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INTERTEMPORAL PRODUCT CHOICE AND ITS EFFECTS ON
COLLUSIVE FIRM BEHAVIOR*

By Myong-HuN CHANG!

This study analyzes the collusive behavior of firms in markets characterized
by horizontal product differentiation. The special features are: 1) Product
choice is endogenized, and 2) firms may redesign their products intertempo-
rally at a fixed cost. The main objective is to examine the relationships
between the extent of product differentiation, the product redesigning cost and
the degree of collusion supportable. The findings indicate that flexible product
design makes collusion more difficult to sustain since, in the event collusion
breaks down, firms have an incentive to mitigate the severity of punishment by
redesigning their products and thus reducing price competition.

1. INTRODUCTION

It is well known in the field of industrial organization that when a market is
characterized by horizontal product differentiation, the pricing decision of a firm
depends crucially on the substitutability of its rival firms’ products. Of course, this
relationship depends on the type of pricing behavior (conduct) firms pursue. The
traditional approach is to examine this issue under the assumption that firms behave
noncollusively. However, within the growing literature of the noncooperative
theory of collusion, several researchers have recently examined the effect of the
degree of product differentiation on the ability of firms to collude. The first attempt
in this line of research was made by Deneckere (1983). Using the representative
consumer model of product differentiation in the repeated games framework,
Deneckere (1983) derived a trigger strategy equilibrium for both a price game and
an output game when firms are exogenously given differentiated products. Chang
(1991) approached the same problem using Hotelling’s (1929) spatial competition
model. (Similar approach has been used by Ross (1992).) Finally, Majerus (1988)
and Martin (1989) extended the duopoly analysis of Deneckere (1983) to the more
general oligopoly setting.

By assuming that each firm’s product is exogenously determined and fixed over
time, the above models do not address the issue of how changes in the degree of
product differentiation come about. In actuality, product choice is not only
endogenous but can be changed over time. If we can define a product character-
istics space over which consumers with heterogeneous tastes are distributed,
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choosing a product design or changing an existing product’s design is equivalent to
locating or relocating a product in this product space. Assuming exogenous product
differentiation amounts to preventing firms from redesigning their product; that is,
relocating their products over time in product space. The ability of firms to relocate
their product may be important in determining their ability to collude as, in the
event collusion breaks down, firms can mitigate the severity of punishment by
relocating their products so as to reduce price competition. By reducing the
severity of punishment, firms can alter the degree of collusion which is sustainable.

This paper sets forth a supergame in which firms make price and product location
decisions where relocation of one’s product incurs a fixed cost f. One may infer that
f measures the ease with which firms may redesign their products. Previous models
with exogenous product differentiation can be interpreted as the case where f is
sufficiently large so that relocation is never optimal.2 Note that the level of f is
dependent upon the existing technology. For instance, the wide spread use of
CAD-CAM (Computer Aided Design and Manufacturing) may be responsible for a
substantial reduction in the fixed cost of redesigning products: Altering a product
design can be accomplished with relative ease nowadays.

My objective in this paper is two-fold. First, to assess how the initial degree of
product differentiation affects the ability of firms to collude when they are capable
of relocating in the event collusion breaks down. Second, to explore how the cost
of relocating affects the ability of firms to collude. I pursue this objective in a
sequence of steps. First, I construct an equilibrium in product choice and price
when firms behave noncollusively. The second step is to prove the existence of an
equilibrium which supports a collusive outcome. Finally, by examining the set of
discount factors supporting the joint profit maximum as a subgame perfect
equilibrium, I provide insight into the above issues.

The paper is organized as follows. In Section 2, I describe the model of
differentiated products. Section 3 gives a formal description of the duopoly
supergame. Preliminary results regarding the static game are discussed in Section
4. In Section 5, I characterize an equilibrium of the supergame in which firms
compete in product choice and price intertemporally. Section 6 proves the
existence of an equilibrium that supports collusion through the trigger strategies.
Section 7 characterizes the punishment path that depends on the initial degree of
product differentiation arising from collusion. Section 8 investigates the impact of
the initial degree of product differentiation and fixed cost of relocation on the ability
of firms to collude.

