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Abstract

This paper analyses how firms’ choice of two types of organizational production
mode, vertical integration and outsourcing, will influence their quality choice in a
vertically differentiated duopoly. We use a three-stage game model to explore how
strategic behaviour between the rivalrous firms can influence their asymmetric choices
leading to intra-industry heterogeneity. We show that the asymmetric configuration,
where the high-quality firm chooses vertical integration while the low-quality
firm chooses outsourcing, is accepted as a subgame perfect equilibrium outcome.
Furthermore, we study how much price competition differs from quantity competition
in the firms’ choices of quality and organizational production mode.
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1. Introduction

Currently the question at issue in the Japanese digital consumer electronics industry
is which business model will have a strategic advantage in enhancing an electronics
company’s corporate value, profitability and global competitiveness, “vertical
integration” or “horizontal specialization” (see Ohki, 2008, on “suihei bungyou”
in Japanese). The former means a fully integrated manufacturing style of carrying
out everything from manufacture of key components to final assembly of finished
goods, while the latter means the style of choosing to purchase all or part of its inpus,
in particular the key components it needs, or even the finished goods from other
companies. This question is directly related to a firm’s ‘make-or-buy’ decision in
industrial organization.

_79_



BEFRE $ITEE25

Take the Japanese digital consumer electronics industry, in particular the liquid
crystal display television (LCD TV) market, for example. A value chain for an LCD
television is a chain of the following activities; concept, development and design,
production of LCD panels, assembly of LCD modules for TVs, production of system
large-scale integrated circuits (LSIs) for LCDs, final assembly of TV sets and brand.
Outsourcing is essentially a division of labour. Thus, the degree of “horizontal
specialization” depends on which and how many activities an electronics company
outsources to the outside. The Nikkei (November 16, 2009) says that Panasonic and
Sharp are vertically integrated companies while Hitachi, Sony and Toshiba are aiming
for “horizontal specialization”.! Masaaki Oosumi, one of Executive Officers and
Corporate Vice Presidents of Toshiba Co., (The Nikkei, October 19, 2009) says, “In
LCD TVs, a matter of importance is concept and design. It hardly matters at which
manufacturing plant the LCD TV sets are produced.” Toshiba specializes in the
production of system LSIs for LCDs and procures LCD modules for TVs from the
outside. Also, it subcontracts production of lower-priced LCD TV sets to Taiwanese
electronics manufacturing services providers.

Vizio is a producer of consumer electronics in the USA. It surged into the leading
position in the North America LCD TV market in the first quarter of 2009. Vizio
specializes in activities such as concept and design, and sales and after-sales service.
Since it is a fabless LCD TV company, it does not have its own production facility.
Amtran, a Taiwan-based company, specializes in the tasks of procuring components
from Taiwan and South Korea, assembly of LCD TV sets in China, quality assurance
and so on. It supplies finished LCD TV sets to Vizio. This example is typical of an
international division of labour.

Outsourcing will offer a move from fixed costs to variable costs, thereby changing
the ratio of fixed to variable costs and leading to a firm’s cost restructuring. It may be
said that Vizio’s degree of ‘horizontal specialization’ is higher than that of Toshiba.
Since Vizio is a fabless company, it doesn’t have to make any irreversible investment
in a production facility for supplying inputs in-house and any investment in R&D for
the design and development of new products. It will follow from this fact that Vizio’s
ratio of fixed to variable costs is quite lower than that of Toshiba. In contrast, Panasonic
and Sharp aiming for vertical integration have so far made massive investments in
state-of-the-art facilities that carry out integrated production of large LCD TVs from
manufacture of LCD panels to final assembly of TV sets. Moreover, because they
consider that R&D serves as the basis for value-added activities and the development
of new products with advanced technology, they attach great importance to investment
in R&D, too. Vertical integration, therefore, implies that Panasonic and Sharp’s ratios
of fixed to variable costs will be much higher than those of Vizio and Toshiba.

Vizio is known for aggressively pricing its LCD TVs against major competitors

1 The Nikkei is a Japanese newspaper focusing on the Japanese economy.
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such as Sony of Japan and Samsung of Korea in the North America LCD TV market.
Then, what is consumers’ image for Japanese consumer electrical appliances? Japanese
consumer electronics companies have a reputation for high quality and innovation in
both the Japanese and global LCD TV markets. Sharp says, “The quality of the plant
correlates directly with the quality of the LCD TVs produced there. ... Since then (2004),
the LCD TVs manufactured at this industry-leading plant (the Kameyama Plant)
have been praised for their quality and have established the “made in Kameyama”
brand image.”2 Furthermore, because this company aims at promoting manufacturing
innovations such as dramatically reducing cost and improving manufacturing
processes, it consolidates technology development and production sites in one area
called Kameyama. Panasonic also says, “Under a basic policy expressed in the concept
of Quality First, we are taking concerted companywide action to improve the quality of
both customer service and products.”

As mentioned above, the LCD TV manufacturers face the problem of choosing
between outsourcing and in-house production. Nowadays there are two ‘extremes’
of organizational production mode in LCD TV markets: one is an organizational
production mode with exclusive in-house production; the other is that with exclusive
outsourcing (see Shy and Stenbacka, 2005, p. 1174). We may say that Panasonic, Sharp
and Samsung are representatives of the former and Vizio is typical of the latter. Also,
there is partial outsourcing in between the two extremes. Hitachi, Sony and Toshiba
will belong to this category. It follows from this fact that in real world LCD TV
markets electronics manufacturers aiming for vertical integration (in-house production)
coexist with electronics producers outsourcing the production of all or part of the
inputs they need.

Grossman and Helpman (2002) and Shy and Stenbacka (2003) handle firms’ choice
of organizational production mode. The former present an equilibrium model of
industrial structure in which the organization of firms is endogenous. They demonstrate
that, except in a knife-edge case, there are no equilibria in which an industry is
populated by both vertically integrated and specialized firms. The latter make use of
the Hotelling duopoly model in a differentiated industry context in order to analyse
oligopolistic firms’ choice of whether to outsource the production of the input good or
whether to self-produce it. They show that asymmetric production modes, where one
firm outsources while the other produces in-house, are ruled out as subgame perfect
equilibrium outcomes.

