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Abstract

This dissertation consists of two essays on retail pricing strategies, each of
which is described below.

The first essay, "Signalling and Commitment Using Retail Prices," investigates
how a store can signal the prices of its unadvertised products using its advertised
prices. A model of a two product retail market is presented in which stores advertise
the price of one product and customers do not know the price of the other product
before selecting which store to visit. In a model with complete information, only the
commitment function is possible and stores with different marginal costs charge
different prices for each product. When customers do not know each store’s marginal
cost type, an opportunity arises for each store to signal its cost type using its
advertised prices. In such a model, additional equilibria exist. In particular, stores with
different costs may charge the same advertised price while continuing to charge
different prices for the unadvertised product. Data from competing drycleaning stores
support the model predictions. A number of additional properties of the equilibria are
discussed and possible extensions to the model are proposed.

The second essay, "Attracting Customers Using Efficient Discounting
Strategies,"” addresses the discounting decisions faced by a retail store. When should
a store offer discounts? How many products should be discounted? Which products
should be discounted? How deep should the discounts be? This essay argues that



stores discount in order to attract switching customers. However, when discounting,
the stores earns less profit from their loyal customers. Therefore, stores only discount
it the profit earned from the switching customers exceeds the profit lost from the loyal
customers. In deciding how many products to discount and which products to
discount, stores determine how to offer utility to the switching customers while
sacsificing the least profit from their loyal customers. When there are few loyal
customers, so that the rnarket exists predominantly of switching customers, the
optimal strategy is to discount all products. If a substantial loyal segment is
introduced, we find that discounting a narrow product range is most likely when the
store has a clear preference for which products it would rather discount. As the store
becomes more indifferent as to which preduct it would prefer to discount, the
probability that it will discount a larger number of products increases. The findings
also help to characterize which stores will discount, which products will be discounted
and how deep the discounts will be.
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Chapter 1

Signalling and Commitment Using Retail Prices




Introduction

A typical supermarket stocks approximately 15,000 products but
advertises fewer than 100 of these products and prices.' Because customers
know that stores must chiarge the advertised prices, advertising influences store
choice by setting price expectations for the advertised products. Store choice
may be further influenced if the advertised prices allow customers to form
reliable inferences about the prices of the unadvertised products. There is
widespread belief in both the industry? and the literature® that customers do
use advertised prices to form expectations about the prices of other products.
However, there is no theory explaining how this can occur. What prevents high
priced stores from advertising the same prices as low priced stores, thus

making it impossible for customers to form a meaningful inference?

This paper offers an explanation as to how and when stores can use their
advertised prices to influence customers’ price expectations for other products
in the store. The underlying rationale is that stores can only afford to advertise
low prices if the stores are relatively efficient. When these efficiencies affect
many products in the store’s product range,* then customers will find that the

efficient stores also charge lower unadvertised prices.

'To advertise more would incur unsustainable advertising costs and/or diminish the
effectiveness of the advertising.

2This paper was motivated by discussions with executives of several supermarket
chains.

3See Markin (1971 p468); Parsons and Price (1973 p127); Nagle (1987 p184);
Feichtinger, Luhmer and Sorger (1988 p188); and Borenstein (1991 p357).

“Consider for example purchasing power or distribution efficiencies.
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Feichtinger et al (1988) investigate the interaction of pricing and
advertising strategies when different products have different influences on
customers’ overall price expectations for a store. The authors show that if
lower prices are needed to enhance price expectations then price promotions
should be accompanied by a relatively low level of advertising. Customers do
not ignore their previous experience when interpreting the advertising. Rather,
high price expectations reduce the impact of advertising so that low advertised
prices are a more credible signal when price expectations are faverable. While
these results are intuitively sound, they come about because price expectations
are updated gradually, which may occur in a single product market. The results

do not depend on only some prices having an impact on store selection.

The commitment role of advertising (fixing customers’ price expectations
for the advertised products) has been used to explain loss leader behavior and
has received extensive attention in the literature. Empirical studies can be
found in Walters (1988) and Walters and MacKenzie (1988), both of which
report that some, but not all, loss leaders increase store profit by stimulating
store traffic. Theoretical contributions have been made by Gerstner and Hess
{(1990), Hess and Gerstner (1987) and Lal and Matutes (1992). Gerstner and
Hess (1990) discuss bait and switch pricing, in which retailers advertise low
priced understocked brands and convince customers to purchase higher priced
substitutes. Hess and Gerstner (1987) illustrate increased sales of
complements, while Lal and Matutes (1992) portray additional sales of goods

with independent demands.

The latter paper analyzes the pricing and advertising strategies of two
firms when store choice relies on advertised prices and expectations of the
unadvertised prices. In equilibrium both firms advertise the same good and

commit themselves to offering a positive surplus to customers purchasing that

8



product, while setting high prices for the unadvertised good. This result relies
on an assumption of symmetry across goods and firms and is limited to the
case where custcmer expectations about unadvertised prices are the same for
all goods and firms. Customers have no need to update their expectations
about unadvertised prices after seeing the advertised prices, as they recognize
that it is optimal for stores to set the unadvertised prices at their customers’

common reservation levels.

All of these theoretical contributions either assume perfect information
or define customers’ price expectations exogenously. Consequently, the
literature lacks a formal investigation of the role that advertising plays in
signalling the prices of unadvertised products. The model presented in this
paper will investigate both commitment and price signalling effects. It will be
shown that the unique pure strategy equilibrium in a complete information
commitment model only exists in a portion of the parameter space in a more
general incomplete information model. Price signalling results in the existence
of two additional pure strategy equilibria and provides a further explanation for

loss leader behavior.

The model requires that the price of one product is known by customers
before they make their store selection decisions. Price knowledge may be
gained without advertising exposure from previous experience or word of
mouth. The term salient will be used to describe prices which are known by
customers before they visit a store. Prices which are only learned upon arrival

at a store will be described as non-salient.

A formal model of a retail market is presented in Section 1 and a
complete information commitment model is analyzed in Section 2. The
additional impact of price signalling is investigated in Section 3, and testable

properties of the various equilibria are reviewed in section 4. Section 5

9



describes an empirical test of some of the model predictions and the paper

concludes with a summary of the findings and a discussion of opportunities for

further research.

10



I. A Model of a Retail Market

A model of a multiproduct market incorporating imperfect information,
demand and supply sided heterogeneities is constructed. An economic
representation of this market will demonstrate the influence that price has upon
customer store selection, customer purchase quantities, marginal revenue and
competitors’ price responses. By reconciling these conflicting incentives
equilibrium pricing strategies will be defined.

Consider two stores competing for heterogenous customers. The stores
are differentiated and the customers are heterogenous on the same dimension,
so that (with no additional information) different customers a priori prefer
different stores. The differentiation and heterogeneity may reflect either
location or consumer preferences. For example, consumers may place different
levels of importance on different store attributes, such as product availability,
cleanliness, and length of queues, while stores may vary in these attributes.
For ease of exposition, it will be assumed that location is the basis of customer
heterogeneity and store differentiation. Let the stores be located at the two
ends of a linear city [0, 1] with a unit mass of customers distributed between
them. Assume that the distribution of customers between the two stores is

uniform.

The stores sell two products labelled a and . The stores advertise the
price of product a.° Without loss of generality the advertising cost for each

store is set to zero. Customers use the advertised price of good a to predict

$The exogeneity of the decision to advertise is justified if advertising is necessary
for a store to be included in customers’ consideration sets. Furthermore, when
advertising is costless, both stores will prefer to advertise a price strictly less than their
monopoly prices if advertising beneath the monopoly price will attract market share
away from the competition.

1



the price of good b and then choose which store they will visit. They incur a
constant marginal travelling cost equal to t. Assume that t is sufficiently high

to ensure that customers visit only one store.

The products are homogenous between stores; thus the utility that
customers enjoy when consuming a product does not depend on where the
product was purchased. Within store demand for each product is independent
but differs between the products. Customers face decreasing marginal utility
for product b, resulting in downward sloping demand. Customers have unit
demand for product a subject to a reservation price.* The store profit and

customer utility functions are defined as:

v, = W[altol-ch+alipl-c]

U/ = qlve-pd+altv, - al-ph-t11-)]

where:

m = the profit earned by a store located at/, j € {0,1};

u! = the utility derived by a customer located at / who shops
at store j, / € [0,1];

N, = the number of customers who shop at store j;

Pop = the price charged for product a (b) by store j;

Qo = the quantity of product a (b) purchased from store j by
each customer;

Coy = the cost of each unit of product a (b) to store j;

Ve = the customers’ value parameter for product a (b);

i = the location of customer /; and

J = the location of store j.

*Unit demand functions are common in the marketing and economics literature.
Recent examples in the literature include: Narasimhan (1988), Lal and Matutes (1989),
Gerstner and Hess (1990), Klemperer (1992) and Lattin and Ortmeyer (1991). The use
of a unit demand in this instance greatly simplifies the analysis. See, however, note
9 below.
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Unit demand for product a requires that for each customer: g, equals one

if v, > p,, and equals zero otherwise.

The stores may be of a high or a low cost type. The marginal costs for each
good are perfectly correlated, so a low cost store enjoys cost efficiencies over
a high cost store when selling both product a and product b. The correlation

between marginal product costs is reflected by:

C e {C C});
C = (cC)
C = (c,.C);

C.>¢c, and C,>¢cy

The market begins with the stores simultaneously setting prices for both
goods and advertising the price of good a. Customers observe the advertised
prices and select a store to visit. On arrival at the chosen store they observe
the posted price of good b and decide on purchase quantities for each product.
In accordance with FTC regulations, stores cannot change the price of product

a after it has been advertised and must charge all customers the same prices.

Sequence
of actions
0 1 2 3 4
L | { [ |
f T { T 1
Storas set Customers Customers select Customer visit Customers
p. and p, observe p, a store to visit the store and select purchase

ocbserve p, quantities
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II. Commitment

It is clear that retaiiers enjoy a limited local monopoly over ustcmers once
they have arrived at the store (Bliss, 1988; and Gerstner and Hess, 1990). The
extent of this monopoly is determined by the location of competing stores and
by any adaitional switching costs. Stores may attract customers and earn
monopoly profits from the sale of unadvertised products by committing
themselves to charging low prices for a sampie of advertised products. In order
to investigate the role of commitment, it is initially assumed that customers
know each store’s cost type before they decide where to shop. Attention will
be focused on the more interesting market in which one store faces high

marginal cost and the competing store is a low cost type.

Heterogeneities between customers influence their store selection but do
not affect their product selections. On arrival at a store, all customers behave
in the same manner. If v, > p, they will each select one unit of product a. For
simplicity, it will be assumed that v, > ¢,,” and that all customers prefer to
participate in the market, rather than choosing not to shop at all. Decreasing
marginal utility for product b results in downward sloping individual customer
demand for that product:

v -
a b2pb

.

Customers do not know the price of product b when they make their store
selection decision. Therefore N is independent of p,, and stores are concerned
only with maximizing their in-store monopoly profits when setting the price of

product b. The resulting first order condition is:

"If v, < c, then the market for product b is not viable and no sales will take place.

14



aq,
__=(p -C)—+q =0
o, Pt

substituting for g,:

Yo%

As expected, the price of product b increases with c,; g, together with

both store profit and customer utility decrease with c,:®

A
|

= N|p, - c¢+%(vb_cb)2

c
'

1
= Va-Pur e (om0 - 111

A decrease in the price of product a affects store profit in two ways. The
revenue received from each customer’s unit purchase of product a decreases
(the marginal revenue effect),® and more customers visit the store because the

store has committed itself to charging less for product a (the commitment

*Unnecessary notation is discarded to ease interpretation.

°|f a downward sloping demand replaces the unit demand for product a, a decrease
in the price of product a will have the additional consequence of increasing the
quantity of product a purchased by each customer. However, total expenditure by
each customer will still decrease as long as marginal revenue is greater than zero. In
the region of an optimal price, marginal revenue will always exceed zero as the
marginal gain from customers switching to the store is always positive (axcept in a
degenerate case where one of the stores has zero market share), and at an optimum
price these two marginal effects are equal. Therefore, introduction of a downward
sloping demand for product a gives an analogous result.
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effect).’  These observations allow the prediction of an optimal price

relationship.

Finding 1:
Low cost stores will set & lower price for product a, p, > p,.'"' and earn

greater profits than high cost stores, m,(.) > n{.) for all p,.

