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ABSTRACT

New Product Introduction by Incumbent Firms
by Ralph Siebert’

In this study we analyze the incentives of incumbent firms to introduce a new product in
different quality areas and investigate the variety of products offered in the market. We
consider a duopoly where initially each firm offers one product of different quality, and
assume that the production technology of one of the firms (the “potential innovator)
changes which allows the introduction of a new product. The innovator also has the op-
portunity to keep or withdraw the original product from the market. We find that inno-
vation occurs depending on the production costs for quality and the firms® original
product qualities. The innovator always introduces a new product with higher quality in
order to concentrate sales on high income consumers. Moreover, the innovator is better
off to withdraw its original product in order to reduce price competition and to avoid
cannibalizing its own product demand. As a result, only two products remain in the
market.

ZUSAMMENFASSUNG
Neue Produkteinfithrung etablierter Unternehmen

In dieser Studie untersuchen wir die Anreize etablierter Unternehmen, neue Produkte
mit unterschiedlicher Qualitét in den Markt einzufiihren. Wir betrachten ein Duopol, in
dem jedes Unternehmen ein Produkt mit unterschiedlicher Qualitit anbietet und nehmen
an, daB ein technologischer Fortschritt die Produktionstechnologie eines Unternehmens
(der potentielle Innovator) beeinflufit, um ein neues Produkt in den Markt einzufiihren.
Der Innovator hat die Moglichkeit das alte Produkt vom Markt abzuziehen. Wir zeigen,
daB die Entscheidung, ein neues Produkt in den Markt einzufiihren, von den Produkti-
onskosten fiir Qualitdt, und den vorigen Produktqualititen abhéngt. Der Innovator fiihrt
ein neues Produkt mit hoherer Qualitdt ein und zieht das alte Produkt aus dem Markt,
um einen hoheren Preiswettbewerb und einen Nachfrageverdrangungseffekt zu vermei-
den. Folglich werden nur zwei Produkte im Markt angeboten.

This paper has been revised during my visit as a research fellow at Yale University. I am grateful
to Tomaso Duso, Dan Kovenock, Johan Lagerloef, William Novshek, Lars-Hendrik Roeller, Mar-
garet Slade, and Jacques Thisse for helpful comments and suggestions. All remaining errors are my
own.



1 Introduction

Many industries are characterized by oligopolistic competition in vertically dif-
ferentiated markets. When innovation occurs we often observe that incumbents
introduce new products of higher quality. One example is the electronics industry,
especially the Personal Computer and the mobile phone market where techno-
logical progress motivates product innovation. For instance, new PCs enter the
market with faster processors or new mobile phones with longer ‘stand by time’
are introduced. Furthermore, we observe that original products are frequently
withdrawn from the market after innovation occurs.

Why do firms introduce a new product of higher quality and why are firms
better off to withdraw their original product from the market?

Up to this point we do not find any explanation in the existing literature why
incumbent firms often introduce a new product of higher quality and why firms
are better off to withdraw their original product from the market.

In order to provide some insight we analyze the following setting: Suppose
that there are two firms, one offers a product with low quality (the low quality
firm) whereas the other firm offers a product with high quality (the high quality
firm). The products are produced at the same marginal costs. Firms set prices
in the product market and no entry occurs. Suppose that one firm (the potential
innovator) benefits by an unexpected technological progress which enables the
firm to produce a new product. Note that we allow either of the firms to be
an innovator. The new product is allowed to be lower or higher in quality, but
a higher product quality requires higher R&D investments. Beyond that, the
innovator is allowed to keep or withdraw the original product when innovation
occurs.

Introducing a new product may attract new consumers and increases the firm’s
profit. But in which quality area should the firm locate its new product? We can
distinguish between three quality areas where the innovator may introduce its
new product: a low quality area (new product quality is smaller than the original
low quality product), an intermediate quality area (new product quality is located
between both existing products), and a high quality area (new product quality is
higher than the original high quality product). At first glance, we expect that
when R&D costs are slightly increasing in quality, offering a new product in the
high quality area might be more profitable. Whereas, when quality costs are
rapidly increasing, offering a new product in the intermediate quality area might
be better.

Suppose that the R&D costs are sufficiently low, such that the high quality
area is more attractive for the innovator. The relevant literature for this innova-
tion scenario includes Shaked and Sutton (1982), who analyze a model of vertical
product differentiation.! They show that a higher quality yields higher revenues

Tn models characterized by vertical product differentiation all consumers are supposed to



in a vertical differentiation setting. For this reason, we expect that the innovator
has incentives to introduce a new product in the high quality area when the R&D
production costs for quality is sufficiently low. As mentioned above, the inno-
vator has the choice to withdraw or to keep the original product in the market.
There are only few studies which focus on firms which may withdraw their orig-
inal product. All of them are using locational models in contrast to our setting
which is a vertical differentiation model.? An early study by Schmalensee (1978)
shows that a multiproduct firm has the opportunity to proliferate the product
space in order to prevent the rival (entrant) from introducing a new product.
Judd (1985) shows that the proliferation strategy by the multiproduct firm may
not be credible, once the firm is allowed to withdraw the original product from
the market. He analyzes the decision of a firm to either keep the original product
close to the rival in the market or to withdraw it. The firm is confronted by
a trade-off: on the one hand, it would like to keep the original product in the
market which increases sales but decreases prices. On the other hand, withdraw-
ing the first product increases prices of its existing products but decreases sales.
Judd (1985) shows that a firm better withdraws its products close to the rival
since it softens price competition towards the rival’s product which also affects
its original product price. As a result, the firm yields higher profits despite a
smaller variety of goods. According to this study we may expect the innovator in
our setting to withdraw the original product which is next to the rival’s product,
since it softens price competition towards the rival’s product.

Recall, the above scenario assumes R&D costs to be sufficiently low that
innovation takes place in the high quality area. However, when R&D costs are
relatively high the innovator may introduce a new product in the intermediate
quality area. The innovator’s decision to keep or withdraw the original product
from the market is not as intuitive as before because now the innovator’s original
product is closest to its own new product and not to the rival’s product.® Let
us consider the decision of the high quality firm. As we know from Shaked and

have identical taste and rank qualities in the same order. But consumers differ in their income.
Gabsewicz and Thisse (1979 and 1980) and Shaked and Sutton (1982) are the first studies
which focused on vertical product differentiation. Choi and Shin (1992) modify the vertical
differentiation model by Shaked and Sutton (1982) assuming that the market is not covered.
Hence, some consumers in the lower quality area do not buy any product.

2In locational models consumers’ preferences are distributed over a spectrum of products
where each consumer chooses the closest product. Dixit and Stiglitz (1977), Salop (1979), and
Brander and Eaton (1984) are some pioneering studies on horizontal differentiation. Shaked
and Sutton (1983) show that in vertical product differentiation models an upper bound of firms
exists, in contrast to the horizontal models where the market can support an arbitrarily large
number of firms. For more details on the distinction between horizontal and vertical product
differentiation, see Chaumpsaur and Rochet (1989), Constantatos and Perrakis (1997), and
Cremer and Thisse (1992).

3Chaumpsaur and Rochet (1989) analyze firms’ incentives to offer different intervals of prod-
uct qualities. But in contrast to Chaumpsaur and Rochet (1989) our model focuses on pure
vertical differentiation and firms are allowed to withdraw former products.