Nickerson and Bergh (1999) also refer to the firms’ choice of organizational
production mode. This paper investigates rivalrous firms’ asset specificity and
organizational mode choices in Cournot competition and demonstrates that strategic

2 http://sharp-world.com/kameyama/fbature/kameyamamodel/index.html and
http://sharp-world.com/kameyama/fbature/plantl/index.html
3  http://panasonic-electric-works.net/csr/customer/quality/index html
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interactions may lead rivals to make asymmetric choices from which intra-industry
organizational heterogeneity follows. In contrast to Shy and Stenbacka (2003), Buehler
and Haucap (2006) find that there may be asymmetric equilibria where one firm buys
the input from an existing input market, whereas the other firm produces the input
internally. The difference stems from the fact that they consider a non-specific input
good, whereas Shy and Stenbacka focus on a specific input good. Similarly, this
paper focuses on the firms’ choice of organizational production mode in a vertically
differentiated duopoly model and derives demand and cost conditions under which one
firm chooses vertical integration while the other chooses to outsource.

The existing literature on vertical product differentiation has devoted little attention
to the choice of an organizational production mode in an oligopolistic environment
in which strategic considerations are of primary importance. A great deal of attention
has been paid to the issues of a comparison of equilibrium qualities in price and
quantity competition (see Motta, 1993; Lambertini, 1996; Amacher et al., 2005), the
characterization of quality choice under full or partial market coverage (see Moorthy,
1988; Choi and Shin, 1992; Wauthy, 1996; Liao, 2008), the persistence of the high-
quality advantage (see Lehmann-Grube, 1997; Aoki and Prusa, 1997) and the
implications of a ‘strategic-trade policy’ for quality choice (see Zhou et al., 2002).

There seem no studies in the literature that investigate how firms’ choice of two
types of organizational production mode, vertical integration and outsourcing, will
influence their quality choice in a vertically differentiated duopoly model. The purpose
of this paper is to contribute to the analysis of this issue. In this paper, we would like
to present a simple game-theoretic model which is concerned with outsourcing and
quality choice in the context of vertical product differentiation. We consider strategic
behaviour between rivalrous firms competing with their choices of quality and
organizational production mode. In this context, the organizational production mode
can be treated as a strategic instrument affecting quality and organizational production
mode choices by rivalrous firms. Furthermore, we study how much price competition
differs from quantity competition in the firms’ choices of quality and organizational
production mode.

There are a number of related earlier contributions on aspects of outsourcing different
from those we focus on. Arya et al. (2008a) demonstrate that standard conclusions
regarding the effects of Bertrand and Cournot competition (e.g., Singh and Vives, 1984)
can be altered when the production of inputs is outsourced to retail rivals. Baake et al.
(1999) consider a duopoly model to examine what they call “cross-supplies” within an
industry. Focusing on the “endogenous Stackelberg effect” pointed out by Baak et al.,
Chen et al. (2011) find that it is typically not the case that a firm will outsource supplies
to its rivals. Arya et al. (2008b) show that a rival’s reliance on a supplier may prompt a
firm to outsource to the same supplier rather than produce inputs internally even when
the outsourcing is more costly than internal production. Van Long (2005) considers the
outsourcing decision of a firm facing a foreign rival that could benefit from technology
spillovers associated with the training of wokers by the outsourcing firm. In Spiegel
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(1993) horizontal subcontracting is driven by the assumption that the upstream cost
functions are strictly convex. Chen (2005) demonstrates that downstream competitors
may strategically choose not to purchase from a vertically integrated firm, unless the
latter’s price for the intermediate good is sufficiently lower than those of alternative
suppliers. In contrast, Chen (2001) reaches the result that vertical integration occurs
in equilibrium if and only if one of the upstream producers is more efficient than the
others. Chen et al. (2004) explore the strategic incentives of international outsourcing
and its potential collusive effects associated with trade liberalization.

The remainder of this paper is arranged as follows. In Section 2 we describe the
model and its assumptions. In Section 3 we use a three-stage game model of duopoly.
First, each firm chooses the organizational production mode, and then, quality. Finally,
both firms compete in prices. Section 4 examines the case where the firms compete
in quantities in the marketing stage of the game. Section 5 draws a comparison of the
firms’ choices of the quality and organizational production mode in price and quantity
competition. We conclude in Section 6.

2. The Model

There are two firms in the industry. Each firm produces a vertically differentiated
good of quality s; and sells it at price Pi, where { = H, L and sg > s > 0. Lehmann-
Grube (1997, p. 380) refers to the straightforward generalization of his model and
suggests a setting where product quality is a function of both fixed and variable cost.
Taking the quantity produced by firms into account, we can denote the total cost
function in terms of output and quality as follows:

C(qi, si) = c(si)qi + F(s1)- oy
We assume that the variable cost and the fixed cost are a quadratic function in quality
with the form below, respectively:

c(s;) = Svs?, @)

F(s;) = %ks?, 3)
where p > 0 and k > 0. Since the total cost of firm i is linear in quantity i, its marginal
cost is constant.

We consider a duopoly in which two firms play a three-stage game. The two firms
simultaneously determine organizational production mode in the first stage of the game.
We assume that two organizational production modes are available for the firms. To
avoid unnecessary complications, our model focuses on polar organizational production
modes, vertical integration (in-house production) and outsourcing. Vertical integration
means a fully integrated manufacturing style of carrying out every activity from
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production of key components to final assembly of finished goods, while outsourcing
is defined to mean the style of choosing to outsource the production of products to the
outside and also to sell them under a seller’s brand in a finished goods market.* In the
second stage, each firm chooses a quality level of its product. In the third stage, given
their own cost structures and quality levels, both firms compete in prices or quantities.

Under vertical integration, a firm makes a large investment in R&D activities to
develop the advanced manufacturing technology and its related technologies, including
quality improvement, and thereby a newly developed technology yields a new product
of high quality. Thus, the technological development will prompt the firm to make a
massive investment in a production facility for supplying components in-house that are
needed to manufacture the new products. Also, such a large-scale investment will result
in a dramatic rise in the ratio of fixed to variable costs. In this case, the main burden
of quality improvement falls on R&D activities and R&D-related investments, while
variable costs do not change with quality. This enables us to take constant unit costs of
production to be zero. Therefore, the firm pursuing the strategy of vertical integration
faces a cost function represented by (3). The firm’s profits are written as:

ITix = pigi — F(si), 4

where the subscript K means that firm i adopts the strategy of vertical integration, and
gi denotes demand for the firm.

