Columbia University

%5 Department of Economics
‘ Discussion Paper Series

Price-Increasing Competition

Yongmin Chen
Michael H. Riordan

Discussion Paper No.: 0506-26

Department of Economics
Columbia University
New York, NY 10027

May 2006



Price-Increasing Competition*

Yongmin Chenfand Michael H. Riordan

May 2006

Abstract

In a discrete choice model of product differentiation, the symmetric duopoly price
may be lower than, equal to, or higher than the single-product monopoly price. While
the market share effect of competition encourages a firm to charge less than the monopoly
price because a duopolist serves fewer consumers, the price sensitivity effect of compe-
tition motivates a higher price when more consumer choice steepens the firm’s demand
curve. The joint distribution of consumer values for the two conceivable products
determines the relative strength of these effects, and whether presence of a symmet-
ric competitor results in a higher or lower price compared to single-product monopoly.
The analysis reveals that price-increasing competition is unexceptional from a theoret-

ical perspective.
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1. INTRODUCTION

A fundamental insight of economics is that competition usually lowers prices. The
strength of this conclusion, however, is called into question by scattered evidence from
assorted industries. For example, Pauly and Sattherthwaite (1981) argue that physician
services are priced higher in urban areas with more physicians per capita; Bresnaham and
Reiss (1991) present survey evidence showing that automobile tire prices are somewhat
higher in local markets with two dealers rather than one, although the difference is not
statistically significant; Bresnahan and Reiss (1990) infer from the structure of local auto
retail markets that profit margins might be higher under duopoly than monopoly; Perloff,
Suslow, and Seguin (2005) conclude that new entry raises prices in the anti-ulcer drug mar-
ket; Ward et al. (2002) provide evidence that new entry of private labels raises prices of
name-brand goods in the food industry;' Goolsbee and Syverson (2004) show that airlines
raise route prices when Southwest opens new routes to the same destination from a nearby
airport; and Thomadsen (2005) simulates with estimated parameters from the fast food in-
dustry how prices may rise with closer geographic positioning of competitors. A theoretical
re-consideration of how competition affects prices thus seems appropriate.

In this paper, we study a discrete choice model of product differentiation in which con-
sumers’ values for two substitute products have an arbitrary symmetric joint distribution.
Each firm produces a single product, and the market structure is either monopoly or
duopoly. We characterize under weak assumptions a necessary and sufficient condition
for the symmetic duopoly price to be higher than, equal to, or lower than monopoly price.
This condition balances two economic effects. At the monopoly price, a duopoly firm sells to
fewer consumers than the monopolist. The larger is this difference, the greater is the incen-
tive of a duopolist to reduce price below the monopoly level. We call this the market share

effect. On the other hand, under product differentiation a duopoly firm’s demand curve

'More precisely, the entry of private labels raises the price of the national brands, with a possible in-
crease of average market price. See also Caves, Whinston, and Hurwicz (1991) and Grabowski and Vernon
(1992) for evidence that generic entry triggers higher prices for corresponding brand-name drugs in the U.S.

pharmaceutical industry.



may be steeper than the monopolist’s, because consumers have a choice of products in the
duopoly case, and, therefore, are less keen to purchase the duopolist’s product in response
to a price cut. The steeper is the duopolist’s demand curve, relative to the monopolist’s, the
greater is the incentive of the duopolist to raise price above the monopoly level. We call this
the price sensitivity effect. When the second effect dominates, as, for example, if consumer
values for the two products are drawn from a (Gumbel) bivariate exponential distribution,
duopoly competition increases price compared to monopoly. We derive from the general
necessary and sufficient condition various particular conditions under which price is higher
under symmetric single-product duopoly than under single-product monopoly. For exam-
ple, if consumer values for the two products are independent, the duopoly price is higher if
the hazard rate of the marginal distribution function is decreasing.

We further analyze a class of special cases in which the calculation of monopoly and
duopoly prices is straightforward. In these special cases, consumer preferences for two
products have a joint uniform distribution on a varying support allowing different degrees
of negative or positive correlation. This analysis includes a new and unified treatment
of two familiar models in oligopoly analysis. The Hotelling duopoly model (Hotelling,
1929) is a limiting case in which the preferences are perfectly negatively correlated, and
the Bertrand duopoly model is a limiting case when the preferences are perfectly positively
correlated. Duopoly competition raises price if consumers’ preferences for the two products
are sufficiently diverse and negatively correlated, as for instance in the Hotelling model when
the market is fully served under duopoly but not under monopoly.

The standard view of relationship between market structure and price has been challenged
also by several other theoretical studies. For instance, when consumers must search to find
firms’ prices, the presence of more firms makes it more difficult to find the lowest price
in the market, reducing consumers’ incentives to search. This can cause the equilibrium

market price to increase with the number of competitors (Stiglitz, 1987).2 An alternative

% Also, Satterthwaite (1979) considers a model where firms produce reputation goods and an increase
in the number of firms can reduce the efficieny of search by consumers. On the other hand, Schulz and

Stahl (1996) considers a model where consumers have uncertain product valuations that must be discovered



approach assumes that each seller faces two groups of consumers, a captured loyal group
and a switching group. With more sellers, each seller’s share of the switching group is
reduced, increasing its incentive to exploit the captured consumers through a higher price;
but equilibrium prices under competition are in mixed strategies (Rosenthal, 1980).3 In
contrast, in our analysis here, consumers have perfect information, and firms’ prices are in
pure strategies. While Chen and Riordan (2005) and Perloff, Suslow, and Seguin (2005)
have also shown that competition can increase price under perfect information and pure
strategies, these papers rely on specific spatial models where consumer valuations for two
products are perfectly negatively correlated.* Our present paper goes further by develop-
ing a necessary and sufficient condition for price-increasing competition in a more general
symmetric model of product differentiation, and clarifying the economic effects associated
with this condition.

