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The urban landscape is an interspersed mixing of residences, shops, theaters, parks, 
natural areas, and a multitude of other uses. From the early days of the central markets, 
to the planned downtown, to the heavily planned super-regional shopping complexes, 
commercial landscapes evolve. There has been considerable research conducted on 
analyzing the commercial structure of urban environments in an attempt to better 
understanding the nature of retailing and its resultant impacts on the geography of the 
city. 

This research has three broad goals: a) to develop a technique that makes operational, 
in a systematized and objective manner, an approach to analyzing the structure of the 
commercial environment; b) to apply the approach within a GIS environment, and; c) to 
develop a generalized typology of urban commercial structure. The systematized 
analysis is a series of guidelines and statistics which can be applied in an objective 
manner. The development of the nearest commercial neighbor as a statistical measure 
of proximity to other commercial operations was the foundation of the approach to 
clustering commercial operations in to retail areas. 

To achieve the overall goals, three census metropolitan environments (Sudbury, 
Kitchener and Ottawa) were used as study areas. These cities represent small, medium 
and large census metropolitan environments, respectively, within Canada. Commercial 
locations for each city were extracted from a national database of locations and mapped 
in a GIS environment. For each study area, the nearest commercial neighbor values 
were generated and the appropriate statistics extracted. 

Commercial clusters were generated by using the average nearest commercial neighbor 
value and multiples of the median commercial neighbor value. These nearest neighbor 
and median values were inputted into a buffering routine as the buffer size. The 
resulting clusters were then compared to ortho-imagery and in the case of Kitchener, 
land use planning documents. Two approaches for cluster generation were employed; 1) 
Point-only where all individual addresses were used on the clustering, and; 2) Point plus 
Polygon where those commercial operations that existed within polygons (malls and 
central business districts) were removed from the dataset, the remaining points were 
then clusters and the polygons added back to the results. Finally the results from both 
clustering approaches were compared to land use parcels to assess accuracies of the 
technique. 

The results indicated that the overall method proposed was effective in determining 
commercial zones, and that the 2x iteration of the median nearest commercial neighbor 
technique yielded the most accurate results. Moreover, three main conclusions were 
drawn. The first was that there was a difference, and in some cases significant 



differences, between the land use planned commercial areas and areas that have grown 
larger through agglomeration. Secondly, there are density variations between core and 
suburban areas that, at times, resulted in a larger definition of a commercial area within 
the core because the lesser dense suburban areas having an impact on the nearest 
commercial neighbor values. Thirdly, there was considerable over-capturing of 
commercial areas when the buffer multiples were greater than 3x. In addition, the point 
plus polygon clustering technique indicated that while the defined areas were more 
accurate when the polygons were used, it was only in areas where those polygons were 
the main commercial cluster. In mixed areas, there was no discernable advantage to 
using the polygons. Furthermore, the removal of points had a strong impact of the 
nearest commercial neighbor values generated. Lastly, when dealing with polygons, the 
geographic arrangement of the commercial type became important. 

Based on the findings of the commercial zone analysis, a typology of commercial 
development was detailed. This typology contained three main geographic components, 
namely the core, suburb and gateway areas of the urban environment. Within each 
geographic location, a series of commercial forms were identified. This new typology 
allowed for the inclusion of historical remnants of landscapes and consequently allows 
for a comparison against older typologies. The typology employed a three part urban 
classification system which is applicable to any type of urban environment and, finally, 
the focus on geographic form removes the impact of store changes and the changes in 
the nature of commercial zones over time. 

This research has operationalized a systematic and replicable method of examining 
urban commercial location data for the purpose of determining commercial structure. 
This technique can be applied to future datasets easily and objectively allowing for a 
readily updatable typology; thus rendering it less static than previous typologies. It is the 
use of the technology, namely GIS, that adds this dynamism to the analyses. 
Furthermore, it has been demonstrated that the potential exists for using GIS to analyze 
commercial location data. 

This research has contributed to this evolution by analyzing the geography of 
commercial development during a snapshot in time. However, by developing a series of 
operational and repeatable techniques that focus on the geographical organization of 
commercial locations, it is hoped that the results will function as the conceptual and 
practical framework for commercial structural analysis of urban environments for future 
studies. 
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I N T R O D U C T I O N 

"Virtually since the dawn of civilization, we have organized our world in part around the 
function of shopping. Even the simplest agrarian societies needed places to assemble to 
trade in goods, and from that basic impulse came everything else - marketplaces, 
villages, towns, cities. 

Underhill (2004) 

1 . 0 I n t r o d u c t i o n 

During the last decade there has been a resurgence of interest among social 

scientists in the cultures of consumption and their associated spaces of retail capital 

(Lowe and Wrigley 2000). This period also coincided with the re-emergence of the study 

of commercial geography, and the discipline expanded its focus to include not only basic 

commercial location theory but the cultural and economic geographies associated with 

it. 

The biggest reason for this resurgence is that shopping is one of the most 

common place human activities and that these locations in which this consumption 

takes place have dramatically shaped the urban environment. Shops and shopping areas 

are common characteristics of virtually all settlements in the developed world. 

Therefore, it is not surprising that the commercial system is a prime area of study for 

many geographers. Following the development of central place theory as a means of 

studying service provision in rural areas, Proudfoot (1937) examined a series of urban 



environments and developed the first classification of urban commercial location. 

Subsequent commercial models examined the spatial patterns formed by the 

development of commercial activities within the urban area. 

This system, in essence, has three facets to the act of consumption: the demand-

side, the supply-side and the transportation and communication linkage between the 

two. The demand-side is comprised of the consumer but can be extended to include 

anyone or anything (in the case of a business) that acquires goods or services. The other 

side of the "consumptive coin" is the supply-side. This side is comprised of the retailers, 

wholesalers, and developers. It is the supply-side that this research focuses on as it is 

their location decisions and subsequent developments that have a lasting impact on the 

urban system and more specifically the commercial structure of that urban area. 

The third component comprises the transportation and communication aspects 

of the commercial system - the physical ability to access goods and services, shipping 

and transportation, communication, advertising, internet sales, electronic transactions, 

etc. The third facet permits the system to work. 

The urban commercial system becomes of primary focus because most of the 

population of the industrial (or westernized) world resides within the built environment. 

In Canada, approximately 78% of the country's population lives in areas defined as 

urban. Moreover, 83% of those who live in an urban area reside within the twenty-five 

largest urban centers (Canada 2003). In Canada, this indicates an urban system 

dominated by the largest cities. Consequently, it is the activities within these centers 



that are the focus of much public and academic concern. One of the largest and most 

important aspects of the urban system is the commercial environment. 

The commercial system is one of the major forces shaping the geography of our 

cities. The vitality, either actual or perceived, of a city is largely connected to the health 

of the central business district (CBD), otherwise known as the downtown core. Since 

this core tends to command a high concentration of commercial activity, it has become 

a surrogate for a city's economic health (Bunting and Millward 1998). The introduction 

of the regional mall into the urban fabric has created highly visible and highly accessible 

nodes outside of the CBD thereby changing the overall form of the commercial system. 

The continuing result has been the suburbanization of commercial development. These 

nodes shape our daily behavior and our perceptions of the city, but more importantly, 

they affect location decisions, other land uses and shape planning choices (Simmons 

1991). The end result is an urban form that is dominated by the commercial system. 

Over time, cities change and so does the commercial system. This changing 

system is a result of complex and often disruptive forces, both internal and external, 

such as geographical (physical) constraints and economic influences including a 

slumping or booming economy (Bourne 1997; Adolphe 2001). In addition, as the 

economy of many Canadian cities continues to move towards the service sector and 

beyond, the nature of our cities will continue to change and reflect the nature of the 

economy at that time. Furthermore change can also be caused, or accelerated, by 

competition between retailers. 



This competition coupled with population growth within our cities has forced 

retailers to find new and innovative ways to provide goods and services to consumers. A 

contemporary example is the new-format retailer. These retailers use large, warehouse 

style stores (volume sales) which result in cheaper overall prices for the consumer. This 

shift towards substantially larger stores caused a dramatic change in the commercial 

system because of the location within the urban environment where these stores were 

built. New locations needed to be sought when compared against the traditional "main 

street" style of retailing and even the enclosed shopping malls. These big-box clusters 

required large tracts of land, and good to exceptional access to major arteries and 

highways. This geographic requirement dictated suburban, and in many cases, urban 

fringe development, thus drastically changing the way the system worked. 

According to Jones and Simmons (1993) "the [commercial] environment, 

including our patterns of consumption, and the facilities that we use in the process of 

consumption, has always played a central role in social, economic, and geographic 

processes." The commercial system is one of the major forces shaping the overall 

spatial organization of our cities. 

Over the last twenty years, commercial services have moved from being an 

industry dominated by the general merchandise department store located within the 

core, to a dynamic environment comprised of numerous generic and specialty stores in 

a variety of sizes and styles. This has resulted in temporal changes to the form and 

function of these commercial zones. This change, initiated post World War II, exploded 

during the shopping mall boom of the 1970s and the subsequent big-box store growth 



of the early 1990s. This unparalleled growth has had an irreversible impact on our 

towns and cities. 

Throughout this period of change, consumers have been faced with an ever 

increasing selection, both in terms of stores as well as products. The result, as Wrigley 

and Lowe (2002) have identified, is a "retail culture". This culture has grown from being 

a downtown, traditional main street phenomenon - an area once exclusively reserved 

for the act of consumption - to a phenomenon that has integrated itself into almost 

every aspect of Canadian life. Our suburbs, airports, sporting complexes, arts centers, 

and almost any other possible area have become potential commercial destinations. So 

great has been the growth of retailing in these new forms that Lowe (2000) has 

suggested that the idea of the mall as a catalyst for housing development has been 

advanced to a stage where the introduction of a regional mall has become the catalyst 

for new city development. 

However, all these changes have not occurred evenly across the urban hierarchy. 

Change has been irregular and sporadic in some cities, and vigorous and consistent in 

others. What is known is that these changing commercial structures are having a 

profound impact on the spatial organization of Canadian cities. Within Canada, the 

commercial economy plays a vital role in the overall economic health of the country and 

the urban areas within it. An examination of the employment figures in Canada quickly 

illustrates that commercial services have become one of the most vital aspects of the 

economy (Canada 2003). Yet, commercial growth also contributes negatively in terms 

of urban sprawl through the continued development of low density commercial clusters 
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instead of a mixed use development style whereby both commercial and residential are 

integrated together (Bunting and Filion 1999), and the inequitable distribution of goods 

and services across the entire urban environment, sometimes referred to as 'deserts' 

(Wrigley 2002; Wrigley, Guy et al. 2002). 

This growth in employment also coincides with a change in attitude towards 

consumption. In addition to the necessities that shopping provides, it is now also 

regarded as a major leisure activity. The increasing mobility of consumers coupled with 

the idea of shopping as leisure has led to the reality that all commercial locations can 

become potential destinations. Therefore, the consumer has a wide variety of shopping 

environments or forms (malls, plazas, markets, downtowns) from which to choose from 

within their respective urban environments. This does not even include bordering or 

neighboring areas beyond their respective realm. The result is that any commercial area 

within the urban environment has the potential to attract anyone from anywhere within 

the same environment. The deciding factors are what the area has to offer - or more 

simply its functionality - and whether or not the costs (times and money) associated 

with traveling to that location are deemed acceptable. 

There has been a strong tradition of applied research in commercial geography, 

from the development of methods of analysis and forecasting that can be used to 

increase the profitability of new commercial locations, to the development of 

techniques that have been widely used in town planning practice to assess the impacts 

of existing and proposed commercial developments within the urban area (Guy, 1999). 



Research on the development of techniques for analyzing the geographic structure of 

the commercial system has been virtually non-existent. 

Wang and Jones (2002) wrote that "retailing has always been a prominent 

element of urban morphology. As a city evolves and expands, so does its retail sector." 

This statement echoes the sentiment of Underhill (2004) who stated that "virtually since 

the dawn of civilization, we have organized our world in part around the function of 

shopping." These two statements reflect a past, present, and future trend in urban 

society: namely, the act of consumption plays an integral role in the evolution and 

formation of our urban system. The spatial pattern of commercial locations within the 

urban area consequently has a strong influence on the overall form of that urban 

system. 

This dissertation addresses the need to examine this element of the urban 

system. This research uses the geographic information system as a vehicle to identify 

commercial zones in a systematized and objective way. These zones can then be 

categorized according to their respective form and function. This identification and 

categorization is then used in the construction of a generalized typology of urban 

commercial structure. 

1 . 1 D e f i n i t i o n s a n d T e r m i n o l o g y 

Before beginning an in-depth discussion of the commercial environment it is first 

necessary to understand what it is. The commercial environment is an overarching, 

somewhat ambiguous term used to describe the result of the interplay between the 

economic, social, political (planning) and physical (natural) environments of the urban 



system resulting in the provision and consumption of goods and services (Figure 1.1: 

Commercial System versus Commercial Structure). These components are organized 

into a system - the commercial system. 

The commercial system includes all retail activities, business and personal 

services, restaurants and entertainment services. It accounts for approximately 

seventy-eight percent of all jobs in Canada and therefore forms an important role within 

the Canadian economy (Canada 2003). More recently, this sector of the economy has 

undergone a period of globalization and rapid restructuring as a result of technological 

change and deregulation (Yeates 1998). In terms of scale, the commercial system 

functions at several interrelated levels ranging from the city, town or village to larger 

economic regions (i.e. Greater Toronto Area) to the entire country as a whole, known as 

Figure 1.1: Commercial System versus Commercial Structure 
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the national commercial structure (Simmons, Barbiero et al. 2000). 

In addition, the globalization of retailing has resulted in the evolution of a 

logistics system that has at its foundation with an ever increasing global focus. Products 

are being shipped from manufacturers located across to globe to consumers who are 

equally geographically dispersed. Furthermore this globalization has also meant 

increased selection of products, increased demand for "exotic" products and the ability 

to "consume" at a global level, the latter which has also increased competition. 

When dealing with a geographically orientated discussion on the commercial 

system, the concept of commercial structure dominates. At a basic level, the 

commercial structure of a city is simply the geographic realization or manifestation of 

the commercial system. However, it refers more specifically to the actual location of 

commercial activity (geography) and the organization of that activity within a particular 

location (form, format, type, and function). This concept has been referred to as 

commercial structure, or commercial spatial structure, and is frequently accompanied 

by the term intra-urban to refer to the internal commercial structure of an urban area. 

Since the commercial structure is the geographic manifestation of the commercial 

system, these structures can also exist at the different levels of scale (city, region, 

country). For the purposes of this dissertation, the term commercial structure will be 

used exclusively to represent the intra-urban spatial commercial structure of an urban 

area. 

Cohen and Lewis (1967) wrote that all too often geographic studies separate 

form and function. They suggest that this is not a methodological bias, but more that is 



done for convenience in analysis. However, they remark that form and function are so 

thoroughly interrelated that each has to be judged as a contributor to and a direct result 

of the other. 

Within the definition of the commercial structure several other important 

concepts arise. Firstly, the commercial structure contains a variety of commercial zones 

that are defined by their commercial form. The commercial form is the geographic 

arrangement or spatial imprint of a grouping of commercial formats within a defined 

area. For example, a series of commercial operations along a highway is known as an 

arterial ribbon. Located within each of these commercial forms are the businesses 

themselves. Secondly, a commercial format is the store size and mix of merchandise of 

a specific commercial operation (Simmons and Kamikihara 1999). For example, Home 

Depot is known as a new-format retailer that uses large warehouse style stores (size) to 

reduce prices and offer a greater selection of goods (mix of merchandise)1. Thirdly, a 

commercial type refers to the category in which the retailer would fall (shoe store, 

grocery store). Finally, commercial function refers to the collective grouping of stores 

and the general or specific purpose they serve. 

1 . 2 R e s e a r c h O b j e c t i v e s a n d M e t h o d o l o g i e s 

Changing commercial systems are having a profound impact on the overall spatial 

structures of Canadian cities. The changes have been sporadic, lacking in homogeneity, 

and increasingly dispersed. This development presents a major problem when using 

1 Home Depot is also known as a category killer as a result of the large store of product variety, other 
similarly related operations have a hard time competing against Home Depot, consequently they tend to 
go out of business or are "killed" by the larger-format store. 



many older commercial categories to classify commercial operations, because they do 

not adequately describe new commercial types that have emerged nor do they reflect a 

more contemporary geography. Consequently the goals of this dissertation are as 

follows; 

1. The creation of a generalized system for detecting and classifying the spatial 

organization and morphology of commercial zones within the census 

metropolitan areas (CMAs) of Canada, 

2. The application of the system within a GIS environment, 

3. The development of a generalized typology of urban commercial structure. 

The result is a technique that operationalizes in a systematized and objective manner an 

approach to analyzing the structure of the commercial environment. Furthermore, the 

technique is based on a series of guidelines and statistics (primarily nearest commercial 

neighbor values) which can then be applied to other study areas. 

1.2.1 Nearest Commercial Neighbor 

Nearest neighbor analysis is a mathematical technique for analyzing point patterns. The 

general application of the technique is to compare the overall point pattern to a random 

point pattern to determine the level of dispersion or clustering of the points (Bailey & 

Gatrell, 1995). Nearest neighbor analysis has been used in wildlife studies, crime 

analysis and a variety of other analyses involving point patterns. 

The Nearest Commercial Neighbor (NCN) is the primary technique this research 

uses to identify clusters of commercial activities. This value is derived by calculating the 

nearest neighbor distance for all the commercial locations using the standard Clark and 



Evans nearest neighbor technique and its associated corrections for edge effects 

(Sawada, 2002). Essentially the NCN is a measure of commercial proximity based on a 

generalized XY point location. Once the nearest neighbor for each location is calculated, 

two main pieces of information can be generated. The first and most important piece of 

information is the average nearest commercial neighbor (ANCN). The ANCN represents 

the average proximity on the commercial locations to one another within the study 

area. The value can be interpreted as meaning the larger the value, the farther apart -

on average - the commercial locations are from one another. 

The second value that can be extracted is the Median Nearest Commercial 

Neighbor (MNCN). This value represents the most common distance between 

commercial locations. A basic assumption being made (and tested) is that based on this 

value, commercial zones can be delineated through a series of MNCN multiples. 

1.2.2 Objectives and Questions 

Based on the primary goals of the dissertation, three major central research 

objectives with their associated research questions can be stated: 

1. The development and refinement of the Nearest Commercial Neighbor (NCN) 

Measure 

a. What is more effective at detecting commercial structure the ANCN 

or MNCN values? 

2. The development of a generalized empirical analytical technique using the 

NCN. 



a. Is it possible to analyze the commercial environment that is unknown 

to the analyst while still being able to produce accurate results? 

b. Is this technique rigorous enough to facilitate the comparisons of 

multiple urban areas to one another? 

3. The development of a generalized model of urban commercial space. 

a. Do all cities exhibit similar spatial forms of commercial development 

or are there systematic differences? 

b. What is the morphology of these commercial zones? 

c. Is the morphology of these commercial zones similar between cities? 

d. What are the present forms of commercial development? 

e. Can a typology be developed that does not focus on any type of 

organizational hierarchy, such as central place which tends to 

dominate the classification of shopping centers and commercial 

areas? 

Given these objectives and questions the thesis of this dissertation can be stated as 

follows: "The creation of a generalized analytical framework for detecting and 

categorizing the spatial organization and morphology of commercial zones within 

Canadian CMAs leading to the development of a generalized typology of urban 

commercial structure." 

1 . 3 T h e s i s O r g a n i z a t i o n a n d L a y o u t 

This dissertation will be broken down into a series of discrete chapters, each of 

which will be connected together by 3 underlying threads: 



1. The changing nature of the commercial system and resultant changes in 

commercial structure; 

2. The evolution of the commercial typology as a way of describing the "present" 

commercial system, and; 

3. The identification of techniques used to analyze the commercial structure of an 

urban area to facilitate the identification and detection of these changes in form 

and function. 

Chapter Two traces the study of the commercial system starting with the original 

typology proposed by Proudfoot (1937). This chapter examines not only how these 

typologies were developed but also focuses on the changes to the commercial system 

that fuelled the development of subsequent typologies. This chapter concludes by 

defining a set of characteristics any analysis of commercial structure should include. 

Chapter Three details the three study areas specifically the census metropolitan 

areas of Sudbury, Kitchener, and Ottawa as well as the data requirements necessary to 

perform the analytical steps as defined in chapter four. 

The generalized methods developed to analyze the commercial structure form the 

heart of Chapter Four. This chapter details the procedures that have been developed. 

Furthermore this chapter presents recommendations and courses of action based on 

data availability and time constraints. 

The results of the analytical procedures are presented in Chapter Five. This chapter 

details the results of the analysis on each of the study areas. The first half of the chapter 



summarizes the results while the second half discusses the results in relation to the 

efficacy of the analytical technique(s). 

Chapter Six examines the results from Chapter Five to develop a generalized 

typology of urban commercial structure based on the characteristics exhibited within 

the three study areas. 

Finally, Chapter Seven ties together the research conducted and makes suggestions 

as to future research directions of both this research as well as the greater body of 

commercial geography. 

1 . 4 C o n c l u s i o n s 

The commercial system has been the subject of academic study for over fifty 

years. This work has been primarily focused on describing and categorizing the 

commercial environment through the creation of commercial development typologies. 

However, the commercial environment never remains the same for a long period of 

time, resulting in typologies that have become dated and of limited use. Consequently 

there is a clear need for a method that allows for the analysis of urban commercial 

structure which is flexible in its approach so as to accommodate these constant 

changes. Furthermore it will be shown that within the literature there is a gap in 

knowledge with regards to techniques for analyzing the commercial environment when 

using GIS. These two factors combine to provide for a strong justification for this 

research. 



C O N T E M P O R A R Y L I T E R A T U R E ON 
C O M M E R C I A L G E O G R A P H Y 

"Our enormously productive economy ... demands that we make consumption our way 
of life - that we convert the buying and use of goods into rituals, that we seek our 
spiritual satisfaction, our ego satisfaction, in consumption ... We need things consumed, 
burned up, worn out, replaced, and discarded at an ever increasing rate." 

Victor Lebow (Date Unknown) 

2 . 0 I n t r o d u c t i o n 

When studying any urban environment it is important to understand the 

historical evolution of that environment as not every system develops at the same rate 

and in the same way. The Canadian urban system is no different. Changes within the 

system are uneven, growth is highly variable between different cities, and within the 

commercial environment the introduction of new stores or commercial forms does not 

follow any particular timeline. The result is that each city is truly unique both in terms of 

its commercial environment and its overall urban evolution. 

This chapter is designed to provide a historical overview of two major themes: 

the commercial environment in Canada, and the development of models or typologies 

of commercial structure. Each section is organized around a series of questions for 

discussion. A third and final section ties the previous two together and forms the 

justification for this research. 



The first section deals with understanding the variety of changes to the Canadian 

commercial environment with a specific focus on the largest metropolitan areas; what 

changes have occurred? What is the present situation? What are the general 

characteristics of most Canadian cities? 

The second section looks at a parallel development in the models and typologies 

that are used to analyze, quantify and categorically classify urban commercial 

environments. Within this section the major typologies of commercial structure are 

identified with particular emphasis on their creation, furthermore the unique 

differences in terms of geographical organization are presented. 

Though these two sections will be presented separately, linkages and 

commonalities will be extracted in the third and final section; what commonalities exist 

between the changes in the Canadian urban systems and the associated changes in the 

commercial typologies? What modifications or alteration needed to be done to the 

typologies to accommodate these changes? What are the identifiable limitations of the 

typologies to adapt to these changes? 

2 . 1 B r i e f H i s t o r y of t h e C a n a d i a n C o m m e r c i a l 
S y s t e m 

This section deals with the geographical aspects of the commercial environment 

within Canada, and more specifically the CMAs that define the largest twenty-five cities. 

Although commercial activities only comprise a small portion of the land use within a 

city they are a vital component of the city makeup. 



With approximately 74% of the Canadian population (Canada 2003) currently 

working in the services-producing sector, this environment is a large generator of 

income and represents the sector where the majority of disposable income is spent. 

The commercial system is also a large generator of traffic flow, and during the late 

1960s and early 1970s commercial areas became catalysts for housing growth that 

continues to this day (Simmons 1991; Lowe 2000). Davies and Baxter (1997) add that 

with the continued growth of low-density suburbs, the residents of these areas almost 

exclusively rely on the automobile as the primary mode of transportation. This 

dependence on the automobile alone has almost single-handedly shaped the 

commercial structure into the form it is today. 

Several major changes have occurred over the last fifty years. These changes 

include the continued decentralization of commercial services, increasing Greenfield 

development1, the globalization of retailing, the shifting demands of the consumer, and 

finally as Kumar (1997) puts it, "from market driving to market driven" commercial 

change. 

This section addresses these issues and others through an overview of the 

geographical aspects of the commercial environment of Canada over the last fifty years 

to provide context for the changes that have occurred more recently. 

1 Greenfield developments are those projects where development occurs on natural or otherwise 
undeveloped areas. 



2.1.1 What Changes Have Occurred? 

Until about World War II, the commercial environment of Canada was 

dominated by the central business district with a few neighbourhood level stores 

servicing a limited market area. The conclusion of WWII saw the growth of suburban 

living. Over the next thirty years, until about the mid-1980s, several major commercial 

changes occurred throughout Canada. These changes are detailed chronologically in 

Table 2.1 and include the growth of suburban development, downtown revitalization, 

infilling, and the development of theme malls. 

