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Abstract

As the retail environment became increasingly competitive and the risks of
opening new outlets also increased, there became a need for firms to develop a
quantifiable location strategy in order to help them minimize these risks and be
successful in the market place. Past location models however, modeled consumer
shopping trips as consisting of a single-stop, single-purpose, were home generated and
were only considered with the impact of a single store location. Recent literature
however, has revealed consumer shopping trips as being more complex with multiple
stops and multiple purposes. In addit in, the retail environment has shifted from
consisting of mainly independent retailers to one comprised of mainly retail chains.
Subsequently, what has emerged is a need to incorporate this more complex set of
consumer shopping trips into a location model which can optimally locate an entire
network of stores. It is this need which forms the basis of this study. The objective
of this study is to vary the demand surface according to different combinations of
single-stop, single-purpose and multi-stop, multi-purpose shopping trips and assess
what impact these variations have in terms of the spatial location of outlets and the
economic success of the firm. Each spatial demand pattern is incorporated into a
p-median location-allocation model for outlets of a supermarket chain in Kitchener-
Waterloo in 1981. It is shown that store locations tend to concentrate in the
downtown as the level of multi-stop, multi-purpose trips increase. Also, areas which
are highly sensitive to changes in demand patterna tend to be in the outlying areas
while those which are insensitive tend to be in the downtowns. Furthermore, the
solution which is optimal from the consumers’ perspective is not the same for the
retailer. As a result, this study analyses the extent of sensitivity of store locations to
the movements of their consumers.
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CHAPTER ONE

INTRODUCTION AND OUTLINE

1.1 Introduction

There has always been a need to understand the spatial arrangement
of various activities in our environment. One aspect of our environment which
has sparked a curiosity among both the academic and the private sectors is the
commercial structure or retailing environment. One reason for this is that the
retail environment has undergone significant changes in the past 30 to 40
years resulting in the general shifting spatial pattern of the commerecial spatial
structure. More specifically, where retail outlets were once confined to localized
neighbourhoods consisting of 1argely independent retailers, the suburbanization
of Canada’s metropolitan areas resulted in a decentralized pattern of outlets.
Lifestyle changes and other complex factors have also produced a smaller, yet
prominent trend towards the re-urbanization of the downtown areas. These
changes in the commercial spatial structure are mainly attributable to more
specific changes in retail composition and organization as well as changes in
consumer behaviour.

It is the result of these various changes in the retail environment in



terms of its composition and organization as well as the behaviour of its
consumers which has attracted the interest of researchers. These changes,
(which will be discussed in more detail in Chapter 2) and their
interrelatedness have created a complex environment in terms of both the
spatial location of outlets as well as the shopping behaviour of consumers. It
is this resulting complexity in the shopping behaviour of consumers that has
been the focus of recent literature. For instance, in the past, shopping trips
were generally simple as they originated from the home with the only stop
being the destination or place of purchase (O’Kelly 1983a). In this case
consumers’ shopping trips consisted of one stop (the place of purchase) and one
purpose (to shop). This type of shopping trip became known as the single-stop,
single-purpose trip. This type of trip was largely a result of the low female
participation rate in the labour force. Consequently, researchers simulated this
type of shopping trip by an origin-destination-origin flow with the origin being
the place of residence and the destination the place of purchase.

Due to changes in the employment structure, lifestyles and the economy
etc., shopping trips are no longer that simple. Shopping trips have become
more complex by consisting of multiple stops and/or multiple purpozes. For
example, the onset of planned shopping centres which house a variety of
shopping opportunities and services have provided the opportunity for the
consumer to engage in shopping trips consisting of a single stop but multiple

purposes. Also, increased accessibility due to increases in car ownerskip and



the availability of public transportation have made it easier for the consumer
to comparison shop on the same shopping trip. This type of shopping trip
constitutes a single purpose, multi-stop trip. The most complex shopping trip
consumers engage in is one which consists of multiple stops and multiple
purposes. For instance, shopping trips presently are often found to originate
from places other than home such as, places of employment, recreation etc.
This has produced trips which, although originating from home, consist of more
than one stop before the actual place of purchase. As a result, this type of
shopping trip is comprised of at least two stops (work, recreation etc. and the
place of purchase) and two purposes (work, recreational activity etc. and
shopping).

The realization by researchers of the importance of the multi-stop, multi-
purpose shopping trip has led to the continued focus on methods to accurately
model this type of complex consumer shopping behaviour and to assess what
impact it may have on both the commercial spatial structure and the location
strategy of retailers.

It is also out of this complexity that the importance of a good location
strategy as a part of a retailer’s overall marketing strategy has emerged. ’I“hese
changes that have occurred in the retail environment have produced a highly
competitive environment in which retaining and capturing new markets
becomes more difficult. This problem has become even more pronounced in the

last decade as real estate and development costs have increased. As a result,



this has lead to the emergence of various techniques, ranging from the very

simple to the very sophisticated, to aid in the location decision by the retailer.

1.2 Objective of Study

It is the emergence of these two trends, the increase in the complexity
of consumer shopping behaviour in the form of the multi-stop, multi-purpose
trips and the need to quantify the location strategy of the firm which will form
the basis for this thesis. The realization by researchers of the predominance
of the multi-stop, multi-purpose trip has generated a need to understand the
effects this type of shopping behaviour will have. More specifically, having
consumers shop from locations other than home will create a very different
spatial pattern of consumer demand. The question that arises from this is
what effect these different patterns of demand will have on the locational
strategy of the retailer and on the commercial spatial structure. As a result,
the overall objective of this thesis is to determine the extent to which these
variations in the apatial demand patterns (veflecting different combinations of
single-stop, single-purpose and multi-stop, multi-purpose trips) will have on
the locational strategy of the firm in terms of the spatial locations of outlets
and the economic success of the firm. In terms of this particular study, these
different spatial demand patterns will be incorporated into a P-median

location-allocation model for the outlets of a supermarket chain in Kitchener-



Waterloo in 1981.

The importance of this study is that it will reveal to what extent
changes in consumer shopping patterns can effect store location. If store
locations are effected by the shopping patterns of their consumers, this will
emphasize the importance of a i :%ailer having an effective location strategy.
Effective in the sense that it will incorporate detailed knowledge of the
locations and purchasing patterns of a firm’s present and future target

markets.

1.3 Outline of study

The following chapters in this study consist of four main sections. The
purpose of Chapter Two is to reveal the important factors that fo.m the
rationale behind the objectives of this study and the general methodological
approach to be taken. Chapter Three will be mainly comprised of a more
detailed description of the research problem as it pertains to this specific study
as well as a detailed outline of the methodological approaches to be used in
both the generation of the results and their subsequent analysis. The fourth
and fifth chapters consist of the description and discussion of these results

respectively.



CHAPTER TWO

REVIEW OF EXISTING LITERATURE

Canada’s retail environment has undergone significant changes since
World War II largely as a result of two important factors; changes in retail
organization (or ownership structure) and composition (types of stores) and
changes in consumer behaviour. The purpose of this chapter is to describe
these changes in more detail and to reveal how the impacts of these changes
have led to two trends; the development of the multi-stop, multi-purpose trip
and the need for a quantifiable location strategy by the retailer. Preceding this
will be an examination of the various methods of locational analysis most often
used. Furthermore, it is the description of their uses and disadvantages that
will provide the rationale behind this study’s use of the location-allocation
model. In addition, examining the past uses of the location-allocation model in
retailing will reveal the uniqueness of this study within the existing literature

in marketing geography.

2.1 Retail Composition and Organization

The changes in Canada’s retail organization and composition have had



a considerable effect on both the behaviour of consumers and the spatial
location of commercial outlets, Up to approximately the 1950’s, the composition
of Canada’s retail system was dominated by independent retailers. As
suburbanization and car ownership increased, retailers expanded to the
suburbs to take advantage of the suburbanization of their consumers. The type
of retail outlet available to the consumer came in the form of a planned
shopping centre. This provided consumers with more extensive shopping
alternatives by providing a more conducive environment for an agglonieration
of stores and services, thereby altering the spatial location of outlets. As a
result, the locations of stores and their spatial concentrations provided the
option of the multi-stop and multi-purpose trip in which consumers could
minimize the cost and distance of their travel patterns. In this case a multi-
stop trip will be looked upon as a trip consisting of more than one stop for
either similar or dissimilar goods and activities and a multipurpose trip as a
multi-stop trip in which consumers engage in activities of different types. The
changes in consumer travel patterns and the spatial patterns of outlets
together with their inter-relatedness has resulted in an even more complex
environment for the retailer. This, in turn, gives rise to the need to understand
the role these factors play in a firm’s location strategy.

As a consequence of the growth of these planned shopping centres,
resultant changes in the ownership structure in retailing also occurred (Jones

and Simmons 1987). This increased growth in retailing saturated the



commercial structure of the cities. Competition between firms grew, thereby
increasing real estate costs, development costs etc. making the opening of a
business a costly venture. These increased costs and competition provided the
proper environment for the growth of the retail chain which could take
advantage of economies of scale such as reduced average cost of
administration, advertising and distribution etc. This would increase the firm’s
visibility to consumers, and consequently altering their shopping behaviour
thereby increasing the chain’s chances of success and potential tor growth. For
instance, in 1979 Canada had 694 chains (Simmons, 1989, pg.6) but by 1983
there were 29,000 stores controlled by 1,100 chains accounting for greater than
40% of all retail sales (Jones and Simmons, 1987, p. 70). These changes in
retail ownership have not oniy increased the level of competition between the
independent retailers and the chains but also amongst the chains themselves.
The needs, preferences and locations of their present and future potential
markets became a necessity because the greater mobility of consumers. This
increased mobility gave consumers a wider range of products and store
locations to choose from. It is quite possible that this may effect the locations

of retail outlets and their need for an effective location strategy.

2.2 n in Consumer Behaviour

A second factor thought to affect the spatial location of retail outlets is




that of changes in consumer travel behaviour. Initially, it was assumed that
most consumers’ shopping trips were to the nearest outlet, were single
purpose, home generated and usually done by women (Simmons, 1989). Now
however, travel patterns are no longer that simplistic. Some of the reasons for
more complex behaviour have stemmed from changes in the country’s
employment structure as more women enter the work force. This increases the
necessity of work-related shopping trips as well as an alteration in travel
patterns. For instance, Davies (1984) found that in Britain over 1/4 of the
working women undertake their major shopping trips from their work places
rather than from home. Even as far back as the 1960’s it was found that of the
households visited in Littlehampton and Seaford, England, a significant
proportion were engaging in work related trips (Ambrose 1968).

Another significant change that occurred which had a major impact on
consumer travel behaviour was the increase in car ownership. This provided
consumers with greater and easier access to shopping opportunities thereby
expanding their choice of where to shop and increasing their ability for more
frequent number of stops on the same trip. The changing consumer travel
patterns which have resulted have led to the emergence of more complex
consumer behaviour in the form of the multi-stop, multi-purpose trip.

Interest has been generated into the extent to which these various types
of travel patterns occur and are representative of actual consuraer behaviour,

as well as their subsequent affect on the spatial locations of firms. In terms of



the importance of these types of travel patterns, much literature has evolved
out of the need to assess ways of testing the validity of the nearest-centre
approach to multi-stop, multi-purpose travel patterns in describing actual
consumer behaviour. Differences in travel behaviour have been found in a
world-wide context as well as an intra-urban one. For instance, it has been
found that in developing countries consumers travel patterns are better
represented by the nearest centre, single purpose hypothesis while in the
western world this hypothesis, has a more limited applicability (Hubbard
1978).

The literature on the intra-urban scale has assessed not only the extent
of different types of travel behaviour but also the variability of their
importance according to the type of good to be purchased. For instance, O’Kelly
(1983a) compared models of single-stop, single-purpose trips and multi-stop,
multi-purpose trips to actual travel patterns for grocery and nongrocery
purchases. He found that overall, the model incorporating the multi-stop,
multi-purpose trips provided a better fit to actual patterns and was more
stable. More specifically however, the patterns of grocery shopping revealed the
prevalence of the nearest centre allocation rule while nongrocery purchase
patterns showed a greater flexibility in destination choice. Similarly, Ambrose
(1968) found that, although the relationship between trip frequencies and
distance travelled varied between different types of shopping, over 1/3 of all

purchases were made at points beyond the nearest outlet in conjunction with

10



other types of trips. Consequently, it becomes evident that while the emergence
of models incorporating multi-stop and multi-purpose trips to represent
consumers travel behaviour is a truer reflection of actual travel behaviour, the
extent to which it is important is heavily influenced by the type of good bought.