The rest of the paper is organized as follows. Section 2 formulates and analyzes the general
model. Section 3 analyzes the special cases of a uniform distribution of preferences on a
varying support, thus generalling limiting cases of Hotelling duopoly and Bertrand duopoly.
Section 4 compares duopoly competition with a multiproduct monopoly producing both
products, demonstrating the expected result that the symmetric multiproduct monopoly
price exceeds the duopoly price. Section 5 draws conclusions. Detailed calculations for

Section 3 are in the Appendix.

through search. An increase in the number of firms in their model can increase the returns from search and

market demand, resulting in higher prices.
3In a similar setting with high- and low-valuation types of consumers, entry and endogenous product

selection can result in market segmentation with the incumbent raising its price to sell only to high-valuation
customers, if the game is solved with a solution concept that is not Nash equilibrium. See Davis, Murphy,

and Topel (2004).
"Perloff, Suslow, and Seguin (2005) study a variant of the Hotelling duopoly model, while Chen and

Riordan (2005) generalize the Hotelling model to an arbitrary number of single-product firms.



2. DISCRETE CHOICE MODEL OF PRODUCT DIFFERENTIATION
Preferences

Each consumer desires to purchase at most one of two goods. The preferences of a con-
sumer are described by reservation values for the two goods, (vi,vs), where v; € [v, 7], and
0 < v < v < co. The distribution of preferences over the population of consumers is assumed
to be nondegenerate and symmetric. Thus, the population of consumers, the size of which is
normalized to one, is described by a marginal distribution function F' (v;) and a conditional
distribution function G (va | v1). These distribution functions are assumed to be differen-
tiable on [v, ], with associated density functions f (v;) and g (v2 | v1). The joint density
function, therefore, is h (vy,v2) = f (v1) g (v2 | v1). The support of the corresponding joint

distribution function,  C [v,9]?, is symmetric about the 45°line.
Monopoly

First, consider a single firm producing one of the two goods with a constant unit cost

¢ € [v,7). The firm sets a price to solve the "monopoly problem":

max (p —¢) [l = F(p)]. (1)

p=>c

Assumption 1. There exists a unique interior solution to the monopoly problem, p™ €

(c,0).

The necessary first-order condition for the solution to the monopoly problem is

[1—=F@™)]—@"—c) f@")=0. (2)

The first-order condition can also be written as

(" =) A(P™) =1, (3)
where
Ao =10 (1



denotes the hazard rate.

Sufficient primitive conditions for Assumption 1 are: (o — ¢) A(7) > 1;> and A(v) contin-
uously increasing on [¢,?]. The familiar monotone hazard rate condition, however, is not
necessary. For example, Assumption 1 holds if F'(v) is a standard exponential distribution
and A\(v) = 1, and, therefore, by continuity, also holds for sufficiently small departures from
the exponential case. More generally, if A\(v) is differentiable, then sufficient conditions for
Assumption 1 are: (i) (v —¢) A(0) > 1; and (ii) dhzli;(p) > —p%c for p € [¢,v]. Thus a de-
creasing or non-monotonic hazard rate is consistent with our analysis, although a uniformly

decreasing hazard rate requires v = oc.
Duopoly

Second, consider two firms, each producing one of the two products with constant unit
cost c¢. The two firms play a duopoly game, setting prices simultaneously and independently
and each maximizing its own profit given equilibrium beliefs about the rival’s action.

Assuming its rival sets p, each firm sets a price to solve the “duopoly problem”:

max (p— ) q(p,p) ()

with

5 +min{0,p—p}
q(p,p) = / -Gl U)]f(v)dv+/_ -G -p+plov)]f(v)dv. (6)

v P

Assumption 2. There exists a unique interior symmetric equilibrium of the duopoly game,
p? € (c,v).

A best response function, p = R (p), describes a solution to the duopoly problem for each
p. The symmetric equilibrium of the duopoly game is a unique interior fixed point of a best
response function, p¢ = R (pd), on the domain [c, v]. Sufficient conditions for Assumption 2

are: (iii) R (p) is unique for all p € [¢, 0]; (iv) R (c) > ¢; (v) R (v) < v; (vi) R (p) continuous;

"We adopt the notational convention (7 — ¢) A(7) = lim (v — ¢) A\(v) if T = oo.



and (vii) R (p) crosses the 45° degree line but once (from above). Note that R (v) = p™
means that condition (v) follows from Assumption 1.
An alternative formulation of sufficient conditions for Assumption 2 is based on the

function
9q(p,p)

Al p) = |q<§f)p>" @

The first order condition for a solution to the duopoly problem is

(p—c)AMp,p) = 1. (8)

Therefore, p = R(p) is the unique solution to this equation if, for all ¢ < p < v : (i)
(v —c) M, p) > 1; and (ii’)
dlnX(p, p) 1
> —
Op p—c

for p € [c,v]. These primitive conditions are analagous to those that support Assumption

1 and are sufficient for Assumption 2. In fact, the conditions are the same when p = @.

