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Vertical Differentiation and Innovation Adoption

Abstract

The paper investigates a duopoly model with vertical differentiation and
both Bertrand and Cournot competition where firms choose between proc-
ess or product innovation. It is shown that under both competitive regimes
three equilibria in innovation adoption may arise: two symmetric equi-
libria, where firms select the same innovation type, and one asymmetric
equilibrium, where the high (low) quality firm chooses a product (process)
innovation. The asymmetric equilibrium arises because the high quality
firm has a greater incentive to adopt a product innovation than the low
quality firm, so that it is the first to introduce it. These equilibria have
different impacts on the intensity of competition: the latter is not re-
laxed when both firms adopt a process innovation. Last, we find that the
Cournot competitors tend to favor the introduction of a new product w.r.t.
the Bertrand competitors.



1 Introduction

Managers often face a dilemma: is it better to employ the advances in knowledge
and technology to produce a higher quality good or to ensure a higher rate of
return by exploiting the benefits of lower unit costs? For example, in the aircraft
industry quality is represented by the speed, while a larger size yields lower
average costs. Boeing and Airbus made different choices on these two options.
Airbus is producing the world’s biggest airliner, the A380 (555 seats), Boeing
is instead going for speed rather than size with its Sonic Cruiser (250 seats,
which flies at 98% of the speed of sound). Championing speed rather than size
suggests that Boeing thinks most future growth will come from high quality
demand (i.e. fast and frequent point-to—point flights); Airbus, by contrast, still
sees a healthy market for a relatively low—cost super—jumbo to connect the world’s
biggest international airports.! The above problem can be classified as the choice
between introducing a product or a process innovation. The former consists in
the production of new goods, while the latter yields a cost saving benefit in the
production of an existing good. This paper tackles this problem and tries to
explain what factors might be important in a firm’s decision to direct investment
(e.g. R&D expenditure) towards the introduction of a product innovation or of a
process innovation.

We will show that, under both the competition regimes considered (i.e. Ber-
trand and Cournot), three types of equilibria concerning the innovation game
may arise, two symmetric (both firms introduce either a process innovation or a
product innovation) and one asymmetric, where the high quality firm introduces
a product innovation and the low quality firm a process innovation. The expla-
nation about the determinant of the prevailing equilibria is based on the different
incentives that the two firms have about adopting a product innovation: the high
quality firm has higher incentives to introduce a product innovation than the
low quality firm under both the competitive regimes considered. Some examples

confirm that firms selling goods with different qualities follow different market

More information about the Boeing vs Airbus challenge can be found in “Towards the wild
blue yonder”, The Economist, 25th April 2002.



strategies: high price car manufactures are usually the first to introduce new op-
tional (e.g. CD players, satellite navigators, ABS, etc.), supermarket chains with
a good reputation are the first to adopt quality standards, while hard discounts
make of price reductions (through costs savings) their mission.

A model where firms strategically choose between either a process or a prod-
uct innovation can also supply some additional insights about the effects of that
decision on the intensity of competition between the two firms. Under both the
competitive regimes considered the three above equilibria in innovation adoption
have different impacts on the post—innovation prices. The intensity of compe-
tition is not relaxed if both firms adopt a process innovation, i.e. they end up
with lower prices than the status quo levels. On the contrary, price competition
becomes less intense if the high quality firm introduces a product innovation and
the low quality firm a costs saving innovation and if both firms adopt a new
product. Hence, since the adoption of different types of innovation creates an
efficiency gap between the two firms, it follows that costs heterogeneity relaxes
price competition, and so it can be classified as a supply side effect: firms strate-
gically choose to have an efficiency gap rather than costs homogeneity because
competition becomes less intense.?

Notwithstanding the relevance of this issue there exist almost no attempts to
deal with it, since the literature has usually treated the two kinds of innovation
separately. Bonanno and Haworth [1998] (henceforth BH) has provided, up to
now, the closest contribution to our work. They find that the type of competitive
regime in which the firms find themselves (Cournot vs. Bertrand) may explain why
a firm decides to adopt a product innovation and not a process innovation (and
vice versa). They study this problem in a vertically differentiated duopoly where
only one firm can innovate. BH show that if the innovator is the high quality firm

a tendency to favor product innovation emerges in case of Bertrand competition

2These results are obtained in a duopoly model with vertical differentiation where the market
is uncovered, but they also apply to the covered configuration. The literature (see Choi and
Shin [1992], Wauthy [1996] and Ecchia and Lambertini [1998]) has shown that the choice of
the market configuration (covered or uncovered) is endogenous. A market is covered if all
consumers with a positive willingness to pay for the good buy it, while it is uncovered if some

consumers do not purchase the good.



and to favor process innovation in presence of Cournot competition.> On the other
hand, if the innovator is the low quality firm and whenever the two regimes lead
to different adoptions, the Bertrand competitor chooses to introduce a process
innovation, while the Cournot competitor introduces a product innovation.

Few other contributions have weaker links with our work. Rosenkranz [2003]
studies, in a Cournot duopoly model with horizontal differentiation, how two
competitors will optimally invest into both process and product innovation.* She
shows that an increase in consumers’ reservation price causes firms to increase
R&D investments but also to shift them towards product innovation if the rel-
ative efficiency of the two types of innovation is kept constant. Battaggion and
Tedeschi [1998]° investigate a Bertrand duopoly with vertical differentiation and
focus on the effects of the different types of innovation on the degree of vertical
differentiation. They do not study the strategic choice of two rival firms about the
innovation adoption, but show that a symmetric adoption of a product (process)
innovation will decrease (increase) the degree of vertical differentiation. Lamber-
tini and Orsini [2000] analyze the incentives to introduce a product innovation
or a process innovation in a vertical differentiated monopoly (and so there is no
strategic interaction).® Weifl [2002] presents a duopoly model with horizontal
differentiation where firms choose between a process or product innovation. The
latter consists in fixing the profit maximizing variety (while the pre-innovation

variety is not optimal). In her framework the competitors are engaged in a

3In general if the innovator is the high quality firm one of three things may happen: (1)
both the Cournot competitor and the Bertrand competitor choose the process innovation; or
(2) both select the product innovation; or (3) they make different choices. Under the latter

case the Bertrand (Cournot) competitor choose to introduce a product (process) innovation.
4She develops the idea that usually firms have a portfolio of R&D projects, some more tar-

geted at process innovations and some at product innovation, so that the optimal mix between

these two types of innovation becomes a key variable in the competitive environment.
STheir paper is a contribution to that stream of research (e.g. Athey and Schmutzler [1995]

and Eswaran and Gallini [1996]) where a process (product) innovation has the same effect on
the quantity supplied by the adopting firm and on the quality of the good of a regressive product

