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ABSTRACT

Data from a study of consumer behavior in one retail banking market
are used to determine whether six critical assumptions of a model of retail
gravitation would be met in the context of its use as a predictor of bank

patronage. The assumptions are generally upheld.
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ESTIMATING MARKET SHARES FOR NEW BANK LOCATIONS:
THE APPLICABILITY OF THE HUFF MODEL
g‘“by“

Lorman L. Lundsten & Martin R. Warshaw

Marketing reséarch has provided considerable evidence that convenience
is the most important factor in a consumer's decision to patronize a specific
banking location (Bennet¥1975). It isjwtherefore?“ﬁot surprising that bank
managementfseek# those Tocations for their main offices and branches which
will afford maximum convenience for potential customers. Experience has

taught these executives that conveniently Tocated banks attract more deposits

@5043(’, "N
and have more loan activity than do less we]T-Jocatenganks.
Q
What bankers have needed for some time is a way of predicting the per-

opening
formance of a proposed location prior to its construction and operation. -

First, such a prediction would be invaluable in convincing the regulatory

authorities of the need for a new bank location and second, such predictions
Pa 55

would enable management to make better selections of locations from the-array

available to them.

s of
The ideal solution to thelestimation{ problem/would be some type of

would

-algorithm which might utilize the "convenience" effect of a given location

to estimate the share of market a given bank might gain if $4~wereto-be.

. rabsleim O~ (Omt‘vﬂf; a
built on that location. Because of the close analogy between the&?ank 1563~
B \O(.Ck gy

~iion- preblem and the more general problem of “teeation—ef a retail store for

the sale of convenience good%yit is reasonable to start the search for a

banking modeliﬂa&%mgmqqg~those models which have been developed for the loca-

tion of non-bank reta%] outlets.
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RETAIL GRAVITATION MODELS

The oldest and best-known approach to estimating the extent of retail
activity in a markét area was developed by Reilly (1929). His model was the
first of a series to be known as retail gravitation models and was originally
devﬁ@éped to predict[ﬁ9w retail patronage would be divided between adjacent
communities.) Even today its use by bank managers is occasjonally reccmmended
(Kramer.1972).

A second-generation model developed by Huff appears to overcome many of
the problems associated with the application of the Reilly model to the
Tocation of individual retail outlets (Huff and Batsell 1972). The Huff
model is based on estimates of individual probabilities of patronage for a

specific retail establishment and appears to provide a Togically consistent
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F
approach to the(retail location prob]emo . L e




Huff's statement of the share of market model follows

the axiomatic approach set out by Luce (1959). It is pos-
51ble to derive models similar to Huff's model‘ggigg several
different starting points. Kotler (1971) cites work by Urban,
Krishnan and Gupta, and VWeiss in developing models of this
type and, although he avoids the formal ztatement of axioms,
he presents a discussion that leads to a multiple-variable
gravitation model very similar to that suggested by Huff.

Bell, Keene%}and Little, (1975) approach the problem of
determ1na%aon~o:-market share by offering a set of four axioms
that can be developed into a model similar +to, that of Huff.

The axiomatic structure of BKL centers s the properties
of the firm, while that of Luce‘centers-gzéumé\individual choice.
If one assumes homogeneous choice beha%ior”by‘individuals,

the BKL model and the Luce model differ on no major point.

The literaturesof mathematical psychology (Coombs et al.

Ao
Py

1964 11975), marketing (BKL et seq, 1975) and sociology (Zipf,
(o Gar
Stewart 1947,1949) shew# many instances of the formulation

and testlng of models of interaction and influence. The models

Liffer in Some tes ects,
“show—gome—di-fH reneesw but it is unlikely that any empirical

datamgggijégzginthe~ancep$anaﬁ»@£-any one model over the others
on the grounds of—gqogfzqs%sg of fit. Table 1 traces the history
of _some models of this type. -Here?ﬂés elsewhere{ the final
choice of a model rests with the researcher. Because of its

long period of acceptance and use, its grounding in individuval
behavior and its orientation to marketing, the authors prefer

the Huff model. This work will -effen—e testlgfyseveral important

assumptions of this model in the contex® of bank marketing.