This prevalence of multi-stop, multi-purpose trips has in turn affected
the spatial environment and vice-versa and realizing this could have
implications for retailers in the future. For instance, Ghosh and McLafferty
(1986) assessed the impact various levels of multi-purpose shopping have on
the spatial competition among firms. They found that high levels of multi-
purpose shopping tended to make firms agglomerate while low levels led to a
more dispersed locational configuration of outlets. Similarly, Hanson (1980)
looked at the effect of multi-purpose travel on retail choice and found that not
only did the frequency of travel vary by purpose but there was little overlap
between destinations visited on multi-purpose trips and single-purpose trips.
Both studies reveal the importance of firms understanding the travel
behaviour of their consumers.

On the other hand however, the locational configuration does in fact
alter the travel behaviour of consumers. More specifically, Ghosh and
McLafferty (1984) found that the optimal propensity for multi-purpose
shopping and trip frequencies vary with the consumers’ location in relation to
shopping opportunities. In addition, O’Kelly (1981), using a conditional
probability model to find the level of demand for facilities in the presence of

11



multi-stop, multi-purpose trips, found that central locations have the highest
level while suburban locations have lower levels.

Overall, it should be evident that it is necessary to understand this
complex environment created by the interrelationship between travel behaviour
and the location of retail firms in order to determine the importance of location

strategy in a firm’s overall marketing strategy.

2.3 Existing Methods of Site Selection and Location Analysis

In response to this growing interest into consumer behaviour and the
realization of the importance of a good location strategy various mathematical
models have evolved to predict and assess the impacts of a firm’s location
decision. There are six commonly used approaches to retail site selection
ranging from the very simple to the very complex. Their use often depends on
such factors as the objectives of the researcher or retailer, the availability of
data and the amount of time and money the retailer wants to spend on the site
selection process. These approaches are; rules of thumb, descriptive
inventories, site rankings, regression models, spatial interaction models and

location-allocation procedures.
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2.3.1 Rules of Thumb

In this approach, the researcher uses a key factor felt to be directly
related to sales performance based upon previous experience or some sort of
empirical observation. The researcher then uses this as the location criterion
on which to screen potential locations. The advantages of this method are that
it is inexpensive, quick and simple. Its disadvantages are that it is overly
simplified and extremely subjective. Consequently, its main use is by firms
that are relatively insensitive to location and whose target market is not

clearly fixed. (Jones and Simmons, 1987, p. 277-279)

2.3.2 Descriptive Inventories

This approach is somewhat of an extension of the previous method.
Instead of one factor being identified, a list of key factors is developed to
identify the most relevant location criteria for a particular chain. These factors
are then used as the basis for evaluating and selecting store locations. Its main
use is often as a preliminary stage to the more quantitative location methods.
Its main disadvantage is that it dees not and cannot make any attempt to
assess the previous relationship between the level of sales of the outlet and the
chosen key factors. As a result it is still subjective and also consists of the

same shortcomings as the Rules of Thumb method. It is only really useful in

13



assessing single sites thereby limiting its applicability as a general location

model for multiple sites (Jones and Simmons, 1987, p.279).

2.3.3 Rankin

In this case a ranking scheme of the various factors thought to be
important location criteria is developed by the retailer often accompanied by
weighting of some of these factors. The ranking scheme is then applied to the
various sites and those with the highest rankings are chosen. Although this
approach allows the comparison of different sites, there is no evaluation of
whether the factors in the ranking scheme are actually good indicators of sales
performance. Consequently, this is really only a useful method for chains who
are just beginning to evaluate sites and want a fairly simple, inexpensive and
general method of site selection and evaluation (Jones and Simmons, 1987,

p.280).

2.3.4 Re ion Mode

The main idea behind using regression models in the site selection
process is that it is a way of making quantitative comparisons between the
performance of existing outlets and the various key factors which then can be

used to predict the level of sales at any new site. The general form of the

14



regression model is:

Y=0Db, + bX, + bX, + ... b X,

In this example Y is the dependent variable ( usually some measure of sales
performance), X,...X are the key factors and b,...b, are partial regression
coefficients. By comparing the known performance of existing outlets with
measures of the key factors, b,...b, are determined statistically. Subsequently,
once the model is calibrated with real values for the regression coefficients, it
can be applied to any new site for which the key factors are known. The results
from the application of this model can be applied in evaluating the
performance of existing sites as well as the potential for new ones.

This method is most successful when applied to a retail outlet selling low order
convenience goods where the associated consumer behaviour is relatively
simple. Although this method provides a means to contrast different retail
environments by explicitly evaluating sales potential, it requires a large
investment by the retailer in terms of the development of an extensive data
base and in the calibration of the model, both of which must be continually

updated and monitored. ( Jones and Simmons, 1987, p. 287)

2.3.5 Spatial Interaction Models

One of the most common groups of models used in locational analysis is

15



spatial interaction models. In general terms, the model takes the form of an
equation which predicts the size and direction of some flow (the dependent
variable) using independent variables which measure some structu.-al property
of the human spatial environment (Thomas and Huggett, 1980, p.132).
Spatial Interaction models in their original form were often referred to
as gravity models because their mathematical assumptions are similar to those
in Isaac Newton’s law of gravitational attraction. The simplest model combines
distance and variety concepts into a mathematical relationship (Jones and
Simmons, 1987). The most basic gravity model predicts T};, the number of
trips for household ; to centre ; (alternatively, th» number of purchases by

household ; at centre ;) where;

In this equation K, b, and b, are constants to be evaluated in specific
situations usually by regression analysis. The constant b, is a measure of the
consumer’s sensitivity to distance d; between ; and ;. The larger the value the
greater the friction of distance. Similarly, a,"l measures the attractiveness of
the centre. The parameter K scales the result according to some unit of
measurement (eg dollars per household). Over time however, b, and b, change

as the importance of distance and variety changes (Thomas and Huggett, 1980,

16



p-135).

Subsequent models have been refined by trying to incorporate more
complex consumer behaviour into the model which is exemplified in Reilly
(1931) and Lakshmanan and Hanson (1965). Even though these models have
tried to try to better reflect more realistic consumer behaviour, they are
associated with some major disadvantages. Not including the more technical
criticisms of spatial interaction models, conceptually, their disadvantage lies
in their inability to consider an entire network of stores. This is important as
Canada’s retailing environment consists mainly of retail chains forming
networks of retail outlets (Jones and Simmons, 1987).

Aside from the more specific disadvantages associated with each of these
previously described methods of site selection, there exists one overall
drawback which forms the basis of the model to be used in this study. More
specifically, the most significant drawback of these models is that they cannot
and do not assess the . hole network of stores and the impacts of opening
multiple units on the existing network (Craig, Ghosh, McLafferty, 1987). This
is especially important since the retail chain (whose marketing strategy most
often involves the simultaneous opening of multiple outlets in order to achieve
greater market penetration) dominates the Canadian retail system. Hence,

there is a need for a model to assess an entire network of stores.
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2.4 The Location-Allocation Model

The only model to address this need is the location-allocation model. The
overall concept of this model is that it simultaneously allocates a given spatial
distribution of demand to a specified number of outlets (Jones and Simmons,
1987, p.292; Ghosh and McLafferty, 1987, p. 129) Most work incorporating the
model. however, has centred on the planning of health care facilities,
emergency facilities such as fire stations and other public services (Goodchild,
1984, pg. 84). There exists however, a huge potential for its use in retailing as
it can be used to assess the efficiency of a network of stores and the benefits
of adding new stores to existing networks (Jones and Simmons, 1987, p. 292).
Despite this, its application to retailing has been minimal in comparison to its
uses in the public sector.

The use of location-allocation models in retailing has touched upon five,
somewhat interrelated areas; the addition and deletion of outlets, the
development of a location strategy in wuncertain environments, the use of
spatial interaction models to try to incorporate more realistic consumer
behaviour, the incorporation of multi-purpose shopping and the sensitivity to
parameter manipulation. For instance, Goodchild (1984) used the model to find
the optimal locational configuration for a third restaurant in accordance with
its two existing locations. Ghosh and McLafferty (1982) calibrated the model

using different possible future scenarios to determine the optimal locations of
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two new stores to a supermarket chain in the presence of competition.

In terms of an example for the deletion of stores in a network, Goodchild
(1987) looked at the case of gasoline retailing in which the number of facilities
was to decrease from 31 to 20. Two types of demand were used and their
optimal locations compared. The first represented single-purpose shopping by
residential allocation while the second used traffic volume to represent multi-
purpose and impulse shopping. Although both solutions shared a number of
common locations, this could be due to a strong correlation between the
underlying spatial demand patterns.

The use of the model in uncertain environments is exemplified in Ghosh
and Craig (1984 and 1983). In their 1984 study they developed a model to deal
with site selection in a competitive environment by evaluating the desirability
of multiple locations in terms of both existing and possible future locations. In
their 1983 study they used a Multiplicative Competitive Interactive model
(MCI model) which is a type of spatial choice model, to develop a location
strategy for a firm taking into account future changes in the environment. For
instance, in this specific application the MCI model was used to estimate
market share and simulate the effects changes in store charac.weristics have on
the performance of the various stores entering the market.

In order to represent a more complex environment, various authors have
tried to incorporate spatial interaction models into the location-allocation

model to try and reflect a more realistic method of determining the allocation
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of demand. For instance, Hodgson (1978) used an entropy maximizing
interaction model rather than using a least-cost allocation rule. The entropy
maximizing model he used is just another type of spatial interaction model in
which the optimal solution is one which maximizes the individual’s freedom to
choose between all of the journey-to-work routes. (Thomas and Huggett, 1980,
p.156.) In 1981 he incorporated a production constrained gravity model to
allocate consumers to motor vehicle branches and compared this to the nearest
centre results. The findings revealed that the locational results were not very
different between the two models. Finally, O'Kelly (1987) incorporated a
probabilistic allocation rule instead of one based on the nearest center
approach into a continuous space location-allocation model. This probabilistic
algorithm was then applied ia a case study for Hamilton, Ontario which used
a 181 by 181 travel time array for 181 zones. His objective was to locate 20
facilities under two different parameter conditions. More specifically, the
parameter he varied was B which is a measure of the consumer’s sensitivity
to distance (see section 2.3.5). The first condition was with a small B value
(.025) and the second condition with a B value of .2. He found that using a
small parameter revealed a clustered set of activities with little or no
preference for the nearest facility while a larger parameter was aésociated with
a more dispersed set of locations with more marked preference for the nearest
facility. This sensitivity of locations to a changing parameter reveals the

importance of determining more accurate consumer travel behaviour.
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The incorporation of spatial interaction models into a location-allocation
model as a more realistic method of allocating consumers was attempted by
various researchers. Results showed however, the resulting solutions were not
that different from those obtained under the nearest center approach. O'Kelly
also revealed the importance of determining an accurate B value in order to get
an accurate solution. Subsequently, determining the appropriate f value then
becomes a possible limitation of using probabilistic aliocation rules. As a result,
what is needed is a method to incorporate more realistic consumer behaviour
which avcids some of the problems associated with spatial interaction based
location-allocation models.

In terms of incorporating multi-purpose shopping behaviour, only one
attempt has been made to try and incorporate this type of consumer behaviour
into a location-allocation model. McLafferty and Ghosh (1987) tried to develop
a location-allocation model to study the spatial organization of retail firms in
a multi-trip environment. They determined (endogenously) the optimal
propensity for single and multi-purpose shopping with different combinations
of low and high order firms as well as the impact of changes in price and costs
on the locational configuration of outlets. They found that the frequencies of
single and multi-purpose trips depend on the consumers location relative to
shopping opportunities.

Although the existing literature on using location-allocation models in

retail scenarios is varied and sparse, it also has not effectively incorporated
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any of the existing literature on consumer behaviour. For instance, although
Hodgson (1978 and 1981) tried to use spatial interaction models as
representations of more realistic consumer behaviour, he did not explicitly try
to incorporate the concept of the multi-stop and multi-purpose trip.
Consequently, his study does not adequately reflect consumer behaviour and
is only increasing the time and cost of calibrating the model (Goodchild 1984,
pg. 96). Although Ghosh and Craig (1983 and 1984) tried to incorporate a more
dynamic location scenario, they based all locations on home generated trips.
Goodchild (1984) also used home generated trips and it is only in his 1987
stucly that he tried to reflect both types of trips. Finally, although McLafferty
and Ghosh (1987) tried to incorporate the idea of multi-purpose shopping into
a location-allocation model their model does not consider what impact this type
of shopping will have on an existing network of stores, the commercial spatial
structure and the implications that may arise for the retailer in terms of his
firm’s location strategy.