A firm adopting the strategy of outsourcing does not have to make any investments
in R&D activities and a production facility. If it aims for an improvement in product
quality, it will have to ask a subcontractor to improve the quality of key components.
This request will lead the subcontractor to procure the key components of higher
quality from the outside, otherwise it may improve their quality at its own plant. Thus
the firm’s request will lead to a rise in a price which the firm pays to the subcontractor
for a finished product. In this case, because the firm’s fixed costs are negligible as
compared to variable costs, its cost function is given by (2). This firm’s profits are then:

My = (pi — c(si))4i. )

where the subscript V means that firm i chooses the strategy of outsourcing.

There is a continuum of consumers uniformly distributed over the interval [g, b]
with unit density, b — g = 1, where b >4 > 0. Each consumer, indexed by 6 € [g, ],
purchases at most one unit of a differentiated good and maximizes the following utility
function (see Tirole, 1988, pp. 96-97, pp. 296-293):

u fs; — pi  if he buys one unit of the good with quality s; at price p;, 6
- ©
0 otherwise.

4 As mentioned above, there is partial outsourcing in between the two polar organizational
modes. For partial outsourcing see Shy and Stenbacka (2005).
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In (6), § represents consumers’ taste parameter and consumers with a higher g will be
willing to pay more for a higher quality good. Since g can be interpreted as the inverse
of the marginal rate of substitution between income and quality, wealthier consumers
have a lower marginal utility of income and therefore a higher §.

Let § denote the marginal willingness to pay for quality defined for the consumer
who is indifferent between buying the high-quality good at price py or the low-quality
good at price pr, i.e., 6= (pyr - pu)Y/(sy - sp)- The consumer with index § for which fsp.
- pr = 0 will be indifferent between buying the low-quality good and buying nothing
at all, so § = pr./s.. We assume that a market is not covered. This assumption requires
that g < p1/s. and so enables us to compare equilibrium solutions under price and
quantity competition. Moreover, demands for the high-quality and the low-quality firm
are given by, respectively:

D @

q="0-4. ®)
Let Y =b/aand u = s /sy denote the degree of population heterogeneity (a, b) and the
degree of product differentiation (s, st1), respectively. By definition we have y > 1.
The Nash equilibrium in price or quantity depends on these degrees.

First, each firm chooses the organizational production mode, then quality, and
finally its price or quantity. The third stage equilibrium is a Nash equilibrium in price
or quantity, taking each firm’s choices of organizational production mode and quality
as given by the preceding stages. Using this third stage solution, we can write the
objective function of each firm as a function of the pair of quality levels chosen in the
preceding stage.

In Table 1 7, j is the payoff to firm i from the third stage of the game, given that both
firms are in a state represented by the subscript /, which means a state where each firm
chooses between the two alternative modes and thereby determines the shape of its cost
function given in (2) or (3). j = 1 stands for the state in which both firms adopt vertical
integration referred to as (K, K). j = 2 denotes the state where the high-quality firm
chooses outsourcing while the low-quality firm chooses vertical integration referred to
as (V, K). j = 3 means the state where the high-quality firm chooses vertical integration
while the low-quality firm chooses outsourcing referred to as (K, V). j = 4 stands for
the state in which both firms adopt outsourcing referred to as (V, V). We solve for
a Nash equilibrium in that game. The solution concept is that of a subgame perfect
equilibrium.

Table 1: Vertical Integration vs. Outsourcing

Low-Quality Firm
SEFTERIEs Vertical Integration (K)|  Outsourcing (V)
High- | Vertical Integration (K) 7TH,1, TL,1 TTH,3, 71,3
Quality
Firm Outsourcing (V) 7tH,2, 7TL,2 TTH,4, 7TL,4
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3. Choices of Organizational Production Mode and Quality:
Bertrand Competition

In this section, in the first stage firms choose the organizational production mode,
and in the second stage, quality, and they compete 2 la Bertrand in the marketing stage
of the game. We first solve for Nash equilibria in the third stage. The solutions to this
stage are then substituted into the payoff functions to produce 7, js in Table 1. When j
=1, letting ; = H, then ; = L in (4) produces the firms’ profits corresponding to (K, K),
ie., (TTgg, k). Similarly, when j = 2, we have the firms’ profits corresponding to (V,
K), ie., (TTyy, ITgx). When j = 3, the firms’ profits corresponding to (K, V) are ([T,
[Try). When j =4, the firms’ profits corresponding to (V, V) are (ITgyy, ITiy).

3.1 Both firms choose vertical integration: (K, K)

First, differentiating Ik and TTix with respect to py and py, respectively, we
have two first-order conditions from which a two-equation simultaneous system in
unknowns py and pr. follows. Solving this system yields each firm’s price that can be
thought of as a function of qualities. Then, substituting these prices into each firm’s
profits and partially differentiating its profits with respect to its quality yields a first-
order condition for each firm. Solving the two-equation system composed of the two
first-order conditions leads to the determination of qualities.

We therefore have (see Motta, 1993 and Amacher et al., 2005):

su1 = 0.2533118%/k; sy = 0.0482383b2 /k; st — sp,1 = 0.2050725% /k, )
pH1 = 01076626 /k;  pry = 0.01025116%/k; pra/pLa = 10.502468, 10)
qu1 = 0.524994b; gL = 0.262497b; qu1 +q11 = 0.787491p, 1D

1 = 0.0244386b* /k;  71y,1 = 0.00152741b% /k;  7gr1 -+ 1 = 0.02596606% /k,  (12)
61 = 0.212509%; 61 = 0.475006b, (13)
1 > 4.705677; ¥1 = 5.251234, 14)

where ;,8; and #1 stand for values of g, 6 and ¢ in the state of j=1, respectively.5

5 Since b—8; < 1has to hold true, we have b < 1.269856, in which case the degree of
population heterogeneity represented by 71 is greater than 4.705677. In addition, if # > 0.25
and # > 1.75, then the second-order conditions for the high-quality and the low-quality firm
are negative, respectively.
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3.2 The high-quality firm chooses outsourcing while the low-quality firm
adopts vertical integration: (V, K)

This subsection is concerned with the case in which the high-quality firm chooses
outsourcing while the low-quality firm adopts vertical integration. Let § = k/v. k and
v are interpreted as efficiency parameters related to vertical integration and outsourcing,
respectively. For example, higher values of k mean that vertical integration is a less
efficient strategy for a firm. Thus, § is referred to as the efficiency ratio. § is small
when the efficiency of vertical integration compared to that of outsourcing is high.
Conversely, B is large when the efficiency of outsourcing compared to that of vertical
integration is high.