HUFF'S MODEL

<%he Huff model is based on an adaptatibn of Luce's choice axiom 1o the
retail patronage problem. Huff assumes that a meésure of size is available
for the relevant retajl facility and that distance from the consumer to the
location is a reasonable surrogate for convenience. The Huff model is

stated below:

o o o M)
ij ~ V(all)
where:
Pij = the probability of consumer 1 patronizing facility J
o .‘\ YrA n. |
V(j) = AjDi and Y(all) = 2 "V(j) for n competitors~and~
J=1
Aj = an attraction index for‘retail facility jiu*\




Dij = the accessibility of a retail facility J to a consumer
Tocated at ijamd—2
Yy & A = empirically determined parameters (Huff 1962))1'\
Or1gwna1]yj’yhthe exponent of the attraction measure (mass or size in leems OC
grav1tat1on %eﬁmsi}was set at unity for ease of computat1on.[ ﬂhe similarity
to Reilly's model is striking. Both set the mass exponent at unity and both
allow empirical determination of the exponent on distance.

Unfortunately, the application of the Huff model to problems of market
share estimatjon for proposed retail facilities has been fraught with
difficulty. Huff and his associate Batsell have noted that unless certain
conditions are met)the model may be misapplied or results emanating from its
application may be misleading. They have identified six key problem areas
which will be considereq below in some detail ( Huff and Batsell,/ 1975).

- (®) PROBLEM AREAS
C§9 Trip-type

The Huff model assumes that the set of retail alternatives specified as
choice a]ternative5~;é: most Tikely to be associated with single-purpose
shopping trips. If choice alternatives are associated with multiple~purpose
tr1ps~_3rﬂthe proximity of a retail fac111ty to a consumer's place of or1g1n
may not be nearly as. important as the proximity of a retail facility to other
retail facilities in which purchases are intended, or to those non-shopping
activity places that the individual intends to visit " (Huff and Batsell 1975).

(:j> Product-type
"It is important that the attraction values that are specified for those

et retail facilities ccmpt.s7ng the set of choice alternatives be in keeping

L o



with the product purchase intentions of the customer" (Huff and Batsell,

© 1975). Thus in those cases where the specific product js not spec1f1eq90r
U‘DL ‘é)’LQ one Lhe cConsvmer W Pove( ¢se;
if specified is the wrong-ens, results of model app1lcat10n will be less de-

pendable.
<£§> Spatial Equilibrium
The Huff model assumes that the consumer will share his purchases among

feasible alternatives in keeping with a constant probability vector (e.g.,

.6 frobabi]ity of purchasing from store A and .4 probability of purchasing

from store B). The model provides an equilibrium solution without any

guarantee that the individual consumer is in equilibrium.
(Eé) Choice alternatives

If the subset of choice alternatives is not defined correctly, two types

RISV i omiting
of problem, can occur. First, _ those%ﬁr1s1ng from nes—iretuSion—of a con-

sumer choice alternative and second, those which arise from including
an alternative which is not in the consumer's set of feasible alternatives.

‘The former error results in overstatement of estimated values‘. Bttt

understated
the Tatter error results 12a?xpected values which deperui on

the alternatives which were included in the model.

(ED ’ Group Behavior : )

The model is based on i.cho1ce axiom of individual behavior. If group
IS

behavior is being analyzed askwn a market share estimation problem, great

care must be exercised to make certain that behaviors in small segments of

the market can be averaged out to(predict{correctly/behavior in the total

market area.

T
~..

(B ) Choice Determinants

The model requires only two variables (size and distance) to compute a
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probability measure. However, the consumer's pe%eei%edmu&444my%9f a retail,é)

facility may be a function of several variables other than the two noted
e
previously. If the variables used in the model are not-trudy surrogates

for other important factors the resulting measures may be misleading.