Alternatively, Assumption 2 is satisfied if p? uniquely solves

(p—c)Ap,p) =1

and (p — ¢) M(p, p?) is strictly increasing in p.

An important special case is the independent exponential case with v = oo and
G(vi|vy) = F(v)) =1 — e ™1
for some A > 0. In this case,

A2e=A(p—p) ?foe*QA”dv + e P (1 — e)‘p)
— P

Apsp) = —= - — =
A [ e Mv=pp)e=Avdy 4 e= AP (1 - e*)‘p>
P

Therefore, conditions (i’)-(ii’) hold strictly, and p? = p™ = ¢+ +. Because conditions (i’)-
(ii’) hold strictly for the case of a constant hazard rate, it is possible to perturb h (v1,v2)
around the independent exponential case and still satisfy the assumptions. Thus, our

analysis below applies to cases of increasing, decreasing, and non-monotonic hazard rates.



Comparison

Third, compare the duopoly price and the monopoly price. A useful restatement of the

first-order condition of the monopoly problem is

[n-cwlsea-om-o [ om0 i@ a=o (9)

For the purpose of comparing monopoly and duopoly, it is useful to define the function

()= {711 - G @lo) f @) do+ [ [1- G (o]o)] £ (v) do}

) (10)
—(p=) {79 (po) f W) dv+ [} g (vlo) f (v) v}

The equilibrium condition p? = R (pd) implies ¥ (pd) = 0, which at equilibrium is the
necessary first-order condition for the duopoly problem. The comparison of monopoly and
duopoly relies on the following additional assumption.

Assumption 3. ¥ (p) > 0if and only if ¢ < p < p?, and ¥ (p) < 0 if and only if p? < p < ©.

Assumption 3 holds for the same sufficient conditions stated above for Assumption 2. In
particular, the assumption holds if R (p) crosses the 45° degree line once from above.

If follows from ¥ (pd) = 0 and Assumption 3 that p? > p™ if ¥ (p™) > 0, and, conversely,
p? < p™if U (p™) < 0. Note further that the first-order condition for the monopoly problem

implies

vom ={- [ 166m -l @af-6r-a { [ bol - g},
1]

Therefore, we have the following comparison.

Theorem 1 Under Assumption 1-8, p® > p™ if and only if

m m

{/pv (G (v]v) — G (p"'|v)] f (v) dv} < (" —c {/pv lg (@™ v) — g (v]v)] f (v) dv} . (12)
and the converse.

The theorem is explained with Figure 1 below.
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FiG. 1. Comparing single-product monopoly and symmetric duopoly



The set of possible preferences, €2, is represented by the shaded circle. The line dividing
the circle, labelled p™, represents the monopoly price. The area of the circle above this line
(region A + region B) represents the market share® of monopolist selling good 1. Region
A alone represents the market share of a duopolist selling product 1 when both duopolists
charge p™. Thus, the wedge-shaped region B is equal to difference in market share for
a monopolist charging p” and for a duopolist when both firms charge p”. The larger is
this difference, the greater is the incentive of a duopolist to reduce price. Call this the
"market share effect" of competition. The probability that preferences lie within region
B is f;]m [G(v]|v)—G((P™|v)| f(v)dv, which is the left-hand side of the expression in
Theorem 1. Next consider the two straight edges of the wedge. Difference in the density
of preferences along these edges is f;m [g(v]v)—g(@™|v)]f(v)dv, which is part of the
right-hand side of the expression in Theorem 1. This amount is difference in the slope of
the duopolist’s (residual) demand curve and the monopolist’s demand curve at price p™.
The steeper is the duopolist’s demand curve, relative to the monopolist’s, the greater is the
incentive of the duopolist to raise price above p™. Call this the "price sensitivity effect"
of competition. In order for p? > p™, it is thus necessary, but not sufficient, that the
duopolist’s demand curve is steeper than the monopolist’s. This necessary condition can
often hold under product differentiation, because consumers have a choice of products in the
duopoly case, and, therefore, are less keen to purchase the duopolist’s product in response
to a price cut.” To sum up, Theorem 1 states that the duopolist will have incentive to
raise price above the monopoly level if the price sensitivity effect is sufficiently important
compared to the market share effect.

A provocative application of the theorem is the case of a (Gumbel) bivariate exponential

distribution:

h(v1,v2) = [(1 + Ov1) (1 4 Ova) — O] exp {—v1 — va — Bviva}

SHere “market share" means the portion of the consumer population who are purchasing the product, or

market coverage.
"This condition is more likely to hold when consumers’ preferences for the two prodcuts are negatively

correlated; but negative correlation is not required.

10



Fic. 2. Bivariate exponential case

with 0 < 0 < 1. The v; are independent for § = 0, and negatively correlated for 0 < 6 < 1.
The marginal distributions of v; and vy are standard exponential distributions. Therefore,
p™ =1if ¢ = 0. In this case, a straightforward numerical analysis establishes that p? = 1
if @ =0, and p? > 1if # > 0. Fig. 2 graphs the function ¥(p) for § = 0 (solid line), and
6 = 1 (dashed line). The curve is downward sloping as required by Assumption 3,® and the
duopoly solution occurs where U(p) = 0. The diagram shows that (1) = 0 for # = 0 and
U(1) > 0 for 8 = 1. The graph of ¥(p) for intermediate cases 0 < § < 1 is between these

two extremes. Therefore, competition increases price in the bivariate exponential case.

81t is straightforward to verify numerically that the profit function of duopolist is quasi-concave when

the rival charges p? satisfying \I/(pd) =1, implying Assumption 2.

