Portuguese Food Retailers - Exploring three classitieories of retalil

location

Abstract

This article sets forth results from an exploratenypirical study that aimed to test the predictigdity

of three classic location theories: central pldoeoty, spatial interaction theory and the principfe
minimum differentiation. Correlation, linear regsem and analytical procedures in a Geographic
Information System were used to reveal relatiorsbigtween variables. The results show that allrtbgo
find significant support. It was possible to relatere location with distance to the centre, pdjata
density and competitor’s location. It was also fdtihat store location is related to consumer’s jonity

to the store (when stores are smaller) and the'stattractiveness to the consumer (when stores are

larger).
Keywords: Retail Location; Food Retail; Portugal; CorredatiAnalysis; Classical Location

Theories; Geographic Information System

1. Introduction

In Europe countries are still facing economic dvadles with direct impact on
consumer’s confidence levels and family’s spendimese economic challenges,
combined with increasing consumer mobility, incregs electronic commerce,
changing lifestyles along with a consumer much nalirgent with his time and money,
are forcing thousands of small stores, retail chaimmd shopping centres to rethink their
strategy. As a fundamental component of nationahemy and an important element in

organizing Portuguese sociocultural practices, ilreRortugal’'s GDP single most



contributor (INE 2013b), is becoming a prioritylazal and central administration. The
retail sector has, since the 1990s, been the miaiyempin the property market in
Portugal. In fact, the retail gross leasable a€aA) per 1.000 inhabitants in Portugal
is higher than EU27 average and higher than UK a@anée retail GLA
(Cushman&Wakefield 2012). The increase in the supplretail space in Portugal has
kept pace with this industry’s success story, hgwiecorded high growth rates up to
2009, when the market started to reveal a slowpplgwgrowth rate. The Portuguese
market has been clearly dominated by institutianakstors with international funds
focusing on retail sectors and prime office spdde retail sector alone is responsible
for 44% of the total property investment market wesn 1990 and 2013

(Cushman&Wakefield 2012).

Of all the elements of the retail mix, locationoiten referred to as the most important
one (Brown 1994; Cox and Brittain 2004; Davies &tadris 1990; Ghosh 1994; Levy

and Weitz 2009). Not only is the store’s locatigenerally equivalent to convenience
and to the minimization of consumers’ shopping kéfgReimers and Clulow 2004), but
it also involves the retailer in a long term conment with the chosen location, given
the amount of investment involved. Recently, a dmam retail environment is

augmenting the location importance as retail ecoaagnoups develop multi-outlets

chains of small or medium stores. For the pastalcéhe range of choices available to
a retailer has continued to expand. Modern refmkcs (shopping centres, retail parks
and factory outlet centres) in Portugal as at thé & 2013, amounted to more than

3.65 million square meters (Cushman&Wakefield 2012)

From the retail spatial patterns line of invesiigiat the four most important theories of

retail location emerge: Central Place Theory (Galisr 1933), Spatial Interaction



Theory (Reilly 1929, 1931), Bid Rent Theory (Hai®@2¥) and the Principle of
Minimum Differentiation (Hotelling 1929). Despitehd theories’ positivist and
simplified premises, results of empirical investigas in this field show that the spatial
patterns observed in reality are broadly suppomivéhe hypothesised patterns (Brown
1993, 1994; Litz and Rajaguru 2008). Since the lofilkmpirical investigation is more
than 30 years old [the case of the classic stunfi@&erry (1963) and Scott (1959)] and
since retailing spatial structures has changed dliaally since then, the question is:
can we still find support for the hypothesised g in an empirical investigation
today? It is the main purpose of this investigatiorronduct an exploratory research to
test the predictive validity of three classic retacation theories. Due to the lack of

reliable and comparable data on land values, Biat Reeory will not be tested.