Sutton (1982) the high quality firm earns higher profits with the original product
because it is of higher quality than the new product. Consequently, we may
expect the high quality firm to keep the original product in the market when it
offers a new product in the intermediate quality area. But it is still unclear where
the high quality firm locates its new product. The high quality firm has the choice
to locate the new product quality close to the rival’s product quality or close to its
own product quality. According to the model from Shaked and Sutton (1982) two
countervailing effects, the demand and the strategic effect, explain its decision on
product quality. The demand effect indicates that more consumers are captured
from the low quality firm’s product the more the new product quality approaches
the product quality of the low quality provider. The strategic effect indicates
that introducing a product closer to the low quality firm’s quality increases price
competition in the market. The principle of ‘maximal product differentiation’ by
Shaked and Sutton (1982) describes that the benefit to firms by moving product
qualities apart from each other in order to soften price competition (strategic
effect) outweighs the market share gained by moving qualities closer to each
other (demand effect). Their results show that firms engage in ‘maximal product
differentiation’ where one firm offers the highest feasible product quality and the
other firm offers the lowest.

According to this principle, we may expect that innovation by the high quality
firm takes place close to its original product quality where the effect of softening
price competition (strategic effect) outweighs the effect of gaining the market
share (demand effect). However, the high quality firm also has to account for the
impact on its original product when it keeps the original product in the market,
e.g. the cannibalization effect.* The cannibalization effect indicates that more
consumers are captured from the high quality firm’s original product the more
the new product quality approaches its original product quality. The high quality
firm’s decision to offer a new product in the intermediate quality area is then
determined by the following trade-off. Introducing a new product close to its own
product quality softens price competition in the market which increases product
prices (strategic effect). However, the new product attracts only few consumers
from the low quality firm’s product (demand effect) but many consumers from
its own original product (cannibalization effect). On the other hand, introducing
a new product similar to the low quality firm’s product lowers product prices
(strategic effect), but attracts many consumers from the rival’s product (demand
effect) and cannibalizes its own product demand only to a low extent.

Combining the principle of ‘maximal product differentiation’ with the can-
nibalization effect, we find that the high quality firm’s incentives to offer a new
product close to the original product are reduced in order to avoid cannibalizing

4Since firms set prices in the product market, the innovator will internalize the strategic
effect towards the former product. However, the innovator will impact its former product
demand when it offers a new product in the intermediate quality area.



its own high quality product demand.

Turning to the decision of the low quality firm when it offers a new prod-
uct in the intermediate quality area, we would expect the low quality firm to
withdraw the original low quality product from the market since it offers a new
product of higher quality, which yields higher profits. Withdrawing the origi-
nal product reduces price competition in the market (strategic effect) and gains
customers which were buying the original product and switch to buy the new
product (cannibalization effect).

Finally, the innovator has the choice to offer a new product in the low quality
area. According to Judd (1985) we may expect the innovator to withdraw the
original product (which is close to the rival’s product in this scenario) from the
market in order to reduce price competition in the market. But when the innova-
tor withdraws the original product it finally offers a new product of lower quality
which yields lower profits in a vertical differentiation setting. Consequently, we
may expect the innovator to keep the original product in the market. However,
in case the low quality firm stays in the market it may loose profits since its new
product (with lower quality) cannibalizes demand of its original product. For the
high quality firm it is not obvious if cannibalization occurs because its products
are not located next to each other and it is unclear whether the cannibalization
effect impacts only neighboring products, or not.

In the following analysis we will investigate the different innovation scenarios,
in more detail. This study presents a first insight into the innovation incentives
of incumbent firms to introduce new products in vertically differentiated mar-
kets. The aim of this study is to explain firms’ incentives for introducing new
products in different quality areas whereby firms have the choice of either keep-
ing or withdrawing the original product from the market.” We analyze in which
quality areas innovation occurs and derive the variety of products that firms offer
in the market. By decomposing the total derivatives of firms’ profits into several
components we make the model computationally tractable.

We find four types of equilibria depending on who the innovator is, on the
production costs for quality, and on the original product qualities. Assuming
innovation occurs in equilibrium, all equilibria are characterized by two facts: in-
novators always introduce a new product of higher quality, and innovators always
withdraw their original product from the market. The equilibria are as follows.

1) When the high quality firm is the innovator, it introduces a new product in
the high quality area if the production costs for quality is small and the original
product qualities are small. The high quality firm withdraws the original product
from the market after innovation occurred (case a).

5Rosenkranz (1996) assumes that firms always withdraw their first product from the market
when they introduce a new product into the market.



2) When the low quality firm is the innovator, it introduces a new product
in the high quality area if the quality costs are very small, the high quality
firm’s product quality is small, and the own original product quality is small, but
relatively higher than in the intermediate innovation case. The low quality firm
withdraws the original product from the market after innovation occurred (case

d).

3) When the low quality firm is the innovator, it introduces a new product in
the intermediate quality area if the production costs for quality is small, its own
original product quality is very small, and the high quality firm’s product quality
is large. The low quality firm withdraws the original product from the market
after innovation occurred (case e).

4) No innovation occurs, if the production costs for quality and the low quality
firm’s original product quality are high.

The remainder of this paper is organized as follows. Section 2 describes our
model of vertical product differentiation and analyzes firms’ innovation incentives.
We conclude in Section 3.

2 The Model

Let us consider an outset in which two firms (i = 1,2) offer one product with
quality s? < %sg in the market.® Thus, firm 1 is the low quality and firm 2
the high quality firm. We model a two-stage duopoly game. One firm, chosen
by nature, benefits from a technological progress which improves its production
technology and enables the firm to introduce a new product into the market.
We distinguish between two scenarios depending on which firm is subject to
technological progress: the high quality firm may introduce a new product, and
the low quality firm may introduce a new product.

In the first stage, the potential innovator (firm 7) decides whether to introduce
a new product and whether to withdraw its original product. When the firm
introduces a new product it chooses its new product quality s} € [0,00]. The
new product quality is allowed to be lower or higher than the original product
quality. We can distinguish between three quality areas which depend on where

the innovator locates its new product quality: a low quality area, si < s9, an

6The outset is based on the model by Choi and Shin (1992) which is a modification of
Shaked and Sutton (1982) where the version of Tirole (1992) is used. The results are shown in
Appendix 1. The subscript refers to the firm, whereas the superscript ‘0’ indicates the outset.
Note that the assumption on product qualities is relatively unrestricted. The only restriction
is given by s{ < %sg, for the following reason: If the low quality provider offers a higher quality
than %sg, it could earn higher profits by simply decreasing its product quality, see Appendix
1, equation (33).



intermediate quality area, s? < s} < sJ, and a high quality area, s} > s9. The
innovator has to invest in R&D when it produces a higher quality than its original
product but does not have to invest in R&D when it offers a new product with
lower quality. The quality costs for the innovating firm 4, which already offers
product 5%, is given by the following costs function

0 for s! < &0
0 .1 _ =
F(Si;si (7)77) - { 7(311 —8?)2 for SZ1 > 3?

AF(9,s1(7), 8?2F(s9,s1 (),
where ZiCE0N)] > 0 and ;13(”7 > 0, for s} > sY. The parameter

8511 1

describes the convexity of the costs curve, or how costly it is for the firm to
produce quality. After choosing the new product quality the innovator decides
whether to keep or withdraw its first product from the market. In terms of the
number of products the following cases may occur: the innovator keeps the first
product in the market and three products are offered, the innovator withdraws
the first product and two products are offered, or no innovation occurs and the
original two products are offered in the market.