11



Proceeding more generally, let

g(plv)

I GGl) (13)

p(plv) =

denote the conditional hazard rate. Then the condition of Theorem 1 can be written as

/pi [Pm —c— #(;UJ g(|v) f(v)dv < /pi [pm —c— ,u(plmv) g™ ) f(v)dv,  (14)

which leads to the following conclusion.’

Corollary 1 Assume © = co. Then p® > p™ if u(v|v) < p(p™|v) for v > p™.

The bivariate exponential distribution has these properties for 8 > 0, and, therefore,
provides a special case of the corollary.

Next, consider the independence case from a more general perspective. If v; and vy
are independent, then g(v|jv) = f(v) and p(v|v) = A(v), and the condition of Theorem 1
becomes

/p {Pm —c— A(lv)} f(v)*dv < /p {pm —c— A(;m)] FP™)f(v)dv,

which is equivalent to

/pi [)\(;m) - )\(11})] f(v)%dv < 0.

Therefore, we have the following comparison.

Corollary 2 If v; and vy are independent, then p® > p™ if and only if

I

p

R S R
56 00 1

and the converse.

Therefore, if v1 and vy are independently and identically distributed and Assumption 1-3
hold, then p¢ < p™ if A(v) is increasing, and, conversely pt > pm if A(v) is decreasing. We

next provide an example where p? > p™ for independent valuations.

"Note that u(v|v) < p(p™[v) implies g(v|v) < g(p™|v) for v > p™.

12



Example 1 Consider the following case for o = oo and o > 0: ¢ > 0, A(v) = 2, F(v) =

v’

1 — e Blmv=lnal " gnd flv) = %e‘ﬁ[ln”_lno‘], with > 1. Then, (v —c)A(v) > 1 and

8

N 2 1 1

)\((g)) = é’ =—3> "= To be concrete, assume that =3 and a« = c = 2. It follows
that p™ = 3. Therefore, for p > c,

?i;e—Qﬁ[lnv—lna]dv + ée—ﬂ[lnp—lna][l _ e—B[lnp—lna]]
p " P

App) = =
f %672B[lnvflna]dv + efﬂ[lnpflna][l _ efﬁ[lnpflna}]
p
3 32
pp—4

It can be checked numerically that (p — c)X(p, p) is strictly increasing in p. Solving (p —
c)A(p,p) = 1 yields p® = 3.037.  Furthermore, it can be checked numerically that (p —
)X (p,p?), evaluated at B =3, c = 2 and p® = 3.037, is strictly increasing in p. Thus p? is

indeed the equilibrium price, and we have p® > p™ in this example.

Finally, consider Theorem 1 in terms of the shape of g (ve|vy) for v1 > p™ and v < ve < vy.

The condition of Theorem 1 is equivalent to ¥ (pM ) > 0, and can be rewritten as
v V1 v
L sl rean +6m - [ gt f @)
pTYL pTYL ) pm
< o -a{ [ sommre .
p

m

As a benchmark, consider the independent exponential case, in which this condition holds
with equality. Now, starting from the independent exponential case, for each vy > p™,
rotate g (ve|v1) around p™ by shifting probability density from v > p™ to ve < p™. These
rotations do not alter f (v1), and, therefore, do not effect p" or the right-hand side of the
above inequality. The rotations, however, decrease f:,}l g (v2]v1) dvy and f;nll g (v1|v1) dvy
for v1 > p™, thus decreasing the left-hand side of the inequality. Consequently, starting
from the independent exponential case, "negative rotations" of g (ve|vy) around p™ result
in p? > p™. Conversely, "positive rotations" result in p? < p™. This demonstrates that
there are large families of cases for which the symmetric duopoly price either exceeds or

falls short of the monopoly price.

13



The following result formalizes these obserations.
Corollary 3 Let f(v1) = Ae ™ and g(va|v1) = ag(vi,ve) + f(v2) for a > 0, and
¢(vy,p™) =0
for all vy € [v, 9].10 If, in addition,
¢(v1,v2) >0 for v < vy < p™

and

d(v1,v2) <0 for p™ < wvy <0,
then p® > p™. Conversely, if
P(v1,v2) <0 for v < wve < p™,

and

d(v1,v2) >0 for p™ < wy <0,

then p® < p™.

Note that Assumptions 1-3 necessarily hold for « > 0 sufficiently small, because sufficient
conditions for these assumptions hold strictly when o = 0. Furthermore, the result allows

for either negative or positive correlation of v1 and wvs.
3. UNIFORM DISTRIBUTIONS OF PREFERENCES

We next consider an analytically more tractable model of preferences, where (v1,v2) are

uniformly distributed, to illustrate the comparison of prices under monopoly and duopoly.

90Obviously, )
/v ¢(v1,v2)dve =0,
since g(v2|v1) is a conditional density. Furtihelrmore7 the symmetry of h(vi,v2) also constrains ¢(v1,v2).
It is, however, possible to construct ¢(v1,v2) that satisfy these conditions, as well as the following rotation

conditions.

14



This model allows each consumer’s valuations for the two products to have various forms
of negative or positive correlations, with the familiar Hotelling and Bertrand models as
limiting cases.

