AVUIT GHOSH and C. SAMUEL CRAIG*

for New Services

Designing a network of service centers involves a tradeoff between the revenve
likely to be generated by providing a high level of service and the cost of operating
the service network. The authors develop a procedure for determining the location
and design strategies for new services using a modified maximal covering location-
allocation model. The network optimization procedure relies on direct assessment
of consumer sensitivity to distance and nondistance factors through conjoint analysis
and simultaneously determines the network size, location of outlets, price, and op-

An Approach to Determining Optimal Locations

erating characteristics.

Access to retail outlets is a critical factor in determin-
ing patronage. A good location strategy gives a firm stra-
tegic advantages that competitors may find difficult to
duplicate (Jain and Mahajan 1979). For new types of
services the location decision is even more critical, be-
cause it is through the location that services are made
available to potential users (Brown, Brown, and Craig
1981). In designing a network of new service outlets a
firm is forced to trade off the expected revenue with the
cost of providing the service. By locating more outlets
a firm increases accessibility and hence the overall level
of service it can provide. Service also can be improved
by increasing the attractiveness of the outlets. However,
increasing the attractiveness of the outlets or adding more
of them increases the cost of establishing and maintain-
ing the service network and may adversely affect profit
unless there is a sufficient increase in service utilization.

We present a procedure for determining the optimal
location and design of service networks. The approach
1s particularly suited for new services and for situations
in which there is no direct competition among service
outlets. In the most extreme case, consumers must pa-
tronize a particular service outlet in order to purchase
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the innovation. In the more general case there is no di-
rect competition among outlets of different firms. Though
there is often competition among providers of different
forms of a service, for many services there is no direct
competition among service outlets once the consumer has
chosen the preferred firm.

Consider, for example, networks of automatic teller
machines (ATMs) or health maintenance organizations
(HMOs). Banks compete aggressively for consumers.
However, once a customer opens an account with a par-
ticular bank, he or she uses its ATMs and not those of
its competitors. Therefore, a particular bank is primarily
interested in how well its ATM network serves the mar-
ket area with little regard to the location of competitors’
ATMs. HMOs compete with other forms of health care
providers, but once a consumer has enrolled in a partic-
ular HMO plan, competition is no longer relevant. The
location of centers is the important factor. Designing a
proper service network is critical because accessibility
to HMO locations and the quality of service are factors
that significantly influence the decision to enroll ini-
tially. Similarly, access to a bank’s ATM network has
been found to influence consumer choice of a bank (Rao
and Tibrewala 1985) and is a major element of com-
petition among retail banks.

In the next section we briefly review some of the ap-
proaches commonly used for retail siting. We then de-
scribe the basic structure of the maximal covering model
and develop the network optimization procedure. Fi-
nally, we present an example of the model’s application
along with a conjoint analysis procedure for determining
consumer sensitivity to distance and service offerings.
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DETERMINING OPTIMAL LOCATIONS FOR NEW SERVICES
APPROACHES TO LOCATION MODELING

Given the importance of good locational strategies,
several procedures for site selection have been proposed
in the literature (see Craig, Ghosh, and McLafferty 1984
for a review). The commonly used checklist and regres-
sion methods rely on developing a relationship between
the profitability of retail outlets and the characteristics
of their locations and trade area by studying the perfor-
mance of existing stores. Checklist procedures (e.g. Nel-
son 1958) are generally subjective; regression models use
a more formal statistical approach. Regression methods
have been used for assessing site profitability for a va-
riety of retail outlets (see, e.g., Cottrell 1973; Lord and
Lynds 1981; Olsen and Lord 1979). Though the sim-
plicity of the checklist and regression methods has led
to their popularity, they both predict future revenues on
the basis of past performance. This feature limits their
usefulness in estimating sales for new types of retail es-
tablishments.