Given the av&ilabi]ify of the Huff model and a recognition of the prob-
1é§hs associated with its application, the question arises as to how useful
it might be when applied to the problem of market share estimation for a
new banking office. To answer this question a telephone | M

w v e
survey of 600 families in Farmington, Michigan wags taken. -

“ R ey v
Farmingtor;Mithigan is a(elose/suburb of Detroit and -pep—
ST T - “\".Af.... i -
-—ftamg§~a‘gvdﬁ-repfesanmaiion{gf Detroit“élgajor financial instﬁﬁ@vfj

. QE\:Q’ we ( ( e {J\’Q St \A_«lw’! d‘ﬁ\_.?,‘(‘c.n
I =t Y 2 )

dﬂ’The survey, undertaken in

December, 1975, was based on a sampling frame of the homes listed in the

. 0 0 - e\;QrL T
most recent city directory.” Approximately vperout of emed 32 homes' was con-

tacted. The remainder of this article will examine the Huff assumptions in
upf\1ight of the survey data to determine whether or not the Huff model may be
usefully applied to the banking problem.

(:) EMPIRICAL EXAMINATION OF HUFF AND BATSELL'S AREAS OF CONCERN
(3%) Trip and Product Type

The attraction function in the Huff model applies for a given single— ;
A=W whtn tae. disTanee 1§ teeg vred

purpose shopping trip. Also, the distance function is applicablelbeiueai e~
-8

i.‘\

the consumer's present Tocation awé a sing]é destination. If several stores
are visited{ a consumer might seek to maximize some Joint utility and to
\

minimize total distance traveled. Hilliard (Hitliard, Vaughq?and Reyno]dsj/\

1975) reports some results that indicate that this effect is mixed/ and may

be negligible. The applicarion of a @r&vi%j veoded would alyy he inapp reprinte
LBy on s Sinale s purpose banking kap, several hanies weve vigi e, .
When questioned about when the household banking was done, Farmington
Qa3
consumers gave the-reaseas shown in Table 2.



The most frequent response was “specié] trips to bank." Of the twelve
different responses to this question, only three clearly indicate multiple-
purpose trips. These account for 43 percent of the responses; however, a
c]earﬂmajority of the responses do not involve multiple~purpose trips.

;he-app44ea%4ﬂﬂ~ﬁ$~a"gravﬁty*mode%mwou%dé§§§§lbe‘ﬁﬂﬁﬁfW%ﬁﬁWﬁﬂﬁfﬁfﬁ“nn"““

=marsingte-purpose=banking=trip; severdl banks were~visiteds

The survey results for Farmington show that most families use only one
bank for checking services (the question was not asked for savings services).

_ Table 3 shows these figures.
(i§:>5patia1 Equilibrium
diew mo b

The model does not specify consumer loyalty and lacks consideration
of-temporal and spatial dynamics. In considering any well-established pro-
duct, it may be reasonable to assume that the survey sample used to speci%y
the model is a reasonable cross=section of the steady=state universe of
buyers. Golledge indicates that{ when this is not true, model errors may be
significant (1970).

—Fer-the~Farmington—censumer,. Tables Qf and gshow the distribution of
“the length oéfigégsggﬁglmgrs have utilized the major retail services. It is
obvious that banking services have very loyal patrons and that any predicted
change in market share may take a Tong time to materialize.

For this reason, most users of gravity models speak of the prediction of
equilibrium market share (Bennet;Th5975), which is defined as the market share

.that would result if the modeled conditions were to persist for an indefinite

period of time.



@ Choice Alternatives

Systematic exclusion of establishments that are patronized by the
ovtrarakamtat

public for the type of good in question can cause-over-prediction of the
market share of the included establishments. Similarly, inclusion of alterna-
tives not actually considered by the purchaser will result in an understatement
of the predicted market share of the establishments actually used.