The two first-order conditions for both firms fixing quality levels can be reduced to
(see the Appendix for the derivation):

B = b (4 — 11 + 8y%) (=20 + 81y — 84p® + 3243)
TA(—1 4 p) (=1 4p) (2 = 3u + 4p2) (—4 +23p — d6p* 4 24p5)

(15)

If g were fixed at a certain value, we could determine a value of y. Let § ?(4) denote the
right-hand side of this equation. This function is at first decreasing and then increasing
in y. However, there is a one-to-one correspondence between § and u through
B = gP(u) on the interval [2.080460, + o0). In this case, y that can be thought of as a
function of g and b is increasing in 8.

For the moment we describe the following results in terms of u:

oo db(—1+p)(2—3pu+4pu%) o= 4b(—1+ ) (2 — 3+ 4p%) 16)
H2 = 5(—4 + 23u — 462 + 2442)" ** ~ op(—4+23u — d6p% +243)

802 (—1+ u)?(2 — 3u +4p?) (4 —11y+8;42)

Pr2 = o(—4 + 23 — 46p2 + 243)?
e AP (—14 )22 — 3+ 4p?) (4 — 11p + 8u?) an

L2 op(—4 + 23y — 462 + 2443)2 '
. 4bu(1 — 4p +2p%) Tooes bu(4—11p+84%)

2= Th 1 23— 46y + 248 2T a4 283 — 462 + 2475
_ bu(8—27u+16p%)

a2+ L2 =3 + 23p — 46p2 + 2413’ 18)
- 646> (—1+ p)*u(1 — 4p +2u*)*(2 — 3u +4;42)

H2= 0(—4+ 23p — 4632 + 24u3)3

263(—1 2—3u+4pu2)2(4 — 154 + 8u2) (4 — 11u + 8

g — 2L (@ =Bt 42)"(4 — 150 + 82 ) (4 — L1+ 84 19

g o(—1 + 4p) (—4 + 23 — 462 + 2443)3
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5, = M1+ W@ -1+ 82)

5 — b(=1+20)(4 - 11p + 82
2 =

: 20
—d4 423y — 462 + 247 7 —4 + 23y — 46p% 4 2443 @

3.3 The high-quality firm chooses vertical integration while the low-quality
firm adopts outsourcing: (K, V)

This subsection is concerned with the case in which the high-quality firm chooses
vertical integration while the low-quality firm adopts outsourcing. The two first-order
conditions for both firms leading to the determination of quality levels can be reduced
to (see the Appendix for the derivation):

. b(4 — 15p + 12) (8 — 42 + 9932 — 10413 + 48u%)
C2(—14 (=7 +4u) (=1 + 4p) (=2 + 19 — 3842 + 24p3)

@D

Let fP(u) stand for the right-hand side of this equation. There is a one-to-one
correspondence between S and y through B = fP(y). In this case, u can be thought
of as a function of § and b,, and it is decreasing in 8. For the moment we describe the
following results in terms of y:

2b(—1 4 )P (=7 +4n) O 2b(=1+ (=7 + 4p)

= = 22
2 v(—2+4 19p — 38u2 + 24u3)’ 513 v(—2+ 190 — 38u2 + 2433)” )
_ 221+ ) (=7 + 4p) (4 — 150 + 1247)
Pes = 0(—2 + 193 — 3842 + 243)2 ’
202(—=1 + p)2u(—7 +4p) (2 = 11 + 8p42)
= 23
pLs v(—2 4 19 — 38u? + 2443)2 ! @3)
_ bu(4—15u+12p4%) o 2bu(l—2u+424%)
M= Ly op-3gE+ 24 T T3y 1ou— 382 + 240
_ bu(6—19u+16p%) o4
W3S = 3 Top — 38+ 24P @
N B3 (7 —430)* (=1 + p)p* (4 — 15p + 12p¢%) (4 — 13p + 12%)
2E= o(— 1+ 4p) (=2 + 19 — 38p2 + 2443)3 ’
3(_ 2,2(_ _ 212
e 807 (—1 + )= u*( ’7+4}tz)(1 2;4—;2}& ) / @5)
(=2 +19u — 382 + 24%)
- _ 2y 2 a2 3
g = b(=1+4p)(2 —11p +8u*) _ b(=2+15p — 23p* + 12443) 26)

T2+ 19u 3822443 7 0T T 24 19u 382+ 24®
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3.4 Both firms choose outsourcing: (V, V)
In this case we obtain (see Motta, 1993 and Amacher et al., 2005)6 :

SHA4 = 0.819521b/v; SLa = 0.398722b/v; SH4 — SL4 = 0.420798b/’l), (27)
pre = 04533136%/v;  pra = 0.1500200%/v; pHa/PLa = 3.021676, (28)
qrs = 0.279245b; qra = 0.344503b; Gra + qua = 0.623747b, (29)

7y 4 = 0.03281295° /v; 7y, 4 = 0.02429806°/v;  7ugy 4 + 71,4 = 0.05711086° /v, (30)
4 = 0.376253b; 64 = 0.720755b, 31
74 > 2.657789; ta = 2.055367. (32)

3.5 Characterization of the Equilibria: price competition

In the first stage each firm chooses an organizational production mode, and in
the second stage, its quality level. In this game, there are four possible outcomes as
illustrated in Table 1: (K, K), (V, K), (K, V) and (V, V). We can use the following four
lemmas to find out which pair(s) will be a Nash equilibrium (see the Appendix for
proofs):

Lemma 1 If 0.411542b < B <0.546074b (=B1,), then we have my 1 > 7.
Conversely, if 0.546074b < B, then we obtain iy 1 < Ty 2.

Lemma 2 If B <0.217161b (= B33, then we have mp 1 > mp 3. Conversely, if
0.217161b < ’3, then 7,1 < 7L, 3-

Lemma 3 If g € (0.411542b, 0.416891b) or [0.411542b, 0.4138105], then we have
L2 > 71, 4. Conversely, if B> 0.416891b, then 1y 5 < 7714

Lemma 4 If 8 < 0.581924b (= B3; ), then we have my,3 > 7y, 4. Conversely, if
0.581924b < ‘B, then TH,3 < 7TH,4-

We therefore establish (see the Appendix for the proof):

Proposition 1 Under price competition there are two subgame perfect equilibria of

6 Since b — 8y <1 has to hold true, b < 1.603213, in which case 74 > 2.657789. In addition,
if# >1andp €(1.75, 3.611555), then the second-order conditions for the high-quality and
the low-quality firm are negative, respectively.
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the game.