(process) innovation, i.e. of a change in technology which reduces the good’s quality.
6They show that the social planner and the monopolist might adopt different type of inno-

vation.



two—stage competition, i.e. first they select the type of innovation and then they
compete in price. She shows that all feasible moves in innovation adoption may
belong to the equilibrium path and that the intensity of competition affects the
equilibrium selection (if competition is intense (modest) firms choose product
(process) innovation, while if it is intermediate they select asymmetrically).

This paper is an attempt to extend BH’s results by considering that, in an
oligopolistic environment with vertical differentiation, the choice between a prod-
uct or a process innovation is taken simultaneously by all the firms in an industry.
We shall think of process innovation as a reduction in the firm’s production costs,
so that it can be defined as costs saving effect on firm’s efficiency. Product inno-
vation will be interpreted as an improvement in the quality of a firm’s product
(e.g. the introduction of a sonic cruiser aircraft), and we label this as quality
effect. We will show that BH’s results, in a framework where both firms innovate,
are no longer valid for the high quality firm. Our analysis displays that the latter,
regardless the type of innovation chosen by the low quality firm, decides to intro-
duce a product innovation before under Cournot than under Bertrand. Hence the
high quality firm has a tendency to favor product innovation. Moreover, we find
that the Cournot competitors tend to favor the introduction of a new product
w.r.t. the Bertrand competitors.

The paper is organized as follows. Section 2 presents the model, Section
3 analyzes the strategic choice between product and process innovation under
Bertrand competition. The investigation is divided in two subsections: the pre—
innovation equilibrium, where the two firms’ qualities are determined (Section
3.1) and the solution of the innovation game (Section 3.2). Section 4 studies the
Cournot case, again splitted in the pre-innovation equilibrium (Section 4.1) and
in the innovation equilibrium (Section 4.2). Section 5 presents the main results

of the paper, while their proofs are reported in the Appendix.

2 The model

Consider a two—stage duopoly model where firms, given a pre-innovation quality
pair {0%,60%} with 6%, > 6% (“0” indicates the status quo) sell a vertically differ-



entiated good and may be engaged in Bertrand or in Cournot competition. At
t = 1 firms simultaneously decide whether to adopt a ProCess innovation (PC),
or a ProDuct innovation (PD).” Hence at time ¢t = 1 firm i (i = H, L, where L

stands for “low” quality firm and H for “high” quality firm®) chooses I;, where

I 1 if firm ¢ selects PC
¢ 0 if firm ¢ selects PD

This choice affects firm ¢’s costs function if I; = 1 and instead its market
share if I; = 0. We consider that quality is a variable cost (Champseaur and
Rochet [1989], Gal-Or [1983] and Mussa and Rosen [1978]) so that firms have
the following costs function: C(y;,6;) = c%yi, where y; is the output of firm i,
0; its quality and ¢ the constant unit costs of production.® A process innovation
reduces marginal costs (i.e. it has a costs saving effect) by decreasing ¢; without
loss of generality we assume that under I; = 1 production costs become negligible
(i.e. ¢ = 0). If instead firm 4 introduces a new product, it benefits from an
increase in its quality from 0; to 10; with ¢ > 1 (see BH p. 502). Hence we
label v as the quality effect. These two effects are exogenous, since we assume
that the innovator has invested in R&D (e.g. it has built a lab and hired a team
of scientists) and the corresponding costs are sunk.!® Note that before choosing
which type of innovation to adopt firms have the same costs, and that costs
homogeneity is maintained if they make the same type of adoption; instead in
case of asymmetric adoptions they have different costs functions. Moreover, it

follows from our setup that if at ¢ = 1 a firm has selected a process innovation its

"We rule out the possibility of choosing both types of innovation. Furthermore, the decision
not to innovate is not considered since it is always dominated by introducing one of the two

innovation types.
8The choice of being either the high quality firm or the low quality firm (see Herguera and

Lutz [1998]) should be studied in a stage before the choice of innovation. We do not solve this

stage, but we assign a label to each firm.
9Battaggion and Tedeschi [1998] adopt the same costs function. Our results are valid also

for a costs function where quality is a fixed cost (Bonanno [1986], Motta [1993] and Shaked and
2
Sutton [1982, 1983)), e.g. C(y;,0;) = cy; + %’, but are based on a simulation analysis. Results

are available upon request.
10Without loss of generality we assume that R&D costs are equal to 0.



quality remains fixed at the pre-innovation level, i.e. if [; =1 — 0; = 60 at t = 2.
At t = 2, after observing the rival’s innovation choice, under Bertrand (Cournot)
firms choose simultaneously the price p; (quantity ;).