Table 6 shows the usage of each of the major types of competitive
alternatives for the primary consumer services. The major conclusion to be

ot thaig wo ownnd oy

drawn from this table is theuneed}$o include commercial banks and thrift
institutions in any banking market share model.
Group Behavior

The use of a model of individual choice (Luce's choice axiom [Luce ,}9591)
in a model of group behavior requires assumptions about the homogeneity of
the choice process which may not be acceptable to some. A fully equivalent
set of assumptions which deal only w%th group behavior is offered by Bell,
Keeney}and Little (Bell, Keenexyand Little] 1975). These assumptions may be
used to derjve Huff's model directly. Spag&&@uﬂy

As a practical matter, models of the gravity type have beenlused for
some time to-suegeessfutly predict human behavior (Olssonjr1965). We offer
no empirical tests of this assumption, as none are appropriate.

Choice Determinants

Huff's final comment deals with the need for a multidimensional model of

consumer utility. The original model requires only two variables to compute

the utility measure, distance (either actual or subjective%}and size, Two ex-

ponents serve as sensitivity measures and mediate the effects of those measures.
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Huff states that those variables are surrogates for a number of other
correlated measures and that two variables were chosen to make parameter
estimation possible. Obviously, many variables might enter the consumer
choice process, and a method of deciding upon 1mpoétan%f5;riables and speci-
fying coefficients for the resultant model would be desirable. Huff notes
the recent work of Nakanishi and Cooper in showing that least squares
regression is an appropriate means of specifying such multivariate multipli-
cative models (Nakanishi and Cooper 1974). Several authors have reported
that such models are effective (Nakanishi and Cooper 19743 Eilon and Fowkes

1972; Lundsten 1976).




lA <]§> SUMMARY AND CONCLUSIONS

Data from a study of consumer behavior in one retail banking market_
were used to determine whether or not six critical assumptions of a model
of retail gravitation would be met in the context of its use as a pre?ictor
of bank patronage. It appears that five assumptions are realistic if;?}ght
of reported consumer behavior in the use of banking services. The assumption
of a single~purpose shopping trip is, however, less supportab]e given survey
data which indicate that over 4Q%//f households consider their banking to be
part oéi%u]tw -purpose shopping trip.

The authors believe that this last finding should not eliminate the
‘use of retail gravitation models such as the one developed by Huff in estimat-
'ing market shgres for new bank Tocations. The fact thatjover half of the
‘respondentstdid make a single-purpose triﬁ to do their banking, and the

T findings of Hilliard (Hilliard 1975)Gthat the single trip assumption
was probab]y'not-ﬁ

e Ry
. e

‘-“cr1ticay§indicate that the retail gravitation model is a useful tool for
those persons in bank management or bank regulation who have a need to pre-

dict patronage levels of bank locations before they are built.



FOOTNOTE

1. Strictly speaking, the use of retail gravitation models

in this fashion for new banking offices requires an assumption
(treated briefly earlier) that the predictions made for an
office not yet opened may be meaningfully interpreted as
equilibrium market shares. The market share for all banking
offices, both actual and proposed, may be computed and the
results assumed to describe the market after the new branch
has undergone a period of growth. The duration of this period
and the rate of growth are not specified. Kramer (1971) has
shown that the deposits at a bank branch grow in a regular
fashion, typical of a given market, éﬁiﬁhce'the equilibrium
market share is known, it is possible to estimate deposit

levels for prior years.
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Individual Models (Sk€ Note 2)

Table i.

Some Important Dominance Models (See Note 1)

nate
1927
1952
1959

1961

1964

Regearcher(s)

Thurstone
Bradley & Terry
Luce

Restle

Coombs

Group Models

Date
1858
1885
1924
1929
1940
1947
1949
1962

1969

1970

Researcher(s)

Carey
Ravenstein
Young
Riley
Stouffer
Stewart
Zipt

Huff

Hlavic & Little
Nakanishi

Nakanishi & Cooper

Comments
Led to the Ezrobit model?"\ Prole/t?
Led to the Logit model

Equivalent to Bradley & .