In Figure 1, m,(.) represents the profit earned by a low cost store as the
advertised price varies, while ,(.) represents the profit earned by a high cost
store. The prices p, and p, are the prices at which the profit functions m(.) and

n,l.) (respectively) are maximized.

The intuition for this Finding'? is that low cost stores are more willing to
reduce the price of product a in order to attract customers because low cost
stores earn more profit from each customer. Recall that the optimal price for
high cost stores is found at the point where the marginal revenue effect of a
price change equals the commitment effect. At this price, a fow cost store
earns more profit from each customer’s purchases of each product, which
increases the size of the commitment effect.'> The low cost store also
attracts more customers which increases the magnitude of the marginal
revenue effect (see note 14), however, given the linear demand for product b,

the increase in the commitment effect outweighs the change in the marginal

"?A price increase results in the same marginal effects operating in opposite
directions.

"'"Defined with respect to Figure 1.
2A formal proof is available from the author.

'3Each customer contributes more profit so the effect of each customer switching
to or from the store is increased. This characterizes the behavior of the second

derivatives.
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Figure 1

Stors 'y
Utility

()

o)

o
s>

Price of Product a

revenue effect. It is possible to create demand functions for product b under

which p, < p,, but only if customer utility for product b is very price sensitive.

When the price of product a is reduced, the size of the marginal revenue
effect increases'* and the size of the commitment effect decreases (lower
profit from each customer). At the optimum low cost p,, the marginal revenue
effect again equals the commitment effect. Low cost stores earn greater
profits than high cost stores when they charge the same price for product a

because at all prices (including the high cost firm’s optimal price) they attract

“More customers visit the store so the effect of a change in the revenue received
from each customer’s unit purchase of product a is increased.
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additional customers and they face lower marginal costs.

The unique pure strategy optimal price for each stere can be found by

defining each store’s market share as a function of the relative prices, deriving

the first order conditions and equating the resulting reaction functions (see

Appendix 1):
Py = t+
p =1+
where:
P
P
Z

2—0-; [°A z 1 2
e V,-C
3 3 16 (V-
_§+E_£i-£-l(v -
b

L]

the high cost store’s equilibrium price .or product a;

the low cost store’s equilibrium price for product a; and

(AN TR
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1. Signalling

When customers are uncertain of a store’s cost type an opportunity arises
for the store to signal its cost tyne, and the prices of its unadvertised products,
using its advertised prices. To investigate price signalling, uncertainty will be
introduced into the model by disregarding the rather unrealistic assumption that
each store’s cost type is common knowledge. It will now be assumed that
while each store knows its own cost type, neither the competing store nor the
customers can observe a store’'s type. The stores and customers believe that

each type is equally likely and is independent between stores.

As in the commitment model, the actual price of product b is not known
by customers prior to their store selection decision, so stores are concerned
only with maximizing their in-store monopoly profits:

Vp*Cp

Py = 2

Customers rationally predict p, and, therefore, prefer to purchase product b
from a low cost store.'® The advertised price of product a provides the only

information from which they are able to infer each store’s cost type.

It will be assumed that customers adopt the intuitive criterion to eliminate
unrealistic beliefs. Under this criterion customers believe that a store will only
deviate from an equilibrium price if it is possible for the store to profit from the
deviation. Store types which cannot gain from an observed deviation, even if

the deviation resulted in the most favorable customer beliefs (that the store is

'*Recall that customer welfare is a decreasing function of c,.

19



a low cost type), are thougnt not to be the deviating store.'® For some
deviations the intuitive criterion may eliminate toth cost types or may not
eliminate either type. If so, assume that customers continue to maintain equal
beliefs about the deviating store’s type, unless (given those equal beliefs) only
one cost type can gain by pricing either above or below the equilibrium price.
When only one cost type can benefit from such a deviation, then a store
deviating in that direction (above or below the equilibrium price) is believed to
be the type for which such a deviation maybe profitable. For example, when
the intuitive criterion is of no help,'” if a store deviates by pricing below a
proposed equilibrium piice, and only the low cost type ever has an incentive to
deviate in that direction when customers have equal beliefs about the store’s

type, customers will believe that the deviating store is a low cost type.

An additional profit implication may now be observ d upon a change in the
pr.ce of product a. Because customers prefer to purchase product b from a low
cost store, if a price change results in a revision of customers’ beliefs as to the
store’s cost type, the rate at which customers switch to or from a competing
store may vary (the signalling effect). While a price change may result in a
change of customer beliefs, a change in customer beliefs also alters the optimal

price that each store would like to charge:

Finding 2:

As customers become more confident that a store is a low cost type, the
store (whether a high or low cost store) would like to charge higher prices for
product a, px < py < Pz ' and earn greater total profits, n{.,1) > nf., 12)

> ny.,0) for all p,.

1eSee Fudenberg and Tirole (1991, pp487-488).
Because it eliminates both cost types or does not eliminate either type.

'*Defined with respect to Figure 2.

20



Figure 2

Expected 4
Store
Utility

(. 1) () =(.0)

: -
Px Py Pz Price of Product a

n{., 1) represents the profit earned by a store of cost type as its advertised
price varies when customers believe that the store is a high cost type with
probability 1. m{., %2) and n{.,0) are defined analogously; m{., %2) represents the
expected profit earned by a store of cost type j when customers maintain equal

21



beliefs about the store’s cost type,'® and n{.,0) represents the expected profit
earned by a store of cost type j when customers believe that the store faces
low marginal costs. The prices p,, p,and,), are the prices at which the profit

functions m{., 1), m{(., 72} and n{.,0) (respectively) are maximized.

When customers believe that a store is more likely to be low cost,
customers require less of a reduction in the price of product a in order to attract
them into the store. More specifically, as beliefs become more favorable
market share grows, which increases the potential marginal revenue effect of
increasing price. Stores react by increasing the price of product a, which
reduces market sha'e. As a result, the potential marginal revenue effect falls
(there are fewer customers), and the commitment and switching effects grow
(each customer is worth more to the store), until the marginal revenue effect

equals the combined marginal switching and commitment effects.?

The utility relationships summarized in Figures 1 and 2 will be used to
illustrate conditions for the existence of two types of pure strategy equilibria
in which both stores have positive market share and customers purchase
positive quantities of both goods.?' The first is a fully separating equilibrium,
with stores of different types charging asymmetric prices for both goods.
Customers are able to correctly infer each store’s cost type from the advertised
prices before selecting which store to visit. In the second, stores of different

types advertise and charge the same price for product a, while continuing to

'*Changing the prior beliefs about each store’s cost type will change the position
of this curve.

2A formal proof for Finding 2 is available from the author.
2 Attention is restricted to equilibria in which v, exceeds p, for each store.
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charge different prices for product b.??  Under this partially pooling
equilibrium, customers learn no additional information about the stores’ cost

types from the advertised prices.

Under a separating equilibrium a high cost store must expect to earn more
when it is recognized to be a high cost type than it would expect to earn by
pretending to be a low cost type. This requires that a low cost store be willing
to charge a price for product @ which will discourage a high cost store from
hiding its true identity. Figures 3 and 4 demonstrate the two circumstances in

which this result is sustained.

In Figure 3, p, and p, represent the prices which maximize m,(.,0) and
n.l., 1) respectively, while p, and p, are the prices at which the profit function
m.(.,0) equals m,(p, 7). In Figure 4, p,, and p,; maximize m,(.,%2) and m,(., 1)
respectively; p,, and p,s are the prices at which the profit function n,(.,0)
equals m,(p,s 1); p,; is the smaller of the two prices at which m,f., %2) equals

m.p,s 1); and p,, is the smaller of the two prices at which n,(.,0) equals

m(pia2).

In Figure 3, a high cost store would rather charge p, and be recognized as
a high cost store, than charge p, and pretend to be low cost: @,(p, 1) >
m,p,0). In Figure 4, the profit maximizing price for a store correctly
recognized to be low cost occurs within the price region in which high cost
stores would be willing to deviate and imitate a low cost store [p,,, p,sl. If @
store charges above p,,, customers are no longer certain that the store is a low
cost type. The maximum a low cost store expects to earn under these less

favorable beliefs (when pricing above p,,), is less than what it expects to earn

22The stores always maximize their in-store monopoly profits when setting the price
of product b, see discussion above.
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FIGURE 3
Existence of a Cheap Separating Equilibrium
|
Utility
%y(Pa.1)
x(..0)
%(P1.0)
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B 0
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1 - — s
iy - *—0
0 -1 L]
' 1 s _>
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when it charges p,, and is perceived to be a low cost store: m(p,, %2) <
m(p,.0). Therefore, a fully separating equilibrium exists if m,(ps, 1) > n,(p,, 0}
(Figure 3) or, when this condition is not satisfied, if m(p,e %) < m(p,,0)
(Figure 4).

To facilitate later discussion, the separating equilibrium corresponding to
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FIGURE 4
Existence of a Costly Separating Equilibrium
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Figure 4 will be described as the costly separating equilibrium. The separating

equilibrium depicted in Figure 3 will be referred to as the cheap separating

equilibrium.
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Proposition 1:

A cheap separating equilibrium exists iff:

LRy 2+§%[5(E:-g)-4r+%z >0 M
t+22+-2—f-%(vb—'c_)2-—3§’-? >0 (2)
where:
1
R = £3+&F
28

Z = [(Vb'Eb)z ‘(Vb‘c_A)z]

When condition 1 is not satisfied, a costly separating equilibrium exists iff
condition 2 is satisfied and:

P4 z Rl (1= Z R
=+ =+ Zl-—(c,-c)+=-2| > 0 (3)
32 32 8 [2('—" 16 4]2

If condition 1 is satisfied then n,(p5 1) > nm,p, 0). Condition 2 ensures

that it is possible to find a positive equilibrium price for low cost stores? (p,,

> 0). Satisfaction of condition 3 gives m,(p,, %) < m,(p,, 0). Derivations and

equilibrium prices may be found in Appendix 2.

Care should be exercised when comparing Figures 3 and 4 as the expected

utility functions are generally not the same. A store’s expected utility depends

on the prices that a competing store is expected to charge.

In the cheap

separating equilibrium, low cost stores are able to set their prices at the profit

BAt which high cost stores earn less than their equilibrium profits.
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maximizing price for a store recognized to be low cost. In the costly separating
equilibrium, low cost stores are restricted to a price of p,,, to ensure that
customers are able to correctly recognize their cost type. The difference
between these low cost equilibrium prices resuits in different profit maximizing
prices for separating high cost stores; in general p; # p,s. An exception arises
if m,p, 1) = my(p, 0). When this occurs both types of separating equilibria

predict the same equilibrium prices.

Under the pooling equilibrium both stores charge and advertise the same
price for product a, so customers rely on their a priori beliefs and believe that
each store is equally likely to be a high or a low cost type. From Finding 1 it
is obvious that when stores with different costs face the same customer
beliefs, the low cost stores will wish to charge a lower price for product a than
the price charged by high cost stores.?®* Using this result, it can be shown
that the unique pooling price for product a is at the low cost optimum, p,,.

Consider Figure 5:

In Figure 5, p,, p,s and p,, maximize m(., %), m,.,1) and m,., %)
respectively; p,; and p,, are the prices at which the profit function m,(.,0)

equals m,lp,, %2); and p,, and p,, are the prices at which n,(.,0) equals

M(Prg 72).

A price in the region [p,; p,,) cannot be an equilibrium as, if customers
believe that both cost types are equally likely, both store types have an
incentive to deviate by charging a higher price. Under the belief refinements
adopted, when both stores wish to increase price given equal beliefs, equal

beliefs are maintained. Similarly, for prices above p,;, both store types have

2This result occurs because low cost stores earn more profit from each customer
and therefore incur greater marginal profit losses for each customer that switches to
a competing store.
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Existence of a Pooling Equilibrium
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an incentive to deviate by reducing their prices, so prices in this region cannot
be equilibria. For prices in the region (p,,, P2, if customers believe each cost
type is equally likely then the different cost types would like to deviate in
different directions. High cost stores would like to charge higher prices for
product a while low cost stores would rather charge lower prices. In these
circumstances, the belief refinements prescribe that stores charging beneath
the proposed equilibrium price are believed to be low cost stores, while stores

charging above the proposed equilibrium price are thought to be high cost
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stores. Clearly, if low cost stores prefer to deviate when equal beliefs are
maintained, they will also prefer to deviate if, upon deviation, customers believe

that they are low cost stores.

