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Abstract

We consider a duopoly model in which firms with different costs supply two
vertically differentiated products in the same market. We show that the efficient
firm produces more of the high-quality good and the inefficient one produces more
of the low-quality good in equilibrium. We also find that a change in the quality
superiority of goods and relative cost efficiency ratios leads to cannibalization from
one good to the other and characterize graphically the product line strategies of
firms through the two ratios.

Keywords: Multi-product firm; Duopoly; Cannibalization; Vertical product differentiation
JEL Classification Codes: D21, D43, L13, L15

*Email: aja83048Q@kwansei.ac.jp, Phone +81-798-54-6204, Fax +81-798-51-0944.

fCorresponding author, School of Economics, Kwansei Gakuin University, 1-155, Uegahara Ichiban-
cho, Nishinomiya, Hyogo 662-8501, Japan, E-mail: shinkai@kwansei.ac.jp, Phone +81-798-54-6967, Fax:
+81-798-51-0944.



1 Introduction

A real economy has oligopolistic markets in which firms produce and sell multiple, ver-
tically differentiated products in the same market. Such markets present more cases of
cannibalization. Cannibalization occurs in a market when a firm increases the output of
one of its products by reducing the output of a similar product competing in the same
market.

The objective of this study is to examine cannibalization in a market from the strategic
viewpoint of a multi-product firm supplying two goods differentiated in quality.

We do not consider new entries to the market and the choice of quality level, as in
Johnson and Myatt (2003), but a duopoly in which each firm produces and supplies
two vertically differentiated goods, that is, a high-quality and a low-quality good, in
the market. We then explore the condition under which both firms specialize in, or
else one of them specializes in, the high-quality or low-quality good. To understand
how cannibalization affects the product line strategies of firms, we consider two ratio
indicators: (1) quality superiority ratio of the high-quality good relative to the low-
quality good, and (2) the relative marginal cost efficiency ratio of the high-quality good

between the two firms.

We find that cannibalization is a product line control strategy characterized by the
quality superiority of the high-quality good relative to the low-quality good and the
relative cost efficiency of the efficient firm. By limiting our study to at most two vertically
differentiated goods that each firm supplies to the same market, we characterize the
product line strategies of firms through cannibalization graphically in the plane of the

two ratio indicators.



2 The Model and Derivation of an Equilibrium

Suppose there are two firms, i = 1,2, and each firm produces two goods (good H and
good L) differing in terms of quality, where 1 and 2 imply firms 1 and 2, respectively, in
the duopoly. Let Vg and V7, denote the quality level of the two goods. We assume that the
maximum amount consumers are willing to pay for each good is Vg = uVy = pu > Vp = 1.
Thus, for simplicity, we normalize the quality of the low-quality good as V;, = 1 and
assume that the quality of the high-quality good is p fold that of the low-quality good.

Good « (= H, L) is assumed to be homogeneous for any consumer.

Consumer preferences are standard a la Mussa—Rosen. Following the standard spec-
ification in the literature, for example, Katz and Shapiro (1985), we assume a continuum
of consumers characterized by taste parameter 6, which is uniformly distributed between
0 and (> 0), with density 1. We further assume that a consumer of type 6 € [0, r],for
r > 0, obtains a net surplus from one unit of good a from firm ¢ at price p;,. Thus, the
utility (net benefit) of consumer 6 who buys good o (= H, L) from firm i (= 1,2) can be
given by

Uia(0) = Vo0 — Dig, i=,1,2 a=H,L. (1)

Each consumer decides to buy either nothing or one unit of good « from firm 7 to maximize

his/her surplus.

From the following three usual assumptions about consumers, we derive the demand
for good H as Qg = r — 0 and that for good L as QQf, = /Q\—Quﬂ where Qn = Gia + Gja, 0 =
H,L,i+# j,i,j = 1,2. The demand function is similar to that derived in Bonanno (1986),
but it varies from Bonnano in that both firms supply two vertically differentiated products

in the same market. For details of the derivation, see Kitamura and Shinkai (2013).



Here, 5, the threshold between the demand for products H and L, is given by

0= (pu— pu)/(p—1). (2)

We then obtain the inverse demand functions as follows:

H = (T—QH) - Qr
p H (3)

pL=1—Qu— Qr.