Is the priority still on locating stores near tlentre (Central Place Theory)? Is the store
location power of attraction dependent on the ditato the consumers or the
assortment carried by the store (Spatial Interaclibeory)? Do retailers still tend to
cluster tightly together (Principle of Minimum Déffentiation)? This study seeks to
advance understanding concerning the relevanckasdic theories of retail location for
Portuguese food retailers. All main theories wenenulated more than 30 years ago,
based on a reality very different from the curréottuguese reality. Given the specific
characteristics of this small country and the réagranges in the Portuguese retail
environment it is crucial to understand if the slagheories of retail location are still
relevant to the Portuguese retail players. Althoung@rnational literature and empirical
investigations about retail location are extensawvel diversified, there’'s a deficit of
academic work on the subject in Portugal. This stigation looks to fill, partially,
these apparent research need. The findings of rdgearch investigation will be

important and especially relevant for large retajleurrent and future, which manage
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multiple stores and each year find themselves wredlin store opening, closing and
restructuring decisions. Also small retailers, with the power of attraction of large
retailers, can benefit from these findings sina@rtbuccess relies heavily on the quality
of their location. It can also be important forutg professionals and entrepreneurs in
the retail sector, in particular regarding the@iniing. In another perspective it can also
be relevant to the local and central governmenteonng spatial planning and land

management.

After this brief introduction, in the next sectiome present a review of relevant
literature and methodological approaches to thdicgijmn of location theories. Next,
we present the study area and data, followed bynthodology were we advance a set
of hypotheses linking specific locational variableghe test of the predictive validity of
three classical location theories. Finally we pngésand discuss, the results and the

main conclusions.

2. Theoretical and Methodological Framework

It was in the brief six year period between 192@ 2833 that the four vital theories of
our understanding of retailer's location were coved. More than eighty years
afterwards, Central Place Theory (Christaller 19&atial Interaction Theory (Reilly
1929, 1931), Bid Rent Theory (Haig 1927) and thendisle of Minimum
Differentiation (Hotelling 1929), still attract ceitlerable attention from the academic
world, but also some controversy (Brown 1993). Asrfulated by Christaller (1933),
Central Place Theory seeks to explain the size, distribution and numdfeurban
centres, and the hierarchical relationship amoegithin an economy where consumers
are uniformly distributed, with identical buyingwer and fully informed, and where

sellers behave in rational, perfectly competitinel @rofit maximizing manner in a free



entry and equivalent costs market. Transport cestg linearly with distance and the
consumer, in order to minimize costs, acts ratignasiting the nearest centre offering
the desired good or service (Brown 1993; Rodrigiega and Monteiro 2002). Central
Place Theory predicts that, given the increaseansport cost with increasing distance
from the source of supply, i.e. from the centres ttemand for a particular good or
service decreases. Beyond certain point, the gocskvice demand is zero and the
distance consumers are willing to travel for thechase of a specific good or service is
called market area or range of a good (Brown 1$2®itt 1970). The larger the centre,
the larger the market area and more establishnaisypes of businesses there are,
providing a greater offer of goods and services thamall centre (Scott 1970). Using
this approach Christaller demonstrates how thealsly of urban centres is formed.
The centres at the top of the hierarchy have ladymensions, namely in terms of
population. Therefore, flows between centres ooclly in vertical ascending direction,
i.e., an urban centre of ordemses a higher order centre to search for a fumdtidoes
not possess, belonging to the higher order cerddetarea (Brown 1993; Mafra and
Silva 2004; Rodrigues et al. 2002; Scott 1970).ikénICentral Place Theory that
assumes that consumers patronize the nearest d¢batreffers the required good or
service,Spatial Interaction Theory is based on the assumption that consumers trade
off the attractiveness of alternative shopping sregainst the deterrent effect of
distance (Brown 1993). In other words, consumers/ rolaocose a less attractive
shopping area closer to them or a distant centth wilarger offer of goods and
services. Reilly’s (1931) retail gravitation lawhieh states that in normal conditions
two cities draw trade from an intermediate city r@omately in direct proportion to
their populations and in inverse proportion to sggiare of the distances of these two

cities to the intermediate city, pioneered the gational models research (Brown 1993;