The market demand is specified as follows: each consumer buys only one
unit of the good, and is characterized by the net utility function U = s — p,
where s € [0,1] and p is the price paid for the good. As usual the variable s
represents the consumer’s willingness to pay (a taste parameter) for the good
(Tirole [1988]), and is uniformly distributed over the interval [0,1]. From the
above and since the consumer with the lowest willingness to pay is located in
0, he/she will never buy the good, unless p < 0. Hence the market is always
“uncovered” and some consumers are always out of the market. The consumer
indifferent between buying the low quality good and not buying at all has a utility
given by sy —pr = 0, so that s = g—i. The consumer indifferent between buying
the low quality good and the high quality good has a taste parameter equal to

s* = %. Hence under Bertrand competition the two firms’ market shares are

_ |1 _PH —PL
= |1 5] .
PH —PL PL
_ _br 2
vL [9H—9L QL} 2)

while under Cournot competition we have
pr = 0u(1 —yu) — 0Ly (3)
pr=0p(1 —yg —yr) (4)

with yg +yr < 1. Note that in case of product innovation the innovator receives
a “market share premium”. For instance, in case of price competition, if the

innovator is the high quality firm, its new quality is 10%, and so s* moves towards

left since s* = 1%51”9% < s*,i.e. s — s, thereby increasing its market share. If
H L
instead the innovator is the low quality firm s* = FL—LL > s* while s = £ <

0%—1/)0% 1/;0%

s,i.e. s — 0 while s* — 1 and so y;, 1.
We look for a subgame perfect equilibrium, i.e. a pair of strategies which

forms a Nash equilibrium in each subgame. As usual, we compute the solution
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by backward induction, starting from the last stage of the game, i.e. the Bertrand
(or Cournot) subgame. Firm i’s profit in the Bertrand subgame is the following
(B stands for Bertrand):

(L L) = L [pa(60, 69)] + L1 = 1) iy (60, 469)| +
+(1 - 1L)I; sz - 692? ) yi (V87 9?)] + (5)
H1= 1)1 = 1) [(5— ) st ve?)]

with ¢ # j and ¢,j = H, L. Under Cournot competition, the individual profit
function is (C' is for Cournot):
(L 1) = LI [pi60,0)ys] + 11— I;) [ps(62, 960)y: | +
80
1= 1)1, [ (et 00) — - ) ] + 0

2

HU= 1)1 = ) | (et v09) - - )

again with ¢ # 7 and 4,7 = H, L.

3 Innovation adoption under Bertrand competition

In this Section we investigate the strategic choice between product and process
innovation if firms compete in prices in the final market. Since the adoption of a
certain type of innovation depends upon the status quo quality levels (i.e. 6%, 609),

it is necessary to compute the equilibrium before the innovation game.

3.1 The pre—innovation equilibrium

From (1)-(2) we have

- 1 _
o tuote) = (=G —5h () O
and
I 1 .
st bn) =mn (G = 30) = 5% (G=g ~5)  ©



Firms maximize (7)—(8) by choosing first the quality pair (6}, 6;) and then the
market prices (pj;,p;). Starting from the bottom stage we have the following
FOCs’:

ong P DL PH by

Opu Ou —0, Ou—0L 20g—0L) ®)
om?  pu-—pL DL 1 5 1 1

_ b (1 2\ = 1
Opr Oy —906r 0L (pL 260L> <9H -0 " 9L) ! (10)

Solving the system (9)—(10) gives the pre-innovation equilibrium prices:
Or[4(0n — 01) + c(20F + 07)]

Ph = 2(40, — 0r) (11)
_ eL[2<0H — QL) + C@H(QH -+ QQL)]
Pr= 2(405 — 01) (12)

Substituting (11)—(12) in (1)—(2) gives:
_ Opl4 — c(20y + 01)]

v 2(405 — 07 (13)
QH[Q — C(QH + QL)]
VL= T 40y — 0r) (14)

Replacing (11)—(12) in (7)—(8) and then differentiating w.r.t 5 and 6, yields the
following FOCs’:

onB 4(46%,—30 01, +202 ) —c(2463,—2262,0,+50 02 4263 ) 0 (15)
a0y . YH 2(46—01)> -

orB 205 (462, —701)+c(40%,—1962 01, +170 6% —263) 0 (16)
a0, — YL 2040 —01)> =

We can now state the equilibrium qualities in the pre-innovation stage and all

the corresponding outcomes for both firms.

Proposition 1 The Bertrand pre—innovation game has the following equilib-
rium: 0f = 081992 g0 — OIBT 0 — 0458SL 0 — OAB00Z 40— 0.27924,

0 _ BO _ 0.03281 __BO _ 0.02430
yr, = 0.34450, m" = ==, 0 = =

Proof: See Appendix.
Proposition 1 shows that the high quality firm enjoys a higher profit by selling

to the smaller but richer market niche (y% < y?) than the low quality firm; to
achieve this higher profit level its quality must be more than double than the
quality supplied by the low quality firm to its customers.
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3.2 The innovation game

Having solved for the pre—innovation quality levels, we can now compute the
subgame perfect equilibrium of the innovation game under price competition.
Starting from the last stage of the game, we have to identify the Nash equilibrium
in four possible subgames, according to the innovation choices made by the two
firms at t = 1.

Case a: Ig=1; =1
Both firms have selected a process innovation at ¢ = 1 and so, given that 61} = 6%
and 0} = 09 ! the two profit functions, from (5) and from the quality levels

stated in Proposition 1, are:

oIy =1, =1) = 75" = py [1 — 2.37643(pyr — p1)c] (17)
YH
mB(Iy =1y = 1) = 721 = pp [2.37643(py — pr)c — 2.50803p.c] (18)
yL
Hence, by simultaneously solving % = 0 and % = 0, we get the market

outcomes shown in Table 1, and, mostly important for our purpose, we identify

the two firms’ profit functions at t = 1 if they both adopt a process innovation,

1.e.
0.13635
7rBH11 = c (19)
0.01658
Wfll = p (20)

Case b: Iy =0,1; =1
The high quality firm has adopted a product innovation, so that 6% = 0%,
while firm L has chosen a process innovation, i.e. % = 6. The two profit

functions are:

WE(IH =0,1,=1) :wﬁm = (pH—

0.33581) {— c(pn — pr)
& 0.81952¢) — 0.39872

Yu

" The superscripts indicate the innovation moves at ¢t = 1; 11 means that Iy = 1 and Iy = 1.