Spatial interaction models use consumers’ relative utility
for different stores to estimate sales. Early versions of
these models relied primarily on distance and store size
to measure the utility of the store (Huff 1964). Market
share predictions were found to improve, however, when
additional variables such as store image were included
(Stanley and Sewall 1976). This finding led to the pop-
ulanity of the multiplicative competitive interactive (MCI)
model proposed by Nakamshi and Cooper (1974). The
MCI model has been used in several recent studies to
estimate store performance (e.g., Achabal, Gorr, and
Mahajan 1982; Ghosh and Craig 1983; Ghosh and
McLafferty 1982; Jain and Mahajan 1979). One advan-
tage of the MCI model is that it can incorporate a num-
ber of distance and nondistance factors in measuring store
utilities. Jain and Mahajan (1979), for example, in their
study of food retailing, used consumer evaluations of store
image, price, appearance, and service level as well as
objective measures of the number of checkout counters,
employee composition, location at an intersection, and
the availability of credit card services. Though these
models are valuable in studying pre-existing types of
stores, there are problems in using them to locate new
forms of retail outlets.

Spatial interaction models are calibrated by surveying
the past shopping pattern of a randomly selected sample
of individuals from the planning area. The importance
consumers give to distance and nondistance factors af-
fecting store choice is inferred from the survey data. The
reliance on past choices to reveal future preferences raises
problems in applying the findings to new forms of re-
tailing. First, the new service may represent such a sig-
nificant departure from past norms that no existing store
or stores can be used as a surrogate. Context dependency
is another problem. The composition of the choice set
over which spatial behavior is observed influences the
values of the parameters estimated by these models (Ea-
gle 1984; Fotheringham 1981; Ghosh 1984; Meyer and
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Eagle 1982). Consequently, results from one study area
cannot be expected to hold in other areas. This limitation
severely restricts the use of choice models calibrated from
one study region to design location strategies in another.
Another drawback of spatial interaction models is that
the total demand for the service is specified exoge-
nously. Location and outlet characteristics, it is as-
sumed, only affect the pattern of patronage to different
outlets. In designing new service networks, however, a
critical task is to assess the relationship between loca-
tional pattern and service utilization.

One way to overcome the problem of context depen-
dency and nonavailability of surrogate stores is to esti-
mate consumer preferences for different store character-
istics using simulated store choice or preference data and
conjoint or logit techniques. These techniques enable the
location analyst to assess consumer preferences for dif-
ferent attributes of the service outlet as well as sensitivity
to travel time (Burnett 1982; Louviere and Woodworth
1983; Parker and Srinivasan 1976; Recker and Schuler
1981). From this information it is possible to estimate
the size of the retail trade area at different locations and
examine the impact of changes in location and outlet de-
sign on the trade area.

NETWORK OPTIMIZATION MODEL

Once the relationship between locational configuration
and service utilization is established, the next step is to
develop a network optimization model that systemati-
cally finds the location pattern and design characteristics
that maximize the firm’s performance. The approach to
network optimization we present is based on an exten-
sion of the maximal covering model. Covering models
are well suited for designing service networks because
of their focus on accessibility. Though originally devel-
oped for siting emergency facilities such as ambulance
and fire stations (e.g., Church and ReVelle 1974; Eaton,
Church, and ReVelle 1977), they can be used to evaluate
any network of outlets when the objective is to trade off
the potential for utilization with the cost of providing the
service (Craig and Ghosh 1984; Zeller, Achabal, and
Brown 1980).

The basic objective of the maximal covering model is
to find the spatial pattern that maximizes the number of
potential users who are within a maximal travel time from
service outlets. Potential users who are within the stated
criteria are considered to be “covered.” The assumption
is that all potential users who are covered will actually
use the service. A potential user whose nearest service
outlet is beyond the stated travel time criterion is not
expected to patronize the service outlets. The focus
therefore is on defining a service level in terms of travel
time and finding a location pattern that maximizes the
proportion of total demand that is covered.

Though it is easy to implement, a major limitation of
the maximal covering model 1s its reliance on a single
accessibility criterion and the assumption that all poten-
tial users who are covered have an equal likelihood of
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using the service. To overcome this problem we extend
the basic covering model by considering the level of cov-
erage within a number of different travel time zones. The
greater the accessibility to the outlet, we argue, the higher
the probability of utilization. Further, whereas past ap-
plications of covering models have stressed geographic
accessibility only, we explicitly consider the tradeoff be-
tween distance and nondistance factors. Thus, patronage
is affected not only by travel time, but also by the level
of different service attributes offered at the outlet. The
effect of varying service attributes and travel times on
service utilization is estimated through conjoint analysis
Finally, we modify the traditional objective function to
evaluate potential locational configurations in terms of
expected profit rather than looking only at potential cov-
erage. This approach allows a direct assessment of the
cost and benefits of different network configurations.

