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THE HUFF’S PROBABILITY MODEL AND ITS APPLICATION
ON SELECTED LARGE-AREA RETAIL UNITS IN KOSICE

Jana FERTALOVA', Pavol VARGA?

Abstract: The behaviour of trader as well as consumer is changing. Supranational trade
networks with their large hypermarkets are penetrating our trade. In last four years the
share of hypermarket shopping in Slovakia has increased more than twice, and the share
of small shops and counter shops is decreasing despite the fact that they keep the highest
average annual shopping frequention. Hypermarkets continuously make a profit of new
customers.
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INTRODUCTION

The construction of large-area retail units in Slovakia has consequently changed the
shopping behaviour of its inhabitants. They start to prefer the individual car transport and
reduce the public or pedestrian one, since the shopping centres concentrate themselves
mostly in the city outskirts. People usually do shopping in the afternoon and in the evening.
Saturday and Sunday are the most popular days in week for shopping. Thus, we can see
that the former models of shopping behaviour are changing and become more identical
with those of the western Europe.

Mowen (1987) considers that the discipline of consumer’s behaviour is dealing with
generation of decisions concerning the processes of acquirement, consumption and use of
goods, services, and ideas. The creation of decision is, as he writes, an important basis,
whereas it often occurs in groups, families, in firm’s management etc. The acquirement
process includes the communication, remembering, and considering acquired information
(Mowen, 1987).

BEHAVIOURAL GEOGRAPHY

Behavioural geography, accordind to Walmsley and Lewis (1984), is trying to find
a relation between consumers behaviour and spatial structure of retail trade environment.
It used to be supposed that a man prefers the minimal mobility towards shopping and
behaves in favour of economic nature. Later studies has proved that a part of consumers
select the place of shopping not only by the goods offer and services, size, attractiveness
and good atmosphere of the shop. Researches have revealed that people do not respect
the logic of objectiveness and behave irractionally (Walmsley - Lewis, 1984). It means
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that if there was built a supermodern shopping centre with perfect services and low prices
near the city, not all people from its surroundings would do their shopping there, and on
the other hand, many people from more distant areas might do shopping there (Szczyrba,
2002, 2005).

HUFF’S PROBABILITY MODEL

The Huff’s probability model is based on a classic gravitation model, which can be
considered as the earliest type of spatial models, and which was formulated on the basis of
analogy with the Newton’s universal gravitation law. Gravitation models were first used
only for demographic research and it was only after 1930’s that they were used also for
definition of retail and services centres‘ tributary areas. Among others, following Slovak
authors worked in the field of application and issues of gravitation model: Bezak (1999,
2000), Bezak — Michniak (1999), Kusendova (2001), Kusendova — Labuda (2002), Paulov
— Polagik (1979, 1982), Paulov (1986b, 1991, 1993). Hebak (1972) used the possibility
of application of gravitation model in quantification of retail tributary area, Cadkova —
Krasny (1985) used it for definition of the tributary area of service centres for citizens.

The best known gravitation model is the so called Reilly’s law of retail gravitation.
It is a formula stating that two bigger arcas divide among themselves the purchase
demand of a town situated between them, suggesting that customers are drawn from the
intermediate town at or close to the point of equal probability, approximately in direct
proportion to the population of the two shopping areas and in inverse proportion to the
squares of the distance between the town and the two shopping areas. This model does
not take into account all the aspects that influence the division of smaller intermediate
town population spending between the two shopping areas (transport possibilities,
communication network quality, population density, trade and social activity of the retail
municipalities, geographical conditions, social and income differentiation of customers,
etc. (Prazska — Jindra et al., 1998, Szczyrba 2005)). This basic model can distort reality, as
it considers the sphere of influence of shopping areas to be closed and mutually exclusive.
However, the research proved the existence of intermediate areas the population of which
commutes more or less regularly to two or more retail centres. The definite breaking point
between particular centres can be used especially in the situation where the distance from
the retail centres is the determining factor and where the choice is minimal (i.e. mainly
in countryside environment). In more urbanised areas more retail centres operate in
individual municipalities and thus the possibility of choice is growing. Huff's probability
model reacts to this fact. It considers size of the shop, defined by the shopping floor area,
and its temporal accessibility. It defines proportion of purchase journeys from a particular
municipality to all retail centres of the analysed area. This proportion can be considered
a probability that a certain retail centre will be a target shopping area for the inhabitants of
the municipality. This model can be applied broadly and it has been the most widely used
model since the 1970’s (e.g. for localisation of retail units and service centres). However,
even in spite of the fact that it is a widely used model, content of individual parameters
remains problematic. The model (Prazska — Jindra et al., 1998, Szczyrba 2006) is stated
as:
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Where
P(C,) — probability that the municipality i inhabitants will shop in the retail centre
Sj  —size of the retail centre j given by shopping floor arca
Tij —temporal accessibility of the retail centre j from municipality 1
A — Parameter, which changes according to hierarchical level of the retail area