9



Casea: Ig=1; =1

11 _ 0.23953
Py = —

11 __ 0.05827
b = —(—

yll = 0.56924

yil = 0.28462

Caseb: Ig=0,I, =1

p}% _ 0.256(10*7) 11440.32115(10%3)%)(0.16006(108)2)—0.12288(107))

(—0.39062(1072)+0.32115(1013) %)

01 — 90000 —_216006(10%)y—0.12288(107)

pr =

¢(—0.39062(1012)+0.32115(1013)%))

y%l _ 0_5(w—0.13010)(w—0.76619)

(¥—0.12163) (1) —0.48653)

y%I =0.25 P (1p—0.07677)

(1)—0.12163) (1)—0.48653)

Casec: Iy=1,1, =0

p}? _ 0.1024(10_6) 0.62524(1019)4)—0.13474(102°)40.22194(10%)?

¢(0.39062(1012)9—0.32115(1013))

plLO _ 0‘1024(10_6) —0.31262(109)9—0.12465(1019)4-0.1521(1019) )2

(0.39062(1012)5—0.32115(1013))

. —11y 0.64205(1012)1)—0.13798(10'3)
yi = —0.64205(107) (1—2.05538) (1)—8.22151)

$—2.05538) (y—8.22151)

Cased: Ig=1;=0

0.4904(10719) 0.48844(1019)¢)+0.43592(10'9)

c

00 __
Py =

poLo _ 0.5827(10_11)0‘1(1011)+0‘15745(1011)

Cc

00 __ 0.569241—0.28999
Yg — )
00 __ 0.284621+0.05988
Yy = P

Table 1: Market outcomes in Bertrand subgames
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B —0.]r —1) = 7501 — c(pn — pr) _9
mo L =0 lu=1) =m0 = pi | GRios00 — 0.50872 200808

YL

By solving the two FOCs’ at t = 2 we get the market prices and shares reported

in Table 1,'2 and the following profit functions at ¢ = 1:

7BO1 = 0.17317(10%)

(1—0.1301)2(¢—0.76619) (21)
c(0.11254(10%5)9—0.61685(1025 )5)2+0.84524(1025 )53 —0.60840(1023))
7Ol = 0.21063(10%)
(12 —0.1535445+0.00589) (22)

¢(0.11254(1025)1)—0.61685 (1025 )42 +0.84524(1025 )¢/ —0.60840(1023))

Case c: Iy =1,1I;, =0

The two qualities are 61 = 6% and 61° = ¢0%. Hence:

10 _ 1 _ c(pr — pr) 10 _ c(pe — pr) B 2.50803
o 0.81952 — 039872y Y%~ 081952 — 0.39872) ¢

C

By inspection, since 0 < 31 < 1 then ¢ # 2.05538. The two profit functions are:

., 510 c(pg — pr)
Iy =11, =0) = =
ma(le =1,1L =0) =" = pr oo — 0.39872¢
YH
0.07949 c(pg — pr) 2.50803
31211:0:31°=< - ) B
7TL( H s 4L ) TL Pr IS 0.81952 — 039872¢ ,QD ¢

yL

. onB10 onB10 . .
Solving —%— = 0 and —4— = 0 yields the market outcomes shown in Table

Opy opr,
1. Note that, since by assumption yy > 0, yg < 1, yr > 0, yp < 1 and

yg + yr < 1, there exist some restrictions on the i—values to have feasible

12Note that, from Table 1, 0 < y% < 1, 0 < ¢ < 1 and y% + 9y < 1 for ¢ > 1, while
pY >0 and p?' > 0 for ¢ > 1.

11



solutions under Case c.'* The latter are 1 < ¢ < 1.7993 and 2.155 < 1 < 2.3972.
Last, the two firms’ profits at t = 1 are:
B0 = —0.14551(10')

(+0.28171(10M) (1y—2.15501) (1y—2.15509) (23)
o(—0.11254(1025) 92 +0.61685(1025 )9)—0.84524(10%5) +0.6084(10%%) 47)

7810 — _0.49859(10%)
(—0.45546) (h—0.45549) (¢p—1.79919) (1)—1.79933) (24)
0 (—0.11254(1025) 92 1-0.61685(1025) 9 —0.84524(1025) 1 0.6084(1023)33)

Case d: Ig =17, =0
We have that 0% = 0% and 6% = 1)09. Hence the two profit functions are:

0.33581 2.37643 — c

(G
Y
0.07949\ [2.37643(pg — pr)c  2.50803pLc
ﬂ-E(IH:[L:O):WfOO:(pL_ )( (ZH pL)c pr )
YH

Solving the game at t = 2 gives the market outcomes displayed in Table 1 and

the following profits at t = 1:

7.(.I?IOO — 0.13635(1!)—0.509422&)7,[)—0450945) (25)
7.(.IBjOO — 0.01658(¢+0.2104C)1§)1/1+0.2103) (26)

Having identified the reduced form of firm ¢’s profit under each possible in-
novation moves at ¢ = 1, we can now identify the subgame perfect equilibrium.

First we have to compute firm H’s best reply to I, = 1 and to I, = 0. If firm

L selects I, = 1, then by comparing (19) and (21) we get that 75" > B0 if

1 <1 < 1.65168. Hence

1 if 1< < 1.65168

0 otherwise (27)

1~ - {

BComputation yields that y}{o < 1if 1 < < 1.8723 and if 2.05538 < ¢ < 4.2938, that
Yy > 0if 1 <1 < 2.05538 and if 2.155 < ¢ < 8.22151. Moreover, yi0 < 1if 1 < < 2.05538,
if 2.1485 < ¢ < 6.1994 and if ¢ > 8.22151, while y1° > 0 if 1 < ¢ < 1.7993 and if 2.05538 <
¥ < 8.22151. Last, y}? +y}° < 1if 1 <1 <2.3972 and if ¢ > 8.22151.

12



If instead firm L chooses I, = 0, we have, from (23) and (25), that 7510 > 7500
if 1 <1 < 1.61099. Note that from the analysis developed under Case ¢, to
have a feasible solution if {Iy = 1,1, = 0}, we require that 1 < ¢ < 1.7993 and
2.155 < 9 < 2.3972; however under the latter interval we get that 7510 < 0.