ﬂii%rry's model 6“41Q¢Lﬁ

. . ézr({
Set theoretic adaptation 57

"...,.tﬂt, L
o% Luce's model )
4

I3
ProbabAlistic unfolding

Commenté

"Social gravitation" model

Migration model

Migrétion model

"Retail gravitation" model

Spatial intéraction model

Spatial interaction model

Social interaction model

Market share, based on Luce's
q:é&ioms

Similar to Huff's model

Market share model

Multiplicative,¢émpetitive

WA Cet e

,»ﬁnteraction model
L



Table L.
(continued)

1971 Kotler Several related models of

fﬂ%rket share Lnce e,

1975 Bell, Keeney & Little An axiomatic model for

;%%ouped date

1976  Barnett A refinement of Bell, Keeney

“gmtﬂe ,7‘\

Note 1: Maﬁy of these models measure absolute phenomena like
migration. Share-of-market models, however, measure-a rel-
ative phenomenon. This distinction is not material, as any
absialute model may be converted into a relative one by sim=-
ply dividing by the total of the phenomenon under study.

(I;e. A’model of sales may be converted into a model of mar-

ket share by dividing by total sales.)

Note 2: The distinction between individual and group models
is not as important as it might seem, as nearly all individ-

ual mddels were tested using aggregate group data.

QR g e
4
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QUESTION 7:

S PIXTN
TAh(E 3

NUMBER OF BANKS USEDj\

How many different banks do
you and other members of your

household use for checking Code
account s;rvices? Value n Percent&gz.
] 1 475 83.8
2 2 74 13.1
3 3 13 2.3
4 4 2 A
5 or more 5 3 5
Refused to answer n 6 -
Don't use aﬁy 10 27 ——
Total 600
Base for P’ercentages 567 100.0




Tabl
TALE 4

QUESTION 10b: LENGTH OF TIME AT THIS
OFFICE FOR CHECKING

Approximately how many years
have you used this particular

office for checking account Code

services? lWould you say . .. Value n Percentcza;L,
1 or less years ] 69 12.1 ‘
About 2 years 2 69 12.1
About 3 years 3 55 9.6
4 to 5 years 4 70 12.2
6 to 10 years 5 135 23.6
More than 10 year§ 6 174 30.4
Don't use checking 10 . 27 -

\— . Refused . 11-12 1 -
~ Total | 600
Based for(F%rcentages . . 572 100.0

Median: 5.9 years
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Table
THBLE 6
TYPES OF INSTITUTIONS USED

n Percentaq'r__v
.
Commercial /Bank [Only 336 56.0
o Savings and Yoan
tuckand /A’ﬁsociation fnly 6 1.0
?"ch'\ & 4
Dloa Credit Union Only 1 .2
Commercial Hank and S &L 108 18.0
~LConmercial /B’ank and fredit :
_Union 126 21.0
~.Commercial /B{mk, redit
Jnion and S & L : 14 2.3
None or N.A. g 1.5

600 100.0
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Table 1.
Some Important Dominance Models (See Note 1)

Individual Models (See Note 2)

Date Researcher(s) Comments

1927 Thurstone Led to the Probit model
1952 Bradley & Terry Led to the Logit model

1959 Luce Equivalent to Bradley &

Terry's model
1961 Restle Set theoretic adaptation
of Luce's model

1964 Coombs Probabilistic unfolding

Group Models

Date Researcher(s) Comments

1858 Carey "Social gravitation" model

1885 Ravenstein Migration model

1924 Young Migration model

1929 Riley "Retail gravitation" model

1940 Stouffer Spatial interaction model

1947 Stewart Sociall interaction model

©1962 Huff Market share, based on Luce's
axioms

1969 Hlavic & Little Similar to Huff's model

(972  Nakanishi Market share model
1970 Nakanishi & Cooper Multiplicative competitive

4 interaction model