(i) If 0.217161b < B < 0.581924b, then (K, V) is a subgame perfect equilibrium of the
game.

(ii) If 0.581924b < B, then (V, V) is a subgame perfect equilibrium of the game.

Figure 1: B and Payoffs: price competition

price competition

T >y, M <Ilyg
Myg >y Tya< Ty
V
; 0.546074b 0.581924b
! ¥ T T + .
0.217161b 0.411542b ? 0.416891b = BTZ) = B;«:‘«
— Rk
Ehg 0.413810b
T =B5)
Opy > | Oy < Iy, 3 —p|—»
Tpo >y | Mo <ITpg

(= minimum of g (11) )

Note: The superscripts * and “* refer to the finctions g (W) and £ (W), respectively.
The subscripts of B, 12, 13, 24, and 34, refer to two states, respectively. For example,
12 refers to the states, | and 2, simultancously.

The first part of this proposition states that the high-quality firm chooses vertical
integration while the low-quality firm chooses to outsource when the efficiency of in-
house production compared to that of outsourcing is high, i.e., when § is small. This
implies that low values of B will lead to the firms’ asymmetric choices meaning intra-
industry heterogeneity. The last part of the proposition shows that both firms choose to
outsource when the efficiency of outsourcing compared to that of in-house production
is high, i.e., when § is large. It should be noted that the other configurations, (K, K) and
(V. K), are ruled out as subgame perfect equilibrfium outcomes. Vertical integration is a
dominated strategy for the low-quality firm.

We first focus on the percentage of the payoff to each firm to the total payoff in (K,
K). The percentage of the high-quality firm’s payoff to the total payoff is 94.12% while
that of the low-quality firm’s payoff to the total payoff is 5.88%. Thus, given the high-
quality firm’s choice of vertical integration, the low-quality firm’s choice of vertical
integration requires the efficiency of in-house production to be extremely high relative
to that of outsourcing, which means that § is very small. Given the low-quality firm’s
choice of vertical integration, if B takes on intermediate values, then the high-quality
firm chooses vertical integration. Therefore, they would not choose in-house production
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at equilibrium simultaneously.

Consider next whether the low-quality firm chooses vertical integration, given the
high-quality firm’s choice of outsourcing. In (V, V) the percentage of the high-quality
firm’s payoff to the total payoff is 57.45% while the low-quality firm’s payoff to the
total payoff is 42.55%. If B takes on intermediate values, then the low-quality firm
chooses vertical integration. However, the interval in which § takes on those values is
very narrow. Furthermore, very low values of B do not enable both firms to maximize
profits in (V, K). On the other hand, given the low-quality firm’s choice of in-house
production, because the payoff to the high-quality firm is large in (K, K), only high
values of B will lead it to choose outsourcing. That is, if the efficiency of outsourcing
is rather high relative to that of in-house production, then the high-quality firm will
choose outsourcing. This situation will lead the low-quality firm to choose outsourcing
rather than vertical integration.

4. Choices of Organizational Production Mode and Quality:
Cournot Competition

In this section, we deal with the case in which each firm chooses its quantity in the
marketing stage of the game. In order to first solve for Nash equilibria in the third
stage, we invert the demand system composed of (8) and (9). The inverse demand
functions are given by, respectively:

pu = bsg — gHSH — qLSL, (33)
pL = s.(b — qu — qL)- (34)

The solutions to this stage are then substituted into the payoff functions to produce 7;,js
in Table 1 as stated in the preceding section.

4.1 Both firms choose vertical integration: (K, K)

First, differentiating Ilgk and ITrx with respect to gy and gi, respectively, we
have two first-order conditions from which a two-equation simultaneous system in
unknowns gy and gy, follows. Solving this system yields each firm’s quantity that can
be thought of as a function of qualities. Then, substituting these quantities into each
firm’s profits and partially differentiating its profits with respect to its quality yields a
first-order condition for each firm. Solving the two-equation system composed of the
two first-order conditions leads to the determination of qualities.
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We therefore have:
s = 025194202 /k;  spq = 0.0902232b2 /k; sua —sL1 = 0.161719*/k,  (35)
pua = 0.1135846%/k;  prq = 0.02477376° /k; PH1/pL = 4584857, (36)
gu1 = 0.450834b; qr,1 = 0.274583b; qu1 +q1 = 0.725417b, (37)
y,1 = 0.01947036%/k; 7,1 = 0.002732336%/k; s 1 + 7,1 = 0.0222026b%/k,  (38)
61 = 0.274583; 6, = 0.549166b, 39
71 > 3.641889; = 2.792429, (40)
where #1, 6; and b, represent values of y, § and § in the state of ji=1, respectively,7
4.2 The high-quality firm chooses outsourcing while the low-quality firm
adopts vertical integration: (V, K)
In this subsection, the high-quality firm chooses outsourcing while the low-

quality firm adopts vertical integration. The two first-order conditions for both firms
determining quality levels can be reduced to (see the Appendix for the derivation):

_ b (1 + 4pu) (=1 -+ 8p)?
P= T v S+ -5+ 58 “h

Let ¢7(u) denote the right-hand side of this equation. Since this function attains a
minimum at y = 0.970139, there is a one-to-one correspondence between B and u on
the interval [0.970139, +00) and y is an increasing function of f.

We obtain the following results in terms of

b1 —2p+8%) b1 —2p+8%)

SH2 = op(—=5+12p) ’ SL2 = op?(=5+12p) “2)
_ P(=142p0)(—1 4+ 8p) (1 — 20+ 81%) _ DA(—1+48p) (1 — 25 + 8e?)