It is evident from reviewing this literature that minimal attempts have
been made to try and link the concept of the multi-stop, multi-purpose trip
with methods of locational analysis. For instance, no attempt has been made
to model different types of consumer shopping trips on a large scale and
incorporate them within a location-allocation model. As a result, no attempts
have been made to assess the potential impact variations in types of shopping

trips may have on the commercial spatial structure. Assessing this impact is
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essential as this could have major implications for both the retailer and the
consumer. It is this present void in marketing geography and especially
location-allocation literature, which not only forms the basis for this thesis but

also reveals its uniqueness.
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CHAPTER THREE

METHODOLOGY

3.1 Introduction

In order to be able to observe how changes in consumer shopping
behaviour effect the spatial location of outlets produced from the location-
allocation model as well as on the efficiency and success of the chain itself,
certain methodological approaches need to be taken. Firstly, it is necessary to
develop a more specific definition of both a single-stop, single purpose trip and
a multi-stop, multi-purpose trip. Secondly, it is essential to discuss the type of
data which will be used in this study and how it will be implemented to
generate different spatial distributions of demand incorporating these two
types of shopping trips. Thirdly, the criteria to help define the appropriate
study area and retail chain in which to apply the objectives of this study are
also needed. Fourthly, the choice of the appropriate location-allocation model
which best reflects the objectives of the study is also essential. Lastly, after
obtaining the various solutions under different distributions of demand (see

section 3.3) it is necessary to determine the most effective method to assess
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how these changes in demand effect the spatial location of outlets as well as

the impact on the efficiency and success of the entire network of outlets.

3.2 Defining the Two Types of Shopping Trips

The types of shopping trips consumers engage in fit into four main
groups; single-stop, single-purpose; single-stop, multi-purpose; multi-stop,
single-purpose and multi-stop, multi-purpose. This study is mainly concerned
with the two extreme types of shopping trips, single-stop, single-purpose and
multi-stop, multi-purpose. In order to model both types of shopping trips a
more specific definition is required of each. The previous definition of a muliti-
stop, multi-purpose trip given in section 1.1 is too broad as it defines
consumers as shopping from virtually anywhere except home. The problem
that arises is how to model such complex consumer behaviour without knowing
more about the underlying population. One thing that is known is that many
shopping trips originate from places of employment. Shopping from work
however, does fit into this study’s more general concept of the multi-stop,
multi-purpose trip described in section 1.1. This is because by shopping from
work the consumer has engaged in two purposes (working and shopping) and
two stops (home to work and work to the place of purchase). This is the
simplest form of the multi-stop, multi-purpose trip as it consists of only two

stops and two purposes. Subsequently, in this study multi-stop, multi-purpose
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trips are those in which consumers shop from their places of employment and
thus, will also be referred to as work-based trips. Single-stop, single-purpose
trips are defined as those which originate from the consumers’ places of
residence and have only one stop (the place of purchase) and one purpose
(shopping).

An important assumption that results from defining shopping trips in
this way is that if consumers are not shopping from their place of employment
(work-based trips) they are shopping from their place of residence (residential-
based trips). The importance of this assumption is that it makes it possible to
model different combinations of work-based and residential-based trips by
varying the proportion of each. For instance, by decreasing the proportion of
work-based trips we are increasing the proportion of residential-based trips as
those who are not shopping from work are reallocated back to their place of
residence from which they will then shop. This will be described more fully in

the next section.

3.3 Generation of the Spatial Distribution of Demand

As it was noted in Chapter One, what this study is doing is varying the
spatial distribution of demand according to different combinations of work and
residential-based shopping trips. The demand surface will be represented by

the number of adults (customers) in a set of census tracts which cover the

26



study area. The rationale behind considering only adults to represent consumer
demand is essentially two fold; the first reason being that grocery shopping is
usually done by the adults in the household and secondly, because there is no
data indicating the level of demand each adult represents, as the locations of
these adults change as they engage in different combinations of single-stop,
single-purpose trips and multi-stop, multi-purpose shopping trips there is no
way to correctly allocate the level of demand associated with each of them.

The location of these customers is considered to be the centroid of the
census tracts. The reason for using the census tract centroid will be explained
more fully in section 3.6.2. The level of demand at each census tract location
is essentially produced by two types of demand. The first type of demand is a
constant one which includes those consumers whosc locations do not change.
This is because they are either unemployed, work at home or work in the same
census tract in which they live and hence, the locations from where they shop
do not change as the type of shopping trip changes. The second type of demand
is a variable one as it consists of those employed consumers whose residence
and employment locations are not the same. Subsequently, the next step is to
determine a method to obtain the level of demand associated with each census
tract under different combinations of work and residential based trips.

The data which will be used in this study is the journey-to-work flow
data from Statistics Canada for 1981 (Statistics Canada CTD81B31) (Appendix

1). This data shows for each census tract, the number of people who are coming
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to work there from outside the census tract in and outside the Census
Metropolitan Area (CMA). It also provides information for each census tract on
the number of people who work at home, and the number of people who don’t
work at home but who work in the same census tract. Data which will also be
used is employment data showing the number of unemployed people for each
census tract (Statistics Canada 1981, Catalogue 95-915). In order to be able to
better use this data to determine the level of demand for each census tract it
was necessary to put it into a more workable form (Table 1).

The advantage of setting this data up in a matrix is that it is possible
to formulate an equation to determine the level of demand at each census tract
in the study area according to different combinations of work and residential

based shopping trips. As a result the level of demand, D for each census tract

j, becomes:
D=N;+H+KI+R, +§

where : N;:  The number of people unemployed in census tract ;
Hy;  The number of people who work at home in census tract ;

I The number of inflow workers from other census tracts into
census tract ; where:

I=Zn:fv

inl
inj

where: f; = the number of people living in zone ; who work
in zone ;
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K: Tl}e level of multi-stop, multi-purpose shopping

R, Pr?lzsnumber of workers who live in ; but work
outside ; who do not engage in multi-stop,
multi-purpose trips who are re-allocated back
to their place of residence

S;:  The number of people who work in the same
census tract as they live

In this equation there are three constant values which do not change for
any census tract; the number of people unemployed (X)), the number of people
who work at home (H}) and the number of people who work in the same census
tract as they live (S;). These variables represent the constant demand
mentioned at the beginning of this section. They are constant in the sense that
in terms of the model, these consumers’ will always preside in the same census
tract as they live whether they are employed or not. Subsequently, their
location will not change when varying work and residential based trips. As a
result, the level of demand that they contribute will stay the same numerically
and spatially no matter what combinations of shopping trips are chosen.

I, K and R are essentially the variables reflecting changes in consumer
shopping trips and will alter the level of demand at the census tracts under
the different combinations of work and residential based shopping trips. For
example, for each demand node, I is the total number of workers who work in
that census tract but reside outside of that census tract. Furthermore, K is the

level of multi-stop, multi-purpose trips or in other words, the proportion of

work based shopping trips. If everyone were to shop from work (100% multi-
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Table 1

General Organization of Journey-to-Work Flow Data

3 Employment Zone | Outside of
)] Study
Area

fu:
The number of

people living in

zone i who work

in zone j




stop, multi-purpose trips) K would become 1 thereby making I equal to the
total number of inflow workers.

One of the assumptions of this model however is that if people are not
shopping from work they are shopping from their place of residence.
Subsequently, if less than 100% of the population is engaging in multi-stop,
multi-purpose trips ( K <1 ) then those people who are not will be engaging in
shopping trips originating from their place of residence (single-stop, single-
purpose trips). As a result, it is necessary to re-allocate those people back to
their resident census tract and add this to the total demand for that census
tract. This group of people is represented in the equation by R. R is determined
by first multiplying all of the inflow workers in the matrix by (1-K). This gives
the number of people not engaging in multi-stop, multi-purpose trips for each
employment census tract j from resident census tract i. Secondly, row totals
are obtained for each resident census tract i and these totals will be added to
the same corresponding employment census tract. These people who are re-
allocated back to their resident census tract are those not engaged in multi-
stop, multi-purpose shopping and thus, their trips are residential-based. "hose
R’s however which correspond to census tracts which are not within the study
area will not be included. Consequently, it is only those people working outside
their resident census tract who will have any effect in altering the spatial
distribution of demand as the rest of the population will remain constant.

After knowing how to generate the level of demand for each of the
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census tract demand nodes or points, it is necessary to determine the
combinations of work and residential based trips. The first two obvious
combinations are the extremes; all work based (X=1) trips and all residential
based trips (K=0). In addition, three combinations withir. these extremes are
selected with 70%, 50% and 30% work based trips equivalent to 30%, 50% and
70% residential based trips respectively. Furthermore, each of those
simulations corresponding to the different combinations of shopping trip

origins will be referred to as "demand scenarios”.

3.4 The Choice of the Study Area

The choice of a particular study area in which to carry out this research
is largely determined by a number of factors; the availability of journey-to-
work flow data, the ease with which this can be used in the determination of
the distribution of demand, its ability to reflect the underlying population base,
as well as the availability of retail outlets, Firstly, because this study will be
using journey-to-work flows in determining the level of demand under different
types of consumer shopping trips and also because this data is only collected
for certain Census Metropolitan Areas (CMA’s) at infrequent time periods, it
is necessary to choose a study area for which this data is available. For
instance, this data is available on a census tract scale only for specific CMA’s

in Canada and is collected every ten years with the most recent collection
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being 1981 which limits not only the available areas to use in a study but the
time at which this data is available.

Another important criterion used in choosing a study area is the
availability of various retail chains. More specifically, the particular study area
has to be large enough to contain various types of retail chains consisting of
numerous outlets. Having a study area with a wide variety of retail chains
increases the chance of choosing a chain appropriate for the particular study.

The ease with which the different levels of demand can be generated
from the journey to work data is also another consideration when choosing a
particular study area. At the moment, the largest scale at which journey-to-
work flows are available is at the census tract level. As it was shown in section
3.3, the generation of demand is a time consuming and involved process. For
instance, as the number of census tracts in an area increases, the
manageability of the data set decreases. Too large of a study area with a large
number of census tracts produces increased complexity of consumer travel
flows thereby making the model more difficult to calibrate. In addition, it is
more difficult to determine the level of demand for each census tract.

It is evident that the choice of an appropriate study area is dependent
not only on the availability of data but also on the ease to which it can be
manipulated. As a result, what has become evident is that what is needed is
an area which has a sufficient population base consisting of an adequate

number of census tracts with corresponding journey-to-work information as
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well as one containing an adequate variety of retail chains with numerous
outlets. Consequently, an area which seems to fit these criteria for this study
is Kitchener-Waterloo (Figure 1). For instance, this area represents an almost
self-contained market with a sufficient population base of between 200,000 to
300,000 people. It also contains a very manageable but sufficient number of
census tracts (43) which reflects the complexities of the population base as a
whole. Furthermore, this large population base provides for an area which
contains a very diverse retail environment consisting of numerous types of

retail chains containing numerous outlets.

3.5 The Choice of a Type of Retail Chain

Another important consideration in a study such as this is the type of
retail chain to be used. For instance, the chain which is chosen has to best
reflect the types of shopping irips which are to be studied. As it was noted
earlier, different types of goods have different types of shopping behaviour
associated with them. Stores selling high order goods result in extremely
complex shopping behaviour by their consumers while stores selling low order
goods are associated with more simplistic shopping behaviour by their
consumers. As a result, the chain to be chosen for this study can’t sell
extremely high order goods as the type of shopping trips in which its

consumers engage in are too complex and does not correspond with the simple
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Figure 1

Kitchener-Waterloo
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concept of multi-stop, multi-purpose trips used in this study. For example,
consumers shopping for a high order good will most likely engage in
comparison shopping in order to get the best value. Subsequently, their
shopping trips will be more sporadic and more complicated than the journey-to-
work type trip defined in this study. Also, a suitable chain for this study can’t
be one which sells extremely low order goods such as convenience stores. These
types of stores sell low order goods and are many in number thereby making
them easily accessible from almost anywhere in the city. This in turn may
make the substitution by a competitor more probable with only slight increases
in distance.