Therefore:

i <y <1
IE(ILZO)z{ 1 if 1 <1 < 1.61099

0 otherwise (28)

Last, we need to compute firm L’s best reply to Iy = 1 and to Iy = 0. If firm
H adopts a process innovation, solving 78 > 7510 yields (from (20) and (24))
that for firm L choosing a process innovation always dominates the alternative.
Under {Ig = 1,I; = 0} a feasible solution exists only if 1 < ¢ < 1.7993 and
2.155 < 1 < 2.3972; however under the former interval 7811 > 7819 while in
the latter interval 7219 < 0. Hence IZ(Iy = 1) = 1. If instead firm H selects a
product innovation, by comparing (22) and (26) we have that 72 > 78% when
¥ < 1.75087, i.e.

1 if 1 <1 < 1.75087

0 otherwise (29)

IP(Ig =0) = {
Now we can identify the equilibrium in innovation adoption.

Proposition 2 In case of Bertrand competition, the innovation game has the
following equilibria:

i. (I =1; =1) if 1 <1 < 1.65168;

. (I =0,I; =1) 1f 1.65168 < ¢ < 1.75087;

iii. (I =17 =0) if b > 1.75087.

Proof: See Appendix.

Proposition 2 states that only three equilibria can arise in the innovation game
under Bertrand competition: two symmetric equilibria (where both firms adopt
either a process innovation or a product innovation) and only one asymmetric
equilibrium (where the high quality firm adopts a product innovation and the

low quality firm a process innovation). Moreover it highlights that the high
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quality firm is the first to adopt a product innovation, and that there exists an
interval where the low quality firm still finds profitable to benefit from a unit costs
reduction and not from a product innovation. Note that when the equilibrium is
(I;; = 0,17 = 1) the two competitors have costs heterogeneity. By comparing the
status quo (i.e. the pre-innovation equilibrium) and the market outcomes under
each innovation equilibrium we can draw several interesting implications.

First, under the symmetric equilibrium I}; = I; = 1 we have that: pl} =
023953 < pl, pit = 005827 < P2,y =0.56024 > %, yll = 0.28462 < 2, 7Bl =

0.13635 13635 > 7TH and 7]_Bll 001658

< 7BY% Hence market prices decrease leadmg to
an increase in the intensity of competition between the two firms. For both firms
the cost savings effect has a negative strategic effect: the competitor responds
to a reduction in firm ¢’s costs by reducing its own price, thereby increasing the
intensity of competition. The high quality firm benefits from this: its market
share rises up as well as its profits. On the contrary, the low quality firm suffers
of a profit loss compared with the status quo: since both goods have the same
quality than in the status quo but are sold at lower prices, more consumers buy
the high quality good.'* The price reduction operated by the low quality firm is
not enough to attract more consumers towards its good.

Second, under the asymmetric equilibrium {I}; = 0, I} = 1}, it is straightfor-
ward to show, by plotting p% and p?* (see Table 1) in the interval 1.65168 < 1) <
1.75087, that p% increases with v, while p%' shrinks. Moreover, along the same
interval, p% > p% while p?' < p%. Hence price competition is softer than in the
status quo. Meanwhile, y% (y?!) increases (decreases) with v, and both market
share are higher than the corresponding levels in the pre-innovation stage. Last

B0 > 7B and 780 > 7B0 (with 7B% > 7B%1). Hence both firms benefit from

the reduction in competition due to asymmetric adoption and costs heterogeneity.

HSince firm H adopts a process innovation under this equilibrium, firm L gets a reduction
in its profits compared with the pre-innovation level. However, its profits would be lower if it
chooses to remain at the status quo: in this case firm L would have the same pre—innovation
quality and no cost savings, suffering from an efficiency gap from the high quality firm. If
Iy =1 and firm L stays fixed at the status quo, its costs are c%y 1, and the solution at t = 2 is

n = 0.623,y, = 0.11737, and, above all, 7, = 200282 < 7B Hence adopting an innovation

is always a dominating strategy.
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1 1.65 1.75 ] 1 1.65 1.75 Y

(a) (b)

Figure 1: Firms’ profits under the innovation equilibria—Bertrand

Last, if both firms adopt a product innovation, we get that in the interval
¥ > 1.75087 both market prices arise with 1) and are higher than the status quo,
as well as the two firms’ market shares. Moreover, this market share premium is
profitable for both firms (i.e. 7% > 75%). Figure 1 shows the profitability of the

three equilibria for the two firms.

4 Innovation adoption under Cournot competition

In this Section we analyze the innovation game when firms compete d la Cournot
in the final market. Before solving it we need to compute the two pre—innovation

quality levels.

4.1 The pre—innovation equilibrium

Under quantity competition the two firms’ market demand are (3)—(4), and so

the two firms’ profits are:

1
75 (e, yr, 0, 01) = (O — Oy — 0Ly )ym — 509291{ (30)
c I 5
77 (Ym,yr, 0u,0L) = (0L — 0Ly — OryL)yr — 50‘9LyL (31)
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Firms maximize (30)—(31) w.r.t. (6y, 6r) first and then w.r.t. (ym,yr). By solving

the Cournot subgame we have that:

on$ 1

(93;_5 = QH — 20HyH — GLyL — 569%1 =0 (32)
on¢ 1

9L — g, — 20,y — Orys — ~cb? =

Fu L Ly = Oryn — 5¢ 0 (33)

Solving the system (32)—(33) gives the pre-innovation market shares:

220 — 01) — c(20% — 62)

H= 34
Y 20405 — 0r)
After substituting yj;, vy} in (30)-(31) and then differentiating w.r.t. 6y, 0 we
get
orS 02, — 405101, +262 —c(246%,—106%,61,+40 1162 +63
B = Y — 0 (36)
on¢ Op (80 —201,+c(46%,—23001,+202))
o = YL e o =0 (37)

The following Proposition points out the equilibrium in the pre-innovation

stage.