Suppose the support for (v, v2), €, is a rectangular area on the v;-vg space that is formed

by segments of four lines with the following inequalities:

2(1+a) > v +vy > 2
( ) > v+ o2 (16)
b> v —vy > =0,

where a € (0,00) and b € (0,1].1! Suppose that (v1, v2) is uniformly distributed on 2. Then

o (v1,v2) = (v1,v2) € Q. (17)

Sab’
When b — 0,  converges to an upward sloping line; in the limit, v; and vy have perfect
positive correlation and the model becomes the standard model of Bertrand competition
with a downward sloping demand curve. On the other hand, when a — 0, £ converges to
a downward sloping line; in the limit v; and vy have perfect negative correlation and the
model becomes one of Hotelling competition with the unit transportation cost being 1, the
length of the Hotelling line being v/2b, and consumers valuing either product variety at QTH’
(not including the transportation cost). In fact, we may consider 2 as consisting of a dense
map of lines v1 +vy = z, € [2,2 (1 + a)], each having length v/2b and being parallel to line
v1 + v2 = 2. Each of these line segments corresponds to a Hotelling line with length equal
to v/2b, unit transportation cost equal to 1, and consumer valuation equal to ITH]. Fig. 3

illustrates €2 for representative values of a and b = 1.

We first obtain the prices under duopoly and under monopoly. We have:

Lemma 1 With Uniform Distributions, the (symmetric) equilibrium price under duopoly

"' The parameter restriction b < 1 is imposed to ensure that, when a — 0, in the duopoly equilibrium all
consumers will purchase with positive surpluses. As we will see shortly, the equilibrium duopoly price will
always be pd =b.Ifa— 0, vi +v2 — 2; and b < 1 is needed so that the consumer with v; = v2 will still

purchase with a positive surplus. When a increases, the maximum allowed value of b also increases.

15



2(1+a) |,

A\
<
()

b 2 2(1+a)

Fic. 3. © is an oriented rectangle

16



is p® = b, and the optimal price for the monopolist is

atbt2 if 0<a<b-—3
pr=9 B4 iV24ab—4b+ 02 +4 if max{b— 2,0} <a<l+b - (18)
ita if 1+b<a

Notice that the equilibrium duopoly price, p? = b, is simply the equilibrium price of the
Hotelling model when a — 0 and € collapses to a single downward sloping line. The
Hotelling solution generalizes because €2 is essentially a collection of stacked Hotelling lines,
for each of which b is a best response to b. Calculation of the monopoly price is slightly
more complicated. Details of the calculations that establish Lemma 1 as well as Proposition
1 below are contained in an appendix.

The variance and correlation coefficient of v1 and vy are also calculated in the Appendix,

and they are

Var (v1) = % (CL2 + b2) = Var (v2),
(a—10b)(a+1D)
P @+

Therefore, given the parameter restrictions a > 0 and 0 < b < 1, the case a < b corresponds
to negative correlation, a = b to independence, and a > b to positive correlation.

The comparison of the duopoly and monopoly prices is straight forward:

a=3b+2 if O<a<b-—2
P -pt =9 20 L L ough —ab 1 02 +4 if max{b—2,0}<a<l1+b . (19)
b if 1+b<a

Analysis of this equation yields the following comparison:

Proposition 1 Under uniform Distributions,

<0 if 0<a< &2 gpqp > 2
P =p =0 if 0<a= G2 400 2 (20)
>0 if otherwise

17



We note that when b > 2, b — 2 < W < b, and % increases in b.

Thus in this model of uniform distributions, duopoly price is higher than monopoly price
if a is sufficiently small relative to b and b is above certain critical value, or if p is small
and Var (v;) is high enough. This amounts to stating that competition increases price
if consumer preferences are sufficiently negatively correlated and diverse. The parameter
values with this feature represent a plausible but relatively small region of the preference
space considered.

Unlike under more general distributions, under uniform distributions competition in-

creases price only if preferences are negatively correlated (a < b).
4. MULTIPRODUCT MONOPOLY

As other studies in the literature concerning the effects of market structure on prices, our
main interest in this paper is to compare duopoly and monopoly prices for single-product
firms. This comparion sheds light, for instance, on situations where a competitor with
a differentiated product enters a market that is initially monopolized. For completeness,
we now also compare the price of a multi-product monopolist who sells both products
and a pair of duopolists. The result is the expected one: the symmetric multiproduct
monopoly price exceeds the duopoly price, confirming the intuition that a multiproduct
monopolist internalizes the externality between products that is ignored by competing firms
under independent pricing. Hence, from the perpective of the guidelines used by the U.S.
government to evaluate horizontal mergers, a significantly higher multiproduct monopoly
price indicates that the two products are in the same antitrust market.!?

A single firm producing both products solves the "multiproduct monopoly problem":

(pl’gl)fgcjf (p1 — ) q(p1,p2) + (P2 — ) ¢(p2, p1)- (21)

Assumption 4. There exists a unique interior symmteric solution to the multiproduct

monopoly problem, p™™ € (¢, v).

1217.S. Department of Justice and Federal Trade Commission, Horizontal Merger Guidelines, issued April

2, 1992, revised April 9, 1997, http://www.usdoj.gov/atr/public/guidelines/horiz_book/hmgl.html. .
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The first-order condtion for a symmetric solution is

mm T

[ e [ 1-Geloled

mim T

—<pmm—c>[/f g(pmmlv)f(v)dv+/p

apnor

v

mm

o) [[1 -G O + [

pmm

g () f () dv}
= 0.

Recalling the definition of W (-) from equation (10), the first-order condition is equivalent
to
(™) + (™" — o) | =G ™™ [P f (™) +/ glv) f(v)dv] =0, (22)
pmm

which implies

T (p™m) < 0.

