730 Francis St. S. 30 20 300-310 King St. W. ‘19
259 $6-50 Francis St. S. 30 - 28 276 King St. W. 19
14 240 Duke St. W. 29 38 79-87 Water St. N. 19
15 73 Victoria St. N. 28 © 102 33-39 Scott St. 19
112 312 King St. E. C 28 127°50 Cedar St. N. 19
122 64-68 Cedar St. N. 27 171 67 Charles St. E. 19
255 417 King St. W. 26 '

’
.y

u .. ",
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- MAP 6.3 MOST FREQUENTLY SELECTED SITES
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vehicular traffic -volumes) streets or lanes {for example, .
sites 5-12, exeluding'site 113. The sites that have Dbeen
redeveloped‘slnce'1965 make up the third group. These sites
are relatively 1arger than those in the other two groups,
thexﬂgre located in the eastern and 'westerns ends of  the

core on major traffic arteries, and have new buildings (for

-

The general aspatial pattern, there{pre 13 one
concentration of sites with low frequenci in the centpal

core surrounded by high frequeney sites in the western and
eastern peripheries. " The frequencies in th& western core
QCollege to Victoria Streets)- ar: relative%y higher ' than
those in the eastern core (Benéon-Frederick Street to Cdear
?treet). This pattern was predicted during the examination

of the signs ‘of the variable coefficienta in the

—attractiveness indei'regressioh equation. The poeitive'eign

of the DCC vafieg}e-together with the negative sign of. the
ARD ° variable _produced ‘concentratjons bf forecasted

redevelopment on ‘the core periphery and an absence éf it in

" the central cora.

s
v ~

This  predicted ﬁettern of redevelopment 1s extremely

‘interesting when compared with that suggesteﬁ by ﬁhe shape
S’ L

of the initial redevelopment potential sﬁnface. . The .

ahalysle;er'the potential :

rface indicated the western core
. 'r'-/ :
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suffered an absence of sites with relatively high index

values and suggested future redeveIOpment'qould be expected
el

to be predominant in the eastern core, a pattern
! v ‘

cqstradidted by that generated by the simulation model. The"

contradiction in itself “1llustrates the utility of -

simulation modelling in - urban analysis., The initial
attractiveneﬁs index | values were staﬁic méasures of
redevelopment potential and were unable to provide insight
into the dynamics of the redevelopment \process. An

examination of their spatial variation at oné point in time;

Q\Lherefore, did not enable the analyst to foresee the

comprehéﬁsive spatial product of changes in vﬁrious elements
of urban structure through time. Simulation, on the other
hand, facilitates the operationalization of change thereby

allowing the model to accomodate alterations in the

. redevelopment potential surface caused by changes in the’

levels of the location factors tﬁrough time. Ultimately the
simﬁlation model was éble to incﬂF;;}ate a spatlo-temporal
shift of relatively high index values to the western core

caused by ’phe“ changing condition® and to produce ;uhore

‘ eomplété,-pealistic pattern of future redevelopment.

Thg static analysis of the model's output just

-.“4 . Lt .
completed, while ‘revealing the aggregate pattern of

redevelopment, Pailed to. identify when or why the

significant alteration in the redevelopment potential

—~ . . ‘ ‘

-

AN
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surface took place. A dynamic analfsis that more " fully.

illustrates the spatio- temporal pattern of forecasted

redevelopment will be presented next.

6.4 Dynamic Spatial Pattern of Forecasted Redeveldbpment

The spatio-tempb%al pattern of redeveiopment lin. the
sFudy area in the 1980's .gprecasted'by the mode;\can be
determined by analyzing the temporal frequency dist}ibution
of each site (each row of [D].). If the distribution is
negativély skewed, then site redevelopment selection pook
piace in the early time perlods;-and vice versa. By mapping
a measure of the skewnéss Qf the individual &1str1butions

one is ab}e to ascertain the fo#ecasted location pattern of

redevelopment through time:'

To facilitate this procédure a temporal dominance

index was devised. It measures the degrée af dominance of _

early or late redevelopment selections for each site and has

the form:" ' . -
\ \

»

T N - - — '
dy = ?;-1[“1-1: .(-t'_‘- )] / [Ni (e - t")maxl)]‘ _ (1

" where Nyj¢ is the number of redevelopment selections per site

1 in time period t, t = 1-10, T.1is the mean of the time

pgriods, 5.5, N, is’ the total npmber of redevelopment

o
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selections per site i over all-time periods, and I(t;z)maxl
13!223 absolute value of the maximum difference between a

given time period and the mean-of the time periods, 4.5,

The temporal dominance' index ocompares the actual
distribution to a perfectly skewed. one (positive or
negative) and measures ho% closely they match each other.
The values of the index range from positive to'negative one
ineclusive, representihg all last time period selections or

all first time period selections, respectively.

|

-

There are several probiems with using this index that
must be recognized. The first problem regards uhequal
ﬁeighting of the 1index because of varying redevelopment
selection frequenciés among sites. Although the statistic
includes’ a weighting factot to account for this, there‘}s
still a certain lack of comparabllity ‘betweeﬂ the .1ndex
value of a site selected thirty-fivé-timed/ahd one plcked
twice. To circumvent this probleh all sites sele;ted less
than five timés were éliminatqq from this analysis; a total
of 145. The problem ia not entirely eliminatéd but its
seriousness 1is substantially reduced. A relatedgproblem to
be mentionned in pissing 13‘ that ' the 1index pqssesses a
discrete distribution at lower Qrequencies and a continuous
one at higher_ frequencies, ' ‘This problem is solved

satisfactorily-bY.excluding the lowest frequency sités.
. 7 , . R
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A third problem exlsts in terms of Interpretability
of the index. Extreme values are relatively easy to
interpret.. If the index value approaches negative one, then
the redevelopment:selection for that site occurred primarily
in the early time periods; .and vice versa. The problem
arises when néar Izero values are encountered. Any
distribution equivalent about the mean produces an index
value approaching =zero. Therefore a concentration of

selections about the mean could }esult in an ipdex value
'y

.very close to zero. In that. case the 1interpretation would

be that the siFe‘is destined for redevelopment.between the
earliést and latest time peyiods. However a polarized or
bimodal distribution in which site selection occurred nearly
equally in both the very early and.ﬁéry late time periods
will produéb a near zero ,val§2; as well, A possible
interpretation would ©be that neither early nor late
selections show a dominance but selection in the middle time
périods is noticeably ab8ent. A third possible distribution
producing a sapilar index value i3 one in which the
selections are spfead evenly across all time periods. Again
no dominance exists but at least éome of the selectioqgﬁtook

place In the middle time periods. Thus there are three

“pdssible distributions that produce index values approaching

zero and three different - interpretations of such values.
One solution would be to examine each of the distributions

individually before making an.interpretation. This was done

a—
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? i
and ‘it was discovered that very few examples of polarity or

coﬁcentration about the mean could be found. Most of the
qistributions prodﬁcing near zeroc index values consisted of
relatively equal frequencies across all eight time periods.
It was dep ded to ignore the cases in which near zero 1index

values ex}3sted and focus on those with extreme values.

A fourth and final problem aroée, that being ho;Tto
_ determine which 'values .are significantly dirferent from
zero. An arbitrary decision was madé to conalder values
greater than or equal to 1.250| as being non-zero values.
Thus although some gmall problems do remain the temporal
.dominance index will be uae&'t; indicate 'ﬁhether‘ a site's
redevelopméﬁt is foreéasted in the early or late half of the

forecast perlod. However, the index values will only be

interpreteq in a-Eery general manner.

With the exclusion of all sites with index values
approaching =zero a total of T1 sites rema Qin this dynamic
analysisf 27 with positive values and ‘ﬁéi\uith negative
values (Table.6.3). The actual values rénge from 1889 (site
42) to -1.00 (site 204). . LN

& / .

The dynamic Léttern of ,Eedevelopment in ﬁhe study

area as forecasted by the simulation model is shoyn on Map

6.4 Siteé "~ with relatively high negative values are

N
/ .