(empirically)

APPLICATION OF THE MODEL TO SELECTED LARGE-AREA RETAIL

UNITS IN KOSICE

For this article, the Huff’s model was applied to 4 particular large-area retail units in
city of Kosice. The aim of this application was to compare the probability of inhabitants
of particular city parts (wards) shopping in a selected large-area retail unit. Temporal
accessibility of retail centre j from municipality i was replaced by the spatial distance
of retail centre j from municipality iin calculation of probability. The reason for this
replacement was the lack of objectiveness of the temporal accessibility data, as this is very
difficult to measure due to various reasons. The model was applied to 4 different retail
units, one of which is the largest retail-centre in Kosice (Optima) and the remaining three
are less important retail (discount) units Lidl, due to both their shopping-floor area and the
variety of offered goods. Since retail centre (mall) and discount retail unit differ in many
aspects, the aim of this paper is to compare gravitation of individual stores.

Main differences between large-area retail stores Optima and Lidl:

e Optima is a retail centre (mall), Lidl is a discount retail unit

e Optima offers a wider variety of goods than Lidl stores

e There are 89 smaller shops situated in the shopping gallery of Optima retail centre,
Lidl stores do not have a shopping gallery

e Area of Optima is 36000 m?, area of a Lidl store is 1200 — 1400 m?

e The developer of Optima retail centre was Optima Corporation Bratislava. The
main partners of the project were TK Development and Ahold Real Estate. TK
Development was responsible for building of the shopping gallery, Ahold was re-
sponsible for Hypernova hypermarket. All retail units Lidl in Slovakia are operated
by a trading company Lidl Slovenska republika, v.o.s. There are 60 Lidl discount
retail units in Slovakia at present (3 in KoSice) and 1 logistic centre in Nem3ova

e Shopping floor area of Optima is divided between the shopping area of Hypernova
store (15 000 m?) and shopping gallery (21 000 m?), shopping area of Lidl repre-
sents solely the shopping floor of the discount retail unit

City of KoSice is divided into 22 city parts (wards) and each of these represents parameter

i, which is a parameter of a location from which the distance to the analysed retail unit is
measured (and in parameter Tij temporal accessibility was replaced by distance). Average
distances of each city ward ((maximum distance + minimum distance)/2) from a selected
large-area retail unit were used in calculations.
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According to the Huff’s model, the highest probability that Optima centre will be
a target for shopping of its inhabitants are in the city parts Lunik IX, Pere§ and Lorin¢ik.
This is determined by both the closeness of these parts to the retail centre and the fact that
no other store, included in this research, is situated in these city wards. In this case we can
see the disadvantages of this theoretical model, since it does not take into account some
factors that influence the results of the research. In case of Lunik IX this factor is a social
pattern of its inhabitants. These inhabitants usually shop in other large-area stores, which
offer cheaper goods yet their range of goods is smaller and less varied (e.g. Kaufland or
Lidl). It is interesting that the city ward, in which Optima is situated, did not reach the
highest number of probability calculations according to the Huff’s model. This is caused
by location of other retail units in this area. City ward JUH, in which Optima is located, is
also a city ward with the highest number of large-area stores in the city of KoSice, and thus
the probability of shopping here is not as high as in Lunik IX, Pere§ and Lorin¢ik parts,
where none of the analysed retail units are situated. The result of the lowest probability
of shopping in Optima retail centre was also very interesting. The lowest probability was
not reached by the most distant parts of the city, but by the city ward Dzungl’a. This result
was influenced mainly by the fact that two relatively large stores are situated in this part
of the city (Tesco and Baumax) and also the fact that Optima is one of the most distant
stores from this part of the city. Similar probability results for the city ward Dzungla were
calculated in case of the Lidl retail unit situated in the city ward of Dargovskych hrdinov.
Even though it is in a close proximity of this retail unit, the probability of shopping there is
much lower than in other neighbouring parts of the city. It is caused by the fact that large-
area retail stores are situated in this smallest city ward Dzungla. As expected, the highest
probability, according to the Huff’s model, was reached by the city ward of Dargovskych
hrdinov, where the retail unit is also situated. The lowest probability of shopping is not
in the most distant part of the city but in the city ward Lunik IX. This is caused by the
closeness of other large stores (in the city ward JUH).