Since ¥ (pd) =0, and by Assumption 3, ¥ (p) < 0 if and only if p > p?, we have
Theorem 2 Under Assumption 2-4, p™™ > pc.

This result is familiar, and the intuition is well known: the price change of one product
affects the profit of another product; this effect is not taken into account when the duopolists
set prices independently, but the multiproduct monopolist internalizes this effect when
setting prices jointly for the two products. Consequently, since the products are substitutes
here, the multiproduct monopolist charges a higher price for the two products than the
duopolists.!?

Therefore, comparing prices between a multiproduct monopolist and single-product com-

petitiors is very different from comparing prices under different market structures with

31f the two products were complements (and hence consumers might buy both products), prices would
again be lower under multiproduct monopoly than under duopoly competition, More generally, whether or
not prices are higher under the multiproduct monopoly depends on the nature of relations between products

(e.g., Chen, 2000; and Davis and Murphy, 2000).
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single-product firms. In the former, the results are based on the familiar idea of a monop-
olist internalizing the externalities between different products. In the latter, the forces at
work have not been well understood. The contribution of our analysis is to explain the
effects determining how prices change from monopoly to duopoly for single-product firms,

and identify precise conditions for price-increasing competition.

5. CONCLUSION

The relationship between market structure and price is a central issue in economics.
This paper has provided a complete comparison of equilibrium prices under single-product
monopoly and symmetric duopoly in an otherwise general discrete choice model of product
differentiation. The necessary and sufficient condition for price-increasing competition bal-
ances two effects of entry by a symmetric firm into a monopoly market, the market share
effect and the price sensitivity effect. The market share effect is that a reduced quantity
per firm under duopoly provides an incentive for the firms to cut price below the monopoly
level. The price sensitivity effect is that a steeper demand curve resulting from greater
consumer choice provides an incentive to raise price. Under certain conditions the price
sensitivity effect outweighs the market share effect, resulting in a higher symmetric duopoly
price compared to monopoly. For example, the symmetric duopoly price is higher than the
single-product monopoly price if consumers’ values for the two products are independently
drawn from a distribution function with a descreasing hazard rate. A class of special cases
is when consumer values for two products have a joint uniform distribution on a varying
oriented rectangular support. This framework nests the familiar Hotelling and Bertrand
models. Competition increases prices in these cases if valuations are sufficiently diverse and
negatively correlated. More generally, however, competition can lead to higher prices even
with independent or positively correlated values. In summary, our analysis shows that the
consumer preferences leading to price-increasing competition are by no means exceptional.

The theoretical possibility of price-increasing competition potentially has important im-

plications for emprical industrial organization. For instance, it is a standard procedure
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of the new empirical industrial organization to estimate a discrete choice differentiated
products demand model, and infer unobservable marginal costs from the corresponding
first-order conditions for equilibrium pricing (Berry, 1994). If the demand model presumes
restrictions on consumer preferences that are inconsistent with price-increasing competi-
tion, then the analysis might mistakenly conclude that marginal costs are higher in duopoly
markets than monopoly markets.

There are several promising directions for further theoretical research. Under product
differentiation, higher price in the presence of an additional firm need not mean that con-
sumers are worse off; consumers’ benefit from the additional variety should be considered.
It is thus desirable to extend our analysis to understand fully how competition affects con-
sumer welfare and social welfare.!> Another direction for future research is to consider the
relationship between market structure and prices with an arbitrary number of firms. Chen
and Riordan (2005) provides an analysis within a spatial setting, the spokes model. It would
be interesting to study the relationship in a more general framework of preferences.

Finally, as discussed in the introduction, there is scattered empirical evidence pointing
to the phenomenon of price-increasing competition in several industries. We hope that our

theory stimulates new empirical research on the topic.
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APPENDIX

This appendix calculates and compares single-product monopoly and symmetric duopoly

prices for the uniform-distribution cases of Section 3.
Case 1: a<b

In this case, € is described by

v € (352,142 +a), and
(2 — w1, v1 +b) if 27_17§v1<27_b+a
vpeq 2—v, 2(14+a)—v1) if Q—_I’+a§vl<%+b

2
(v —b, 2(14+a)—v1) if %rb§m<27+b+a

We have
vi+b 1 _ 2u1+b-2 ; 2-b 2=b
o0—vy 3apBV2 = gy if Frsun <G ta
— 2(14a)—v1 1 _1 S 2-b 2+b
f(Ul) 92—y ﬁdi}g—g Zf T"‘CLS’U1<T )
2(14a)—v1 1 _ 2(14+a)+b—2v; 2+b 2+b
Jors 2apdV2 = gy if T Sui< T +a
¢ 2
v1 204b-2 5 _ (2v1+b-2) e 2-b 2-b
f? 2ab dv = 8ab Z'f ?§U1< 2 +a
2-b 2
1 1 (232 +a)+b-2)" 1 442 b .. 2-b 24b
F(vn) = f%b+a5d”+ 8ab =y Ty i S Aesu<h :
fm 2(1+a)+b—2vdv + (27+b - a+27b)
2+b 2ab 2b 2b . 2+b 2+b
2 Zf 5 S V1 < 5 +a
_ (4a+b—2v1+2)(2v1—b—2) + 2b—a,
- 8ab 2b
.
1 ;T sm<ita
s i
2vu1+b—2
2—v1<wvy< vy +b
2—b 2+b
g(vg’l}l)_gb(vhvﬁ_ 1 Zf T+a§’01< 2
- - 2a ’
f(v1) 2—v1 <ve< 2(l4+a)—v;
1 . Bsu < ta
a2
L v —b< vy < 2(1+CL)—U1
and
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2—b 2—b
v2 1 dv = va+v1—2 Zf 2 é v < 2 +a