¢
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" . '
conqentrateg in the eastern core, mainly along'King Street,
and to a lesser extegh in the southern core. On the other
hand, sites with relatively high positive values are
predominantly fouﬁd in the western core, again primarily
alo;g King.Street.. One additional point of interest is that
sites with similar signs appear in clusters. There are orly
two cases in which sites with opposite signs abut each
other. In both cases the contiguous =zites face onto

different streetsa. There are no examples of a site with a

positive value bordered by two or more sites with negative

4
values; .or vice versa. . . 2{:;’
' 2

-

. Thé spatial distribution of the temporal dominance
ind;x values 1indicates that, . according to the simulation
medel, redevelopmenﬁf}n the study area will be 1located on
gastern and south-central sites in the early 1980's. By the
‘last half of the decade redevelopment will have shifted to
sites in tﬁé western core.~ The shift will be spatially-

discontinuous 1in that the central cores sites will not be -
subjected to redevelopment. The exact tining of the shift
cannot be determined from the ”analftical meth;d used.
., Wherever it occurs, the redevelopment of abutting sites will
take place within a few years of each other, | at a}l in

% : .
the near <§?3;e. ‘ _

-
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One question that remains to be anawered i3 why the
locational shift will take place rat all? One pqsaible
explanation ls that the chance factor in the model caused
several low potentlial sites In the western core to be
seleézed for redevelopment at the expense of high potential
sites in the opposite end of the core.‘ Such an occurrehce;

a distinet possibility {pn reallity, might have been enough to

equalize or shift the redevelopment potential surface in

. favour of western core sites, Redevelopment wShld then most

likely shift to the western core from the east. T@is is an
unlikely explanation, however, because the chance gelection
of low potential western sites would have had to have taken
place in a large per%Pnf;;i of the 100 runs of‘the model. A
more acceptable explanation involves the relative‘
avallability of redevelopable sites, After redevelopment
has occurred for several years in one sub-area of the urban
core the number of sites highly attractive to redevelopment
begins t? become limited. Sites sewhe in the core that
were previously unatthgftive become relatively more
attractive’ and’ redevelopment -subseqﬁently" migrates to
another sub-area of the core. After being the location of
much of the redeveloﬁment in the early 1980's, the eastern
core wiil v suffer  :a lack- of rede%élopable sites,
Redevelopment will then shift to equally or more attractivel

sites in the western core.. #
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6.5 Synthesis ’ i AN
. -V

This chapter commenced with a deschiption of the
output generated by the redevelopﬁeet simulation model_ and
the format by which it‘was organized. The output consletee
of the initial attractiveness index values of eaeh site and
a 259 site X 8 time pegiod matrix, the elemente of which
indicated the numbee of times a site was selected for

redeéeIOpment in each time period over the 100 runs of the

-

'model;
 The 1initlal* index values showed that the ast
majority of sites in the study area exhibited relatively
little potential for redevelopment in 1980; It was._
. mentionned that this corresponds with reality in that at any
point in time relatively few sites possess that mix ef
physical and loeational char#bteristics that make a site a
priee candidate for'-redevelopment. By mapping the index
values a pedeveiopment potential surface -wee derived. A
visuel lnspection of that surface ascertained that, ae.a
group, sites “in the eastern core had relatively more
. | potential for redevelopment -than those in‘e west. The
? a (\ shape of the potential surface appeared to be most
; : reflective of the epatial pattern of redevelopment in the 15
; year peptﬁﬂ_berore 1980 rather than of any of the other site

attributes-that comprised the attractiveness index.

. ' .
I- . - " L
. . .
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Subsequently, the aggregate redﬁzelopment selection-
frequencles of each site were examined. They ranged from g
downward with over hglf falling under 5. The_sites selected
most frequently varied widely in térms of their physical
charactéeristica but were nearly all located on éitheﬁ the
eastern or western core periphery; The sites with the least

likelihood of redevelopment or that were infrequently

pickeq Were either relatively small central core sites on
King Street, or. relatively small peripheral sites on
resldential .streeﬁq; or s8sites that had been rqdeveloped
since 1965. The general spatial pattern of redevelopment’
during the 1980's, therefore, is one of concentrgtioh in the

" eastern and western core peripheral zones and marked -

)

\\\\\\~ absence in the central core. The aggregate freguencie were

relatively‘higher for western core siteq!than eastern ones,

-

The evolution of the apatial pattern of future

re elop?ant was determined by an anéiysls of the  temporal
: . “~
frequency distribution of each site, In other words, the-

variation in the number_or redevelopment selectiqns per site .
over each of the ten time periods was examined to !deqtify
' - whether early or late seléctions wébe dphinanf. In this wag
a general I;digatlon of the'ﬁim}ﬁg of the réﬂevelopméﬁt'of
eachrindividual éite was obtained.‘ A temps}al doﬁinané@

index was ’introdud‘g to measure the temporal variation.

Several proplems with using the index were discussed’ and

b Y

VS o ’
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.some remedlal measure$’ undertaken so that it could be

-
acceptably utilized. ﬂhe actual index values ranged from
.889 to -1.00. Positive values corresponded with a
predomfnance of late selections and vice versa. Happiﬁé the

values showed that sites with relatively high negative

values were concentrated in the eastérn core, along King*

Street, and to a lesser degree in the south-central core.

>

Those with relatively high positive values were

predominantly located in the western core,'ggain along King

© Street. It was also noted that sites with similar signs

ﬁere located adjacent to each other. The spatto-temporal
pattern of redevelopment in Kipchener's core in the 1980's
as lndicated by the spatial diétribution of the ttemporal
dominance index values .15‘ the following. Eastern and
south-central . core sites will Pe {edeveloped in the;earlx

1980's. The, location of redevelopment will then shift to

‘the weatern,core'and continue therein throughout the latter

half of thékdeoade.ikCentral core sites will for the mo

-part be lignored by any redevelopment durigg the entire

r

forecast period. Finally it was suggested that the change

in the location of redevélopment between the ‘eastern a?d the
western c¢ore would be caused by either the influence gf
chance factors or, more plausibly, by the relative lack of
high poﬁentlal siteé in ‘the sastern cpre_after its mégt
attractive sites had been redeveloped éarlier. ;} .

* .

L]
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. CHAPTER SEVEN

L4

SINTHESIS AND CONCLUSIONS
o , h |

In this thesis‘a stochastic simulation model of urban”
redevelopment was developed by employing-and. integrating a
collection of -diverse concepts .unooyored.~1n 'phe qipan
geogbaphio' and ‘eGOnomic .literoture. . The model \hag\\
predictiyo; -tho assumption of-{the_conﬁinuaofontpr!roeeot
past trends in .the. future allowed d -ten year roreoast'of_tho )

spatio-temporal pattern of =redevéiopmont to be made.
: g

- Empirically | applied' tdo ~an . arbitrarily bounoeo area -

*

identjfied as' Kitchener's core; the model both operated and

-generated {ts many 1ndiv£dually varying forecasts at the_
, : i ' ' . :

: N oar y
individual site:lﬁvel. The model'output-analysis,_ however,

was perrormed at a more .aggregate core sub-area Spatial

'scald., The raﬂ!bnule for 'such an inveatigation "into -

redevéIOpment liea -1n the signifioantaimpact and intluenee

redevelopment hqs on the urbar economy and_yrban ‘morphology

'juxtaposed with the relative lack of acadomic attention paid

to Ait. The modelling approach was adopted becauoe moddls
qllow~tho 1ncohporatlon of mﬁny”diverse 1oea§'8nd ooncepts;
faoilitate the systematic summarizatlon Qf the phenomenon,:

and enable empirical applieation &nd experimentation.

N

A . ~. . - . * 1
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. 7.1 Thesis Summary

Redevelopment was 1n;roéhced as a sub-component of
the urban land use change processf .It was descrlibed as the
ultimate adjuétment to the ever Increasing disequilibrium
between urban floorspace supply and demand.

Depending on the level of Spapial aggregation one
a@opts redevelopment can be viewed as - an event or a pbocess.
The replacement of an existin® building on a site wit@ a new
one by a private agent is an évent.s It i3 discrete in both
time and space. From a e}iy-wide point of view
redevelopment is an urban proc?ss that exhibits the

evolution of a distinet spatial paﬁtern through time, It is
a series of spatially and temporally related individual

As an event redevelopment can be studied from either
the "aspatial temporal or the atemporal spatial perspective.
In the former case, the focus is on one individudl site and

the factors involved in regulating the timing of

-

-redevelopment\thereon. In the latter, time is held. constaht

and concern lies with all the sites and the factors ﬁhat

‘ . A .
influence the relative attractiveness of each site as a

.
location for redevelepment. The second approach was

_employed here with the relevant Cfactors being various

¥ .
physical and locational site attributes.
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‘Two concepts, locational 1inertia and the contagioz
effect, were introduced as the spatial and tqmporal links,
respe?tively, AHetween ;edevelopment events. 'Even at a very
disagg}egate spatial gcale the ggglomeration or clustering
of Iredevelopment occurs because of the similariiy of their
resident activities' 1locational reduireménts and the
clarification of planning _pqlicy and guidelines* in the
immediate neighbourhood of previous redevelopment events,
The contagibn effect relates redevelopment events in time in
the sense that, in the face of uncertalinty and risk, an
agent's decision to redevelop a site is influenced by‘ the

attitudes, expectations, and behaviour of others 1n'similar

Bircumstances. 5 Redevelopment, therefore, can be considered

r

- a self-supporting cyclical temporal process.

’

Although .the Flements of the redevelopment process; .
can be conceptually linked in time_ and spaée, they are
characterized by spatial and tempo;al discontinuity in
'.reality. Uncertainty and the lack of perfect kaowledge on

the part of the development égent, the heterogeﬁeity of real
estat;, ‘ and . other factdqgﬁfgréduce a somewhat random
variation in the location of redeveloPment. The number of
redevelopment events per time period, or the process level,
varies cyclically due to, among other things, changes in the

avallability of finance capital.
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Given the above characteristics of redevelopment,
modelling techniques and approaches were analyzed and
evaluated to éscertain the combinétioﬁ that appeared begt
suited -td the mix of featureéhpecuiiar to the phenomenon gf
interest. Ménte\Carlq'simulation.was judged to be the 'ﬁdsb
rewarding'approach for two primary reasons. It éllowe& both
space and time to be specifically accounted for and 1t
inherently 1ﬁcorporated a panddm or chance . factor.
Fﬁrthermore, it had somewhat successfully 1mitéted the land
.development_process. | |

L)
’ T

Before the simulation model itself was des&ribeq, the
study area to which it was to be applied was' delimited and

-

previous redevelopment therein outlined.