Lee and Pace 2005; McGoldrick 2002; Mendes 20085es& models, inspired by
Newton’s gravitational law, try to explain humanhbgiour related to retail activities
through the gravitational phenomenon around bigdsiar nearest stores/cities. Several
empirical tests were made to the gravitational yasts with mixed results (Brown
1993; Lee and Pace 2005). Although less well knofnan Central Place Theory or
Spatial Interaction Theory, Hotelling’s (192Bjinciple of Minimum Differentiation

laid the foundations for the study of micro-scaktail location (Brown 1994).
Hotelling’s model considers a linear market (e.yeet, road) in which demand is
inelastic and identical, transport costs are conmstand consumers are evenly
distributed and patronize stores solely on thesbasdelivered prices (the price of the
good plus transportation cost). If two retailers]isg the same type of product, decide
to enter this market both will locate their staneghe middle of the market and sell at the
same price (Brown 1989; Hotelling 1929). If a thredailer enters this market he will
locate near the other two retailers, but not betwitbem, since he desires to attract as
large a market as possible. If more and more sgtaWant to enter the market there will
be a tendency for them to cluster (Hotelling 1928jang and Levinson 2008).
Hotelling (1929) also maintained that the clustgnpphenomenon is visible on a plane
as well as on a linear market when consumers amvemty distributed. The
introduction of uncertainty and risk reduction babar (i.e. the risk of consumers not
finding what they are looking for and the risk dftailers being overtaken by
competitors) into Hotelling’'s model by Webber, slsowhat agglomeration is the
inevitable outcome (Brown 1989). Furthermore, tighér the variability of consumer
demand, the higher the propensity to agglomerabhe ihtroduction of these new
variables also helped to formalize Nelson’s (19%Bgory of Cumulative Attraction.

From his extensive empirical surveys of consumdrab®ur (Brown 1993), Nelson



proposes that a given number of stores dealinfpensame merchandise will do more
business if they are located adjacent or in prayita each other than if they are widely
scattered (Nelson 1958). Consumer’s desire to coanibee offerings of several stores
before purchase, especially for items where prigality and fashion are important
considerations (such as furniture, clothing andametrs) led Nelson to his location

law.

Since the 1920s, there has been a growing interdéisé application of location theories
to solve location decision problems, namely thegiea to locate a new store. Spatial
Interaction Theory has underpinned significant ades in this field. Various models
for determining optimal store location, using seVgarameters like store performance,
competition or economic factors, have been prop¢sed Turhan, Akalin and Zehir
(2013) for a review]. Most of these models use igyamnodelling techniques (Benoit
and Clarke 1997; Beule, Poel and Weghe 2014; Gen#Zénito 2005; Lee and Pace
2005; Li and Liu 2012) or econometric techniqueyrttdl 2014; Litz and Rajaguru
2008; Pennerstorfer and Weiss 2013; Themido, Quonéind Leitdo 1998). Although
the Central Place Theory and the Principle of MummDifferentiation have been the
focus of significant research activity, an evenatge interest has been raised by Spatial
Interaction Theory. Applications of Central Plac&e®ry include, among others,
shopping centres catchment areas and their posihometail hierarchy (Dennis,
Marsland and Cockett 2002), urban and regional tra®avies, Holz and Robertus
1999; Hsu 2012; Nakamura 2014) and relationshipvéet centrality and economic
development (Daniels 2007; Nogueira, Crocco, Figui and Diniz 2014). The
methods generally adopted were questionnaire ssyempnometric and mathematical
modelling. Applications of Hotelling’s Principle dlinimum Differentiation focus

mainly on the clustering hypothesis (Borrell andrégadez-Villadangos 2010; Irmen
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and Thisse 1998; Netz and Taylor 2002) and pricepstition (Barreda-Tarrazona,
Garcia-Gallego, Georgantzis, Andaluz-Funcia and-Saiz 2011; Hausman and
Leibtag 2007; Zhang 1995) using a similar methogplas other works related to
Central Place Theory research. In recent years,uiee of Geographic Information
Systems (GIS) tools as a methodological option @soiming very popular among
researchers (Cheng, Li and Yu 2007; Murad 2011;e@n&en and Sen 2012; Picone,
Ridley and Zandbergen 2009; Porta et al. 2009; Hagho, Baviera-Puig, Buitrago-
Vera and Mas-Verdu 2013; Shields and Kures 2003&re&&dVega, Santos-Pefate and
Dorta-Gonzalez 2012; Wang, Chen, Xiu and Zhang R0&#5 tools have been used to
support a wide range of research techniques (eagitg modelling, statistical analysis,
AHP) or as an independent research tool. Methodedogsed for retail outlet location
research have become more sophisticated as a oésulbdelling procedures brought

about by GIS (Birkin, Clarke and Clarke 2002; Duggz07).
3. Study area and data

Oporto district is the second biggest district mpplation and one of the dominant
districts in the Portuguese Retail scene. As shimmrigure 1, Oporto district has 18
municipalities. This region was selected becausthefprimary interest in examining

retail stores in the urban area.