Tables 2.1 and 2.2 show all the different cases when innovation occurs. In
order to get a better understanding of the different cases, we use the following
notation: the number refers to the firm which offers the product. The products
are ranked in increasing quality order, that is, a number at the bottom indicates
the lowest product quality and a number at the top the highest. Bold numbers
indicate the new product of each firm and a number in brackets indicates the
option to either keep or withdraw the original product from the market. When
no innovation occurs the outcome is shown by the outset.

New Product Introduction by the High Quality Firm

a b c
2 (2 (2
(2) 2 1
1 1

Table 2.1: The innovation cases when the high
quality firm is the innovator



New Product Introduction by the Low Quality Firm

Table 2.2: The innovation cases when the low
quality firm is the innovator

In the second stage, firms maximize profits by simultaneously choosing prices
in the product market having observed the product qualities and the number
of products in the market. When the innovator keeps its first product in the
market it is allowed to internalize price competition among its own products.
More precisely, it takes into account that a price change of one of its products
has an impact on its other product. No entry is assumed to occur. Production
costs do not depend on quality and are set to 0.

Consumers’ preferences are given by U = s — p if they buy a good and zero
otherwise. Each consumer has the same ranking of qualities and prefers higher
quality for a given price (p). Consumers differ in their income. Their income
parameter # is uniformly distributed over the interval [0,1]. The assumption on
the income parameter induces that the market is not covered, which means that
some consumers do not buy any one of these products. Every consumer is allowed
to buy at most one of the products.

We look for pure strategies and solve the game by applying backward induc-
tion. We begin with investigating the product market competition (stage 2) and
derive prices, demand, and profits for the different innovation cases. Next we
investigate the choice to introduce a new product and analyze the decision on
product quality and the number of products (stage 1).

2.1 Product Market Competition - Stage 2

In this section prices, demand, and profits in the product market for the different
innovation cases are derived. We first examine case a from Table 2.1, where the
high quality firm may introduce a new product in the high quality area. The
cases b to f are analogous to case a. We present the results for these cases in the
Appendix. Moreover, we focus on the case where the original product is kept in
the market. When the innovator withdraws its original product each firm offers
one product and results are again analogous (see Appendix 1, adjusted for the
corresponding product qualities).



High Quality Innovation by the High Quality Firm (Case a)

When the high quality firm introduces a new product in the high quality area and
keeps its original product, three products are offered in the market. Consequently,
three indifferent consumers exist in the market. One of them is indifferent be-
tween buying the product with highest quality s or with second highest quality
9 from the high quality firm. The income parameter of this consumer is given by

03 = %pf—% The consumer who is indifferent between buying the high quality
5355

firm’s original product with quality s§ and the low quality firm’s product with
quality s is described by the income parameter 6y = ﬁ(%)) whereas the income
2771

parameter ¢, = Bl represents the consumer who is indifferent between buying the

product with lowest quality from the low quality firm and not buying at all. For
the demand functions, we get

0=1
1_,0
by — P
DY (orhshob) = [ F@yan=1- D=L g
, (85— s5)
3
o3 (p! 0y (9 —p?)
DO do = Dy — Dy . Dy Dy 9
<p17P27P2731732732 0/f (s5—s9) ~ (9= &) (2)
2
and
2 (° 0) 0
by — P b
DY (6880 o8) = [ £ a0 = Bt - B ®)
(s5—s9) s

Firms’ objective functions in stage 2 are given by’
T ey, DY) =piDi (), and
' (09, D5, 13, Dy) = 33 () + pyD5 ().

Each firm maximizes its objective function with respect to its own product price.
The first order condition for the low quality firm, is given by

o} (pl, DY) 0.0 pSS?
— == = .

"The variable Wf’l, for k,1 = 0,1 and k # [ refers to firm ¢’s profits in stage two. The presence
of both superscripts &k and [ indicates that the firm offers both products in the market. Whereas
one superscript (e.g. Wf ) indicates that firm ¢ offers only one product in the market. Moreover,
ng)’l for k,1 = 0,1 and k # [ indicates that firm ¢ has the opportunity to either keep or
withdraw the corresponding product with index & from the market.



The first order condition for the high quality firm with respect to the price of the
high quality product, is as follows

0,1
87-[_2 (pgu Dgupéu D%)
Oy

990 _ &0 1
=0= p} (1) = P52

and with respect to its original product price,

Oy (3, DY, ps (13) , D3)
opy

0 0 0
Py — 51 + S
0
2s,

=0=p) (p)) =

Note that the innovator (high quality firm) is allowed to internalize the price
effect of its low quality product price on its high quality product price.

The reaction functions are strictly monotone and have a unique Nash equilibrium.
Solving the first order conditions yields the corresponding equilibrium prices

0/.0 0 0/.0 0
0/.0 0 s1(s5—=50) 6,0 o 259 (89 — 57)
pi(sy,s2) = 1 (8(2)—_ S0 pa(sy, s3) = 159 ——43‘1) ; and

p1<30 0 81) _ 43(2)3% - 3(1) (3% + 33(2))
2\T1 2 72 2 (459 — 4s9)

Substituting these into equations (1), (2), and (3) gives us the equivalent demand

DO(0 0y — 5 D0 0y — 59 le—l
1(81,83) = m, 2(81,83) = m, and Uy = 5-
Similarly, firms’ profits in the product market are
0.0 (0 _ 0
W(l)(s(l), sg) = —3132532 0821), and
(455 — s9)
PSPPI {1 R (T S S ICE R »

The derivative of the high quality firm’s second-stage profit function with respect
to its original product quality is given by
Omy" (59,89, 53) _ sY (s} + 20s9)

= > 0. 5
553 s ) ©)

As we see from case a (as well as from cases b to f shown in the Appendix) firms’
profits (stage 2) depend on the product qualities and the number of products in
the market.

In the next section, we investigate the innovator’s decision to introduce a new
product as well as the incentive to withdraw the original product.

10



2.2 R&D Market - Stage 1

In stage 1, the innovator has to draw two decisions: whether to introduce a new
product and whether to withdraw the original product. Firm i’s profits in stage
1 (in the following also called first-stage profits) are firm i’s profits in the product
market (stage 2) minus its R&D costs, i.e.

T (89, 89,81 (1) ,7) =m0 (st () = F (81 (9),7) - (6)
Firms’ profits from a new product introduction is then given by,
d (s(l), sg,fy) = 7TZ(0)’1 (-, s (*y)) - F (-, st () ,’y) - (s(l), s%) >0 (7)

where 0 (59, 59) indicates firm i’s profits when no innovation occurs.

Furthermore, the innovator decides whether to keep the original product in

the market which will be optimal whenever
7T?’1 (s(l), 9, sll) — 7} (s?, sll) > 0, (8)
with 7,7 =1,2 and i # j.

We first investigate the innovator’s decision to keep or withdraw the original
product, as of equation (8). We then investigate the innovator’s incentive to
introduce a new product in a certain quality area, using equation (6). Finally, we
will derive the innovation incentives by comparing the first-stage profits to when
no innovation occurs as per equation (7).

We begin with analyzing the innovation cases where the high quality firm is
the potential innovator.

New Product Introduction by the High Quality Firm

In this innovation scenario we analyze the case where the high quality firm intro-
duces a new product in the high quality area (case a), before we turn to the cases
when it may introduce a new product in the intermediate quality area (case b),
or in the low quality area (case c), see also Table 2.1.