The two basic 'components of the model were the
attractiveﬁess-index and the redevelopment level forecgst.
The attractiveness index was cggated tg‘provide a measure of.
the relative redevelopment potential of individual sites.
It was developed using -the'’ non-linear loéit odel _and

maximum likelihood estimation. Multiple regression analysis

* determined a set of statistically significdnt relationships

between the occurrence. of redevelopment and four
hypothesized location facters as measured by the followlng
five surrogate variables: 1) distance to the city center; 2)

average redevelopment distance; 3) traffic volume; 4) site
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size; and 5) building age. The redevelopment ;evel forecast
dictated the number.of events in eachuyear of the forecast
period. It was formed by analyzing the trend in the fifteen

years prior to the initialtforecast year, determining its

‘regularities by statistically comparing it to variouslfitted

curves, and extrapolating the best fitting curve into the

future.

"

In 1ts‘.entire£y the redevelopment simulation model
;anisted of a half dozen steps. They were data input,
attractiveness: index calculation, - site redevelopment

selection, data butput, acgounting procedures, and 3sequence

‘repetition. Each step was described in detail and there is

no need to repeét those descriptions here. One of the most-

interesting aspects of the model was that changes in past

time periods were accomodated and allowed to influence the

operation of the process in succeeding time periods. Hence

[N
the model was able to incorporate in 1its forecasts the

effects of the changing states of the urban system through
time. ‘The ﬁnalysis of, the model output demonstrated the
value of such an ability. Because of the influence of the
ra;dom factor on the ininiduals forecasts, 100 runs of the

~

model wére performed and the cumulative result analyzed.

The produci of the ‘application of the model to

Kitchener's core area was subjeéted to three analyses;

[
1

el e ke s i et £ T -
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First, the 1nitial redevelopment potential surface was
éxamined.  The spatial‘_ variation of 'Fedevelopment
attractiveness_in the study area at the beginning of the '
forecast period revealed a concentration of relatively high
potential sites in the eastern core. This initial _index
value pattern was attributed primarily to the 1hf1ueﬁce_of
the location of redevelopment in the past. Secondly, the
patte;n of aggregate site redevelopment ‘selections was
scrutinized, According to this static analysis, future
redevelopment will be concentratqd in the eastern and
western core .peripheries and relatively absent in ¢the
central éore. The selection freduencies of western sites
were relatively higher than those in the east. A comparison
of these first two patterns confirms the utility of the
simulation approach. An gxamination of the initial potential
values failed to uncover the physical manifestation of
changes in the urban system. The influence of the\aging of
buildings and the location of previous redevelopment on the
evolution of the spatial pattern of redevelopment was
accounted for by the simulation model and was reflected in
th? lgenerated forecast. The third method of analysis
presented a more dynamic picturg. An index was created to
measure the dominance of Jearly - or late redevelopment
selections. fhe pattern,of these temporal dominance index

values indicated that redevelopment early in the forecast

period will be concentrated in ﬁhe eastern’cqre, mainly
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along King Street, and to a lesser extent in the southern’
core. By the latter half of the 1980's, it will have.
shifted primarily to sites 1in the western core, avoiding
those in between. The locational shift through 'time- ;as
attributed to the eventual relative absence of redevelopable

sites In the eastern core. , J! A

T.2 Theoretical and Methodologlcal Advances

The - delimitation of redevelopment into ) two
components, event and process, and the conceptual linkage of
eyents in time and space to form a process 1is not fo
elsewhere in the literaturé. It is very useful
developing and orggnizing oge's knowledge and understandi
of such a complex and dynamic phenomenon. It also serves to|
illustrate that .rpdevelopment i;_guided‘by some systematié
relationships even though its discontinuity in reality leads
one to believe it 1is just a haphazard assembly of
construction activity. For present purposes, the concept

provided the framework which enabled the modeller to mesh

two spatial scales in one model.

y The model itself is to some degree unusual in that it
is one. of only a ver§‘ few known attempts to model
redevelopment. It is, however, the only redevelopment model

to combine all the folléwing characteristics: 1) operation

L]




181
‘
at the Iindividual, site level; 2) incorporation of a ‘random
factor; 3) use of the 1logit model as the basis of the
attractiveness index; and 4) empirical applicablility. It is
felt a comprehensive and acceptable model of redeveropmenﬁ
should possess each of the four 1listed attributes; all
earlier redevelopment models 1lack one, or more of them and
are, therefore, incomplete. The model should be empirically
applicable 30 that it can be teétqd and experimented with.
The 1logit model 1s the superlior functional form of the
regression médel‘in a binary dependent.variableucase, and it
is relatively’easy to work with. Inclusion of:the random or
chance factor is imperative. when dealing with. a coﬁplex
. urban phenomenon around ghich so much uncertainty and risk
| exlist. And model operation at the moat disaggregate sp;tial
level of the process is beneficial in that the evolution of

the spatial pattern can easily be followed.

The model also demonstrates the advantages of
utilizing the simulation approach when modelling dynamfc
urban phe%omenaq. Tﬁé passing of time was imitated by the
repetition of the model sequence. Changes in the levels of

certain of the 1location factors caased by the passing of
.time and the occurrence &f redevelopment were accounted for.
Thus the evolution of the épatial pattern of redevelopment
effectively reflected all the changes Iin the system since

the forecast began. Furthermore, simulation enabled the
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model to operate at the individual site level by
facilitatiﬁg the summation of 1individual events into an

aggregate process.

And finally, .-although already mentionned above, the
utility qf the logit modellin the discrete binary dependent
variable ca;e was brought to light. In a wide variety of
geographic applications in which regress}on ahalysis is'used
“to investigate the relationship between one or more
independent variables and a phenomenon that either occurs or
does not, the interpretation .afforded and the range’of

values prbduced by the logit model are superior to those of

the classical linear or the linear probability models.

34

S
oot

7.3 Empirical Significance of the Result

»

¢ :
The forecasted pattern of redevelopment generated by

the s}mulatiOn model presents a globmy scenario for the
future of the heart of the city of Kitchener. If past
trends continue, then during_ the '1980'3 the city's core
periphery will undergo regeneration but‘itp central core
will not. While the'existing buildings on peripheral sites
-are replaced with new inyestment, the inner core buildings
will continue to .deteriorate. . The maladjustmeﬁt between
floorspace supply and demand will’ continu; 'to increase

unabated. Economic activity will flee the central core for
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the healthlier surroundings on the pepiphery. 'Unless the
trend is’revgrsed, the vefy heart of Kitchener will begome
phygicaliy and functionally blighted to the detriment of the
entire core area and the city itself. '
}

of -coﬁrse no forecast of the future can assuredly be
écéurétE. The redevelépment forecast in ;this "thesis was
primarily formuléped to demonstrate hsw the simulation model
could be empirically applied.' It was more an academic
exercise éimed at generating a pattern that was “ggceptable
in terms of whaf‘is known and understood about redevelopment
than a serlous attempt to see Into the future. It is felt
th; former oﬁjebtive‘has beén achieved. The valid;ty of the
forecast is only as robust as the assumption on which it |is
based; that being the relationships 'governing the
fedevelopment procesar will remain unchanged' over - the
foree‘Ft peﬁigd. However, the fact 'that p&st trends
indicate the vefy possibility of such a Dbleak and
undesireable scenario occurring suggestslthé city's eivic

El

officials would be wise to take notice ﬁow, before 1t is too

late.’ | ' "
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7.4 Directions for Future.Research
- ‘\

The need for mor%5 research 1into every facet of
redevelopment 1is obvious since so little attention has been
paid to {t in the past, In terms of extending the work
presented here, it would be useful to generalizé the model
by reformulating the relationships contained . in the
attractiveness Iindex to make them less city spécific. This
would require a detailed analysis. of the relationships
between the occurrence of redevelopment and various location
factqrs in many different cities. An extension of the model
to include activity and building type and building scale in
the forecast, and the abplfcation of the model to a large
c}ty possébsing higher process ievbls ﬁould be wothwhile.
Another interesting project would 'be to 1lengthen the
forecast period and evaluate the result. _Doe; the lack of
redevelopable sites in .certain core sub-areas cause distinet
‘shifPs-in the location of redevelopment? The answer to this
and many " other questioné have yet to be founq. Their

.

pursuit would surely be rewarding.
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Appendix 5.1 TRegressed Variables: All Sites