Furthermore, assume that each firm has constant returns to scale and that ¢;; > ¢;;, =
¢;r. = cr, = 0, where ¢;, is firm 7’s marginal and average cost of good «. This implies that
a high-quality good incurs a higher cost of production than a low-quality good. Here,
without loss of generality, we assume that cop > c1g = 1 > ¢;; = 0, implying that firm 1
is more efficient than firm 2. Under these assumptions, each firm’s profit can be defined

as follows:

T = (Pim — Cim)Gim + PiL L 1=1,2, (4)

where p;, is the price of good a sold by firm ¢ and g, is the firm’s output of good . Each
firm chooses a quantity of supply that maximizes its profit function in Cournot fashion.
By solving the system of usual first-order condition equations of ¢;5 and ¢;z, i = 1, 2,

we obtain the following Nash equilibrium quantities:

Gig = (r = (2= con)/(p =1))/3, qip = (2= con)/(3(pr = 1))

Gy = (1 — (2w —1)/(p—1))/3, @51, = (2com —1)/(3(p — 1)).



We find that the second-order condition holds for both firms. From (5), the nonnegative

output condition, and the assumption that co > 1, we find that

> >
G =022 cn

Gy > (5)0ep> ()28 —1+71)/r

Gig > (F)NVep>(S)2+7r—cu)/r (6)

hold.
From (3) and (5), we obtain the following equilibrium prices of the goods:

Py = (pr + com +1)/3, pp =1r/3. (7)

We also obtain the equilibrium profit of firm ¢:

m = {ur’ —2r(2—cm) + (2 - c2m)’/ (1 — 1)}/9, (8)

my = {ur® = 2r(2cm — 1) + 201 — 1)*/ (1 — 1)}/9. (9)

Thus, we can easily establish the following proposition.

Proposition 1 There exists a versioning strateqy equilibrium in which both firms
produce both types of goods. In the equilibrium, ¢y > Gy, Gar > ¢, and T > 5.

Proof: From the equilibrium outcomes of (5), (8), and (9), we have

Gy — Gy = G, — G > 0, (10)



and

=7y >0 > (2r+ 1+ con)/(2r).

However, for ¢5; > 0, p > (2cog + r — 1)/r must hold. Nevertheless, we can show
that (2cog +7r —1)/r > (2r + 14 con)/(2r) if 1 < cop; therefore, if p > (2coy +7—1)/r,
then p > (2r + 1+ cop)/(2r) and the result follows.l

The proposition implies that the efficient firm 1 (inefficient firm 2) produces more of
the high-quality good H (low-quality good L) than the inefficient firm 2 (efficient firm 1).
It also asserts that the efficient firm 1 earns more than the inefficient firm 2 because of the
cost efficiency of firm 1 over firm 2 for the high-quality good H under the non-negative
assumption of output (6) in equilibrium.

Next, we examine the conditions under which cannibalization occurs from one product
to another in equilibrium. Note that “a product cannibalizes a similar product” when a
firm increases its output of the product by reducing that of a similar product supplied in

the same market.

From (5), we have

TG — Gr, z 0= u z (2(2com — 1) + 1)/, (11)
* * > >
Gg— L =20 p= (22— con) +1)/m, (12)
and
q;H_QTLIQTH_q;LEO@ME (com +1+471)/7. (13)



From (6), we also find that

(com+1471)/r > (2cop—1+47r)/r and (2(2—com)+7) /7 z (2cop—1+471)/r <= 5/4 z CoH-
(14)

Thus, from (5), we immediately obtain the following proposition.

Proposition 2 In the duopoly equilibrium derived as above, the following inequalities

hold for the outputs of the high-quality and low-quality goods of each firm:

0 < Gy <& <@y <qyfor 2cog —14+7r)/r<p<(cog+1+7r)/rand 1< coy <2 (I)
0 < ¢ <@y <@ < gy for 2cop —14+7)/r<p<(22—cog)+7r)/r and 1 < cog <2 (II)

0 < qi1 <@ < Gy < qiy for (2(2cag — 1) +7r)/r < p and 1 < cog < 2 (III),

where the Greek numbers in the equations represent the area number in Figure 1.
Figure 1 summarizes the result of proposition 2 in the cog — p plane.