Figure 1 - Oporto District and Municipalities
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The sample includes 273 stores, property of thbteigain food retailers in Portugal

(Table 1).

Table 1 - Stores profile

Number of Stores Retail Chain Operational format

48 Sonae SGPS, S.A. Hypermarket, supermarket

69 Jerénimo Martins, SGPS, S.A. Supermarket

94 Grupo Dia - Distribuidora InternacionabDiscount Store
de Alimentacion, S.A. (Dia, S.A.)

6 Grupo Auchan Portugal, S.A. Hypermarket, supekatdr

35 Lidl & Cia Discount Store

17 ™ Développement InternationalSupermarket
(Intemarché)

2 Centres Distributeurs E. Leclerc Supermarket

2 El Corte Inglés, S.A. Department Store

Data acquired for this study include store and byt information and data layers of
Oporto district. The district demographic data wdmvnloaded from the Portuguese
Census Bureau website (INE 2013a). The store atydhaill information, including

addresses and store size, were collected froneth#éear’'s and city hall's websites.



To test the hypotheses that will be formulated, rlationship between the following

variables (Table 2) will be explored.

Table 2 - Variables Description

Dependent Variables Description
Store size Store’s total size in square meters
Stores Density Number of stores per parish arsguare kilometre
Store’s distance to the nearest | Distance, in meters, to the nearest store fronfferdnt
competitor chain
Independent Variables Description
Store’s distance to the centre Distance, in mebatsyeen the store and city hall
Population density Number of inhabitants per sqkdoenetre

Store size is used here as a measure of attraetigdtarger stores and shopping centres
are more attractive since they offer a larger assmnt of goods). Stores density will be
used as a measure for competitor density. The steemenpetitor is considered to be the
nearest store of any food retailer from a differeln&in. The centre is defined as the
address of the city hall, from each municipalityQporto district, since this building is
usually inside or adjacent to the Central Busin&issrict (Cutsinger, Galster, Wolman,
Hanson and Towns 2005; Galster et al. 2001; Peldd;2Wolman et al. 2005).

Population density is used as a measure of custdemsity.

4. Hypotheses and Methodology

This exploratory research examines the locationtepatof food retailers in Oporto
district, Portugal, to test the predictive validdlthree classic location theories: central

place theory, spatial interaction theory and theggple of minimum differentiation.

To explore the predictive validity of the clasdiedries, five hypotheses will be tested:

Hla. Store location is related to the distanceit® tentre (Central Place Theory)
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H1b. Store location is related to the size of taetee (Central Place Theory)

In order to test the first two hypotheses, theti@tship between store’s distance from
the centre and population density will be explodcording to Central Place Theory
consumers act rationally by visiting the nearesitreethat supply the merchandise, or
service, required. The theory also predicts thatatel for a good, or service, declines
with distance from the source of supply, i.e. tleatee. It is thus expected that the
distance to the centre will be smaller in largentoes. The relationship between
population density and stores density will alscelplored since it is predicted that the
larger the centre, namely in population, the lardper market area and the number of

establishments. A positive relationship is expected

H2a. Store location is related to the surroundingre density (Principle of Minimum

Differentiation)

H2b. Store location and competitor’s store locatiene related to the distance to the

centre (Principle of Minimum Differentiation)

According to Hotelling’s theory, as more and masgtess of the same commodity arise,
the tendency is to cluster since they desire @ larmarket as possible, therefore the
relationship between the distance to the nearaspettor and stores density will be
explored. A negative relationship is expected, ilee larger the stores density the
smaller the distance between competitors. The vhatso predicts that firms, when
clustered, tend to locate near the centre of thekeharea. To explore the validity of
this premise the relationship between store’s degtdrom the centre and the distance to

the nearest competitor will be tested. A positeationship is expected.
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H3. Store location is related to consumer’s proxymio the store or the store’s

attractiveness to the consumer (Spatial Interaciibeory)

The final hypothesis, concerning Spatial Interactibheory, will test if the store’s
location is dependent on consumer’s proximity ® $tore or the store’s attractiveness
to the consumer. As predicted by the theory, comssrtrade off the attractiveness of
alternative shopping areas against the deterrdattebf distance. In other words,
consumers may bypass the nearest centre for a distant but better equipped
destination. In order to test this assumption, riflationship between store’s size and

population density will be explored with an expelctegative relationship.