Proposition 3 The Cournot pre—innovation game has the following equilibrium:
9% 0.73810 73810 90 0. 585587 p 0433717 p 031452 2] — 021856, y% — 024433;

C C

co _ 003526 CO __ 0.03496
Ty = 2=, T = ———.

Proof: See Appendix.

Again the high quality firm has a lower but more profitable market share
than the low quality firm, due to a quality level about 25% greater than its rival.
Moreover, both firms enjoy higher profits than under Bertrand.

16



4.2 The innovation game

The two firms have to decide simultaneously which type of innovation to adopt
when they compete d la Cournot and have their qualities set at 6%, 6%. To iden-
tify the solutions we apply the same procedure shown in Section 3.2; hence a less
detailed explanation is provided here. Again there are four possible Cournot sub-
games, according to the innovation choices made at ¢ = 1. In each subgame the
firms’ profit functions vary according to (6), after substituting for each possible

{Im, I} pair.

Case a: Ig =15, =1

In this subgame the two profit functions are:

B11 0.73810  0.73810 0.58558
TH :< - - - YH — p yL)?JH

o1l <0.58558 0.58558 0.58558 )
T — YL

L = - c Yo — c YL
and, by solving the FOCs’ Z—g’ =0, % = (0, we obtain the market outcomes
shown in Table 2, and the following profits at ¢t = 1
0.10451
T = (38)
c
0.05695
mp it = (39)
c

Case b: Ig=0,I;, =1
At t = 2 we have:

col <0.73810w 0.73810v 0.58558 ) 0.27240
Ty = - Yy — YL | Yyg —

Y
c c

co1 <0.58558 0.58558 0.58558 )
T = — yr

L Y — YL
c c c

The market outcomes at ¢ = 2 are reported in Table 2, while the corresponding

profits at ¢t = 1 are:

(1 4 0.47943(10719)) (¢ — 0.76572) (1) — 0.76574)
¢(0.21792(1011)¢)2 — 0.86443(1010)¢) 4 0.85726(10%))

70 = 0.40211(101°) (40)
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Casea: Ig=1; =1
11 0.27774
Py = —F(—
11 _ 0.18261
b = —(—

yll = 0.37629

yll =0.31185

Case b: Ig=0,I; =1

11 (¥+0.36905)(p—0.39668)
pu = 54479.16 ¢(147620)—29279)

21610.83%4-7975.48

01 _
DL = C(1476209—29279)

01 __ 0.14762(10°)1—0.11304(10°)
yg = 0.0005 1476209 —29279

01 _ 200004+ 7381

Yo = 1'845251476201/)—29279

Casec: Igy=1,I; =0

—60806.60+21610.83)

10 _
PH = (1476201 202799)

10 _ _ 16590.894-+12654.87
PL = ~(C147620+292799)

10 _ 0.29279(1019)%)—0.82383(1019)
Yy = 0.00001 — 1476204292794

o0 500004 —29279
yp = —0-73810¢(—147620+29279w)

Cased: Ig=1;=0

00 __ 0.277743)+0.15597
Pg=— %

00 _ 0.18261%+0.13191
P = -

—0.18667(10'0)+0.44531(1010)¢

y% = 0.84501(10~1°) -

—21653+100000¢

Y% = 0.31185(1077) L

Table 2: Market outcomes in Cournot subgames
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(¥ 4 0.36906) (v + 0.36904)
¢(0.21792(10M)¢2 — 0.86443(1010)¢) 4 0.85726(10))

780 = 0.79755(10°) (41)

Case c: Iy =1,1I;, =0
The profit functions at ¢ = 2 are (from (6)):

c1o_<0-73810 0.73810%) 0.58558) )
Tg — - Yy — YL | Y

C C C

c10 <0.585581/1 0.585581) 0.585581%) ) 0.17145
T, = - Yy — YL | YL — YL

C C C

The subgame solutions at t = 2 are displayed in Table 2. Again, since by assump-
tion yg > 0, yg < 1,y >0, yp, < 1 and yg +yr, < 1, some restrictions on the
)—values have to be imposed to achieve feasible solutions under Case c.'®> Under
Cournot competition the feasible )—values in this subgame are those falling in
the interval ¢ € [1,2.8137]. Firms’ profits at ¢t = 1 are:

(v — 2.81367)2)

C10 9
= 0.63274(10
H ( )c(0.21792(1011) — 0.86443(1010)¢) + 0.85726(10%)12)

(42)

_c10 _ __0-T9756(10°)5)” — 0.93406(10°)4) +0.27348(10%)
L™ p(0.21792(1011) — 0.86443(1010)¢) + 0.85726(10%)%2)

(43)

Case d: Ig =15, =0
If both firms decide to introduce a product innovation, the profit functions

are:

Y

coo 0.73810¢)  0.73810v 0.585581) 0.27240
Ty — g - - Y — p YL | Yyg —

coo 0.585581)  0.58558) 0.585581%) 0.17145
T = - Y — YL | YL — YL

H
C C C

5First of all we need that 1) # 5.0418 to avoid asymptotic solutions at y;,p;. Second,
computation yields that y}}] < 1if 1 < ¢ < 5.0418, that y}}) >0if1 < ¢ < 2.8137 and
if 1 > 5.0418. Moreover, y;0 < 1if 1 < ¢ < 3.9674, and if ¢ > 5.0418, while y}° > 0 if
1 <1 < 5.0418. Last, y¥ +y19 <1if 1 <1 < 5.0418.
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The market outcomes in the final stage are shown in Table 2, while the two profits

are:
104512 — 0.08762 .01
2000 _ 0.10451¢% — 0.087621) + 0.01836) ”
c
—0.21652)(¢) — 0.21654
779 = 0.05695 (% — 02165 c)l(f 0.21654) (45)

Now we compute each firm’s best reply. We get Iy(I, = 1) by comparing
(38) and (40), so that

oo [1 if 1< <1.5995
Ia(ly =1) = { 0 otherwise (46)
while (from (42) and (44)
oo (1 i 1<4<1.6036
Il =0) = { 0 otherwise (47)
Moreover, from (39) and (43) we have that
o o [ 1 1<4¢<1.6636 andif ¢ > 2.8137
oIy =1) = { 0 if 1.6636 < v < 2.8137 (48)
while by comparing (41) and (45) we obtain that
cr o [1 if 1< <1.6485
I (In = 0) = { 0 otherwise (49)

The equilibrium of the innovation game under Cournot equilibrium is the

following one:

Proposition 4 In case of Cournot competition, the innovation game has the
following equilibria:

i. (I =1; =1) if 1 <1 <1.5995;

ii. (I =0,I; =1) if 1.5995 < ¢ < 1.6485;

iii. (If; = 17 =0) if ¢ > 1.6485.
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Proof: See Appendix.