Site .
" ID DCC ARD DK 1log TV S8 FAR BA ZONE RDVMT
No. ft< cat. 123 DUMMY
1 439 .472 073 4.226 20910 3 1.196 001 & 0
2 ° 450 .482 ,001 U4.559 227690 4  .935 001 4 0
3 .380 .Ou41 ,168 4.406 165500 2 .076 001 8 0
4 .370 .B17 .152 4.290 13500 2. .422 001 - 2 0
5 .368 J415 144 2,000 8710 .2  .413 001 2 0
6 .367 .H14..137 2.000 6530 2. 459 001 2 0
7 .375 420,128 2.000 .10450 2 .344 001 2 - O
8 .377 .821 .121 2.000 8710 2 3344 001 2 0
9 .386 .428 ,097 2.000 10450 2 .120 001 2 0
10 .385 .424 085 2.000 5230 1 .456 004 2 O
11 .393 .432 ,078 3.625 7840 2  .491 001 2 0
12° * .399 .436 .102 1.000 4360 _1  .229 001 2 0
13 .15 .453 .099 3.625 6970 2, .373 001 S 0
14 426 463 .109 4.214 13500 2° .981 001 5 0
15 415 454 ,121 4,084 20910 3 .,220 001 5 0
16 410 44T 140 4,084 5230 1 .478 001 5 0
17 409 450 .144° 4,084 26140 3 .792 010, 5, O
18 .359 .403 .031 4.020 60110 4 .813 010 2 0
19 .322 .375 .017- 3.778 4360 1° 1.720 010 1 0
20 .320 .376 .001 4,177 7410 2 1.721 010 1 0
21 °.332 .384 .001 3.956 6970 2 .933 010 1 0
22 .344 .392 ,001 3.956 9580 2  .986 001 1 0
23 . .372 .412 .001 4.131 36590. 3 1.309 010 1 0
2y .341 .391 .076 4.026. 9580 2 .438 010 2 0
25 .341 .389 .089 3.787 5660. 1 .530 001 2 0
26 .263 .341 .031 3.849 15680 2 .869 001 1 0
27 .263 .340 .001 4.045 21780 3 1.000 010 1 0
28 .289 .356°.001 U4.210 20910 3 3.000 010 1 0
29 .313 .377 .154 4,163 9150 3 .678 001 2 0
30 .305 .370 .142 2.954 8280 .2 .363 001 2 0
31 .300 .366 .130 2.954 8280 2 .743 001 2 0
32 .286 .356 .107 2.954 18700 2 1.341 010 2 0
33, 277 347 .095 2.954 3920 © 1 .893 001 2 0
34 .271 .346 .073 3.849 6970 2 .904 010 2 0
35 .295 .361 .073 3.790 20470 3 1.250 001 2 0
36 .315 .374 .107 3.787 41820. 3 9.240 100 2 0
37 .334 .387 .170 3.787~ 8710 2  ,434 100 2 0
38 .345 .395 166 U4.313 6100 1 .959 001 2 0
.39 .238 .329 .054 3.849 10020 2 .362 001 2 0
40 >go1 .309 .028 3.851 39640 3 .001 000 2 0

[
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Appendix 5.1 Regressed Variables: All Sites, Continued

Site

ID
No.

41
42
43
hy

45
46
47
h8

49
50
51
52

53
54
55
56

5T
58
59
60

61
62
63
64

DCC ARD . DK 1log TV

.192
.209
.213
.221

227

.305

.309
311
.318

.318

.237 326

0231
.233

.168
. 113
. 107
.098

.088
.103
121
. 155

.162
.169
oOTT
.0TH

.055
.025
¢038
.0“5

.050
.065
111
.106

.158
.153
.158
.126

.062
.055
.048

.023
'1""
.134
.169

320
.321

.295
.272
.270
.265

.262
.267
.275
.289

0289
.292
.258
-25“

.2U49

2Ly
.2u7’

.250

.250
+256
275
.263

.286
.281
.285
. 27”’

-2"1
.234
.233
.235

.239
0252
242
.283

.001
.001
.001
.001

.001
.001
.045
. 050

.026
.059
.043
.038

.009
.001
.001
.001

.001
.001
-038
. 05“

.038
.001
.001
.001

.001
.001
111

E983

133
133

-133
0083

.033

001

.001
001

.001
.052
.001
LUy

4.055
4.020
4,020
4,020

4,020
4.056
2.954

2.954

3.906

‘4.040

3.587
3-587

3.587
4.018
4,244
4.018

4.018
4,055
h.111
4.254

4,273
4.273
3.993

3.993
4

S5
£t°

17860
5230
3920
6530

3920
10450
5660
6100

64470
6530
10890
3920

4360
5230
47040
6530

5660
4360
30490
16990

15680
T410
22220
8280

4360
15680
37900
24830

6100
6100
4360
43560

27010
7410

3920
22650

16120
63160
123710

4360

- cat.

NEaa SN E —2aNa Naan

MDWRN W =

LWl N —

[ N —g \§ W - NI L) = —d -3

FAR

2.484

1.338
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- 1620
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. 57"
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1.573
. 689
1.102
.600

1.813
2.000

.580
2.940

2,544
5.539
5.507
2,649

.880
.911
2.588
2.283

1.491

.599
4.550
1.226

1.492
L] 655
.562

3.157

3.360

1.552°

2.870
2.563

2.792
1.752
2.313
_ 310

BA ZONE RDV
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100
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AppendLXe5;1 Regressed'Variables: All Sites, Continued

-~

Site . '
1D DCC 'ARD_ DK 1log TV Zss; FAR . BA ZONE RDVMT
No. ft® cat. 123 DUMMY
.81 . .116 .255 .085 X4.242 3920 1 2.487 010 1 0 -
82 -095 .253 ..085 4,217 3920~ 1  .893 010 1 0
83 177 .280 .123 4,383 16550. 2 .411 001 3 -0
84  .193 .288 .123 A4.140 7840 2° .536 001 3 0
L]
85 .210 .293 .128 4,186 . 24830 3 .u31‘§g1 3 - 0
86 . .203-.284 .109 3.193 14810 -2 .527 681 3 0
87 .187 .274 .099 3.193 10890 2  .689 001 3 0
88 .170 .270 .088 4,266 29620 3 .728-p10 2 0
89 - .161 .271 .102 4.016 13070 2 .BY3001 2 0
90 -169 .275 .111 14,016 20470 © 3 ,001M000 2 . 0
91 .176 .283 ,135 4,016 7840 . 2 1.205 001 '3 .0
92 .182 .286 .144 14,383 5660 1 1.193 001 3 .. 0
93 .253 .273 .001 4.055 14810 ° 2 1.089 001 1 0
ol .231 .263 .001 %.055 16120 ~2 .690 010 1 0
95 .219 .259 .001 4,055 10020 2 2,000 010 1 0
96 .207 .255 .001 4,055 -9580 2 1.253 001 1 0
97 .197 .252 .001 4,055 6530 2 1.685 001 1 0
98 .188 .249 .001 4.179 7840 2 2,000 010 1 0O
99 .190 .252 .021 3.574 6100 1 1.107 Q10 1 0-
100 191 .254 .031 3.574 3920 1 1.16% 001 " 1 0.
101 .206 .266 .043 3.5T4 22650 3 - .344 010 1 0
102 -214 .273..080 2.941 11330 2 .00t 000 3 0
103 .232 .277 057 3.696 6970 2  .344 001 7 0
104 - .250 .280 .043 ,000 13500 2 .889 001 1 0
105 .232 .272 .045 ,000 6970 2 .689 001 1 0
106 .242 .282 .062 3.696 5230 _1 478 001 7 0
107 .260 .291 .064 3.696 11760 2 ,638 001 7 0
108 .276 .298 .064 3,738 4360 1y 688 001 7 0
: k)
109 " .311 .316 .043 4.082 .50100 4  .001 0OO 1 0
110 .375 .314 .001 4.267 8710 2 .207 100 1 0
11 .313 .307 .001 4.055 16120 2 1.520 001 1 0
112 -299 .298 .001 4,055 "15250 2  .918 001 1 0
113 .287 .288 ,001 4,055 5660 1 1.060 010 1 0
114 .280 .284 ,001 4.074 4790 1 1.597 001 1 0
115 244 .307 .130 4.196 12630 2  .594 001 3 0
116 .252 .307 .129 4.151 4790 1  .5T4 001 3 0
117 .268 .317 .125 4.151 17860 2 .722 100 3 0
118 <197 .332 .123 4,151 13500 2 -.222 001 ¢ 0
' 119 .309 .339 .123 4,151 8710 2 .448 001 9
120 .319 .343 .130 4,151 4360 1 .459°001 9 0



\ 188

- -

Appendix 5.1 Regressed Variables: All Sites, Continued

Site ’ : ,
1D .DCC ARD ~DK 1log TV 2ss FAR BA ZONE RDVMT
No. \R ft cat. ) 123 DUMMY