At p,,, if customers believe that each cost type is equally likely then neither
store type wishes to deviate below the equilibrium price and only high cost
stores prefer to price above p,,. Therefore, at prices below p,, equal customer
beliefs are maintained, while customers believe that stores pricing above p,, are
high cost stores.

Beliefs for larger price deviations outside the locum of p,, are determined
by the intuitive criterion. Only low cost stores expect to gain from deviating
below p,; when deviating stores are believed to be low cost types. Under the
same favorable beliefs, only high cost stores prefer to deviate from p,, and

charge above p,,. In Appendix 4 it is shown that p,, < p,; and that p,, < p,,.

For a pooling equilibrium to exist, p,;, must be less than zero,?® preventing
a low cost store from pricing at or below this point. This requires that the
profits earned from the sale of product b are large enough to make the high
cost stores willing to give away product a in order to attract customers by
appearing to be a low cost store. Furthermore, a high cost store must prefer
the profit it expects to earn by charging p,,, and hiding its identity, to the
maximum profit it expects when its identity as a high cost type is revealed:

MlPry 72) > NylP2s 1).

Proposition 2:

A pooling equilibrium exists iff:

#Arbitrage opportunities may limit the price of product a to a level strictly greater
than zero.
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Satisfaction of condition 4 ensures that p,; < O, while condition 5 gives
m.p,e ¥2) > mylp,s 1). Derivations and equilibrium prices may be found in

Appendix 3.
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IV. Testable Properties of the Equilibria

In the complete information commitment model, a unique pure strategy
equilibrium exists in which stores predict their competitors’ prices and set
profit-maximizing prices in response. This results in high cost stores charging

higher prices than low cost stores for both products.

When the more realistic assumption that customers and competing stores
are uncertain of store cost types is adopted, an opportunity arises for each
store to signal its cost type to the customers through its advertised prices. A
cheap equilibrium corresponding to the pure commitment equilibrium in the
complete information model may exist. Both stores prefer to fully reveal their
cost types when setting their advertised prices. However, this equilibrium only
exists in a limited region of the parameter space. Cutside this region two
further pure strategy equilibria are possible. A cost/ly separating equilibrium
may exist in which low cost stores reduce their advertised prices to protect
their low cost image. In addition, there is potential for a pooling equilibrium
in which stores of different types charge the same advertised price while

continuing to charge different unadvertised prices.

Consider the behavior of the various equilibrium conditions as t varies in
Figure 6.2° The point t, represents the maximum of m,(p,,0) - m(p,s, %),
while the points t,, t,, t, t;, and t' represent the values for t at which the

respective conditions are binding.

The following results are established in Appendix 5:

2*The location of condition 2 (p,, > 0) in t space relative to the other conditions
depends upon the values of the other parameters. For this reason condition 2 is
excluded from Figure 6.
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FAGURE 6

Reglons of t in Which Pooling and Separating Equilibria May Exist

Existence of a pooling equilibrium requires that t > t, and that t € [t, t'].
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A cheap separating equilibrium is possible when t < t,,” while a costly
separating equilibrium may exist in the region between ¢, and t;. The possible
existence of a separating equilibrium below the region of tin which a pooling
equilibrium may exist can be understood when it is recalled that the decision
to enforce a separating equilibrium is made by the low cost stores. As the

value of t decreases, the number of customers who switch when low cost

27gybject to the condition that t must be sufficiently high to prevent customers
from visiting both stores.




stores underprice their higher priced competitors increases, which makes

separating more attractive to low cost stores.

Both the cormmitment and the separating equilibria predict that advertised
prices are increasing functions of travelling cost. This result is in contrast to
what would be expected in a monopoly market where a monopolist extracts the
consumer surplus. As t increases the consumer surplus is reduced, forcing a
profit maximizing monopolist to reduce price in order to maintain customer
participation. In the competitive market, optimal prices are found when the
marginal revenue effect equals the commitment and signalling effects. An
increase in t makes it more expensive for customers to switch stores, reducing
the size of the commitment and signalling effects. By increasing the price of
product a, the marginal revenue effect is reduced (market share decreases) and
the commitment and signalling effects are increased (each customer is worth

more to the store), resulting in a return to optimality.

In the pooling equilibrium, stores of different types charge the same price
for product a. In the commitment model and the cheap separating equilibrium
the difference between product a prices at stores of different cost types is
independent of t.22 Price differences for product a in a costly separating
equilibrium are a positive function of t within the region that a costly separating
equilibrium is possible, t € [t, t;] (see Appendix 6). Therefore the difference
in price charged for product a between separating stores of different cost types
is a continuous monotonically increasing function of .2 The commitment and

various signalling equilibria all predict that unadvertised prices are independent

#This result may not hold when each consumer has a downward sloping demand
for product a.

®When n,/p, 1) = n,p, 0) the cheap and costly separating equilibria predict the
same equilibrium prices, so no discontinuity in price variation is observed at t,.
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of t.

Tihe model predicts asymmetric negative cross-category price elasticity of
aggregate demand (cf. Mulhern and Leone, 1991). An increase in the price of
product a reduces market share which in turn reduces aggregate sales of
product b. However, the cross price elasticity occurs in only one direction: the

price of product b does not influence the aggregate demand for product b.
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V. Empirical Tests of Hypotheses

Both the commitment and incomplete information models provide the

following resuits:

Result 1: Price differences between stores for products whose prices are
not known by customers prior to visiting a store are

independent of the distance between stores.

Result 2: Stores charging different advertised prices will not charge the

same advertised price.

The incomplete information model also predicts monotonically increasing
price differences between competing stores as the distance between the stores
increases. The commitment model does not give this result when each
customer has unit demand for the salient product. However, if downward
sloping demands are introduced, the commitment model may give a similar

result:

Result 3: Price differences between competing stores for products whose
prices are known by customers before visiting a store increase

as the distance between the stores increases.

The introduction of uncertainty and the opportunity to signal cost types
gives a further result which is not provided by the full information commitment

mode!:

Result 4: Stores charging different prices for products whose prices are
not known prior to visiting a store may pool and charge the

same prices for products whose prices are known.
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Data collected from the Boston drycleaning market was used to test these
predictions. The data included individual store prices and the distance from
each store to its closest competitor. To ensure that the price comparisons
were between competing stores, any store whose nearest neighbor faces closer
competition from a third store was excluded from the sample. Where multiple
stores set identical prices as a result of either a franchising, co-operative or
single owner relationship, these stores and all stores for which one of these
stores is a closest neighbor were also excluded from the sample. The

remaining dataset contained twenty six pairs of competing stores.

The price charged to launder mens’ shirts was believed to be one of the
most salient cleaning services due to the relatively high frequency with which
this service is used and its price is advertised. Mens’ woollen suits and
sweaters are used to represent services for which prices are not known by
customers prior to visiting the store. Where the price charged to dryclean a
sweater varied between differert types of sweaters, the minimum possible

price was collected.

Inspection of the correlations between shirt, suit and sweater price
differences (see Table 1) indicates significant (@ =0.05) similarity in suit and
sweater pricing strategies and a separate pricing strategy for shirts. This is
consistent with the joint categorization of suits and svveaters as non-price
salient and the separate description of shirts as price salient. Alternatively, this
pattern of correlations maybe explained by variance in cost differences for
drycleaning and laundering services. However, this explanation is not

consistent with the combination of results 3 and 4.%°

¥The intuition does not require perfect correlation between cost types for each
product. The extent of correlation between the products’ cost types will determine
how accurately the advertised prices signal the unadvertised price levels and will
therefore influence the resulting parameter conditions.
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Correlations Between Price Differences

n=26
! Significant at 95% level.
Pa: = the price charged by store / to launder mens' shirts

Pt; = the price charged by store / to dryclean a suit
pci = the price charged by store / to dryciean a sweater

None of the stores in the final sample appeared to perform their cleaning
services on the shop premises. Therefore, variance in marginal costs between
stores may result from supply agreements negotiated with central drycleaning
facilities or variance in transportation arrangements between the store and the
tacility. Evidence of variance in marginal costs is apparent in the variance in

the price differences for cleaning suits and sweaters.”!

To investigate the first result, differences in the prices that the competing
store charge to dryclean suits and sweaters were correlated with the distance
that the stores are apart. It was not possible to reject the null hypothesis that
there is no correlation between store location and these price differences. This

3 The equilibria all predict that differences in unadvertised prices are proportional
to the cost differences between the competing stores.
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finding is consistent with the prediction that price variation for products whose
prices are not known by customers prior to visiting a store®? is independent

of the distance between competing stores.

Expected price differences for laundering mens’ shirts vary under the

different equilibria:

Cheap Separating

Pa - Pa - A(2Vr2£a+%)-A’

where: .
A =¢6,-6

Costly Separating

2a(v,-c) -2} ]z 2
1 b 2
pi-pl =1 218(vy-gy) - a2+ = ) - ey 2
Pooling

Pa-Pa = 0

The price differences as a function of t under the two separating equilibria
are portrayed in Figure 7. The discontinuity in slope at point t, is due to the

change from the cheap to the costly separating equilibrium at this point.

To investigate the consistency of the dry cleaning data with this result, the
association between price differences for laundering mens’ shirts and t is
approximated using a linear relationship. In this instance t, which represents

the constant marginal cost of travelling between stores, is measured by the

32Represented in this instance by the price charged to dryclean a suit or a sweater.
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Fgure 7
Expected Advertised Prica Differances As A Function Of Store Dispersion

o
5
£
&

distance the stores are apart.?® The models predict that advertised price
differences also vary as a function of the cost differences between stores for
the unadvertised product, A. To approximate this variance, the difference in

prices charged to dryclean suits is included as a covariate.3*

Observed Relationship Between Advertised Price
Differences and Store Dispersity

Model:

Pa-Ps = a+PA+Byt

¥The mode! assumes that the distance between stores is fixed but the cost of
travelling may vary. Equivalent results are obtained if it is assumed that the cost of
travelling is fixed but the distance between stores may vary.

MSee note 32.
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Independent Variables Coefficient Significance

t 0.0014 0.072
A 0.0317 0.168
constant 0.10
R? 0.10
n 26
where:
t = the geographic distance between stores by road; and
A = p, - Py

The sign of the t coefficient is positive (as expected) and is approaching
significance. Its non-significance (or marginal significance) may result from the
linear approximation of a non linear relationship, a paucity of costly separating
equilibria or the relatively few degrees of freedom in the dataset. The mode!
makes a number of simplifying assumptions (including unit demand for the
salient product) and does not attempted to incorporate every market feature.
Quality differences between stores and additional competitive pressure from
stores outside the pair of closest neighbors introduces additional variance into
the data which is not explained by the model. Notwithstanding, the positive

and near significant t coefficient is generally consistent with the third result.

Three of the 26 pairs of competing stores charge the same price for all
three cleaning services, suggesting that the stores in each pair face the same
marginal costs. Of the remaining 23 pairs of stores, three paijrs charge different
prices to dryclean both sweaters and suits but charge the same price to launder
mens’ shirts. The price differences for cleaning suits and sweaters indicates
that the stores in each pair are different cost types and the stores are therefore
pooling when setting the price of mens’ shirts. These three stores are evidence
that pooling may occur, and provide support for the fourth result. None of the
stores charging different prices to launder mens’ shirts charge the same price

to dryclean suits. This finding is consistent with the second result.
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Conclusions

A complete information commitment model and an incomplete
information model! incorporating both commitment and signalling have been
developed. In each model customers know the price of one product but not the
price of a second product when deciding which store to visit. In the complete
information commitment model, a unique pure strategy equilibrium exists in
which stores predict their competitors’ prices and set profit-maximizing prices
in response. This results in high cost stores charging higher prices than low

cost stores for both products.

When customers are uncertain of store cost types, the opportunity for
stores to signal their types using the advertised prices results in a variety of
equilibria. An equilibrium corresponding to the pure commitment equilibrium
may exist with stores of different types again charging different profit
maximizing prices for both products. Both stores prefer to fully reveal their
cost types when setting the price of the advertised product. Itis clear that low
cost stores will never attempt to convince customers that they are high cost
types as the profit that they can earn from doing so is less than what they can
earn if customers believe that they are efficient.3® However, under
appropriate parameter conditions, high cost stores will prefer to sacrifice
marginal revenue from their unit sales of product a in order to attract more
customers by pretending to be low cost types. Therefore, the equilibrium
corresponding to the commitment outcome only exists in a limited region of the

parameter space in the signalling model.