High Quality Innovation (Case a)

We begin by analyzing the innovator’s incentives to keep the original product in
the market. In principle, we need to solve the innovator’s first order condition
(6) with respect to the new product quality. However, polynomials of high de-
gree prevent us from explicitly solving the innovator’s first order condition. As a
result, we cannot compare the innovator’s profits as shown in equation (8). For
that reason, we investigate the high quality firm’s marginal profits at stage 2 after
innovation has occurred with respect to its original product quality.

11



For analyzing and explaining how the choice to keep or withdraw affects the
innovator’s profits, we decompose the total derivative of the reduced-form profit
function (stage 2) into several effects.® The total derivative with respect to its
original product quality s9, is given by®

+ +  + + + + -
01 ORTRTY Ty AR e
dry”  Omy 0Dy dp Omy” 0D omy 0D
2 2 2 1 2 2 2 2 >0 (9)
0 0 0 0 0 0 1 0 :
dsy 0Dy Op] dsy oD] 0s; oD; 0s;
. v Ny v . v
strategic effect demand effect cannibalization effect

The incentive for the high quality firm to withdraw its original product with
quality s9, is determined by the sirategic effect, the demand effect, and the can-
nibalization effect.'’® The demand effect shows that increasing the original product
in the market increases the innovator’s profits through higher demand. The can-
nibalization effect indicates that keeping the original product cannibalizes the new
product demand which lowers the innovator’s profits. Since the cannibalization
effect dominates the demand effect the original product will attract less consumers
than it cannibalizes its new product demand, see equation (9). Furthermore, a
strategic effect indicates tougher price competition in the market.

The high quality firm earns higher profits by increasing the product quality
towards s and is therefore better off withdrawing its original product from the
market. In this case, two products are offered in the market: the original product
by the low quality firm with quality s and the new product by the high quality
firm with quality s3. The same results as in Appendix 1, setting s3 = s apply.

Next, we investigate the innovator’s incentive to introduce a new product in
the high quality area given it withdraws the original product from the market.
Equation (6) shows the innovator’s objective function, which is concave in the
high quality firm’s new product quality s}, because the profit function is concave
(see Appendix 1, equation (37), setting s} = s9) and the costs function is convex.
An unique solution for s} exists. Note that a boundary solution may exist where
sy is equal to sJ. This solution is equivalent to the case where no innovation
occurs. Taking the first order condition of equation (6) with respect to its new
product quality s}, gives us

2 2
8]:[% (8(1)7 S%, ’Y) 43% (23(1) B 38(1)8% + 43% ) 2 < 1 0) 0 (10)
= — Sy — 8 = U.
s} (45} — )" e

8Decomposing the derivative in several effects will be necessary in later scenarios in order
to show the sign of the derivative.

o . . ondt ordt
9Second-stage optimization, implies %pzl_ =0 and %pzo_ = 0. Thus, the effect of 5 on 7Tg’1
2 2

through the high quality firm’s price change can be ignored by applying the envelope theorem.
Equation (5) shows the derivative of the innovator’s profits.

0 A strategic effect towards the innovator’s new product price does not occur since the inno-
vator internalizes price competition among its own products.
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As we see in equation (10) marginal profits (first term) are similar to the outset
(see Appendix 1, equation (34)) and are determined by a demand and a strategic
effect, which are both positive.

We want to compare first-stage profits (stage 1) when innovation occurs in
the high quality area with the profits when no innovation occurs. The innovator’s
objective function is given by (7). As mentioned above, solving the innovator’s
first order condition of equation (6) for s3 given by (10) is not possible. However,
by implicitly differentiating the objective function (7) we are able to derive the
conditions on costs and the original product qualities which have to hold for the
high quality firm to introduce a new product in the high quality area. We use
the objective function shown in equation (7) for the case when the high quality
firm introduces a new product in the high quality area, given by

o (1,85, (1), 7) = m (1,8, (7)) = F (53,85 (1), 7) =D (s, ) (11)

with s} > sJ. We begin with investigating the costs conditions using the to-

tal derivative of the objective function with respect to the costs parameter 7.
Rearranging yields

dq)o (S(l)u 3(2)7 S% (7) 77) _ 88% (7) 87{% (S(l)u 8% (7)) . oF (8(2)7 S% (7) 77)
dry Oy dsi dsi
0 .1
_8F <82782 (7) 77) (12)
Iy
where
Omy (s1,85 (7))~ OF (59,55 () _ O3 (5%, 85 (), )
ds} ds} ds} '

Since s} () is optimally chosen, such that it maximizes the innovator’s profits

we make use of the envelope theorem, given by

O (59,53 (7) ,7)

= 0.
dsi

Substituting into equation (12), gives

Dol An )] A0 _ (g co
dy o S

As we see in equation (13), the total derivative is equal to the partial derivative
evaluated at the optimal choice of si. Finally, we only have to take into account
the direct effect of an increase of v on costs, but not the indirect effect via the
choice of sl.

13



Equation (13) shows that the innovator’s objective function is continuously
decreasing in 7. In other words, the innovator earns less profits the higher the
production costs for quality.

In a next step we have to show that there exists a v° which fulfills

q)o <8(1)7 3(2)7 S% (7) 77) ‘7:70 = 0.

The argument is as follows: Setting v = 0 and inserting into equation (11), we
get

2 2
_ 45y (55— 1) Asy (55— s))

O (4sh — 807 (489 — s9)

q)o <8(1)7 3(2)7 S% (7) 77) ‘

> 0, (14)

see equation (34). From (13) and (14) the existence of an unique 7 = ~* >
0 follows, where (3(1),3(2),’7)’7:@ = 0 holds. We can summarize, when =y is
relatively small (7 < 7°, saying that the production of quality is not too costly)
the high quality firm introduces a new product in the high quality area and
withdraws the original product from the market.

However, the objective function (11) indicates that the high quality firm’s in-
novation also depends on the original product qualities s? and sJ. Differentiating
the innovator’s objective function with respect to the low quality firm’s product

quality, taking into account the envelope theorem, gives
d®o (51, 85,55 (7)) _ Omy (s, 85 (s1)) 0% (s, s5)

= < 0.
ds? 959 959

As we see, the high quality firm earns higher profits the smaller the rival’s product
quality. Similarly, differentiating equation (11) with respect to the high quality
firm’s original product quality, is as follows

d®o (s, 85,85 (s9)) _  [OF (53,55 (s3) 0D (s0, )

= — < 0.
dsd ds9 + ds9

The high quality firm’s profits are higher the lower its own original product
quality.

We turn to investigate the high quality firm’s innovation incentives when it
offers a new product in the intermediate quality area.

Intermediate Quality Innovation (Case b)

The high quality firm’s objective function for this case is given by equation (8).
For the same reasons as in case a we are not able to compare the innovator’s
profits explicitly. We therefore investigate how the choice to keep or withdraw
affects the high quality firm’s second-stage marginal profits. Taking the total

14



derivative of the high quality firm’s reduced-form profit function at stage 2 with

respect to its original product quality s9, gives us'!