121 .350 .366 .123 4.338 10020 2 .719 010 9 0
122 .354 .366 .123 3.881 150 2 .536 001 ¢ 0
123 .331 .346 ,102 1.000 410 2  .425 001. 7 0
124 .313 .331 .102 1.000 5230 -1 .382 001 7 0
125 ‘w321 .337 .102 1,000 5230 1 4o2 001 7 0
126 L3484 .352 .104 3.881 4790 1 .522 001 3. 0
127 ° .339 .346 .097 .3.881 4790 1 .522 001 7 0
128 .322 .332 .085 3.696 3920 1 765 001 7 0
129 .310 .325 .085 3.696 - 4360 1 .573 001 7 0
130 .294 .321 ,088 3.696 33110 3 .776 001 7 0
131 .245 ,291 ,088 3.696 6100 1 410 001 7 0
132 .258 .304 .118 1.000 4360 1 459 001 7 0
133 .235 .290 .085 3.696 T410 2 ,675 001 7 0
© 134 - ,214 ,280 .090 3.815 6970 2  .603 001 3 0
135 .219 .285 .099 3.193 6970 2 .502 001 3 0
136 .224 ,290 .109 3.193 6970 2  .430 001 3 0
137 .230..296 .121 3.193 6970 2 .516 001 3 0
138 .299 .293 .001 4,324 28750 3  .939 100 1 0
139 .310 .301 ,001 4.055 6970 2 .588 001 1 0
140 .319 .309 .001 u4.174 -8710 2 .597 010 1 0
141 .325 .330 .085 3.354 7410 2 .304 001 g9 0
142 .331 .338 .104 3.354 10450 2 .239 001 9 0
143 .335 .345 .114 3.354 10890 2 .230 001 9 0
144 . ,349 ,360 .129 3.441 5660 -1 .265 001 ¢ 0
145 .307 .331 .129 3.000. 4790 1 .626 001 9 0
146 .310 .323 .099 2.699 5230 1 .287 001 9 0
147 .309 .320 .085 2.699 4790 1 .261 001 9 0
148 .320 .322 .066 3,989 4360 1 (516 001 9 0
149 .313 .317 .066 3.989 4360 1 .516 001 9 0
150 .306 .312 .066 3.989 4360 _ 1 16 001 9 0
151 .300 .307 .066 3.989 L34 . 001 ¢ 0
152 .112 .235 .001 4.352 3485 3 3.257\100 1 0
153 .139 .239 .001 4.103 12200 2 1.660 O
154 -151 .241 ,001 4./103 6970 2 1.227 100 1 0
155 .163 .242 .001 "4.103 12630 2 ,507 010 1 0
156 <175 244 ,001 4.103 11760 2 1.341 001 1 0
157 .182 .245 .001 u4.055 6530 2 .586 010 1 0
158 ~ .189 ,247 .001 4,055 7840 2 .918 010 1 O
159 201 .249 .001 4,055 10450 2 .651 001 2 0
160 .222 .253 .001 4.055 24830 3 4.007 100 1 0

N
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Site
ID
No.

161
162
163
164

165
166
167
168

169
170
171
172

173
174
175
176

177
178
179
180

181
182
183
184

185
186
187
188

189
190
191
192
£
193
194
195
196

197
198

199
200

.236 ,258

~2U43 ,261

.257 .267
.190 .251

.126 .246
172 .255
.201 .263

.210 ,265

.216 267
0225 -270
.253 .2B1
.266 .290

.255 .219
271 .301
.272 .306
.260 .300

.254 297
.240 .287
.228 .281
.218 .281

.1 65

212 .2Y9.

.159 .26

., 030 .234

.020 .23
LOU3 233
057 .231
071 .229

.082 ,236
071 .236
.061 .237
.041 ,238

.089 .246
.095 .250

.104 ,257.

.109 .255

.063 .255
.052 .250
.048 .249
.043 .248

001~

.001
.001
.038

.066

. 066

. 064
.066

.066
.066
:06”
|078

.088
. 102
.109
112

112

.088
.088
. 102

.085
.102
085

.001
.001
.001
.001

.036
I033
.031
.028

.069

.083
0092
.092

.0h1
.001
.001
.001

.OTH
.989

.239
.989

.989

-989
0989
0699

2.699
2.699
2.699
2.699

2-699
2.699
2.699
2.699

2.699

MW wWww LAJLULU-L‘- LAJ:'J‘-"

1 2.699
3.908

-006

.006
4.006
4.006

4.061
4,061
4.061

3.966

4,061
4.030
3 908

2.699

4. 140
3.993
(3.993

3.993

.989 .

989

I
4,287
4
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“DCC ARD DK log TV . 33

£1.2

5230
10450
13500
45300

6530
4790
653
566

5660
5230
6530
6530

26140
4790
10020
4360

4790
15240
8710
5660 -

21780
5660
25700
4790

" 5660
16120
17860
8710

A0890
9580
13350
4360

ca

tl

- =N ENN -

- N

20910

6530
5660
1360

16550
3920
3920
3920

’

—_ = P - NN NN = -l =

— b )

— ) = L) NN = =

FAR

.248
.001
1.300
.001

919
.626
.536
.530

.530
.516
.322
490

|390
271
299
482

.T31
.U400
.3“”
.353

-691
.353
L2
1.973

2.583
1.973
1.937
1.837

.001
.001
.001

2.752

.001
1.832
.848
917

2.592
5.357
3.125
3.125

Regressed Variables: All Sites, Confinued
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Appendix 5.1 Regressed Variables: All Sites, Continued

Site
1D DCC ARD DK 1log TV 5SS FAR BA ZONE RDVMT
No. B 4 cat. 123 DUMMY
201 .038 .247 .001 3.99%) 7410 2 2.510 001 1 0
202 .024 242 ,001 4.281-. 17860 2 4,516 001 1 0
203 . .057 .2u8 .038 3.966 9580 2  1.628 001 1 0
204 .068 .249 .050 4,298 7410 2 2.368 001 1 0
205 .079 .258 .045 U4.164 10020 2 .001 000 1 0
206 .059 .251 .033 4.122 17420 2 1.910 001 1 0
207 .109 .269 .076 3.525 9580 2  1.425 001 2 0
208 .152 .291 .125 3.983 4360 1  1.101 001 2 0
209 .09% .260 .071 U.329 18730 2 1.839 001 2 0
210 .113 .268 .095 4.030 4360 1 .573 001 2 0
211 .130 .277 .090 4.198 40510 3 .318 001 2 0
212 .139 .281 .123 4,030 4790 1 .626 001 2 0
213 .148 .286 .133 4.230 5230 1 .860 001 2 0
- 214 - 146 .285 .121 3.797 6530 2.  ,459 001 2 0
215 .187 .301 .001 4.088 4360 1 1.376 010 1 0
216 .178 .299 .001 4,018 6970 2  1.492 001 1 0
217 .168 .295 .001 4.018 9150 2  1.902 0071 1 0
218 .159 .291 .001 4.018 9580 2 2,000 100 1 0
219 .146 .284 .001 4.018 4360 1  2.980 001 1 0
220 .137 .282 .001 L4.018 17420 2 2.790 001 1 0
221.  .123 .277 .001 H4.018 6970 2 #4.000 001 1 0
222 .114 .273 .001 4,018 8280 2 2.220 001 1 O
223 .085 ,263 .001 4.395 6970 2 .001 000 1 0
224 .108 .269 .031 3.600 11760 2 .001 000 1 0
225 .109 .271 .043- 3,600 . 6100 1 .607 001 2 0
226 <111 272 047 4.134 7410 2 1.032 010 1 O
227 .134 .281 .031 3.984 7840 2  1.212 001 1 0
228 .162 .293 .031 4.059 36150 3  1.258 001 1 0
229 171 .297 .031 3.262 11330 2 1.688 001 1 0
230 .157 .293 .071 L.353 77100 & .647 001 2 0
231 .159 .295 .095 3.983 20470 3 .T77 010 2 0
232 .154 .292 .104 3,525 10020 2 7459 001 2 0
233 .196 .314°.090 .3.981 17860 2 .280 010 2 0
23} .289 .356 .00% 4.209 11330 2 1.787 010 1 0
235 .270 .344 .001 4.020 9150 2 1.421 010 1 0
236 .251 .333 .001 4,020 20910 3 '3.121 100 1 0
237 .230 .322 .001 4,020 6530 2 2.593 001 1 0
238 .202 .309 .001 4.090 10020 .2 1.280 010 1 0
239 .213 .315 ,033 4,006 23520 3 202 010. 1. 0
240 - .264 .340 .033 4.147 58930 4  2.444 100 1 0
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Appendix 5.1 Regressed Varlables: All Sites, Continued

Site
ID
No.

241
242
243

24

245
246
2u7
248

S 249

250
251
252

253
2514
255

256
257

258
259
260

261
262
263
264

265
266
267
268

269
270
271
272

273

274 -

275
276

277
278
279
280

DCC ARD DK log TV

.286
.382
-356
34

.320
.318
354
.356

.348
.370
.383
.388

AT
. 453
U35
L1420

U428
<473
LU70
-391

.315
-334
.224

- .099

<1
4176

.025%

L] 062

.13

LUy
.325

.266

.299
112
.151
.222

257
071
0095
.159

.363
423
.403
.392

377
.378
-4Q5
413

U1
.428
Iu38
450

-510
L1487
470
LU5T

467
-508
.51
-4

<312
.361
- 272
.226

.219

.239°

176
.16

L 26"
.219
.338
.300

.324
.212
. 287
.226

277
. 187
175
. 166

o073
.001
.001
.001

.001
.033
.033
.073

107
107
. 107
. 107

.001
.001
.001
.001

.033
.033
.073
.001

.170
.001
.038

<11
0083
.001
u033

.001

5052‘

.001
.125

.001
.001
.001
.001

.001

.001

. 083
.001

4.273
b.195
3.956
3.956

h.169
3.757
4.091
4,102
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SS
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87120
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15680
10450

20910

6530
40950
72750
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12200
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6530
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8710
6530
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Appendix 5.1 Regressed Varlables: All Sites, Continued

" Site _
1D DCC ARD DK 1log TV 558 * FAR  BA ZONE RDVMT
No. ft< cat. 123 °  DUMMY -

281 .251 .312 .001 4,020 20910 3 5.429 010
282 .264 .325 .033 4.147 58930 4 .023 010
283 .286 .349 .073 4.273 87120 4  .001 000

2

1
1
1
284 .318 .312 .033 4.055 - 6530 .827 001 1

NN —

L
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Appendix 5.2 Redevelopment Simulation Computer Program

eloReRvieRe e

THIS PROGRAM SIMULATES REDEVELOPMENT BY CALCULATING
THE REDEVELOPMENT POTENTIAL OF EACH SITE AND
RANDOMLY SELECTING A FORECASTED NUMBER OF SITES

FOR EACH TIME PERIOD.