Outside this region, high cost stores will set advertised prices which

imitate the prices charged by a low cost store. This may result in two

¥%See Finding 2.
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alternative outcomes. First, low cost stores may choose to reduce their
advertised prices to discourage high cost stores from pretending to be low cost.
Second, if low cost stores are prevented from pricing low enough to accurately
signal their cost type, a pooling equilibrium may result. In the pooling
equilibrium stores of different cost types charge the same price for product a
while continuing to charge different prices for product . In such an outcome,
the advertised prices provide customers with no information about the prices

of the unadvertised products.

Tests of the model predictions were conducted using data from the
Boston drycleaning industry. The data is consistent with the joint model
predictions that unadvertised prices are independent of the relative location of
competing stores. The data is also generally consistent with the equilibrium
implications of price signalling: there was some evidence both of pooling
between stores of differeni types on the salient prices and of increased

differences in salient prices when stores are more dispersed.

These results clarify the role that price signalling plays in a multiproduct
retail market. Signalling may result in an additional incentive for low cost
stores to reduce their advertised prices in order to ensure that customers that
customers can distinguish between store types. In this respect, signalling
provides an acditional explanation for loss leader behavior. Furthermore, the
seemingly familiar equilibrium in which stores charge the same advertised price
but different prices for the unadvertised products requires a signalling

explanation. This result cannot be explained by the commitment literature.

Signalling through advertised price levels is only one of a number of

alternative mechanisms to signal unadvertised price levels. Advertising an
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Everyday Low Price strategy is an alternative as is dissipative advertising®® or
a guarantee to match competitors’ prices. However, price signalling using
advertised prices is a relatively efficient signal. Low cost stores prefer to
charge lower advertised prices (Finding 1) and are better able to sustain the
marginal revenue loss when price is lowered as they earn higher profits than
high cost stores from any additional customers who come to the store. Indeed,
in a cheap separating equilibrium low cost stores can credibly signal their cost

type without cost.

The models presented in this paper oveiiook a variety of market features
which influence retail pricing strategies. In order to both motivate future
research and review the limitations in the present research, a number of these

omitted market features are discussed.

Stores differ in the quality of the products that they sell and/or in the
quality of the shopping experience that they offer, while customers differ in
their propensity to pay for product quality and shopping pleasure. Where a high
quality shopping environment can be maintained by increasing variable cost,
and customers have different propensities to pay for an improvement in quality,
an asymmetric pricing equilibrium may result. One group of stores may choose
to incur the additional marginal cost of maintaining high quality, while other
stores are able to attract less quality conscious customers by offering a lower

price.

The selection of which product to advertise is exogenously determined
for the stores in the current model. Lal and Matutes (1992) consider which of
two products stores in a competitive duopoly would choose to advertise. They

found multiple equilibria, in which firms advertising either the high or the low

3See Milgrom and Roberts (1986).
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reservation product, with customers enjoying the same overall surplus and
stores earning the same profit under either strategy. In general, customers
prefer stores that advertise the product for which they face the greatest danger
of being exploited once they arrive at the store. By advertising products which
have high price variance or low price elasticity, stores commit themselves to

a fixed price and are unable to set monopoly prices.

Advertising’s commitment role may explain why a higher priced store
would prefer to advertise and reveal its undesirable high prices rather than
choosing not to advertise at all. Consider the asymmetric shopping quality
equilibrium discussed above. While some customers may be willing to pay
more for increased quality or service, the extent of this willingness is limited.
If customers believe that the cost of obtaining increased quality exceeds the
marginal value derived they will prefer to shop at lower priced lower quality
stores. Advertising allows stores to commit to not charging more for quality

than the additional benefit customers expect to enjoy.

Retailing and purchase decisions are repeated over many periods.
Extending the model to include multiple periods would allow customer loyalty
and repeat purchasing behavior to be considered. Stores may choose to
disguise their true cost type by initially setting low prices for both salient and
non salient products in an effort to attract customers back to the store in
subsequent periods. This would suggest that stores may charge less than the

monopoly price for their unadvertised products.

Adding features to the present model may enrich the legitimacy of the
equilibria but is likely to confuse the intuition and detract from the clarity of the
results. Indeed, a strength of the results is their generality and the paucity of

assumptions upon which they rely.
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Appendix 1
Equilibrium Prices Under the Complete Information Commitment Model
Given the alternative competitor cost types, first find the relative market shares by identifying the

customer who is indifferent between shopping at either store. Let / equa! the market share for a
low cost store located at O and 1-/ equal the market share for a high cost store located at 1:

1 — 1
Va'PH“Te'(Va'ct)z"“‘n = V.'PL’TOI'(VD‘EA)Z'”

Profit for each store may be defined as a function of p,, and p,, giving a first order condition and
reaction function for p,,and p,. Solving the resulting simultaneous equations gives the equilibrium

prices:
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Appendix 2
Conditions for the Existence of Separating Equilibria

The approach adopted is to first identify the equilibrium prices for high and low cost stores under
the cheap separating equilibrium (p; and p, respectively). To determine the existence condition for
a cheap separating equilibrium, the profit earned by & high cost store when charging its equilibrium
price p, is compared with the profit it would expect to earn if it deviated and charged p,. The
second existence condition required for a costly separating equilibrium is derived by first calculating
P2 Pie 8nd p,,. The low cost store’s incentive to deviate is then examined by comparing the
profit earned by & low cost store when charging p,, and p,,.

Find p, and p,:

First find the expected market share, V,, for a low cost separating stores under a cheap separating
equilibrium. Let p’ represent the optimal price charged by a low cost store. The store predicts that
if its competitor is a high cost store it will charge p,, while if it is a low cost store it will charge p,.
Given the alternative competitor cost types, find the relative market shares by identifying the
customer who is indifferent between shopping at either store (iet I equal the low cost store’s
market share):

high cost competing store:
Ve Pyt (VG2 -1 = V=P + - (v,- )2
. 16 ‘. 16

z Py-p°

32t 2t

LN
2

low cost competing store:

1 ., 1
Va'pi‘?g(vb—yz't“ D =v,-p *?‘S'(Vb'gl)z_ﬂ

Note that / increases as the competitor's price increases, decreases as the store’s own price
increases and includes an adjustment for customer beliefs about each store’s cost type. The store
believes that the other store is equally likely to be a high or low cost type, so the store’s expected
market share (V) is:

1.z PP _p°
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Expected profit tcr the low cost store muy be defined as a function of p’, p, and p,, giving a first
order condition and reaction function for p':

[
1. z Ps*p 1l 1
md0) = _5'@*"&"'%;{” e e
x© [1. 2z meo p] 1 1
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. t P Py Sa 2z 2
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P =323 2 6 16"
in equilibrium p, = p":
-£'+&+2é Z_ 1. a2
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By a similar analysis p; may be derived:

2t b 2¢, z 1 o
= T (vp-€p*
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Solving the simultaneous equation gives:
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Existence Condition for a Cheap Separating Equilibrium

If a high cost store deviates and charges p, it will attract market share equal to N,, and earn
expected profit m,(p, 7. Comparing this profit with the expected equilibrium profit when a high
cost store charges p, ¢.ves the existence condition for a cheap separating equilibrium:

[
1 z PP
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"Bs1) > mhp0) = 2(C,- ) Z5(E, - ey -4te 2| >0

Find p,,, and p,,:

To derive p,,, consider the price charged by a store that is correctly recognized to be high cost,
when it expects that its competitor will charge p,, if it is also high cost and p,, otherwise:

yol1.z_p Prz_*P%s_J, g _—z}
1) = ‘2 6at 2t ar [|F Gt

ondl) 11_z p° Puz*pm] e .1 —\2
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= 22,75, "2 £ Vy-C
PP=2°3 4 "2 62 18 %
Letting p” = p,,:
2t Py, 2c,
Pis = S+ 2e—2 _"_( Vp-Cy)?
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Find p,, by equating n,(p,, 1} with m,(0), and substituting for p,,:
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Applying the quadratic formula, simplifying and taking the smaller solution:

1 — 3| 22 3
P2 = r+c.~———-5( b= Co) - r) ?*tz]z
1 3R
= t*c,+—-§(vb )2 - 8
where:
1
A= z—+tzJ2

Substituting p,, into the definition of p,,:

— 2z 1 —2 R
Pis = 10,2 -g(n-8) -

Find p,,:

Consider the market share of a store pricing at p,, when the customer is uncertain (has equal
beliefs) about the store’s type:

high cost competing store:

1 — 1 —
Vo Prs o™ COR 01D = ¥y Pravos(Vy=0) e (v -G

low cost competing store:

1 1 1 —
V.-Pwﬁ(vb-s)’-tﬂ -h = V.-pu+3—2(v,,-g,)2+§(v,-c,)=-ﬂ
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This results in the following expected profit, first order condition and optimal price for the low cost
deviating store:

Pis  Pis*P 1
w,('/) = lz 2‘; 164, ‘2]—[914"21*'8‘("»‘292]

an, ("1, 1 P Pts"Pm] 1 1 2
& | ———— — - - * — - 80
W, |2 2t at ?r{p uCa* g2 ]

P 1+ 1oy 22 Ly - B

Second Existence Condition for a Costly Separating Equilibrium

If a low cost store deviates and charges p,, it will expect to earn m,(p,, %). Comparing this profit
with the expected equilibrium profit when a low cost store charges p,, gives the second existence
condition for a costly separating equilibrium:

1.z Pis P 1
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First identify the equilibrium pooling price, p,,. This result is used to calculate p,,, the optimum
deviating price for a high cost store. To derive the existence condition describing when high cost
stores are willing to pool, compare the prafit a high cost store expects to earn when charging the
equiiibrium pooling price p,, with the profit it would expect to earn if it deviated and charged p,,.
The second existence condition is found by calculating p,, and determining when it is less than

zero.

Find p,:

The expected market share, I, for a store charging p°, when customers have equa! beliefs about
each store’s type, and the competing store is charging p,,, can be shown to be:

This results in the following expected profit and profit maximizing price for a low cost store:

Appendix 3

Conditions for the Existence of a Pooling Equilibrium

n L(‘/;)

an, (')
ap*

p.

In equilibrium p,, = p':

Find p,,:

If a high cost store deviates and charges p,, it will be correctly perceived to be a high cost store:

t
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When are high cost stores willing to pool?
Compare a high costs store’s pooling profit with its optimal dev.ating profit:

1= 5z
2(ca-_c)+§r >0

"'l > Tl ) = |2

find p,;:

To find p,,, equate n,(%,p,,) with m(0,p,,), and substitute for p,,:

RN VRS [2 oL B "”][pz, Car 1 5?

P+ Paf21+Ty0 0y 2 - 2 (v, TR ¢

’[%(Vb'fx)z“"ﬁa]

+

—_— 1 —_
-Cc,+ E(vb—c,)"‘

z _1
t*g‘*ﬁ‘a(vb‘g‘gz .

Applying the quadratic formula, simplifying and taking the smaller solution:
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2 —_— —
-% 9; +16(C, - ¢ 2 +2tz+32(c,-c ) [2

Pooling requires that p,, is less than zero:

1= 3z 1 - Q
Poy = t+§(c,+g)-§—-8—(vb-cb)2 ) < 0.

where:

2 . _ 1
o - 9225 16(c,-¢ "’#2tz+3z(c,-g.)F
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Appendix 4

Proof that the Intuitive Criterion Results in
Monotonic Beliefs Under a Pooling Equilibrium

From the derivation of p,; in Appendix 3 it clear that p,, is simply the larger solution to the
quadratic equation that results from equating m,(0,, %/ and m{p,, 0):

3@t ed- 2205 -

P23

Pz t+%(c _)‘9—2"1("0 cb)z”—

To find p,, and p,,, equate n,(p,, ¥/ with m,(0), and substitute for p,,:

AR (2

;[ +_(V —‘)2] [2 “eat puzr ]

o2
-p +

1
2”291*35 “4'(Vb _o)z] '{E(Vo'g)z't'.‘:':]

[t*c +—-—(Vb )l -¢ +—(Vb c)?