Table 2.1: Chronology of Commercial Change in Canada 

1950s 

1960s 

1970s 

1960s &1970s 

Late 1970s 

Late 1970s 

1980s 

1990s 

The growth of suburban developments at the urban fringe was followed by commercial 
development to service these new areas. The commercial developments were 
normally in the form of unplanned ribbons and were focussed along major roadways. 
Major department stores were still reluctant to leave the downtown core. 

Simultaneous development of both commercial services and residential stock within 
the suburban area. Encourage further decentralization of commercial services. Many 
of the department stores that once resided in the downtown cores moved to the 
suburban malls during this period. Residents no longer needed to travel into the 
downtown core for their basic needs. A synergy between mall developers and 
retailers developed which still exists today. 

Emergence of catalytic development. Suburban shopping centres were developed first 
to act as a growth nodeforfuture residential growth. This development further 
encouraged the continued decentralization of commercial services. 

Characterized by a period of downtown revitalization to combat the loss of commercial 
services to the suburban areas. During this period the bulk of the major urban centres 
in Canada had an enclosed shopping facility within the downtown core. 

The saturation of the shopping centre market saw the revitalization of existing 
shopping centres. This was accomplished by enclosing those that were not and by re
mixing the retail selection in others. 

Saw the introduction of malls into smaller communities that did not have any mall 
development. This strategy known as 'infilling' caused the decimation of many 
downtown cores in these smaller areas. 

The era saw the emergence of the shopping centre as a form of entertainment or 
leisure. The mall became a tourist attraction and represents a major shift in consumer 
behaviour. 

The rapid expansion of the big-box store or new format retailer. The continued 
suburbanization of retail space and the development of large-scale retail clusters 
anchored along major highways (big-box parks). 

Source: JonesandSimmons(1993); Jones(2000); Storie etal (2001). 



The result of these changes led to a highly dichotomous and polarized 

commercial system; a system characterized by inner city and suburban developments. 

The new suburban developments were planned2, homogeneous, and under the control 

of the corporation. In contrast, the older inner city developments, and primarily the 

CBD, were left unplanned3 and were dominated by the independent merchant (also 

known as 'mom-and-pop' operations). In many instances, the CBD survived naturally 

during this time. All the while, the suburban malls, fuelled by the corporation (both 

retailers and developers), were continually finding ways to attract and retain customers. 

The geographic impacts of these changes were focussed on the continued 

decentralization of commercial services away from the central core with an orientation 

towards automobile accessibility. 

2.1.1.1 The Commercial Environment: The Last 20 Years 

The changes in the geographical aspect of the commercial environment over the 

last twenty years will be presented in four separate sections: (1) commercial structure, 

(2) corporate strategies, (3) consumer behaviour, and (4) major forces of influence. 

2.1.1.1.1 Commercial Structure 

The single greatest noticeable difference to the Canadian commercial 

environment has been its rapidly changing commercial structure. Commercial services 

exert considerable influence on the morphology and function of the Canadian city. The 

2 The term "planned" is used to refer to a development that is done by a single developer, consequently 
the entire development presents a uniform image. This is in contrast to an "unplanned" development 
whereby multiple developers have a stake in the project resulting in multiple "images" emerging. These 
terms do not refer to the degree of land use planning involved from the municipal perspective. 
3 The term "unplanned" refers to the existence of multiple developers within a particular area. 



present-day city has to a large degree developed in relation to its commercial facilities. 

This relationship is the direct result of the increasing dependence on the automobile. As 

Jones (2000) states, "when mobility is low, retail activities concentrate, when mobility is 

high retail activity disperses." Current studies have shown that cities are dispersing and, 

in many instances are becoming multi-nuclei as the size of the city continues to grow 

(Bunting and Filion 1999; Millward and Bunting 1999; Batty 2001). This signifies an era 

where mobility is very high and therefore dispersion is equally high. 

The commercial structure of urban Canada in the 1980s differs significantly from 

how it appears today. The commercial environment in the late 1980s was mired by the 

economic recession that hit the entire Canadian economy. In addition to the recession, 

Jones (2000) identified three other major issues restricting commercial development in 

Canada: (1) increased cross-border shopping, (2) decline in real income of consumers as 

a result of the recession, and (3) changing demographics and the associated changes in 

consumer consumption patterns. The results were little to no significant changes to the 

system. 

Enclosed mall development reached a pinnacle in the late 1980s as a result of 

long term planning and increased capital investment prior to the recession. Since then, 

little to no shopping centre growth has occurred. Only the most profitable and growing 

urban centres experienced any new mall development specifically Toronto and 

Vancouver (Jones and Simmons 1993). 

Suburban malls dominated the commercial structure at this time. Approximately 

84 regional malls (those malls with more than 500 000 ft2 of retail space) existed in 



Canada accounting for more than 10% of all retail sales by 1990 (Simmons 1991). In 

addition to reaching market saturation, the shopping centre began to be reinvented as a 

tourist attraction. The most ambitious example of this was the West Edmonton Mall in 

Edmonton, Alberta. It had approximately 3.5 million ft2 of retail and entertainment 

space, including an indoor amusement park and ice rink. 

Even though the suburban malls dominated the commercial landscape, both the 

CBD and the arterial ribbons still played a major role in the provision of commercial 

services within the overall commercial environment. Unfortunately, as the forces of 

decentralization continued, the importance of the CBD began to diminish in virtually all 

major Canadian cities except those within the high-growth centres. Two large 

contributions to this decline were the increased distance and time one would have to 

travel to reach the core and the cost of parking once there4. This distance fuelled the 

development and encouraged the expansion of arterial ribbons connecting the main 

areas of the city to one another. The organization of the commercial structure of the 

late 1980s was well represented in the typologies used during that time period. The 

commercial structure was primarily comprised of strips (arterial), centres (planned or 

unplanned), and specialty areas5. 

As the process of decentralization continued, the eroding of the normative 

structure of the commercial environment began, or at least the eroding of the 

4 Typically there was a cost to park downtown because of a limited number of spaces as a result of the 
higher costs of land. The suburban developments generally did not charge for parking as the automobile 
was the main form of transportation to and from these developments and by not charging give them a 
market edge. 
5 Refer to the Jones typology in the following section for more detail on this sub-area of the commercial 
structure and its associated changes. 



environment that consumers had become accustomed to over the previous decade. 

This dramatically changed not only the way people shopped, but the very nature of the 

way people interacted within Canadian cities. As a result of the recession, shopping 

centre growth stagnated but more importantly the consumption patterns of the 

consumer changed. Consumers who experienced declining disposable income as a 

result of the recession, wanted to save money. This, coupled with decreasing land 

values, left the Canadian commercial environment primed for major change. This 

change would wind up being an indelible mark on the commercial environment. 

This major force of change came in the form of the new-format retailer, more 

commonly known as the big-box store. The arrival of these behemoth retail ventures, 

and their associated power centres or clusters6 precipitated a shift in consumer 

behaviour away from the traditional department store and regional mall to these new 

free-standing discount superstores. These large destination retailers, led by Wal-Mart 

Home Depot, Price Costco (formerly PriceClub and Costco Wholesale), Business Depot 

and others stressed aggressive pricing and merchandising practices. According to Jones 

(2000) between 1990 and 1997, one hundred and seventy-five big-box retailers entered 

the Greater Toronto Area market alone adding over 6.5 million ft2 of retail space 

compared to the 1.0 million ft2 of retail space added through new shopping centre 

development or re-development of existing centres. 

These new power centres were typically Brownfield (and later Greenfield) 

developments on the periphery of the city and in close proximity to major highways or 

6 A power centre is the planned grouping of big-box stores. A power cluster is an unplanned grouping of 
big-box stores. 



roads. In many instances, they were strategically located to serve a super-regional 

market. Brownfield developments were required because of the amount of land 

needed for these store-types which were typically big, single-storied, free-standing 

superstructures with a spacious asphalt parking lot (Arnold 2000) and as a result of 

abandoned industrial locations were readily available in many urban environments. This 

resulted in a continued and advancing level of commercial decentralization. 

These new power centres or clusters were an addition to the commercial 

structure of the city. The historical remnants of the older structure still existed, but in 

many cases these new developments created new commercial areas. In other 

situations, they were additions to existing commercial areas, therefore, changing the 

function and composition of these areas. 

2.1.1.1.2 Corporate Strategies 

Many of the changes to the commercial structure have been a direct result of 

the changes in corporate strategies. Corporate strategies have changed dramatically 

over the last fifteen years. In many cases, the changes experienced in the commercial 

structure were a direct result of the changes in corporate strategy. Commercial chains 

needed to make decisions about store size, location, merchandise mix, outlet 

standardization, and advertising themes as well as the performance expectations on 

these stores. Often these decisions were a direct result of changing consumer 

preferences, adaptations to land use planning controls and by-laws, or the result of the 

exploration into new markets (via new locations or through changes to the morphology 



of the store). As in the past, corporate strategies leave a spatial imprint such as a new 

store, a redeveloped one, or an abandoned one. 

Kumar (1997) writes that the initial image to appear in one's mind when the 

term retailing is mentioned is the small corner store. Independently owned and 

operated, these stores represented the small, local, traditional businesses usually 

associated with the neighbourhood convenience store, deli, barber shop, or bakery. 

These commercial operations have been fundamentally transformed over the last fifty 

years. These small, owner-operated stores still exist, and will continue to exist because 

they serve a specific purpose within the greater commercial system. However, these 

stores have had little impact on the overall system unlike the corporate retailer. 

These large corporations have developed the commercial environment to suit 

their needs. Today, several retailers like Wal-Mart and Ikea have dramatically changed 

the commercial environment. In turn these changes are directly reflected in changes in 

consumer behaviour. Kumar (1997) writes, "Wal-Mart for example has taught 

consumers not to shop around for sales and instead to buy at everyday low prices." 

For commercial operations to provide 'everyday low prices', they had to conduct 

their businesses in a different way. The past twenty-five years, especially the last fifteen 

years in Canada, has seen the emergence and growth of several new retail formats and 

concepts. These new-formats are dominated by the big-box store style of retailing. The 



traditional formats, especially the department store began to see customers flee to 

these new formats in search of better value7. 

The commercial landscape has not simply been driven by supply and demand as 

it once was. Nor is it a situation of optimizing facilities to ensure that all citizens have 

reasonable access (a goal of the urban planner). It has quickly become obvious that 

commercial operations have choice; choice as to the format of the store, the 

merchandise mix, and ultimately the location to build that store. In addition, the 

participation of foreign retail firms in Canada has grown rapidly, with the number of 

formats tripling and the floor area and sales doubling (Simmons and Kamikihara 1999). 

The majority of these additions occurred in the peripheral areas. Moreover, as the 

mobility of the consumer continued to increase, these stores would continue to locate 

further away from the urban core, on the low cost land surrounding the massive 

networks of roads linking everything together. Corporate strategy has truly defined the 

new commercial markets of the future and consumers followed. 

2.1.1.1.3 Consumer Behavior 

Spatial consumer behaviour may be defined as "the aggregate manner in which 

individual consumers act in the process of acquiring the goods and services that they 

need and want" (Potter 1982). Basic aspects of consumer behaviour include the 

frequency of shopping trips, the distance travelled and lastly the nature of the trip itself. 

Just as corporate strategy and the commercial structure are highly interrelated, 

consumer behaviour can also be added to the mix. 

7 See the following discussion on consumer habits for more a detailed discussion on changing consumer 
behaviour. 



As commercial decentralization continued and was further fuelled by the 

introduction of the power centres, the consumer's dependence on the automobile also 

increased. Consumers were willing and able to travel greater distances for their needs 

which resulted in an increase in their activity space. This represented a major change 

from the early 1950s where consumers would (and could) only shop downtown. As the 

growth of suburban malls progressed, consumers were more and more willing to travel 

further distances to gain access to these malls. 

During the late 1980s and early 1990s, prior to the entry of big-box stores, 

consumers tended to patronize shopping malls for their needs, a trend that still 

continues today but has been threatened by the big-box store. However, as Gerhard 

(2001) found, shopping was no longer the main reason for going to the mall. Consumers 

were visiting the mall for pleasure and the introduction of the theme mall capitalized on 

this consumer behaviour. 

This dependence on the automobile has prompted some researchers to refer to 

the car as a shopping cart on wheels (Bromley and Thomas 1993) reflecting the 'store 

hopping' behaviour of many consumers. This can be further evidenced by the nature of 

the power centre; large complexes, comprised of single free-standing structures, 

interconnected by roadways, all prompting consumers to drive from store to store. 

Since the late 1980s the trend in consumer behaviour has also been towards 

value-orientated shopping, possibly a result of the recession and/or the introduction of 

major discount retailers such as Wal-Mart, consumers are even more willing to travel 

greater distances further increasing their dependence on the automobile. Foot (1998) 



wrote that retailing that based on low prices was (is) a major trend in Canada. To 

support this claim, Griffith and Krampf (1997) also noted that consumers have become 

more focussed, more value-orientated, and more diverse than they once were. 

The consumer still has considerable influence in determining the variety and 

form of commercial activity even with all this choice. Guy (1975) suggests that the 

underlying factor affecting commercial location is consumer perception: the manner in 

which consumers organize their perception of the external environment and 

consequently how they determine the commercial locations they prefer to patronize. 

Couple consumer perception with the use of the automobile and virtually all shopping 

within an urban centre (and in many cases beyond) becomes a potential destination. 

2.1.1.1.4 Forces of Influence 

There are other factors that exert a strong influence on the commercial system. 

Two major forces will be discussed in this final section: governance and planning, and 

the internationalization of retailing. 

Guy (1994) suggested that the planning process was essentially negative. 

Developments may not occur without first obtaining planning permission. Given the 

amount of traffic that commercial operations generate (especially those within major 

centres), commercial developments tended to receive considerable attention by the 

planners. It should be stressed that the planning process is dynamic and open to 

conflicting input from the retailers and developers, the consumers, and a myriad of 

interest groups (Potter 1982). Given the parties involved, and the inevitable conflict, it 

has been up to planners and politicians to resolve these differences. 



It is clear that the regulatory environment shapes commercial structures both 

directly and indirectly via capital investments and public policies that have helped to 

shape the urban form (Simmons, Jones et al. 1998). The official plans of many 

municipalities were designed to create a commercial structure that provided adequate 

facilities to all consumers without excessive transportation costs. However, as the 

downtown core gave way to the suburban mall, this normative structure deteriorated. 

With the introduction of the power centre, governments and planners had to reconsider 

policies regarding the commercial structure because these new components do not fit 

easily into the planned commercial structure (Muncaster 1998). Often the main conflict 

between planners and retailers/developers is the location of development being 

proposed. However, current trends indicate that politicians are willing to forego 

planning constraints in the interest of economic growth. 

Prior to 1994, (the year the North American Free Trade Agreement was signed) 

the majority of commercial operations were Canadian owned. These stores were 

generally smaller than they are today and usually located in malls or traditional 

shopping ribbons. In many cases, these retailers as well as the planners were trying to 

fight the continued decentralization of commercial services. This aversion to suburbia 

set the stage for the demise of several retailers. As a result of NAFTA, the Canadian 

commercial environment was opened to the foreign market. Simmons and Kamikihara 

(1999) identified three distinct differences between foreign and local firms: (1) foreign 

firms were much larger than domestic firms, both in terms of floor area and stores per 

format; (2) the spatial strategies of these retailers also differed considerably, very few of 



them were restricted to small, local markets (one city) and were more apt to appear in 

multiple regions, thus promoting brand recognition and loyalty, and; (3) many of the 

foreign firms initially entered the Canadian market via corporate acquisition8. 

The spatial strategies of the international corporations were two-fold. First, they 

wanted to minimize the cost of land and second, maximize automobile accessibility. 

The optimal locations were those that were zoned industrial and located near major 

expressways, essentially areas on the periphery of the urban area. Surrounding areas to 

these developments began to experience parasitic type growth. Until the 1990s, these 

types of developments were regulated by planning controls, but since then regulations 

have been relaxed (Jones and Doucet 2000). This resulted in a type of commercial 

sprawl that was also experienced in many American cities. 

2.1.1.1.5 Conclusion 

The commercial environment has undergone a period of dramatic change over 

the last twenty-five years. The commercial structure has shifted from being CBD 

orientated to suburban to industrial-peripheral dominance. The initial organization of 

this structure was typically comprised of a hierarchy of strips, centres and specialized 

areas but with the increased decentralization of commercial services this normative 

structure eroded. Presently the organization is dominated by new shopping malls and 

power centres located on the periphery of the urban area with the commercial structure 

still containing many of the historical remnants of the past. 

The purchase of the department store retailer Woolco by Wal-Mart in 1994 is classic example of this. 



Corporate strategies have equally changed. Many Canadian retailers were 

reluctant to embrace suburban expansion and eventually faced the demise of their once 

viable CBD locations. Those who embraced the suburban shift thrived in this new 

environment. However, the introductions of foreign retailers into Canada began to 

challenge and redefine the existing markets. These large, global corporations sought 

out cheap land on the urban fringe for their developments. Parasitic growth around 

these developments began to erode the market attraction of the shopping centre. 

Fuelled by changes in planning policy (or disregard), these areas now resemble sprawl 

that is associated with American cities. 

Finally, changes in consumer behaviour have further changed the commercial 

environment. Consumers, once content to shop downtown, are now willing to travel 

greater distances for their consumption needs. Shifts towards one-stop shopping and 

shopping as a form of leisure are two major alterations in consumer behaviour. 

However, the biggest change has come in the increasing dependence on the 

automobile. 

2 . 2 M o d e l s a n d T y p o l o g i e s 

The commercial pattern in Canada has evolved over the last 50 years with 

significant changes occurring within the last 15 years. The location of commercial 

services, especially retailers, has shifted from the downtown core to suburban malls and 

arterial ribbons. These changes have been reflected in a series of commercial 

typologies. As major changes to the commercial environment arose, new typologies (or 

modifications to older ones) were created to address those changes. 



Increasing supply and demand are the main factors responsible for this 

dynamism. On the demand side, consumer preferences and shopping behaviour are 

changing due to transitions in demographics (income, mobility, age). On the supply 

side, commercial units have had to respond to change in economic conditions and 

increased competition by finding new market areas and developing new commercial 

formats (Borchert 1998). These two changes, in the 'demander' and the 'supplier', have 

altered the underlying fabric of the commercial system and consequently, the way in 

which it is observed and described. 

This is not to say that the 'old' system has been abandoned. Massive capital 

investment in shopping mall development, central business district development and 

redevelopment, has forced many of these evolutionary changes to occur within the 

existing commercial structure. It has only been within the last ten years that some 

retailers are again seeking new commercial locations, moving away from their 

dependence on the traditional shopping mall. These new locations, allow for new 

commercial forms to emerge, such as the big-box power centre. 

These additions have come in a variety of development projects ranging from 

existing mall expansion and limited new mall development to the more common 

Brownfield and Greenfield developments. Greenfield development is the aspect of 

change that has caused the greatest problem when trying to apply 'dated' typologies. 

Traditionally, commercial typologies have been directly tied to scale. Many 

typologies have been developed to address the urban centre (as a closed entity) 

independent of its relationship to its urban neighbours. Other typologies use a larger 
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regional approach by examining interrelationships between urban areas and the 

surrounding hinterland. This discussion is going to focus on those typologies that 

describe the intra-urban or city-level commercial environments. Moreover, only those 

typologies that deal with the geographic categorization of commercial development will 

be addressed. 

What follows is a presentation of the original theories or the pre-cursors to the 

modern commercial typologies. Within this overview, the theories of Christaller (central 

place) will be examined and Proudfoot's concept of city commercial structure. The 

second half of this section presents a critical overview of the existing typologies. 

Typologies are critiqued based on their applicability to present-day urban Canada as 

well as their (in)ability to adapt to changes in the commercial system. A synthesis of the 

information presented concludes this section. 

2.2.1 The Two Original Theories 

The pre-cursors to the modern commercial typologies were formulated on the 

basis of broad types of commercial activity that was dominant within the urban area at 

the time. It is within these models that the intra-urban typologies derived their 

geographical foundations. These are the models that were developed pre-WWII and 

represent signification insight into the urban organization at the time. The two 

'founding' models presented are Christaller's central place, and Proudfoot's concept of 

city commercial structure. 



2.2.1.1 Christaller's Central Place 

Central Place Theory (CPT) is an attempt to explain the spatial arrangement, size, 

and number of settlements in a given area. Walter Christaller, who studied the 

settlement patterns of southern Germany, originally published this theory in 1933. The 

central place model has since been used to describe the internal organization of 

commercial development (normally planned shopping centres), sometimes known as 

the commercial hierarchy. 

Strictly speaking, central places are "neither no more or nor less than a cluster of 

commercial establishments located in a place that provides a convenient point of focus 

for consumers who visit them to purchase the goods and services they need" (Berry 

1963). It is this simplicity of description that made the central place theory so 

adaptable. 

Central place theory takes into account the differences between lower order 

functions and higher order functions, or, in terms of retailing, lower and higher order 

goods. The result is a careful integration of various sized trade areas (or cities when 

dealing with the initial formulation of the theory) to produce a regional market. The 

groups or clusters of goods and services provided at a specific level are known as the 

'central functions'. The differences in the size of the 'central function' zones will result 

in differently sized market areas. This produced the organizational commercial 

hierarchy. 

The original Central Place Theory simply looked at the hierarchical ordering of 

cities, towns and villages. Since this hierarchy was linked to the number and types of 

goods and services at each central place, it implicitly set up a framework for studying a 



commercial hierarchy. Many authors, several of whom proposed typologies for 

commercial development within a city, developed this analogy between central place 

and commercial centres. Central Place Theory has limitations for studying internal 

business structure, and "without considerable mental gymnastics it is difficult to apply it 

to the study of urban business ribbons" (Chorley and Haggett 1967). However, Morrill 

(1987) argues that the essential theoretical basis for these commercial typologies 

remains Christaller and Central Place Theory because it was the first concrete typology 

of commercial development. 

2.2.1.2 Proudfoot's Concept of City Retail Structure 

Unlike Central Place Theory, Proudfoot's work on retail structure in the latter 

1930s does not use the same type of hierarchical organization. His work was based on 

the study of a number of the larger cities in the United States, with his primary focus 

being Philadelphia. Like Christaller, the bulk of the research was based on observation. 

Proudfoot was able to differentiate five different types of retail structure: (1) The 

central business district, (2) outlying businesses, (3) principle business thoroughfares, (4) 

the neighbourhood business street, and (5) the isolated store cluster. Moreover, this 

classification has broader applicability because it did not have a hierarchical 

organization structure. The problem, writes Murphy (1966), is that Proudfoot's five 

categories can be simplified to two: nucleations and ribbon development. But, the 

definition of nucleation, according the Proudfoot typology would not include the 

planned centre (or shopping mall) as it was only being introduced into the United States 

around the time he was developing his theories. 



2.2.1.3 Synthesis 

These two theories of urban commercial structure are the basis of the traditional 

typologies commonly associated with commercial development. Although Christaller 

was concerned with the system of cities and towns, the key concepts of agglomeration 

and sets of activities are relevant to the structure of centres and other commercial 

nucleations within cities. In addition, Proudfoot provided commercial geography with a 

useable classification scheme. Although it was limited in terms of commercial format 

scope, Proudfoot's work did not contain the use of the hierarchical arrangements 

inherent in Central Place Theory. 

Several modern typologies dealing with intra-urban commercial development 

have been formulated over the last 50 years. The majority of these typologies find their 

foundations in the Berry (1963) model. This section presents the chronological 

progression of these typologies starting with the Berry model. For ease of identification 

each model will be referred to by the name of the author who created it. 

2.2.2 The Modern Typologies 

Virtually all of the modern typologies of commercial structures were based on 

the work of Proudfoot and Christaller, or at least used vital components in their 

construction. Since these two, a multitude of typologies have been developed since the 

end of WWII. The following list represents a selection of the more popular or 

predominant typologies often referenced in the literature and also represent significant 

milestones in the overall changes experienced within the commercial environment. The 



following typologies along with their major variants will be addressed as identified by 

originating author. Refer to Table 2.2 Selected Commercial Typologies. 

Table 2.2: Selected Commercial Typologies 

ws 
Christaller(1933) 

Proudfoot (1938) 

X 

X 

Losch (1954) 

Berry (1959) 

Berry (1963) 

Simmons (1964) 

Garner (1966) 

Simmons (1967) 

Garner (1967) 

Potter (1982) 

Jones(1984) 

Morill (1987) 

Berry (1988) 

Brown (1991) 

Jones & Simmons (1993) 

Brown (1994) 

Guy (1994) 

Borchert(1998) 

Guy (1998) 

Jones(2000) 

*CP and Non-CP Based referto those typologies which have either 
foundations. 

Source: Compiled by the author 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

a hierarchicalfoundation (Central place 

X 

X 

X 

X 

X 

or non-hierarchical geographical 



2.2.2.1 Berry (1959; 1963) 

The first post WWII typology of business areas within an urban centre to be 

developed, Berry's typology has been extensively applied to describe the patterns of 

commercial development within an urban area. Originally this was part of a larger study 

designed to determine the extent, location, nature, and trends of commercial blight and 

deterioration in the Chicago area (Murphy 1966) .It has gone on to serve as the 

framework for numerous studies on commercial structure. 