2. THE MODEL OF DIFFERENTIATED PRODUCTS

The differentiated commodity is represented in the product space X which is the
unit interval [0, 1]. There are two firms, each producing only one product at
constant (zero) marginal cost. The location of firm i is denoted by x; € X, where
firms are numbered so that x; =< x,. Let  be the set of all possible pairs of product

2 There is also a literature of spatial models in which locations, once chosen, can not be changed. See,
for example, Lane (1980, Prescott and Visscher (1977), and Neven (1987).
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locations: Q = {(x{, x2)|x; € [0, 1], x, € [0, 1], x; = x,}. We may also define
a set C as a subset of ) such that it contains only symmetric product location pairs,
iie,, C={(x,1 - x)|x € [0, 1/2)}.

Consumers are uniformly distributed over [0, 1] where the location of a consumer
represents his most preferred product. If consumer x* purchases product % at price
D3, his total cost is p; + f(X, x*) where f(%X, x*) is the utility cost (in dollars) of
purchasing a product different from the most preferred variety of x*. Following the
formulation of Neven (1985), I assume the function to be quadratic, (X, x*) =
b(x — x*)z. Each consumer has a finite reservation price, k, so that she will buy
one (zero) unit of the differentiated product if the delivered price is less than or
equal to (greater than) k. I specify k to be finite but sufficiently high that the entire
market is served. In particular, it is assumed throughout the paper that (5/4)b =
k < .3 Finiteness of k is necessary to bound the strategy sets of the firms.

3. STRUCTURE OF THE GAME

Firms are given the initial locations, (x1°, x? ), as the initial condition for the
infinite horizon game. In each period, firms play a two-stage game. In stage 1, firms
simultaneously choose where to locate (or relocate), where x/ denotes the location
of firm i in period ¢. Given a location pair, the firms then simultaneously choose
price, p/, in stage 2, where p} € [0, k].4 If x} # x}!~!, then firm i incurs a fixed
cost of relocating, f, in period ¢.

A location strategy for firm i is an infinite sequence of action functions, {S/}/21,
where S/ : [0, 112 x [[0, 1]% x [0, k]%]*"! — [0, 1]. A price strategy for firm
i is an infinite sequence of action functions, {G/},~, where G/} : [0, 1]? x [[0, 1]?
x [0, k121! x [0, 11> —> [0, k]. As thus defined, strategy sets include
closed-loop strategies, where the state variables at ¢ are (x{ -1 x4 1). We restrict
firms to using pure strategies.

Once firms make the location-price decisions, we may denote by 2 the consumer
who is indifferent between purchasing x; and x, given prices (p, p,) such that
p1 + b(z2 — x)? = p, + b(2 — x)®. Demand for x; is then defined by
Z(p1, P2; X1, X3) as follows:

0 ifz2=0,
(1) Z2(p1, P2 X1, x2) =42 if0<2<1,
‘ 1 ifz=1.

Demand for x, is then simply [1-Z(p;, p,; X1, Xx2)]. Letting x/ and p} be the
realization of S/ and G/ in period ¢, we may define the period ¢ profits of firm i as
follows:

3 k = (5/4)b is necessary for the entire market, [0, 1], to be served in equilibrium when firms do not
collude. See Chang (1991) for details.

4 While product selection is flexible in that it can be changed every period, two-stage modelling allows
us to capture the idea that price is more flexible than product location: Prices can be changed in stage 2
given fixed product locations.
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where a = 0if x! = x/7!, and @ = 1 if x/ # x!~'. Firm i incurs a fixed cost of
relocating, f, if his new location in period ¢ differs from the previous location. Since
the profits in period ¢ are dependent on (x{!, x4~!) through a, the structural
time-dependency is inherent. Firms have a common discount factor, 8, and adopt
a strategy vector o = (oq, 0y), where o; = {S}, G&, S?, G?, ..., 8}, G}, ... }
is the strategy of firm i. In period 7, firm i maximizes the present value of its future
profits starting from that period:
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where o' = (of, 03) = (S{, G{, S§, G}). The equilibrium concept is that of

closed-loop subgame perfect equilibrium. Closed-loop subgame perfect equilibrium
in our model is a pair of decision rules specifying the locations and prices that form
mutual best responses in every period for every possible state.