PR

DIMENSION D(259,8), DIST(13), E(259), MF(10),
C IS(259), ISR(259), P(259), IPP(259),
C QD(36), Qx{36), Q¥(36), IR(259,100), IX(H),
€ ‘XLCX(259), XLCY(259), ADRA(259), ADRB(259), ADRC(259),
C ADRD(259), ADRE(259) o .

DO 10 I=1,259

READ(Y4,2) XLCX(I), XLCY(I), E(I)
FORMAT(1X,3F6.0)

CONTINUE

DO 11 I=1,10
READ{3,7) MF(I)
FORMAT(I2,3X)
CONTINUE

© DO 12 I=1,36

READ(2,4) QD(I), QX(I), QY(I)
FORMAT(3F5.0) ¢
TONTINUE

DO 13 1=1,259

READ(1,8) ADRA(I), ADRB(I), ADRC(I), ADRD(I), ADRE(I)
FORMAT(5AL)

CONTINUE
READ(5,1)((D(I,d), J=1 ,259)
FORMAT(I4,2F5.3,5%,F6. 0,13%,12,211,6X)

[N L)

6
1T=1
~ICONT=9

1000 IPMAX=0

IPSUM=0
ICOUNT=0
IPPSUM{1)=0
ITYR=IT+1979
ITM=0

ICHK=0

" NT=0
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Appendix 5.2 Redevelopment Simulation Computer Program,

Continued
C
DO 20 I=1,259
P(D(I,1))=(1.42.T18%#(-1.%(-10.96+24.02%(D(I,2))
cuéb. 28'(D(I 3))+4,.15%(D(I,4))+.77T*ID(1,5))~9.91"
 C(D(I,6))-2.08%(D(I,7))-1.63%(D(I,8)))))I#¥( 1)
c
IF(P(D(I,1)).LT..005) GO TO 20
ICOUNT=ICOUNT+1
IPP(ICOUNT)=IFIX((P(D{(I,1))*100.)+.5)
IS(ICOUNT)=D(I,1)
IPSUM=IPSUM+IPP( ICRUNT)
IF(IPP(ICOUNT)-IPMAX) 20,22,22
22 IPMAX=IPP(ICOUNT)
20 CONTINUE
C

DO 130 I=1,ICOUNT
DO 140 J=1,(IPP(I))
IF(I.NE.1. AND.J.NE.1) IR(I,J)=IR(I,(J=1))+1
IF(I.EQ.1.AND.J.EQ.1) IR(I,d)=1
IF(I.EQ.1.AND.J.NE.1) IR(I,Jd)=IR(I,(J-1))+1
IF(I.NE.1.AND.J.EQ.7) IR(I,Jd)= IR((I 1), (IPP(I~ 1)))+1
140 CONTINUE
130 CONTINUE

IF(MF(IT).EQ.0) GO TO 35
DO 30 J=1, (MF(IT))
31 IX(3)=(IFIX(RND(1)#(FLOAT(IPSUM))+.5))
TF(IX(J).LT.1) GO TO 31
DO 40 I=1,ICOUNT
DO 50 K=1,IPP(I)
IF(IX(J).EQ.IR(I,K)) GO TO 55
(50 CONTINUE -
40 CONTINUE

55 ISR(J)=IS(I)
IF(J.EQ.1) GO TO 56
ICHK=ISR(J)
NT=J-1 ‘ !
DO 65 N=1,NT
IF(ICHK. EQ ISR(N)) GO TO 3
65 CONTINUE
56 ICONT=ICONT+1

QD(ICONT)=FLOAT(ITYR)
QY(ICONT)=XLCY(ISR(J))
QX{ICONT)=XLCX(ISR(J))

DO 32 1I=1,259 g
NA=O ' :
IF(D(I,1)}.NE.ISR(J)) GO TO 32
NA=I



c

195

Appendix 5.2 Redevelopment Simulation Computer Program,

Continued .

D(NA,6)=1.

D(NA,T):O.

D{NA,8)=0.
32 CONTINUE

E(ISR(J))=0. )
30 CONTINUE , .

35 WRITE(6,601) ITYR ! : :
601 FORMAT(1H1,//,1X,'SUMMARY OF SIMULATION OF FORECASTED ',
C'REDEVELOPMENT',/,1X, 'IN KITCHENER IN',1X,1X,15,///)

WRITE(6,999)((D(1,J), J=1,8), I=1,10)
999 FORMAT(1X,I3,2F5.3,F6.3,1X,F2.0,I2,21I1)
WRITE(6,604) '
604 FORMAT(1X,//,1X,'SITES WITH ATTRACTIVENESS INDEX > 0:',/)

DO 220 I=1,ICOUNT

WRITE(6,605) IS(I), IPP(I)
605 FORMAT(10X,I3,':',2X,I3) .
220 CONTINUE

WRITE(6,606) IPSUM, IPMAX '
606 FORMAT(1X,//,1X,'THE SUM OF THE ATTRACTIVENESS INDICES:',

C2X,15,//,1X, '"THE MAXIMUM ATTRACTIVENESS INDEX VALUE IS:',
C2X,13,//) |

WRITE(6,609) ITYR, MF(IT) _
609 FORMAT(1X,//,1X,'THE FORECASTED AMOUNT OF REDEVELOP',

C'MENT IN',1X,I4,*,',/,1X,'IN TERMS OF NUMBER OF SITES, ',
C'1S',1X,F2.0,//)

IF (MF(IT)Y EQ.0) GO TO 241

DO 230 J=1,(MF(IT))
WRITE(6,610) ADRA(ISR(J)), ADRB(ISR(J)), ADRC(ISR(J)),
C ADRD(ISR{J)), ADRE(ISR(JS), ISR(J), XLCX(ISR(J)}),
C XLCY(ISR{(J)), IX(J), P(ISR(J)) -
610 FORMAT(1X,//,1X, 'REDEVELOPMENT IS PREDICTED AT',1X,
C5A4,2X,'- SITE',1X,I3,1X,'(',F5.0,',',F5.0,') -',
C/,5X, '"RESULTING FROM IX(J)=',IL,1X,'AND PROB.=',1X,F5.4)
230 CONTINUE

241 WRITE(6,613) IT, ITYR
613 FORMAT(1X,//,1X,'END OF RECORD FOR TIME PERIOD',
CI3,1X,"'(",I4,*)") :

IT=IT+1
ITM=IT-1
IF(IT.EQ.11) GO TO 500



196

Appendix 5.2 Redevelopment Simulation Computer. Program,

C
<, DO 80 I=1,259

IF(E(I).EQ.999.) GO TO 80
E(I)=E(I)+1.
IF(E(I).LT.15.) GO TO 81
IF(E(I).GT.15..AND.E(I).LE.53.) GO TO .82
IF(E(I).GT.53.) GO TO 83 ) ,

81 DO 37 J=1,259 '
IF(D(J,1).NE.FLOAT(I)) GO TO 37
D(J,6)=1.
D(J,7)=0.
D(J,8)=0.

37 CONTINUE
GO TO 80

82 DO 38 J=1,259
IF(D(J,1).NE. FLOAT(I)) G0 TO 38
D(J,6)=0.
D(J,7)=1.
D(J.8)=0. *

38 CONTINUE
GO TO 80

83 DO 39 J=1,259
IF(D(J,1).NE.FLOAT(I)) GO TO 39
D(J,6)=0.
D(J,7)=0.
D{(J,8)=1.

39 CONTINUE

80 CONTINUE

DO 90 I=1,259
DSUM=0.
Y=0.
ICNT=0
DO 100 M=1,ICONT .
Y=(FLOAT(ITYR))-QD(M)
IF(Y-5.)102,102,100
102 ICNT=ICNT+1
DIST(ICNT)=SQRT((XLCX(D(I,1))~ QX(M))*'2+(XLCY(D(I 1))
C-QY(M))#%2)
DSUM=DSUM+DIST{ICNT)
100 CONTINUE
D(D(I,1),3)= ((DSUM/ (FLOAT(ICNT)))®*12.5)/5280.
90 CONTINUE
C
GO TO 1000
500 WRITE(6,700)((D(I,J), J=1,8), I=1,259)
700 FORMAT(1X,I4,2F6.3,F7.3,21I2,2I1)
STOP
END
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Appendix 5.3.1 Site Attributes, 1980, Continued