The emphasis is on understanding whether the Rotgg food retailers display
different location preference from the perspectofecentrality, agglomeration and

equilibrium between store size and distance froenchnsumer.

Analytical procedures in GIS and statistical tegluess, using IBM SPSS Statistics 20,
have been applied to carry out the analysis in shisly. All stores addresses were
geocoded into ArcGIS and were submitted to distarabeulations procedures, such as
Near (Euclidean distance) and Average Nearest Meighstore density estimation,

store pattern distribution and cluster analysisti§tical techniques such as bivariate

correlation and linear regression analysis were aplied.

5. Results and Discussion

The bivariate correlation results are presentedable 3 and the linear regression

results in Table 4.

12



Table 3 — Descriptive Statistics and Correlation M#ix

Mean 1 2 3 4 5
s.d.
1. Store size 1230.56 -
1832.17 1.0 -0.010 0.039 0.016 -0.166
2. Stores 0.61 - x %
Density 0.82 1.0 -0.638 -0.484 0.752
3. Store’s
distance to | 1113.39 " o
the nearest | 1498.43 1.0 0.421 0344
competitor
4. Store’s
) 3849.1
distance to 3499 48 1.0 -0.202**
the centre
5. Population| 3,509.08 10
density 2,510.94 ’
**_Correlation is significant at the 0.01 leveH@iled).
Table 4 - Linear Regression Results
1 2 3 4 5
Dependent | Store’s distancetp  Stores Store’s Store’s Store size
Variable the centre Density distance to | distance to
the nearest| the nearest
competitor | competitor
Constant 5,181.2** -0.0206 2,384.7** 180.675 | 1,443.1**
(351.275) (0.0885) (265.948) | (111.465)| (190.479)
Independent Variable
Population -0.380** 0.00027** -0.061
Density (0.081) (0.00003) (0.044)
Store’s distance 0.242**
to the centre (0.021)
Stores density -856.935*7
(261.232)
Adjusted R’ 0.071 0.484 0.091 0.318 0.003
F-Statistics 21.715** 92.137** 10.761** | 127.685** 1.880

** Rejection of null hypothesis at 0.01 level
Value in parentheses (.) are standard errors

Both correlation and linear regression results supplypotheses 1a and 1b (Central

Place Theory) as the expected negative relationsatveen store’s distance to the

centre and population density and the expectedtip@sielationship between store

density and population density are verified. Bothtistical techniques also support

Hypotheses 2a and 2b (Principle of Minimum Diffdration) as it was possible to

establish a negative linear relationship betweenres distance to the nearest

competitor and stores density and a positive limekationship between store’s distance
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to the nearest competitor and store’s distancéné¢ocentre. The results only partially
support Hypothesis 3 (Spatial Interaction Theo’dthough the expected negative
relationship between store size and population itleris verified, the obtained

coefficient is not significantly different from zwrHowever when extreme values are
removed (12 stores with more than 3,08y mstatistically significant relation between
store size and population density is verified. $tze of these 12 stores is very different
from the majority of the sample because they cpoed to the few hypermarkets of

Oporto district.

To further test centrality and agglomeration ofdaetailers in Oporto district, some of
ArcGIS spatial analysis and statistics tools wil bbsed. The nearest neighbor index
measures the distance between each store andansshstore, and then calculates the
average (Ebdon 1986). A smaller average distanee, (lobserved distance”) in
comparison with a random distribution of the samenber of stores (i.e., “expected
distance”) indicates a clustered pattern, and getaaverage distance represents a
dispersed pattern. Moreover, the nearest neighlahad reports a z-score to indicate
whether the identified pattern is different frontaeadom distribution in a statistically
significant manner. The nearest neighbour index walsulated both for the whole
district and also for each of the existing munitipes. It can be seen that the stores are
located in a clustered way, much different from thedom pattern. The observed
distance is smaller than the expected distancelandatio is less than 1. Given the z-
score of -14.97 there is less than 0.1% likelihthad this clustered pattern could be the
result of random chance. When the analysis is epglonsidering each municipality, all
the results that are statistically significant oate also a highly clustered pattern. These

results lend strong support for the Principle ofniium Differentiation. Table 5
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summarizes the results, with municipalities ordexecdording to their z-scores from the

most to the least significant.