To present our model we consider a planning region
consisting of a set of discrete demand nodes I. The level
of demand, that is, the number of potential users at any
node i, is D,. Let Q be the set of possible designs for
service centers and A the set of accessibility classes con-
sidered. Individual members of the sets Q and A are des-
ignated as g and a, respectively. The accessibility classes
are designated by defining upper and lower bounds for
travel time. A simple scheme, for example, might be to
consider travel times in intervals of 10 minutes and des-
ignate each 10-minute interval as a separate accessibility
class. We then define S, as the probability that a po-
tential user at i will utilize an outlet that has design ¢
and is in the a® accessibility class from i. The firm’s
objective is to choose, from the set of feasible locations
J, the sites that maximize the level of utilization. If the
firm wishes to locate “p” outlets, the design and loca-
tional configuration of the outlets maximizing the level
of total utilization can be found by solving the following
combinatorial problem.
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where:
N.={j € Jld, ; 18 in accessibulity class a}

As m all covering models, the objective of problem 1
is to maximize consumer accessibility to the network of
centers. In this case, however, a weighting system is in-
corporated in the objective function to reflect the relation
between accessibility and outlet design and the expected
level of utilization. The variable X, is a zero-one deci-
sion variable that takes a value of one if there is an outlet
at j with design g and zero otherwise. A critical com-
ponent of the model is the N,, variables, which are a set
of vectors defined for each demand zone i. The vector
N,,, for example, will include the index of all outlets that
are in the first accessibility class from node i. These in
turn determine the value of the coverage variable ) O
through constraint 1.2. For example, Y, 1s zero if the
set N,; is empty, that is, if there are no outlets within
the first accessibility class of node i. If there are one or
more outlets in that accessibility class, that is N, is non-
empty, Y, attains a value of one. Note that in the ob-
jective function, this variable defines for each demand
node i the particular likelihood value to be used in cal-
culating expected utilization.

Constraint 1.3 ensures that when there is more than
one outlet, only the outlet most likely to be used by the
consumer is considered; thus double counting 1n the ob-
Jective function is avoided. The constraint allows only
one of the coverage variables for each node to be equal
to one at the same time. As the objective 1s to maximize
expected utilization, only the Y, corresponding to the
highest S, 1s allowed to equal one. The implicit as-
sumption is that potential users would visit only one out-
let. Constraint 1 4 rules out the possibility that the same
outlet 1s assigned more than one design and 1.5 limits
the number of centers to “p.”

Problem 1 presents the basic structure of our model.
There are, however, several important considerations in
applying the model. First, of course, is the estimation of
the utilization function S,,,. It can be based on subjective
Judgments of management or, preferably, developed
through consumer surveys or structured choice tasks. A
second issue is determining the optimal number of out-
lets to open. As currently formulated, the number of ser-
vice centers p is exogenously specified. An important
aspect of determining locational strategies, however, is
to determine the optimal size of the network. To deter-
mine this size the model can be solved with different
values of p and the tradeoff between utilization and in-
vestments plotted graphically. A more direct approach
1s to calculate the expected profit of each network and
to choose the one that maximizes profitability (Achabal,
Gorr, and Mahajan 1982; Ghosh and Craig 1983) This
approach requires estimating the cost of establishing and
operating service outlets and the revenues resulting from
different levels of the service utilization. These exten-
sions of the model and an example of its application are
described in the next section.