= 2017 (—5 + 12)0)° PP s A sy @
CAb(—1+p) _ b(=1+8p) _ b(—9+16p)

M= TeiTan s Ty sinyy 0 MetMRT 3 mim.y 44

7 Sinceb—6; <1 has to hold true, b < 1.378517, which leads to the result that 71 > 3.641889.
In addition, if # > 0.666117 and p# > 1.161438, then the second-order conditions for the
high-quality and the low-quality firm are negative, respectively.
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1603 (=1 4+ p)*(1 —2p + 81%) B¥(1 — 8p)*(=3 +4p)(1 — 21 + B1®)
= ;L2 =

7PH,2 vp(—5+12n)? ! - 8up2(—1 +4p)(—5+12u)3 (45)
< b{(-148y) s b(—1+8p)
2=y’ 2T st (46)

4.3 The high-quality firm chooses vertical integration while the low-quality
firm adopts outsourcing: (K, V)

This subsection focuses on the case in which the high-quality firm chooses vertical
integration while the low-quality firm adopts outsourcing. The two first-order
conditions for both firms leading to the determination of quality levels can be reduced
to (see the Appendix for the derivation):

. 3b(3 — 8y + 48p%)

T 4Au(1+4p)(—1+12p)° 4n

Let f9(y) stand for the right-hand side of this equation. Since there is a one-to-one
correspondence between g and y through B = f9(u), u can be thought of as a function
of Band b, and it is decreasing in B. We describe the following results in terms of y:

_ bu(l+4y) __b(+4u)
SHE =y C1+ 12y W T p(—1+12m) 48)

3u(—1 4+ 4p) (1 +4p) B(144p) (14 8p) “9)
PHS = —ou(c1+12u)2 ¢ M T Top(—i412u2

_ 3b(—=1+4u). _ 2bu _ b(—3+16p)
SRy o wr v L L e o 90 gus + L3 = TESESTIY (50)

303u(—3+4p) (1 +4p) 4P (1+ 4p)

- : = 2 51
g 8o(—1+ 1202~ T o(—1+12p) ©b)
G- bO+8H) 5 b(1+12w) o

T 2(-1+12p)° ST 2(—1+12p)°
# W

4.4 Both firms choose outsourcing: (V, V)
In this case we obtain” :

8 Since b — 684 < 1 has to hold true, b < 2.160369, in which case 74 > 1.861795. In addition,
if #>0.401880 and # € (0.25, 5.661687), then the second-order conditions for the high-
quality and the low-quality firm are negative, respectively.
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sg4 = 0.738096b/v; SL4 = 0.585576b/v; SH4 — SLa4 = 0.152519b /v, (53)
PH4 = 0.433708172/1); pLa = 0.314522172/1); pra/ PLe = 1.378941, (54)
qu4 = 0.218556b; g4 = 0.244328b; qa4 + qre = 0.462884b, (55)

7,4 = 0.0352564b% /v; 71y, 4 = 0.0349566b° /v; 7y q + 7,4 = 0.07021306% /v, (56)
f5 = 0.537116b; 64 = 0.781444b, (57)
T4 > 1.861795; pa = 1.260461. (58)

4.5 Characterization of the Equilibria: quantity competition
We analyse whether each of four possible outcomes in Table 1 will be a Nash
equilibrium. The four lemmas are given below (see the Appendix for proofs):

Lemma 5 If 0.416667b < B < 0.540551b (= B,), then we have TTH,1 > TTH,2-
Conversely, if 0.540551b < B, then we obtain 7ty,1 < 7tH,2.

Lemma 6 If < 0.246262b (= ﬁfs), then we have 11 > 7y, 3. Conversely, if
0.246262b < g < 0.586364b, then 71,1 < 7IL,3

Lemma 7 If 0.424270b < B < 0.433720p (= g}), then we have mL2 > M4,
Conversely, if 0.433720b < B, then 71,2 < 71,4,

Lemma 8 If § <0.445844b (= ,3§4), then we have my 3 > 1y 4. Conversely, if
0.445844b < B < 0.586364b, then 71,3 < 7TH, 4.

We therefore establish (see the Appendix for the proof):

Proposition 2 Under quantity competition there are two subgame perfect equilibria
of the game.

(i) If 0.246262b < B <0.445844b, then (K, V) is a subgame perfect equilibrium of the
game.

(i1) If 0.445844b < B <0.586364b, then (V, V) is a subgame perfect equilibrium of the
game.
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Figure 2: B and Payoffs: quantity competition

quartity competition
89(1.161438) = 0.424270b
SOCL < 0 for ju>1.161438

in (v, K) I > gy | Ty < TT
Tys >y y| Daa<Mys 1, 22 HI=TH2
et +«—|—
| 0.445844b 0.540551b
; e f ——=R
0.246262b 04166670 04337200 (=gt =B
Zpl = 5b/12 =pl) Ch Pia
( |313) 24
= g‘J(l) df——
> VK
=/901)
X V)

Note: The superscripts T and 1 refer to the functions g?(u) and f9(y), respectively,
The subscripts of B, 12, 13, 24, and 34, refer to two states, respectively. For example,
12 refers to the states, 1 and 2, simultaneously.

Not only Proposition 1 but also Proposition 2 states that (K, V) and (V, V) are
subgame perfect equilibria of the game, whereas (K, K) and (V, K) are ruled out as
subgame perfect equilibrium outcomes. The same remarks as stated about Proposition
1 as to why (K, K) and (V, K) do not constitute subgame perfect equilibria apply to
Proposition 2. However, the interval of B where (K, V) constitutes a subgame perfect
equilibrium is narrower under quantity than under price competition. Furthermore,
since p > 1 is supposed throughout the paper, £ has an upper bound in (K, V). That is, (V,
V) is a subgame perfect equilibrium when 0.445844b < f <0.586364b.

Consider why the interval of 8 on which (K, V) is a subgame perfect equilibrium
outcome is narrower under quantity than under price competition. We first focus on
a comparison between the percentage of the payoff to each firm to the total payoff in
(K, K) under price competition and that under quantity competition. In (K, K) under
quantity competition, the percentage of the high-quality firm’s payoff to the total payoff
is 87.69% while that of the low-quality firm's payoff to the total payoff is 12.31%.
The percentage of the low-quality firm’s payoff to the total payoff is much greater
under quantity competition than under price competition. Thus, this percentage implies
that given the high-quality firm’s choice of vertical integration, the efficiency of
outsourcing relative to that of vertical integration which is higher under quantity than
under price competition allows (K, V) to be a subgame perfect equilibrium. This means
that a Iower bound of the interval of B where (K, V) is a subgame perfect equilibrium
is greater under quantity than under price competition. An increase in the lower bound
will, in turn, lead to a decrease in the corresponding degree of product differentiation y
through f7(u)

Turn next to a comparison between the percentage of the payoff to each firm to the
total payoff in (V, V) under price competition and that under quantity competition. In (V,
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V) the percentage of the high-quality firm’s payoff to the total payoff is 50.21% while
that of the low-quality firm’s payoff to the total payoff is 49.79%. These percentages
are almost identical. Thus, given the low-quality firm’s choice of outsourcing, the high-
quality firm’s choice of in-house production does not require its efficiency compared
to that of outsourcing to be so high under quantity competition. This means that an
upper bound of the interval of § where (K, V) is a subgame perfect equilibrium is lower
under quantity than under price competition. Furthermore, this implies that in (K, V)
the corresponding degree of product differentiation is lower under quantity than under
price competition through f7().