Table 5 - Average Nearest Neighbor Ratio of Oport®istrict Food Retailers
Area Observed Expected Mean Nearest z-score
(Km? Mean Distance Neighbor
Distance (meters) Ratio
(meters)
Oporto | 5 451 7 788.87 1.461,25 0.54 -14.5451*
District
Municipality
Marco de
Canaveses| 201.89 330.01 2,685.21 0.123 -4.439%F
(7 stores)
Felgueiras |15 74 343.12 2,033.1 0.169 -4.207%
(7 stores)
Trofa 71.88 288.72 1,895.75 0.152 -3.626
(5 stores)
valongo | 455 578.345 1,118.96 0.517 -3.579*%
(15 stores)
Vila do
Conde 149.03 701.43 2,491.88 0.281 -3.367%F
(6 stores)
Amarante | 451 33 1,041.1 3,881.57 0.268 3.3
(5 stores)
Lousada | g5 g 911.66 1,732.77 0.526 -2.5647
(8 stores)
Baiao | 17453 770.44 4,670.76 0.165 -2.259
(2 stores)
Pacos de
Ferreira 70.99 981.96 1,404.29 0.699 -1.726
(9 stores)
Matosinhos
(27 stores) 62.42 662.94 760.24 0.872 -1.272
Santo Tirso| 1356 | 1,610.76 2,066.098 0.779 1,19
(8 stores)
Penafiel
(6 stores) 212.24 2,431.54 2,973.79 0.818 -0.854
Gaia 168.47 |  1,034.29 978.36 1.057 0.725
(44 stores)
Paredes
(12 stores) 156.76 1,994.79 1,807.14 1.103 0.688
Pbvoa de
Varzim 82.21 1,532.695 1,433.58 1.069 0.418
(10 stores)
Oporto 41.42 414.87 408.677 1.015 0.228
(62 stores)
Gondomar | 431 g5 | 1419.86 1,392.54 1.019 0.155
(17 stores)
Maia 83.13 960.09 950.6 1.01 0.092
(23 stores)
* Significant at 0.01
** Significant at 0.001
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The kernel density estimation (KDE) method is utedalculate the density of features
in a neighbourhood around those features (Silvert®86), which in this case are the

number of stores per square kilometre.

Figure 2 - Kernel Density Estimation Values of Opato District Food Retailers
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As shown in Figure 2 there’s a clear higher densitgtores around the most populated
city (Oporto) where it's possible to find up to fores per Kh With much less
population, the other major cities in Oporto didtthave also a much lower density of
stores. The KDE allow us to observe both centradityl agglomeration of stores in
Oporto district since there’s a concentration ofes around almost every city council,
which lends support for both Central Place Theond &rinciple of Minimum

Differentiation.
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The standard deviation ellipse measures the stdrakariation of the distances of all
stores from the mean centre thus measuring theakpgiread of their distribution
(Mitchell 2005). The ellipse allows us to see & ttlistribution of stores is elongated and
hence has a particular orientation. It is cleat tha orientation of retail stores in Oporto
district (Figure 3) is toward the larger city, Ofmralong the NE-SW direction,

establishing it as the centre at the top of theahody.

Figure 3 - Standard Deviational Ellipse of Oporto Ostrict Food Retailers
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ArcGIS tool Cluster and Outlier Analysis identifisgatistically significant hot spots,
cold spots, and spatial outliers using the Ansélical Moran's | statistic (Anselin
1995). A high positive z-score for a feature intksathat the surrounding features have
similar values (either high values or low valueshe COType will be HH for a
statistically significant (0.05 level) cluster ofgh values and LL for a statistically
significant (0.05 level) cluster of low values. Aw negative z-score for a feature

indicates a statistically significant (0.05 levgpatial outlier. The COType will indicate
17



if the feature has a high value and is surroundetkatures with low values (HL) or if

the feature has a low value and is surrounded aturfes with high values (LH). The

high-high and low-low locations are typically rafed to as spatial clusters, while the
high-low and low-high locations are termed spaiailiers. The cluster is classified as
such when the value at a location (either highowr) lis more similar to its neighbours
than would be the case under spatial randomnessshdsn in Figure 4, several

statistically significant clusters were identifieglspecially on the locations where the
density of stores is higher indicating a tendenmy dgglomeration. Also the clusters
tend to locate near the centre. The majority olienst are recent stores. This could
mean they are the first to arrive at new attractogations and that in the future they

could be part of a cluster.

