
~
t?(vi

Abhik Roy. Dominique M. Hanssens . Jagmohan S. Raju
The A. GQry Anderson GrQduQte School of MQnQgement, University of CQliforniQ, Riverside, CQliforniQ 92521

The John E. Anderson GrQduQte School of ManQgement, University of California, Los Angeles, California 90024
The Wharton School, University of Pennsylvania, Philadelphia, Pennsylvania 19104

W e examine the problem of pricing in a market where one brand acts as a price leader.
We develop a procedure to estimate a leader's price rule, which is optimal given a sales

target objective, and allows for the inclusion of demand forecasts. We illustrate our estimation
procedure by calibrating this optimal price rule for both the leader and the follower using data
on past sales and prices from the mid-size sedan segment of the U.S. automobile market. Our
results suggest that a leader-follower system (Stackelberg) seems more consistent with the
pricing behavior in this market, than a mutually independent pricing rule (Nash). We also find
that our optimal price rule explains this market data better than other pricing schemes that do
not account for optimizing behavior on the part of the leader and the follower..

(Marketing-Competitive Strategy, Pricing; Games-Noncooperative, Stqu~ntial)

1. Introduction
Price leadership has long been recognized as an im-
portant and frequently occurring phenomenon. U.S.
steel producers maintained parallel price manges before
foreign competition left them with excess capacity (Na-
gle 1987). General Motors acted as a price leader for
many years and its prices were followed by Chrysler
and American Motors (Carpenter, Cooper, Hanssens,
and Midgley 1988). In some market segments, the de-
pendency between Detroit manufacturers still prevails,
though imports now playa much bigger role. Well doc-
umented cases of price leaders enforcing cooperation
through price cuts are Shell Oil in California, and Stan-
dard Oil in the Ohio gasoline market (Nagle 1987).
Other markets where price leadership patterns have
been found include air travel, turbogenerators, personal
computers, and some consumer packaged goods sum
as cigarettes and breakfast cereal (Scherer 1980).

How should a price leader act in such cases? We pre-
sent an approach that may be used to arrive at the lead-
er's price rule in a market where the leader knows that
its competitors are likely to change their prices based
on the actions of the leader. As compared to other pric-
ing mQdels presented in previous research, the distinc-

tive features of our approach and its potential contri-
butions are as follows.

(1) It includes forecasts of future demand in the
le~der's pricing rule.

(2) While much of the prior research provides good
qualitative insights about how a firm should price its
offerings over time, we actually develop an empirical
procedure that may be used to calibrate the price rule.

(3) The ability to calibrate the price rule allows us
to examine whether a particular set of data are more
consistent with the leader-follower pricing, or the al-
ternative where the brands are assumed to set their
prices independently. For instance, the Wall Street
Journal (July 28, 1992), recently reported that Chrysler's
pricing strategy appears to follow in the footsteps of
rival Ford. Our statistical tests help confirm such con-
jecture formally. We can also examine whether our
pricing rule, which assumes optimizing behavior on the
part of the competing brands, does a better job of ex-
plainingthe data than other schemes which do not ac-
count for optimizing behavior.

Related previous research includes the monopoly
pricing models examined in Robinson and Lakhani
( 1975), Dolan and Jeuland ( 1981 ), and Kalish (1983).
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the alternative where the competing brands are assumed
to set prices independently. Our tests also examine
whether market data are consistent with pricing roles,
on the part of the competing brands, that assume op-
timizing behavior as we have defined it.

The rest of the paper is organized as follows. The
leader's pricing problem is formulated in detail in §2.
In§3 we present the optimal price rule for this problem.
In §4, we describe a method to estimate the optimal
price rule. In §5, we use this method to estimate the
price role, for both the leader and the follower, using
data from the mid-size sedan segment of the U.S. au-
tomobile industry. Our analysis in § 6 formally examines
whether a leader-follower price role explains pricing
behavior better than a rule that assumes that the com-
peting brands act in a Nash manner. Section 7. sum-
marizes our key results, and discusses limitations that

may be overcome in future research.

2. Model Description
We assume that the market consists of two brands, la-
beled as Brand 1 and Brand 2. Although we focus on
the pricing problem of the leader (Brand 1), our analysis
also provides the optimal price rule for the follower
(Brand 2). We assume that the pricing decisions are
made in discrete time periods. For example, forecasts
of future demand are obtained every month and
the prices are based, in part, on these forecasts. We
label each period by the subscript t, where t = 1, 2, 3,

..., T.

2.1. Demand Equations
Define qi, to be the sales of Brand i in period t, and
p~ to be the price of Brand i in period t. We assume
that the sales in period t depend on the sales in period
(t - I), prices in period t, and other exogenous factors
that are not known completely at the beginning of pe-
riod t. More specifically,

The three main pricing strategies that emerge from this
body of research are skimming, penetration, and pen-
etration followed by skimming. Among the papers that
take competitive effects into account, DO(:kner and Jor-
gensen(1985), Erickson (1983), and Thompson and
Teng (1984) examine pricing in a diffusion context.

Eliashberg and Jeuland (1984) investigate dynamic
pricing strategy when another firm enters the market
in the second period. Rao and Bass (1985) derive in-
dustry price paths in the presence of saturation and cost
learning effects. Narasimhan (1989) examines pricing
strategy when consumers can form expectations about
future price changes. Bensoussan, Bultez and Naert
( 1978 ) derive a market leader's optimal pricing stra tegy
anticipating the follower's reactions. None of this re-

search addresses the price leadership problem empiri-

cally.
We study the leader's problem of pricing over time

in a market with the following characteristics.
( 1) Since future demand is uncertain, the competing

brands (both the leader and the follower) conduct mar-
ket research to obtain sales forecasts. Continuing market
research programs are common in the consumer pack-
aged goods industry, service industry, and also in the
automobile industry where brands regularly develop
forecasts of future demand (Urban, Hauser, and Roberts

1990).
(2) We assume that the competing brands have in-

formation on past performance. More specifically, we
assume that both brands use past sales and price data
as inputs to set prices and sales targets for the next
period. Own prices and sales can be obtained from in-
ternal records. Competitor's prices and sales in markets
with a few brands are readily obtained from trade pub-
lications or other sources providing market data.

( 3) Each brand sets a sales target for itself. While
setting prices, the leader (follower) knows its own target,
which implies an expected level of sales for the follower

(leader).
We will use the term "optimal price rule" to describe

a price rule that is optimal in the sense of best meeting
the objective of minimizing deviations from pre-set tar-
get sales. We derive the optimal price rule and a pro-
cedurethat can be used to calibrate it. We present tests
that help us identify whether market data are more
consistent with leader-follower pricing as opposed to

(1

(2)

ql -.. 1 + 2 b 1 + b 2 + 1, - -llq,-1 Q12qt-1 - lIP, 12P, U"
q2 - .. ql + 2 - b 2 + b I + 2 , -21 '-1 Quq,-1 Up, 21P, U,.

2.1.1. Key Features of (1) and (2). We focus our
attention on (1); Equation (2) has similar characteristics.
btt reflects the effect of own price on demand in period
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