In case of Lidl retail units in the KVP and Zapad housing estates, the lowest probability
of shopping again applies to the Dzungl’a city part, due to he same reasons as mentioned
above in case of Optima retail centre. There were no unexpected results in other
calculations.

All calculations are reflected in the maps in Picture 1. As it can be seen, the probability
of shopping depending on distance decreases more slowly in case of Optima retail centre
(Picture 1A). On the other hand, it can be seen from pictures 1B, 1C and 1D that the
probability of shopping decreases more rapidly depending on distance. The size of the
stores has a significant influence on this as well.

Huff’s model offers a general and theoretical Picture of probability of shopping in
a particular retail store. Yet, in its application, we have to take into account the factors
as e.g. social, cultural, demographic and economic aspects; accessibility of the stores;
and many other factors, which influence this theoretical conception. These, however, can
not be incorporated into any model, as every environment is very specific and there are
no general expectations and findings that apply in all cases. Therefore, the results of the
questionnaire research implemented at present will be used for comparing of the results,
using the Huff’s probability model of shopping in selected retail units in a specific city
ward of KoSice, with the outcome of the research.
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HUFFOV MODEL PRAVDEPODOBNOSTI A JEHO APLIKACIA
PRE VYBRANE VECKOPLOSNE PREDAJNE V KOSICIACH

Zhrnutie

Mesto Kosice je roz¢lenené na 22 mestskych Casti a kazda z nich predstavuje pa-
rameter i, teda parameter lokality odkial’ sa meria vzdialenost’ do predmetnej predajne
(a pri parametri Tij bola ¢asova dostupnost’ nahradena vzdialenostou). Vo vypoctoch boli
pouzité priemerné vzdialenosti k vybranej velkoplos$nej predajni z kazdej mestskej Casti
Kosic ((maximalna vzdialenost’ + minimalna vzdialenost’)/2).