It can be seen that the appropriate choice of a chain is largely dependent
on the types of products it sells and the types of shopping behaviour most
commonly associated with these types of products. Because of this restriction,
the type of chain which seems to be best suited to this study is any one of the
larger grocery chains. The reason being that the product range associated with
these types of stores is not of higher order which alleviates the problem of too
complex consumer travel patterns. Also being alleviated is the problem of
substitution from convenience stores as the larger grocery stores have a more
extensive product range and lower prices thereby obtaining their own niche

amongst the various food stores.
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3.6_The Components of the Location-Allocation Model

3.6.1 General Overview of the Model

As it was noted earlier, the advantage that the location-allocation model
has over the other conventional location methods is its ability to determine the
most efficient location configuration of a whole network of stores. In general,
its overall concept is that it simultaneously allocates a given spatial
distribution of demand to a specified number of outlets by finding a way of
locating these facilities according to the objectives of the researcher. In order
to apply this model to this particular application its various components must
first be defined in a theoretical context and then applied to this particular

application.

3.6.2 Demand Points

These points within the location-allocation model are represented by a
set of spatial co-ordinates with each point representing a certain level of
demand for the goods and services provided. The level of demand associated
with each point was described more fully in section 3.3. In this application, like
other applications, the demand points are the centroid of the census tracts

within the study area. The reason for the choice of census tracts to house these
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points is that this is one of the smallest levels of data collection in which there
are corresporiding population figures associated with them. The centroid is
used as the point at which the census tract data is allocated largely because
of the assumption that demand is evenly distributed within the census tract.
This assumption is most accurate when nothing is known about the underlying
spatial properties of the data. Subsequently, the demand points for this study
are the centroids of the 43 census tracts in Kitchener-Waterloo as defined in

section 3.4.

3.6.3 Feasible Sites

The determination of feasible sites for the locations of stores is based on
the requirements of the retailer and hence, determine the type of location-
allocation model to be used. For instance, in many cases retailers may be
concerned about infrastructural restrictions such as the availability of public
transit, highways, etc., or planning restrictions such as zoning, land
availability etc. As a result, the type of location-allocation model to be used is
one in which the set of feasible locations is limited resulting in a location-
allocation model in discrete space. In this particular study however it would
not be appropriate to choose a discrete model based on these types of
infrastructural or planning restrictions. One of the major problems with the

inclusion of these factors is that they are prone to change over time as
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conditions in the economic, political, and demographic environment change. If
they were included, this study would only pertain to this specific instance
thereby limiting its general applicability. In addition, supermarkets are usually
a neighbourhood or community level function and there is generally a wide
availability of land zoned for neighbourhood, community level commercial use.
The inclusion of zoning changes would probably not decrease the amount of
land available for this use. Consequently, including zoning restrictions would
probably not significantly affect the locations available to the retailer. As a
result, the most appropriate type of location-allocation model would be one in
which there were no restrictions on site availability- hence, a continuous space

model.

3.6.4 The Number of Outlets to Locate

The number of outlets to locate in the study area is another component
of the model and is also determined by the researcher. For instance, as it was
noted previously, the location-allocation model can be used in various
circumstances. More specifically, it can find the optimal locational
configuration of a network of stores in which individual siores are to be added
to or deleted from an existing network or the optimal location of an entire
network. In the former case, the retailer keeps some locations fixed and adds

or deletes outlets based on some set of criteria and then calibrates the model.
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This approach would be mainly used by a chain which wants to either increase
its market share by the addition of new outlets or deleting outlets in areas of
insufficient sales. In the latter case, the retailer decides the most appropriate
number of stores to locate which are not fixed and then finds the simultaneous
optimal locational configuration. This second option would be used by a retailer
wanting to enter a new market by opening multiple outlets all at once in order
to maximize market penetration. Because in this particular study we are only
concerned with assessing the resultant locational configuration of outlets as a
result of varying consumer shopping trips, none of these store locations are
added, deleted or fixed. The only variable to be determined is the appropriate
number of stores in the network.

In determining the number of stores in the network two options exist.
The first option is the selection of a hypothetical number of stores and the
second, the total number of stores in the area of an already existing retail
chain. The first option was not chosen because of its highly subjective nature
which may potentially limit the general applicability of the model. By choosing
an existing chain (option 2) and using its existing outlets as the number of
outlets to locate in the study area has several advantages. Its main advantage
is that using the number of outlets from an existing chain makes the study
more realistic and accurate as it is assumed that the retailer must already
have an adequate population to support these stores and hence, will have a

more accurate measure of the number of stores needed in the area. The
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importance is that the number of outlets a chain has could be quite different
from the number which may be chosen hypothetically.

On the basis of the criteria for the choice of a retail chain described in
section 3.5, a chain in Kitchener-Waterloo which fits this criteria is Zehrs. This
chain is prominent throughout the region with numerous outlets and has an
extensive range of lower order convenience food products. As a result, the
number of stores to locate is 15 which is the number of stores in existence at
the time in which this study applies, 1981. As a result the only factor that is

actually varied is the shopping behaviour of the store’s customers.

3.6.5 The Objective Function and Algorithm

One of the most important components of the model is the specification
of the objective function and the selection of an algorithm to determine it. The
objective function states the conditions to be optimized in selecting store
locations and is often some measure of accessibility or economic viability of the
outlets. In this particular instance, the objective function is to minimize the
overall distance travelled by consumers to shop. Because the number of
consumers is represented by a set of demand points, the objective function
becomes one which minimizes the overall aggregated weighted distance. The
rationale behind having the objective function minimizing the overall

aggregated weighted distance is essentially two fold; the first reason being that
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the products that this chajn sells are of lower order and hence, its customers
travel to the nearest outlet. Secondly, because this study is concerned with the
efficiency of an entire network of stores the best configuration from the
consumers’ point of view is one in which the overall distance consumers will
have to travel will be minimized.

The location-allocation model having an objective function to minimize
the overall aggregated weighted distance is extremely common and has become

known as the P-median problem. (Ghosh and Rushton 1987)
3.6.6_The P-Median Location-Allo-ation Model

The general form of this model whose objective is to minimize the overall

aggregated weighted distance is shown by the following equation:

in]l jul
where;

D;: The demand at location ; (census tract centroid). This demand is
the number of people at census tract ; resulting from the demand
produced for that census tract under each demand scenario. Each
demand scenario consists of the demand created under different

combinations of work and residential based trips. (See section 3.3)
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C; : The euclidian distance (straight line distance) between demand
point ; and store location ,. In this case distance is used as a
surrogate for cost because as the distance between the consumer
and the store increases so does the cost in terms of travel time,
gas etc.

p: The number of stores (15)

n : The number of demand nodes (43)

This equation however is subject to the following constraints;

P

and,

where A, is a binary variable. It takes on the value of one if demand point ; is
allocated to centre ; and 0 if it is not.

The meaning of the first constraint is that there is no unsatisfied
demand. The second constraint is essentially that the demand at ; is not split
between stores and hence, each demand point is assigned or allocated to one
and only one store. In more general terms, the purpose of the model is to
determine the store locations (x; and y;) for all stores p and the set of A,’s
which cause the overall aggregated weighted distance z to be a minimum.

The determination of this objective function requires the identification
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of a suitable algorithm. One such algorithm which is well suited to continuous
space problems and also has the benefit of being relatively simple and quick
(Ghosh and Rushton, 1987) and which will be used in the study is the Cooper
algorithm. On a more specific note, it first picks the initial starting locations
for the stores either randomly or with some prior knowledge of the underlying
population. It then divides the demand centres into subsets and for each
subset, determines the optimal single store location. It then examines each
demand centre to determine if it is possibly closer to one of the other stores
than the one to which it was initially allocated. If it is, there becomes the need
to change t«2 allocation by locating the stores again and allocate the demand
nodes to these new locations. This process is continued alternately re-allocating
demand centres and locating stores until the objective function can’t go any
lower (Cooper, 1964). In this particular study the starting locations chosen
were the locations of the centroid of various randomly chosen census tracts.
This was done to ensure a better representation throughout the study area as
initial runs had indicated sensitivity of the model to different starting

solutions.

3.6.7 The Running of the Model

In general terms, this study is using a p-median location-allocation

model in continuous space using the Cooper algorithm which was provided by
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John Hodgson from the University of Alberta. Five demand scenarios were
modelled representing total residential-based trips, 30%, 50%, and 70% work-
based trips as well as total work-based trips. One of the weaknesses of the
Cooper algorithm is that it produces local optimum solutions. One method
which can be used to increase the probability that the local optimum is a global
optimum is by doing numerous runs of the model. In this study 500 runs were
done for each demand scenario and the solution producing the lowest z
function was chosen as the resulting solution for that scenario. In all cases

the lowest z function occurred more than once. An example of a typical run can

be seen in Appendix 2.

3.7 Analysis

The analysis will look at essentially two problems, the impact varying
the spatial distribution of demand will ixave on the efficiency and success of the
network as well as on the spatial location of outlets. Firstly, the efficiency and
success of the network will be viewed from two perspectives; the retailers’ and
the consumers’. From the retailers point of view the most efficient and
successful network of stores is one in which the total number of people coming
to shop in the study area is maximized and will be referred to as the total
market potential. The reason being that since the number of customers is often

considered a surrogate for the amount of sales (of which the retailer most often
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wants to maximize) and hence, the greater the number of customers means a
greater the amount of sales.

Another important indicator of efficiency and success for the retailer to
consider is the stability of the network. Stability in the sense that the number
of customers allocated to each of the stores is fairly equal with little or no
variation between stores. For the retailer as well, a stable network is one
which produces the least number of stores with allocated customers under the
threshold limit which is needed to sustain the outlet. Having a network which
has a high degree of variation in the number of customers allocated to each
store generally reveals a solution which has outlets with large number of
customers and those with very few. This is unstable for the retailer as the
store with fewer customers may be subject to closure and the outlets with a
large number of customers indicates a potential market for competing stores.
In addition, a high variation in the number of customers makes it more
difficult for the retailer to standardize operating procedures.

Two techniques will be used to assess the stability of the network in
terms of the variation between the number of customers allocated to each store
and the number of stores under the threshold limit. In the first case, the
coefficient of variation will be computed for the number of customers allocated
to each store under each demand scenario. The coefficient of variation is a
relative measure of dispersion around the mean and its advantage is that it

can give a more accurate view of deviations about the means of two or more
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distributions (Shaw and Wheeler 1985, p.62). As a result, the scenario with the
lowest coefficient of variation is the most stable.

The second method of assessing the stability of the network is the
determination of the number of stores under the threshold limit needed to
sustain an outlet. The solution which has the smallest number of stores whose
customers are under this limit is the most efficient and successful for the
retailer. In very general terms it has been found that the total demand needed
to sustain a supermarket at the community level with approximately 30,000
square feet is 20,000 people (including children) or 66 people per square foot
(Jones and Simmons, 1987, p.68; Jones, 1990; Stason, 1990) The average
square footage for Zehrs stores around 1981 was approximately 17,396 square
feet (The Directory of Retail Changes in Canada, Vol. 1, 1983). As a result, for
a store of 17,396 square feet the minimum demand needed to sustain it is
11,597 persons (17,396 * 0.66). Because however, one of the assumptions of
this study is that demand is only represented by the number of adults
available to shop, it is necessary to determine the number of adults needed to
sustain an outlet.

The first step in determining the number of adults needed to sustain an
outlet is to determine the proportion the adults used in this study area to
represent demand is of the total population in the study area in 1981. The
total number of adults representing consumer demand in this study is 121,700.

This is a summation of all adults living in the census tracts in the study area
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who work outside their resident census tract, who work within their resident
census tract, those who work at home as well as those who are not employed.
The total population in the study area in 1981 is 183,456 thereby making the
proportion of adult customers to the total population 0.66. As a result, the
threshold number of customers needed to sustain an outlet becomes
approximately 7654 (0.66 * 11597). The demand scenario which produces the
least number of stores with allocated customers under this threshold amount
will be the most stable solution.

The impact of the efficiency and success of the network from the
consumers’ perspective is assessed largely on the behaviour of the objective
function in the model. The rationale for using the objective function as a
measure of efficiency and success from the consumers’ perspective is that it is
assumed consumers will shop at the nearest outlet and hence, the most
efficient network configuration is one which minimizes the overall distance
consumers will have to travel. Subsequently, the solution which produces the
lowest overall aggregated weighted distance z is the one which may be
considered optimal from the consumer’s point of view.