DETERMINING OPTIMAL LOCATIONS FOR NEW SERVICES

MODEL APPLICATION

The situation chosen to illustrate the model’s appli-
cation involves designing a network of service centers
for repair and maintenance of microcomputers. These
“carry-in” service centers are to be operated by a major
computer manufacturer.' Previously the company had
offered only “on-site” repair service for mainframe and
minicomputers. Because of the comparatively high cost
of on-site service, the company believed carry-in centers
would be a better way of offering repair service to own-
ers of microcomputers. The primary target of these re-
pair centers is small business owners of microcomputers.
Large businesses, the company believed, are likely to
continue their preference for on-site maintenance. The
illustration is divided into two parts. First, we discuss
the procedure for assessing the relationship between ser-
vice attributes and travel times and the rate of utilization.
We then describe an application of the network opti-
mization model.

Assessing the Rate of Utilization

A preliminary step in assessing the rate of utilization
is to 1dentify the service attributes that affect consumer
propensity to use the service centers. Personal interviews
with present and potential users of microcomputers (among
small business owners) and knowledgeable company of-
ficials helped in identifying four important attributes of
repair centers: (1) travel time, (2) hours of operation, (3)
speed of service (turnaround time), and (4) annual fee
for a service contract. Each of these factors directly
translates to implementable design attributes and is “ac-
tionable™ by the company (Shocker and Srinivasan 1974).

The range of possible values for each of these attri-
butes also was ascertained from interviews with potential
users and company officials. Company officials main-
tained, for example, that the fee for annual service could
not be less than $400. Potential users stated that a fee
greater than $700 would severely limit utilization. Sim-
ilarly, small business owners indicated that they would
be unlikely to use the service if one-way travel time ex-
ceeded 40 minutes. On the basis of the interviews, four
possible levels were identified for each service attribute.

—Travel time: <10 mun., 10-20 min., 21-30 min., 31-40
min

—Hours of operation: 9-5 M-F, 9-8 M-F, 9-5 M-Sat ,
9-8 M-Sat.

—Speed of service: <20 min., 2 hr., 24 hr., 48 hr.

—Fee for annual service contract: $700, $600, $500, $400.

Once the relevant service attributes and the possible
levels of these attributes are identified, consumer sen-
sitivity to these attributes can be ascertained through
conjoint or logit techniques. These methods have been

"The firm, one of the large computer manufacturers, wishes to re-
main anonymous
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used widely in marketing to estimate the effect of prod-
uct characteristics on brand preference and choice.’
However, relatively few applications to retail settings have
been reported (Burnett 1982; Louviere and Woodworth
1983; Parker and Srinivasan 1976; Recker and Schuler
1981). To measure the impact of the service attributes
and accessibility on the utilization of service centers, a
conjoint task was designed. In general, we assume that
if there are S service attributes, an attribute s can take
M, possible values, and there are A accessibility classes,
the likelihood that an individual will utilize a center at
jis

S M;
2) Suma = 2y O BnZom + 2, YoV o
s=1 m=1 a€A

where Z,, is one if the outlet at J has the m™ level of
attribute s and V,, is one if the travel time between i and
j 15 in the a™ accessibility class. Both variables take the
value of zero otherwise. The B parameters measure the
marginal change in utilization resulting from a change
in the design and vy defines the impact of changes in travel
time Note that because there are a finite number of dis-
crete levels for each attribute, the set of all possible de-
signs can be generated by permutation. This is the set
in problem 1. Equation 2 therefore can be written as

3 Sue= 2 BeZ gt 2, VoV
qEQ a€A

To estimate equation 3 empirically, a set of hypo-
thetical service configurations was created according to
a full-profile factorial design. Respondents were asked
to evaluate the likelihood of using the service on a scale
from zero to 100. Evaluations of the profiles were ob-
tained from 458 small business owners in the planning
area through a mail survey. The responses to the profiles
can be analyzed at different levels of aggregation (Cur-
rim 1981) ranging from analyzing responses from each
respondent separately (Parker and Srinivasan 1976) to
aggregating all responses to parameterize once for the
entire sample (Burnett 1982; Eagle 1984; Louviere and
Woodworth 1983). An intermediate approach is to seg-
ment the respondents on the basis of situational factors
(Belk 1975; Wind 1978) and to calibrate the utihization
function separately for each segment (Currim 1981). Be-
cause investigations during the pretest phase of the study
had indicated that utilization rates may vary according
to the population density of the area, a segmentation ap-
proach is used here. The responses first were divided
into two segments based on the area’s population density
where the business was located and separate utilization
functions were calibrated for each segment.’ The reli-

?For a detailed discussion on the use of conjoint procedures 1n mar-
keting, see Green and Srimivasan (1978)

3Several other segmentation critenia were apphed. However, none
resulted 1n significant differences among groups
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ability of these utilization functions was checked by split-
half procedure. Respondents in each segment were spht
randomly into two groups and partworths were com-
puted for each group. For both segments the estimated
parameters for the two groups were not significantly dif-
ferent from each other.