Reflective of Proudfoot's work, the main structural geographic elements of the 

model included three geographic features: ribbons, specialized areas and a hierarchy of 

business centres. Each of these areas can be further broken down into several sub

categories (see Figure 2.1: The Berry Typology). Within each of these categories, Berry 

identifies the commercial type and to a lesser degree the format of the stores in 

determining its overall classification. The result is a hierarchical classification of centers 

Figure 2 . 1 : Berry (1959,1963) 
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Source: Berry (1959, 1963) 
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(only) within the urban centre. 

This model, like its many hybrids, has its geographic foundation in Central Place 

Theory. It is based on this Central Place model that Berry developed the hierarchy of 

centres, shopping arterials (ribbons), and specialized areas into one general framework. 

It is also important to note that many commercial functions are represented in 

several location environments9 and are therefore not mutually exclusive. However, 

"this classification remains the most suitable today to describe the retail landscape and 

is especially appropriate to explain the hierarchy of shopping centres" (Hartshorn 1992). 

This explains why the typology is still currently in use. 

Two follow up studies were conducted using the Berry typology. Simmons (1966) 

applied the typology to study commercial blight in the city of Toronto. The objective of 

this research was to provide an assessment of the location, trends, and nature of 

commercial absence in Metropolitan Toronto. Simmons found that the commercial 

structure of Toronto was dominated by three main forms, unplanned centres, planned 

centres, and outlying places (Simmons 1966). In addition, he found that ribbon retailing 

was exhibiting a stronger role in the overall commercial system, but with one caveat. 

Suburban ribbons were enjoying increasing growth as shops relocated away from the 

inner-city ribbons. The work of Simmons provided confirmation that the Berry typology 

was useful outside of Metropolitan Chicago. 

The second study, Garner (1966) used the Berry typology as the basis for 

classifying commercial operations. The author attempted to identify the hierarchy of 

9 An example of this can be seen in the expansion of the Canadian coffee giant Tim Horton's. Its stores are 
located all across Canada, in virtually all of Berry's classification categories. 
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nucleated commercial centres outside of the main central core of Chicago and the 

internal organization of those nucleations. Garner found that more than one hierarchy 

existed and that these different hierarchies were related to socio-economic conditions 

in the neighbourhoods being studied. It can be concluded that a sub-hierarchy exists 

within the overall hierarchy of commercial nucleations (as presented by Berry) 

facilitating a need to update the Berry typology. 

2.2.2.2 Potter (1982) 

Potter (1982) applied the Berry typology in an attempt to analyze the British 

commercial system. The United Kingdom, at this point, was only beginning to 

experience the mall boom experienced by the United States in the 1950s. His 

assumption was that the UK was beginning to 'catch up' to the United States in terms of 

the spatial organization of commercial systems. It should be noted that Potter's use of 

the Berry typology constitutes only one small part of the entire study he conducted. 

Several generalizations can be made about the facets of urban retailing in British 

cites. Namely that the commercial system was still dominated by the central core, 

commercial centers exhibited a 'random' spacing, and a relatively large concentration of 

commercial centers occur close to the urban core reflecting a high level of accessibility 

(Potter 1982). 

Based on these findings it was evident that the Christaller Central Place system 

did not fully exist in Britain, (being an underlying foundation of the Berry typology) but 

that it still 'works' in the case of the study area. 



Potter also proposed a newer, more sensitive model that was both 

geographically and behaviorally representative of the commercial system. The newer 

model being proposed by Potter was conceptually similar to the Berry model in that it 

contained the threefold-criteria of ribbons, centers and specialized areas. However, its 

organization was more reflective of a multi-layered hierarchical organization (Potter 

refers to this as a true numerical hierarchy) as identified by Garner (1966) and of a 

decentralizing urban environment (Bunting and Millward 1998). On the basis of the 

relative spatial locations of centers and their associated market size, an updated 

nomenclature was used to describe the commercial centers (See Table 2.3). 

2.2.2.3 Jones (1984) 

As Jones (1984) writes, "this [research] was undertaken in response to the fact 

that the structure of the commercial landscape of the North American city had not been 

closely examined since the works of Berry and Simmons in the 1960s. Yet over the past 

20 years, the urban commercial structure has been modified by a series of significant 

developments." The goals of the research were to develop a conceptual model of inner 

city specialty retailing, and to develop a typology for detailing the functional differences 

between major inner city and suburban commercial environments. 

Jones presented a new typology of contemporary commercial structure. This 

new typology represented a logical evolution of the Berry typology as it retained much 

of the original organization but clearly addressed the new additions to the commercial 

structure. 



Table 2.3: Potter (1982) 
Revised Model of Commercial Classification Nomenclaturefor: 
Retail Centers (a); Ribbons (b); Specialized Areas (c) 

a. Hierarchic Retail Centers 
Level 

1 

2 

3 

4 

Name 

Regional 

District 

Community 

Neighborhood 

Commercial Form 

Centre 

Centre 

Centre 

Centre 

Ribbon 

Ribbon 

Ribbon 

b. Urban Arterial Ribbons 
Level 

2 

3 

4 

Name 

District 

Community 

Neighborhood 

Commercial Type (General) 

Specialized 

Specialized 

Specialized 

Non-specialized 

Non-specialized 

c. Specialized Areas 
Level 

1 

2 

3 

4 

Name 

Regional 

District 

Community 

Neighborhood 

Commercial Form 

Centre 

Centre Ribbon 

Ribbon 

Ribbon 

Commercial Type 
(At Each Level) 

Professional 
Motor 
Building 
Furniture 

Source: Derived from Potter (1982) 

These additions included the new super-regional mall and the discount mall. The 

discount mall was designed to cater to those who prefer bargain orientated shopping. 

This trend was also reflected in three other shopping forms: the factory outlet, the flea 

market and the superstore. Even with these additions to the "centres" category, there 

was clearly a hierarchy of shopping centres, which could be defined using a set criterion. 



Figure 2.2: Jones (1984) 
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These included: number of stores, number of parking spaces, customer volume, trade 

area size, rent, and sales per square foot (Jones 1984). 

When addressing commercial ribbons, Jones maintained the basic categories of 

the Berry typology but divided ribbons into either inner city or suburban before 

classifying them. This revised classification further advanced the classification of varying 

types of commercial ribbons and modified the hierarchical organization used in previous 

typologies. This typology was re-presented with minor modifications by Jones and 

Simmons (Jones and Simmons 1993). Refer to Figure 2.2 for a diagram of the typology. 

2.2.2.4 Brown (1991) 

Brown (1991) suggests that the "academic conceptualizations of retailing location 

have changed little in the last thirty years." He suggests that even though retailers have 

transformed their location decision making, in terms of identifying new potential sites 

for development the same cannot be said for location theory and analysis. He further 

goes on to suggest that despite enormous Post WWII changes in socio-economics and 



urban form, the hierarchical taxonomy still experiences wide usage. The problem with 

this model is that it is predicated upon a "series of highly restrictive assumptions 

concerning the nature of demand . . . and is determined by the frequency with which 

goods are bought." The contemporary failings of this model are simply that the nature 

of demand has changed as consumer mobility has increased. 

Brown (1991) suggests that urban retailing can be better summarized using a non-

hierarchical model. He presents two rationales for this conclusion: 

i. A rapid growth in refrigerator and motor car ownership has dramatically altered 

the way people shop for food and has altered geographic constraints. Based on 

this a continuum of shopping trips can be postulated that do not fit neatly into a 

hierarchical model, 

ii. Supply is not simply a reflection of prevailing economic threshold but a greater 

manifestation of interaction institutional forces such as land use planning 

provisions, shopping center policies, and corporate strategies. 

Given the rapidly changing nature of consumer demand and retailer supply and the 

growth of superstores, retail warehouses and other large scale retailing formats has 

now served to further undermine the applicability of the traditional hierarchical 

framework. 

What Brown suggests is a framework that classifies location based on its form 

and function with a focus on consumer demand or need. He suggests that three forms 

can be identified: cluster, linear and isolated. In addition he suggests three types of 

functions are possible: general, special and ancillary shopping areas. Table 2.4(a) 



Table 2.4: Brown (1991): A Post-Hierarchical Classification 

a. Shopping/Retailing Activities 

Consumer Need 

Essential Shopping 

Fun/Leisure Shopping 

Purposive Shopping 

Time-Pressured 
Shopping 

Innovative Shopping 

Retail Response 

• Local convenience shops 
• Corporate mass merchandisers 

• Specialist shopping areas 
• Large leisure/shopping complexes 
• Fashion/lifestyle retailing in planned cluster 

• Large, target shopper units 
• Wide range or variety stores 

• Home shopping 
• Petrol station shops/convenience stores 

• Home based facilities 
• Catalogue showrooms 

Primary Characteristic 

• Convenience 
• Price Utility 

• Product Range, Style 
• Leisure Activity, Style 
• Multi-Purpose Activity 

•Product Range 
• Value 

•Time 
•Time 

• Access 
• Range 

Source: Adapted from Dawson and Sparks (1987) in Brown (1991) 

b. A Non-Hierarchical Classification of Locations 

FUNCTION 

O
R

M
 

u_ 

Cluster (Unplanned) 

Cluster (Planned) 

Linear 

Isolated 

General 

Town and City 
Centers 

Mega-center 

Traditional Arterial 
Route 

Corner Shop 

Special 

Bright Lights District 

Specialty Shopping 
Center 

Ethnic Shopping 
Street 

Carpet Warehouse 

Ancillary 

Sandwich Bars in 
Financial District 

Shops in Airport 
Departure Lounge 

Hamburger Alley 

Crush Bar in Opera 
House 

Source: Brown (1991) 

presents the various consumer demand possibilities while Table 2.4(b) combines form 

and function into more comprehensive classification of location. Brown argues that this 

new taxonomy is stronger because unlike the Berry typology it can better separate form 

and function and can handle freestanding outlets and ancillary forms of retailing which 

Berry cannot (Brown 1991). 

Brown does however suggest several limitations to this new taxonomy: 

1. As with all classifications, theory and realty rarely meet perfectly. 

n s o v e r i w o 



2. If the taxonomy is to be operationalized it must be synthesized with the more 

traditional models as it eschews the hierarchy completely though in many urban 

environments this hierarchy still exists (at least to some degree). 

3. Although the taxonomy is fairly broad in nature it is essentially static especially in 

the ancillary category where changes can happen quite rapidly, because in many 

cases the fate of the operation within this area is highly dependent upon a non-

retail entity. 

4. In certain unique environments like Toronto or Tokyo, where there is a vast 

underground network, subway passengers can disgorge directly into department 

stores thereby blurring the distinction between various location categories. 

Though these limitations exist, limitations exist within all other classification schemes as 

well. The benefit of this proposed system is that it is much more adaptable than older 

schemes, and more importantly it reflects a more contemporary commercial structure. 

2.2.2.5 Guy (1994; 1998) 

Unlike the other authors presented in this section, Guy's (1994) typology was 

based more on physical store characteristics instead of the overall commercial form of 

an area. The goal of the typology was to classify both the simple (single store) and the 

complex (multiple stores) commercial areas into a basic framework. The terminology 

was changed slightly to reflect the advent of the commercial ribbon. In addition, the 

typology did not employ the planned versus unplanned distinction. As Guy (1994) 

argued, planned commercial development can exist within unplanned areas, but if this 

development is minimal compared to the entire area, the area is said to be unplanned. 



Figure 2.3: Guy (1995,1998) 
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It was concluded that Guy's typology (Figure 2.3) has limited applicability, but may assist 

in the initial categorization based on commercial area morphology. 

2.2.2.6 Borchert (1998) 

Borchert (1998) comes to the defence of the commercial hierarchy and the Berry 

typology. He suggests that it can still adequately describe the spatial patterns of urban 

retailing. Moreover, he supports the claim that the hierarchy still exists because the 

hierarchy of shopping centres that has been constructed in many urban areas is very 

inflexible and cannot easily be changed. The author suggests that instead of abolishing 

the hierarchy in its entirety that the hierarchy needs to be adjusted. He suggests that 

many stores will "move up" the hierarchy by physically relocating in a higher level 

location. The other option, where possible, is that the existing location is redeveloped to 

better serve a larger market and subsequently moves up the hierarchy that way. The 

result of the upward movement is that the community level of the hierarchy is lost as it 

either expands to suit a larger market or "drops" to become a local area provider. 



Figure 2.4: The Upward Hierarchical Movement 

Source: Borchert (1998) 

Secondly the Metropolitan CBD is removed and becomes part of the town center 

category (Figure 2.4). 

While Borchert recognizes that the traditional hierarchy needs to be adjusted, he 

does concede that the classic spatial component of the central place theory needs to be 

removed. Increased mobility, he argues, "releases the necessity of a regular spatial 

pattern" (Borchert 1998). The result of this concession and adjustment is that he 

suggests that the Berry typology simply be amended. The five-fold classification of 

hierarchical centers has been replaced by a three-fold one (called nucleations). The 

ribbons component is maintained and the specialized centers category is expanded in 

order to accommodate emerging types of retailing (Figure 2.5). 

2.2.2.7 Jones (2000) 

This final typology by Jones represents the third iteration of the typology 

originally created by Jones (1984) and revised by Jones and Simmons (1993). It also 



Figure 2.5: Borchert(1998) 
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represents the most recent significant commercial typology to be developed. By Jones' 

own admission, "an attempt to generalize and classify urban retailing should be 

balanced by the realization that the retail landscape within metropolitan areas is 

difficult to categorize" (Jones 2000). 

This system contained four main criteria used to approximate the location within 

the typology where a particular commercial area should belong. These include: (1) the 

morphology or spatial form of the area, (2) the functional composition of commercial 

types within the commercial area, (3) the composition of the market server, and, (4) the 

ownership patterns to determine whether it is a planned or unplanned area (Jones 

2000). 



Figure 2.6: Jones (2000) 
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The typology begins by determining whether the commercial zone is a strip or 

centre. This is followed by the commercial zone's location within the metropolitan area, 

inner city or suburban10. At this point, strips are classified based on their morphology 

and market. Centres are divided into either planned or unplanned and then classified 

according to their morphology and market (see Figure 2.6). 

The immediate noticeable difference over its predecessors was that this typology 

reflected many of the new commercial forms that have entered the commercial 

environment (i.e. power centres). In addition, it reflected the complexity of the 

commercial environment, as it had existed. It classified the markets being served, 

whether they are spatial or specialized. 

10 The definition between inner-city and suburban areas is vague at best. In the case of Toronto, Ontario, 
the inner-city is defined by the original city of Toronto and consequently the remaining outlying areas are 
part of the suburban areas. Conversely a city like Sudbury, Ontario, which has not experienced the same 
population growth, has a less definable inner-city and subsequently a less definable suburban area. 



2.2.2.8 Synthesis 

The evolution of these commercial typologies has reflected the changes within 

the commercial structure. The initial theories of Christaller and Proudfoot provided the 

practical foundation for the development of the Berry typology. In turn this typology 

has been the foundation of all subsequent typologies. However, as several authors have 

shown (Potter 1982; Jones 1984), the Berry typology has limitations in the modern 

urban context. Improved typologies reflected the changes observed in the commercial 

structure, and these too have become dated. Jones again proposed a new typology of 

commercial development in 2000 that once again reflected the major changes to the 

commercial environment. 

Early typologies represented simple classifications of the organization of 

commercial structure within the urban space. As the commercial environment has 

become more complicated, so have the typologies to describe it. A comparison of the 

Berry typology to the Jones (2000) typology reveals this increasing complexity. 

However, regardless of the typology, a continual change in the commercial system as 

well as differences between cities makes the broad applicability of these typologies 

difficult. 

Borchert (1998) writes that Berry's typology can still be used to adequately 

describe the functional differentiation of urban retailing provided some minor 

alterations are carried out. The highest levels of the hierarchy have gained in 

importance while the lower levels have lost their position. Even with these 

modifications the Berry typology and its spawn, still require much adaptation when 

trying to apply them to the Canadian context. 



Several major changes have occurred in the commercial environment over the 

last fifteen years that have facilitated this need for change. With the introduction of 

power centres or power clusters this work proposes that they should be added as a new 

commercial classification; a class equal to the centre or ribbon and should not be 

absorbed into the centre classification. As well, there has been the emergence of a new 

commercial form as a result of the coalescence of a group of commercial forms into a 

new one. Davies and Baxter (1997) illustrates that neither Berry nor the other 

typologies address the issue of the linear commercial complex. The linear commercial 

complex (LCC) is a situation where a commercial ribbon is anchored, at each terminus, 

by a regional or super-regional centre. The result of this merging of forms is a 

commercial node of massive proportions. The appearance of the LCC has been 

documented by Davies (1997) and by Storie, Oakely et al. (2001). It was concluded that, 

in many cases, these new land use patterns have added to the commercial structure of 

the city rather than replacing the older patterns previously observed. 

Another problem when using the existing typologies is that they tended to be 

site specific. Berry developed his typology based on observations in Seattle and then 

Chicago, while Jones' work primarily focuses on Toronto. Any new typology should 

attempt to be city-neutral and exemplary of a wider variety of urban structures. 

Changes in the commercial structure have been reflected by the development of 

new commercial typologies. Recent changes and observations have made many of 

these typologies unsuitable without major modifications. This analysis strongly suggests 

that a new typology be developed which better reflects not only the changes in the 



commercial environment of Canada but is sensitive to differences among cities. The 

following section discusses how such a typology could be developed within a GIS 

environment. 

2 . 2 C o n c l u s i o n s 

Commercial environments in Canada have undergone considerable change over 

the last fifty years. Traditional downtowns, in many cases, have been supplanted with 

suburban malls and power centers, while others have returned their dominant role. The 

emergence of the shopping center, and later the big-box store with its power centers 

and clusters has reshaped the commercial geography of the urban environment. 

However these changes, as noted, have not occurred equally across all environments, 

consequently changes have been rapid in some areas while almost non-existent in 

others. 

The changes to the models and typologies that describe this intra-urban 

commercial structure have changed as well. However, in most cases the changes came 

as additions to the existing models as new forms of retailing entered the urban 

environment. Consequently, in many cases the importance of these new forms are lost 

to a hierarchical type arrangement, or more appropriately existing forms retain an 

importance which they no longer have. In any event, it can be argued that a new model 

or typology needs to be created. The following chapter discusses the study areas for this 

research and identifies the appropriate data required to conduct a study of this nature. 
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S T U D Y A R E A S A N D D A T A 

What is the difference between exploring and being lost? The journey is the destination. 

Dan Eldon (Date Unknown) 

3 . 0 I n t r o d u c t i o n 

The very nature of conducting research within the discipline of geography 

requires that a study area and data about that particular area be defined and obtained. 

This research is no different. Unlike national census data that is readily available for all 

areas of Canada, commercial location data is far less widespread. Quality databases are 

generally quite costly, and consequently only exist for the largest urban areas. 

This section details the data availability and subsequent preparation of the data 

for analysis. Furthermore ancillary data requirements are outlined for the in-depth case 

studies. Lastly the three primary study areas are briefly described and justification is 

made for the selection of these study areas. 

3 . 1 D a t a 

To accomplish the diverse set of goals set forth in this dissertation an equally 

diverse dataset needs to be developed. At the heart of the dissertation is the conceptual 

model of commercial structure which will be the resultant outcome from the data 



synthesis and analysis. As a result the data becomes paramount to the execution of the 

research agenda. 

Many authors have discussed the data requirements for analyzing urban areas 

and have concluded that regardless of the size and extent of the database, a truly 

accurate representation is not generally possible (Martin, Longley et al. 1994). However, 

detecting basic or generalized structures is possible. This conclusion fits strongly within 

this research agenda because it is the basic or generalized commercial structures that 

are being "detected". Furthermore, as illustrated in Figure 1.1 (Commercial System 

versus Commercial Structure) the commercial structure is an "outcome" or "result" of a 

series of complex interactions with many other aspects of the urban environment. 

Consequently, the analysis focuses on the visible structures and not on the underlying 

processes which are virtually impossible to model accurately. 

The data that is required for this research is relatively straightforward - namely 

the locations of commercial operations. In addition to location information a variety of 

additional variables are needed. These will be discussed later in this chapter. There is, 

however, one major problem associated with any data based on a location's address. In 

the province of Ontario there is a dichotomy between rural and urban addressing1: 

1. Many rural addresses do not share the same convention as their urban 

counterparts, for example an urban address may be indicated as <100 

Copper St> whereas a rural address may be indicated as <100 R.R. #2> or 

simply <R.R. #2> or more commonly as <100 Highway 17>. Given this variety 

1 E911 or emergency addressing is designed to remove this problem; however, it has not been fully or 
accurately reflected across the entire province and more importantly in the spatial street network files. 
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in the reporting of addresses in the street network files there are difficulties 

in determining the proper location of rural addresses. 

2. Given the relatively small population of these rural areas, many rural 

addresses posses a rural postal code that directs mail to a central Post Office. 

Therefore an entire community (i.e. Copper Cliff, Ontario) shares the same 

postal code (POM 1NO). Therefore, during the geocoding process if a postal 

code fallback is required the point will fall to the centroid of the postal code 

(the entire community). This is unlike their urban counterparts where the 

postal code generally places it at the centre of a block face and therefore 

much closer to its actual location. 

3. Lastly, the percentage of locations contained within the rural area as 

compared to entire metropolitan area is relatively small2 and therefore their 

exclusion does not impact the overall model substantially. 

Given these identified restrictions the decision was made to examine only those areas 

that are defined as urban (normally those with a "city" designation) within the CMA. 

Refer to Figure 3.1 Census Metropolitan Area Definitions. 

3.1.1 Commercial Structure 

The primary data component is the commercial locations file. This file, provided 

by the Centre for the Study of Commercial Activity3, is comprised of 355 431 individual 

2 The percentage of rural locations as compared to urban locations that are dropped from the dataset will 
be noted within the discussion of each study area. 

3 Refer to Simmons, Barbiero et al (2000) "Exploring a National Database of Commercial Activity" for a 
description of the original dataset extraction and creation. 



Figure 3.1: Census Metropolitan Area Definition 

A Census Metropolitan Area (CMA) is formed by one or more adjacent municipalities 

centred on a large urban area (known as the urban core), The census population count of 

the urban core is at least 100,000 to form a census metropolitan area. To be included in 

the CMA, other adjacent municipalities must have a high degree of integration with the 

central urban area, as measured by commuting flows derived f rom census place of work 

data. 

Once an area becomes a CMA, it is retained as a CMA even if the population of its urban 

core declines below 100,000. The urban areas in the CMA that are not contiguous to the 

urban core are called the urban fringe. Rural areas in the CMA are called the rural fr inge. 

Commuter Rules 

The high degree of integration with the central urban area is defined by a series of 

commuter rules: 

Forward Commuting Flow Rule: Given a minimum of 100 commuters, at least 50% of the 

employed labor force living in the rural or urban fringe works in the urban core as 

determined f rom commuting data based on the place of work question in the last 

decennial census {1991 Census). 

Reverse Commuting Flow Rule: Given a minimum of 100 commuters, at least 25% of the 

employed labor force working in the rural or urban fringe lives in the urban core as 

determined f rom commuting data based on the place of work question in the last 

decennial census (1991 Census). 

** Definitions and images have been take ndirectly from Statistics Canada. For simplicity and presentation some 
information has been omitted. For a full definition of a CMA refer to: 

Source: Statistics Canada, 2004 

m «-<-< 
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commercial locations, excluding automotive dealerships for the twenty-five CMAs for 

the year 2000. From this file, the respective commercial locations for the selected study 

areas are extracted. In addition, this data contains two vital pieces of information. 

The first component is the location information. Commercial locations are 

recorded according to their street address, city, province, and postal code. Based on 

these variables latitude and longitude coordinates are generated removing the need for 

potential inaccuracies when address matching one dataset to another. This also 

removes the dependence on a street network file allowing for a wider range of spatial 

analytical functions to be performed such as cluster and nearest neighbour analyses. 

The addresses will be parsed and cleaned to ensure that they are in a proper format for 

the geocoding software. 



The second component is the attribute information for each commercial 

location. Each location is categorized according to the type of business operation it 

reports itself to be. This information is reported as a code based on the 1987 US 

Standardized Industrialized classification system (SIC). Each location has up to four 

independent or related SIC codes. This information provides insight into the nature and 

type of each commercial operation. Only the primary SIC code will be used. In addition, 

only the first 4-digits will be used as they are usually the most reliable and provide a 

good generalized description of the commercial operation. 

The third component of the data are those variables that are added to the 

database to enhance the overall analysis, these include: 

1. Nearest Neighbour Distances. 

• To fulfill the needs of the nearest commercial neighbour analysis the 

commercial locations must exist as individual points in the dataset. The 

nearest neighbour operator can then perform the necessary functions on 

this dataset. The resultant calculations are included as additional fields in 

the original points file. For each commercial location, its ID number (as 

defined by the algorithm) the distance to its nearest neighbour, and its 

nearest neighbour ID are added respectively. This data is then extracted 

to a Microsoft Excel data file for basic data analysis. 

2. Malls and Downtowns 

• The final data preparation is to extract from the land use planning 

database all malls and central business districts as these are fixed, 
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planned concentrations that require substantial investment to alter and 

therefore are more static entities within the overall commercial 

structure. These will be identified as polygons and will reflect the actual 

land use parcels (malls) or planned zones (downtowns). 