Figure 4- Cluster and Outlier Analysis (Anselin Loal Moran's I) of Oporto District Food
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Finally, comparing the actual retailers spatialtribsition to what would be expected
from a random spatial distribution of the 273 ssongll help to show if centrality and
agglomeration of food retailers in Oporto distr&ce strategic in nature or a result of
randomness. Randomness is achieved by the Creat®tboRaPoints tool from ArcGIS
(see Appendix A). Create Random Points tool rangiquidces a specified number of
points within an extent window or inside the featuof a polygon, line, or point feature
class (Esri 2013a). In this case the tool was usedch municipality of Oporto district
to create the same number of random points as uh#ber of existing stores. Four
random sample of 273 stores were created. The gaveliatance from the stores to the
respective municipality city council, i.e. the centis 2,894 meters in the actual sample
of stores and 5,105, 4,968, 4,955 and 5,012 metdifse random samples, indicating
that, most likely, the proximity to the centre imetactual stores does not result from
randomness. The same tests of density, directidisfibution and cluster/outliers
analysis were applied to the random samples.

Figure 5 - Kernel Density Estimation Values of
Random Sample 1
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Figure 7 - Cluster and Outlier Analysis (Anselin Local Moran's 1) of
Random Sample 1
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The results show a lower density of stores ovenadl a lower density and concentration
around the centre (Figure 5), a weaker tendencwrsvthe larger city with the stores
being more scattered (Figure 6) and less concentradif clusters near the centre
(Figure 7). The same tests on the other random Isamgsulted in very similar results

(see Appendix B).
6. Conclusions

This exploratory research analyses the locationtepatof food retailers (i.e.

hypermarkets, supermarkets and discount storég@parto district, Portugal, to test the
predictive validity of three classic location thest central place theory, spatial
interaction theory and the principle of minimum fei&ntiation, using several GIS
techniques and statistical analysis. Given therpneary nature of the study the results
are not conclusive but the findings reported hersupport the classic theories of retail

location in the Portuguese case.

As predicted by Central Place Theory, store locaisorelated to the store’s location’s

surrounding population density. In our research wmas verified by both correlation and
20



linear regression results that confirmed that #ngdr the population density the smaller
the store’s distance from the centre, as expediggdthesis 1a). The Kernel Density
Estimation values also confirm the concentrationstoires around almost every city
council, where the population density is higher.eT@luster and Outlier Analysis
(Anselin Local Moran’s 1) also confirms the clustey of stores around the centre. The
proximity of stores to the centre does not restdtf randomness, as shown by the
results of the Create Random Points tool. Thesatseseinforce that in convenience
shopping, like grocery shopping, proximity is imgamt for the customer and that the
retailers are aware of this. Central Place Thetsy predicts that the larger the centre,
namely in population, the larger the market ared @e store density. The city of
Oporto, being the most populated one, is at theofajme hierarchy with a clear store
distributional trend towards it, as shown by theuttes of the Standard Deviational
Ellipse. The city of Oporto has also the highersiignof stores (2 stores per Kmas
shown by the KDE results. The correlation and limegression results also confirmed
the expected positive relationship between storasitle and population density

(Hypothesis 1b) showing that, indeed, store locaaelated to the size of the centre.

As predicted by the Principle of Minimum Differeation, store location is related to
the competitor's store location. In our research weéfied this premise through the
correlation and linear regression results thaticowfd that the larger the stores density
the smaller the distance between competitors (Hhwgsis 2a). The Nearest Neighbor
Index also confirmed the clustering effect, in thlole district and also in each
municipality, showing us also that there is a vl probability that the clustered
pattern could be the result of random chance. Thesalts also lend strength to
Nelson’s Theory of Cumulative Attraction since @ik stores in our sample sell the

same type of merchandise. As stated by Nelson (12583), a given number of stores
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dealing with the same merchandise will do morermss if they are located adjacent, or
in proximity to each other, then if they are widskattered. The Principle of Minimum

Differentiation also predicts that firms, when ¢&red, tend to locate near the centre of
the market area. Once again, our results of batieledion and linear regression show
the positive linear relationship between storesstatice to the nearest competitor and
store’s distance to the centre (Hypothesis 2b)hBtire density and agglomeration are
higher near the centre of each municipality, asnshby the KDE and Cluster and

Outlier Analysis results.