Of the four attributes, consumers were most sensitive
to operating hours, followed by travel time and cost of
service. The speed of service had relatively little impact
on utilization. For both segments, increasing the oper-
ating hours increased the likelihood of utilization. In ad-
dition, for respondents from the low density area, Sat-
urday operations increased the probability of use. Another
major difference between the two segments was the sen-
sitivity to travel time. As might be expected, respon-
dents from the more densely populated areas were more
sensitive to travel time than their counterparts from less
densely populated areas. Also, respondents from the low
density segment, in general, indicated a higher likeli-
hood of using the service. The probability that a small
business owner in the low population density segment
would use a service center that is open 9-5 M-F, re-
quires travel time of less than 10 minutes, has a turn-
around time of 20 minutes, and charges $400 for a one-
year service contract is .616. The probability that a small
business owner in the high population density segment
would use a similarly configured service center is .503.

Estimating Potential Demand

To implement the optimization procedure, a geo-coded
data base was created by using the spatial coordinates of
the 164 towns and cities in the planning region. Each
location was assigned to one of two segments depending
on the level of population. On the basis of land avail-
ability and infrastructural development, 124 of the towns
were designated as feasible sites for opening service cen-
ters. The travel time from each demand node to these
potential sites was determined with the help of detailed
road maps and assessment of traffic speeds on different
categories of roads.

To estimate demand, information on the number of
small businesses and employment in small businesses was
gathered from census publications and other secondary
sources. Information on the present and expected level
of computer ownership was gathered through a mail
questionnaire. In addition, the firm’s share of microcom-
puter sales in the area was estumated by company offi-
cials. Because the service 1s new, only a fraction of the
total potential can be realized in the initial phases of the
project. With time, however, this fraction 1s expected to
increase. Though several different growth functions were
used, the results reported here are based on an expo-
nential function. The potential demand at time t, D, 1s
calculated as D,(1 — ™).

Calculating Profitability of Networks

To evaluate the profitability of different networks, the
profit consequences of different strategies must be cal-

JOURNAL OF MARKETING RESEARCH, NOVEMBER 1986

culated. The revenue and cost associated with different
networks depend, 1n addition to the location pattern, on
the design of the service outlets The annual fee for a
service contract affects the utilization rate—the lower
the fee, the greater the utilization. Lower fees, of course,
reduce the profit per contract. Similarly, though quicker
turnaround time and longer operating hours increase uti-
lization, they raise the cost of providing service The
best design therefore must be chosen carefully by eval-
uating the tradeoff between cost and revenue associated
with different strategies.

In general, three types of cost must be considered. One
type is annual operating cost representing cost of man-
power as well as the cost of equipment and working cap-
ital. The second is annual rent or site cost. Both of these
types of cost are affected by service design. In general,
the higher the level of service, the greater the cost of
providing it. We refer to the sum of these costs as the
fixed cost of operating an outlet.* The third type of cost
1s the variable cost of servicing each customer. It de-
pends on the expected failure rates and the cost of re-
placement parts. Such information can be obtained from
engineering estimates of product reliability and mean times
to failures.

The profitability of a network over a planning horizon
of T years now can be written as

@ > [Z [(E > D,,S,,,aY,an,,) - qu,J] / (1 +ry

€T Ljes 1€1 gEQ acA

where U, 1s the contribution earned from a service con-
tract in an outlet with service design ¢, F La 15 the fixed
cost of an outlet with design g at site j, and r is the
discount rate used by the firm. This equation 1s used in
the objective function of the covering model, replacing
the more general formulation presented before. Note that
for clarity of presentation the subscript for segments is
not shown 1n equation 4.