Applying the quadratic formula and simplifying:

2 1
p* = f*e,*z—zs-%(vb-_)z:l %+2tz]"’
or:

2 11

Psp = 1+C +§-§.(Vb _5)2-[52:*2&J2

. 11

zZ 1 2 z? 2

= treg+ 2 -L(v,-e)2+| Ev2tz
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Monotonic beliefs require that p,, < P35 8nd P,;, < Pyt

- = -—z-+1—— +l -
PP = =+ 5C-c) 5(S-Q)

zZ 1= 1
pza"pz-, = '1—6-*-5(0.-0,>*—8(0—S
where:

2 1
S- %42&]2

2 — J—
Q- 9226 16(C, - ¢, )% +221+32(C, - ¢)

Note that @ > S, so by inspection it is clear that p,, < p,,. To derive a contradiction, assume, p,,
> p,;. Therefore:

Squaring both sides:

2 _ _— 2 _ .
9; +16(C, -, +221+32(C, - ¢,) > 17; +16(C, - c)? + 2tz +42(C, - ¢,)

+8§2+8(c,-¢))
0> 2. Ac,-c)+ §z+8(5,-¢))]

Contradiction, which proves p,, < pj;.
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Appendix 5

Behavior of the Equilibrium Conditions

0<t,
Consider the slope of m,(p,.,0) - 1 (p,4 1)
a[“L(plz-o) - “I.(Pu-‘/?)] 2z, _(c -c) *
ot 2‘ 8R

az[x,_(p‘z,O)-nL(p“.'lz)] <0
at?

922

where:

Attt = 0.

n,(Py2.0) - "L(Pw‘/z) =% “—( . __)2'3—2(0 -¢) <0

G[nL(P12-0)c;rﬂL(P,4.1/z)] - —{'02(C _‘) >0

S

Att = 0, m(p,,0) - m(p,, %) is strictly less than zero and increasing. Therefore r, > 0.

1, <t

At t,, n.py1)-n,p,0/ equals zero, therefore:

.38z 5 L4 2
'2-32 4(0 -¢) (C -¢)*>0
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np,»0) - m(p,, %) is greater than zero iff:

164

Simplifying:

, tz 1322 — z—
”8" :‘o +(c"-£‘)2*z(c"£)

ﬂ[(c -C

Squaring both sides, simplifying and substituting for ¢,:

175 26523 297 37
2,,’ o (Caed "(.J? . -e)+ (6, -e)t > 0

Therefore at t,, m,(p,..0/ - m,(p,, %) is greater than zero, so {, < (,.

t, <ty

At t,, M (D, 721 - 10D, 1) €quals zero, therefore:

25 5— 8, —
L= "2"75 >(c, _.)+;(c.-g.)"’>0

Subtracting t, from t, equals:

bt = ‘3’+—(c -c)+3(@,-c)t > 0

ty < 1,

Subtract t, from t,:
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162, — 8,
L-4 = o7 *2(C.‘£)*;(C-'£)2 >0

t, <ty

This result is obvious from the behavior of m,(p,, 0/ - n,lp,, %).
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Appendix 6

Price Variation in 8 Costly Separating Equllibrium
is Positive and Increasing Over ¢t

where:

Price variance, p,, - p,,, is positive itf:

Squaring both sides:

Note that for a costly separating equilibrium to exist m,(p,,,0) > n,(p,, %/, which requires that:

252 5 — 1 = 2 b4
t> +—(Cc.-¢C —f(c.-C > —
27(. _)*ez(l _) 32

27

Therefore, price variation in a costly equilibrium is a positive concave function of ¢ in the region in

which a pooling equilibrium exists.
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Chapter 2

Attracting Customers Using Efficient
Discounting Strategies
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l. Introduction

Data collected from weekly advertising by two competing supermarket
chains in Boston over a 5 week period revealed 37 instances in which the
chains advertised identical products (same brand and size) in the same week.
Comparison of the advertised prices with an additional sample of 89
unadvertised prices revealed that one chain discounts at a significantly deeper
level.®” However, the deep discounting store advertised only half as many
products as its shallow discounting competitor. This result is at first surprising
but is not limited to the Boston grocery market. Walmart, K Mart and a number
of other leading retailers have recently begun to offer shallow discounts on all
of the products in their stores, while many of their competitors continue to
offer deeper, short term discounts on a varying sample of advertised products.
Are some of these stores making mistakes? How can such different strategies
be optimal when the stores are selling to the same market? These questions
may be restated in terms of the pricing decisions facing a retailer. Should a
store offer discounts? If a store does discount, how many products should be
discounted? Which products should be discounted? How deep should the

discounts be?

This paper offers an answer to these questions by investigating the
relationship between customer utility and store profit. A store must discount
in order to attract switching customers to the store.*® However, when

discounting, the store earns less profit from sales to store loyal customers.

*’The deep discounting store’s advertised prices were on average 13.6% lower than its
competitor while its unadvertised prices were a mere 7.3% lower. The difference is significant
(a=0.05).

3Empirical evidence that a meaningful proportion of shoppers switch between stores is
provided by Keng and Ehrenberg (1984) and Bucklin and Lattin (1991).
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Therefore, when deciding whether to discount in order to attract the switching
customers, stores must weigh the loss of profits from their loyal consumers
with the benefits of the anticipated increase in store traffic. In deciding how
many products to discount, which products to discount and the size of the
discounts, the store finds the way to offer utility to the switching customers
that sacrifices the least profit from the store loyal customers. When store
costs or the utility of the loyal or switching customers vary, the optimal
discounting strategies change. By focussing on these changes it is possible to
characterize the circumstances in which different discounting strategies are

optimal.

The typical textbook in retailing management does contain some
common wisdom as to which products should be discounted. There is general
consensus that discounted products should be well known branded
merchandise, for which the target customers have strong demand, high
purchase frequency and high price knowledge.*® This literature offers little
guidance as to the circumstances in which it is optimal to discount or how deep
the discounts should be. There are no insights describing how many products
should be discounted and little or no justification for the common wisdom that

is reported.

Academic research addressing these questions is also sparse. One line
of research has focussed on single product firms in an attempt to explain the
frequency and depth of manufacturer trade promotions.*® However, the

retailer’s problem differs from that of the manufacturer. The retailer seeks to

3gee Bolen (1978 p211); James, Walker and Etzel (1981 p256); and Arnold, Capelia and
Smith (1983 p435).

“ogee for example: Rao (1991); Raju, Srinivasan and Lal (1990); and Narasimhan
(1988) in the marketing literature; and Varian (1980), Salop and Stiglitz (1977) and
Butters (1977) in the economics literature.
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maximize overall store profit across many products while the manufacturer is
generally concerned with the profit of a single product. Consequently, the
manufacturer must only decide whether to discount, and if so, the depth of the
discount that will be offered. The manufacturer need not consider how many
products to discount or select which products they will be. Nor is the
manufacturer concerned with the potential profit that switching customers

contribute from their purchases of other products at the store.

Lattin and Ortmeyer (1991) offer an explanation for the coexistence of
stores adopting an EDLP (everyday low prices) strategy*' and stores that offer
deep discounts on a varying sample of products. They argue that under an
EDLP strategy, retailers do not incur the fixed costs associated with deep
discounting, while deep discounting results in lower variable costs because
discounts can be timed to coincide with manufacturers’ trade deals. EDLP
retailers target a segment of customers who have low price sensitivity while
the deep discounting retailers sell to a majority of the consumers who are
highly price sensitive. Coughlan and Vilcassim (1989) argue that everyday low
pricing is an equilibrium for both firms in a duopoly market, but that as a result,
the stores make zero economic rent. In response, they explore institutional

ways that retail profits may be increased.

It should be noted that the practice of offering short term discounts on
a varying sample of products is a dynamic pricing problem, while the intuition
presented in this paper is a static explanation of retail pricing.
Notwithstanding, the findings in this paper offer insights into the dynamic
problem by predicting which products may be subject to short term discounts
and how deep the discounts will be. The paper also helps to explain why some

stores may prefer to offer deep discounts on a limited sample of products while

“'Shallow discounts on all of the products in the store.
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their counterparts offer shallow discounts on all of their products.

Lal and Matutes (1992) were the first to address the issue of how many
products and which products retailers prefer to discount. They present a model
of a two product duopoly market in which customers differ in their loyalty for
each store due to their geographic distribution between the two stores. They
find that stores are indifferent between discounting either or both products. It
will be shown that this finding results from an assumption that customers have
unit demand for each product. The rate at which stores lose profit and
customers gain utility as price is reduced is therefore constant between the
products. The results do not survive the introduction of a more general demand
function that allows marginal utility and marginal profit to vary across products
and price levels (a feature of almost all continuous demand functions). This
paper demonstrates that when marginal surplus and store profit are not held
constant, trade-offs between customer utility and store profit determine the

optimal discounting strategy.

It will be shown that store preferences for which products to discount
depend on the relative levels of marginal profit and marginal surplus for each
product. We find that the products most likely to be discounted are those for
which the store faces low marginal costs and for which the switching
customers have stronger demand than the loyal customers. A store which is
indifferent as to which product it would rather discount is more likely to offer
shallow discounts on a broader variety of products than a store witn a clear
preference for which product it would rather discount. The findings also show
that stores are more likely to offer discounts in order to attract switching
customers when there are many switching customers, when the size of the
discount required to attract the switching customers is small and when the
switching customers contribute profit from their purchases of other products

at the store. The size of the discount depends upon how many products are
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discounted, how willing the switching customers are to visit the store and the

strength of the switching customers’ demand for the discounted products.

The underlying intuition is introduced in Section Il using a two product
market in which all customers are switchers. In order to attract customers the
optimal strategy for the store is to discount both products. When a segment
of store loyal customers is added in Section lll, stores must consider the
relative efficiency of discounting each product and it is shown that stores may
prefer to discount one, both or neither of their products. Section IV describes
the circumstances under which each strategy is optimal and the paper
concludes with a summary of findings and a discussion of how robust the

model is to relaxation of the simplifying assumptions.
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Il. A Retail Market Without Store Loyal Customers

To highlight the role of loyal customers in determining which products
stores prefer to discount, optimal discounting strategies will be derived in a
model without loyal customers. Consider a monopolist store in a market with
a single segment of consumers of unit mass. The customers have alternative
sources from which they can purchase the products and must be offered a

surplus of at least Q in order to attract them into the store.

The store would like to charge monopoly prices, which maximize the
store’s profit given that the customers come to the store. However, it will be
assumed that at these (monopoly) prices the customers will earn strictly less
utility than Q and will therefore prefer not to ccme to the store. The store may
attract the customers by reducing the price of one or both of its products. A
decision to lower a price below the monopoly price level will be interpreted as
a decision to discount the product. When a store discounts a product below
its monopoly price the price is advertised and known to customers before they
decide whether to visit the store. To avoid unnecessary complexity the cost
of advertising is set to zero. If a price is not discounted, the customers expect

that the store will charge the monopoly price.

We focus on the pricing decisions for two products. The demand for
each product is independent, downward sloping and maybe derived from the

following utility function:*2

42The over-parameterization of the utility function simplifies investigation of how the
optimal discounting strategy is influenced by changes in the utility function. Standardizing and
removing parameters would hinder the calculation of ceteris paribus comparative statics.
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U=6,q(v,-ap-q)+6,%(V,-&p,-q) (M

such that the optimal purchase quantity is:

q - Vi ap, (2)
2
where:
g, = quantity of product / purchased by each customer, / € {1.2);
p, = price charged for product / by the store;
v, = customers’ value or need for product /;
a, = price sensitivity parameter for product /; and
e, = the relevance of product /in determining which ~tore customers

visit.

The parameters v; and a; may be jointly interpreted as reflecting the
strength of customer demand for product /. At a given price, customers will
purchase greater quantities of product / and enjoy higher levels of utility when
v, is high and/or a; is low.*® The introduction of parameters, reflecting how
much influence the utility earned from each product has on the customers’
store choice (e,) was prompted by research indicating that the level of influence
may vary between products. Dickson and Sawyer (1990) found that, for some
products, shoppers rarely compare the price of competing brands, indeed they
often do not even check the price of the items that they have selected.
Consequently for these products, customer price knowledge is very low and the

prices of these products are not expected to affect which store customers visit.