Podl'a Huffovho modelu najvécsiu pravdepodobnost, ze stredisko Optima bude vy-
brané ako ciel’ nakupu ma mestska cast’ Lunik IX a mestské Casti Pere$ a Lorincik. Je to
spdsobené jednak blizkost'ou tychto mestskych Casti k obchodnému centru Optima a tiez
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d’alsim vyznamnym faktorom je aj to, Ze v menovanych mestskych Castiach sa nenachadza
ziadna ina predajia zahrnutd do vyskumu. V tomto pripade mézeme badat’ nedostatky
tohto teoretického modelu, pretoze nezohladnuje niektoré faktory, ktoré na samotny
vysledok vplyvaja. V pripade mestskej ¢asti Lunik IX je to socialna skladba obyvatel'stva.
Tito obyvatelia ovela castejSie navStevuju za ucelom nakupu iné velkopredajne,
ktoré ponukaji cenovo vyhodnej$i no uzsi sortiment tovaru (napr. Kaufland, ¢i Lidl).
Pozoruhodné je to, ze mestska Cast’ v ktorej sa Optima nachadza nedosiahla najvyssiu
hodnotu vypoctov pravdepodobnosti podl'a Huffovho modelu, ¢o je spdsobené lokaliza-
ciou inych predajni v tejto mestskej Casti. Mestska ¢ast’ JUH v ktorej sa Optima nachadza,
je mestskou ¢astou s najvacsim poctom velkoplosnych predajni v meste KoSice a preto
pravdepodobnost’ nakupu nie je az tak vysoka, ako v mestskych Castiach Lunik IX,
Peres a Lorincik, kde sa nenachadzaju ziadne zo sledovanych predajni. Pozoruhodnym
bol taktiez vysledok najnizsej pravdepodobnosti ndkupu v obchodnom centre Optima.
Najnizsiu pravdepodobnost’ nedosiahli najvzdialenejSie mestské Casti, ale mestska Cast’
Dzungla. Tento vysledok ovplyvnila najmé lokalizacia dvoch pomerne velkoplo$nych
predajni na izemi tejto mestskej ¢asti (hypermarket Tesco a Baumax) a taktiez aj fakt, ze
Optima patri ku najvzdialenej$im predajniam od tejto mestskej ¢asti. Podobné vysledky
pravdepodobnosti pre mestsku ¢ast’ Dzungl’a boli vypocitané aj pri meraniach pre predajiiu
Lidl, ktora sa nachadza v mestskej Casti Dargovskych hrdinov. Aj ked’ je v tesnej blizkosti
tejto predajne, tak pravdepodobnost’ nakupu je ovel'a mensia ako v susednych mestskych
Castiach. To je sposobené lokalizaciou velkoplosnych predajni v tejto najmensej mestskej
Casti DZzungl’a. Podl'a o¢akavani najvaésia pravdepodobnost’ nakupu podl'a Huffovho mod-
elu je v mestskej Casti Dargovskych hrdinov, kde sa dana predajna aj nachadza. Najmensia
pravdepodobnost’ nakupu nie je v najvzdialenejSej mestskej Casti, ale v mestskej Casti
Lunik IX. To je sposobené blizkostou inych vacsich predajni (v mestskej Casti JUH).
Pri predajniach Lidl na sidlisku KVP a Zapad najmensiu pravdepodobnost’ nakupu opat’
zaznamenavame v mestskej ¢asti DZungl’a a to z uz zistenych dévodov, ktoré sa objavili
aj pri vypoc¢toch Huffovho modelu pre obchodné centrum Optima. V ostatnych vypoctoch
nenastali ziadne neoCakavané vysledky. VSetky vypocty sa premietli do map, ktoré st
znazornené na Obrazku 1. Na fiom si méZeme v§imnut, ze pravdepodobnost’ nakupu so
vzdialenost'ou klesa pomalSie pri obchodnom centre Optima (obrazok 1A). Na rozdiel od
toho na obrazkoch 1B, 1C, 1D si mézeme v§imnut, ze pravdepodobnost’ nakupu klesa
rychlejsie so vzdialenostou. To je znacne sposobené aj velkost'ou predajni.

Huffov model podava vieobecny, teoreticky obraz pravdepodobnosti nakupu v dane;j
predajni. Lenze pri jeho aplikovani do praxe musime pocitat’ aj faktormi, ktoré tito teor-
eticktl koncepciu ovplyviuji, a to napr. socialne, kultirne, demografické i ekonomické
aspekty, dostupnost’ do predajni a mnoho inych. Tie vSak nie je mozné zakomponovat’
do ziadneho modelu, pretoze kazdé prostredie je Specifické a neplatia tu uplne presne
vSeobecné predpoklady a zistenia. Preto vysledky dotaznikového prieskumu reali-
zovaného v sucasnosti budu pouZzité na porovnanie vysledkov pri vypoctoch Huffovho
modelu pravdepodobnosti nakupovania vo vybranych predajniach danej mestskej ¢asti
Kosic so skutocnostou zistenou vyskumom.