+ + + -
ey Yt by Ve
1,0 1,0 1,0
dm,°  Omy" Dy omy” OD; -0 (15)
0 ~ A7)0 A0 T 9.0 :
dsy 0D 0s5 oD, 0s;
. v Ny v
demand effect cannibalization effect

As we see in equation (15) marginal profits are determined by the demand effect
and the cannibalization effect. The demand effect shows that an increase in
the original product quality attracts more consumers and increases profits. The
cannibalization effect shows that the original product cannibalizes demand of its
new product.'? Equation (15) indicates that the demand effect dominates the
cannibalization effect. Therefore, keeping the original product in the market
cannibalizes demand for the new product to a lower extent than the original
product’s ability to attract customers. The high quality firm benefits by keeping
the original product in the market, although cannibalization towards its new
product demand occurs because the original product is of higher quality and
gives higher profits. Three products are offered in the market, the low quality
firm’s product and both high quality firm’s products.

Next, we analyze whether the high quality firm has an incentive to introduce
a new product in the intermediate quality area given the original product stays
in the market. Equation (6) shows the high quality firm’s objective function. We
investigate the total derivative of the high quality firm’s first-stage profit function
(6) with respect to the new product quality s}, which is given by'?

SO e o+ -
AN AN AN AN NN AN N e

di,’  om° oD, dp)  omy° oD, omy® ODY N oF
dsy — dDy 9% dsy = 9D Osi oDy s} Ds}

strategic effect demand effect cannibalization effect

=0

> 0. (16)

As we see in equation (16), one demand effect, one cannibalization effect, and one
strategic effect influence marginal first-stage profits. The demand effect indicates
that an increase in the high quality firm’s new product quality increases demand.

HSee also Appendix 2, equation (38).

2Tt may seem surprising at first glance that the high quality firm is cannibalizing its new
product demand by moving further apart with its former product quality. But since the high
quality firm internalizes price competition towards its own products it sacrifices some of its
new product demand by pricing relatively high in order to attract more consumers buying the
former product. The former product is of higher quality and earns higher profits.

BThe high quality firm’s R&D production cost for quality is zero because a new product
with lower quality is introduced into the market. Equation (5) shows the derivative of the high
quality firm’s profit function (stage 2), setting s} = 83, and vice versa.
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The cannibalization effect indicates that the product introduction lowers its orig-
inal product demand. The demand effect is dominated by the cannibalization
effect. Therefore, the introduction of a new product attracts fewer consumers
than it cannibalizes its original product demand. Furthermore, a strategic effect
increases price competition towards the rival’s product price which reduces the
new product demand. The high quality firm earns higher profits by letting the
quality of its new product approach its original product quality in order to re-
lax price competition and to avoid cannibalizing its original product demand.
Consequently, the high quality firm will not introduce a new product in the in-
termediate quality area.

Low Quality Innovation (Case c)

The innovator’s objective function is given by equation (8). In case the high
quality firm withdraws, it offers one product in the low quality area. It is easy to
see from equation (32) in Appendix 1 that the low quality firm earns less profits
than the high quality provider. Hence, the quality leader is worse off introducing
a new product in the low quality area. We can conclude that the high quality firm
will keep the original product in the market when it introduces a new product in
the low quality area.

Next, we analyze whether the high quality firm has an incentive to introduce
a new product in the low quality area given the original product stays in the
market. We investigate the total derivative of the high quality firm’s reduced-
form first-stage profit function (6) with respect to the new product quality sJ,

je 1t

+ + - + + - + + =0
AINANN AN AN AN AN AN NN A

diy°  om°oDS dp?  omP° oD} dpl  omy® OD) +’8F )
dsy — ODY Op) ds} oD} opY dsi aD} 0sy  0Os]

first strategic effect second strategic effect demand effect

0. (17)

Equation (17) shows that the high quality firm’s marginal profits are determined
by two negative strategic effects and one positive demand effect. Both strategic
effects indicate that price competition towards the low quality firm’s product is
softened by decreasing the new product quality. The relaxed price competition
has a positive impact on both the high quality firm’s product demands. The
demand effect indicates that an increase in quality determines a higher demand.
In this scenario no cannibalization occurs because the high quality firm’s new
product does not directly influence the demand of its original product. Equation
(17) indicates that the second strategic effect is larger than the demand effect
which implies a total negative effect. It follows that the high quality firm earns
higher profits by softening price competition when it decreases the new product

14Gee also Appendix 3, equation (40).
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quality. For this reason, the high quality firm has no incentive to introduce a new
product in the low quality area.

We can summarize the different cases when the high quality firm may intro-
duce a new product with the following proposition.

Proposition 1 The high quality firm offers a new product in the high quality
area and withdraws the original product from the market when the production
costs for quality is relatively small (v < +°) and the original product qualities are
small. Otherwise, the high quality firm does not introduce a new product in the
market.

In the next section we investigate the innovation cases when the low quality
firm is the innovator, see Table 2.2.

New Product Introduction by the Low Quality Firm

In the following we analyze the cases when the low quality firm offers a new
product in the high quality area (case d), in the intermediate quality area (case
e), or in the low quality area (case f).

High Quality Innovation (Case d)

When the low quality firm introduces a new product in the high quality area, it
has the choice to keep or withdraw the original product from the market. The
low quality firm’s objective function is given by equation (8). Again, we are not
able to compare the low quality firm’s profits (stage 2) explicitly. Therefore,
we investigate the total derivative of the low quality firm’s profit function with
respect to s9, given by!®

+ o+ - o+ - o+
e Yty Yot S e Yate Yot~ N e Yy
dr! :87#1“ oDY dpf N oryt oD dp N or! 8D(1)<
ds? 9Dy opY dst oD} opY dst oDy 0s%

first strategic effect second strategic effect demand effect

(18)

Two negative strategic effects and one positive demand effect determine the low
quality firm’s marginal profits. Both strategic effects indicate that price competi-
tion is softened towards the rival’s price by decreasing the quality of the original
product. The relaxed price competition has a positive impact on both the low
quality firm’s product demands. The demand effect shows that increasing the
original product quality attracts more consumers. No cannibalization occurs in
this scenario because the new product does not directly impact the demand of
the original product; only neighboring products do so. Equation (18) indicates

15Gee also Appendix 3, equation (40).
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that the second strategic effect dominates the demand effect resulting in a total
negative effect. The low quality firm earns higher profits by withdrawing the
original product from the market in order to soften price competition. As a re-
sult, two products are offered in the market when the low quality firm introduces
a new product in the high quality area. The same results as in Appendix 1 apply,
setting s} = s, and s) = 9.

Next, we investigate the low quality firm’s incentive to introduce a new prod-
uct in the high quality area given it withdraws the original product from the
market. The low quality firm’s objective function is given by equation (6).1® We
analyze the first order condition of the low quality firm’s first-stage profit func-
tion (6) with respect to its new product quality s}. The first order condition, is

given by

o (sf) _ A (2 sk as) L
d = —2v(s7 —s:) =0. 19
88% (43% . 3(2))3 /y < 1 1) ( )

Equation (19) shows that the low quality firm’s profits increase in the new product
quality.

Next, we want to compare the profits (stage 1) when the low quality firm
introduces a new product in the high quality area with the profits when no
innovation occurs. For analyzing the low quality firm’s innovation incentives we
apply the same procedure as for case a, because solving the innovator’s first order
condition (19) for s{ is not possible. We use the objective function (7) for the
innovation case where the low quality firm introduces a new product in the high
quality area, given by

Oy (s1, 89,51 (7),7) =1 (5,51 (7)) = F (s1,81 (1) ,7) — Q0 (s, 53) . (20)
with s > s9. Implicitly differentiating the objective function (20) we are able to
derive the conditions on costs and the original product qualities for this innovation
case.