Proposition 4 points out that also in case of Cournot competition three equi-
libria arise in the innovation game, similarly to the Bertrand regime. However, by
comparing Proposition 2 and Proposition 4, the interval where both firms adopt
a process innovation, and the interval where the high quality firm introduces a
new product while its rival chooses a cost saving innovation, are smaller under
Cournot than under Bertrand. Consequently, the interval where both firms de-
cide to introduce a new product is larger under Cournot than under Bertrand,
i.e. both firms select I = 0 before in case of quantity competition than in case of
price competition. Hence, we add a new insight to the BH’s results: the Cournot
competitors tend to favor a product innovation in comparison with the Bertrand
competitors, when they both adopt an innovation.

Moreover, if we compare the market outcomes after the innovation adoptions
with the status quo, and if both firms choose a cost saving innovation, we get
that market prices are lower than the pre-innovation levels, while both market
shares are greater. Furthermore, both firms benefit of a profit increase. This is a
relevant difference between the Cournot and the Bertrand case: under the latter,
it I;; = I7 = 1, the low quality firm has a profit reduction w.r.t. the status quo.
Under Cournot the introduction of a process innovation increases the intensity of
competition but this effect is outperformed by the increase in the market shares
and by the reduction of production costs.

If the innovation equilibrium is asymmetric, we have the same effects than
under Bertrand, with the unique difference that the low quality firm market
shares decreases with 1), but it is always greater than the pre-innovation level.
Hence Figure 1 can be applied also to the Cournot regime, with the unique
exception that in case of symmetric adoption of a process innovation also the low
quality firm enjoys a profit increase w.r.t. the status quo. Last, profits are always

greater under Cournot than under Bertrand.

Proposition 2 and Proposition 4 highlight the interesting result that firms,
independently of the competitive regime, might choose asymmetrically between

product and process innovation. Hence this contribution points out that firms
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selling goods with a quality gap have different incentives in adopting a product
innovation, since introducing the latter becomes a dominant strategy for the high
quality firm before than for the quality follower. It is crucial to shed light some
intuitions on this issue. BH, for instance, have provided an answer based upon
the competitive regime, but in model where there is only one innovator. We
have instead obtained that, when both firms innovate, the competitive regime
is not a factor explaining the firms’ different attitudes toward the two types of
innovation. Our explanation is based on two factors: (1) the impact of each type
of innovation on the firm’s market share and (2) on its unit profit margin. The
impact of each innovation type on these factors is different for the two firms.

To understand why, consider first the high quality firm. We know that the
symmetric adoption of a process innovation generate a reduction of both prices
and a rather strong increase in the high quality firm market share; moreover, the
latter enjoys an increase in its unit margin because the price reduction is more
than offset by the decrease in production costs. On the contrary, if the low quality
firm chooses a process innovation and the high quality firm a product innovation,
the two market prices go in opposite directions (i.e. py rises while py, shrinks), firm
H’s market share increases, while its unit margin widens. However, if the quality
effect is small, the increase in firm H’s market share and unit margin obtained
by the introduction of a new product are smaller than those granted by a process
innovation; if 1 is small also the high quality firm chooses a costs reduction. As
the quality effect rises the unit margin enlarges more than proportionally (while
it remains fixed if firm H selects a process innovation) and so there is a critical
level of 9 such that the introduction of a new product becomes more profitable
for the high quality firm.

The picture is rather different if we consider the low quality firm. If both
firms choose a process innovation firm L suffers of a reduction both in the market
share and in the unit margin. The latter is due to a price decrease higher than
the costs reduction. However the landscape becomes worse if the low quality firm
introduces a new good when the high quality firm has selected a process inno-

vation:'® in this case both prices shrink but consumers reward the high quality

6We do not consider the possibility of leapfrogging, as in BH. For a discussion see the Remark
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firm (a higher quality good is sold at lower price), so that firm L’s market share
drops dramatically. In addition, also the unit margin falls. Hence the low quality
firm has never the incentive to be the first to introduce a new product. Some-
thing different happens if the high quality firm has chosen a product innovation.
In this case if firm L selects a process innovation its market share falls but its
unit margin increases (because its price reduction is lower than the unit costs
reduction). Instead if firm L adopts a product innovation its market share rises
but the increase in the unit margin is lower than that obtained with a process
innovation. Hence, for a specific interval of the quality effect, firm L considers
more profitable the process innovation because it grants a unit margin increase
much bigger than the combination of the two above factors (i.e. greater market
share plus higher margin) in case of product innovation. If instead the quality
effect increases these two effects, sooner or later will overcome the profitability
of the costs reduction also for the low quality firm. As a result, both firms end
up with introducing a new product. These observations points out that the high
quality firm is really the market leader since it is always the first to improve the

quality embedded in the vertical differentiated market.