By examining success and efficiency from both the retailers’ and
consumers’ perspectives an interesting problem arises. What will be interesting
to observe is if the best solution produced in terms of the retailers’ perspective
is the same for the consumer. This will be illustrated by graphing the z

function and the coefficient of variation against the level of multi-stop, multi-
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purpose trips as well as the total market potential and the z function against
the level of multi-stop, multi-purpose trips.

In order to assess the impact on the spatial location of outlets, three
techniques are used. The first of these is the creation of individual maps in
Terrasoft version 9¢ of the resulting locations generated under the model for
each demand scenario. The rationale behind observing the individual results
is that it is possible to see if any specific patterns exist as the level of multi-
stop, multi-purpose trips increases or decreases. The second and third of these
techniques are used essentially to determine the store locations’ sensitivity and
insensitivity to changes in the level of multi-stop, multi-purpose trips. More
specifically, these techniques are designed to reveal the "hot corners" in the
study area in which even under different distributions of demand produced
from different types of consumer shopping trips a store location in this area is
consistently suggested by the model. In addition, those areas which are highly
sensitive to changes in consumer demand are represented by those areas which
do not consistently have stores allocated to them under the model.

In order to determine those areas which are sensitive and insensitive to
changes in demand two techniques are used to provide an overall summary of
the intensity of store locations most frequently and infrequently chosen by the
model under all the different demand scenarios. The first technique to be used
is a contour map showing two-dimensionally, the intensity of store locations

produced simultaneously from all demand scenarios. The second technique will
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be the creation of a three-dimensional representation of the previously
generated contour map. This will reveal those areas which are sensitive and
insensitive to changes in consumer demand more easily. For example, areas
which are relatively insensitive to changes in demand will be represented by
peaks in the demand surface while those areas which are highly sensitive will
be relatively flat.

The first step in the generation of this contour map was the
determination of the intensity of store locations throughout the area. These
intensities were created by first plotting all the resulting locations produced
under all of the different demand scenarios and by a method of spatial
sampling determining the intensity of stores at each of these locations. More
specifically, the centre of a circular area 1/15 the size of the entire study area
was superimposed over each point and the number of stores found within it
determined the intensity at that point. 1/15 was chosen as the sampling area
mainly because this study assumes that the population is evenly distributed
throughout the study area, that each store has its own trade and all trade
areas are equal and there is no unsatisfied demand in the study.

The second step in the generation of the contour map was the generation
of the contours themselves from these densities. The method used for
determining the location and pattern of the contours was the triangulation
method. In order to observe more easily these results generated from the

contour map, a three-dimensional representation was created by digitizing
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these contours and using the DTM option in Terrasoft version 9c. Census tract
boundaries were plotted on top of this 3-dimensional representation to help

identify the locations of the areas of high and low store intensity more clearly.
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CHAPTER FOUR

RESULTS AND CONCLUSIONS

4.1 Effects on the Efficiency and Success of the Network

4.1.1 Coefficient of Variation

As it was mentioned in Chapter Three, one way success and efficiency
of the network from the retailers’ perspective is measured by the stability in
the system. In this case, stability is indicated by the amount of variation
between customers allocated to each store under the different demand
scenarios. Firstly, the amount of variation is determined by computing the
coefficient of variation for each demand scenario for the number of customers
allocated to each store. From examining Table 2 it is evident that the
coefficient of variation varies between 36% to 51% with the majority of values
in the mid 40% range. The scenario which produces the least amount of
variation and hence, is the optimal solution from the retailers’ perspective, is
the one in which 30% of consumers trips are work-based and 70% residential-
based. The next lowest solution produces a coefficient of variation of 42% when

100% of consumer trips are work-based. The next two lowest values are 44%,
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Table 2

Number of Customers Allocated to Each Store

NUMBER OF CUSTOMERS ALLOCATED TO EACH
STORE

% of Multi-stop, Multi-purpose Trips
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46%, for 50% work-based trips and 0% work-based trips (100% residential-
based) respectively. The scenario which produces the highest amount of
variation and hence, is the worst solution from the retailers’ perspective, is the
one in which consumer trips are 70% work-based and 30% residential-based.
Furthermore, by examining Figure 2 it is evident that there seems to be no
relationship between the level of multi-stop, multi-purpose trips and the
coefficient of variation. As a result the retailer can’t predict what will happen

if the percentage of work-based trips changes.

4.1.2 Total Potential Market

One other criterion which is used in this study to assess the success and
efficiency of a network of stores is its total market potential, It is essentially
the number of customers available in the study area to shop. This market
potential is determined by the generation of the total number of customers
allocated to all of the stores under each of the different demand scenarios. An
examination of Table 2 reveals that overall, under all of the different demand
scenarios the total number of potential customers in the system ranges from
approximately 121,000 to 130,000. The scenario which produces the largest
number of potential customers and hence, is the most optimal for the retailer,
is the one in which consumer trips are 100% work-based. The next highest is

when trips are 50% work-based. Following these with not much difference
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Figure 2

Coefficient of Variation (%)

TOTAL MARKET POTENTIAL VS
COEFFICIENT OF VARIATION

Total Market Potentiai in 000's

60

i 1 ] | L { 1 |

130
129
128
127
126
125
124
123
122
1121

10 20 30 40 50 60 70 80
% of Multi-stop, Multi-purpose Trips

Coetficlent —}—Total Market Potential
of Varlation

90

120
100

55



between them, are the scenarios produced from 70% work-based trips and
30%work-based trips. The demand scenario which produces a considerably
smaller number of potential customers and is the worst for the retailer, is the
one in which all consumer trips are residential-based (0% work-based).

Further examination of Figure 2 reveals that there would seem to be a
relationship between the percentage of multi-stop, multi-purpose trips and the
total potential market. For instance, with the exception of the demand scenario
having 70% work-based trips, as the level of multi-stop, multi-purpose
shopping trips increases so does the number of customers available in the area
to shop. This does seem logical as most of the population in the surrounding
study area most likely commutes to Kitchener-Waterloo for employment.

In order to determine however, the overall solution which is the most
successful and efficient from the retailers’ perspective in terms of the
coefficient of variation and the total market potential, it is necessary to
consider the previous results simultaneously. For instance, ideally the best
solution for the retailer is the one which maximizes the total number of
potential customers and minimizes the variation between the number of
customers allocated to each of the stores in the network. By graphing the
coefficient of variation and the total number of customers allocated to each
store against the level of multi-stop, multi-purpose shopping trips it is easier
to determine the demand scenario which produces a solution which fits both

criteria.
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It is evident when viewing Figure 2 that no! one demand scenario
produces a solution which has both the maximum number of potential
customers and the lowest coefficient of variation. For the retailer this means
that the best solution becomes a trade-off between these two criteria. As a
result, the optimal demand scenario for the retailer is one which maximizes
the distance between the total market potential and the coefficient of variation.
For instance, in Figure 2, although the scenario with 100% work-based trips
generates the largest amount of potential customers it has the second lowest
coefficient of variation. On the other hand, the scenario with 30% work-based
trips has the lowest coefficient of variation but has the second lowest total
market potential. Similarly, the demand scenario with 70% work-based trips
generates the third largest number of potential customers but has the highest
amount of variation with the largest coefficient of variation.

It is evident that there is not one scenario which has the lowest
coefficient of variation and the highest number of potential customers. As a
result, the scenario which maximizes this difference is the most optimal while
the one which minimizes this difference is the worst. Subsequently, the
optimal solution from the retailers’ perspective according to those two criteria
is when 100% of shopping trips are work-based. In this case the coefficient of
variation is the second lowest and the total market potential is the highest. An
explanation for this pattern is that the majority of people in and around this

area come to work in Kitchener-Waterloo which increases the overall demand.
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The worst scenarios are when shopping trips are 70% and 0% work-based. In
the first case, although the total market potential is the second highest, the
coefficient of variation is the highest. In the second case, the total market

potential is the lowest but the coefficient of variation is the second highest.

4.1.3 The Number of Stores with Customers Under the Threshold

Limit

Another criterion which defines the stability in the system is the number
of stores which have customers allocated to it under the threshold limit. The
threshold limit of customers determined in this study is approximately 7654
(see section 3.7). The optimal solution for the retailer is one which minimizes
the number of stores with customers under this limit. From Table 2 it is
evident that the best solution for the retailer in terms of the solution having
the minimum number of stores whose customers totui less than 7654 is when
shopping trips are 30%, 50% and 100% work-based. Each of these scenarios
have 5 stores under the threshold limit. The worst scenario for the retailer is
when shopping trips are 0% and 70% work-based with 8 and 7 stores
respectively. Overall however, there seems to be no relationship between the
level of multi-stop, multi-purpose trips and the number of stores whose
allocated customers are under the threshold limit.

By taking into account all the criteria which determine the best and
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worst scenarios for the retailer such as; the coefficient of variation, the total
market potential and the number of stores whose customers are under the
threshold limit per store, some obvious trends emerge. For the retailer the
optimal scenario seems to be when shopping trips are 100% work-based. This
scenario produces a solution which has the highest potential market, the
second lowest coefficient of variation and has the second smallest number of
stores with customers under the threshold limit. One of the worst scenarios for
the retailer is when shopping trips are all residential-based. This scenario has
the second highest coefficient of variation, the lowest market potential and the
highest number of stores under the threshold limit. Another scenario which is
almost equally suboptimal for the retailer is when 70% of shopping trips are
work-based. The solution produced from this simulation generates the highest
coefficient of variation, the second largest potential market and has the second

highest number of stores (7) whose customers are under the threshold limit.

4.1.4 The Consumers Perspective

From the consumers perspective the most efficient store network is one
in which the distance consumers have to travel is minimized. The optimal
solution for the consumer is the one which produces the lowest z function
(overall aggregated weighted distance). The results from the model are shown
in Table 3.

59



Table 3

Z Function Values for Each Demand Scenario

% Multi-stop, Z Function
Multi-purpose Trips
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From the results shown in Table 3, the most efficient locational
configuration of stores in terms of the consumers’ perspective is the one in
which shopping trips originate from the place of residence. The next best
solution is the other extreme case in which all consumer trips are work-based.
The worst solutions are when shopping trips are 30% and 50% work-based.

One of the implications that arises due to the different criteria that
define efficiency and success from both the retailers’ and the consumers’
perspective is that the solution which is optimal from the consumers’
standpoint may not be the same for the retailer. By graphing the coefficient of
variation and the z function and the total market potential and the z function,
against the level of multi-stop, multi-purpose shopping trips (Figures 3 and 4),
it is possible to view both perspectives simultaneously. In the case of Figure
3, if both graphs were to run parallel to each other and the scenario producing
the lowest coefficient of variation and the one producing the lowest z function
were the same, this would indicate that the results from the retailers’
perspective were the same as the consumers. For instance, if both variables
were parallel to each other (either increasing or decreasing) this indicates that
both perspectives are the same for those demand scenarios as both variables
are trying to be minimized.

An examination of Figure 3 reveals that the optimal solution for the

retailer is not the same as for the consumer. Firstly, there seems to be
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Figure 3
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TOTAL MARKET POTENTIAL
VS Z FUNCTION
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somewhat of an inverse relationship between the coefficient of variation and
the z function. From 0% to 70% multi-stop, multi-purpose trips, as the
coefficient of variation increases or decreases the z function is having the
opposite response. If perspectives from the retailer and the consumer were the
same these two variables would not have an opposite relationship as they are
both trying to be minimized. Furthermore, Figure 3 also reveals that the
optimal solution for the retailer is when 30% of shopping trips are work-based
while the optimal scenario for the consumer is when shopping trips are all
residential-based.

These results are also similar in Figure 4 which graphs the total market
potential and z function against the level of multi-stop, multi-purpose trips. In
this case total market potential and the z function should have an inverse
relationship as one is to be maximized while the other minimized. From 0% to
70% work-based trips both of these variables reveal the same pattern. Also, the
optimal solution from the retailers standpoint is when trips are all work-based
while the best solution for the consumer is when shopping trips are all
residential-based. As a result, by comparing all of these results it is evident
that the scenario which is optimal for the retailer is not the same as what is

optimal for the consumer.