Recenzovali: Prof. RNDr. René Matlovié, PhD.
Doc. RNDr. Zdené¢k Szczyrba, PhD.
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Table 1a: Application of the model to selected large-area retail units
1 Sij Sij Sij Sij
City part ; [%} TZJT m TZJT m
witho; L ?;EIM A (OPTIMA) b ;:gII:Ier) (LIDL KVP) étll:z(l;)
Staré mesto 33530.33 2250 248.2 98.93 145.18
Barca 3109.72 1777.78 20.57 23.11 30.72
Dargovskych hrdinov 412491 599.38 203.18 24.73 26.34
Dzungla 98293.39 1306.12 1400 64.2 75
Kavecany 1465.38 369.17 27.58 29.62 20.64
Kosice- JUH 22450.96 9000 77.51 64.2 113.61
Kosice — SEVER 9465.56 1306.12 155.56 144.44 105.35
Kosice — ZAPAD 30332.51 10240 65.45 369.78 1200
Kosicka Nova Ves 4713.1 959.6 185.12 239 30.72
Krdsna 1792.83 661.88 22.58 13.33 15.67
KVP 13507.02 4355.39 46.28 1697.96 634.71
Lorincik 3986.78 3160.49 17.28 71.97 70.52
Lunik IX 18579.76 36000 30.73 133.12 237.04
gghﬁi Fahanovee 3305.34 483.93 | 12291 26.53 24.49
Myslava 5750.9 2739.6 28.57 369.78 158.68
Nad Jazerom 5500.93 2250 35.84 25.61 34.77
Peres 7170.01 7111.11 22.58 106.12 122.88
Polov 2880.42 2115.7 14 30.77 37.93
Saca 829.34 457.05 6.33 12.68 11.42
Sebastovce 2404.64 1370.61 14.73 19.1 23.64
Tahanovce 2743.58 457.05 93.24 25.61 23.64
Vysné Opatske 9504.36 2115.7 99.56 37.66 53.19

Source: authors
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Folia geographica 12 Presov 2008
Table 1c: Application of the model to selected large-area retail units
City part P(C,) P(C,)*1000 P(C)*1000 [ P(C,)*1000 [ P(C,)*1000
LIDL Zipad | OPTIMA |LIDL Darg. hrd.| LIDLKVP | LIDL Zspad

Staré mesto 0.00401855 | 66.13243417 6.889767058 | 2.734859101 |  4.018549879
Barca 0.006229746 | 558.3269475 4.162846845 | 4.679283792 |  6.229746227
fr ‘Z f;:s"y ch 0.005318848 | 136.8709981 4254757756 | 4.992117178 | 5.318848189
Diungla 0.000742106 | 13.08310242 14.03667643 | 0.635174981 | 0.742106143
Kavecany 0.010910533 | 239.2205907 14.63277466 | 15.73213935 | 10.91053258
Kosice- JUH 0.003596087 | 396.3661155 2450616954 | 2.028943736 3.59608732
Kosice— SEVER | 0.009515268 | 132.3201204 14.11426969 | 13.09212071 |  9.515267782
Kosice — ZAPAD | 0.029262768 | 3203229255 1.553071748 | 8.838385046 |  29.26276844
ﬁf“kd Nova 0.005222962 | 193.7474257 32.3222729 | 4.058731027 |  5.222961991
Krdsna 0.006291606 | 358.857304 9.09123851 | 5347057313 |  6.291606106
KVP 0.03237218 | 274.1658205 2291647273 | 91.56681083 |  32.37217985
Lorincik 0.009745016 | 762.1974895 237044841 | 9.947381297 9.74501556
Lunik IX 0.004330003 | 1896.668449 0.559236483 | 2.427091977 |  4.330003082
%C}; a’i’i'vfédl”ko 0.006217772 | 139.0895217 32.00539543 | 6.739198358 |  6.217771809
Myslava 0.017851578 | 4343104632 3.167771007 | 42.61242834 17.8515781
Nad Jazerom 0.004450628 | 401.9902986 |  4.588218877 | 3.274291252 |  4.450628362
Peres 0.008527518 | 958.1652988 1.55615529 | 7.35586674 8.52751804
Polov 0.007524465 | 714.0109074 276416536 | 6.095422985 |  7.524464926
Saca 0.008748276 |  531.5956593 4.830254332 | 9.722882513 8.74827639
Sebastovce 0.006206223 | 556.6810581 3.858050964 | 5.008364756 |  6.206223025
Tahanovce 0.007121597 | 158.3641422 28.6902901 | 7.719645156 |  7.121597359
Viné Opitske 0.004524006 | 2182310669 8501474266 | 3.19889644 |  4.524005552

Source: authors
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