Finally, as predicted in Spatial Interaction Theostore location is related to
consumer’s proximity to the store (smaller stoneslacated in high population density
locations) or the store’s attractiveness to thesaarer (larger stores, with more power
of attraction, are located in lower population dgnfocations). The correlation and
linear regression results, when extreme values vameved (12 hypermarkets that are
much larger than the majority of stores in the dainponfirm the expected negative
relationship between store’s size and populationsiz Where mobility or spatial
elasticity of the customer is low, the gravitatminthe customer tends to stores close to
where they live or work. Where time is less impottar mobility is higher, customers

tend to gravitate towards larger stores locatedren the centre.

If retailers are to adopt a more strategic apprdachocation it is crucial that they
understand the micro and macro scale perspectil@cafion spatial patterns. What we
can conclude from this research is that the magation theories, from more than 30
years ago, are still relevant and can provide leetakey information to help optimize

their location decisions.
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The research looked only into food retailers, leguwut other types of retail formats.
This option was mainly due to the fact that veny fudies analyse this retail format
and also because is the retail format with moreestthus providing a larger sample. It
is however our intention to extend the researclother retail formats in the future.
Another limitation of the present study relatestihe use of the population density
variable. This option was based primarily on thailability of this information from
the 2011 Census and the assumption that the nyamfritustomers derives from the
store primary trading area (Dunne and Lusch 200atjel Armstrong, Saunders and
Wong 2002; Levy and Weitz 2009). Although it is pibde that one or more of the
stores sampled could be patronized by significantlmer of customers from outside the
immediate influence area, that possibility does se#m very likely since customers,
when engaged in convenience shopping situations, paimarily concerned with
minimizing their effort to get the product they waimn addition, there are serious
limitations to the collection of customer inforn@tidue to confidentiality issues or the
absence of such information inside the companyinAl fimitation concerns the centre
definition used. Despite the polycentric nature Rértuguese cities (Fernandes,
Cachinho and Ribeiro 2000), city hall location ¢ones to be the reference of city
centre and is located inside or adjacent to thdr@eBusiness District. However other
centre definitions can be used in future reseatath @s the geographic centre or a

spatial network structure to analyse centrality.
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The first step of processing is to create a randamber stream from a random number
generator and seed. To randomly place the specifietber of points in each polygon
(each municipality), the polygons are partitiongdtitiangles of varying sizes using a
standard polygon partitioning algorithm. The engéirea of each polygon is filled by the
triangles. To place the first point in the firstlygon, one of the triangles in the overall
polygon is randomly selected. Two legs of the giarbecome the two axes from which
to place the random point. The next unused valumken from the random stream,
transformed into the Uniform distribution using th&art of the triangle axis as the
minimum and the end of the leg as the maximum. Wevés randomly selected on the
axis. The same is done for the other axis or lefy@triangle. These two random values
are used to place a point. The point will fall witla parallelogram created by the two
axes of the triangle. This process is repeated thdi specified number of points is

placed in the polygon and repeated for each poly(sri 2013b)

Appendix B. Figures with the results of tests perfoned to random samples
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Figure 11 - Kernel Density Estimation Values of
Random Sample 3
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Figure 12 - Standard Deviational Ellipse of Random
Sample 3

Figure 13 - Cluster and Outlier Analysis (Anselin Local Moran's 1) of
Random Sample 3

o

.H igh-High Cluster
.HA;fLLﬂwDuMzr
.Lnumg. Outlier

.an{nw[:!us{cr

7 City Council
World Street 1 ap

25



Figure 14 - Kernel Density Estimation Values of
Random Sample 4
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Figure 15 - Standard Deviational Ellipse of Random
Sample 4

Figure 16 - Cluster and Outlier Analysis (Anselin Local Moran's 1) of
Random Sample 4
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