In applying the covering model a number of param-
eters must be estimated. In addition to information on
travel times and demand, values must be specified for
U, Figo N, r, and T. For the purpose of our illustration
we assume a planning horizon of 10 years and a discount
rate (r) of 20%. The annual site cost for an outlet is
estimated to be $250,000. The cost of operation varies
with the design and 1s based on estimated manpower re-
quirements. The annual cost of operating an outlet that
1s open 9-5 M-F and provides 24-hour turnaround time,
for example, 1s $117,000. Longer operating hours and
faster turnaround time increase manpower requirements
and hence operating costs. Finally, an exponent of 5
was used to estimate the growth of potential with time

*For clarity of presentation, we assume that these costs are spatially
invariant Site costs tend to show spatial vanation, but the size of the
center and 1ts layout often are adjusted to keep rents relatively con-
stant across outlets
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Because of the excessive computer time required to
solve large combinatorial problems with exact algo-
nthms, a vertex substitution algorithm fashioned after
that of Teitz and Bart (1968) was used to solve the cov-
ering problem. Note, however, that in contrast to other
locational algorithms, this one searches in both geo-
graphic and attribute space to determine good locational
and design characteristics simultaneously. Though heu-
ristic algorithms do not guarantee global optimality, past
experience has shown locational algorithms based on
vertex substitution to be successful in finding a near-op-
timal if not the optimal solution (Achabal, Gorr, and
Mahajan 1982). To reduce the possibility of local op-
tima, each problem was solved with three different start-
ing configurations.

Results

The results of applying the model in the planning area
are reported in Table 1. The table shows the percentage
of small businesses covered by networks with different
numbers of service outlets. To be covered, a small busi-
ness must be less than 40 minutes away from at least
one service center. As might be expected, coverage in-
creases as more outlets are added. However, the mar-
ginal coverage provided by new outlets diminishes rap-
1dly. Beyond six outlets, each additional outlet adds less
than 2% to total coverage.’

An essential element of location strategy is the deci-
sion on the number of outlets to open in a market area.
In many locational models this decision is made exog-
enously. In the approach we use, however, the optimal
number of outlets can be determined directly from the
results of the analyses. The decision on network size must
be based on comparing the cost of establishing and op-
erating an additional outlet with the expected gain in rev-
enue from increased coverage. Table 1 shows the profit
consequences of different levels of coverage achieved by
alternative network configurations. When only one cen-
ter is opened the expected net present value (NPV) is
$2,657,500. The addition of a second outlet increases
the NPV of the network by $1,701,100 to a total of
$4,358,600. As more outlets are opened, however, the
marginal profit decreases because the marginal coverage
provided by new outlets becomes progressively smaller.
The NPV of a five-center network, for example, is
$5,537,100, which is only $26,900 more than the ex-
pected NPV of the four-center network. The NPV de-
creases when more than five centers are opened. The
marginal NPV of a six-center network is a loss of
$245,700. Thus, though the expected NPV of a six-cen-
ter network is substantial, the return on the incremental
investment for the sixth center itself is not adequate. On
the criterion of return on the marginal investment, only
five centers should be opened in the region.

>Though not shown 1n Table 1, 16 centers are required to provide
100% coverage
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Table 1
COVERAGE AND PROFITABILITY OF
DIFFERENT NETWORKS

Percentage
Number  of small Marginal net
of businesses Marginal  Net present  present value
centers covered coverage value ($ 000s) ($ 000s)
1 29.7 29.7 2657 5 2657 5
2 49 6 199 4358.6 1701 1
3 65.1 155 5228.6 869.9
4 75 4 103 5510.2 2816
5 84 7 93 5537.1 269
6 91.5 68 5291 4 —2457
7 93 4 1.9 43122 -979.2
8 951 17 332211 —-990 1
9 96 6 15 2295.0 -1027 1
10 97 8 12 1242 0 -1053 0
11 98 7 09 183.2 —1058.8
12 995 08 —1073 1 —1256 3

The expected profit and therefore the decision on the
optimal network size depend on the values of the param-
eters in the model. A longer time horizon or a lower
discount rate, for example, would increase the level of
expected profit. Reducing the discount rate to 12% in-
creases the marginal NPV of the sixth center and makes
a six-center network attractive to operate. Increasing the
planning horizon to 15 years also changes the optimal
size of the network to six outlets. These parameters
therefore should be chosen with care and should be con-
sistent with the figures used in other capital budgeting
decisions of the firm (Achabal, Gorr, and Mahajan 1982).
Outlet profitability also depends on cost of operations.
A reduction in the cost of operating the outlets allows
the establishment of larger networks.