We begin with investigating the costs conditions. Differentiating both sides of
equation (20) with respect to 7y, applying the envelope theorem, and rearranging
yields

A, (0 §9 ol OF (&9 sl
1 (317 89,57 ('7) . Y) <81’ 51 W) ) - (8% - 3(1)>2 <0. (21)

dry B oy
It is shown that the innovator’s objective function decreases in 7. Setting v =0
and inserting into equation (20) yields

2
4s1 (s} —59) 599 (59— s9)
B (2,50, 51 (7) e W G i 7 o o Bl VAR 99
T e <>

16 Analogously to the former cases, the concavity of the low quality firm’s objective function
follows from the properties of the profit function (stage 2) as well as the cost function.
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From equations (21)and (22) the existence of an unique 7 = ’y/ > 0 follows where

D, (3(1)73(2)7’7)’7:7’ = 0 holds. When v is small (7 < ’y/, or the production of
quality is not too costly) the low quality firm will introduce a new product in the
high quality area and withdraws the original product from the market.

However, the low quality firm’s objective function (20) indicates that the low
quality firm’s innovation also depends on the original product qualities. Differen-
tiating the objective function (20) with respect to the high quality firm’s product
quality, taking into account the envelope theorem, gives

0%, (8(1)7 3(2)7 8% (8(2))) _ 87[_% (8(2)7 8% (8(2))) _ 89(1) (S(l)u 3(2))
959 ds9 959

< 0.

When the high quality firm’s product quality is small the low quality firm offers a
new product in the high quality area. Differentiating equation (20) with respect
to the low quality firm’s original product quality, yields

0P (57, 59,81 (1) _ _ [OF (51,51 (s7) |, O (51, 59)
959 959 959
The low quality firm offers a new product in the high quality area when its

own original product quality is small. The following lemma summarizes this
innovation case.

Lemma 2 The low quality firm introduces a new product in the high quality area
and withdraws the original product from the market when the production costs for
quality is small (v < fy/) and the original product qualities are small.

Let us turn to analyze the innovation case e from Table 2.2.
Intermediate Quality Innovation (Case e)

In order to determine the low quality firm’s decision to withdraw the former
product from the market, we investigate the total derivative of the low quality
firm’s profit function (stage 2) with respect to product quality s, given by!”

+ + + -
e Yt e Yathe
0,1 0,1 0,1
dry omy DY ony" D1 <0 (23)
ds? 0D} 0s) aD] 9s? '
. v Ny v
demand effect cannibalization effect

As we see in equation (23) marginal profits are determined by one demand, and
one cannibalization effect. The demand effect shows that increasing the original

"The derivative of the low quality firm’s profit function is shown in Appendix 4, equation

(42).
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product quality attracts more consumers. The cannibalization effect shows that
some consumers switch to the new product. Because the cannibalization effect
dominates the demand effect the low quality firm is better off to withdraw the
first product from the market. Two products are offered in the market. The same
results as in Appendix 1 apply, setting si = s{.

In a next step, we investigate the low quality firm’s incentive to introduce a
new product in the intermediate quality area given it withdraws the original prod-
uct from the market. The first order condition of the first-stage profit function

(6), is given by!®

OIT] (s},59) _ oY (48§ —Ts}) 1_ 0
95! = 157 — 2y (53— s7) = 0. (24)

Marginal profits (stage 2) are similar to the outset, see Appendix 1, equation (33)
setting s] = s). The low quality firm benefits by a higher demand effect as long
as the new quality is smaller than %sg, and suffers by a higher strategic effect
when the new quality is higher than %sg.

Because solving the low quality firm’s first order condition (24) for s} is not
possible, we apply the same procedure as for case a in order to analyze the low
quality firm’s innovation incentives. We apply the objective function shown in
equation (7) to this case and compare the low quality firm’s profit after intro-
ducing a new product in the intermediate quality area with the case when no

innovation occurs, given by

@2 <8(1)7 S% (7) ) 3(2)7 7) = ﬂ_% <8% (7) ) 3(2)> —F <S(1)7 S% (7) 77) - Q(l) <S(1)7 3(2)> ) (25>

with s§ > s{ > s9. Differentiating both sides of equation (25) with respect to v,
applying the envelope theorem, and rearranging, gives us

d®, (s1, 51 (v),85,7)  OF(s%,s1 (7))

2
i = 5y =—(s;—s})" <0. (26)

It is shown that the low quality firm’s profits decrease in 7. Setting v = 0 and
inserting into equation (25), gives

1.0 (0 _ 1 0,0(0__ 0
@, (s, st s _ %1% (s3 — s1) 515 (s3 — %) < 0. 97
R T 7

From equation (26) and (27) follows that an unique y = ,y” > 0 exists, where
@2 (S%, 3(2)7’)/)’7:7” — 0 applies.

18The concavity of the first-stage profit function (6) follows from the properties of the profit
function (stage 2) as well as the cost function.
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When 7y is small (the production of quality is not too costly) the low quality
firm introduces a new product in the intermediate quality area and withdraws
the original product from the market.

For investigating how the incentives to innovate depend on the original prod-
uct qualities we differentiate the low quality firm’s objective function (25) with
respect to the high quality firm’s product quality. Taking into account the enve-
lope theorem, gives us

0Py (51,55, 51 (55)) _ Omi (s1(s5),85)  OQ (Y, 53)
959 ds9 959

> 0.

The low quality firm’s profits after innovation increase the larger the rival’s
product quality. Differentiating equation (25) with respect to the low quality
firm’s original product quality, is given by

0P (s1, 53, 51 (1)) OF (s, 51 (s1) | O (Y, 55)

= < 0.
959 959 + 959

The low quality firm’s profits after innovation are higher the lower its own original
product quality. After investigating the innovation case where the low quality firm
introduces a new product in the intermediate quality area we get the following
lemma.

Lemma 3 The low quality firm introduces a new product in the intermediate
quality area and withdraws the original product from the market when the pro-
duction costs for quality is small (y < fy”), the low quality firm’s original product
quality is small and the high quality firm’s original product quality is high.

Next, we investigate the conditions concerning costs and original product
qualities when the low quality firm introduces a new product in the high quality
area (case d) or in the intermediate quality area (case €). The low quality firm
introduces a new product in the high quality area, when'®

0 _1 o Al abfog ol o Al
@3 81,91 (7)732731 (7)77 = Ty | 89,5 (7) - 51,51 (7)77

— (71 (51 (7), 55) — F (s1(7),s1,7)) >0,
(28)

1
with §1> s9 > si. Differentiating equation (28) with respect to v, applying the
envelope theorem, and rearranging, gives us

¥Tn order to distinguish between the two cases d and e we change the notation of the low
1

quality firm’s new product quality in case d to §1 .
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Al nl
dds; <3(1); s1(7), 9,81 (7) 7’7> oF <3(1)7 s1 (7) 77> OF (st (7), 2, 7)
_ 1 ) 21
dy B oy + oy
Al 2 2
_ <sl _sg> (s <0, (29)

The low quality firm’s incentive to offer a new product in the high quality area
declines as the production costs for quality increases. Setting v = 0 and inserting
into equation (28), is

2
al al
4s 5, —s9
R 1 < 1 2> 5160 (0 _ ol
q)?, < 81 (7) ) 0 (7) 77> R 5 1(41(5 _2 31>21> > 07
7=0 <4 5, _3(2)> 2 1

(30)

From equation (29) and (30) follows that an unique v = 7" > 0 exists, where
N E sg,fy)lvzvm = 0 applies.