Remark

The above insights might change if we consider the possibility of leapfrogging
(i.e. a change in the identity of the high quality firm).!" We do not tackle this
issue since we assign labels to each firms: firm H is the high quality firm, while
firm L is the low quality firm, i.e. we do not consider the problem of the “identity”
of the high quality firm. Our attention focuses on which type of innovation adopts

the high quality firm and, simultaneously, the low quality firm,'® i.e. it does not

below.
17As shown by Choi and Shin [1992], a problem arising in duopolistic models of vertical

product differentiation and identical firms is that there exist two symmetric market equilibria
in pure strategy (and one in mixed strategy). In one equilibrium firm i is the high quality firm
while in the other equilibrium is the low quality firm. In order to ensure a unique equilibrium
the investigation is either restricted to marginal analysis in the vicinity of one of these equilibria
via technological constraints or quality’ leadership is assigned at the beginning of the game and

taken as given.
18For example, in the symmetric equilibrium (I}, = I3 = 1) the quality leader and follower
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matter who is the high quality firm, but what type of innovation the leader (and
the follower) adopts.'?

5 Conclusions

This paper investigates a duopoly model of vertical differentiation where firms
simultaneously select whether to adopt a process innovation or a product innova-
tion. This decision is taken both in case of Bertrand and Cournot competition.
The two innovations have different impacts on firm’s profitability, identified by a
costs saving effect (process innovation) and by a market share premium (product
innovation). The analysis has produced the following results: First, under both
competitive regimes three equilibria in the innovation game may arise: two sym-
metric (where both firms choose either a process or a product innovation) and
one asymmetric (where the high (low) quality firm selects a product (process)
innovation. Second, asymmetric equilibria in innovation adoption arise because
the high quality firm is the first to adopt a product innovation, regardless the
type of competitive regime. The two factors explaining these different behaviors
are (1) the impact of each innovation on firms’ market shares and (2) on their
unit margins. Third, all equilibria yield, in general, a profits increase w.r.t. to
the pre-innovation levels. Fourth, in contrast with Bonanno and Haworth [1998]
which consider only one innovator, both firms display a tendency to favor prod-
uct innovation under Cournot. Last, the above equilibria have different effects
on the intensity of competition: specifically, the latter is not relaxed only in case
of a symmetric adoption of a costs saving innovation, while it is always soften
when firms choose asymmetrically. Since under this equilibrium firms endogenize

an efficiency gap, costs heterogeneity may be regarded as a supply side effect

choose the same type of innovation.
9The literature has also pointed out that leapfrogging might arise in case of a change of

some parameters (e.g. a reduction in trade barriers as in Motta, Cabrales and Thisse [1997]).
However, in such a case a variation in the quality provided and in the identity of the high
quality firm usually involves an adjustment costs. Hence in our settings we should introduce a
fixed costs of changing the identity, and it will always be possible to identify a level sufficiently
high of this costs that no leapfrogging occurs.
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implemented to shrink price competition.
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6 Appendix

Proof of Proposition 1: Since yy > 0 and y;, > 0 and in both FOCs’ the

denominator is positive, (15)—(16) are simultaneously satisfied when
4(40% — 3001, + 20%) — (24603, — 220%0, + 5002 +203) =0
and
205 (46% — 701) + (403, — 190%,0, + 170502 —203) =0

Solving this system yields three solutions: {0y = 2<,0;, = 52}, {0y = 0,0, = 0}

and

4 , VL — —

4 — _ (1) 10119° — 40909* 4- 46322 — 1408 Q
e c(213Q3 — 92202 + 100892 — 256) c

where
Q = Root of (128 — 584 + 836y — 461> + 84x*)

The first two solutions are unfeasible (the first one has 0y < 61, which has been
ruled out by assumption); the third needs to investigate the root of the polynomial
128 — 584y + 836x2 — 461> + 84x*. Solving it w.r.t. x yields two imaginary
roots and two real solutions: y; = 0.39872, yo = 2.71773. Then if 2 = ys we
have 0y = LZG?’ and 0;, = &;737 so that g < 0, which has been ruled out by
assumption. If instead Q = x; then 6%, = %812 and §9 = %3952 The Jatter is

the solution of the pre-innovation quality game.

O

Proof of Proposition 2: From (27)—(29) and since [;(Ig =0) =1 V¢ > 1, we

get Table 3, where, by inspection, the three equilibria emerge.
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¥ range Ig(Ir=1) | Ig(I, =0) | Ir(Ig=1) | Ir(Ig =0) Nash Eq.
1< < 1.6110 1 1 1 1 Iy =1 =1
1.6110 < ¢ < 1.6517 1 0 1 1 Ifp=1Ir=1
1.6517 < ¢ < 1.7509 0 0 1 1 I;;=0,1; =1
1.7509 < ¢ 0 0 1 0 I, =1I; =0

Table 3: Best replies and Nash equilibria under Bertrand

Proof of Proposition 3: The two FOCs’ (36)—(37) are simultaneously satisfied
when

1607, — 40101, + 207 — (2403, — 10020, + 40507 +03) =0
and
80 — 201, + (467, — 2300, +207) =0

The system has three solutions: {0y = %1 0 = %}, {0y = 0,0, =0} and

c)

0, = =T

1 299372 — 9957 + 72 2
77107 (18272 — 79T + 8) c

where
T = Root of (—16 + 126 — 463£2 + 749¢%)

As in the proof of Proposition 1 the first two solutions are unfeasible while the
third needs to investigate the root of the above polynomial. The unique real

solution is £ = 0.29279. Then we have 6%, = 5810 and ¢ = 038558

O

Proof of Proposition 4: From (46)—(49), we get Table 4, and the indicated Nash
equilibria.
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1 range Ig(Ip=1) | Ig(Ir=0) | Ir(Ig=1) | I.(Ig =0) Nash Eq.
1< o < 15995 1 1 1 1 I =1 =1
1.5995 < ¢ < 1.6036 0 1 1 1 Iy =0,I; =1
1.6036 < ¢ < 1.6485 0 0 1 1 I, =015 =1
1.6485 < ) < 1.6636 0 0 1 0 I, =I; =0
1.6636 < ¢ < 2.8137 0 0 0 0 Iy =1I; =0
1.6485 < 92.8137 0 0 1 0 Iy =1I; =0

Table 4: Best replies and Nash equilibria under Cournot
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