The profit associated with different networks is con-
tingent on following the best locational plan and service
design strategy chosen by the algorithm. The best sites
for the five-center network are shown 1n Figure 1. The
expected profit of $5,537,100 can be realized only if these
sites are chosen. A change in the locational plan would
also change the profitability of the network. Decisions
about the number of outlets and their locations are in-
terrelated and cannot be made separately. Table 2 shows
the performance of each outlet in the five-center network
in terms of coverage, expected number of annual service
contracts, and profit. The outlet at site 161, for example,
is expected to serve only 780 contracts whereas the one
at site 74 is expected to serve nearly twice as many.
Such information 1s important in planning workload dis-
tribution and manpower, equipment, and working capital
requirements. The outlet at site 74 provides the maxi-
mum coverage and accounts for 31.2% of the total profit
accruing to the system. The outlet at site 161, in con-
trast, accounts for only 4.4% of the total profit. Outlets
at the other sites contribute approximately 20 to 25% of
the profit.

It is interesting to compare the performance of indi-
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Figure 1
THE FIVE-CENTER NETWORK: LOCATIONS
AND SERVICE AREAS
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vidual outlets in the five-center network with that of the
ones in the six-center network (Table 2). The two net-
works have four sites in common (sites 5, 74, 147, and
161). The center at site 29 in the five-center network is
replaced by outlets at sites 30 and 48 in the six-center
one. The combined profit of the two new centers is $4200
more than that of the outlet at site 29 (Table 2). The
total profit of the six-center network, however, is
$245,700 less than that of the five-center network. In
addition to increasing fixed cost, the new outlets at sites
30 and 48 draw many of their customers from the service
area of the center at site 147. The expected number of
annual contracts at site 147 decreases by more than 10%
with the establishment of these two centers. Conse-

Table 2
COVERAGE, WORKLOAD, AND PROFITABILITY OF
INDIVIDUAL CENTERS

Number Expected
of small number Expected Percentage
Center  businesses  of service net present of total
location  covered contracts  value ($ 000s) profit
Five-center network
5 13,711 1221 1106 1 200
29 13,424 1206 1076 4 19 4
74 18,681 1537 1726 2 312
147 16,907 1364 1387.0 250
161 9,106 780 241 4 44
Six-center network
5 13,711 1221 1106 1 209
30 12,123 1085 840 0 159
48 8,709 779 240.6 45
74 18,681 1537 1726 2 32.6
147 15,312 1237 1137 1 215
161 9,106 780 241 4 4.6
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quently, the NPV of this outlet reduces from $1,387,000
n the five-center network to about $1,137,100 in the
six-center one—a reduction of about 18% Thus, as more
outlets are added to the network, much of the profit-
ability of the new outlets results from the cannibalization
of sales from existing ones. Though the new outlets are
profitable when viewed 1ndependently, they reduce the
earnings of the existing ones and the profitability of the
total system. It 1s important, therefore, to evaluate the
effect of an outlet by considering the entire network of
centers rather than individual outlets separately.

Figure 1 shows the locations of the 164 towns in the
planning region, the sites of the five centers, and the
service area of each outlet. Knowledge of the towns cov-
ered within the trade area of each outlet is 1mportant to
managers of the service system for developing promo-
tion and sales strategies. The square symbols in the fig-
ure represent demand areas that are not covered by any
of the five outlets. They are mainly in the southeast and
northwest corners of the planning area where demand is
low. In addition, a few unserved demand points lie in
the interstices of the trade areas of the outlets. These
uncovered points represent lost potential, but the cost of
providing service to these places far outweighs the ex-
pected revenue.