Store profit is defined as:
n = N[g(p-6)+qlp,-c)+L) 3)

where:

N = the number ov customers who visit the store, N € {0,1};

43See equation 2.
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= cost of each unit of product / to the store; and
= the profit contributed by each customer from sales of other
products.**

~on
Il

The customers’ store selection decision requires that: N equals zero
when U < Q anc equals one*® otherwise. Q can implicitly be used to
measure the extent of competition in the market. When competition is intense,
perhaps because the cost of searching for alternatives at competing stores is
low, Q is expected to be high. We focus on the more interesting case in which
the utility earned when the store charges its monopoly prices is strictly less

than Q (the store must discount in order to attract customers).

It is assumed that the store’s marginal costs are assumed to be
sufficiently low so that it is feasible for the store to offer customers utility of
at least Q and still make positive profits. The market begins with the store
deciding which prices to discount and simultaneously setting prices for both
goods. Customers observe the discounted (advertised) price(s) and decide
whether they will visit the store. If the customers do visit the store, upon
arrival they observe the posted prices of the unadvertised products and select

purchase quantities for both products.

Sequence
of actions
0 1 2 3 4
L. l l i I
r 1 T 1 1
The store decides Customers see Customers decids. Customers visit Ostarers select
which prices to the advertised whether to visit the store and select
advertise aid prices the store see the posted purchase
sets both prices prices quantities

“This may be assumed to equal zero for much of the following discussion. The parameter
recognizes that customers may purchase products which do not influence their store selection
decision (procucts for which e, equals 0).

“®Recall that customers are of unit mass.
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To maximize profit, the store solves the following Lagrangian:

g:.a:z n(P.p) = N(q(p, - )+ q(P, - ) + L)

st Up.p,) 2 Q

which gives the following Kuhn-Tucker conditions:

.a_“ + ..a_.l_J..). =0
ap, Ip,
.gl + _a_.gl =0
op, 9P,

A[U(p,.p;) - Q) = 0

where: A = the Lagrangian multiplier.

These conditions provide the intuition for Lemma 1:

Lemma 1

(4)

(5)

(6)

(7)

In a two product market in which a monopolist store must discount in order to attract

customers, the monopolist will discount both products below the monopoly price.

A formal proof of this Lemma can be found in Appendix 1. To understand the

intuition, consider Figure 1. If the store is charging the monopoly price (p’;') for

one product it must be charging strictly less than the monopcly price for the

other product to ensure that customers visit the store.*® At the monopoly

price, marginal profit equals zero while marginal utility is strictly negative.

Therefore a reduction in price by € will result in the customer receiving a

positive increase in surplus with little loss in store profit.

The increase in

“Recall that c;, is sufficiently low so that there are prices at which the monopolist can make

positive profits.
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Figure 1

Relationship Between Store Profit
and Customer Utility

icustomer
Uity

surplus will allow the store to increase the price of its other product. At prices
below the monopoly price marginal profit is positive so the store will earn

strictly higher profits.

This is a different result than what was learned from the previous work of Lal
and Matutes (1992). It demonstrates how the shapes of the customer utility
and store profit functions influence the optimal discounting strategy. The result
is not limited to the two product case, but applies to any number of products
for which demand is downward sloping. Because discounting is always
inexpensive in the neighborhood of the undiscounted price, stores will prefer

to discount all of the products that the target (switching) customers are willing
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to buy. The result is also not limited to markets in which there are no loyal
customers. When store loyal customers are introduced, the store will consider
which products the switching customers would buy if the products were not
discounted (and the store charged its profit maximizing monopoly price). If the
switching customers are willing to buy a product at its undiscounted price, then
Lemma 1 asserts that stores that discount will prefer to discount this product.
As a result, all of the products purchased by the switching customers will be
discounted and the only products not discounted are products which the store
prefers to sell to just the loyal customers (at a price higher that what the

switching customers would be willing to pay).*’

“’Switching customers may purchase undiscounted products if there are cost or advertising
effectiveness constraints which limit the number of products that it is profitable to advertise.
Products which do not influence store choice (products for which e, equals zero) may also be
purchased by the switching customers at an undiscounted price.
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lll. A Retail Market With Store Loyal and Switching Customers

Consider the introduction of a second segment of customers who always visit
the store. Allow these store loyal customers to have a mass of Y and the
switching customers to have a mass of X. We assume that the loyal customers
have stronger demand than the switching customers so that the price at which
the switchers no longer enjoy positive surplus is strictly less than the price at

which the loyal customers will no longer purchase, i.e.:*®

y x
v, V,
1 > )

a’ &

(8)

If brand switching customers also tend to be store switchers, this assumption
is consistent with previous empirical research which has shown that brand
switching customers tend to be more price sensitive than brand loyal
customers.*® Furthermore, the differing demands offers an explanation for
why the switching customers may not visit while the loyal customers always
participate. Customers with weaker demand enjoy lower utility at a given price
and so are less likely to be willing to incur the effort to shop at the store and/or
to sacrifice the opportunity to spend their income elsewhere. Indeed, the
decision to come to the store could be endogenized for both customer
segments by assuming that they face the same participation constraint but the

switching segment has weaker demand.

In Figure 2, ng and n, represent the profit earned by the store from the

“®See equation 2, letting v, = v/, where j € {x,y} and a/is defined analogously.
“3gee, for example, Narasimhan (1984a) and Jolson, Wiener and Rosecky (1985).
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Figure 2a
nd P <p

Figure 2b
nd pJ > Ps

switching and loyal customer segments (respectively).® The joint profit
function is depicted by m,, assuming that the switching customers eventually
purchase negative quantities. The joint monopoly price, P, maximizes m,. The

monopoly price when selling to just the loyal segment, p, maximizes m, and the

%The profit functions in Figure 2 assume that L* = L" = 0. If either of these assumptions
were relaxed, the relevant profit function would be shifted up on the y-axis (profit) but would
not change with respect to the x-axis (price) and, as a result, would not affect the discussion.
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price at which switching customers no longer purchase positive quantities, p5,
is found when ng returns to zero. Of course negative purchase quantities are
not possible, so when p; > pf the store profit function follows the curve of ;.

For prices below p? the store profit function follows the curve of m,.

When p? < p$ the profit function is a bimodal function of the price of product
i (Figure 2a). When p? > p$ the profit function is unimodal (Figure 2b). In the
bimodal case the store’s profit function has two maxima. When setting the
undiscounted prices (if any) the store must evaluate whether it prefers to sell
the undiscounted product to both the loyal and the switching customers
(charging p?) or to sell just to the loyal customers (charging p}).>' As already
discussed at the end of the previous Section, Lemma 1 asserts that discounting
beth products is strictly more profitable than discounting just one product if the
switching customers buy the undiscounted product. Therefore, if a store
prefers to sell an undiscounted product to both customer segments, it is
optimal for the store to discount both products.®?

When selling to just the loyal segment, the profit maximizing price, pt, is:

L _ argmax Yy (v/-8"p)(p,-¢c)
P; P 2
y
L/ (9)
2 g/

To maximize profit, the store solves the same Lagrangian® that it faced in

Section Il (equation 4). However the resulting Kuhn Tucker conditions may

$'This issue only arises when the store is discounting just one product. If neither product
is discounted switching customers do not visit the store, while if both products are discounted
there are no undiscounted prices to set.

520r, possibly, not to discount at all.

S3Where U = U.
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now be satisfied in four ways:

Discounting neither product:

pi=pt PPt UXp ) =0

op, 9p, p, 9P,
Discounting only product 1:
p=B  PR=p UXB.p)=Q
{11)

ﬁi»au‘l :i = aU‘go
p, 9p, ap, P

Discounting only product 2:

L

p=p" =B  UXpA)
on  AUX, _ am _aU* o 112)
ap, 9P, op;,  9py

L}
)

Discounting both products:

0

p=p  P=P. UX(pp.) =
o L QUx, e JAUT, Lo (13)
opy 9Py p, 9P,

The optimal strategy will be determined by which of the four outcomes earns
the store the greatest profit. At any point in parameter space the optimum will
be unique,®® however, in different parameter spaces different outcomes will
be preferred. The boundaries of the parameter space in which each outcome
is preferred (and is therefore the optimal outcome) can be characterized by the

following four conditions:

S4Except, at most, on sets of zero measure.
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(0) The store prefers to discount product 1 rather than discount product 2:

x(Bnps) - n(pLB) 2 0 (14)

(1) The store prefers to discount product 1 rather than discount neither:

x(B.py) - w(pl ) > 0 (15)

{2) The store prefers to discount both products rather than discount neither:

x(p.p7) - n(plpt) > 0 (16)

(3) The store prefers to discount both products rather than discount product 1:

©(p ) - m(Bnp) >0 (17)

Complete parameter representations of these conditions are provided in
Appendix 2. Without loss of generality, we will label the products so that
condition O is always satisfied.®® The store will prefer to discount both
products only when it earns more from doing so than what it would earn from
discounting product 1 alone or from discounting neither product. So the store
will discount both products only when both condition 2 and condition 3 are
satisfied and when doing so will charge p; for each product (respectively). If
condition 3 is not satisfied but condition 1 is, then the store prefers to discount
only product 1 and the store will charge 5, and p5. If neither condition 1 nor
condition 2 are satisfied the store will not discount either product and will

charge monopoly prices for both, pt. Because switching consumers earn less

S¢Conditions 1 and 3 are stated in a manner which assumes that condition O is satisfied.
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surplus as prices are increased,®® when discounting only one product stores
must offer a deeper discount on that product than when both products are
discounted: g, < p; < pt. The various outcomes correspond to not
discounting, deep discounting a limited product range and shallow discounting

many products.

In Appendix 3 it will be demonsirated that each optimum is feasible and that
each region of feasible parameter space maps to a unique optimum.®’” The
parameter spaces in which each strategy is optimal will be investigated in
Section IV by describing how changes in the mode! parameters affect

satisfaction of conditions O to 3.

68This assumes that the switching customers enjoy positive surplus from product /, or p, <
p3. When this condition is not satisfied switching consumers do not purciase any of product
i and their surplus is therefore not affected by /oca/ changes in the price of that product.

S7Except, at most, on sets of zero measure. Note that both {7.2,3} and {1,2,3} are
intransitive and are therefore empty sets (where 1 equals the complement of condition 1).
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IV. Which Discounting Strategy is Optimal?

We have seen that stores maybe willing to discount one or all of their
products in order to attract switching customers into the store. In doing so
they sacrifice a portion of their potential monopoly profits from sales to loyal
customers but gain additional profits from sales to the switching customers.
The amount of additional profit earned from sales to the switching segment is
determined by the utility function of that segment, the store’s profit function
and the size of that segment. The extent to which monopoly profits are
sacrificed from the switching segment is also influenced by these factors
together with the utility function and size of the loyal segment. Consequently,
the willingness of stores to discount one product or both products in order to
aitract the switching customers is affected by the store’s profit function, the
utility functions of both the switching and the loyal customers, and the relative
sizes of the switching and loyal segments. The circumstances that favor each

discounting strategy are examined in turn.

IV.i. Should a Store Offer Discounts?

A store should offer discounts to attract the switching customers only when
the additional profit earned from these customers exceeds the profit lost from
the loyal customers. Proposition 1 is derived from comparative statics on

conditions 1 and 2 (summarized in Appendix 4).

Proposition 1
A monopolist store will offer discounts in order to attract switching customers when,

ceteris paribus:

a. The number of switching customers is large and/or the number of
loyal custrmers is small (X is large and/or Y is small);

b. The store has low marginal costs (c; are small);
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c. The utility that must be offered to the switching customers in order
to attract them to the store is small (Q is small);

d. Switching customers contribute a lot of profit from purchases of
undiscounted products (L* is large);

e. The relevance of the products in determining which store the
switching customers visit is high (€ are large);

f. Switching customers have strong demand (price sensitivity, &, is
small and/or the value of consumption, v, is large); and

g. Loyal customers have weak demand (&) is large and/or V', is small).

The intuition for and implications of each of these effects will be

considered in turn.

The number of switching customers is large and/or the number of loyal
customers is small (X is large and/or Y is small): When there are many switching
customers and few loyal customers the increase in store traffic when
discounting is large while the resulting loss of monopoly profit affects fewer
loyal customers. The relative size of the loyal segment could be influenced by
the location or age of the store. Older, more established stores maybe
expected to have a larger loyal segment than new entrants into the market. If
this is correct we would expect to see a higher willingness to discount amongst
newer stores than amongst stores which have been in the market for some

time.