4. ONE-SHOT PRICE GAME

The purpose of this section is to introduce certain payoff functions which will be
useful later on. The one-shot price game in my model is identical to stage 2 of
Neven (1985) in that firms simultaneously choose prices given fixed locations.
Neven (1985) showed that the Nash equilibrium in the price game entails a pair of
prices (p(xq, x3), p2(xy, x3)) such that py(xy, x3) = (2b/3)(x, — x;) +
(b/3)(x3 — x{) and py(xy, x3) = (4b/3)(x — x1) — (b/3)(xF — x{) for (x1, x2)
€ Q. The Nash equilibrium payoffs for stage 2 are defined as follows:

4) v (x1, x2) = (D1, Pas X1, x2) = P1(x1, x2) Z(x1, X2),
(%) 03 (x1, X2) = 7o (P1, Pas X1, X2) = Pa(x1, x2)[1 — Z(x1, x2)].

Let ¢;(p ;) represent the one-period best response price of firm i for any given price
of firm j, p; € [0, k] such that 7;(y;(p;), pj; x;, x;) = max P; mi(Pi> Pj; Xis Xj).
v,-d( pj; x) denotes the best response payoff to firm i when products are symmet-
rically located and firm j charges p;: v,-d(pj; x) = m;($(pj), pj; x, 1 — x).

Denote by #(p, p,) the joint profits of the cartel: #(p{, p2) = 71(p1, P2) +
m(p1, p2). The next proposition characterizes a pair of prices that maximizes the
joint profits for symmetrically located firms.

ProposITION 1. (Chang 1991). For all (x;, x5) € C and k = (5/4)b, there exists
a price p™(x) such that
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#(p™(x), p™(x)) = max #(p1, p2), where p™(%)
Pi1,D2

k — b[(1/2) — 2]*> for all 2 €[0, 1/4)
k- b22 for all 2 €[1/4, 1/2).

5. FEEDBACK EQUILIBRIUM

In this section, I characterize closed-loop subgame perfect equilibrium of the
supergame for when firms do not collude. A careful construction and characteri-
zation of the noncollusive equilibrium is important to my analysis due to the nature
of the collusive strategies adopted by the firms. The collusive strategies firms use
in my model are the Friedman (1971)-type grim trigger strategies, in which firms
permanently revert to a simple repetition of static equilibrium as soon as cheating
is detected. In our case, this punishment path corresponds to the noncollusive
equilibrium defined over both product design and price. Prior to proving the
existence of collusion and examining its sustainability, it is thus essential that we
carefully construct and characterize the noncollusive equilibrium in this intertem-
poral environment.

Given the initial pair of locations, (x{, x§), firms compete each period ¢ (= 1)
in both product location and price throughout the entire horizon. The strategies of
the firms are feedback strategies in which the location choice of a firm in period ¢
is dependent only upon the current locations of the firms (x{~!, x4~ !). In other
words, a firm’s choice of whether or not to alter its product design in any period
depends solely on current designs of the existing products. Once product choices
are made, prices are then determined in stage 2 as functions of the new locations
(x{, x3). The relevant solution concept is closed-loop subgame perfect equilibrium.
From now on, I shall refer to closed-loop subgame perfect equilibrium in feedback
strategies as the feedback equilibrium.

The feedback equilibrium in my model consists of a pair of decision rules that
specifies for each firm what its new location should be, and a pair of prices, p;(x{,
x3) and p,(x{, x3). It is shown in Theorem 1 that the Nash equilibrium prices,
p1(x{, x3) and p,(x{, x4), are, in fact, a part of the feedback equilibrium. The
relevant payoff functions of the firms located at (x{, x5) and charging (7, p,) are
then v{V(x{, x§) and v{¥(x{, x4) as defined in (4) and (5).

Prior to deriving the feedback equilibrium for the supergame, let me briefly
discuss the optimal location choice of a firm in the absence of the relocation cost.
Given x; € [0, 1], I denote by x’}‘(xj) the optimal location of firm i when Nash -
equilibrium pricing is used in stage 2 such that v,-N(x’}‘(xj), xj) = oN(x;, xj) V¥
x; € [0,1],i,j =1, 2, i# j. Since a firm’s Nash equilibrium payoff is strictly
increasing in its distance from the other firm, it is easy to see that x¥(x i) =0 for
x; € (1/2, 1], and x’}‘(xj) = 1for x; € [0, 1/2]. This implies that if a firm ever finds
it optimal to relocate, there is a unique location to which it will move—the end of
the market that maximizes its distance from its opponent. The intuition behind this
result is straightforward. Given that Nash equilibrium pricing prevails in the second
stage, price competition in that stage will be more severe as products are closer