As noted before, the algonthm provides not only good
locations, but also the best design. For the five-center
network, the optimal design is a turnaround time of 24
hours, opération 9-5 Monday to Saturday, and an an-
nual fee of $700. The effect of changes in design on
profitability is shown in Table 3. From the user’s per-
spective the system is most attractive when the annual
fee is $400, turnaround time is 20 minutes, and the cen-
ters are open 9-8 Monday through Saturday. This design
would increase utilization and the expected number of
contracts to 6864—a 12% increase over the optimal de-
sign. The profitability of the network would decline,
however Patronage increases with lower fees, but the
increase is not enough to compensate for the lower con-
tribution per contract. In addition, faster service and longer
operating hours increase the cost of operating the sys-
tem. Thus, though this is an attractive design, the lower
revenue and higher cost make it less profitable than the
best design chosen by the algorithm. Similarly, though
the operating cost could be decreased by longer turn-
around time and shorter operating hours, utilization and
profitability would be adversely affected. The design
chosen by the model reflects the best tradeoff between
cost and revenue and maximizes systemwide profitabil-

ity.
Model Extensions

The basic approach presented here can be extended 1n
a number of ways. For example, our illustration involves
locating all new outlets, but the model also can be used
to relocate existing service centers or to add new outlets
to an existing network. In the former case, relocation
strategies can be found by comparing the optimal solu-




DETERMINING OPTIMAL LOCATIONS FOR NEW SERVICES

361

Table 3
IMPACT OF CHANGE IN DESIGN ON PROFITABILITY FOR FIVE-CENTER NETWORK
Annual Expected Annual Net
Sfee Turnaround Operating number of fixed cost present value
($) time hours contracts ($ 000s) ($ 000s)
700 48 hr 9-5 M-F 4524 825 3529
700 48 hr. 9-8 M-F 5404 950 5252
700 24 hr 9-5 M-F 4960 922 3971
700 24 hr. 9-5 M-S 6107 1088 5537
700 24 hr 9-8 M-S 6437 1280 5367
600 24 hr 9-5 M-S 6405 1085 4088
500 24 hr 9-5 M-S 6499 1085 2182
400 48 hr. 9-5 M-F 4917 825 —382
400 <20 min. 9-8 M-S 6864 1700 -2089

tion with the existing configuration. To determine an ex-
pansion strategy, existing outlets can be forced into the
solution by constraining the decision variables (X,,) cor-
responding to the existing outlets to one. A similar pro-
cedure can be followed to locate some outlets at “pres-
tige” sites. The model then determines the location of
the remaining outlets given these fixed sites.

The location of competitive outlets also can be con-
sidered m the proposed framework. However, a rule must
be specified to determine the allocation of potential when
consumers are covered by outlets belonging to more than
one firm. A simple rule might be to allocate consumers
to the outlet they are most likely to use. Alternatively,
a probabilistic allocation rule based on the service of-
ferings and accessibility of different outlets can be used.
In either case, information on service offerings and lo-
cations of competitive outlets must be obtained.

CONCLUSION

We present a method for jointly developing a loca-
tional strategy and service design characteristics for a
network of new service outlets. The procedure is com-
prehensive in that it encompasses, within a single de-
cision-making framework, questions about network size,
locations of centers, pricing, and operating characteris-
tics. In making these decisions, the procedure takes mnto
consideration the spatial variation in potential demand
and the variation in expected utilization among different
segments of potential customers. Because these are im-
portant components of marketing strategy for retail ser-
vices, the procedure we present should prove useful to
retail firms. The basic procedure can be modified to in-
corporate different and more service design elements as
well as to consider more than two segments and use pa-
rameters other than those in our illustration.

We also demonstrate a method for assessing consumer
sensitivity to service characteristics and travel time and
the manner 1n which consumers trade off distance for
nondistance factors. This procedure allows an estimation
of expected demand as a function of accessibility and
design characteristics. Thus, the method 1s well suited
for new services in that it does not rely on analysis of

past choice behavior. The reliance of many retail loca-
tion models on revealed preference data severely limits
their usefulness when a new distribution system is being
established.
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