3.1.2 Land Use Planning Data 

The final component of the analysis requires the use of land use planning data. 

The data identifies the planning designation of each of the parcels in the urban area. 

More importantly, it allows for the extraction of areas that have been specifically 

planned as commercial and consequently can be used as either a part of the analysis or 

as a means of validating and confirming the analysis. Unfortunately each of the study 

areas has dramatically different datasets available. Each will be discussed briefly. 

For the Ottawa CMA, the land use planning data set contains the land use zones 

and their associated codes for 1986,1991, and 1996 (this is the last official year for the 

regional plan, a new plan entitled Ottawa 2020 will not take effect until that calendar 

year) for the regional municipality of Ottawa-Carleton. This dataset is provided by the 

regional municipality and does not include Gatineau (on the Quebec side). As this data 

originates with the regional municipality planning department it is viewed to be highly 

accurate. 

Land use information for the Kitchener CMA has been acquired through an 

academic licensing agreement between the University of Waterloo and TERANET, the 

licensed provider of the Ontario land registry database. The geographic coverage for this 

database includes the entire region of Waterloo at the parcel level. A survey was 



conducted in 1996 (original survey year) to identify the land use for each parcel. The 

final revision year and release date of the data is 2000. This data is considered very 

accurate as it has been provided by the region of Waterloo and field verified by 

TERANET. 

The land use data for the city of Greater Sudbury is unfortunately not as readily 

available. Repeated efforts to acquire land use planning data from the region have been 

met with disappointing results. At present there are NO digital land use maps and as a 

result secondary data sources have been used to identify land use. For this study area, 

DMTI CanMap 5.1 land use files will be used. Considerable effort has been made to 

ensure the accuracy of the land use files being used through field verification. At present 

the best confirmation tools are the official 2006 planning maps. Though they do not 

correlate with the year of the data for this study, they will, at least, provide a basic 

means of insuring the accuracy of the data. 

Given the nature of land use controls and zoning regulations, the databases will 

be generalized to only show broad classifications such as commercial, residential, 

industrial, etc. It will be based on these broader classifications that analysis and 

confirmatory actions will be conducted. 

3.1.3 Ancillary Data Requirements 

The ancillary data requirements for this research are minimal. An up-to-date 

street network file is needed for each study area to provide the necessary contextual 

information. This ancillary data is not used directly in the creation of the typology but is 

used to gain a better understanding of the 'nature' of each study area. 



In addition, the need to fuse various data sources into the development of the 

model becomes vital. These other data source includes: Satellite/Aerial Photography to 

aid in the determination of commercial zones and to act as a point of reference when 

assessing the accuracy of the model. Land use planning data, and more specifically 

parcel maps to assist in the accurate location of the commercial locations. 

3 . 2 S t u d y A r e a s 

Canadian cities have changed drastically from their original forms. The principle 

assumption here is that it is possible to identify similarities and differences in the 

generalized form and function of the commercial systems within major Canadian urban 

areas. Underlying this assumption is that Canadian cities as larger groups share many 

characteristics which drive the growth they experience. Bourne (1987) suggests that 

within this context two other principle determinants of differences in urban spatial 

structure are city age and size. Urban size is a surrogate variable for many other 

interrelated factors. In terms of commercial structure, the larger cities tend to have a 

more a diverse and complex commercial structure. Smaller cities cannot simply be 

mathematically enlarged to allow for easier comparison with larger cities. The inherent 

pressures included with an increase in city size, such as an increase in social funding, 

produce a myriad of results that are generally not present in smaller urban centres. 

The second factor that Bourne addresses is city age. He suggests that there is a 

sharp contrast between cities that were substantially developed prior to World War II 

and those that experienced the post war boom. In these cases suburban housing stock 

is the greatest difference where those cities that developed during the post war boom 
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tended to be more suburban-orientated. These differences are best noticed between 

cities in central and eastern Canada with those in the west given the nature of the 

historical growth of Canada. 

A third and final characteristic of urban form is density. Several authors have 

examined the issue of density (Bunting and Filion 1999; Filion, Bunting et al. 1999; 

Bunting and Filion 2000; Fonseca and Wong 2000) but primarily from the greater overall 

urban form. Their discussions focussed on the continued development of low density 

suburban housing areas. Associated with these low density developments are generally 

some type of commercial development as well. Davies and Baxter (1997) suggest that 

low density commercial development is primarily linked to "sprawling ribbons" which 

are extremely space extensive. In addition, they deal with density as a function of 

stores/unit area or stores/unit length. Therefore adding several small strip malls with 

multiple tenants would represent an increase in density. However, they also add that 

the addition of big-box stores, and their associated massive increases in physical size 

underestimates the scale of change, in essence there are several density issues worth 

examining. 

The study areas for this research represent urban areas of three different 

population sizes. It is hoped that by selecting cities of varying urban scales a typology 

can be developed that is not constrained by city size. The three main study areas (Map 

3.1 Study Areas) are the census metropolitan areas of Sudbury, Kitchener, and Ottawa-

Gatineau. 



In addition to their location in the urban hierarchy these three cities were 

selected because of the author's local knowledge of each community. Past research 

(Storie, Oakley et al. 2002) has shown local knowledge of the study area is critical when 

conducting research of this nature. Moreover, the city ages are relatively similar 

(Kitchener, 1857; Ottawa, 1826; Sudbury, 1867), but more specifically they were well 

established as cities prior to 19504. However, their growth profiles are dramatically 

different as are the major economic bases for each of the cities which have resulted in 

significant differences in commercial structure and form. 

4 As illustrated in the literature review, the majority of changes to the commercial systems of Canadian 
urban areas occurred post WWII, or approximately 1950 and beyond. These cities were well establish by 
this time period and therefore would have experienced the same potential for growth arising out of this 
period [Bourne, L S. (1987). "Evaluating the Aggregate Spatial Structure of Canadian Metropolitan Areas." 
The Canadian Geographer 31(3): 194-208]. 
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Figure 3.2: Canadian Urban Hierarchy (CMA Only / 2001 Census) 
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These CMAs fall within different levels of the urban hierarchy, a hierarchy that 

generally divides cities into small, medium, and large urban centres. Small metropolitan 

areas have a population of between 100 000 and 250 000 people, medium CMAs 

between 250 000 and 500 000 and large CMAs of over 500 000 (see Figure 3.2: Canadian 

Urban Hierarchy). Therefore, the study areas represent each of these levels. 

Furthermore little research in terms of commercial structure has been done on Sudbury 

and Ottawa. Kitchener has been studied more extensively, and consequently forms the 

detailed case study of the research. 

3.2.1 City of Greater Sudbury (Sudbury CMA) 

,th The City of Greater Sudbury is Canada's 20 largest census metropolitan area 

with a population of 161 500 (Canada 2003). The city is located approximately 380 



Map 3.2: The City of Greater Sudbury 
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kilometres north of Toronto in Northeastern Ontario, and functions as the regional 

centre for medicine, education, retail and government (Map 3.2 Sudbury CMA). 

The City of Greater Sudbury was formed on January 1, 2001 and represents the 

amalgamation of the towns and cities which comprised the former Regional 

Municipality of Sudbury, as well as several surrounding unincorporated townships. Prior 

to amalgamation two cities existed - Sudbury and Valley East - and the surrounding, 

predominantly rural townships of Onaping Falls, Rayside-Balfour, Capreol, Nickel Centre 

and Walden, each of which has their own smaller central town. Consequently this CMA 

serves a fairly large urban and rural population in addition to its estimated market area 

of almost 550 000 (City of Greater Sudbury Development Corporation 2000). 
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3.2.2.1 General Description of Commercial Structure 

The general commercial structure of the city of Greater Sudbury reflects the 

merging of a series of less populated townships and communities around the denser 

central city. The majority of the smaller surrounding communities have some form of 

"downtown" which contemporarily functions as a neighbourhood commercial area. 

Only the original city of Sudbury has a central business district that is highly developed 

and which continues to function as the dominant core area for the CMA. 

The city of Sudbury and the surrounding townships each has a level of 

commercial development commensurate with their population. Arterial ribbons and 

strip malls form the main commercial zones in the smaller communities while the larger 

surrounding also have enclosed malls and some free-standing stores. Unfortunately data 

reliability issues and addressing problems preclude the inclusion of these areas within 

the study. 

This research will only focus on the former city of Sudbury as the data is more 

easily verified and problems of rural addressing do not exist. Within the city there are 

three dominant commercial areas - New Sudbury, Downtown and the Four Corners. 

Each area has a dominant enclosed mall surrounding by a variety of other commercial 

functions. In addition, the New Sudbury commercial zone has experienced the addition 

of free standing stores and new-format retailers into its commercial mix. Furthermore 

there are a variety of smaller arterial ribbons and commercial parks that exist 

throughout the city. 
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3.2.2 Regional Municipality of Waterloo (Kitchener CMA) 

The Region of Waterloo is the eleventh largest urban area in Canada with a 

population of 431 300(Canada 2003). Located approximately 110 km from the Greater 

Toronto Area along the highway 401 corridor, it is within the outer edge of the Toronto 

commuter zone (Muncaster 1998). See Map 3.3: Regional of Municipality of Waterloo. 

The Regional Municipality of Waterloo is comprised of three cities (Kitchener, 

Waterloo and Cambridge and four smaller townships (Wellesley, Woolwich, Wilmot, and 

North Dumfries. The region was established in 1973 by the province of Ontario to 

govern the "highly interconnected and rapidly urbanizing area" (Muncaster 1998). The 

result was a political structure that merged the former cities of Gait, Preston and 

Hespeler into the one new city, Cambridge and placed this new city under the new 

regional authority along with Waterloo and Kitchener. Four peripheral townships were 

added because of their increasing levels of urbanization as well as the linkages to the 

core cities, however, each township had its own central service community which still 

exist and thrive to this day. The regional area consequently services both a large urban 

and rural population. 

3.2.2.1 General Description of the Commercial Structure 

The general commercial structure of the region of Waterloo reflects the 

amalgamation of 5 cities into three. Each of the former cities within Cambridge have the 

remnants of their former central business districts, with the former city of Gait's CBD 

functioning as the central business district for Cambridge while the other two are now 

neighbourhood level business districts. Given the proximity of Kitchener and Waterloo 



Map 3.3: The Regional Municipality of Water loo 
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to one another, Kitchener has traditionally had the downtown which served the regional 

market, while Waterloo had the "uptown". The Kitchener CBD functions are the 

dominant core area for the entire region, while Waterloo's "uptown" tends to serve a 

more upscale niche market and directly caters to both the high-tech industry and the 

university sector of the community. As a side note, each of the outlying communities 

has their own, albeit dramatically smaller, downtown core areas. 

Each of the three cities has a strongly developed shopping centre hierarchy, 

arterials roads and most recently commercial power centres centred on major highway 

confluences. There are several major shopping nodes with enclosed and open mall 

space, strip mall and standalone stores. Overall the three major cities have a strongly 

developed commercial sector, thought the "downtowns" have shown a level of 

deterioration from age and competition from the more suburban commercial areas. 
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As of the 2000, each of the cities had a major commercial cluster comprised of 

predominantly stand-alone new-format retailers, or a combination of large regional mall 

with stand-alone retailers acting as satellites to the commercial area. 

For the purposes of this research, only the three cities (Kitchener, Waterloo and 

Cambridge) will be considered in the analysis. The surrounding townships have several 

technical challenges associated with them and for consistency with the other two study 

areas, only city-designated areas will be considered. 

3.2.3 The National Capital Area (Ottawa-Gatineau CMA) 

Canada's national capital area, more commonly known simply as Ottawa is 

officially comprised on the former region of Ottawa-Carleton on the Ontario side and 

the city of Hull (now known as Gatineau) on the Quebec side. The Ottawa-Gatineau 

CMA is Canada's fourth largest metropolitan area with a population of 1.1 million 

(Canada 2003). Located approximately 430 kilometres northeast of Toronto in Eastern 

Ontario, not only is Ottawa Canada's capital but it is also the major commercial, 

education, medical and retail area for this part of the province and its commensurate 

part in Quebec (Map 3.4 The National Capital Region). 

The geography of city of Ottawa is quite complex given the historic roots of the 

city. Ottawa is divided into three main regions: 1) the original cities (Ottawa, Nepean) 

inside the greenbelt, 2) suburban regions (Kanata, Gloucester, Orleans) outside the 

greenbelt, and; 3) the outlying rural areas (see map 3.4). This research will focus only on 

the "former cities" which include; Kanata, Nepean, Gloucester, Orleans, the former city 



Map 3.4: The National Capital Region (Ottawa-Gatineau) 
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of Ottawa. There several smaller urban areas located within the outlying rural areas but 

have been excluded because of the same issues as discussed for the Sudbury study area. 

3.2.3.1 General Description of the Commercial Structure 

The commercial structure of the Ottawa area is the most complex of the three 

study regions. There is the primary central business district located within the former 

city of Ottawa, with each of the other former cities functioning as suburbs of the central 

city. Each city has a highly developed arterial ribbon and mall structure, as well as 

smaller pedestrian orientated shopping areas and in some cases suburban downtowns. 

All areas have substantial free-standing and new-format stores either within planned 

centres or unplanned clusters. 
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3 . 3 C o n c l u s i o n 

These three cities were primarily selected because of the author's local 

knowledge of each community. Past research (Storie, Oakley et al. 2002) has shown 

local knowledge of the study area is critical when conducting research of this nature. 

Furthermore the objectives of the assignment require an intimate knowledge of the 

study area. 
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M E T H O D O L O G Y : THE S YST E M I Z AT I O N OF 
S I M P L I F I C A T I O N 

Retailing is dynamic and measurable changes in form and function occur within spans of 
time that are easy for the investigator to perceive, to comprehend, and to explain to 
others. 

Cohen & Lewis (1967) 

4 . 0 I n t r o d u c t i o n 

Geographical information systems (GIS) provide a flexible and efficient platform for 

conducting commercial analysis especially when large spatial databases are involved. At 

the same time, as technology advances, there is a continued need for understanding 

and managing changes within the commercial and greater urban systems. However, 

according to Bond (2002) "the early optimism surrounding GIS has now faded. Few GIS 

implementations have lived up to expectation." He adds, however, with algorithm 

development and a decrease in the cost of the software packages and databases, there 

is the possibility of using GIS for more advanced urban analysis. The use of GIS for 

analyzing commercial locations definitely falls within this category. 

Before the introduction of computer-assisted methods, researchers developed 

and performed similar functions manually. The initial works of Berry (1963) and 

Simmons (1964) were done using manual analytical techniques. Maps were made by 

hand and patterns were identified based on visual observation. The researchers 
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examined commercial locations and groupings of these locations to determine the form 

of each cluster. The results were then classified according to geographical form (ribbons 

or clusters), and market function. The process of collecting, mapping and analyzing 

these commercial locations and the consequent commercial zones was a tedious and 

time-consuming process. This resulted in typologies that were restricted to zone 

identification and classification only. 

With the increasing availability of digital databases, coupled with the technical 

ability to handle such large databases, it is now possible to develop and rigorously test 

new commercial typologies more efficiently and accurately. A typology can be created 

based not just on the characteristics and attributes of one urban area but for multiple 

urban areas more efficiently. The end result is a typology that is more universally 

applicable and representative of the commercial environment in Canada as a whole. 

However, before a typology can be developed, a standardized way of analyzing the data 

needs to be defined. Much like a calculator did for mathematics, the GIS can allow for 

the analysis of data and the production of meaningless results. The goal here is to 

produce "meaningful" results. The first step needs to be to define how to analyze the 

data. 

Building on the pioneering works of Berry and Simmons as well as many others, 

this research presents a unique method for analysing the commercial environment. 

Given the nature of location data presently available, commercial locations are usually 

geographically represented as a point. Therefore the techniques presented focus on 

how to effectively deal with point data while attempting to model a phenomenon that 
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has dimensions greater than a single point. As presented in the previous chapter, in 

addition to the point data several other ancillary data sources will be used that will be 

able to further refine the model, therefore reducing the amount of fieldwork required 

to verify and validate the derived forms. 

The following question can be asked "How is using the GIS in this manner 

different than in other similar studies?" The answer, though straightforward requires 

some elaboration. 

4 . 1 U s i n g G I S in t h e S t u d y of C o m m e r c i a l L o c a t i o n 

Brail and Wiggins (2002) illustrated that a common usage of the GIS in urban 

analysis is descriptive in nature. These types of applications help the researcher quickly 

visualize and ask questions about spatial patterns at varying levels of scale. Large 

generalized patterns can quickly be identified and examined to determine if smaller 

patterns are contained within. This approach is very similar to the visual techniques 

employed prior to the advent of digital mapping. These simple descriptive GIS 

applications can be expanded, with multiple datasets, to add a temporal component to 

the description. However, to properly analyze data over time, a standardized way of 

analyzing the data needs to be developed to ensure temporal consistency. 

The value of using a GIS to analyze large commercial databases is reflected in its 

speed of data visualization. The GIS has the ability to display large amounts of 

information relatively quickly. In addition, modifications can be made to the database as 

needed, therefore, providing a flexible and adaptive environment through which the 



analysis of commercial structures can be done. Commercial locations can be added and 

removed interactively through the entire development and analysis process. 

The traditional methods of collecting, storing and retrieving spatially referenced 

data have several disadvantages. Manual methods are limited in their ability to 

combine different sources of information rapidly and accurately. Moreover, the 

possibility of having duplicate data is high, and the ability to ensure consistency and 

accuracy is degraded with each additional person performing a data collection function. 

The advent of electronic databases has ensured that the databases are created in a 

consistent manner. The problem of data accuracy still exists. These databases are still 

being created manually for the most part, and human error at the data collection and 

entry levels still exists. Each level of error may then be propagated to the final analysis. 

Although speed and ease of methods are useful, the major benefit of the GIS lies 

in the ability to develop processing routines to analyze the data based on a standardized 

set of parameters. This standardization ensures that each analysis is performed in an 

identical manner to the previous analysis. Therefore, the accuracy and consistency of 

each successive analysis can be guaranteed. Within commercial environment research, 

it is also known that not all urban systems have the same structure. Therefore, the 

process of analysis in a GIS can be designed to be interactive to allow for modifications 

conducive to the environment under study. These modifications can also be 

standardized. The end result is situation where commercial typologies can be rapidly 

tested on known areas and then accurately applied to other study areas. See Table 4.1 

for a summary of the advantages of using a GIS to analyze commercial data. 



Value Description 

Organization The GIS acts as the main information system organizing spatial and non-
spatial attribute data. 

Visualization and The GIS provides rapid visualization and summation of large complex spatial 
Summation databases and its associated attributes. 

Manipulation Tools A variety of manipulation tools exist at a variety of scales to conduct basic 
analysis such as clustering or address-matching 

Feeds Model Provides descriptive information that can lead to the development of newer 
Development models. 

GIS-Based Models These are models that employ the processing ability of the GIS to a specific 
spatial database at a variety of scales. 

Temporal The integration of multi-year databases allows for the rapid description and 
analysis of change over time. 

Scale The GIS is scale-independent. Large area analysis can be conducted with to 
identify general patterns. Small area analysis can then be performed to 
determine underlying processes. 

Source: Derived from Brail & Wiggins (2002) 

4 . 2 T h e B ig P i c t u r e : H o w t o G e t I t D o n e 

Determining how to proceed once a problem has been identified is possibly the 

most difficult aspect of conducting research. The way in which the problem is tackled 

ultimately becomes the very essence of the research and subsequently one which 

dictates its overall success. The methods are not only the way in which the problem is 

approached and for which answers are found, but more importantly the methods are 

the probes used to understand and interpret the information; methods are useless 

unless they provide the user with a greater insight of the problem under study. 

Conceptually and structurally commercial elements within the urban area can be 

easily represented within a vector-based GIS environment. The concepts of stores, 

strips, and downtowns can be directly related to points, lines, and polygons. Therefore 



the visual representation of commercial location data is immensely aided by using a GIS. 

Furthermore, the analysis of said data can also be aided. 

Before any detailed discussion of methods can begin a major issue must first be 

addressed; namely the ability to reduce a three-dimensional geographic commercial 

entity, such as a Home Depot down to a 1-dimensional point for ease of analysis. It is 

very common to represent 3-D entities as simple points because of data availability -

commercial addresses which generate point locations are more readily available than 

building footprints. One must recognize that by following this style of symbolization that 

this representative centroid "is an artificial point reference which is located so as to 

provide a summary measure of the location of an object" (Longey, Goodchild et al. 

2001) the problem facing commercial structure research is that the very nature of the 

entities being studied have dimension greater than that of a simple point. In other 

words, by representing a Home Depot as a single point, you cannot then extrapolate its 

approximate spatial extent. When trying to detect the spatial extent of a commercial 

zone, this becomes an even greater consideration. However, given the technique 

proposed here is a generalized method of detecting commercial structure, it is expected 

that this data limitation will not be a major hindrance. 

The literature is lacking when dealing with a procedural way of quantifying and 

defining the various commercial forms. Simmons, Barbiero et al. (2000) have put forth a 

basic scheme for classifying the variety of pre-defined commercial locations (Table 4.2 

Variety of Commercial Locations). However, this appears to be the only such suggested 

scheme of its kind. The variety of present classification schemes focussed on adding to 



Commercial Location Form Stores Floor Area Activities 
(1000s sq. FT) 

Downtowns 

Shopping Centres 

Big Box Stores 

Retail Strips 

Arterial Strips 

Industrial Zones 

Office Building 

Polygon 

Polygon 

Point 

Line 

Line 

Polygon 

Point 

25 -10000 

1 0 - 3 0 0 

> 1 

2 5 - 3 0 0 

2 5 - 3 0 0 

2 5 - 3 0 0 

2 5 - 3 0 0 

<=50000 

5 0 - 4 5 0 0 

>10 

5 0 - 5 0 0 

5 0 - 1 0 0 0 

50 - 1000 

<=300 

Retail 
Finance 
Services 

60% Retail 

Retail 

Service 

50%+ Retail 

Auto Retail 

Auto Service 

Specialty Retail 
Services 

Business Service 

Source: Simmons et. a l . , 2000; pg. 8 

existing schemas those structural features that were not yet classified within the 

typology. These typologies merely provide a general classification of the commercial 

structure since they lack the concrete criteria for quantifying and defining each of the 

commercial categories set out in the typology. 

Given the lack of detailed methods on how to determine commercial zones, this 

research has broken down the analytical approach into two main sections: (1) Nearest 

Commercial Neighbour Generation, and; (2) Commercial Cluster Detection. 

The first major sub-section is the discussion on the nearest commercial 

neighbour. This section will address two main issues: the calculations and statistics 

generated, and more importantly the reasoning for using this technique. The second 

major sub-section looks at commercial cluster detection, generation and validation. 
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4 . 2 . 1 T h e N e a r e s t C o m m e r c i a l N e i g h b o r 

The application of the nearest commercial neighbour is to determine spatial 

proximity of commercial locations to one another. The underlying premise here is that 

"shopping areas" or commercial zones function as a coherent unit because they are in 

close proximity to each other. Therefore by generating each location's nearest 

neighbour, and through a series of basic descriptive statistics, a generalized measure of 

proximity can be calculated. The two main measures that are calculated are: 

1. Average Nearest Commercial Neighbour (A-NCN): This descriptive measure uses the 

average of the distances generated by the nearest neighbour algorithm. The benefit 

to this measure is that each city will have its own A-NCN thereby allowing the 

analysis to be specifically tailored to the city. The major drawback is that outliers and 

single stores outside of commercial zones have the potential to skew the average 

value. However, given the large number of points being addressed this skewing 

effect should not be significant. If this presents a problem, outliers can be mitigated 

by removing them from subsequent iterations once the general commercial zones 

are identified. 

2. Median Nearest Commercial Neighbour (M-NCN): This value represents the middle 

value in the dataset and therefore represents a balance between the very small and 

very large values without being directly influenced as an average value would be. 

Unlike the A-NCN, it is not influenced by outliers and other anomalies. Furthermore 

it can be used as a surrogate density measure as it provides a generalized proximity 

value that would represent the most common spacing between locations. 



These two descriptive values provide information about the proximity of commercial 

locations across the entire study area. Another problem, which is easily addressed, is 

that of multiple stores at a single location - a mall for example. Given that each mall 

location's nearest neighbour would be other mall locations (same address), this 

produces a zero (0) value. These must be removed to avoid skewing the data to the 

lower end of the distance measure. 

The calculation of the nearest neighbour values is a straightforward process. The 

algorithm is contained within an ArcGIS extension (Sawada 2002), and requires point 

class data1. To generate a dataset on which this extension can be used involves three 

basic steps: 

1. The current shapefile containing the commercial locations must be dissolved based 

on a filter. This filter is generated by combining the latitude and longitude values 

into a single field. The shapefile is then dissolved using this filter, with the result 

being 1 point for every unique coordinate pair. This function produces a new 

multipoint-class shapefile with a count of the number of previous points that existed 

at that address2. Unfortunately, the nearest neighbour extension cannot handle 

multipoint-class shapefiles; therefore two additional steps must be performed. The 

1 ArcGIS and ArcView have two types of point classes: (a) a Point class has a combination of two values 
(coordinates) that locate the attribute in geographic or mathematical space, and; (b) a Multipoint class is 
a shape representing a set of points and is usually generated when a Point class file is dissolved. The 
algorithm only accepts Point class shapefiles. 
2 This technique is also very valuable when trying to determining mall locations. As each point contains 
the number of previous points at that location, malls can be found by looking for multi-points that have a 
minimum count of a specified value or greater. 



value of this filter is that it can be linked back to the original dataset. [ArcGIS: 

Dissolve] 

2. Once the new multipoint-class shapefile is generated, an XY coordinate pair 

(preferably in latitude-longitude format) needs to be generated for each location, 

and [ArcGIS: Add XY Extension]; 

3. Once the XY coordinate pairs have been generated the file is remapped using these 

pairs [ArcGIS: Add Event Data]. This produces a point-class shapefile. It is based on 

this shapefile that the nearest neighbour calculations can be performed. (Map 4.1: 

Map of Commercial Locations by study area). 