2—v1 2v1+b—2 — 2u1+b—2
2—vy<wve< v1+b

T tasu <P

_ vz 1 _ votv1—2 .
G(ve | v1) = . T if
2—v1<v2< 2(1+a)—v
2+4b 24b
[ 1 duy — V214D if 5 <v1 < 5 +a
v1—b 2(1Fa)+b—2v1 72 = 2(1+a)+b—201

v —b< v < 2(1+a>—01
First, the monopoly price, p™, satisfies

1—F(p™)—p"f (") =0.
(1) If a < b — 2, since for p < 2t +a,

2p+b—2)%  2p+b—2

1—F(p)— = 1- —
(p) —pf (P) 8 P
—b 2 b
. 1_(2(2T+a)+b—2) _(2=b o, 2(3%%+a)+b-2
8ab 2 2ab
1
= R —2—
o7 (30 3a) > 0,

we have p™ > ? + a. For % +a<pm< #, p™ satisfies

1 a+2—0> 1
1— — _— — —_ =
(bp % ) p7 =0,

atb+2
4

or p = , and indeed

2—b+ <a+b+2<2+b
— +a
2 - 4 2

for a < b— % Note that

< 1.

m_q_ a+b+2 a+2-0b\ _ (a+b+2)
¢ = s % T

B (da+b—2p+2)(2p—b—2) 2b—a 2(1+a)+b—2p
1-F(p)—pf(p) = 1—< Sab + 5 )— 5

_ (6p—b—2a—2)2p—b—2a—2) <o
8ab
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since
2+0

2p—b—2a—2<2<2+a>—b—2a—2:0

and
2+

6p—b—2a—226<2> —b—2a—-2=2(Mb—-a+2)>0.

Thuspm:%mifa<b—%.

(2) If max {b— 2,0} <a<b, for p < 25° + a, we have

_1_(2p+b—2)2_p2p+b—2 _ 8bp—16p —8ab—4b+b* + 12p* +4

1-F (p)—pf (p) Sab 50

which is decreasing in p if p > %b. Thus the solution to

Sab

1-F (p)—pf (p) = 1- Sab 50

is
2-b 1
pm=T+6\/24ab—4b+b2+4.

Note that

2—-b 1 2—-b 1 2—-b 2-0 2—b
\/24ab—4b—|—b2+42T+6 —Abp+ D A= T _

3 7%

and, since

8ab

2
<24a<a+3) 4b+b2+4> —(6a+2—b)*=4a(3b—3a—2) <0

forb—%ga,

2-b 2-b 1

3 3 6

IN

Next, consider the duopoly price.

26

1 2
7+6\/24ab—4b+b2+4 < +\/24a<a+

)—4b+b2+4

—— 4+ -\/(6a+2—-b)"=——+a.
3 5 (6a ) 5 a

9

(2p+b—2)% 2p+b—2 8bp — 16p — 8ab — 4b+ b2 + 12p2? + 4
_p - — pr—
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Suppose first that 2?_b—l—a<l. Isz_b<pd<QT_b+a<1, ora<g,wehave

{/pd [1—G(pd!v>]f(v)dv+/j[1—G(vyv)]f(v)dv}

_(pd_c){/vpdg@d|v)f(v)dv+/p:g(v\v)f(v)dv}
fgib (1-0) 25 ldv+fd —0) 2-1tdy l+a 1
= :féw dv—l—f1+a( B U+U Q)dv —pd{/1 Qabdv}

1,1 1 41
= _ — = — 1— - =
2 P oy 2( pb)

Or p? =b. Thus p? = b if b < 25 +a.

If%b—ka < p? < 1, p? solves

d

2—b
2 e 4+b-—2 P 1 1 1
% 1-0)=d 1-0)=d
/“ 2ab H/z;ﬂ( )b”+/pd( )y

2
I+a 1+a
1l—— ) =dv — —dvy=—- — =0
+/1 ( 2% )b” p{/l zab”} o Py =%
Now suppose that%”—i—aZl, ora>%, provided p? < 1,

{/vpd [1—G(pd|U)}f(v)dv%—/pj[l—G(v|U)]f(v)dv}

or p? = b.

_(pd_c){/v g(pd|v>f(v)dv+/pdg(v]v)f(v)dv}

d _ 1 _ 2-b
f% (1-0) 255"2dv + Jpa (1-0) Ao+ [, 7 (1 — S 22) 2 dv

+ [, (1 2572) fdv

L—‘J+a 14a
5 1 204b-2 / 1 141
- d — 4 S ~0
p {/1 2wib—2 2ab T 2,200 (T2 P2

Again p? = b.