Site
ID - DCC "ARD log TV SS BA
No. cat. 123 .
41 .192° .305 4.055 2 010
42 .209 . .309 4.020 1 001
43 .213 311 4.020 1 100
4y .221 .318 4,020 2 001
45 .227 .318 4.020 1 001
46 .237 .326 4,056 2 001
47 .231 .320 2,954 1 001
48 .233 .321 2.954 1 010
49 .168 .295 3.906 ~ 4 001
50 113 272 4.0u40 2 010
51 . 107 .270 3.587 2 001
52 .098 .265 3.587 1 100
53 .088 .262 3.587 1 001
54 .103 .267 4.018 1 010
55 121 .275% 4,24y y 001
56 . 155 .289 4,018 2 001
57 .162 .289 4,018 1 001
58 .169 .292 4.055 1 001
59 077 .258 h.111 3 100
60 074,254 4. 254 2 010
61 .055 .249 3.949 2 001
62 .025 .24}y 4.273 2, 100
63 .038 247 4.273 3 001
64 .045 .250 . 3.993 2 001
65 . 050 .250 3,993 1 001
66 .065 .256 4,137 2 010
67 .11 275 4.359 3 100
68 .106 .263 4.266 3 010
69 .158 .286 3.529 1 001
70 .153 .281 4,128 1 001
T .158 .285 4.128 1 001
T2 .126 27U 4,094 3 100
73 .062 241 4.313 3 100
T4 .071% .234 4,338 2 010
75 .055 .233 4,006 1 001
76 .048 .235 4,006 3 001
17 .023 .239 4,279 2 001
78 .14y .252 4,341 4 100
79 . 134 242 4.449 ! 100
. 80 .169 .283 4,432 1 010
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Appendix 5.3.1 Site Attributes, 1980, Continued

Site

ID  DCC ARD log TV  SS * BA
No. ' cat. 123
81 116,255 4,242 1 010
82 .095 ,253 4.217 1 010
83 177 .280 4,383 2 001
84 . ,193 .288 4,140 2 001
85 .210 .293 4,186 3 001
86 .203  .28Y4 3.193 2 001
87 187 L2714 3.193 2 001
88 170 .270 }.266 . 3 010
89  .161 .27t ‘u.016 2 001
90 .169  .275 4,016 3 000 -
91 L1176 .283 4.016 2 001
92 .182  .286 4,383 1 001
93 .253  .273 4,055 2 001
9k .231 .263 4.055 2 010
95 w219  ,259 4,055 2 010
96 207  .255 . 4_055 2 001
97 .197  .252 4.055 2 001
98 .188 249 4.179 2 010
99  ,190 ,252 3.574 1 010
100 .191 25 3.574 1 001
101 .206  .266 - 3.574 3 010
102 214,273 3.941 2 000
103 232,277 3.696 2 001
104 .250 .280 .000 2 0041
105 .232° 272 .000 2 001
106 242 282 3.696 1 001
107 260  .291 3.696 2 001
108 .276 ~ .298 3.7%9/\{ 1 001
109 311,316 4,082 4, 000
110 375 .314 4.267 2 100
111 .313  .307 4.055 2 001
112 .299  ,298 4,055 2 001
113 .287  .288 4,055 1 010
114 .280  .28%4 4.074 1 001
115 244,307 4.196 2 001
116 .252 ,307 4.151 1 001
117 .268  .317 4.151 2 100
118 197 0 L3320 4,151 2 001
119 .309 .339 4,151 2 001
120 319  ,343 4,151 1 001
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Site Attributes, 1980, Continued

200

Appendix 5.3.1

Site .

1D DCC ARD log TV  8S BA
No. cat. 123
121 .350 .366 4.338 2~ 010
122 .354  ,366 3.881 2 001
123 .33 .346 1.000 2 001
124 313 .31 1.000 1 001
125 .321 .337 1.000 1 001
126 344,352 3.881 1 001
127 .339 .346 3.881 1 001
128 .322 .332 3.696 1 001
129 .310  .325 3.696 ) 001
130 .294 .321 3.696 3 001
131 245  ,291 3.6G6 1 001
132 .258  .304 1.000 ) 001
133 .235  .290 3.696 2 001 -
134 214,280 3.815 2 001
135 4219 .285 3.193 P 001
136 .224  .290  3.193 > %Xoo1
137 .230 .296 3.193 2 001
138 .299 .293 4,324 3 100
139 .310 .301 4,055 2. 001
140 .319  .309 4.174 2 010
141 .325  .330 3.354 2 001
143 .335  .345 3.354 2 001
144 .39  .360 3,441 1 001
145 .307  .331,  3.000 1 001
146 .310 .323-, 2.699 1 001
147 .309 .320 2.699 1 001
148 -  .320 .322 3.989 1 001
149 >§13 317 3.989 1 001
150 -.306 “ .312 3.989 1 001
151 .300 .307 - 3.989 1 001
152 112 .235 4,352 3 100
153 .139 .239 4.103 2 001
154 .151 .21 4.103 2 100
155 .163  .242 4,103 2 010
156 . 175  .244 4,103 2 001
157 .182  .2us5 4.055 2 010
158 .189  .2u47 4,055 2 010
159 .201 .249 4.055 2 001 ~
160 222 .253 4,055 3 100
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Appendix 5.3.1 Site Attributes, 1980, Continued -

Site
ID DCC ARD log TV SS BA
No. cat. 123
161 .236 ,258 4b.055 _ 1 010
162 243,261 4,055 2 000
163 257  .267 4,074 2 100
164 .190 .251 3.989 y 000
165 .126 .246 4,239 2 001
166 172 .255 3.989 1 001
167 .201 .263 3.989 2 001
168 .210 .265 3.989 1 001
169 .216  .267 3.989 1 001
170 225 ..270 3.989 1 001
171 .253 ,.281 3.989 2 001
172 .266 ,290 2.699 2 001
173 .255 .219 2.699 3 001
174 271 .301 . 2.699 1 010 .
175 272 .306 2.699 2 001
, 176 .260 .300 2.699 1 001
177 .254 . 297 2.699 1 001
178 .240  ,287 2.699 2 001
179 .228 .281 2.699 2 001
180 .218 .281 2.699 1 001
181 177 .265 2.699 3 001
182 212,279 2.699 1 010
183 .159  .263 3.908 3 001
184 .030 .234 4,006 - 1 001
185 .020 .237 4 287 s 001
186 ~s043  .233 4,006 2 010
187 .057  .231 4,006 2 010
188 071 .229 4.006 2 100
189 .082 .236 4,061 2 000
190 .071 .236 4,061 2 000
191 .061 .237 4,061 2 000
192 .0l1 .238 3.966 1 001
193 .089 .246 4,061 3 000
194 .095 .250 - 4.030 2 100
195 ° .104 ,257 3.908 1 001
196 .109  .255 2.699 1 001
197 .063 ,255 4,140 2 . 001
198 .052 ,250 3.993 1 010
199 .048 .249 3.993 1 001
200 .043  ,248 3.993 1 001
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Appendix 5.3.1 Site Attributes, 1980, Continued

Site
T ID DCC ARD log TV  SS BA
No. cat. ' 123
201 .038  .2u7 3.993 2 001
202 . .024  .242 4.281 2 001
203 = .057 .2u8 3.966. 2 001
204 .068 .29 4,298 2 001
205 .079 .258 k,164 2 000
206 059  .251 4,122 2 001
207 .109  ,269 3.525 2 001
208 .152  .291 3.983 1 001
209 .096 ~ .260 4.329 2 001
210 .113  .268 4,030 1 001
211 .1%0 . .277 4.198 3 001
212 <139 ,281 4.030 1 001
213~ .148  ,286 4.230 1 - 001
214 146  .285 -3.797 2 001
215 .187-  .301 4.088 1 010
216 178 .299 ‘4.018 2" o001
217 - .168  .295 4.018 2 001
218 .159 \.297 4,018 2 100
219 146 284 4,018 1 001
220 137  .282 4.018 2 _ 001
221 .123  .277 4,018 2 001
222 L1187 ,273 4,018 2 001
223 .085 ,263 4.395 * 2 000
224 .108  .269 3.600 2 000
225 .109 .27 3.600 1 001
226 L1110 .272 4,134 2 010
227 L1340, 281 3.984 2 001
228 = .162 .293 - L.,059 3 001
229 ©171 .297 3.262 2 001
-+ 230"  .157 .293 4.353 4 001
231 .159  .295 3.983 3 010
232 - .154  ,292 3.525 - 2 001
233 .196 . .314 3.981 2 010
234 .289° .356 4.209 2 010
235 .270-  .344 4,020 “2 " 010
236 251 .333 4.020 3 100
237 .230 .322 4,020 2 001
238 .202  .309 4.090 2 010 _
239 213 .315 4.006 3 010
240 264 .30 4.147 4 100
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Appendix 5.3.1 Site Attributes, 1980, Continued

Site ' .
ID DCC ARD log TV SS BA
No. . cat. 123

241 .286 .363 4.273 Yy 100

242 .382 423 4.195 3 010

243 .356 L1403 3.956 2 000

244 341 .392 3.956 2 001

2ls . 320 377 4-,169 3 010

246 .318 .378 3.757 2 100

247 .354 405 4,091 3 000

248 .356 1413 4,102 Y 000

249 .348 11 3.980 3 001

250 .370 428 3.703 2 001

251 .383 438 3.703 2 o0

252 .388 450 2.301 2 001

253 477 510 4.473 3 010

254 - 453. 487, h.172 2 000

255 U435 470 4.172 2 010

256 420 LA5T 4.332 2 000

257 428 U7 3.960 3 001

258 473 .508 4.2390 3 010

259 470 511 4.354 y 001
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Appendix 5.3.2 Non-Redeveloped Sites: Location and Age Data

Site: Location  Bldg. Site Location  Bldg.