It should be noted that this dissolving of points is done only to facilitate the nearest 

neighbour calculations. These dissolved shapefiles will not be used in the analysis of the 

commercial zones as the dissolved shapefiles contain significantly less information 

about each commercial location than the original shapefile. Therefore, for all analyses 

and display functions the original datasets are used. 

Map 4.1 - Commercial Locations By Study Area 

Sudbury 

Total Points 2436 

Total UniqueAddresses 1300 

Kitchener-Waterloo-Cambridge 

Total Points 6848 

Total UniqueAddresses 3568 

Kanata-Nepean-Ottawa-Vanier-
Gloucester 

Total Points 13268 

Total UniqueAddresses 6522 

n a o t e 



Figure 4.1: Nearest Neighbour Calculation Procedures 

Process Function/Command Results 

Dissolve multiple 
locations at same 

address 
Multi-Point Class Shapefile 

Extract XY 
Coordinate Pair 

Latitude/Longitude 
Coordinate Pair 

Re-Mapping 
Point Class Shapefile of 

Retail Locations 

Nearest 
Neighbour 
Calculation 

Nearest Neighbour 
Distances 

Descriptive Statistics Microsoft Excel ANCN&MNCN 

Notes: Those functions/commands identified a: 'ailable at the ArcScripts website (arcscripts.esri.com). All other functions are native within either ArcVlew or ArcGIS Desktop, 

Using these new shapefiles, the nearest neighbour distances are generated. The 

extension only calculates the nearest neighbour and not all inter-point distances3. These 

values are then added to the shapefile tabular data as a new column. At this point the 

descriptive statistics can be generated (Figure 4.1: Nearest Neighbour Calculation 

Procedures). 

4 . 3 C l u s t e r D e t e c t i o n T e c h n i q u e s 

The following discussion details the two main detection approaches: point only, 

and point plus fixed entities. 

Calculating all inter-point distances is a time-intensive operation. By calculating just the nearest neighbor 
time efficiencies can be achieved as well as minimizing data overload. 

C h a 

http://arcscripts.esri.com


4 . 3 . 1 P o i n t O n l y C l u s t e r D e t e c t i o n 

To empirically detect and then quantify the spatial organization and morphology of 

the commercial areas, the following steps are required: 

1. Using the derived NCN values (ANCN and MNCN) cluster the data points using a 

buffering technique. The technique works by creating a buffer around each point 

location, with the size of the buffer being defined as the ANCN or MNCN value or 

multiple thereof. When two or more buffers coalesce they are dissolved into a single 

unit. This is an iterative process until all overlapping buffer polygons have been 

dissolved. The result is a series of polygons that cluster the commercial locations 

according to the buffer size. 

2. Once the clusters have been generated, the number of commercial points within 

each cluster is determined. Those clusters that have less than 5 stores are removed 

based on the threshold criteria posited by Simmons, Barbierio et al (2000) who 

suggest that cluster or 4 or fewer stores are not "commercial areas". The remaining 

clusters then constrained using a buffered road network (20 meter buffer). The 

produces a representation that corresponds more with what the actual ground-level 

perspective would produce. This differs from Simmons, Barbierio et al (2000) where 

they have represented commercial zones using a point symbol located at their 

centroid along a street network. It is felt that this represents a truer cartographic 

representation of the actual commercial zone. 

3. At this stage, steps 1 thru 2 are repeated. Successive iterations will involve a 

multiple of the MNCN value as the buffer value. The ANCN is not used in multiples as 
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it is typically a larger value than the MNCN. Multiples would produce excessively 

large buffers that would capture more than actually exists. 

4. The value that is determined to have produced the more accurate result, based on 

field observations and direct comparisons to the orthoimagery, will be deemed the 

most effective. 

For a detailed overview of the commands and procedures used for the General Cluster 

Detection, refer to Figure 4.2: Point Only Cluster Detection Flow Diagram. 

4 . 3 . 2 P o i n t + F i x e d E n t i t y C l u s t e r D e t e c t i o n 

The next level of detection introduces a second data layer. Using the existing 

point location dataset, those points which are located within Malls, Power Centres, and 

the central business district are removed from the analysis. The result is that only 

freestanding locations outside of clearly defined (fixed) areas are analyzed. The resulting 

Figure 4.2: Point Only Cluster Detection 

Process 

Ouster Points UsingANCN 
and MNCN 

Determining number of points 
per polygon 

Removing clusters with fewer 
than 5 points 

Repeat complete process for 
multiple iterations until 

polygons coalesce too much 

Confirmation against 
aerial photography 

Source: Derived by Author 

Function/Command 

Spatial Join 

Visual 

Results 

Dissolve Polygons represented 
clusters based on threshold set in 

Cluster command 

Number of points contained 
within each polygon is added to 

the data table 

Remaining polygons have at least 
5 points 

Clusters which accurately 
represent the true retail zone. 



polygons are then combined with the planned commercial zones to produce a final 

commercial structure. 

The results of this level are compared against the orthoimagery and field 

observation to identify it levels of accuracy. 

4 . 3 . 3 L a n d U s e C o m p a r i s o n 

The final section involves comparing the results generated in the two detection 

methods to accurate parcel data for the Kitchener CMA. This is to function as a measure 

of accuracy of the detection techniques. This will involve: 

1. Extracting and grouping land use parcels for the Kitchener CMA that have 

been defined as commercial. This is will represent the known commercial 

structure of the CMA. 

2. Overlaying the generated clusters from the two detection techniques and 

visually compare the accuracy of the clusters to the actual land use parcels. 

This step will only be performed on the Kitchener CMA due to data limitations. 

4 . 4 C l a s s i f y i n g t h e C o m p o n e n t s of C o m m e r c i a l 
S t r u c t u r e 

When developing a typology of commercial structure several definitions and 

methods of classification must be addressed first. These include the classification of: 

commercial stores, geographic location, geographic form, shopping centers, and 

commercial areas. Finally a discussion on how to combine these definitions into a usable 

typology of commercial structure is presented. 



Guy (1998) suggests that these classifications and definitions are critical when 

conducting this type of research. He suggests that classification is essential when trying 

to simplify the complex structure of the commercial sector in order to be able to more 

effectively analyze it. He goes on to present two reasons to justify this position: 

1. A logical and appropriate classification system assists in the systematic analysis 

of the commercial environment. Furthermore, he adds that the classification 

structure should be in some way "the perspective of the researcher and the 

objectives of the research". 

2. A consistent and comprehensive classification system allows research to 

compare and contrast empirical findings across a variety of spaces, cultures and 

time periods. Consistency becomes the key underlying factor. 

Based on these two broad justifications a series of classification and definitions will be 

presented that will assist in analysis stage of this research. 

4 . 4 . 1 C l a s s i f i c a t i o n of C o m m e r c i a l S t o r e s 

The first major task is a definition of what a commercial store or location is. A 

common, simple definition is any building from which retailing is carried out. However, 

this basic definition is extended to include those outlets which sell retail goods to 

members of the public from the premises without prior appointment (Guy 1998). In 

other words, commercial locations are those stores which offer goods and services in 

exchange for money in a context normally associated with the term "shopping". 
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When classifying retail outlets, several systems have been used. However, for 

the purposes of this research two basic systems will be discussed: classification by type 

of good and classification by size and type of store. 

4 . 4 . 2 C l a s s i f i c a t i o n by G e o g r a p h i c L o c a t i o n 

The first level of classification is based on the geographic location within the 

urban environment. This research will use a three category approach: 

1. Inner City - Within the context of the census metropolitan area the inner city is 

typically the original city - sometimes the entire city - that the CMA designation is 

based upon. Usually the oldest part of the urban environment this typically contains 

the central business districts as well as the original arterial developments. 

2. Suburbs - The suburbs represent the major residential and commercial 

developments that surround the inner city. Within the context of the CMA these are 

usually defined as the city and towns that comprise the catchment area of the core 

city. These developments are typically less dense than the inner city and are 

designed around the use of the car. 

3. Gateway - The final classification is the gateway, also known as the edge city 

(Garreau 1992) and defined by Lowe (2000) as having the potential to be the centre 

for new town development. These developments represent growth on the urban-

rural fringe and in many instances signify where suburban development is going to 

continue. The term gateway is used here to denote those commercial areas on the 

extreme urban fringe that lack surrounding residential development and act as a 

potential focus for continued suburban growth. 



4 . 4 . 3 C l a s s i f i c a t i o n by G e o g r a p h i c F o r m 

The second level of classification is by geographic form. Given that the analysis is 

conducted within a GIS three forms will be used point, line, and polygon: 

1. Point - A point is a single, free standing store 

2. Line - A linear cluster represents a commercial area existing along the length of a 

road or roads in the case of an intersection. 

3. Polygon - A polygon is representative of commercial areas that exist over several 

roads (a CBD for example) or over a large geographic (a mall, industrial park, power 

centre). 

The use of these three forms will aid in the final classification of the commercial area 

itself. However further classification of the shopping centre (the polygon) is required. 

4 . 4 . 4 C l a s s i f i c a t i o n of S h o p p i n g C e n t e r s 

Classifying a shopping centre has been the focus of considerable debate in the 

literature. Some research has suggested defining a shopping centre based on size while 

others suggest that a group of shops may very well be a center. Some definitions take 

into consideration whether the shopping center is planned or unplanned, purpose-built 

or not. 

A common classification and one that will be employed for this research is as 

follows: 

a. Shopping Centers: Those planned, purpose-built retail developments that are 

generally enclosed, but do not have to be, and consist of a variety of stores within 

close proximity to one another (Dawson 1972) 



b. Retail Areas: Those unplanned, clusters of retail stores, where stores are in proximity 

to one another such are the characteristics of a downtown (Simmons, Barbiero et al. 

2000). 

A further method used to classify shopping centers is based on function. Predicated on 

the central place model, the classification of shopping centers is based on the size of the 

market that they serve. However, as it has been suggested previously (Borchert 1998; 

Guy 1998) this method of classifying based on central place might no longer applicable 

or at least it needs to be re-evaluated, especially in multi-nucleated urban areas where 

traditional hierarchical divisions are blurred. 

A more contemporary classification of shopping centers is based on physical 

form. The advantage of this classification is that is more closely reflects the more recent 

developments and reflects they ways in which consumers evaluate and identify their 

shopping destinations (Guy 1998). The main forms of commercial area development are 

as follows: (1) The Focused Center; (2) The Retail Park; (3) The Shopping Mall; (4) The 

Regional Shopping Centre; (5) The Factory Outlet Center, and; (6) The Specialty Centre 

(for greater detail see table 4.3 Main Forms of Development). 

One special note must be made, the regional shopping centre, a remnant of the 

older central place classification retains its title for two reasons: these are physically 

large shopping centers {> 500 000 sq feet GLA} and serve a substantially larger market 

than their "shopping mall" cousins. 



Table 4.3: Main Forms of Development 

Size 

The Focused Center 

(Neighborhood Center) 

The Retail Park 

The Shopping Mall 

The Regional Shopping Center 

The Factory Outlet Center 

The Specialty Center 

Description 

Built to serve surrounding residential areas with convenience 

shopping needs. 

Usually built in office centre locations. Variety of household good 
and do-it-yourself stores. Generally contains at least 
50 000 sq feet of gross retail space. 

Typically an enclosed, large building that contains a variety of stores, 
one or more large anchor stores and a food court. Attempt is made 
to replicate the variety and environment of a traditional CBD. A 
minimum size of 10 000 sq feet is generally required to mall 
classification. 

A large shopping mall generally built in a free standing position 
rather than part of an existing area. Typically a minimum of 500 000 
sq feet is required for "regional" status. 

Similar physically to a shopping mall but has no anchor store. Stores 
tend to sell good as discount prices. Purpose is generally to sell 
surplus goods and overruns. 

Similar to a shopping mall or can be a combination of existing 
buildings, there is no anchor store and retail outlet (mainly 
independent) tend to specialize in either in one type of good or are 
designedfora specific market (generallytourists). Sometimes 
referred to as festival markets to generate a strong tourist appeal. 

Source: Guy (1998) 

4 . 4 . 5 C l a s s i f i c a t i o n of C o m m e r c i a l A r e a s 

The final classification that needs to be addressed is when dealing with commercial 

areas. As mentioned previously, this section will deal with those unplanned areas that 

have typically grown within areas that have been planned, at the city or regional level, 

for commercial development. These areas are characterized by a multiplicity of property 

owners, and consist of many separate buildings which are varied in physical appearance. 

These areas have generally developed in two ways: 

1. In the inner city or original city as a central business district or downtowns. 

2. In the suburban areas as conversions of land from typically Greenfield or brownfield 

to commercial in order to be able to provide services to the growing suburban 

communities. 



Much effort has been dedicated to classifying these commercial areas (Berry 1963; Guy 

1994; Jones 2000). Typically these classifications have followed a central place structure 

to analyze the catchment population of these commercial areas. There are three general 

problems when using the central place hierarchy to classify commercial areas: 

1. The designation of a hierarchy suggest that there are clear, distinguishing 

characteristics for each level, when in fact empirical evidence suggests a continuum 

exists (Davies 1972; Potter 1981). 

2. Retail and service ribbons, particularly in European towns have usually grown to 

serve the needs of adjacent communities which contradicts the definition Berry 

(1963) uses of highway users commuting to work. 

3. The third criticism posed by Dawson and Sparks (1987), and Davies (1989) is that 

large modern retail structures which are highly specialized in purpose -

hypermarkets or big-box stores - and are difficult to fit into conventional 

hierarchies. However, Jones (2000) continues to use the hierarchical classification 

and has added a category for these large format retailers. Moreover, he does not 

make any distinction when these large format businesses are contained within more 

traditional areas. 

It is clear that in the modern urban area, using a classification system based on a 

hierarchical organization that assumes consumer will select the closest store to satisfies 

their needs may no longer viable. Therefore the classification system presented here 

does not employ any type of hierarchical schema and relies more on the physical 



location of the commercial area within the greater urban environment. Three types 

exist: 

1. Unplanned Cluster: Typically a downtown or suburban commercial area. 

2. Linear: A traditional road/highway orientated shopping ribbon or shopping street. 

3. Isolated: A standalone commercial outlet. 

(Source: adapted from Brown (1991)) 

The two dimensions of this classification are physical form and function. This 

classification has wide appeal because the physical and functional characteristics are 

easily identifiable within a GIS environment (Guy 1998). Simmons, Barbiero et al. (2000) 

presents a basic classification scheme for commercial locations which include 

generalized classification characteristics (See Table 4.4 Classification of Commercial 

Areas). 

Commercial 
Location 

Downtowns 

Shopping 
Centers 

Big Box Stores 

Retail Strips 

Arterial Strips 

Industrial Zones 

Office Buildings 

Source: Simmons 

Form 

Polygon 

Point 

Point 

Line 

Line 

Polygon 

Point 

(2000) 

Stores 

2 5 - 1 0 000 

1 0 - 3 0 0 

1 

2 5 - 3 0 0 

2 5 - 3 0 0 

2 5 - 3 0 0 

2 5 - 3 0 0 

Floor Area 
(square feet) 

Up to 50 000 000 

50 0 0 0 - 4 500 000 

10 000 + 

50 0 0 0 - 5 0 0 0 0 0 

5 0 0 0 0 - 1 0 0 0 000 

5 0 0 0 0 - 1 0 0 0 000 

Up to 300 000 

Activities 

Retail 

Finance 

Service 

60% Retail 

Retail 

Service 

50%+Service 

Auto Retail 

Auto Service 

Specialty Retail 

Service 

Business Service 

Comments 

Non-residential, 

Includes strips, mall 

and office 

Shared pedestrian 

flows 

Shared accessibility 
and traffic flow 

Mixed land use, 
industrial zoning 

Share location. 



4 . 5 C o n s t r u c t i n g a C o m m e r c i a l T y p o l o g y 

Once the empirical analysis and refinement process has been completed and the 

commercial zones derived, a generalized model of urban commercial space can be 

created which contains three components: 

1. Geographic Location 

2. Geographic Form 

3. Commercial Area 

This model will be constructed by analyzing the derived commercial forms from the 

study areas as the main building blocks. At the top level is the overall urban system, the 

first division is between urban, suburban and gateway developments. The second level 

looks at the geographic form of the various zones within each sub-section. The third and 

final level of classification is that of the commercial area itself. 

Though this classification scheme is presented in a hierarchical layout, it is not 

based on any type of planned commercial hierarchy but upon a location hierarchy 

characteristic of the average Canadian city. Therefore no one single commercial form is 

regarded as geographically more significant than another. 

4 . 6 C o n c l u s i o n 

The ability to develop a series of standardized techniques that assist in the 

analysis of the commercial areas of urban environments is invaluable. By being able to 

apply these techniques to different urban areas in a consistent manner, meaningful and 

comparable results can be generated that provide greater insight into the overall 



commercial development of an urban area. Furthermore, these procedures can then be 

used to develop a more theoretical model of intra-urban commercial structure. 



RESULTS A N D D I S C U S S I O N 

Retailing is dynamic and measurable changes in form and function occur within spans of 
time that are easy for the investigator to perceive, to comprehend, and to explain to 
others. 

Cohen & Lewis (1967) 

5 . 0 I n t r o d u c t i o n 

The spatial pattern of commercial development within an urban environment is 

generally dictated by its physical layout and socio-demographic structure (Sun 2000). 

The average urban centre has evolved from a multi-function mono-centre (downtown) 

to a multi-nodal environment in which commercial function has been dispersed into 

highly specialized areas. 

Consequently analyzing commercial structure within urban environments is a 

challenging process. Zoning and land use planning, building size, market composition, 

and changing consumer preferences all factor into how the commercial structure will 

"look". This is referred to as commercial form and can be readily observed by examining 

commercial areas originally designed for pedestrians compared to the modern 

automobile-orientated zones. The result is that the commercial structure within an 

urban environment is going to exhibit a variety of potential forms. Therefore the 
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contemporary commercial structure represents a mixture of commercial forms and 

functions of varying age and development style. 

Commercial function is the second highly variable feature of commercial 

structure. Not only has the form of the zone changed but in many cases so has the 

function. Urban environments have migrated away from the one-stop shopping of the 

downtown, to the enclosed one-stop shopping of the mall, and more recently to the 

discount department store and warehouse club. As a result the function of these 

commercial zones will also have the potential to be heavily varied, and can range from 

entertainment districts, to jewelry districts, to automotive districts and potentially 

anything in between. 

Commercial zone form and function become the two primary characteristics 

when describing commercial structure. In many cases the form of the commercial zone 

will dictate its function - linear developments along major arteries generally reflect a 

vehicle oriented function. However, the opposite is true as well. Function can 

sometimes dictate form. Entertainment districts, as a result of the nature of the 

businesses present are generally compact in size and pedestrian friendly. Consequently 

they tend to be observed within older core-area environments. Even newer power 

clusters, where the orientation is on the vehicle, have operations such as movie theatres 

and restaurants relatively close together. 

This chapter details the results of the GIS analysis. The point only, point + fixed 

entity cluster detections are discussed for each of the three study areas, while the land 

use comparison because of data limitations is detailed only for the Kitchener CMA. 



5 . 1 P o i n t O n l y C l u s t e r D e t e c t i o n 

As discussed in the previous chapter the point only cluster detection involved 

three general steps: 

1) Creating a subset of data points that has one entry per address location; 

2) Generating nearest neighbor values for the sub- dataset; 

3) Generating clusters on the full commercial dataset for each study area based 

on the derived NCN values. 

5.1.1 Data Sub-setting and NCN Generation 

The first stage was to reduce each of the commercial datasets into a subset that 

contained a single point location for each unique address. Each of the study areas 

experienced a substantive reduction of data points indicating that the majority of 

commercial locations contain more than one unique business. The CMA of Sudbury and 

Kitchener were reduced by approximately 52%, while the CMA of Ottawa was reduced 

by 49%. It is speculated that this increased reduction in Ottawa can be attributed to the 

number and size of enclosed shopping malls when compared to the other areas. See 

Table 5.1 (Nearest Commercial Neighbor Analysis Results) for a summary of values. 

Once the subsets were generated the nearest neighbor point distances were 

calculated. Based on the inter-point distances (measured in metres) the mean and 

median values were extracted. The average values ranged from a low of 67.48 (Ottawa) 

to a high of 79.58 (Kitchener) with Sudbury sitting in the middle at 71.03 metres. This 

variation in values can be explained based on the general geographic arrangement of 

each study area. 



In the case of Ottawa, though geographically large, the density of points within 

each of the cities was still quite high thereby generating comparatively low values for 

each nearest neighbor, whereas the Kitchener CMA has outlying areas with only small 

number of commercial locations that are not densely clustered. In Sudbury a data bias 

arises because it is the only study area that has one primary urban area as a result of 

rural addressing issues and does not exhibit the geographic variety of the other two 

areas (core area surrounded by suburban development). 

When examining the median NN value each of the study areas produced similar 

results. For Ottawa and Kitchener the value derived was 31.5 meters while for Sudbury 

it was 30.75 meters. These values are similar because in all three cases a traditional grid 

network planning structure exists within the core areas producing a regular spacing of 

commercial locations influencing this particular value (refer to Table 5.1 for a summary 

values for both the median and average measures). 

Lastly, threshold values for each of the study areas need to be calculated for 

each of the clustering iterations (Table 5.2 Clustering Threshold). Five threshold values 

CMA 

Sudbury 

Kitchener 

Ottawa 

Points 

Multi** 

2436 

6848 

13 268 

Single*** 

1300 (53%) 

3568 (52%) 

6522 (49%) 

Distance Measures (meters)* 

Average 

71.03 

79.58 

67.48 

Median 

30.75 

31.50 

31.50 

*Based on a 20m offset during geocoding 

** The multi-point number represents the original clean dataset without address duplicates removed. 

*** The single-point number reflects the reduction of the dataset down to single entriesper address. 

Source: Generated by Author 
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Table 5.2: Threshold values for Cluster Iterations 

Sudbury 

Iteration 

ANCN 

MNCIM(lx) 

MNCN(2x) 

MNCN(3x) 

MNCN(4x) 

MNCN(5x) 

Distance (metres) 

71.03 

30.75 

61.50 

92.25 

123.00 

153.75 

Number of Clusters 
Produced 

277 

508 

312 

203 

138 

84 

Remaining Clusters (> 5 
stores) 

54 

100 

62 

45 

32 

22 

Kitchener 

Iteration 

ANCN 

MNCN(lx) 

MNCN(2x) 

MNCN(3x) 

MNCN (4x) 

MNCN(5x) 

Distance (metres) 

79.58 

31.90 

63.80 

95.70 

127.60 

159.00 

Number of Clusters 
Produced 

849 

1691 

1052 

688 

400 

234 

Remaining Clusters (> 5 
stores) 

176 

300 

213 

159 

113 

74 

Ottawa 

Iteration 

ANCN 

MNCN(lx) 

MNCN(2x) 

MNCN(3x) 

MNCN(4x) 

MNCN(5x) 

Distance (metres) 

67.50 

31.50 

63.00 

94.50 

126.00 

157.50 

Number of Clusters 
Produced 

1415 

2539 

1516 

1004 

619 

340 

Remaining Clusters (> 5 
stores) 

262 

439 

278 

215 

176 

110 

Source: Generated by Author 

representing multiples of the median value were calculated. Five multiples were 

determined based on the visual inspection of test clusters that were generated where 

by the fifth multiple the amount of cluster coalescence was so high that in many cases 

independent commercial clusters were joined together and identified as being of the 



same cluster which they should NOT be. However, it was prudent to ensure that the 

model "went past" the accurate values to ensure strong comparison between each of 

the thresholds. 

5.1.2 Cluster Generation 

Based on the threshold values calculated six cluster maps for each of the study 

regions were generated. Each of the commercial clusters was generated by using a 

buffer routine with the buffer size set to the threshold value. Overlapping polygons 

were dissolved creating a larger commercial cluster. Once the clusters were generated 

the number of commercial points was added, and those clusters that contained four or 

less points were removed resulting in commercial polygons that had five commercial 

locations or more contained within them. These remaining polygons were then clipped 

using a road network with a forty meter wide buffer. This was done in order to constrain 

the polygons to the existing road network and to make them more visually accurate in 

relation to the roads1. Each study area is discussed individually. See Appendix A for a 

complete set of maps for each study area and iteration. 