When the production of quality is relatively cheap (v < ’ym) the low quality
firm introduces a new product in the high quality area.

For investigating how the innovation incentives depend on the original product
qualities we first differentiate the low quality firm’s objective function (28) with
respect to the high quality firm’s original product quality, taking into account
the envelope theorem, which gives

Al Al
8q)?) <8(1)7 S% (8(2)) 73(2)7 31 (8(2)) 77> B 87[_% <8(2)7 81 (8(2))> B 87('% (8% (8(2)> 7 8(2)) _ 0
ds9 B ds9 ds9 ’

see also Appendix 1. The low quality firm introduces a new product in the high
quality area when the high quality firm’s original product quality is small. Dif-
ferentiating equation (28) with respect to the low quality firm’s original product
quality, gives

Al Al
8@3 <8(1)7 S% (8(1)) 73(2)7 31 (8(1)) 77> B aF (8(1), 8% (3(1))) B aF <s(1)7 81 (8(1))>
ds? B ds? ds?

)
= 2vy(s —s | >0.
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The low quality firm introduces a new product in the high quality area when its
original product quality is high. After comparing both innovation scenarios we
can conclude with the following lemma.

Lemma 4 The low quality firm introduces a new product in the high quality
area compared to offering a new product in the intermediate quality area when
the production costs for quality and the high quality firm’s product quality are
relatively smaller (v < ’ym), and the own original product quality is relatively
higher.

Finally, we investigate the case when the low quality firm offers a new product
in the low quality area.

Low Quality Innovation (Case f)

According to the innovator’s objective function (8), we investigate how the choice
to keep or withdraw affects the low quality firm’s marginal profits (stage 2). The
total derivative of the low quality firm’s reduced-form profit function with respect
to its original product quality s, is given by?°

+ + - + + + -
g0 5 1,3‘8D0 e 1,3’D3 1,35DT 4
T 0T 1 P9y T 1 U5 1 > 0 for & <20
= = 1= 9-
ds® 9DV OpY dsY oDY 959 oDl 9sY < > 7
1 1 2 1 1 1 1 1
. v Ny v . v
strategic effect demand effect cannibalization effect

When the low quality firm keeps the original product in the market, one demand
effect, one strategic effect, and one cannibalization effect influence marginal prof-
its, where the demand effect dominates the cannibalization effect. However, a
strategic effect increases price competition towards the high quality firm’s prod-
uct and reduces own product demand. In fact, the low quality firm’s marginal
profits are analogous to the marginal profits in the outset, see equation (33).
Thereby, the total effect is negative, if the low quality firm’s original product
quality is higher than %sg, whereas it is positive when the quality is smaller than
%sg. However, by definition, the low quality firm’s original product quality is
supposed to be smaller or equal to %sg. It follows that the low quality firm is
better off to keep the original product in the market. Three products are offered
in the market for which the results are shown in Appendix 4.

For analyzing the low quality firm’s incentives to introduce a new product

in the low quality area we investigate the total derivative of its reduced-form

0The marginal profit function (stage 2) is shown in Appendix 1, equation (33).

23



first-stage profit function (6) with respect to product quality s}, which is given
by21

+ + + - =0
eV N NP SN A

A1 oxl® oD] . o0 ap? _’8F\< .

dst — aD! 9st  ODY 9sl  9st T

demand effect cannibalization effect

(31)

As we see from equation (31) marginal profits are determined by one demand
effect and one cannibalization effect. The demand effect indicates that an increase
in the new product quality attracts more consumers. The cannibalization effect
shows that an increase in the new product quality reduces demand of the low
quality firm’s first product. The negative sign in equation (31) indicates that the
cannibalization effect dominates the demand effect. As a result, the low quality
firm does not introduce a new product in the low quality area.

After analyzing all innovation scenarios where the low quality firm introduces
a new product in the market (cases d, e, and f), we derive the following propo-
sition.

Proposition 5 The low quality firm introduces a new product in the intermediate
quality area when the production costs for quality is small (v < fy”), the low
quality firm’s original product quality is small and the high quality firm’s original
product quality is high. The low quality firm introduces a new product in the
high quality area when the production costs for quality and the high quality firm’s
product quality are very small, and the own original product quality is small, but
relatively higher than in the intermediate tnnovation case. In both innovation
cases the low quality firm withdraws the original product from the market.

Finally, we can derive four types of equilibria depending on who the innovator
is, on the production costs for quality, and on the original product qualities.

1) When the high quality firm is the innovator, it introduces a new product in
the high quality area if the production costs for quality is small (y < ’yo) and the
original product qualities are small. The high quality firm withdraws the original
product from the market after innovation occurred (case a).

2) When the low quality firm is the innovator, it introduces a new product
in the high quality area if the quality costs are very small, the high quality
firm’s product quality is small, and the own original product quality is small, but
relatively higher than in the intermediate innovation case. The low quality firm
withdraws the original product from the market after innovation occurred (case

d).

2I'The derivative of the low quality firm’s profit function is shown in Appendix 4, equation

(42).
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3) When the low quality firm is the innovator, it introduces a new product in
the intermediate quality area if the production costs for quality is small, its own
original product quality is very small, and the high quality firm’s product quality
is large. The low quality firm withdraws the original product from the market
after innovation occurred (case e).

4) No innovation occurs, if the production costs for quality and the low quality
firm’s original product quality are high.

As we can see from above, all innovation equilibria have two characteristics in
common:

() innovators always introduce a new product of higher quality into the mar-
ket, and

(1) innovators are better off to withdraw their original product from the
market in order to avoid a cannibalization effect and to keep price competition
towards the rival’s product soft.

3 Conclusion

This study extends the literature on innovation in markets characterized by verti-
cal product differentiation. The focus of this study is to analyze firms’ incentives
to introduce a new product in different quality areas and to investigate the va-
riety of products offered in the market. Various effects in different innovation
scenarios are examined.

We find that innovation occurs depending on the production costs for quality
and the firms’ original product qualities. The innovator always introduces a new
product of higher quality in order to concentrate sales towards high income con-
sumers. Moreover, the innovator always withdraws the original product quality
from the market. By withdrawing the first product, price competition towards
the rival’s product is softened and a cannibalization effect towards its own product
demand is avoided. As a result, only two products remain in the market.

This study presents a first insight into the innovation incentives of incum-
bent firms in a vertically differentiated market. We provide some fundamental
results and effects which are important for the introduction of new products in
a vertically differentiated product environment, in a sequential or simultaneous
setting.
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4 APPENDIX

Appendix 1: The Outset

Let us present the prices, demand, and profits for the outset (k = 0) when firms offer
one product, each. The outset is based on the model by Choi and Shin (1992) which
is a modification of Shaked and Sutton (1982) where we use the version of Tirole

(1992). The model is a noncooperative two-stage game where two firms (i = 1,2)

simultaneously choose their qualities in the first stage and given their qualities they

compete in the second stage with prices in the product market.