4.2 Effects on the Spatial Location of Outlets

In terms of how the different demand scenarios effect the spatial
location of outlets one aspect that can be looked at is the pattern of store
locations that results from each individual demand scenario. It is also possible
to try and observe if there are any specific patterns that emerge as the level
of multi-stop, multi-purpose trips change. In the demand scenario in which
trips are all residential-based (Figure 5) there seems to be a fairly even
distribution of stores througho:it the study area. There are no specific
concentrations in the downtown of either Kitchener or Waterloo. Also, there
seems to be no pattern in terms of the locations along lineal features such as
King St. and the rail lines. A reason for this being that these areas tend to be
commercial or industrial areas rather than residential. The areas which are
avoided are the census tracts in the ncrth west and north east corners and the
census tracts running north and south along the eastern border of the CMA.
The obvious reason being that these areas were still under-developed in 1981
and much of the land was comprised of rural farmland. This however may not
be the case today as new subdivisions in these areas are continually being
developed.

When 30% of consumer trips are work-based (Figure 6) the pattern of
store locations is somewhat similar to that found when all trips are residential

based. Store locations are still generally evenly distributed and the areas or
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Figure 5

OPTIMAL STORE LOCATIONS
Total Residential-Based Trips

Kitchener-Waterloo
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Figure 6

OPTIMAL STORE LOCATIONS
30% Work-Based Trips

Kitchener-Waterloo

67



census tracts lacking stores are again in the north east and west corners and
along the eastern boundary of the CMA. Overall, store locations have shifted
somewhat towards the downtown of both Kitchener and Waterloo. The pattern
however revealed when trips are 50% work-based (Figure 7) is quite different.
Although there are some census tracts or areas that are consistent in the sense
that all of the scenarios so far have located stores in those areas (the south
west and one or two in the north central area of Waterloo) there are some
variations. There is a greater concentration of stores in and around the
downtown and along King St as well as along the rail line which runs east and
west through the central part of the study area. A possible reason for this
pattern is that as the level of multi-stop, multi-purpose trips increase so does
the population coming to work in the area which creates higher demand in
those areas. These areas of higher demand in the downtown are centres of
commerce while the demand along the rail line exemplifies the higher
concentration of industrial employment.

The store location produced under a 70% work-based trips (Figure 8)
simulation reveal a less concentrated pattern than the simulation with 50%
work-based trips. Although there are two stores located near the Kitchener
downtown and one near Waterloo’s downtown, the rest of the store locations
do not show as concentrated a pattern along King St. and the rail lines. Even
under increasing work-based demand, census tracts in the south west are still

allocated with outlets. This pattern however is not as dispersed as the solution
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Figure 7

OPTIMAL STORE LOCATIONS
50% Work-Based Trips
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Figure 8

OPTIMAL STORE LOCATIONS
70% Work-Based Trips

Kitchener-Waterloo
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generated from all residential-based trips.

The demand scenario in which consumers trips are all work-based
(Figure 9) reveals the most concentrated pattern of all scenarios. Most stores
are clustered around Kitchener’s downtown with a few in and around
Waterloo’s downtown as well. The areas which are void of outlets are once
again mainly in the north east and north west corners, along the eastern
boundary of the CMA and the south west corner. This cluster seems to radiate
outwards from the downtown and occupies census tracts which are in close
proximity to King St. and the industrial census tracts which are near the
downtown are also allocated with outlets.

Overall there seems to be some very general patterns which emerge from
the locational configuration generated under the different demand scenarios.
Firstly, there seems to be a trend towards a concentration of outlets around
the downtown areas as the level of multi-stop, multi-purpose trips increases.
Secondly, census tracts in the south west always get allocated a store except
when shopping trips are all work-based. The reason for this being that the
demand in these areas does not change that much under the different demand
scenarios. Other areas which seem relatively unaffected by changes in the
spatial distribution of demand are the census tracts in the north west and
north east corners and those areas along the eastern border of the CMA. In
this case they are largely unaffected as they do not consistently have outlets

allocated to them. This is mainly due to low residential and work populations
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Figure 9

OPTIMAL STORE LOCATIONS
Total Work-Based Trips

Kitchener-Waterloo
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in these areas. Lastly, some of the census tracts in and around the downtown
areas consistently have stores allocated to them. An explanation for this may
be that there is both a high residential and work population downtown which
is most likely a function of the size of the city. Larger cities would most likely
have larger commercial areas with proportionately less land available for
residential use.

Another aspect to be observed (in terms of the effect varying the spatial
distribution of demand has on the spatial location of outlets) is the
determination of those areas which are relatively insensitive and sensitive to
changes in spatial demand patterns. The importance of this lies in that it will
help identify the "hot corners” within Kitchener-Waterloo in which the retailer
can locate with success as these locations are relatively unaffected by changes
in demand patterns. In addition, it will also help detect those areas which are
highly sensitive to changes in the spatial distribution of demand. This would
in turn indicate to the retailer areas in which it may not be wise to locate
stores. By examining both the contour map (Figure 10) which is generated
from determining the intensity of store location produced under all of the
scenarios simultaneously, as well as the three dimensional representations
(Figures 11,12,13, and 14) , it is possible to identify the "hot corners” as well
as those areas which are highly sensitive to changes in demand.

It is evident when observing Figures 10,11,12,13 and 14, that a specific

pattern emerges. The highest store intensity lies in the downtown of Kitchener
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Figure 11

3-D Representation
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Figure 12

INTENSITY OF STORE LOCATIONS
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Figure 13
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Figure 14
View 4

INTENSITY OF STORE LOCATIONS
3-D Representation

™~

N

\\%\\\\ 7

2

..
/4

\\\\\\
\

\\\&EM\\\ 2
- Z \\\\\

0 \\\\\; o é\\\\_s\\\ \w\\\
o / \\\\\\\\\\\\\ \\

78

Y Direction ~5m
Height 320m
Elevation Scaling 1

Census Tract Boundaries

Angle below horizon ~70%

Camera lens 35mm

View direction 330°
X Direction 150m



and decreases in a concentric pattern from this point outwards. This intensity
also seems to follow major roadways such as King St. which runs north to
south through the study area and Highway 7 (rail line) which runs east and
west through the centre as well. For the retailer this means that the location-
allocation model consistently locates stores in and around the downtown
regardless of changes in the type of shopping trips consumers engage in. Those
areas which are highly sensitive to changes in demand by having low values
of store intensity associated with them tend to be in the periphery of the study
area. This is especially evident in the north west and south west corners of the
study area. For the retailer this means that the level of demand in these areas

is not great enough to warrant any outlets.

4.3 Conclusions

The effect of varying the level of multi-stop, multi-purpose trips has
produced some interesting effects for both the retailer and the consumer in
terms of the officiency and success of the network. From the retailers’
perspective its concerns are to maximize the total number of customers
available in the market to shop (total market potential) and minimize
variability in the system in terms of the number of customers that get
allocated to each store as well as the number of stores which have customers

under the threshold limit needed to sustain it. After examining the results
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from these three criteria the optimal solution for the retailer seems to be when
100% of shopping trips are work-based while the worst is when they are either
all-residential-based or 70% work-based. For the consumer however, the
optimal solution is when the overall distance travelled to shop is minimized.
Subsequently, the optimal solution for the consumer is when shopping trins are
all residential-based with the next best being the other extreme, 100% work-
based trips.

From the results it is evident that varying the level of multi-stop, multi-
purpose trips does effect the efficiency and success of the network from both
the consumers’ and retailers’ perspective. More specifically, the network of
store locations which is the most successful and efficient from the consumers’
perspective is not the same as the most efficient and successful from the
retailers’ perspective. Increasing levels of multi-stop, multi-purpose trips
produce a more efficient and successful network of stores for the retailer but
not for the consumer.

Varying the level of multi-stop, multi-purpose trips not only effects the
spatial location of outlets but the results from the different locational
configurations of stores indicate the best and worst areas in which to locate an
outlet. For example, as the level of multi-stop, multi-purpose trips increased
store locations became more concentrated towards the downtown of both
Waterloo and Kitchener and along major transportation routes such as King

St. and Highway 7 (rail lines). Areas in the north east and north west corners
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of the study area and along the eastern boundary are constantly void of store
locations. In addition Figures 10,11,12,13 and 14, reveal those areas which are
highly sensitive to changes in consumer demand by having few stores allocated
to these areas. These areas tend to be along all borders of the study area.
These figures also reveal those areas which are not sensitive to changes in
consumer demand as they are consistently having stores allocated to them
under all different demand scenarios which is indicated by the high levels of
store intensity. The areas of highest intensity are found in downtown
Kitchener and decrease outward.

The importance of revealing areas which are highly sensitive and
insensitive to changes in consumer demand is that these areas can provide
indications to the retailer as to which areas may be better to locate in.
Furthermore, since shopping patterns of consumers’ are getting more complex
and difficult to model, if a retailer knows which areas are relatively insensitive
to changing consumer demand patterns they will be more apt to locate stores

in these areas and avoid those areas which are highly sensitive.
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CHAPTER 5

SUMMARY AND DISCUSSION

Over the past thirty to forty years geographers have become increasingly
concerned about the arrangement of facilities over space. In Canada this has
been especially true with respect to the location of retail outlets. The
phenomenal growth of the planned shopping centre and the emergence of the
retail chain has produced a retail environment which is extremely complex and
competitive. In addition, many of Canada’s urban centres have grown to such
an extent that they have become plagued with some of the same problems such
as extremely high land and development costs etc., that were once thought to
only be associated with large American cities. At the same time however,
changing demographics largely due to the increase in the proportion of women
in the work force along with different lifestyle and economic trends etc., has
tremendously altered the shopping behaviour of consumers. All of these
changes in Canada’s retail environment in terms of increases in the complexity
of the commercial spatial structure and consumer behaviour, as well as the
increased costs in development, have made the opening of a retail outlet a
more costly venture.

One of the important consequences that has emerged for the retail firm

82



as a result of these complex changes in the retail environment is the need to
more fully understand the shopping behaviour of its consumers, to be able to
model this shopping behaviour and to incorporate it into a quantifiable location
strategy. The literature which resulted tended to largely model consumers’
shopping trips as single-stop, single-purpose trips originating from the
consumer’s place of residence. Only a few researchers have tried to incorporate
more realistic types of shopping trips. In addition, the types of location models
which were mainly used were only concerned with the location of one outlet
which is inadequate since Canada'’s retail environment is dominated by retail
chains whose marketing strategy often involves the opening of multiple outlets.
Even though the location-allocation model was developed in order to deal with
a whole network of outlets, when this model was used researchers still
modelled shopping trips as single-stop, single-purpose trips. No research has
been done explicitly linking more complex consumer shopping behaviour into
the location strategy of a whole network of stores. Consequently, it is out of
this void in the literature that the basis for this thesis was formed.

The overall objective of this thesis was to determine the effects
variations in consumer shopping trips have on the success and efficiency of a
network of stores as well as on the spatial location of outlets. More specific
objectives and their methods of implementation were also needed in order to
obtain this overall objective. The first of these objectives was to determine a

way to define single-stop, single-purpose and multi-stop, multi-purpose
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shopping trips and incorporate this definition into a workable form. By
defining single-stop, single-purpose trips as ones which originate from the
home while multi-stop, multi-purpose trips are those which originate from
places of employment, it became possible to use the journey-to-work flows from
Statistics Canada to determine the resident and work distributions of each
census tract. The importance of defining workable definitions of these two
types of shopping trips and using the journey-to-work information to determine
the flows between resident and employment census tracts is that it provided
a means to manipulate different combinations of these types of shopping trips
to create different demand scenarios. The journey-to-work flows provided a
method to determine the number of people employed in a census tract.
Furthermore, by knowing the allocations to these census tracts it was possible
to manipulate the number of people coming to work in that census tract from
outside to represent the proportion of those engaging in multi-stop, multi-
purpose trips.It is also possible to reallocate those not engaging in multi-stop,
multi-purpose trips back to their resident census tract to represent the
proportion engaged in single-stop, single-purpose trips. By varying these
proportions it was possible to determine different combinations of work and
residential based shopping trips to create different spatial distributions of
demand.