5.1.2.1 Sudbury CMA 

The Sudbury CMA is the smallest of the study areas and consequently generated 

the fewest number of commercial clusters. Of the six iterations conducted a maximum 

number of one hundred clusters were achieved for the lx iteration while the 5x 

iteration, as expected, produced the lowest number of clusters (22). Once the polygons 

1 Unfortunately, this particular step removes any possibility of calculated area values for the commercial 
zones and in some cases length values as well. Conversely the cartographic representation is enhanced as 
it better reflects what the consumer sees at street level. 



for the iterations were generated they were compared against the orthoimagery and 

land use planning information to visually assess their level of accuracy. 

For the Sudbury CMA the central business district and the "Four Corners" 

commercial zones were used for comparison (see Map 5.1 Sudbury Overview Map). 

Each area is clearly distinguishable from surrounding land uses and both are clearly 

identified within land use plans. Map 5.2 (Sudbury CMA Point Only Cluster Detection 

Polygon Accuracy) illustrates the actual commercial areas as identified on the imagery 

and land use plan as well as the polygons generated for each iteration. 

For the central business district, the results indicate that the iteration multiples 

quickly create polygons which are artificially larger than the area for which they are 

attempting to define. The lx iteration "under-defined" the commercial areas by missing 

several areas where there was a large relative distance between commercial operations. 

The 2x iteration was visually deemed to be the most accurate as it produced a polygon 

structure that strongly matched the existing CBD with little interior area missing and 

minimal "spillover" outside of the actual region. The 3x, 4x, 5x, and median value 

iteration produces polygons that were larger than the CBD and resulting in the capturing 

of bordering areas that are not part of the central business district. 

The Four Corners commercial area results are very similar to that of the CBD but 

with one exception. Whereas the CBD had broad areal extent, the Four Corners 

commercial area is much more linear as it represents the intersection of two major 

arterial roads. The visual analysis of the results for this region suggests that the 2x 

iteration was again the most accurate in defining this commercial area. In all cases the 



Map 5 . 1 : Overv iew Map of the Sudbury CMA 

U£ J 
Source: Generated by Author 

( I 

Central Business District 

Four Corners 
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Map 5.2: Sudbury CMA Point Only Cluster Detection 

Central Business District 

t 

Iteration 

Original 

2x 

5x 

Average 

"Four Corners" 
Legend 

O Defined 
Area 

Detected 
Area 

*For larger images refer 

to Appendix A section 

A . l 

Source: Generated by Author 
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polygon "over-defined" the southern extent of the north-south trending artery. This can 

be attributed to two related factors; 

1. A mixed use designation that permits for both commercial and light industry 

bordering on the planned commercial area, and; 

2. The externality effects generated by the planned commercial area and its 

subsequent spillover into neighboring areas. 

Though this over-estimation exists it is deemed to be less than critical as it reflects the 

commercial operations of the area and does not capture non commercial activities (such 

as residential neighborhoods). 

Based on the results of the point only cluster detection for the Sudbury CMA it is 

apparent that the 2x iteration is sufficient to define the commercial zones within this 

metropolitan area. This iteration produces polygons that closely approximate the actual 

areas as visually defined by changes in land use. Furthermore, and more importantly, 

this iteration generally does not overestimate the actual area. This becomes beneficial 

in those areas where various land uses are tightly mixed and accordingly will result in 

those areas not being included. 

5.1.2.2 Kitchener CMA 

The Kitchener CMA is much larger than the Sudbury CMA and therefore has a 

much more developed and geographically varied commercial structure. Of the six 

iterations conducted, a maximum number of clusters (298) was generated using the lx 

iteration and a minimum of seventy-three was generated using the 5x iteration. Like the 

Sudbury CMA these polygons were compared against the orthoimagery and the land use 



planning polygons to determine which iteration was the most accurate. The comparison 

was done using three readily identifiable commercial areas; the Kitchener CBD, the 

Waterloo CBD and the Highway 24 linear commercial complex in Cambridge (see Map 

5.3 Kitchener Overview Map and Map 5.4 Kitchener CMA Point Only Cluster Detection 

Polygon Accuracy). 

In the case of the Waterloo CBD, the IX iteration was the only result that 

generally fell within the official CBD boundaries with little spill over. However, it can be 

argued that though visually this would be the most accurate there is a discrepancy 

between the land use definition of the CBD (boundary in red) and the location of 

commercial and commercial operations within this inner city area. 

Map 5.3: Overview Map of Kitchener CMA 

( ^ ) Waterloo CBD 

Kitchener CBD 

Hespeler Road 

Source: Generated by Author 
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Map 5.4: Kitchener CM A Point Only Cluster Detection Polygon Accuracy 

Iteration Waterloo 
CBD 

Kitchener 
CBD 

Highway 24 
LCC 

Original 

2x 

3x 

5x 

Average 

SourceTGeneratecnjyAutnor *For larger images refer to Appendix A section A.2 **SeeTable 5.2 for Legend 
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Like many larger urban environments, arterial roads connect the suburban and 

outlying areas with the core. Waterloo is no different. To the north-east edge of the CBD 

is Bridgeport Road which connects the Conestoga Parkway to the east with the 

downtown area to the west. This arterial strip is mostly comprised of commercial 

operations starting at the Bridgeport Mall and continuing into the core. In addition, this 

is a one-way road, west-bound into the core. As a result of road connectivity and 

continuous commercial development those two areas may function as a single 

commercial area. Therefore, this research suggests that the 2X iteration more accurately 

captures this commercial area. Furthermore, the 2X also most accurately captures the 

CBD and captures the commercial development that borders the CBD as a result of 

externality effects. 

The Kitchener CBD produced results that were similar to the Waterloo CBD. The 

IX iteration accurately captures the CBD as well as the arterial development radiating 

outside of the core area. The 2X iteration produces a similar, albeit a more area 

encompassing result. Once again the differences between formally planned and 

identified areas (the CBD) and the more functional commercial zone that developments 

within and around the CBD emerges. 

Like the Waterloo CBD, the Kitchener CBD has several major arterial roads the 

permit access to and from the core. These arterials are almost fully developed for 

commercial service provision and in most cases are directly "connected" to the core - in 

terms of continuous stores, with little to no discernable gaps (houses, green space, etc). 

Therefore, if one considers only the CBD then the IX is more accurate, whereas if one 
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considers the commercial area as a functional zone then the 2X iteration is most 

accurate2. 

The final area studied within the Kitchener CMA is the Highway 24 (Cambridge) 

linear commercial complex (LCC). This is unique area consisting of a primary arterial strip 

(Highway 24) with a super-regional new-format center anchoring the north and a super-

regional mall anchoring the southern extent. Radiating off this main core are a series of 

smaller arteries that have developed because of the externality effects resulting from 

the proximity to this large commercial area. 

When looking at the results it becomes clear that the 2X and 3X iterations most 

accurately capture this area. However, the 3X iteration also over-captures surrounding 

areas and includes them within the LCC, where as the 2X is similar but to a lesser extent. 

The challenge being faced in this context is the difference between the dense CBD and 

"sprawling", suburban orientated arterial developments. Businesses along the linear 

commercial complex tend to be located in free-standing buildings, strip malls, and even 

larger regional and super-regional malls. These differences will be further expanded 

upon in the discussion section. 

5.1.2.3 Ottawa CMA 

The Ottawa CMA is the largest of the study areas and represents a highly diverse 

urban environment. This diversity was reflected in the number of clusters generated. 

For the point only cluster detection a maximum total of 429 clusters were generated 

during the lx iteration while the 5x iteration produced 101 clusters. Like the two 

2 Refer to the discussion section 5.4 for further expansion on this issue 



previous study sites, readily identifiable commercial areas were selected for analysis. 

These areas include: 

(1) the Ottawa central business district and inner city bounded by the King 

Edward Avenue to the west (indicated by the western extent of the CBD), the 

Ottawa River to the North, Highway 416 to the South and Bronson Avenue to the 

East; 

(2) Bank Street within the Glebe neighborhood bounded by Powell Avenue to the 

North and Holmwood Avenue to the South; 

(3) Bank Street at the Billings Bridge commercial area bounded by the Rideau 

Canal to the north extended past the Rideau River to the southern terminus at 

Heron Road; 

(4) Merivale Road from Baseline Rd to Hunt Club Road, and; 

(5) Carling Road from the Carlingwood Mall in the East to Edgeworth Avenue in 

the West (Map 5.5 Ottawa Overview Map and Map 5.6 Ottawa General Results 

Maps). 

These five areas were chosen because the commercial structure of Ottawa is 

dominated by the historical core and inner city with a series of arterial commercial 

zones within the suburban areas. These areas selected represent the larger and more 

dominant of those arteries. 



Map 5.5: Overv iew Map of Ot tawa CMA 

Ottawa CBD Inner City 

Bank Street (The Glebe) 

Bank Street (Billings Brige) 

Merivale Road 

Carling Avenue 

Source: Generated by Author 
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The first area to be examined was the Ottawa CBD and original inner city. This is 

part of the original settlement area and contains not only the downtown core but 

Parliament Hill and the Byward Market. In addition, this is an area of dense mixed use 

(commercial, residential and institutional), consequently the model for this area 

generated results that were not in line with previous results for other cities. Firstly, if 

the central business district (as identified by the red outline) is the only area of concern 

then the lx iteration produces the closest result, and though it extends past the 

boundaries it does so in a predictable manner (along arterial connectors). All other 

iterations extended far beyond the boundaries and are therefore useless. 

This predictable manner is the challenge that is presented by the large urban 

environment. The CBD is traditionally accessed by several major roadways, and 

inevitably some of those roads will also develop commercial services. This is the case for 

the Ottawa inner city. By examining the lx iteration two major arteries become 

apparent, Elgin St (center-east) and Bank Street (center west) extend beyond the 

defined core. In this situation there is no true distinction between where the CBD ends 

and these arterial zones begin. Therefore in this type of situation it is suggested that 

examining the Inner City as a whole is more effective and more representative of how a 

consumer would view the area - namely one that functions as a whole and not as 

separated entities. 

When examining the Inner City as a whole, the 2x iteration performs almost 

flawlessly. The CBD is clearly captured from east to west, with the exception of the 
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extreme area to the west where the Canadian War Museum now exists. This land was 

vacant during the time period of the study area data. The cluster extends to the natural 

boundaries presented by the Rideau Canal and the OC Transpo Railway tracks to the 

east. The only problem with the definition is that Highway 417 (Queensway) which 

bisects this area and acts as a mental dividing line between the inner city and the more 

suburban areas to the south is elevated and does not hinder traffic flow on the major 

arteries beneath it. Consequently, the cluster follows Bank Street, Bronson and Preston 

Avenues beyond the Queensway, all three of which are heavily developed commercially 

and are directly linked to the core. The problem with these extensions is that these 

areas, especially Bank Street tend to be viewed as independent of the core. 

One final note is that since the average NCN for this area was so close to the 2x 

value that the results were virtually identical. It is suggested that since this is not always 

the case using the results of the multiple iterations is more accurate as it is more 

consistent with the previous study area results. Finally, it can be concluded that density 

becomes a strong influencing factor on the accuracy of the results. This will be 

addressed further in the discussion section. 

The second area to be examined is known in the vernacular as the "Glebe", a 

mixed commercial and residential neighborhood that was one of the original suburbs 

but can more commonly be considered "inner city" when compared to the modern 

suburbs. The Glebe has deep historic roots and when one goes to the area they 

commonly refer to it by its name, therefore clearly distinguishing it from the inner city 

of the CBD. This area extends along Bank Street south of the Rideau Canal and like the 
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core is also very dense in relation to other areas of development. Consequently when 

examining the results, the lx iteration perfectly captures this area, all other iterations 

generate clusters that extend well beyond the boundaries of this area. Backtracking, this 

area was captured by the 2x iteration analysis of the Inner City. It is being addressed 

uniquely here because it represents an area that is unique from the core yet because of 

density issues addressed above gets clustered into the inner city; a problem that will be 

addressed within the discussion section. 

The third area to be examined is another area along Bank Street known as South 

Bank or Billings Bridge (the main mall located within the center of the commercial area). 

This area has several types of development including traditional street front retailing 

(northern areas), large community sized malls (center - Billings Bridge) and strip malls 

and some freestanding stores to the south. It was expected that this variety of 

commercial operations would present a challenge when generating clusters given that 

each development style has a drastically different density of stores. 

The lx iteration captured the upper portion of the commercial area exactly. This 

is not surprising because this area is comprised of denser, street front retailing. The 

other two sections of the area, the Billing Bridge mall and the southern extent are 

represented but not accurately. The 2x (and the ANCN) iteration captures the upper 

portion of the area effectively and identifies a small externality effect being generated 

near the upper portion of the street. The mall in the middle is better represented as the 

neighboring, but separate, businesses are captured. Lastly, the southern extent is better 

defined, again capturing the surrounding businesses and not just those on the main 



artery. This iteration did not join the three sections into a single polygon as the gaps 

between them were too great. All other iterations captured far more area than was 

accurate. 

The fourth area to be examined was the Merivale Road arterial strip. Unlike 

other areas studied, this one is primarily comprised of strip malls (northern extent), a 

community mall (north of the gap in the centre), and free standing/new format stores 

(from the mall south). It was anticipated that this configuration would present a 

challenge for the model, and it did. 

When looking at the results is quickly becomes apparent that density of buildings 

(addresses) has a dramatic impact on the resultant clusters. No single iteration captured 

the area accurately. However, several iterations were better than others. The lx, 2x and 

3x iterations captured the commercial strip, albeit in several sections. The 3x iteration, 

captured the commercial area, arguably the most accurately of the iterations but a gap 

within the upper-middle still exists. This gap is actually the north end of the Merivale 

shopping centre, a long, enclosed mall, which happens to have government office across 

the street. Given that institutional sites were removed from the dataset, this gap is 

accurate. The gap towards the middle, where the green space exists contains a natural 

corridor but also a large high school, thereby fracturing the strip. The southern portion 

(below the greenway) is captured very accurately with the 3x iteration as this area is a 

combination of free-standing, big box stores (Costco, Canadian Tire, Pet Smart). Once 

again, however, the issue of density arises. 

c r F i v e I I 1 5 



The final area to be examined is the Carling Avenue arterial strip. This is an older 

area than the Merivale development and therefore the density of stores is greater. This 

strip is comprised of a large regional mall (Carlingview Mall) a few smaller enclosed 

malls and a series of small strip malls and individual freestanding stores. To the western 

extent there is a strong automotive focus with gas stations, repair shops, and related 

businesses. Given the higher densities associated with this area, it was expected that a 

lower iteration would accurately capture the area. 

The 2x iteration captured this area accurately with little overflow on the ends of 

the commercial area3. Since this area is bordered by residential (high and medium 

density) there is little externality effects of intersecting roads. In fact with the exception 

of the two malls in the upper right quadrant of the map, there is virtually no commercial 

development outside of that which is facing Carling Avenue. It is a very contained area. 

5.1.3 Point Only Cluster Detection Summary 

Based on the results of the three study areas for the Point only cluster detection 

it is apparent that the multiple iterations were effective in capturing existing commercial 

agglomerations. The lx and 3x iterations were effectively in capturing commercial 

agglomerations that had density variations that were unique to that particular area. 

Furthermore, the 2x proved to be the most effective overall at defining existing 

commercial agglomerations. 

3 It should be noted that the 2x iteration produces 2 clusters that captured the Carling Avenue commercial 
area, the ANCN because the value is slightly larger captured the area with 1 cluster. However, the 2x 
iteration is discussed for two reasons: (1) The A/x iterations are more sensitive to density changes, and; (2) 
It cannot be assumed that the ANCN and the iteration multiples will always produce a close result. 
Therefore, the multiple iterations are discussed. 

I t! B p t t-' r I" \ v ^ 



Secondly, this technique for determining commercial clusters, especially those 

associated with heavily developed arterial strips also provided the ability to detect 

externality effects as a result of commercial spill over onto roads which are 

perpendicular to the main artery. In the Kitchener CMA Highway 24 example, the 

perpendicular development is very apparent. 

Lastly, the issue of defined commercial areas (CBD) versus a broader area (inner 

city) arises. This is especially true of the Ottawa CMA. While there is a planned central 

business district, the density of development within the inner city precipitates a 

situation where smaller community orientated commercial clusters have become linked 

with larger arterial clusters and to the CBD. This is reflective of inner city areas that have 

high degrees of residential and commercial development next door to one another. 

What this also reflects, again, is the issue of density. 

5 . 2 P o i n t + F i x e d E n t i t y C l u s t e r D e t e c t i o n 

As discussed in the methods section this next level of cluster detection involves 

the same steps as were performed for the point only cluster detection but with the 

major difference being the data that is analyzed. For this level of analysis, all points that 

existed within malls (as identified by planning documents) and central business 

district(s) were removed from the nearest neighbor generation. Therefore three general 

stages were used: 

1) Creating a subset of data points that has one entry per address location after 

the malls and CBD data points were removed; 

2) Generating nearest neighbor values for the subset, and; 
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3) Generating clusters on the full commercial dataset for each study area based 

on the derived NCN values. 

5.2.1 Data Sub-setting and NCN Generation 

The first step was to remove all those records that are contained within malls 

(both enclosed and open according to planning documents) and the CBD. The result was 

a decrease in the overall database size by almost 50% for Sudbury, 37% for Kitchener, 

and 30% for Ottawa respectively. In addition, the resulting reduced datasets were then 

reduced again so that there was one point per address. This resultant subset was 67% of 

the original for Sudbury, 58% for Kitchener and 57% for Ottawa (see table 5.3 

Intermediate Nearest Commercial Neighbor Results for a complete list of values). 

Once the subset was generated, the nearest neighbor point distances were 

calculated as were the average and median values for each study area. The variation of 

values for the ANCN and MNCN followed a similar pattern to the point only cluster 

Table 5.3: Data Sub-setting and NCN Generation -Point + Fixed Entity Cluster 
Detection 

CMA 

Sudbury 

Kitchener 

Ottawa 

Points 

Multi** 
(% of full dataset) 

1238 (50%) 

4312 (63%) 

9339 (70%) 

Single*** 
(% of multi) 

831 (67%) 

2500 (58%) 

5352 (57%) 

Distance Measures (meters)* 

Average 

100 

107 

76 

Median 

41 

58 

39 

* Based on a 20m offset during geocoding 

**The multi-point number represents the original clean dataset with malls and CBDs locations removed but without 
address duplicates removed. 

*** The single-point number reflects the reduction of the dataset down to single entries per address. 

Source: Generated by Author 



detection. Kitchener once again had the highest value (107 ANCN and 58 MNCN) while 

Ottawa had the lowest (76, 39) with Sudbury at 100 (41 MNCN) meters respectively. 

Again this variation can be attributed to the general geographic configuration of the 

study areas as discussed in the study area descriptions and the previous section. 

Lastly, a table of threshold values (Table 5.4 Intermediate Clustering Threshold 

Values) was generated. However, for this stage of the analysis the maximum number of 

iterations was capped at three. In the previous stage, it became clear that iterations 

above 3 were "capturing" more area than was accurate. Therefore the goal of this stage 

was to integrate the findings of the previous level of analysis with the pre-defined 

polygons representing the CBDs and malls. 

5.2.2 Cluster Generation 

Using the threshold values generated, four cluster maps were generated for 

each study area. The clusters were generated in the same manner as those in the point 

only cluster detection to ensure consistency across the various levels of analysis. The 

number of points contained by each cluster was determined and those which had 4 or 

fewer points were removed. The remaining polygons were then clipped using a buffered 

road network with a forty meter wide buffer. As with the previous level of analysis this 

was done to constrain the polygons to the existing road network and to make them 

more visually appealing. At this point a new step is added whereby the existing CBD and 



Table 5.4: Threshold Valuesfor Cluster I terations- Point + Fixed Entity Cluster 
Detection 

Sudbury 

Iteration 

ANCN 

MNCN (lx) 

MNCN (2x) 

MNCN (3x) 

Distance 
(metres) 

100 

41 

83 

125 

Number of 
Clusters 

Produced 

200 

389 

246 

151 

Remaining Clusters 
(> 5 stores) 

42 

56 

47 

39 

Number of Clusters 
with CBDand Malls 

Added 

44 

72 

51 

39 

Kitchener 

Iteration 

ANCN 

MNCN (lx) 

MNCN (2x) 

MNCN (3x) 

Distance 
(metres) 

107 

58 

116 

174 

Number of 
Clusters 

Produced 

593 

1109 

508 

199 

Remaining Clusters 
(> 5 stores) 

142 

199 

133 

61 

Number of Clusters 
with CBD and Malls 

Added 

148 

226 

134 

132 

Ottawa 

Iteration 

ANCN 

MNCN (lx) 

MNCN (2x) 

MNCN (3x) 

Distance 
(metres) 

76 

39 

78 

117 

Number of 
Clusters 

Produced 

1250 

2094 

1224 

722 

Remaining Clusters 
(> 5 stores) 

225 

333 

223 

192 

Number of Clusters 
with CBD and Malls 

Added 

236 

378 

230 

184 

Source: Generated by Author 

mall polygons are merged with the generated commercial clusters producing a final 

series of commercial polygons4. 

5.2.2.1 Sudbury CMA 

Following a similar pattern to the point only cluster detection, the Sudbury CMA 

produced the fewest number of clusters for this level of analysis. A series of 

After the malls and CBD polygons were merged with the generated commercial polygons, the entire file 
was re-buffered so that any overlap was removed. 



representative clusters (the CBD and the "Four Corners" commercial zones) were 

selected and compared against the orthoimagery as well as clusters from the previous 

level of analysis. The goal of the final comparison is to determine whether or not this 

level of value added analysis produces a more accurate result. 

Of the four iterations performed a maximum of 56 clusters and a minimum of 39 

produced. At this point the CBD and mall polygons were merged with the generated 

clusters; this combination resulted in a low of 39 and a high of 72 clusters. The dramatic 

change in the high value can be attributed to two related factors: 

1. A large number of malls 

2. The relative impact the removal of the malls has on the NCN generation 

process, specifically in relation to the lx iteration. In most cases the malls were 

added as additional polygons instead of being merged into existing polygons 

until the higher iteration values. 

Consequently, the accuracy of this level of analysis is very high in the lower iterations 

and extremely inaccurate in the higher ones. 

For the CBD, the lx iteration was the most accurate as it was solely represented 

by the merged polygons that define the CBD. The 2x iteration captured all of the 

externality based development along the main western arteries leading into the CBD5. 

The 3x and average iterations captured more area than is correct. These observations 

are almost identical for the "Four Corners". 

5 The l x iteration also captured these, however, the distance threshold was not large enough for them to 
be "connected" with the CBD and consequently they are identified as separate clusters. 



The "Four Corners" area was defined correctly by the lx, 2x, and average 

iterations. In fact the average iteration accurately captured growth along the southern 

artery which the other iterations did not. The 3x iteration over-captured the area. 

What can be concluded from this analysis is no single iteration performs 

correctly. While the inclusion of the mall and CBD polygons did increase the overall 

accuracy in select areas and for select iterations, the overall changes in NCN values 

resulted in areas not being captured, or at the very least, merged into the existing 

mall/CBD structure thereby producing multiple polygons when only one should have 

been generated. Furthermore, the lack of a single iteration which works best with this 

study area also provides further complication when attempting to define a technique 

that would be effective on areas where local knowledge is weak or lacking. 

5.2.2.2 Kitchener CMA 

The Kitchener CMA did not follow a similar pattern to the Sudbury study area. Of 

the four iterations conducted the smallest number of clusters generated was 61 with a 

high of 199. When the malls and CBD polygons were added a minimum of 132 and 

maximum of 226 resulted. These differences can be attributed to the reasons previously 

identified. In addition, the geographic organization of this CMA has several isolated 

areas whereby a small community mall services the surrounding area, an area which 

does not have any discernable means of development beyond the mall. The same three 

areas of interest were examined: The Waterloo CBD, the Kitchener CBD and the 

Cambridge LCC. 

C h s p t e r I- i v e j 1 2 2 



When looking at the results of the Waterloo CBD it becomes clear that the lx 

was the most accurate but with certain caveats. Firstly, the merging of the CBD polygon 

with the generated polygons produced an overall polygon that not only represented the 

actual CBD but captured the corresponding growth that is connected, but outside of its 

formal boundaries. This external growth along Bridgeport Street and Caroline Street (the 

backside of the former Waterloo Town Square Mall) is directly linked to the official CBD 

and are accurately represented as such. 

The results for the Kitchener CBD followed a similar pattern to those of the 

Waterloo CBD. The lx iteration was the most accurate and captured development 

occurring along three major arteries leading into and out of the core area: Victoria 

Street, King St South, and Frederick Street6. All other iterations over captured the core 

area. 

The results for the linear commercial complex in Cambridge again follow a 

similar pattern. However because of its geographic location and particularly its relative 

isolation in relation to other commercial areas, one major difference becomes evident. 

Unlike the previous two CBDs, this area is comprised of freestanding stores, enclosed 

and open malls, and a power centre. Whereas the CBD can be defined by a single 

polygon, this area is comprised of at least 7 separate polygons representing the largest 

of the malls (including the power centre as a single polygon). The connective retailing 

between these larger entities is apparent especially in the northern half of the LCC 

6 The Frederick Street corridor leading out of the core (or into) the CBD is comprised primarily of law 
offices and other professional services and are not necessarily linked with the downtown retail area but 
because of their proximal location they are included. 



where the polygon connects with its neighbor, but in the lower half - the location of a 

super-regional mall - th is connectivity is less apparent. The lx iteration is accurate but 

does not connect all the individual polygons together into a single uniform area, 

whereas the 2x iteration (and the average iteration) does and also captures 

development perpendicular to the main complex along a secondary artery. The 3x 

iteration over captures along the horizontal axis but is accurate along the main artery. 