The store has low marginal costs (c, are small): When marginal costs are
low, stores prefer to charge lower prices®® because they benefit more from an

increase in demand. As a result, stores with lower marginal costs are more

*®Note: the derivatives of both p* and p’ with respect to c; are strictly positive.
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likely to discount both because their losses from the loyal customers are offset
by greater profit from the resulting increase in volume and because the
undiscounted monopoly price is lower. We would expect stores which have
distribution, labor or purchasing power efficiencies to be more willing to

discount than their less efficient counterparts.

The utility that must be offered to the switching customers in order to attract
them to the store is small (Q is small): The profit lost from the loyal customers
when discounting increases as the size of the required discount increases.
Therefore, as Q increases, discounting becomes more expensive and less
attractive.®® As already discussed, Q may be interpreted as a measure of the
intensity of competition between competing stores. The more intense the
competition, the more utility that must be offered in order to attract the
switching customers and the higher the level of Q. This finding suggests that
stores are less motivated to compete for switching customers when the

intensity of competition is high.

Switching customers contribute a lot of profit from purchases of undiscounted
products (L" is large): While the results presented by Dickson and Sawyer (1990)
suggest that the prices of some products are not expected to affect which
stores customers visit,?® purchases of these products do contribute to store
profit. The benefits of attracting switching customers to the store increase
when the switching customers contribute profit from their purchases of
additional undiscounted products (L* is large). Therefore, we would expect to
see more discounting by stores at which customers purchase undiscounted

products which have little influence on their store selection decision.

®*The factcrs influencing the size of the required discount are investigated in Section IV.iv.

®This phenomenon is captured in the model by the introduction of the e/ parameters, see
earlier discussion,
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The relevance of the products in determining which store the switching
customers visit is high (e* are large): Products which have a lot of influence over
which store a customer visits may be described as salient to that customer.
Highly saiient items could be products: that have been advertised more
frequently (by retailers or manufacturers), for which the purchase frequency
and/or customer involvement in the purchase decision are high and about which
customers have the highest price knowledge. When products in a store are
highly salient to the switching customers,®' stores do not need to lower their
prices as far in order to attract the switching customers. As a result, attracting
the switching customers is less costly (in terms of monopoly profit lost from

the loyal customers) and these stores are more likely to offer discounts.

Switching customers have strong demand and/or loyal customers have weak
demand: |f price sensitivity amongst switching customers is low and/or these
customers place high value on each unit of consumption, then a reduction in
price increases the utility of the switching customers at a faster rate. As a
result, less of a discount is required in order to attract them into the store.
However, if demand amongst the loyal customers is also strong, the loss of
monopoly profit when discounting will be large. Therefore, unless there is
evidence that the strength of demand differs between loyal and switching
customers (for at least some products), demand parameters do not directly

explain which stores will discount.®?

IV.ii. Which Products Should a Store Discount?
If a store decides that it is going to discount in order to attract the

switching customers and it prefers to do so by deep discounting a narrow

®10r al/l customers {both switching and loyal customers).

$2These parameters may indirectly explain which stores discount by modifying the effects
of other parameters on this decision.
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product range,®® which products slould it choose to discount? Proposition

2 is derived from comparative statics on condition O (summarized in Appendix

4).

Proposition 2

A monopolist store will prefer to discount products for wkich, ceteris paribus:
8. The store has low marginal costs (c, is small);

b. The relevance of the product in determining which store switching
customers visit is high (€, is large);

c. Loyal customers have veak demand (& is large and/or V) is small);
and

d. Switching customers have strong demand (&, is small and/or v, is
large).

Intuition and interpretation are again provided for each of the results.

The store has low marginal costs (c; is small): Recall that when marginal
costs are low the store gains more profit from an increase in volume than when
marginal costs are high. |f demand is downward sloping, volume increases
whe.. prices are discounted. As a result, stores prefer to discount products
with relatively low marginal cost because the gain in profit from the increase
in volume is amplified. We would expect to see stores discounting the
products for which they have special marginal cost advantages. This finding

offers theoretical support for the empirical finding that retailers wil! pass a

%The store must choose whether to deep discount a narrow product range or shallow
discount a broader range of products. The factors influencing this decision will be investigated
in the following sub-section (IV.iii).
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portion of manufactuiars’ trade discounts on to their customers.®* Indeed,
this result shows how manufacturers can use trade discounts to influence

retailers’ discounting strategies.

The relevance of the product in determining which store customers visit is high
fe; is large): When a product is salient to the switching customers, so that the
utility that they derive greatly influences which store they visit, smaller
discounts are sufficient to attract the switching customers. Because
discounting is costly (in terms of profit lost from the loyal customers) we would
expect stores to discount the products for which the switching customers have
high salience. As already discussed, these may be the frequently purchased,

frequently advertised, high involvement and/or high price knowledge products.

As a preliminary test of whether advertised products are more frequently
purchased than unadvertised products, the 37 products advertised by both
competing chains in the comparison discussed at the start of this paper were
divided into edible and non-edible products. These products were then
compared with separate lists of the 200 highest volume (number of packages
sold) edible and non-edible consumer package goods in the Boston marketplace
in 1992 (The Griffin Report of Food Marketing, 1992).%° Seven of the 24
mutually advertised edible products were on the list of the 200 highest volume
edible products while three of the 13 advertised non-edible products were on
the list of the highest volume non-edible products. If the chains stock more
than 2,513 brand-size alternatives, then the proportion of edible advertised

products appearing on the list of most frequently purchased products is

%See Bucklin and Lattin {(1989); and Chevalier and Curhan (1976).

*®Results were tabulated from scan data supplied by major food retailers in the Boston
marketplace.
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significantly higher (a=0.05) than would be expected by chance.®® The
corresponding number of non-edible products is 2168. Because supermarkets
typically stock over 20,000 different brand size alternatives, these results are
consistent with the prediction that stores are more likely to advertise products
which customers purchase frequently. Chevalicr and Curhan (1976) also

present empirical evidence which is consistent with this hypothesis.

Loyal customers have weak demarid and/or switching customers have
strong demand: When demand for a product is strong, customers purchase
larger quantities and earn greater utility at a given price. For this reason,
switching customers ca.: be attracted with smaller ciscounts when the
switching customers have strong demand for the discounted product, while,
discounting is less expensive (in terms of profit lost from loyal customers) when
loyal customers have weak demand for the discounted product. Therefore
stores preter to discount products for which switching customers have strong
demand and/or loyal customers have weak demand. There is some empirical
~vidence that deal prone or brand switching customers typically come from
middle income households.®’ If this also holds true for store loyal customers,
we wou!d expect products which are targeted at these households to be
advertised more frequently. This would suggest that higher priced luxury
* roduct categories are less likely to be discounted as are low quality brands

within a category (such as generic store brands).

IV.iii. How Many Products Should a Store Discount?
Given that it has decided to discount, the store must decide upon the

most efficient manner in which to do so. Both the mode! and current practice

**The more products that a store stocks, the less likely that any single product will appear
by chance in a sample of 200. The test was conducted by comparing the difference between
proportions assuming a Bernoulli process).

®’See, for example, Narasimhan (1984a, 1984b) and Nielsen (1985).
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suggest that in some situations deep discounting a narrow range of products
is optimal, while in other circumstances the store is better to offer shallow
discounts on a broader range of products. The comparative statics on
condition 3 (summarized in Appendix 4) were used to derive Proposition 3.
Recall that the products have been labelled to ensure that when discounting a

single product the store will discount product 1.

Proposition 3

A monopolist store will prefer to offer shallow discounts on both products
rather than deep discounting a8 single product when, ceteris paribus:

8. The marginal cost of product 1 is high and/or the marginal cost of
product 2 is low (c, s high and/or c, is low),;

b. The relevance of product 2 in determining which store customers
visit is high (e} is large);

c. Loyal customers have strong demand for product 1 (&8 is small
and/or V' is large);

d. Loyal customers have weak demand for product 2 (8} is large and/or
vy is small); and

e. Switching customers have strong demand for product 2 (&} is small
and/or V4 is large).

Recall the results of Section IV.ii describing which products stores will
select to discount when deep discounting. The store prefers to discount
products which strongly influence the customers’ store selection decisions and
for which the store has low marginal costs, switching customers have strong
demand and/or loyal customers have weak demand. Labelling the products to
ensure that condition O is satisfied necessarily ensures that product 1 satisfies

these characteristics better than product 2. Proposition 3 states that the store
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is more likely to prefer to shallow discount both products when product 2 also
satisfies these criteria. Consequently, Proposition 3 may be interpreted as
finding that stores will prefer to shallow discount if both products perform
similarly when evaluated against the criteria in Proposition 2. Deep discounting
is likely when the store has a clear preference for deep discounting one of the
products over the other, while shallow discounting is more likely when the

store is indifferent as to which product it would rather deep discount.

This finding provides an explanation for why one store may choose to
shallow discount while its counterpart, facing the same customer segments and
customer demands, may choose to deep discount. If a store has similar
marginal cost efficiencies for each of its products it is more likely to shallow
discount than a store which enjoys special marginal cost advantages over a
subsample of its products. Variance in marginal costs across products may
result from different distribution practices or varying bargaining power. If the
bargaining power between a store and its supplier reflects the relative size of
each party, large store chains will enjoy considerable bargaining power with all
suppliers while the bargaining power available to smaller tirms will vary with the
size of each supplier. Moreover, when all products are distributed through a
common distribution system, the variance in distribution and warehousing costs
will be less than if some products are delivered by the manufacturer directly to
each store while others are distributed through the retailer’'s warehouses. [f
these arguments are correct we would expect shallow discounting and EDLP
strategies to be more common amongst larger chains (greater bargaining power)
and chains using a common distribution system for =il of their products.
Consistent with these predictions, Walmart and K Mart, two of America’s three
largest retailers (Fortune 1992), have all adopted EDLP pricing strategies.

By a similar argument, if the marginal costs faced by two stores are

approximately equal when averaged across products, but they vary more in one

88



store, then it is possible that one store will charge lower advertised prices while
its counterpart charges lower unadvertised prices. Such an outcome is reported
in Lattin and Ortmeyer (1991) as a feature of markets in which stores
asymmetrically choose EDLP or deep discounting strategies. The sto:e with
lcw variance in its marginal costs prefers to advertise many products at a
shallow discount, while the stores with high variance will offer deep discounts
on the products with the smallest relative marginal cost. The unadvertised
prices will be higher at the high variance store because it faces relatively high

marginal costs on these products.

This argument may initially appear to be inconsistent with the findings
in the Signalling and Commitment Using Retail Prices essay in Chapter 1. In
that essay, it is shown that if there is positive correlation in marginal costs
across products, then stores charging lower advertised prices may also be
expected to charge lower unadvertised prices. The apparent inconsistency
arises from a breach of the assumption that marginal costs are positively
correlated across products. When the average marginal cost is held constant,
a relatively low marginal cost for one product implies a relatively high marginal
cost for another product which represents negative correlation in marginal
costs. If marginal costs are positively correlated across producis the results in
the current essay are consistent with price signalling: the stores that are most
likely to discount (stores with low marginal costs) also crefer to charge lower

undiscounted prices.

IV.iv. How Deep Will the Discount(s) Be?

Because the store would prefer to charge higher prices and only
discounts in order to attract the switching customers, the store will discount
no more than is necessary to ensure that the switching customers visit. What
level of discount is necessary? This depends on how much utility must be

guaranteed to the switching customers to ensure that they visit, how many
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products are discounted and the rate at which the utility enjoyed by the

switching customers increases as prices are reduced.

Proposition 4

A monopolist store will offer deeper discounts when, ceteris paribus:

8. The utility that must be offered to the switching customers in order
to attract them to the store is large (Q is large);

b. The store discounts fewer products; and

c. Switching customers have strong demand for the discounted
products (g, is small and/or V' is large).

Proofs to Proposition 4 are obvious from the earlier discussion and for
this reason are not presented formally. The intuition for the results relies upon
switching customers earning more utility when prices are lower. Therefore, the
more utility that switching customers demand to attract them to the store, the
deeper the required discounts(s). If the amount of utility demanded by the
switching customers reflects the intensity of competition in the market, we
would expect to see deeper discounts in more competitive markets. This result
is consistent with the finding in the first essay that the intensity of competition
between stores (or the distance the stores are apart) influences the prices of

the discounted (advertised) products but does not influence the undiscounted

prices.