After finding a method to determine different spatial distributions of

demand reflecting different combinations of single-stop, single-purpose and

84



multi-stop, multi-purpose shopping trips these different demand scenarios were
incorporated into a p-median location-allocation model in continuous space.
The results from the location-allocation model provided the means to assess
the effects of varying these different spatial distributions of demand in terms
of the efficiency and success of the network as well as on the spatial location
of outlets. For instance, the model determines the demand nodes which are
allocated tc each store as well as the total number of people available in the
area to shop. By knowing this it was possible to determine indicators of success
and efficiency from the retailers’ perspective such as the coefficient of variation
of the number of customers allocated to each store, the total market potential
and the number of stores with customers under the threshold limit needed to
sustain an outlet. As a result, the most efficient network configuration was
when consumers’ trips were all work-based while the worst was when they
were all residential-based. In terms of the efficiency and success from the
consumers’ perspective, with the different demand scenarios the model
generated the z function which is the overall distance consumers’ have to
travel to shop. By assuming consumers want to minimize the distance they
have to travel, the demand scenario which produces the lowest z function is the
most efficient and successful for the consumer. For example, the optimal
solution for the consumer was when all trips were residential-based (unlike
that for the retailer).

The resulting spatial locations of outlets produced from each demand
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scenario also provided a basis to assess the effect of varying the level of multi-
stop, multi-purpose trips on the spatial location of outlets. By examining the
resultant locational configurations separately, it was possible to see if there
were any patterns which emerged. What was evident is that as the level of
multi-stop, multi-purpose trips increased, the store locations became more
centralized in accordance with the downtown of Kitchener and extended along
major transportation routes. In addition, by mapping all of these store
locations throughout the study area it was possible to determine those areas
which are relatively insensitive to changes in demand ("hot corners") and the
areas which are highly sensitive. This was achieved by creating a two-
dimensional representation of store intensities in the form of a contour map
and using this contour map to create a three dimensional representation in
order to give a better visual presentation of these store intensities. What was
shown was that areas which had the greatest store intensity and hence, which
were insensitive to changes in demand representing the "hot corners” of the
study area were found to be highest in the downtown of Kitchener and
decreased outward along major transportation routes. Areas which were highly
sensitive to changes in demand tended to be along the outside borders of the
study area.

Even though the objectives set out in this study were met, there were
certain factors which it did not take into account. Firstly, this study did not

include competing grocery store chains. Their exclusion was largely because
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there was no way to determine which store the consumer would choose.
Secondly, this study did not take into account the fact that a consumers trip
is also modified by where they decide to go after they shop. For instance, this
study only considered consumers shopping at the outlet closest to either their
place of residence or their place of employment. It did not consider that where
they may go after work (eg. recreational centres or service centres) may alter
their choice of the place of purchase. The reason this was not considered in this
study was mainly because no information exists on where people tend to go
after work or what activities the consumer engages in and its location. Also,
this type of information is nonexistent and is too complex and variable to be
able to be included in a study such as this. Similarly, the two types of shopping
trips were defined in their simplest terms for largely the same reasons. For
instance, the multi-stop, multi-purpose trip was defined as only having two
stops and two purposes with consumers shopping from their place of
employment. It did not include stops or purposes other than this such as
recreational activity ete., because of the lack of information and the high
variability of this information.

In terms of consumer demand, demand in this study did not include the
demand created by dependents such as children. The reason for this is that
since the location of some of the adults changes from their resident census
tract to their employment census tract, there is no way to allocate the

corresponding demand associated with each adult to that employment census

87



~ DTSRI 5 T T Sr R T T e

re megrepyi— WD IwmoYTTT Ot~ -J

10 “he K&
""E i L g

- b "=

g B

L2 e

o

===

ll=

F

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS
STANDARD REFERENCE MATERIAL 1010a
(ANS and ISO TEST CHART No, 2)



tract. As a result, it was assumed that demand would be represented by the
adults able to shop and that demand was the same for each.

The location-allocation model itself had some weaknesses with it. One
of its main weaknesses is that it does not have any upper or lower threshold
constraints embedded within it. The importance of this is that a network of
stores may result which is not really viable and highly unstable as some
outlets do not have enough customers needed to sustain them and some have
too many thereby indicating a potential market for expansion-especially for the
competition. In addition, one of the constraints in the model is that demand
cannot be split between census tracts which assumes that the all of the
demand in an area will go to one outlet. It is of course unrealistic to assume
that consumers’ will behave in this way.

Thirdly, the objective function of the model was to minimize the
distance consumers have to travel to shop. Although distance is probably the
most important factor determining store choice especially for lower order goods,
there are other factors which play a role in store choice which were not
included. Some of these include factors such as the availability of other
shopping alternatives, services, and parking etc. near the grocery store. Lastly,
it did not include other complexities of the spatial environment which would
limit possible store locations, the reasons for which were given in section 3.6.3.

It is evident that this thesis has provided some insight into the effects

that changes in the spatial demand patterns caused by different types of
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shopping have on a retail chain in terms of its succese and efficiency and on
its location strategy. Some of the other factors which were not included as well
as some of the limitations provided by the constraints of the model itself
provide a good starting point for future research in this area. For instance,
future journey-to-work data may include the corresponding demand figures
associated with each adult which could then be used to generate the overall
demand at places of employment. In addition, more detailed market analyses
of the retail chain to be studied should be undertaken to determine a more
accurate means to find each outlet’s threshold limit. This however is limited
by the availability of such data due to the confidentiality which is placed upon
this type of information. Furthermore, if this data becomes available an
extension of this study could include these values which would then be
incorporated into a location-allocation model in order to obtain a more viable
solution of store locations. Consequently, the more detailed data on consumer
shopping behaviour as well as the financial and marketing information of retail
chains in Canada that becomes available, may provide a better basis for future

studies.
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Appendix 2

Example of Location-Allocation Output
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€c7a5.0ul
$e76¢.0uC
Ec?07.04l
2g7a08.G4C
8e705.0u0G
8e77C.0uC
£¢?721.040
2L772.00C
Ee?73.0us
eC (e aUul
8¢775.04C
éc??é.OuC
E: 777.0&5‘.
8¢778.0u0
8¢?7%.0uc
Ec740.0uG
8e741.04C
€e782.0.C
8¢763.00GC
8¢7384.0u0
€e¢785.000
£6786.Q00C
2e787.0uC
€c704,0UC
86789.040
£c790.0G0
8¢791.000
€¢792.Gu0
2¢793.Gul
Ec7v4.ull
Ee?v5.C0uC
8c?yc.CaC
8e797.0u0

JAT 73,4048
QAGGREGATE WEIGHATED

aGRCUP € SERVES
4¢gcnudayia

13 21
QAT 124.4007
OQAGEPEGATE #ELGHTED

JGRCUP 7 SExVeS
JuGEIQcagge

g 1C 14
DEY 118.5783
JAGGREGATE AELGaTED

JERCUP E SERVES
d4ECCAgeIauG

31 32 33 18 4
JAT 9€.512%
OAGGREGATE #ELGATED

QéRCUP G SERVES
34acaq4a3adsG
22 i€

aaT. 92,4394
JAEGCRECATE WEIGATED

329.2160
DISTANCE =

NOCES:
317.1769

O LSTANCE =
NODES
298.,5774
JISTAWCE =
NODES:
342.7228
DISTANCE =
NODES:

348.5130
DISTAulF =

J3RCHP 10 SERVES NJDES:

QLLEAGE GG
16 18 19 20 26

0arv 102.0155 307.8472
UAGGREGATE #Z1GHTED DBISTANCE
JGRCUP 11 SERVES NUDES:
93628114839 4Q

1 4e
AT 146.5063 381.3u%4«

NVAGCREGATE w2IGHTed NISTANCE

0GRCUP 12 SERVES
quecyacagaae

2?7 28 30 17
JAT 14C.7573
JAGGREGATE WEIGHTED

0GRrOuUP 13 SERVES
queeqas g Iacg
517

Qart 182.4550
JAGGREGATE WEIGHTED

Q0GRCUP 14 SERVES

ayecqccaaas
29

OAT 12642135
OAGGREGATE WELIGHTED

aGacup 15 SERVES
agecagLgaue
én

SAT 1407687
OAGGREGATE wEIGHTED

NOCES:
356.9997
DISTANCE =
NOCES:
26G.4277
DISTANCE =
NOCES:
199.7389
OISTANCE =
NOODES:

294,3634
OISTANCE =

L%y

504C4.728y

143258.7114

23?297G.0o00u

20538.902,

201142.04670

226C4.C154

123145.352u

67513.4320

13941.889%0

13863.3034
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C e e s

Ee798.0u0
8e7%5.30

$c3ul.0U0
icButl.Gul
fcéul.uul
Sedul.0ul
gelbé.0UC
§c8uS.UuG
&cdld.Gul
E£2u7.04C
&§gll8.0uC
23cauf.dul
ge81C.0uC
3¢311.340
£c312.34C
§c813.0uC
2e814,.0LL
ged15.0ul
dedié.iuC
Ecdi?.0ui
3e¢d18.0u00
£c215.GuC
2cdel.dul
Se8d1.04uC
§e222.0uC
$c8¢3i.CuC
£€3c4.00C
8cB¢5.0uG
¢e8cé.GuC
écBe?.000
§cded.Cul
£¢3c¢9.0ul
£ec2sC.00C
868>1.0uC
€c832.00L0
§c833.0ul
854,000
£c8s5.0u0
£e3839.040
éc857.0ul
£cB33.0ul
£c855.0u8
3c840,.000
£¢841,.3uC
Ecd42.004C
86843.0GCC
gcB44.0u0
2¢8645.0u0
Ee8ué.CuC
Ecdu?,.C0LC
86848.,04C
2¢245.040
8c¢85G.040
Ec851.0uC
8ed%2.Gu0
€c853.0G0C
8e¢854.0u0
&€¢6855.00C
£€¢8%6.G3C

OVERALL AGGREGATE WELGUHTED DISTANCE 3~ 1773709.37C0

chaanacscacancanctsacncacnacanansns

UATTEMPT 2

(YRS AR SENN S X ]

Qarene 1 SERVES NODES:
qeecagesangc
2¢ 26 25 46 35

JAT 12C.9781 336.5197
OAGGREGATE AEIGHTED DISTANCE = 177688.514y
JGRCUP Z SERVES “UDES:
ggecAyGcceaac
3
0aT 74.2944 266.93569
GAGGREGATE 4EIGHTED OISTANCE = .C071
0GRCUP 3 SERVES MOCES:
GuCeNEaGqas
¢ 7
QAT 135.39¢0 255.%a13
OAGGREGATE WEIGHTED DISTANCE = 204736.573u
JGRCUP 4 SERVES NODES:
qyqengagq.d
31 39 40
0AT 113.8158 4gC. 4483
OAGGREGATE wEIGHTED DISTANCE = 77182.312%
QGROUP S SEAVES NOCES:
queenycanag
11 12
JAT a%.1517 321.5660
OAGEREGATE wE[GHTED OISTAWNCE = §5735.C39
03R0UP & SERVES NODES:
LEHPL L BT
12 2C 21
['FY 4 130.99C7 317.34054
OAGEREGATE wEIGHTED DISTANWCE = 110788.1174
0GROUP 7 SERVES NODES:
q48cnaGraas
$ 1C
QAT 107.4236 29%.2051
OAGGREGATE WEIGHTED DLSTANCE = 92332.4875u
dGRCUP 8 SERVES NODES:
CRLCECLEEET]
31 32 38 43
JAT 94.0036 372.3982
OAGGREGATE WEIGHTED DISTANCE = 125650.8440
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gc857.0uC
&ec858.0uC
£ed355.0uC

£c8el,0uC
£ec8ul1.CuC
£:3s2.04C
3c263.0u0
Sedya,0ul
X TS AN
éoauc.GuC
2e3ei. unl
gcdlnd.gul
£¢867.340
§e8/C.aul
$edrtatal
£c¢372.543
2cd73.uul
£¢d474.3uC
8c875,0uC
ged378.04C
2¢d77.G6uC
36873.G0uC
€cé76.0u0
2¢38Cauul
$0831.00C
2c852.040
8c38.0uc
Sevab 0.8
2e855.0ul
£63aé.0uC
3c8:7.Cu0
gcdol.Cul
2¢8c%.uul
2¢d%C.CuC
Sedv¥1.0uC
2cdvi.usl
Eed%l.Cul
Ecdv4 .Ul
£c895.0uC
Secdvé.Cul
Sely7.0uC
2¢3vy3.0.C
8396 .JuC
Ec9.C.GuC
€cSul.0uC
8c9ud.Qug
EeSul.0uC
Ee9b . Cul
geuS.uul
EePé.040
2eui.Cul
€z9uk.0GC
£e5u5.0uC
€c?1C.Cul
2¢911.0u0
£¢912.04C
£¢913.0u4C
2e914.04C