5.2.2.3 Ottawa CMA 

The results of the Ottawa study area followed a logical pattern. The greater the 

iteration value the fewer the number of clusters produced. When the malls and CBD 

were added, in all cases but the 3x iteration, the remaining clusters increased. The 3x 

iteration had a reduction in clusters that can be attributed to the merging of separate 

clusters as a result of a mall or CBD overlapping and joining neighboring polygons. The 

low values for the median and average NCN give indication that the commercial 

structure is still quite dense even with the removal of the CBD locations. 

When examining the CBD and inner city, the lx iteration as a result of the 

inclusion of the CBD captures the downtown the best but does not join with the inner 

city areas to produce the larger commercial area. The 2x iteration performs more 

accurately by joining the inner city retailing (along major east-west and north-south 

arteries) with the CBD. However, the inner city is over captured as it joins the Glebe 

Commercial area as well as extending beyond the Queensway to the south and the OC 

Transpo light rail to the east (both act as breaks in the structure). 



In the case of the Bank Street areas - the Glebe and South Keys - the lx iteration 

defined the area most accurately. All other iterations over captured the area. This 

differs dramatically from the Merivale Road commercial area even though structurally 

South Keys is similar to Merivale. Both are linear commercial areas comprised of mixed 

retailing with dominant enclosed malls. Both have new-format retailers, however, 

Merivale has these retailers in both individual freestanding and power centre 

configurations. South Keys has a single Power Centre with minimal freestanding stores. 

The Merivale linear commercial area is not captured effectively by any iteration. 

This can be attributed to the fact that almost the entire strip is comprised of medium to 

large sized enclosed and open malls, with very few commercial operations between 

them. Consequently the removal of those commercial locations from the NCN 

calculation and cluster generation means that cluster generation is not actually 

occurring within this area. Merge the mall polygons to the output and the result is 

simply the mall polygons without any coalescence between neighboring polygons. 

Furthermore as the iteration value increase the accuracy increases whereby those 

remaining stores do merge with the addition of the mall polygons, but at the southern 

extent too much east-west area is captured. This geographical arrangement will be 

addressed in further detail in the discussion section. 

The Carling Avenue commercial area has a different geographic arrangement to 

both South Keys and Merivale road. This area is defined by a large regional mall and a 

smaller community mall across the street from it at the western extent of the arterial 

ribbon. The remainder of the area is comprised of small open strip malls and free 



standing stores, consequently this area performed better that the other two arterial 

strips. The ANCN iteration captured this area most accurately though there was slight 

over capture on the eastern extent. All other iterations over captured too much area. 

5 . 3 L a n d U s e C o m p a r i s o n 

The final "analysis" conducted was to compare the results of the Kitchener CMA 

cluster detections against the land use parcels for the area for the same time period 

(Map 5.7 Commercial Land Use Parcels). All those parcels that were defined as 

commercial were extracted and then compared against the derived commercial clusters 

for the point and point + fixed entity detections. 

When a regional comparison is conducted between the land use parcels and the 

six iterations for the point only cluster detection three patterns emerge (Map 5.8 

Commercial Land Use Comparison - Point Only): 

1. All iterations to some extent duplicate the general pattern exhibited by 

the land use parcels. The general geography and spatial orientation is 

similar as well as the general orientation of the different commercial 

areas. 

2. When examining each of the iterations in greater detail it becomes clear 

that the 2x and 3x and average iterations most closely match the 

"original" in both extent and orientation. This parallels the results for the 

point only analysis when compared against the orthoimagery. 

3. The 4x and 5x iterations over-capture the commercial structure and begin 

to blend together as a result of the larger cluster sizes. 



Furthermore when a comparison is done between the "original" and the point + fixed 

entity cluster detection similar patterns are revealed (Map 5.9 Commercial Land Use 

Comparison - Point + Fixed Entity). 

When a closer analysis of each of the three points of interest is conducted the 

following patterns are identifiable (see Maps 5.10, 5.11 and 5.12 for images): 

1. When examining the point only cluster detection the 2x iteration best 

matches the general pattern exhibited by the commercial parcels. Though 

the spatial extent is not exact as a result of the buffering and clipping 

technique employed it does however produce a reliable fit when compared 

to the original. 

2. When examining the point + fixed entity cluster detection as compared 

against the original two distinct conclusions can be made 

a. The addition of the malls does add precision in terms of spatial extent 

as the malls match the parcels precisely. However, the removal of a 

clustering point results in several individual clusters needed to define 

the commercial area. The addition of the CBD polygon, like the malls 

polygons, does add precision but impacts the overall cluster detection 

in the same method. 

b. The lx iteration represented the commercial area most accurately as 

it was the only iteration that did not over capture the area. 
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this from a commercial perspective the consumer becomes the critical determinant and 

how they perceive the area that is most vital. When someone refers to "going shopping 

downtown" they are probably referring to all the stores in the general area and not just 

those that are in the officially defined area. In addition, many consumers do not know 

what the true planning defined boundaries actually are. Therefore, when defining a 

commercial area it is important to examine the greater surrounding area as well. 

The final comment surrounds the possibility of two or more distinct commercial 

areas growing together. This could be said of the Ottawa CBD and the inner city. The 

density of development and continual demand for space which is proximal to the core 

has, in essence, enlarged the core area beyond its official limits. This problem is 

sometimes addressed at the planning level whereby the planned area is re-defined or, 

as in the case of Sudbury, a secondary boundary is established. In either situation, the 

core is more than simply the original planned definition of it and in other cases no 

amendments are made and the original definition remains. 

5.4.1.2 Density Variations between Core and Suburban Areas 

The second observation deals with the variations in development between older 

core and newer suburban areas. This was most obvious in the Ottawa CMA study area. 

The variation in density was apparent between the older core style development and 

the newer mall, and arterial styles of development. The effects could most readily be 

noticed in over capturing in the inner city and under capturing in the suburban areas. 

However, the areas of the focus within each study area this did not present a large 

problem. 



5.4.1.3 Over Capturing 

The final issue identified is over capturing of commercial areas. Due to the 

nature of the technique being used, whereby a threshold value is used to define a buffer 

equally around a commercial point location, inevitably some over capturing will occur. 

The amount directly varied with the size of the threshold value. In almost all cases, 

threshold above and including 3x were too great and resulted in too much over 

capturing. Only in more suburban areas did the 3x perform reasonably well. 

5.4.2 Point + Fixed Entity Cluster Detection 

When examining the point +fixed entity cluster detection three major conclusions 

can be drawn: 

1. The inclusion of the CBD and mall polygons does increase the accuracy, but only 

in those areas where these are the main features of the commercial landscape 

such as the "Four Corners" in the Sudbury CMA. In other cases this polygon 

prevents a potential overlap with a neighboring location and consequently does 

not join with that location creating two separate commercial polygons. This 

affects the ability to "completely" define a single commercial area; 

2. The removal of those points which are contained in within the added polygons 

has an immediate and direct effect on the generation of the NCN values. In all 

cases the values increased thereby making the iterations above lx too large, 

and; 

3. Lastly, the geographic arrangement of commercial types becomes an issue. 

When a commercial area is made up on malls exclusively, with little variety 



between them, the intermediate technique fails to properly combine the 

neighboring polygons into a greater single commercial area. Visual interpretation 

and local knowledge become critical in understanding the nature of the 

geographic arrangement of the area under questions. 

5.4.3 Land Use Comparison 

The inclusion of the land use comparison proved to be a useful step in 

confirming the results of the cluster detection techniques. Several broad conclusions 

can be made: 

1. The point only and point + fixed entity approaches accurately generalized 

the commercial structure at the regional scale. Moreover, the 2x and 3x 

iterations for the point only and the lx iteration for the point + fixed 

entity were the most accurate. 

2. The point only cluster detection was the most accurate is defining the 

general geography of the commercial area. Though spatial extent may 

not be entirely accurate, the commercial area was clearly delineated and 

easily detected. The 2x iteration proved to be the most successful in all 

areas of interest for all study areas. 

3. The point + fixed entity, while adding accuracy as a result of the inclusion 

of malls and CBD polygons did not detect the commercial areas as 

effectively because these included polygons were not incorporated into 

the nearest commercial neighbor analysis and consequently represented 



physical gaps in the clustering. In almost all instance the lx iteration 

proved to be the most effective, though its limitations were still visible. 

Overall, the comparison against the "original" was effective litmus test for the 

automated detection of commercial areas. 

5 . 5 D i s c u s s i o n of R e s e a r c h O b j e c t i v e s 

The exercise of analyzing commercial data within a GIS is a complex one. Couple 

this with the inherent variety contained within any urban environment and the 

challenge of trying to achieve an automated analysis of urban commercial structure can 

become quite daunting. The first two goals of this research were to define a rules-based 

system for detecting and classifying the spatial organization and morphology of 

commercial zones with the Canadian urban environment and secondly to apply that 

rules-based system within a GIS. These goals are detailed in research objectives 1 and 2 

(Chapter 1, page 12). This chapter reflects the outcome of that undertaking with mixed 

results. 

The development of the NCN proved to be an effective way of analyzing 

commercial locations. By generating NCN values it became apparent that the use of 

them as clustering thresholds was an excellent way to group locations together. What 

also became readily apparent is that the median value was far more effective when 

used in multiples when compared against the average value for the dataset. Only in 

those cases whereby MNCN multiple was almost identical did the ANCN produce results 

which were comparable. Consequently, the use of the MNCN individually and in 



multiples generally produced the more accurate results and is therefore more effective 

at detecting commercial structure. 

In addition, it became apparent that the NCN values also function effectively as a 

surrogate density measure. When malls and CBDs were removed from the calculations, 

the commensurate values were larger and more reflective of development outside of 

heavily planned areas. It is suggested that this value could be used to monitor density 

within urban environments whereby increases in the value over time represent an 

ongoing dispersion of commercial locations. 

Secondly, the application of the NCN value within a rules based system was 

successful. The values, generated within the GIS, were readily usable when applied 

within the buffering algorithm. The values have meaning as do the results allowing for 

interpretation and discussion of the results. There were specific data requirements of 

the nearest neighbor algorithm which were not insurmountable but needed to be 

addressed prior to NCN generation (see Chapter 4 for data format requirements). 

5 . 6 C o n c l u s i o n 

The analysis of commercial data is still a challenging undertaking. Analyses of this 

nature are constrained by not only the availability of data but the techniques that can 

be applied. A fully automated analytical technique is still not possible. However, an 

automated generation of polygons is more realistic. These two main cluster detection 

techniques explore a combination of data types and techniques to generate commercial 

cluster. The point only cluster detection uses simply point data, a more automated 

process and can generate relatively accurate commercial areas. The point + fixed entity 



cluster detection combines both point and polygon data and as a result achieves some 

higher levels of accuracy but overall the analysis is cumbersome and does not 

dramatically improve over the general level. 

The results of this chapter, namely the identified commercial forms and their 

associated location within the urban system became the basis for the following chapter. 

The proceeding chapter examines the analysis conducted within this chapter, in 

conjunction with the existing knowledge of urban commercial structure to define a new 

typology of urban commercial structure. 



T O W A R D S A N E W C O M M E R C I A L 
T Y P O L O G Y 

"Thinking is more interesting than knowing, but less interesting than looking." 

Goethe (Date Unknown) 

6 . 0 I n t r o d u c t i o n 

One of the major goals within the area of commercial research has been the 

development of typologies which describe, albeit in a fairly generalized manner, the 

structure of this sector of the urban economy. These models, as described in Chapter 

Two, examine the geographic arrangement of commercial clusters or zones across the 

urban area, and then address the internal configuration of these zones. Once done, a 

broader more generalized model is produced. This research will follow a similar pattern. 

Using the results generated in the previous chapter as a baseline for the 

existence of various commercial forms it is possible to construct a typology of urban 

commercial structure. This typology is more reflective of the modern urban 

environment, is free from the constraints of previous models, and one that is potentially 

more adaptable to a variety of urban settings. Though as Jones (2000) eloquently states, 

"an attempt to classify urban retailing should be balanced by the realization that the 



retail landscape within the metropolitan areas is difficult to categorize." Therefore, this 

model, like any others, is a generalization of a complex system and should be 

understood as so. 

This chapter details the development of a new commercial typology. It first 

establishes the typological components based upon the combination of research 

findings and previous research for the creation of the new taxonomic structure. 

Secondly, appropriate commercial concentrations within the three study areas will be 

used as exemplars for each of the typological classifications. 

Of final note, one of the underlying goals is to develop a typology that is free 

from any type of geographic organizational hierarchy, such as central place, which tends 

to dominate the classification of shopping centers. Central place classification within an 

urban environment was typical of typologies when mobility was low and options were 

limited. However, with the dominance of the automobile, the improvements in road 

infrastructure, and the massive increase in the number of options available to the 

consumer, it is now possible that any commercial location within an urban environment 

could be a potential destination for the consumer. Furthermore, if that commercial 

location offers the right mix of products or is specialized enough it is possible to draw 

consumers in from a greater market area than just the immediate urban environment. 

Therefore, this model will treat all commercial zones as equal for the purposes of 

organization. 



6 . 1 T y p o l o g i c a l C o m p o n e n t s 

As with previous urban commercial typologies, the schema levels are designed to 

define and refine the classification of a selected commercial area. These levels are based 

on factors such as; (a) location within the urban environment, (b) zone morphology, and 

(c) ownership or planning. 

This research organizes the commercial typology based upon the commercial 

area's location within urban structure and then by its geographic form. Consequently 

the criteria that will be detailed are; geographical location, geographic form, and 

commercial form. These categories are broad enough that the addition of new locations, 

and/or forms can be undertaken as required, but more importantly are general enough 

so the they can be applied to a variety of urban settings and not just upon those from 

which they were developed as they are based upon the general geography of urban 

areas and development styles that are consistent with virtually all urban areas. 

6.1.1 Geographic Location 

The first level of classification is based upon where within the urban 

environment the commercial entity or area is located. There are three possible 

locations: 

1. Inner City - The inner city is either the original core city within a highly 

developed metropolitan area or the original downtown core of a smaller, less 

developed urban environment. In the case of Canadian CMAs the inner city 

will be defined as the core city upon which the CMA designation is granted. 



2. Suburban - The suburban area represents the opposite of the Inner City. 

Therefore the suburbs are either the newer, surrounding areas to the original 

core city, or the more recent developments around the original core of the 

smaller, less developed urban environment. For the Canadian CMA context 

these will be the surrounding rural and urban areas which create the 

metropolitan area around the inner city. 

3. Gateway - The final classification is the gateway location. This is a location 

that exists at the extreme outer boundaries of the urban area. Though it 

technically could be defined as being within the suburbs, the gateway 

represents the newest developments on the urban fringe. Overtime, it is 

expected that the gateway areas transition into suburbs as urban 

development and growth progresses and these areas act as a catalyst to that 

growth. A final note is that the gateway designation is generally applied to 

rapidly growing urban areas where outwards expansion is continuing at a 

rate greater than infilling. This classification builds upon Lowe's (2000) 

suggestion that new mall development can become the catalyst for new city 

development by recognizing the importance of developments on the urban 

fringe and their potential for external growth around them. This category 

was added after examining the commercial systems of the three study areas 

and recognizing the presence of urban fringe developments. 

These three areas are schematically illustrated in Figure 6.1 Geographic Location 

Classification. 



Figure 6.1: Geographic Location Classification (Theoretical Representation) 
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6.1.2 Geographic Form 

Once the geographic location of the commercial area has been determined then 

the form (or shape) of that area is classified. Four possible forms are identified: 

1. Point - A point is a single commercial location that can be represented by a 

free standing store or other individual commercial operation. Though the 

commercial cluster analysis eliminated those areas with fewer than five 

stores, freestanding stores still play a vital role in the overall commercial 

structure (i.e. gas stations) of the urban and are therefore included within 

the typology. 



2. Line - A linear commercial entity exists along a roadway and visually forms a 

simple line. 

3. Polygon - A cluster of commercial operations that exists within a larger 

geographic space. Multiple streets or large tracts of land are consumed to 

create the commercial area. A polygon may also include a large enclosed 

shopping centre or grouping of smaller open or strip malls. 

4. Complex - A specific combination of line and polygon forms. A complex is a 

linear commercial development that is anchored at both ends by large 

commercial polygons thereby forming a larger commercial complex. 

(Figure 6.2 Commercial Form Classification) 



The geographic form of a commercial area is highly reflective of past, current, and 

future planning styles and is directly related to how our cities look. These classifications 

also fit directly with how a GIS system handles vector data and coincide with how the 

data is visualized. 

6.1.3 Classification of Commercial Area 

The classification of the commercial area is based upon the geographic location 

and the geographic form of the area. There are nine possible classes: 

1. Freestanding - A single commercial operation. 

2. Arterial - A simple linear form that caters to a predominantly commuter, car 

orientated consumer. 

3. Radial or Intersecting - A situation where two roads cross forming an "X" or 

"T" pattern. In this situation two arterial areas have merged or grown 

together. The intersection may or may not be anchored by a convenience 

orientated operation (grocery store). 

4. Central Business District (CBD) - A downtown; typically planned and 

identified on land use documents. The internal configurations of downtowns 

have changed dramatically over the past 50 years. May contain large malls 

and other vehicle orientated structures or may be a more traditional street 

front retailing setup. 

5. Shopping Centre - A large enclosed or partially-enclosed shopping mall. 

Open air strip malls are normally associated with linear developments. 



6. Power Centre or Cluster - A grouping of large, usually free-standing big-box 

and factory outlet stores. A cluster is a natural grouping of these stores while 

a center is planned (single developer) development. The distinction can 

generally be determined by the naming of the commercial area. Named 

zones tend to be single developers where the investment is in branding and 

developer identification is essential and are usually associated with a 

particular mix of stores. 

7. Industrial - A commercial area which has at its focus a business to business 

orientation. There may be some business to person retailing such as public 

wholesalers. 

8. End Anchored1 Complex - The first of the two complex styles. This complex 

is only anchored at the termini of the linear area. 

9. Multiple Anchors Complex - The second of the complex styles. This complex 

is not only anchored at the ends of the linear area but has major anchors 

within it. 

These nine sub-classes are schematically illustrated in Figure 6.3 (Commercial 

Area Classification). 

1 An anchor in this context refers to a large commercial operation, typically a department store or large 
grocery store that attracts customers to the commercial zone and is typically located at strategic locations 
within the commercial area to provide maximum exposure and accessibility. 



Figure 6.3 Commercial Area Classification 
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6 . 2 M o d e r n T y p o l o g y of C o m m e r c i a l S t r u c t u r e 

Based on the previous discussion of the major typological components a new 

typology can be constructed. This typology shifts the focus away from the organizational 

structure of the commercial system based on a hierarchical system to a structure based 

upon a geographical one. Consequently this typology serves two valuable functions: 

1. The main benefit to this modernized way of examining commercial structure is 

the emphasis placed upon where in the urban system the commercial entity is 

located - its geographic location. Though not new in itself, the addition of the 

gateway area provides a distinct separation from the suburban category. The 



gateway area gives insight into the growth dynamics of the urban area and 

provides information on the dominant "new" commercial growth areas. 

2. In addition to emphasis on geographic location, there is a secondary emphasis 

placed on geographic form. The evolution of commercial development has 

shifted from a downtown orientated environment to the arterial strip to the 

regional mall. By focusing on the form of the area we can once again shift the 

focus away from the market orientation. Subsequently the classification focuses 

on the how the areas look within the urban environment, therefore providing 

valuable knowledge as to how it functions. Finally, by using this classification 

schema, new forms are easily added making the typology more adaptable by 

allowing new classes to be added to the commercial area classifications. 

The final typology is illustrated in Figure 6.4 (Typology of Urban Commercial Structure). 

The following section illustrates though examples derived from the study areas the 

applicability of the typology to an urban environment. 

6.2.1 Application to Study Areas 

It should be noted at the outset that the creation of a typology is a circuitous 

process. By analyzing the study areas, insight is gathered as to the specific organization 

of the commercial structure. From this a generalization of commercial structure can 

then be made. Subsequently the generalization is then re-applied to the study areas to 

ensure a "best fit". The following sub-sections dissect the typology through its various 

levels by providing a visual example for the study areas, where applicable, as well as 

providing detailed discussion when a particular classification does not fit within a study 



F i g u r e 6 . 4 T y p o l o g y o f U r b a n C o m m e r c i a l S t r u c t u r e 
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area but does in others. The goal of this section is to be able to provide not only a visual 

classification (based on the typology) but a written one as well. 

6.2.1.1 Inner City 

As described previously the inner city or older core city reflects the denser urban 

development. It is within this section that the central business district and the major 

arteries accessing the core areas are located. This component of the typology can be 

broken down into three geographic forms - point, lines and polygon. 

6.2.1.1.1 Points 

In terms of a commercial classification a point is reflected by a freestanding store 

such as a gas station, convenience store or other highly localized neighborhood 

operation. However, examination of many of the stand-alone points within each of the 

study areas also reveals that many "freestanding points" are also more professional 

services such as a medical or legal office, home-based consulting firms, and construction 



companies (based out of a home). In all instances the point is located away from other 

commercial entities and consequently does not create a commercial area. 

6.2.1.1.2 Line 

The line classification is reflected by the artery development. The arterial strip is 

generally exemplified by a single, highly developed road linking the outer regions into 

the core area. Development along these arteries is generally reflected by mixed array of 

goods with emphasis on vehicle access. The arterial strip can have an anchor of some 

form, normally a grocery store or other type of convenience location but typically 

because of location the room to accommodate stores of this size is not readily available 

and therefore their existence is not entirely common or uncommon. Within the three 

study areas arterial strips are exemplified by the Notre Dame commercial area in 

Sudbury, the Victoria Street commercial area in Kitchener, and the Somerset strip 

(Chinatown) in Ottawa. Figure 6.5 (Inner City- Line Classification) provides examples for 

each of the study areas. 

6.2.1.1.3 Polygon 

The polygon classification represents one of three components, either a large 

agglomeration of free standing stores, building and shopping malls which are generally 

referred to as a central business district when dealing with inner cities, as a stand-alone 

shopping mall (either open or enclosed ) or as an industrial park. In many cases the first 

two classifications overlap where the shopping centre is contained within the central 

business district. 
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Figure 6.5 Inner City-Line Classification 
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The central business district exists in virtually all urban environments and 

typically the larger the CBD development the larger the overall urban area. These three 

study areas follow this with the Ottawa CBD being significantly larger than either 

Kitchener or Sudbury. Furthermore in all three cases there are large enclosed malls 

within the core area. The other final characteristic is that since these are planned 

entities the spatial extent of the CBD may not match precisely with the land use planned 

extent as a result of externality effects. Therefore when dealing with the CBD the full 

spatial extent (planned area plus externality development) will be used. 

The shopping center is the next commercial area. In many cases these malls 

become the center of a larger development but there are instances where there is just a 

mall. Typically larger enclosed malls will have external development surrounding them 
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Figure 6.6 InnerCity -Polygon Classification 
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while the smaller open mall can exist as a standalone area. All three study areas have 

examples of shopping malls existing independent of other developments. 

Lastly is the industrial classification. These tend to be large geographic areas 

when compared against other types of commercial areas. These businesses require 

larger buildings, and there are fewer businesses within these industrial parks, but 

because of their increased relative sizes, they consume more land. In many cases there 

are smaller strip style open malls within them for businesses requiring a smaller 

footprint mixed in with larger free-standing operations. Each study area has examples of 

this style of development. Figure 6.6 (Inner City - Polygon Classification) provides 

examples for each of the study areas. 
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6.2.1.2 Suburbs 

In many cases the suburbs follow similar styles of development when compared 

against the inner city, with the biggest difference being the density of development. The 

suburbs tend to have a less dense style of development reflected in more open and 

enclosed malls and greater spacing between businesses. Within the suburban 

geographic location classification there are four main types of geographic forms: point, 

line, polygon, and complex. 

The point classification is identical to the inner city classification and will not be 

detailed further. The remaining classifications will be detailed. 

6.2.1.2.1 Linear Development 

The suburban linear classification is the same as the suburban classification. The 

new additions are the intersecting and radial classifications. 

The intersecting or radial strip development is where either two arteries grew 

together, centered along a major intersection or where a major artery expanded along a 

perpendicular artery in essence created a "T" or "X" look. Given the nature of this form, 

there is normally an anchor at the intersection, typically a shopping centre or other 

large mall. In Sudbury this is exemplified by the Four Corners commercial area anchored 

by two major grocery stores and one major mall with a grocery store within it, at the 

intersection of Regent and Paris streets. 

In Kitchener, there is the smaller example in the north section of the city of 

Waterloo where Weber Avenue intersects with Northfield Drive. At the intersection 

there is a small open mall with a grocery store contained within it. Further commercial 



Figure 6.7 Suburbs - Line Classification 
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Source: Generated by Author 

development radiates along Northfield eastward and along Weber to the north and 

south" 

In Ottawa there is an intersection type development in Kanata at the corner of 

Moodie and Robertson. There are several strip malls, a national chain grocery store as 

well as a variety of other smaller parasitic type stores. Refer to Figure 6.7 (Suburbs -

Line Classification) for illustrations of each of these. 