To summarize, for a < b, we have
P! =10
. athi2 if 0O<a<b—2 (A1)

20 L\ pdab—db+ B2 +4 if max{b—2,0}<a<b
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If0<a<b-—2,

2
m a 0+2-3b b-—5+2-3b 2-3b
—pd = < = < 0;
b T 1 6 ’
and if 0 = max{b— 2,0} < a < b,
2—4b 1 2—3b
m d
— =/ —4b + b? =—>0.
P p > 3 + 6 + 0% + 5
Further, a = % solves
2 — 1
3b+6¢Mw44h+w+4:b
Thus, noticing that b — % < (?’1772%# < bforb— % > 0, we have
<0 if 0<a<%andb>%
P =pT =0 if 0<a=E2M2) 4ngp> 2 (A2)
>0 if either%<a<bandb>%, or0<a<b< 2
In other words, p™ < p? if both a is relatively small and b relatively large.
We can also find the correlation between vy and vs:
e 9p 1 p—2 | St 91 b—2 2
u1:/2 xm_H)dx+/2 mdaer/Q x (1+a)+ xdx:i
2-b 2ab 264, b 2+b 2ab 2
2 2 2
2t +a 2 b 2
2 a+2\"2x+b—-2 2 a+2\"1
Var(v1) = /“ <a: - > 0% dx + /2b+a <a: - ) gda:
2 2
Lb+a 2
2 a+2\"2(1+a)+b—-22 1 5 o5
—i—/ng (:1:— 5 ) 50k dx—ﬁ(a + %) = Var (vg),
it a+2 uth g a+2
Cov (v1,v9) = /2 \ <vl - ) (/2_U1 %ah <v2— 5 >dv2> dvy
2
= a+2 | at2 .\,
+/2gb+a (Ul B 2 ) /2—111 Tab <U2 B 2 ) 2 .
by, 2(1+a)—v1
2 a+2 1 a+2
- — - dvy | d
+/22+b <’U1 B > (/Ulb 2%ab <212 B > ’Uz) U1
~ (a—0b)(a+Db)
B 12 '
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Cov(er,e0) @D (4 _b)(a+0)

T Var(en)Var (e1) 15 (@240 a®+0?
We have p < 0 for a < b, and p — —1 if @ — 0. Thus, if v; and vy are sufficiently negatively

P

correlated, and Var (v;) or b is relatively large (or preference is sufficiently diverse), we will

have p™ < p?.

Case 2: a > b.—

In this case,

vith 1 g 2u14b-2 - 2-b 24b
9 v, 2a50V2 = T35 if 7 S <
_ vi+b 1 _1 . 2+b 2-b
f(v) Joi "y 2apdv2 = if  Fsu<Hta
2(1+a)-v1 1 _ 2(14a)+b—2v1 2-b 2+b
S e = T if P +asn < ta
v1 2u4+b—2 5 (201+b—2)2 . 2—b 2+4b
2-b " 2qb dv = 8ab if 7 Su <5
_ vo1 24+b+b—2)2 1 : 2+4b 2-b
F(”l)_ Libad'v—'—%:a(vl—l) Y/f 5 S’U]_< 3 +a )
2
(2v1—2a+b—2)(3b+2—2v1+2a) b 2-b 2+b
2oh +1- 4 if > ta<v <5 +a
(
) ng <o < 2J2rb
201462 if

2—vy<wvye< v1+b

¢ (v1,v2) ] . H<un<Hta
9(02\U1):W: 2% if )

v —b<vy<wvi+b

L Brasu<ig
2(1+a)+b—201 if

v—b<wvy< 2(14a)—v

and
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2-b
v2 1 _ wvotvi—2 - 2
o vy 207352 = 51 p2 if
_ v2 1 _ vo—vi1+b .
G(v2|v1) = Jor oy apdv = 2 if
v2 1 _ v2—v1+b -
fvrb 2(1+a)+b—2v71 dvy = 2(1+a)+b—2v if

Under monopoly:

Forb<a<140b p"< 27+b and solves:

2
1—F(p)-pflp) = - (Zptb—2) b2

8ab 2ab
8bp — 16p + 12p* — 8ab — 4b+b* +4
N 8ab N
or
2—-b 1
and indeed 2T_b <p" < 2%'1).
Forazl—l—b,%%Spm<274’+a,anditsolves
1 1 a—-2p+1
(p) —pf (p) L1 -p- . ;
or
14+a
mo__
P =

Under duopoly, we again have p¢ = 1 from straightforward calculations.

In summary: if a > b, we have
pt=0b
2b 4 iV24ab— b+ 02 +4 if b<a<l+b

HT“ if 1+b<a

The correlation coefficient when a > b is also
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2+b
2

2—vy<wvy < v1+b
Fr<u < a

v —b<uvy<v+b

asn <3 g

v —b<wvy< 2(14a)—u

0,



(a—b) (a+b)

= 0
a? + b2 e
and p > 0 for a > b.
Since
2—4b 1 2—4b 2—-b 2-3b 2
—— + —\/24ab—4b+b* +4 > = >0ifb< -
g V24 Iy T ;- 2 0ifb<C,
and
2—4b 1
T+6\/24ab—4b+b2+4:0
whena:(?’bfzé)g#,butW&#>bonlywhenbgo.236, we have
o d 240 4 1\/24ab— b+ 2 +4>0 if b<a<1l+b
p —p = )

a=2b > 0 if 1+b<a

or p™ > p% if a > b.
Combining (A1) and (A3), we have p? = b and

atbt2 if 0<a<b-—3
P =9 H24+iV24ab—4b+ 02 +4 if max{b—2,0}<a<l+b ,
ita if 1+b<a

establishing Lemma 1.

Combining (A2) and (A4), we have

<0 if 0<a< B2 454>
7b—2

p"=pT =0 if 0<a=E2M2 g

Wby WIN

>0 if otherwise

establishing Proposition 1.
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