In (K, V), under price competition y73 = 4.862582 and u3f = 2.866840 correspond to
B13 = 0.217161b and B3; = 0.581924b through fP, respectively, whereas under quantity
competition F‘fs = 2.725923 and -“§4 = 1.382835 correspond to ﬁ% = 0.246262b and ﬁﬁ;
= 0.445844p through f7, respectively. It should be noted that Cournot competition will
give rise to less product differentiation at equilibrium than Bertrand competition, which
will, in turn, lead to the result that the interval of B where (K, V) constitutes a subgame
perfect equilibrium is narrower under quantity than under price competition.

5. Comiparison: Bertrand vs. Cournot

This section deals with a comparison of firms’ choices of the quality and
organizational production mode in price and quantity competition. (K, V) and (V,
V) are subgame perfect equilibria of the game both under price and under quantity
competition.

Let us first turn to (V, V) in which equilibrium costs of quality improvement fall on
variable costs instead of fixed costs. Motta (1993) shows that more product differentia-
tion occurs under price than under quantity competition. He states that total profits are
higher under quantity than under price competition. However, social surplus composed
of the sum of consumer and producer surplus is higher under price than under quantity
competition. These remarks apply to (V, V) in this paper, too. Also, it is worth adding
that the degree of population heterogeneity 7 under price competition is greater than
2657789 while that under quantity competition is larger than 1.861795. This means
that we reach these results on condition that the distribution of consumers’ taste in
markets should be broader in the sense of the higher degree of population heterogeneity
under price than under quantity competition. Because Bertrand competition is harsher
than Cournot competition, the former will give rise to more product differentiation
than the latter. To put it another way, under price competition firms try to relax market
competition by choosing qualities that are further apart from each other than under
quantity competition. The higher degree of population heterogeneity will give the firms
a broad scope for segmenting the market under price competition, too.

It can be seen from Propositions 1 and 2 that if B belongs to the interval [0.246262b,
0.445844p], then (K, V) constitutes a subgame perfect equilibrium of the game under
price and under quantity competition. Suppose that 8 is in the interval. Table 2 (3) gives
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the equilibrium values obtained under price (quantity) competition when B is equal to
0.246262b and 0.445844b, respectively.

Unlike (V, V), total profits are higher under price than under quantity
competition in (K, V). Under price competition consumer surplus is equal to
0.177868b% /v when B is equal to 0.246262b, while if § is equal to 0.445844b,
then it is 0.113669b%/v. Consumer surplus under quantity competition equals
0.14806253 /v and 0.09398286° /v, respectively. Under price competition, therefore,
social surplus is equal to 0.2858495% /v when B is equal to 0.246262b, while if § is
equal to 0.445844p, then it is 0.1665475% /v. Social surplus under quantity competition
equals 0.254796b° /v and 0.142414b3 / v, respectively. These results are similar to those
obtained in (K, K) where the firms incur fixed costs of quality improvement (see Motta,
1993, Table I).

Table 2 : Equilibrium Values under Price Competition®

B = 0.246262b

High-quality Firm Low-quality Firm
s113 = 1.030398b /v su3 = 0.230204b /v sH3 — 51,5 = 0.800195b /v
pHa = 043078262 /v pra = 0.0613694b% /v pu3/pLs = 7.019492
gu3 = 0.538347b L3 = 0.195066b gus +qu3 = 0.733412b

M3 = 0.1011796% /v 1y, 5 = 0.006802456% /v 7yy,3 + 71,3 = 0.107982b° /v
CS = 0.177868b° /v
$S = 0.285849b% /v
63 = 0.266588b
63 = 0.461653b
¥3 > 3.751113
s = 4.476031

9 InTables 2 and 3, let CS and SS denote consumer surplus and social surplus, respectively.
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B = 0.445844b

High-quality Firm

Low-quality Firm

su,3 = 0.579239 /v
prs = 0.2208500% /v
qu,3 = 0.553136b

7,3 = 0.04734076% /v

sp3 = 0.180052b/v

pLs = 0.0424223b% /v

gr3 = 0.211252b

3 = 0.00553756b° /v

3 — s,3 = 0.399188b /v
pu3/pLs = 5.204924

g3 + qu3 = 0.764388b

7,3 + 7113 = 0.05287836° /v
CS = 0.113669b /v

55 = 0.166547b3 /v

63 = 0.235612b

6 = 0.446864b

73 > 4.244266

t3 = 3.217073

Table 3: Equilibrium Values under Quantity Competition

B = 0.246262b

High-quality Firm

Low-quality Firm

sg3 = 1.023256b /v
PH3 = 0.479360b2 /v
qu,3 = 0.468465b

my,3 = 0.09563890° /v

s.3 = 0.375380b /v
pLs = 013499112 /v
qrs = 0.171922b
7,3 = 0.0110952b

sp3 — si,3 = 0.647876b /v
pus/pLs = 3.551047

qu,3 +qL3 = 0.640388b
T3 + 71,3 = 0.106734b% /v
CS = 0.148062b° /v

SS = 0.254796b /v

03 = 0.359612b

f5 = 0.531535b

Y3 > 2.780773

s = 2.725923
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B = 0.445844b

High-quality Firm Low-quality Firm

su3 = 0.579181b /v sp3 = 0.418836b/v sH3 — 1,3 = 0.160345b /v
prs = 0.2524490% /v prs = 0.161994b*/v  pus/pLs = 1.558383
qu, = 0.435873b gL = 0.177354b gus + qu3 = 0.613227b
7,3 = 0.03525646% /v 3 = 0.01317436° /v 3 + L3 = 0.04843071% /v
CS = 0.0939828b% /v
$S = 0.142414b% /v
3 = 0.386773b
63 = 0.564127b
13 > 2.585498
s = 1.382835

6. Conclusion

In this paper, we have used a vertically differentiated duopoly model to analyse
how firms’ choice of two types of organizational production mode, vertical integration
and outsourcing, will influence their quality choice, pricing and profits. Among other
things, we have defined conditions under which the asymmetric configuration, where
the high-quality firm chooses vertical integration while the low-quality firm chooses
outsourcing, is accepted as a subgame perfect equilibrium outcome. Moreover, we
have shown that not only the other asymmetric configuration but also the symmetric
configuration where both firms choose in-house production is ruled out as the subgame
perfect equilibrium outcome. The other symmetric configuration where both firms
choose outsourcing is the subgame perfect equilibrium.