6.2.1.2.2 Polygon Development 

Polygon development in all three study areas is substantial and represents one 

of the more dominant forms of commercial forms. Within this classification there are 

2 These are actual cardinal directions and are NOT the named street directions. As a result of coalescence 
of Kitchener and Waterloo, shared roads are designated North/South in Waterloo and East/West in 
Kitchener regardless of the direction they actually trend. 
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four sub-types; suburban downtown, shopping centre, power cluster or centre, and 

industrial. Each form will be illustrated. 

The suburban downtown is typically the result of one of two factors and is 

generally reflective of the size of the urban area: 

1. Coalescence: The first situation is where several smaller towns or cities have 

grown together into a single larger metropolitan area. In this situation each 

former city/town retains their original central business district. Depending on 

the "core" city, and the subsequent defining of that city's CBD as the 

downtown, all other downtowns are subsequently considered to be 

"suburban", but in location only. 

2. Sprawl: The idea of sprawl in this context is reflecting in substantial outward 

expansion and commercial development. In this situation an original core 

exists but as development progresses at a rapid rate, smaller suburban 

downtowns emerge to replicate, albeit on a smaller (less dense) scale, the 

role the larger CBD plays. These tend to occur in extremely large 

metropolitan areas where distances are skewed due to commute times and 

also because of high costs (either rent or development) in the core area 

thereby making these suburban areas desirable due to cost. 

Each of the study areas has what could or would be considered suburban downtowns. In 

the case of Sudbury and Kitchener, the suburban downtowns are the result of merging 

of many smaller towns and cities into the larger metropolitan area. In the case of 

Sudbury several of the smaller communities have a "downtown" but because of data 
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issues outlined in Chapter 3, they cannot be illustrated. However, the most dominant 

example would be Copper Cliff which is a former mining town that was absorbed into 

the city when the city was formed. Kitchener has at least 4 suburban downtowns -

Uptown Waterloo (the CBD for the city of Waterloo), downtown Gait (the current CBD 

of Cambridge and the former CBD of the town of Gait) and the smaller cores of Hespeler 

and Preston (each of which were absorbed into the city of Cambridge). 

The Ottawa CMA is dominated by coalescence cores but is also beginning to see 

sprawl cores develop as well. The Ottawa CMA is the amalgamation of over six different 

former cities and a variety of smaller towns and villages, though in many cases due to 

the proximity of the former cities to the larger core of Ottawa they did not develop as 

distinct downtowns. Coalescence cores can be found in Vanier, Orleans, and Gloucester 

respectively, while sprawl cores can be found in Kanata, and Barhaven. (Figure 6.8 

Suburbs - Polygon Classification - Suburban Downtown and Industrial) 

The shopping centre and power cluster/centre are the next classifications. Both 

look visually similar on a commercial structure map as they appear as large polygons. 

However, in the case of the mall there is a single free-standing building with minimal 

out-building development while the power cluster/centre has a considerable number of 

large free-standing buildings contained either within the same development (centre) or 

grouped together independently within the same area (cluster). All three study areas 

have these; however, the number increases with the size of the city. Sudbury has only a 

single power centre, while Kitchener has three substantially developed and several 

smaller ones being developed. Ottawa has at least six major developments (at least one 



Figure 6.8 Suburbs - Polygon Classification - Suburban Downtown and Industrial 
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in each of the former cities) and several others in the process of being developed or 

expanded. Figure 6.9 (Suburbs - Polygon Classification - Shopping Centre / Power 

Centre or Cluster) provides illustrations for both the shopping centre and the power 

centre/cluster. 

The final classification is the industrial park. While part of the commercial 

services classification, industrial parks typically service other businesses. However, with 

the growth of wholesaling and warehouse direct sales, industrial parks have entered the 

mainstream commercial fabric. All three study areas have industrial parks, especially 

Sudbury and Kitchener which are former industrial towns. Figure 6.8 provides examples 

of these. 
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Figure 6.9 Suburbs - Polygon Classification - Shopping Centre / Power Centre or Cluster 

Sudbury Kitchener Ottawa 

6.2.1.2.3 Complex Development 

The final suburban development is the complex. In this situation an arterial 

ribbon has grown considerably through the addition of anchors creating a large 

commercial area which substantive drawing power. Normally located near or along 

major transportation corridors, these complexes grow initially because of traffic than 

because of their size. Parasitic development is characteristic along these corridors 

because of the anchors. 

In the case of the Sudbury CMA, there is what could be considered an emerging 

commercial complex. The Barrydowne corridor is anchored at one terminus by a large 

power centre and at the other by a large shopping center. The problem is that 
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development between these two sites has not yet connected. There is considerable 

externality driven development originating along the corridor away from the anchors 

but the centre area is still underdeveloped commercially. Within this area medium 

density residential development exists with sporadic commercial operations intermixed. 

In both the Kitchener and Ottawa CMAs there are very strong examples of 

commercial complexes. In the case of Kitchener there are two end-anchored complexes, 

one in Cambridge along the Highway 24 corridor and one in Kitchener along Fairway 

road. In each case a large "super-regional" malls anchors terminus while new-format 

development anchor the other end. In the case of Ottawa, one complex emerges as 

dominant, namely Merivale Road. This is a multiple-anchor complex with both shopping 

center and power centre development occurring along the entire corridor. Figure 6.10 

(Suburbs - Complex Classification) illustrates these. 

6.2.1.3 Gateways 

The final classification is the gateway development. Typically occurring at the 

rural-urban fringe this style of development usually precedes any type of residential 

development. These developments signify the creation of new suburban areas, and in 

many cases new suburban towns3. They are generally characteristic of fast growing 

urban environments where infilling is generally impossible due to a lack of adequate 

land or where sprawl style development is characteristic. There are two types of 

gateway developments, a linear and a polygon development: 

3 Refer to Lowe, M. S. (2000). "Britain's New Shopping Centres: New Urban Forms?" Urban Studies 
2000(37): 2, for a more detailed discussion on retail developments as focal points for new urban 
developments. 
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Figure 6.10 Suburbs-ComplexClassification 
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1. Linear: The linear development typically follows a major artery that is leading 

out of the urban area towards the rural surroundings, or follows a newly 

developed artery leading to future residential development and in many 

instances exists at an intersection with another secondary road. 

2. Polygon: Similar to the linear development the key difference is instead of 

development following the artery this development is typically focused 

around a shopping centre or power centre/cluster. 

In relation to the study areas, Kitchener and Ottawa have gateway style developments 

on the exterior boundaries of the core metropolitan area. Sudbury, on the other hand 

lacks any true gateway developments. Both Kitchener and Ottawa have fast growing 
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populations in comparison to Sudbury and subsequently have considerably more new 

developments of both residential and commercial happening. 

In the case of Kitchener, the developments continuing along Fisher-Hallman 

Road in the Southwest would be an example of a linear gateway development. In many 

instances, the commercial development occurred first before any residential 

development happened. 

In the Ottawa study area, there are several gateway developments at the outer 

borders of the city; developments along Bank Street south towards Greely, and Innes 

Road east of Orleans towards Cumberland. Due to the nature of Ottawa's geography 

there is considerable infilling occurring when compared to Kitchener where in many 

cases the cities are "full". Figure 6.11 (Gateway Development) illustrates these 

developments. 

6 . 3 D i s c u s s i o n a n d C o n c l u s i o n 

The development of a commercial typology represents a generalization of the 

urban commercial environment as it is observed during a snapshot in time. The data 

used to develop the typology represents a single point of reference and therefore has to 

be viewed as being less than accurate when compared against a more current dataset. 

However, this does not mean the data is wrong. It is easy to change from a clothing 

store to a shoe store, but the creation, and to a lesser extent the destruction of 

commercial space (buildings) is much more difficult. Therefore the data more accurately 

represents where commercial operations are occurring and in what geographic form, 

than the nature of the stores themselves. Consequently this typology places emphasis 



Figure 6.11 -Gateway Development 
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on the geography of urban commercial development and its related commercial forms 

that it takes on. 

In addition, the typology also reflects a characteristic not normally found in older 

typologies namely that of the gateway zone. The inclusion of this represents a dominant 

trend in urban development, namely the continued outward growth of a metropolitan 

area. Though two of the study areas under examination have gateway style 

developments, the fact is that given the rapid rate of development these gateways will 

inevitably become part of the suburban classification and potentially replaced by a new 

set of gateways. The inclusion of this classification also reflects a trend in the literature 

towards understanding how commercial development has the ability to drive urban 
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growth, in essence, the creation of gateway cities around large commercial 

developments. 

Therefore it can be argued that this typology contains three characteristics that 

make it not only unique, but a valuable tool in analyzing urban commercial systems: 

1. The typology allows for the continued classification of older traditional forms 

of development (Historical Remnants) which still exist and are still a major 

component of the urban commercial system. Furthermore, the continued 

inclusion of these areas allows for comparison to be done with older 

classification schema. 

2. The use of a three-part urban classification system allows the typology to be 

applied to any type of urban environment and not just the fastest growing. 

Each of the three study areas had examples in almost all categories but only 

the fastest growing areas had examples of gateway development. This 

becomes a valuable insight in understanding the growth of a city. 

3. An orientation towards the geographic form of the development and less on 

the types of stores within that development permits a better historical 

analysis with older typologies, where the focus is on the continual existence 

of commercial area and not on the fact that stores change, therefore 

changing the morphology of that area. 

Finally, the use of any typology must be done with a "grain of salt". As it is a 

generalization, there will inevitably be areas within the urban environment that may not 

fit nicely into a single classification but may fit into several depending on the 



configuration of the commercial area. Hopefully, by focusing on the dominant 

geographic form, this potential problem can be mitigated unless a NEW form has been 

created, in which case the typology would need to be updated. Since this is a systematic 

and operationalized approach to commercial analysis, the ability to update the typology 

exists whenever needed. 



C O N C L U S I O N S 

There will come a time when you believe everything is finished. That will be the beginning. 

Louis L'Amour (Date Unknown) 

7 . 0 I n t r o d u c t i o n 

Due to the inherent spatial nature of shopping activity, where the consumer is 

likely to shop will affect the location and organization of the commercial system. The 

reverse is also true, the location and organization of the commercial system will effect 

where consumers shop. The emergence of a new commercial area, on one hand can be 

viewed as a result of changes in consumer behavior. On the other hand, it will cause 

changes in many factors related to consumer behavior (Marjanen 1995). 

Holdsworth (1995) writes that the "Canadian urban landscapes defy easy 

categorization. Most places have distinctive 'signatures' - their own mixing of site 

attributes and settings - but at the same time there also are many similarities. These 

unique elements shape the spatial arrangement of our present day cities." Considerable 

progress has been made during the past twenty years in understanding the character of 

modern day urban system and the processes that have created and changed these 

systems (Davies 1989). There has been much work done on describing and 

characterizing urban systems. From the first use of central place theory to the modern 



day concepts of multi-nucleic and dispersed communities, urban scientists have tried to 

understand the form and nature of these areas. 

Historically the commercial component of the city has changed dramatically 

since World War II. Fuelled by suburban growth, the spatial arrangement of commercial 

operations has undergone dramatic change. Since the inception of the first shopping 

mall, commercial growth and change has followed many different development paths. 

In over 50 years urban environments have experienced a change from a system where 

residents dictated commercial growth to where commercial growth can act as a catalyst 

for residential growth. It is this twist that leaves these two facets of the urban system 

inexplicably tied to one another. 

All these changes have facilitated the need for a greater understanding of not 

only the underlying processes at work, but the geographic changes to the urban area as 

well. This dissertation set out to develop an empirical technique for detecting and 

analyzing commercial zones within the Canadian urban system therefore producing a 

technique whereby change can be detected and monitored. Based on this analysis a 

generalized model of urban commercial space was derived allowing for the present 

configuration to be generalized and described. 

7 . 1 K e y F i n d i n g s 

This research has operationalized a systematic and replicable method of examining 

urban commercial location data for the purpose of determining commercial structure. 

As a result this technique allows for ease of repetition over time resulting in a readily 



updatable typology rendering it less static than previous ones. It is the use of 

technology, namely GIS, that adds this dynamism to the analyses. 

The overarching goal of this research was the analysis of urban commercial 

structure. This research has found: 

1. Literature Analysis - The literature review illustrated that while the field of 

commercial geography is vibrant, there are significant gaps within it. Most notably is 

in the analysis of urban commercial structure. Though there has been considerable 

work done during the last 75 years starting with Proudfoot, there has been virtually 

no NEW research on urban spatial structure and more specifically on typologies to 

describe that structure within the last 10 years. The only major typology produced 

within that time period was from Jones (2000) and that was an update to an existing 

typology that he had created previously. Furthermore, the literature has 

demonstrated that there has been considerable change to the urban commercial 

system. These two factors have resulting and demonstrated the need for an 

updated typology of urban commercial structure. 

2. The literature has shown that there is a void when dealing with HOW to analyze the 

commercial environment. There has been virtually no research on using GIS for 

commercial structural analysis. Previous analyses were typically done using a visual 

interpretation of commercial data. Geographic data sets containing commercial 

locations were limited as were the means to process and analyze them. Only within 

the last 15 years has the ability to handle large geographic datasets become realistic. 

Through the use of the geographic information system these datasets can be 



manipulated and analyzed. In addition, the availability of said datasets has increased 

to a point that coupled with the GIS, rapid and accurate analyses can be conducted. 

This research has capitalized on the availability of these new datasets and has 

developed and detailed one possible way of analyzing this system. 

3. One of the major benefits of the GIS is that the analysis of data can be systematized 

and operationalized so that it can be replicated in a variety of contexts, or in this 

case different study areas. This research has demonstrated that the analysis of 

urban commercial locations can be conducted in an efficient and fairly accurate 

manner. 

4. The main way the analysis was operationalized was through the creation of the 

Nearest Commercial Neighbor. This density measure becomes critical when trying to 

cluster or group commercial operations that form a "commercial area". This 

research has shown that use of either the lx or 2x multiple of the median NCN is the 

most effective in delineating commercial areas. 

5. The identifying of the commercial areas as a result of the clustering techniques 

developed was critical in the creation of a new typology of urban commercial 

structure. By examining the defined areas in conjunction with the literature analysis 

it was possible to create a generalized model. This model identified that there are a 

variety of commercial forms within three main geographic areas of the city. 

Furthermore it is clear that as cities grow in size their commercial structure becomes 

more complex. However, it is also apparent that the model is useful for a variety of 

metropolitan areas. 
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6. Lastly, this research has demonstrated a way of analyzing the geography of urban 

commercial development. By focusing on location and geographic form, and less on 

the actually types of stores within the various commercial zones, the model 

becomes more adaptable. It is easy to change the store type within a commercial 

area but it is much harder to change the location of the commercial area. 

These key findings, albeit generalized, reflect the broad conclusions that can be 

garnered from this research. However, with any research, there are areas that need 

further consideration. 

7 . 2 F u t u r e C o n s i d e r a t i o n s 

This research has demonstrated the potential which exists for using GIS to 

analyze commercial location data. However, as a result it has also become apparent that 

there are major considerations that need to be addressed for future research. 

7.2.1 Point Data 

The use of point data, which is convenient and useful, is limited as a result of the 

need to generalize the three dimensional down to a two dimensional object. The 

comparative analysis performed on the Kitchener CMA using parcel data illustrated how 

much more accurately the commercial zone can be delineated. It is recommended that 

the use of point data be for rapid identification of commercial areas based on number 

and density, and that parcel data be used for the final delineation and identification of 

the individual commercial areas. This recommendation takes into consideration the 



availability of accurate data. Commercial location data is readily available as is land use 

planning parcels in many urban areas. Building footprints, which would be the 

alternative to commercial point data, are less readily available. Consequently the 

availability of data becomes paramount. Furthermore the techniques developed here 

required point data and at the moment techniques do not exist to be able to duplicate 

this analysis using polygon data beyond what has been recommended. 

7.2.2 NAICS/SIC Codes 

One of the advancements that can be made to the typology and the analytical 

framework is the integration of the North American Industrial Classification Systems 

(NAICS) or the Standardized Industrial Classification (SIC) codes that allow for the 

identification of store type. 

This integration will allow for a greater understanding of the commercial cluster 

in terms of its store composition. The commercial area can now be identified according 

to the "nature" of the area. For example, when two similar commercial areas are 

identified, through the use of NAICS/SIC codes, it can be determined that one area is a 

clothing/jewelry district while the other is a restaurant district. By identifying the store 

type and composition, a greater insight into the role the commercial area plays within 

the greater urban system can be identified. 

Lastly, by identifying the composition of the commercial area, comparisons 

against older typologies are easily facilitated as many of them focused on commercial 

area composition as a mean of further differentiating commercial areas. 
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7.2.3 Central Place Theory 

One of the main critiques presented by this research was the applicability of 

central place theory as a means of organizing commercial areas. It has been argued that 

it may no longer be applicable, or at the very least needs to be re-evaluated for its 

applicability. This research can aid in understanding the role, if any, central place plays 

in current urban commercial organization. 

By examining two characteristics of the commercial area, namely the number of 

stores in the area (rank order) and the distance between areas of similar size AND their 

relationship with areas of differing sizes it becomes possible to determine if a true or 

modified central place structure actually exists. Furthermore, if this analysis is 

conducted using the integrated NAICS/SIC codes a true central place hierarchy based 

upon distance AND types of services provided can be determined. 

Finally, analyzing central place can be undertaken in two ways. Firstly, as 

identified above, by looking at the entire commercial system it is possible to determine 

the presence of absence of central place. Secondly, by examining specific components, 

such as the centers, it is possible to determine whether or not there is a hierarchy of 

centers as identified in previous typologies. 

7.2.4 Typology Applications 

As an academic pursuit the development of a typology of commercial structure is 

a valuable exercise as it permits a greater understanding of the spatial configuration of 

the commercial landscape. However, the true value of the typology becomes its 

applicability outside of the academic realm. 
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When dealing with urban planners, the typology can be used to identify the 

results of their planning decisions. For example, while planners control where and to a 

certain extent what is development, they do not individually control each commercial 

area. The typology provides insight into the nature of each commercial area and how it 

has developed. Planners can gain insight into differences between specialty areas 

(entertainment versus fashion) and set forth planning provisions that encourage or 

discourage future development. Furthermore they can also identify areas that may be 

lacking in commercial development 

In addition, the typology can be used to test the presence of central place from a 

planning perspective. Does the current spatial configuration and service provision 

match with the planner's intent or has it naturally deviated in some identifiable way? 

Does the shopping centre hierarchy still exists or have they coalesced into larger 

commercial areas such as the linear commercial complex further obscuring a specific 

type of hierarchy, while creating another. Planners can use the typology as a means of 

visualizing and understanding the system they are trying to plan. 

Another potential user is the small-scale retailer. When trying to identify market 

areas in which they can develop, the typology (with NAICS/SIC codes integrated) can 

identify those area of similar store configurations or provide information as to 

commercial area configurations which may have development potential. Furthermore 

when using the typology with central place in mind, retailers can identify the "levels" 

within which they want to develop, based upon their market needs. 



7.2.5 Final Thoughts 

The final consideration surrounds the generalized model of urban commercial 

structure. Since it is a generalized model based on three Canadian census metropolitan 

areas and developed as a result of the analysis of these areas, the application of the 

model to other urban regions within Canada and beyond will either prove its usefulness 

or identify potential gaps in the model leading to future revisions. As Jones' (2000) 

typology was an update of a previous typology, likewise it is expected that this typology 

will also evolve overtime. However, each evolution can be done in it's entirety, namely 

a full analysis of the entire urban system, and not simply the addition of new area, 

forms, or commercial types. 

7 . 3 C o n c l u s i o n s 

Changes in the geographical aspects of the commercial environment are 

numerous. The commercial structure has evolved from a period where the CBD was the 

'commercial core' of city to a situation where this 'core' has shifted to the suburban, 

super-regional shopping centre. Unlike the previous decade, the 1990s experienced 

little growth in shopping centers. Growth during this time period came in the form of 

the new-format retailers. With the addition of these power centers came major arterial 

ribbons that prompted the emergence of another commercial form, the linear 

commercial complex. Society has arrived at a point where the once clearly defined 

boundaries between land uses are beginning to blur. Associated with these changes in 

geography, are changes in corporate strategy, consumer behavior, land use planning 



and many of other influences. These in turn have dramatically shaped the geographic 

manifestation of the commercial system. 

Commercial environments will continue to evolve. Consumer behavior, 

corporate strategies and the influences of a multitude of other factors will constantly 

change the commercial system. Typologies will be developed which reflect changes 

over a short period of time, and eventually will become dated. This research has 

contributed to this evolution by analyzing the geography of commercial development 

during a snapshot in time. However, by developing a series of operational and 

repeatable techniques that focus on the geographical organization of commercial 

locations it is hoped that the results will function as the conceptual and practical 

framework for commercial structural analysis of urban environments for the 21st 

century in Canada and beyond. 



Po in t On ly D e t e c t i o n Maps 

The following maps represent the generated polygons for the point only cluster 
detection for the three study areas with their specific areas of interest: 

A l . Sudbury CMA 
a. CBD 
b. Four Corners 

A2. Kitchener CMA 
a. Waterloo CBD 
b. Kitchener CBD 
c. Cambridge Hwy 24 

A3. Ottawa CMA 
a. CBD and Inner City 
b. Bank Street (Glebe) 
c. Carling Avenue 
d. Bank Street (Billings Bridge) 
e. Merivale Road 

Each area of interest contains seven maps: The "Original", The Average Iteration, and 
the l-5x Iterations. All maps are orientated with North on the left side of the page 
unless otherwise stated. 

The legend for all maps is as follows: 

RED (dots) "Original" Area 

Detected Area 

BLACK Detected Areas Outside of Area of Interest 
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Sudbury Central Business District - 3x Iteration 
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Waterloo Central Business District - Land Use Defined Boundaries 
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Ottawa Central Business District - Land Use Defined Boundaries 

" E H . 

1 *^ 

A p p e n d i x A | 2 1 3 



Ottawa Central Business District - Average Iteration 

V • 

A p p e n d i x A | 2 1 4 



Ottawa Central Business District - lx Iteration 

.<&.>„Sr& 

A p p e n d i x A | 2 1 5 



Ottawa Central Business District - 2x Iteration 

v \ ^ 

•v̂ .. *v 

1*®!S 
"V V • 

A p p e n d i x A j 2 1 6 



Ottawa Central Business District - 3x Iteration 

; » t * ..*%? 

pi o 

• V. ^ \ \ x \ \ c 
\ % , ^ W v } ' 

\.«J\\V. -"• 

\ " \ 

*8liP 

A p p e n d i x A | 2 1 7 
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Bank Street (Glebe) - Land Use Defined Boundaries 
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Carling Avenue - Land Use Defined Boundaries 
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Bank Street (Billings Bridge) - Land Use Defined Boundaries (North is 4 ) 
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Merivale Road - Land Use Defined Boundaries (North is^ ) 
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Po in t + F ixed E n t i t y D e t e c t i o n Maps 

The following maps represent the generated polygons for the point only cluster 
detection for the three study areas with their specific areas of interest: 

Bl . Sudbury CMA 
a. CBD 
b. Four Corners 

B2. Kitchener CMA 
a. Waterloo CBD 
b. Kitchener CBD 
c. Cambridge Hwy 24 

B3. Ottawa CMA 
a. CBD and Inner City 
b. Bank Street (Glebe) 
c. Carling Avenue 
d. Bank Street (Billings Bridge) 
e. Merivale Road 

Each area of interest contains five maps: The "Original", The Average Iteration, and the 
l-3x Iterations. All maps are orientated with North on the left side of the page unless 
otherwise stated. 

The legend for all maps is as follows: 

RED (dots) "Original" Area 

Detected Area 

BLACK Detected Areas Outside of Area of Interest 
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Sudbury Central Business District- Land Use Defined Boundaries 
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B.2 Kitchener CMA 
Waterloo Central Business District- Land Use Defined Boundaries 
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Kitchener Central Business District- Land Use Defined Boundaries 
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Kitchener Central Business District - 3x Iteration 
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Cambridge Highway 2 4 - Land Use Defined Boundaries 
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Ottawa Central Business District - Land Use Defined Boundaries 
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Bank Street (Glebe) - Land Use Defined Boundaries 
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Carling Avenue - Land Use Defined Boundaries 
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Carling Avenue-Average Iteration 
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Bank Street (Billings Bridge) - Land Use Defined Boundaries (North is 4 ) 
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Merivale Road - Land Use Defined Boundaries (North is ^) 
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Merivale Road - Average Iteration 
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Merivale Road - lx Iteration 
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Land Use C o m p a r i s o n 
The following maps represent the land use comparison between the derived 
commercial clusters for Kitchener (point and point + fixed entity) and the commercial 
parcels for the same area. 

CI. Kitchener CMA 
a. Region of Waterloo 
b. Waterloo CBD 
c. Kitchener CBD 
d. Cambridge Hwy 24 

of interest contains ten maps: 
The "Original", 
Point Only 

a. The Average Iteration, 
b. l-5x Iterations. 

Point + Fixed Entity 
a. The Average Iteration 
b. l-3x Iterations 

All maps are orientated with North on the left side of the page unless otherwise stated. 

The legend for all maps is as follows: 

RED (dots) MAGENTA "Original" Area 

Detected Area 

BLACK Detected Areas (For localized areas of interest these represent 
areas outside of the area of Interest 
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