Product qualities are chosen from the following set of qualities defined as sf € [0, 5]

where § is any finite number. Production costs do not depend on quality and are set to

0. Since undifferentiated firms make no profit the qualities are assumed to be different,

given by 3(1) < ésg, indicating that firm 1 is the low quality firm and firm 2 is the

7

high quality firm. We focus on pure strategies. Consumers’ preferences are the same

as described in the model section above. After deriving the corresponding demand

functions, we get for the corresponding equilibrium prices

0/.0 0 0/.0 0

0(0 0)_31<32_31) d 0(0 0)_232<32_31)

P \S1,82) = TUAD 0 and Py {81, 89) = 40 — 0

2 1 2 1

For demand, we get
0 0
s 2s
2 0/.0 .0 2
and Dy (317 32>

1 1) °2 :
’ 459 — ¥’ 459 — &9

Profits are

2
Q0 (0 §9) — 3(1)3(2) (3(2)_ 3?) Q0 (0 &0) — 43(2) (3(2)_ 3?)
1 <81732> - 0 0\2 and 2 <81732> - 0 0\2
(432 — 1) (432 — 57)

Reduced-form profit functions are continuous and differentiable, given by

o9 (s9, 5) 3(2)2 (453 — 7s) > 0<4 o
P = 1 8(1))3 = 0 for s = ?32, and
2 2
590 (2, $9) 459 (23(1) — 35959 + 459 ) .
= > U.
05} (19— )"
2
IN(R ) ARy
950 = o o3 , an
52 (s7 — 4s3)
008 (s2,59) s (59 + 249)
Osi (s — 4s5)”
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(32)

(33)

(34)

(35)

(36)



—829? <sg’ %) < 0, and —8293 <Sg’ %) < 0. (37)
959 959
From equation (33) we see that the low quality firm’s profits first increase in quality
since more consumers buy the new product (demand effect). But the closer the product
quality is moved towards the competitor’s product the higher is the price competition
(strategic effect) which decreases the low quality firm’s profits. When both product
qualities are identical Bertrand competition drives firms’ profits to zero. The low
quality provider’s optimal distance to the high quality product is given by the point
where the demand effect and the strategic effect are balancing each other. The high
quality firm increases profits by offering a higher product quality. We get the result
of ‘maximal product differentiation” where in equilibrium firms maximally differentiate
their products. The low quality firm offers the lowest feasible product quality and the
high quality firm offers the highest feasible product quality.

Appendix 2: Intermediate Quality Innovation by the High Quality
Firm (Case b)

When the high quality firm offers a new product in the intermediate quality area the

sequence of qualities offered in the market is given by 3(1) < s% < sg.

Compared to
case a, the qualities of the high quality firm’s products are in reverse order. Hence, the
same results as for case a apply, setting sg = s%, and vice versa.

The total derivative of the high quality firm’s reduced-form profit function with respect

to its original product quality is given by

dﬂ (317 53, 59) _ 55 (s — 83) Asysy — 89 (3s5 + s5) 1 (38)
dsy (8§ —4s3) (53— s9)  4(s) —4sy)(s5— ) 4

Appendix 3: Low Quality Innovation by the High Quality Firm (Case
¢), or High Quality Innovation by the Low Quality Firm (Case d)

In case ¢, the high quality firm (firm 7) introduces a new product in the low quality
area s% < 3(1) and keeps the first product in the market. When the low quality firm

(firm ) offers a new product in the high quality area (case d), the results are identical

: 0 _ o1 0 _ .0 1 _ .0 : AR
to case ¢, setting s = 85, s, = s}, and 87 = $,. Focusing on case ¢, firms’ objective

functions are given by
m(py, DY) = piDY (+) , and
1y (3, Dy, 5. DY) = pyDy (-) + 9305 () = F (s) -

Each firm maximizes its objective function with respect to its own product price. The
first order condition for the low quality firm, is given by

on? (p?, DY)
o’

259pp (53 — 1) ‘
53 (351 + 59) — 4s{s)

=0=1{(p) =
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The first order condition for the high quality firm with respect to the new product price

Omy” (py, Dy, p3, DY) p¥sl
) ) ) = . 1 0y _ 7172
ap% p2 <p1> 3(1) )

and with respect to its original product price,

87[_;’0( ( ) D27p27D0>

Py — st + 59
32?2

2

=0 = p, (p}) =

The reaction functions are strictly monotone and have a unique Nash equilibrium.
Solving the first order conditions yields the corresponding equilibrium prices

53 (59 — s1) (59 — Y s9 (59 — sd) (59 — Y
psh ot o) = HEZUAZD) g 0 ) - A==
20 v
59— sY
B o) = —
9 <1 + S1\81— 9% >
35%5(1)4»5%58745(1)58
Substituting these gives us the equivalent demand
59 (59 — Y s9 (s — &Y
D%(S%,S?,Sg): 1<21\I/ 2) DO( 273173(2)) 1< 2\11 2>7and
459 3
DO(sh, 80, s0) = (—4ssy + 55 (359 + 32))
20
Similarly, firms’ profits in the product market are
1/.0 1\.0{.0_ .0\2 0_0Y)(— 45050451 (350450
W;0<3%73(1)73(2)) _ 52<51 522\;2(51 52) + (52 51)( 5152 0523(1 51 52)) _ (311 _ 3?)27
40| 14 P(0 )
(33 so+slso 43(1).98)
and
02 /.0 1 1 0\ (0 0
57 (87— 585) (89 —8y) (87— S
71_(1)(3%’3(1)’3(2)) 21 ( 1 2)( 2 2)( 1 2) (39)

v? ’

The derivative of the high quality firm’s reduced-form profit function with respect to
its new product quality is given by

ok o) _ A s ) )
s, 4 <28281 + 59 4 5159 — 43132)

(40)

where ¥ = (23231 + 31 + 5389 — 43132)
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Appendix 4: Intermediate or Low Quality Innovation by the Low Qual-
ity Firm (Case e or f)

In case e, the low quality firm offers a new product in the intermediate quality area
(s? < s} < 59) and keeps the first product in the market. The results for case f are
identical to case e, setting s% = 3(1), and vice versa. Focusing on case e, firms’ objective
functions are given by

(09, DY, pl, DY) = pIDY () + piDj (),
79 (py, D9) = p3D3 (+) .

Each firm maximizes its objective function with respect to its own product price. The
first order condition for the low quality firm, with respect to its original product price
is given by

0,1
87Tl (p(1)7 D(l)up%u D})
op?

1.0
=0= 8 (o) = °

and with respect to its new product price, internalizing the price effect of its new
product price on its original product price is given by

0,1
87Tl (p(l) (p%> JD(l)upiu D})
Op

0.1
PyS
=0— p% (pg) = —22801.

2

The first order condition for the high quality firm, is

O3 (py, DY) 01y _ PL—Si+8)

The reaction functions are strictly monotone and have a unique Nash equilibrium.
Solving the first order conditions yields the corresponding equilibrium prices

0/.1 0 1.1 0
0(0 1 0)_31<31_32) 1(1 0)_31<31_32)
Pi\51:81:82) = — 3 70 o Pi\S1,82) = —3— 0
st — 4s s1 — 4s
1 2 1 2
0/.1 0
d 00(st 0 _232<31_32>
and py(s7, 55) 1 0
s1 — 4s
1 2
The demand is
0 0
s 2s
2 2
DY()=0,D} (s},sd) = —2  and Dl = 22
’ ’ 459 — g1’ 459 — ¢l
2 1 2 1
Firms’ profits are as follows
1.0/.0 1
8189 (89 — 8
0 1/.1 .0 1 2( 2 1)
() =0 m (31732> = ,and

(s1 —459)°
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432 (32 - 3%)
(31 - 432)

The derivative of the low quality firm’s reduced-form profit function with respect to

0/.1 0\ _
7T2<31732>—

(41)

the original product quality is given by

87T (‘917 3%7 3(2)) _ 28 (8(2) — 81) < 0. (42>
o 55— s1) (o1 — 40"
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