We would also expect to see deeper discounts when the range of
products being discounted is small. To guarantee the same overall level of
utility, the utility enjoyed from consumption of each discounted product must
be higher when fewer products are being discounted. Furthermore, the
stronger the customer demand for a product the less that the price must be

reduced in order to offer an equivalent level of utility.
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V. Conclusions

A model of a two product retail market has been presented to
demonstrate how the optirnal discounting strategy is influenced by trade-offs
between customer utility and store profit. These trade-offs, which are
overlooked in the only previous analytical research on this topic, are capable of
providing insights into many of the discounting decisions confronting a retail
store, including: when should a store offer discounts; how many products
should be discounted; which products should be discounted; and how deep

should the discounts be?

Because discounting is always expensive in the region of the optimal
undiscounted price, stores will prefer to discount all of the products that the
target (switching) customers are willing to buy. As a result, unless exogenous
market features limit the number or type of products that it is feasible to
discount (advertise), the only products that it is not optimal to discount are
products which the store prefers to sell solely to the loyal customers (at a price
higher than what the switching customers would be willing to pay). The results
show that stores are more likely to offer discounts when there are many
switching customers or few loyal customers and when marginal costs are low.
Ciscounting is also more attractive to the store if loyal customers have weaker
demand tor the discounted products than switching customers, or when
switching customers purchase many other products at the store and the utility
that they derive from the discounted products greatly influences their store

selection decision.

When deciding which products to discount, the store must compare the
rates at which switching customers gain utility and the store loses profit as the

price is reduced. Products most likely to be discounted are those products for

91



which stores have special marginal cost advantages and products for which the
demand amongst loyal customers is weak while demand amongst the switching
customers is strong and/or salient. These results are consistent with and
provide an explanation for the common wisdom contained in the retailing
management literature. The decision as to which products to discount is also
obviously a function of how many products the store would like to discount.
We find that discounting a narrow product range is most likely when the store
has a clear preference for discounting one of the products over the other. As
the stoie becomes more indifferent as to which product it would rather
discount, the probapility that it will discount a larger number of products

increases.

Because discounting is expensive, the store will not discount more than
is necessary in order to attract the switching customers. As a result, the depth
of the discount(s) offered depends upon the number of products discounted,
the amount of utility that must be offered in order to attract the switching
customers and the strength of demand amongst the switching customers. The
stronger the switchers dernand, the smaller the required utility and the more

products that are discounted then the smaller the resulting discount(s).

These results allow us to provide a possible explanation for the questions
posed in the introduction: how can different discounting strategies be optimal
for different stores? The locations, ages of the stores and other factors may
result in the stores attracting loyal customer segments of different sizes or with
different demands. Distritution and purchasing power variations may cause
marginal costs to vary both in the average across products and in the variance
between products. The stores may offer different product ranges so that the
profit earned from customers’ purchases of undiscounted products varies. The
results show that store differences such as these are capable or explaining why

some stores may adopt a shallow discounting or EDLP strategy while otners
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offer deep discounts on a small range of producis or do not discount at all.

A number of limitations resulting from modelling simplifications are
worthy of discussion. The model assumes that the switching segment is
homogenous: either all of the segment visits the store or none of the customers
in the segment visit. Clearly, in practice, this is unlikely to happen. However,
as long as the distribution of customers is sufficiently bimodal the findings will
not meaningfully change. A. cost of advertising could be introduced to make
discounting costly to the store. The findings would survive the introduction of
such a cost with the implication that the larger the cost of advertising the less
attractive it is to discount. If the advertising cost was variable and increased
as the number of advertised products increased then deep discounting a few
products would become more attractive compared to shallow discounting

multiple products.

The introduction of additional products is consistent with the current
intuition, so the findings also survive the introduction of additional products.
Although the number of equilibrium conditions required to define the optimal
strategy increases dramatically, the role of each parameter in determining the

optimal discounting strategy will remain the same.

For ease of computation the findings are derived using a linear customer
utility function. The comparative statics on c; X, Y, Q and U are robust to
almost any reasonable utility functions. The findings concerning the parameters
in the switching customers’ utility function rely on the signs of the derivatives
of U and ¢’ with respect to each parameter. The signs of the derivatives of
@' and dq'/dp, govern the results for the loyal customers’ utility function. These
signs are generally predictable from each parameter’s interpretation, which
suggests that the findings are robust to a broad variety of more genera! demand

functions.
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Discounting just one product can only be an optimal strategy if store
loyal customers have stronger demand than switching customers for at least
one product. If this is not the case, switching customers will be willing to buy
both products at their undiscounted prices, which, in accordance with Lemma
1, implies that discounting both products will be strictly preferred to
discounting just one product. Arguing that switching customers have stronger
demand than loyal customers for both products would not be consistent with
the empirical research describing deal prone behavior and weuld not be
consistent with the explanation offered to justify why only one segment of

customers is willing to switch.

Introduction of a competing store would allow the effects of competition
to be incorporated explicitly. In a two firm Stackelberg market, the Stackelberg
leader must decide whether it prefers to target just its loyal customers or to
discount and attract the switching customers. To attract the target customers
the Stackelberg leader must ensure that it offers encugh utility to both lure the
switching customers to the store and to dissuade the Stackelberg follower from
also discounting. The follower faces the same decisions as the monopolist
store in the present model, with Q endogenously determined by the leaders
discounting decision. The intuition remains the same for both stores - a store
will only discount if it earns more profit from attracting the switching
customers than what it loses from its loyal customers. When deciding how to
discount, the store finds the way to offer utility to the switching customers

that sacrifices the least profit from the loyal customers.

The findings also help to explain optimal discounting strategies when
competing firms choose their discounting strategies simultaneously. Assuming
a locational mode! in which the switching customers were distributed between
the stores, then (given appropriate assumptions) a pure strategy equilibrium

would exist in which stores simultaneously choose a discounting strategy while
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expecting each other to behave optimally. In deciding how to discount in order
to attract switching customers at least cost, the store will face essentially the
same efficiency trade offs as in the current model. A decision not to discount

at all may be optimal if a store has a large segment of loyal customers.

Demands for different products are not always independent. In the case
of complements, such as cheese and crackers or salsa and chips, an increase
in demand for one of the products will have a positive effect on demand for the
other. Other products, such as competing brands of the same good, represent
substitutes - an increase in demand for one brand maybe expected to reduce
demand for its competitors. For a variety of reasons, the positive cross price
elasticities exhibited by complements makes it more attractive to discount
complements than substitutes. The level of discount required is smaller and
less expensive; the overall increase in demand for both customer segments
offseis the loss of monopoly profits from the loyal customers; and the
monopoly prices when selling just to the loyal customers are lower for

complements than they are for substitutes.

There are a number of additional reasons a store may choose to offer
discounts. The reiailing management literature notes that seasonal
merchandise, over-bought merchandise and damaged merchandise are all often
subject to discounts,®® although discounts for these products are perhaps
better explained as a change in the optimal price foliowirg a reduction in
customer demand. Previous research has shown that advertised prices may be

used to signal both the quality of the products offered by the store®® and the

% A general discussion is presented in Arnold, Cappeila and Smith {1983 p434-435).

® A number of papers have investigated price signalling of quality. See Chu and Chu (1930)
for a recent review.
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prices of other unadvertised products sold by the store.” Investigating which
product(s) it is optimal to discount when the objective of discounting is not just
to commit to offering surplus, but also to signal information about quality or
unadvertised prices, may offer additional insights to the current findings. The
choice of products to advertise may also be influenced by the degree of
asymmetric knowledge in the market. The prices of fruit and vegetables vary
frequently as a result of supply fluctuations which are generally observable only
by the retailer. By advertising the prices of these products, ret~lers are able
to resolve customer uncertainty and (if the customer is risk averse) make

visiting the store more attractive.

Currently, it is rare for research investigating customer purchasing
behavior to discriminate between customer segments, perhaps because the
importance of doing so was not previously apparent. This research highlights
the importance of separately estimating the purchasing behavior of switching
and loyal customers. A number of the normative implications in the paper
assume that the store can separately assess the strength of demand for each
product in each customer segment. The findings also contain a large number
of empirically testable hypotheses. Future empirical research is planned to
more fully investigate the consistency of each of the hypotheses with current

retail practice.

"°gee Simester (1993).
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Appendix 1

Proof of Lemma 1

Lemma 1: In a two product market in which 8 monopolist store must discount in
order to attract any customers, the monopolist will discount both products below

the monopoly price.

Proof: In order to demonstrate inconsistency, assume that the: monopolist discounts only one
product (product 1) so that an/dp, > O. The customers’ downward sloping demand implies that
aU/dp, < O for all p, < some P where the monopoly price p¥ < p. For the first Kuhn Tucker
condition, equation (5), to be satisfied, A > 0. As a result the second Kuhn Tucker condition,
equation (6), is only satisfied when anm/dp, > 0. But this is inconsistent with the store charging its
monopoly price for product 2. For both Kuhn Tucker conditions to be satisfied the store must

charge strictly less than the monopoly price for both products.
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Appendix 2

Parameter Representations of the Equilibrium Conditions:
The store prefers to discount product 1 rather than discount product 2:

(X - 878 + V(W - 87B)|(B - &) + YO -8/ P ) - @)
- (X0 - &8y + YOV - 8] B))(B, - &) - YW -8!p ) - ) > 0

where:
V,'-2y/6
b= ——=—
g,
y
¢t € Vi
p/ = E’ + y
2q;

The store prefers to discount product 1 rather than discount neither product:

[X(v* - 88) + V(W - 87B)](B, - &) + XL* - V(W' - &P (" - @) < O

The store prefers to discount both products rather than discount neither product:

(X" - ap) + YO0 - &7p0) oy - &) - YW - &7 ) (B - 6) < XL*
o (X - 8p5) « YO - &P (e - &) - V(W -8Ry - 6) < O

where:

&' -a'm)’ | &(w &)

Q
4 4

The store prefers to discount both products rather than discount product 1:

(18)

(19)

(20)

(21)

(22)

[Xv" - 87p) « YW - 87 P (B - &) - [X(W'-8"B) + V(W - a7P,)](8y - &)
(24)

o [XF - 8'p) YV - &P - @) - YO -8l )R - 6) < 0
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Appendix 3

Mapping from the Equilibrium Conditions to the Equilibria

Assume that the products are labelled to ensure that condition {0) is satistied.

Table 1
Condition 1 Condition 2 Condition 3 Outcome
nm>n, m,>n, ma,>m

x x X Discount neither product
7/ x x Advertise only product one
7/ 4 X Advertise only product one
4 s/ s/ Advertise both products
x / v/ Advertise both products
x x e Discount neither product
x 7/ X Empty set

II 7/ x 7/ Empty set

7/ condition is satisfied
x condition is not satisfied

n, profit earned from discounting neither product
m, profit earned from discounting just product 1
n,, profit earned from discounting both products

In order to demonstrate both that the six feasible regions of parameter space are indeed non empty
and (by implication) to prove existence of each equilibrium discounting strategy, examples of
parameter values satisfying the various equilibrium conditions are presented in Table 3. The
parameter values also all satisfy the model assumptions, namely (for /i € {1,2}):

y Xop®
Vi >V, >p

Vl”PIL>PIJ>P/.>p/>°

x (Bp) > w (P D)
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10 0 16 36
6 0 16 36
6 1000 16 36
“ 20 1000 | 16.6 31.4
" 20 833 16.5 31.4

u 20 o 16.6 314

In all of these examples the remaining parameter values were set as follows (i € {1,2} andj €
{x.y}:
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Appendix 4
Proofs to Propositions 1-3
Deriving the comparative statics to prove Propositions 1-3 requires the straight-forward

differentiation of the equilibrium conditions in Appendix 2 with respect to each parameter. The
comparative statics are summarized in Table 3.

Table 3
———
Parameter Condition 0 Condition 1
n>nm, m>n,

X ? +

Y ?

Q ?

L 0 +

Cy

c, + (o]
. . ,
|r a) + + +
!I a; + [0} -
|| a} 0 + + |

vy + + + ?

vy - - +

v (o} + +
“ vy + o - Jl
II e + + + ?
II ! o o o o
il e} 0 + +

e} (] 0 o (o}

condition more likely to be satisfied if parameter is large
condition less likely to be satisfied if parameter is large
parameter does not affect likelihood of satisfying condition
sign depends upon perameter conditions

~ O 4
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