ID Coordinates Age ID Coordinates Age

No. X Y (¥rs) No. X Y (Yrs)
1 -183. 28. 65. 5 =143, 61. 65.
2 =190, 6 =145, 55. 65.
3 -153. 7 =149, 53. 65.
L 8 -151. . 50. 65.
9 ‘158- 13 —1710 39- M 65.
10 -159. 14 =175, b2, 65. -~
11 =-163. 15 =168. 50. 65.
12 -164. 16 -164. 55. 65.
17 -161. 21 =140, =1. 31.
18 -=151. 22 =145, -2. 65.
19 -136- 23 -157- “30 .3u-
20 =135, 24 -141, 28. 16.

25 =140, 33. 65. 29 w-11u\\%\g;) 65.
26 -110. 16. 65. 30 -114, . 65.

27 =111, 3. 32. 31 ~114, 55. 65.
28 =122, 2. ,33. 32 =111, 47, 65.
33 -110.  40.  65. 37 -126.  63. 4.
3“ -110. 31-' 20- 38 -128| 10- 65l
35 -=120. 33. 65. 39 -97. 25. 65.
.36 -123-' 50- 10- uo -830 17- 999.
41 -81. 4, 23. 45 -96, b, 65.
42 -88, 5. 59. 46 -100. by, 65.
u3. _90- 5. 11. u7 -960 18- 65.
hy  -93. 4, 65. 48 -96. 21. 29.
/49 66, 26, 65. 53 =-36. 10. 65.
50 -37. 30. 20. 54 -43. 7. - 20.
51 .-38. Zﬂ- 650 55 -us' 170 65-
520 -37O 19| 12. 56 -650 6- 65-
57. -68- 6. 65- 61 -7- 22- 65-
58 -71- 6. 65- 62 -50 9- 5-
59 -22\ 2". 13. 63 -11- 12. 65-
60 -9- 30. 52- 6“ -17- . 8- 650
65 -20- 7. 65- 69 -270 61- 65-
66 -26. 9. 18. 70 -18.  62. 65.
67 -8. 59, 3. 71 -22. 63. 65.
68 -8. by, 31. T2 -23. ug, 11,
73 17. 20- 8.“ 77 50 ' 8- 65-
T4 29. 8. 22. 18 54. 28. 7.
75 22. . 8, 65. 79 55. 13, 8.
76 19. 8. 65. 80 27.  66. 49,
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Appendix. 5 3.2 Non-Redeveloped Sites: Location and Age Data,
Continued

Site Location Bldg. Site Location Bldg.

ID Coordinates Age ID Coordinates Age
"No. X y (Yrs) No. X Y (Yrs)
81  27. M. 45, 85 64, 1. g5,
82 . 9. 39. 4qg. 86 68. 52. 65.
83 48, 57, 65. 87 65. 45, 65. -
8} 54,- 61, 65. + 88 53. U7, 16.
89 ue. 50. 65. 93 106. 1. h5.
90 ' 49, 52, 999, 94 97. 9. 53.
91 42, 61, 65. 95 92. 9. 26.
92 41. 65, 65. 96 87. 9. 65.
97 83. 7. 65. 101 83. 26. 30.
98 79. 6. 25. 102 84. 33, 999,
99 79.  13. 16. 103 93.  30. 65.
100 79. 16, 65. 100 103, 23, 65.
- 105 95. 23. 65. 109  129. 25, 999,
106 97.  32. 65. 110 137. 6. 2.
107 105. 32, 65. 111 132, 9. 65.
108 112, 32, 65. 112 126.  10. 65.
113 121, 7. 32. 117 95. 61, 11.
114 148, 7. 65. 118  110.  60. 65.
115 82. 62, 65. 119  116.  60. 65.
116 88.  60. 65. 120 121, 59, 65.
121 135.  60.  s0. 125  127. 48.  65.
» 122 139. 55,  65. 126 138. U6, 65,
123 131. &g, 65. 127  137. 42, 65.
124 123. 48, - 65. 128 130.  Ao. 65.
129  125. 10, 65. 133 89. iy, 65.
130 115. 47, 65. 134 80. 42, 65.
131 94, 43, 65. 135 80. 46, 65.
132 96. 52, 65. 136  80. s0. 65.
137 80. 55, 65. 141 130, -4k, 65.
138 125. -16. 1. 142 130. -51. 65.
139 130. -13. 65. 143 130. -56. 65.
140 134, -12, 16. 144 133, -64, 65.
145 - 114, -62. 65. M9 127. -37. 65,
W6 121. -so0. 65. 150 124, =137, 65.
W7 122. -1s, 65. 151 121, -37, 65. .
148 130. -37. . 65. 152 46. -10. 1.
153 58, -9, ~ 65. 157  76. -10.  39.
- 154 63. =10. 15. . 158 79. -10. 39,
155 68. * ~10. 39. 159 8u. =11, 65.

156  73. -10.  65. 160  93. -11, 4,
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Site
ID
No.

161
162
163
164

169
170
171
172

177
. 178

179

180 -

185
186
187
188

193
194
195
196

201
202
203
204

209
210-.
211
212

217
218
219
220

225
226
227
228

233
231
235
236

Non-Redeveloped Sites:

5.3.2
Continued

Location Blég.
Coordinates Age
X XY (Yrs)
99- ‘12- us.
102- --12- . 999-
108. -10. 3.
7. =22. 999,
84, -36. 65.
88. -36. 65.
100. =37. 65.
105. -=40. .65.
92, -55¢ 65.
88. -50. 65.
83- -ugo 65.
76. -52, 65.
3. "8- 650
15- -10- 19-
22. =10. 50.
28- —10o 5.
11. "36 999-
3. -l0. h,

0. -4y, 65.
'7- -u5- 65-
-13- -90 65.
-60 _B- 65-
-10. -22. . 65,
‘9@ -27- 65-
—1u- -38- 650
=16, -5, 65,
"'22. "'SOI 65!
A“1”- -57- 65-
r70- -12. '65-
-66- -11- 15-
-61. -8, 65.
-STI -10. 65-.
-HO. -23- 65-
-39- -26o 650
-52. =22. 65.
-63. -26. 65.
- -66. <50. 31.
-121. =16, 21.
-113. -16. 20.
.-105- “150 1-
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Site
ID
. No.

165
166
167
168

173
174
175
176

181
182
183
184

189
190
191
192

197
198
199
200

205
206
207
208

213
214
215
216

221
222
223
224

229
230
231
232

237
238
239

240

Location
Coordinates
X Y
u1| _3]"0
63. =-36.
770 -36-
81. -36.
‘97o -u’?o
103. -50.
100. -=56.
95- -55-
58. -47.
73. =52.
u6o -ugc

9- -9-
26- -23-
20. =22.
13. =22.

b, -17.

-250 -9-
-20. -9.
-18. -9.
-16. 9.
—22. -25-
-16. =19,
-26, -38.
-28. -58.
-1“. -61.
-21. =58,
-78.  -12,
-7"'- -12.
-51. =10,
-47. -=10.
-35- "8-
-390 -20-
-69. =21,
-53- -uo-
-48.  -u7.
-40. 51,
~96. -14.
-8”. -114-
-86. -26.
-108, -28,

Bldg.
Age
(Yrs)

650
65.
65.
h5.

65-
49,
650

65. .

65.
32.
65.
65.

999,
999.
999.

65.

65.
49,
65.
65.

999.

65.
65.
65,

65.
65.
19.
65.

65.
65.
999.
999.
65.
65.

51,
65-

65.
48.
50.

1.

Location and Age-Data,

zt

e AT A w
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Appendix 5.3.2 Non-Redeveloped Sites: Location and Age Data,

Continued

Site Location Bldg. Site Location Bldg.
ID Coordinates Age ID Coordinates Age
No. X Y {(Yrs) No. X Y (Yrs)
241 ~109. =52, 1. 245 -134. 17,  17.
22  -~160. -20. 28. 246 -131. -29. g,
243 149, -19, 999. 247 -146, -32. 999,
244 -143. -18.. 65. 248 -142. -50, 999.

* 249 " -132. -b6l. 65. 253 «200., =24, 52+
‘ 250 ~142. -65. 65. 254 ~190. -23. 999.
251 -1’48. "65. 65. 255 -182- ""23- 31.
252 -=157. -b61. 65. 256 -~176. =-23. - 999.

257 -177. <~36. 65. 259 -188., -63. 65.
258 -196. -38, 33. ‘



Appendix 5.3.3

Location Coordinates
and Year, Redeveloped
Sites since 1976

Year.

1976
1976
1976
1976
1977
1977
1978
1978
© 1979

Location
Coordinates
X Y
~165 -5
93 -11
-126 63
3 B )
-8 59
™8 -8
=107 -31
137 6
125 -13
0 0
0 0
0 -0
0 .0
0 0
0 0
Q- 0
0 0
0 0
0o . 0
0 0
0. 0
0 0
0 0
0 0’
0 0
0 0
0 0
0 0
0 0
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Appendix 5.3.%4

Redevelopment Level Forecést:
Annual Number of Redeveloped Sites
and 5 Year Cumulative Totals

No. of
Time No. of Sites in
Per. Year Sites Previous
(/yr.) 5 Yrs.,
1980

- 1981
1982
1983
1984
1985
1986
1987
1988
1989

NE=20NE20MNN s
-

—
oL -1 &EWN —
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