JORCUP G SERVES NOCES:
JeGEaGEsQQac

21 3G
QAT ¥2.6554 343.513a
OAGGREGATE wEICGHTED DISTANCE = 20538.5ulo
JGRCUP 1G SERVES HNUDES:
q46€q369a49¢

1z 1% 28
JAT 175.3072 305.1919
JAGCEREGATE wEIGHTED DISTANCE = 143650.405%0
JGRTUP 11 SERVES NODES:
QuccaItSaus

41 42
NAT 1ac.6063 . 382,009
JAGCAEGATE SEIGHTED DISTANCE = 224C4.C150
gGRLUP 12 SERVES UDES:
4GGCAIGSYYG

27 23 30 27
QAT 140,757 356.9797
JAGGREGATE WwEIGHTED OISTANCE = 12.1645.352u
JGRCUP 11 SERVES NUDES:
Q3acIGeaIIa

5 8 17
UAT 171.95%7 204.5252
JAGCREGATE wELIGATED DISTANCE = 122821.2812y
QuROUP 14 SERVES NUDES:
1GCEaQUYGE3YG

125

JaT 126.21335 195.7389
SGAGGREGCATE wELGHTED DISTANCE = 15641.249%0
JGRGUP 15 SERVES NOCES:
Icgsqacuquc

é 14 15 16
Oat 137.0815 297.7984
QAGCREGATE «ELGHTED ODISTANKCE = 81€12.835%

OVERALL AUCRSJATE JEIGHTED UISTANCE = 1430579.5CCu

avensacsscsesveanamemtcrscscanNanansen

QATTEAFT 3

[Z XN A NS LN}

QGgRCUP 1 SERVES NUOES:
quyGecen4aqgqua
22 24 34 35
QAT 116.30d35 342,1545
GAGCREGATE WEIGHTED OISTANCE = 1050¢3.5030
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Ec?15.0uC
2¢916.04u0
1c%i17.0ul
Ec718.0uU0
2¢919.0u0
3¢%2.C.0uC
cPel.bul

£e%¢2.0LEL
£eFe3.5ul
Ee2¢4..0uC
2.9¢5.34C
SePcé 0P
$29¢7 .34l
§c9elLGLC
23¢9 .du8
LI SO T o
2c¢951.04i
€e9a52.0ub
Ez953.C0uC
3e9s4.0uC
ic9aS.uull
3cv56.0uC
Ec9a7.0uC
Eey>8 .04l
£c93%.0uC
3c9ul.0uC
geel.CuC
§cPa0c . 0UC
icYe2 .04l
£6944.0L0
Ee%4S5.06uC
8¢906.0ud
e767 Jdul
£69642.0uC
Ec9%%.0uC
£¢950.000
£¢951.0uL0
Ee992.uuC
EC9)3.CuC
8e?546,.35uC
Ec?35.0uG
£¢936.0Uul
8957 .04
£e958.Cu0
Ee?9%.0uC
8ev0.0uC
£c901.0ui
EcY90c.Gul
8c?02.0u0
gc704.045C
€c?65.G0u0
Eeduo 00l
fcro7..0ul
2¢908.0uLC
EcP09.0uC
£¢970.0uC
€e971.04C
£c972.C4uC
§¢973.0uC
8e974.0u0

JGRCUP é SERVES
4RECAACGUIS
0AT 74,2944

JAGCREGATE #EIGHTED

usRQUP 3 SERVES

98G5 ANC3Aqe

Z 4
JAT 155.39¢6a
JAGGREGATE wEIGHTED

JGRUUP 4 SERVES
agccageaqaac

I3 53 WU
Ca 12,8153
JAGGREGATE WE1GATED

JGRLU? 5 SERvVeS
qa6eausqas

11 12
GAT e9.1517
JAGGREGATE wEIGATED

Q&RGuP & SEAVES
Juccagequge

12 20 21 &5
0AT 152.3880
OAGGREGATE wZ16GATED

OuRCUP ? SERVeSs
qQGC1944944e
51

GAT 147.4¢3¢
OAGCREGATE W“EIGHTED

QGRGUP d& SERVES
agecAnqcqqac

31 32 30 43
JAT ¥4 .0u3s
JAGGREGATE WEIGHTED

GurCUP § SEnves
q3QCaAqCQAUG

2: 3¢
QAT 92.45%4
JAGGREGATE «ELGHTED

JuRCUP 1C SERVES
GEECaICRaGG

14 16 20
AT 17€.3672
OAGGREGATE W“ELCHTED

VGRGUP 11 SExVES
9QQcqQcgyqye

61 42
JAT 14646 ,6465
UAGGREGATE WwEIGHTED

NOCES:
266.7569
DISTANCE

NODES:

238,7013
DISTAGCE

NODBES
4uC.4483
DISTANCE
HODES:
321.54¢60
DISTANCE
NOOES
316.2840
DISTANCE
NUDES:
2v6.2651
OLSTANCE
NUOES
372.3982
DESTANCE
NODES S
348.5136
DISTANCE
NObeS:
34,1919
DISTANCE
HODES:

3d3.0US4
DISTANCE

LCu?

208786.57Cy

77182.81235

95735.03M

161531.609%

92332.8754

125650.38440

26538.503.

1468€50.486u

22604.0150
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Ec975,.0ul
E&778,.0u0
3c9277.0uC
Se97£.3G0
Ec979.040
EctoC.0LC
EcP31.0uL0
£.9c2.CuC
£¢983.0L0

3¢ 7ob.0ud
8c¢%05.0ui
Ee90c.lul
Ece?.0uC
fcFei. 04
£e%% .00
Ee)vd.0ub
Eeov1.0ul
ge992.0ul
85793030
Ec994.GuC
Es9v3.Lu0
Eesve.0ul
e 997 ., 0uk
fa7v8.,0uC
EeBy6 . ULl
E7Cul.0ul
27061.0uC
€iduz.0uld
€73u2.05C
§70u4 . 0ut
005000
870LéLul
E7GL7.04C
370ué.0ul
£70u5.04C
§7C1C.Gu¢
Erdt1.GuC
17012.¢.C
2¢013.000
£7014.04C
37615.49u0
£7614.CuC
37017.048
27018.3uC
7015 .00
870¢C.GuC
871¢1.0ul
270<2.046
£7323.00C
Erlicd UL
£70¢5.0uC
£/026.Qu0
£70¢7.0uC
E7023,0uC
£7025.LC
£70.C0.00C
8¢051.0.0
E70352.040

QgROuUP 12 SERVES
Q4qLA9agqaq

27 28 39 37
QAT 140.7578
QAGEREGATE #E1GnTED

DGROUP 11 SERVES
q46c030a3aa
5 817

Gar 121.9397
JAGCREGATE 4EIGATED

JuRCup 14 3E4veS
LELTR LI

1 4%
ual 126,2133
JAGGREGATE E1GaTED

aGREUP 1§ SERVES
JCSSAICQR4G

2 14 15 16
QAT 137.0515
QAGGREGATE «EIGHTED

OVERALL AuGREGATE WJRIGHTED DISTANCE =

L R R Rk L I I RIS AP S v,

QATTRMET 4

(AESRASNESE Y]

JGRCUP 1 SERVES
Jeiendisqus

gz 24 34 15
GAY 11€.3¢685
GAGGREGATE #EIGHTED

QiRrcue ¢ SEAVES
qLaCAYCITYT
2

aarv 74.2v48
UAGEREGATE #ELGHTED

QGROVP 3 BEHVES

IvCCaUGSIna
Z ?

Uar 135.39¢0

UAGEREGATE wEIGATED

OGRCUP 4 SERVES
Jedcagcaaae

33 39 4u
QAT 113.815¢
UAGGREGATE WwELGHTED

NODES:
338.9997
DISTALCE

NODESS

204 .525¢2
BISTANCE

"JOES
136 .7389%
JLSTANCE
NOOES:

297.7984
DISTANCE

NODES:
342.,1548
218§TANCE
NQLES:
246.9369
DISTANCE
NODES:
235.9611
OISTARCE
NHoGES:

400, 4433
DISTANCE

=

123145,352u

120d21.8120

13841.2890

81012.855v

105Ce3.5uau

LLu?1

208786.5744

77132.8125

1408997.0¢Cu
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i0052,05C
334.0.C
0s5.000
J36.34C
Ga7.04C
G38.3uC
0.%.540
Jal.0ul
Ne1,.3uC
F063,54C

-

(LS W (TS

NIRRT A s

(o]
&
n
(=)
c.
(p]

(=]
&
»
[=3
[=4
c

045.CuC

[ XN Y N O

%~

£7Cue. 00l
37367.00c
37Ceé 0ul
§704%.0L3C
£735C.0C
£7051.C4C
£7052.0u0
87053.40uC
é7054,uul
£7055.0u0
£7330.34C
27057.0u0
£7158.0uC
g8705%.040
g£s00C.03C
$7001.0u0
370c2.uul
€70u3.00C
&7006.040
E7Go5.0ul
Er006.0u0
87007.34C
£7943.04C
€7069.0u0
£§707C.0uC
E7071.0uC
£87072.34C
€7072,0u0
27074.00C
3707%.0uC
E7378.04LC
87377.040
37G7&.0uC
€7077.0ul
EiQuC.Cul
E87061.0ul
870ed.0ul
Er083.04C
grlab4.0uc
€7065.04C
E7036.,24C
gr387.0uC
$70038.0G0C
E7Ga%.04C

d3rCup S SERVES
JYQC4RGaIC

11 12
JAT 0%.1517
JAGGRESATE WEIGHTED

JGRCUP & SERVES
dLQEI5CE34G

2C 21 25
JaT 136.6u44
OAGGREGATE wEISHTED

BuiCUP 7 SERVES

S-CEagCIgce

7 1C 13
QAT 105.2080
OAGGCREGATE AEIGHTED

OGRCUP 4 SEnrVES
qLGQCNLE33Q6

31 32 33 &3
UAT 94,0030
JAGEREGATE 4EIGHTED

guRLUP $ SERVesS
Q]4€3496333¢
22 3C

OAT ¥2.4554
QAGGREGATE wEIGHTED

0GRrCUP 10 SERVES
Q¢ eeQqq3Iq4e

1€ 15 26
Qar 175.3672
JAGGREGATE #EIGHTED

QGRCUP 11 SERVES
qgccnqcaqug

41 42
OAT 146.5463
JAGGREGATE WEIGHTED

JGRCUP 12 SERVES
AQCEqIqLags

27 23 36 17
CAT 14C.7573
JAGEREGATE WwEIGHTED

JuRCUP 12 SERVES
qQCLENIGaN 4G

5 617
JAT 171.9367
OAGEREGATE WEIGHTED

OsRCUP 14 SERVES
45461969943
125

NJIDES:
321.5666
DISTAWCE
NODES:
32C.34%2°
DISTANCE

NUDES:

3dé.9917
DISTANCE

NOBE3:
372.3982
OISTANCE
NOOES:
34€.613c
OLSTANCE
NUDES:
Jus.1319
JISTANCE
NODES 2

3831.34064
DISTANCE

NODES:
356.9997
DISTANCE
NOCES:
24 .6252
DLSTANCE

MOOES:

95735,C391

10u8940,252u

1396%0,Ca30

125650, 844U

20533.30G3,

144650, 4364y

22604.0150

123145,3520

126821.812y
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8709G.0u3 0AT 126.2135 196.738%

87091.00C UACGEREGATE WEIGATED JISTANCE = 13641.26%
870%2.0uG
£70%3.00C QGroUP 15 SERVES NODES:

£7094.040 quccaqcaaga

870%5.0uC & 14 15 146

87096.0uC OAT 137.0415 297.7984

87097.30u0 UJAGGREGATE #ELGHTED DISTANCE = 31C12.3335y
8r0%3.3u0

€7099.04C

§710C.040C

E8¢1u1.,0J0 OVERALL AGGREGATE WEISHTED 0ISTANLE
371u2.00Q "tettectcsscasecttaccccntcaccances
€71u3.30C

§7104.0uG

€7105.0uC QATTENPT 5

ETI1UE.0LL vavwamenanwnnn

37167.30u6

13%0ui3.5CCu

87108.CuC

871u9.0CC ONG CHANGE [N GROUP 1390013.5C0u
e

e
SOONT ORIEBLE
ChILBLE OFF I 15:¢21 Go/ul/ny
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