(Insert Figure 1 here)

Note that we assume coy > ¢y = 1 and Vg = puVp, = p > Vi = 1. Thus, the
horizontal and vertical axes variables in Figure 1 imply the relative cost ratio coy and
quality value ratio p. At any point (cop, ¢) in Areas I, I, and IIT in Figure 1, both firms
supply high- and low-quality goods. Thus, as the quality value ratio u is sufficiently
high and the relative cost ratio coy sufficiently low in these areas, the inefficient firm

produces far more of the low-quality good with no production cost than it does of the
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high-quality good, which has a higher positive cost. In contrast, the efficient firm produces
moderately more of the high-quality good H than it does of the low-quality good L, since
its production cost for good H is lower than that of its rival firm. However, its marginal
revenue from good H is not high, because its quality superiority u is not very large. As the
point (cop, 1) moves from Area I to Areas II and III in Figure 1, cannibalization proceeds
from the low-quality good to the high-quality good in both firms. Such cannibalization
is stronger for the efficient firm than for the inefficient one.

This result is consistent with Calzada and Valletti (2012), where the optimal strategy
for a film studio is to introduce versioning if their goods are not close substitutes for each
other. Thus, when the quality superiority of the high-quality good H is large compared
to good L to some extent, we can conclude that they are not close substitutes for each
other. Then, the result in the above proposition confirms that it would be better for both
firms to supply both goods in the market, that is, to obey the “versioning strategy" in
Calzada and Valletti (2012).

In contrast, we examine the case in which the quality speriority p is not large and the
relative cost efficiency cop is strong. We examine the relationship between the equilibrium

outputs carefully in (14) and (5), to obtain the following proposition.



Proposition 3 From the duopoly equilibrium derived above, we find that

G = 0< @ <Gy <giyg< forl<pu<(2—cog+r)/rand?2<coy (VI)
G = 0< @y <@y < iy for 2cop —1+7)/r <pu<(2(2—com)+71)/r and 2 < cog (V)
Gy = Gr=0<qg<qgforl<p<(cog+1+r)/rand?2<coyg (IV)
Gy = 0< ¢, <@g <@ for 1 < (22com —1)+71)/r <p< (2cog —1+71)/r,
5/4 < cog <2 (VII)
Gy = 0< @iy <dq <@ forl<(24r—coy)/r <p<(cog+1+r)/r
o < (2(2cog —1)+7r)/r and 1 < coy < 2 (VIII)

Gy = Gy =0<q¢ <@y forl<pu<(2+r—-cop)/r and 1 < coy < 2 (IX),

where the Greek numbers in the equations represent the area numbers in Figure 1.

Figure 1 summarizes the results of proposition 3 in the coy — i plane.

From (5), when the quality superiority p is small and the relative cost efficiency cop
are large, the efficient firm never supplies its low-quality good, and so in equilibrium, the
market at first becomes a three-goods market. At any point (cog, 1) in Areas V and VI,
the market is filled with large quantities of the high-quality good H supplied by both
firms, but has relatively small quantities of the low-quality good L supplied by firm 2. As
the quality superiority p reduces further, the inefficient firm 2 stops producing the high-
quality good H and specializes in the low-quality good. Thus, in Area IV, the efficient
firm 1 specializes in supplying the high-quality good and the inefficient firm 2 specializes
in supplying the low-quality good and the market becomes a vertically differentiated
two-goods market.

On the other hand, when the relative cost efficiency coy is sufficiently small, if the



relative quality superiority p also reduces to nearly one and the goods become close
substitutes to each other, the best strategy for both firms is to stop production of its
high-quality good H and specialize in the low-quality good L. In Area IX, the market

becomes a two low-quality goods market!

3 Conclusion

In this study, we considered and proposed a duopoly cannibalization model in which two
firms produce and sell at most two distinct products that are differentiated vertically in
the same market. We showed that in the market equilibrium, the efficient firm produces
more of the high-quality good and the inefficient one more of the low-quality good. When
the relative quality superiority of the high-quality good is small (large), cannibalization
is stronger in firm 2 (firm 1) than in firm 1 (firm 2).

Furthermore, we showed that a change in the ratios of quality superiority and relative
cost efficiency leads to cannibalization and that it crucially affects the decision making

of a firm’s product line.
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\% Line A
H Line C

Line A: u=(2c,, —-1+r)/r, LineB:u=(2+r—-c,,)/r, LineC: u=(2(2c,, -1 +r)/r
Line D: p=(2(2-c,,)+r)/r, Line E: = (c,, +1+1)/r

Figure 1 Classification of Product Line Strategy in c,,, —x Plane (r =3)
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