Shy and Stenbacka (2003) provide an example exemplifying (V, V) as a subgame
perfect equilibrium outcome. They suggest that it is a common business practice for
competing product market firms to outsource production to a joint input producer in
order to exploit economies of scale. Its good example is given by the competing mobile
phone producers Ericsson and Nokia that outsource production to take place in Elcoteq’s
(a joint subcontractor) production facilities. It is a fact that in the mobile phone industry
the unit price is much lower than in the LCD TV industry. This may imply that each
final goods producer does not have a tendency to make a heavy investment in state-of-
the-art production facilities and R&D, but he has an incentive to outsource production
to a joint subcontractor in order to enable the whole industry to fully utilize economies
of scale.

As already mentioned in our study, in real world LCD TV markets electronics
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manufacturers aiming for vertical integration coexist with electronics producers
outsourcing the production of all or part of the inputs they need. This offers an example
of the asymmetric equilibrium configuration (K, V).

Which of the two subgame perfect equilibrium outcomes takes place depends on
what value the efficiency ratio B takes on. (K, V) occurs when B is small, i.e., when the
efficiency of in-house production relative to that of outsourcing is high. (V, V) takes
place when 8 is large, i.e., when the efficiency of outsourcing compared to that of in-
house production is high. In Japan it is Sharp and Panasonic that have so far made
massive investments in state-of-the-art facilities that carry out integrated production of
large LCD TVs from manufacture of LCD panels to final assembly of TV sets. On the
one hand, this will lead to an increase in the efficiency of in-house production relative
to that of outsourcing, i.e., a reduction in B; on the other hand, it will allow them to
utilize economies of scale more fully and so to reduce average cost. Furthermore, it
is well known that they make a heavy investment in R&D for an improvement in the
quality of products and the development of new products.

In the two equilibrium configurations we have also confirmed the earlier result that
Cournot competition will give rise to less product differentiation at equilibrium than
Bertrand competition. Furthermore, we have seen that social welfare is higher when
firms compete in prices rather than in quantities.

Appendix

Derivation of (15). In the third stage, firms choose prices given the organizational
production modes and quality levels. From the first-order conditions, dITy /dpg = 0
and 11k /dpr = 0, we can solve for each firm’s price as a function of qualities:

sule(sn) +b(sg —s)]

_ 2spfe(sm) +b(su —si)]
=

4$H - A i PL = 4SH — 5L { (59)
where c(sy) = Jusy.
Substituting these prices into Ilxv and Iy k yields:
2 2
_ 5p[4b(su — s) + vsu(—2sy +s1)]
v = 4(su — sL)(4sm —51)? ' (60)
si.[v?s} st (s — 4p? —s1)% — 2k —s0)(—4 5.)2
My = QL{U Sip T+ ﬂl-bd‘iH(S” SL) + SH(SH s.) sLsH SL)( Sy + s1) ] (61)

4(syy — su)(dsy —s1.)?

Differentiating (60) and (61) with respect to each firm’s quality, given the other firm’s
quality, gives the first-order conditions:
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su[16b%(sg — sp)?(4s% — 3smst, + 252) — 8busy (s — s1)? (1683 — 12spsy, + 3s7)
+v252 (4854 — 116851 + 92557 — 3lsus? +4st)]/ [4(su — s1)*(4su —s1.)°] = 0, (62)
[4h2512{(4sH —7s1) (sp — s1.)% — 4ksp. (s — sp)2(4sy — su) 4 4bvs?_1(sH — s1.)?(4sp +51)
023 (4sh + sus — 257)]/ [4(su — s2) (4511 — 51.)%] = 0. (63)

Define s, = x. By definition we have sy = px. Substituting these expressions into
(62), we can solve for x as a function of y:

4b(—1+p) o ab(—1+ p)(2—3u+47) ©4)
ou(—1+2p)" "% op(—4+23u— 4612 +2413)

x5 =

Evaluating the second-order condition for the high-quality firm at x3, we obtain:

2bop(1 — 4+ 21%)>
(—=1-4+2p)(1 —5u +4u?)

>0 for u>05,

while evaluating the second-order condition for the high-quality firm at x3* yields:

_ 2bop(l —4p+ 24%)(—8 + 60p — 1233¢% + 1283 — 78 + 2441°)
(=1 + (=1 + 4p) (2 — Byt + 41i2) (—4 + 23y — 46y4% + 247)

<0 for u> 1.707107.

Thus, x3* in (64) is accepted as a ‘solution’.
Substituting x3* into (63) and arranging terms leads to:

k_ byu®(4 — 114 + 8p%) (—20 + 81y — 84u? + 321°) 65)
v A1+ p)(=1+4u)(2 —3p + 4p2) (—4 + 23y — 46p% 4 24p%)

Letiing 8 = k/v and denoting the right-hand side of (65) by gP(u)1eads to B = g7 (u)-

Derivation of (21). Solving the first-order conditions, 31Tk /dpy = 0 and ALy /dpL=
0, yields:

_ sufe(s.) +2b(su —su)]
H — ’

_ 2suc(sy) + bsu(su —s)
451 — sL PL= 4sp — 5L (66)

’

where c(s1,) = vs?.

Substituting these prices into ITxx and ITy v produces:
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_ Shl166% (s — s.)? + Bbus (su — s) + vs{ — 2k(sy — s1.) (—4sp + 51.)?]

IT,
K 4(sy —su)(dsu — 51 )?

(67)

_ SHSL[Zb(SH — SL) + ‘USL(—ZSH + SL)Z]

I 3
vV 4(sp —s1)(4sg —s)?

(68)

Differentiating (67) and (68) with respect to each firm’s quality, given the other firm’s
quality, gives the first-order conditions:

—su[4k(su — s.)? (4su — s51.)° + 16bvs} (s — sp)? + v (4s% + susp, — 252)

—16b*(sy — s.)?(4s} — 3sus + 257)]/ [4(su — s1.)*(4sy — 51.)*] =0, (69)
se[4b%sp(4sy — 7s1) (su — s1)? — 4bosy (s — s1.)2(165% — 1255y, + 52)

+07s% (485t — 100syst, + 7652357 — 23sys? + 25%)]/ [4(sy — s)?(4sg — 1) = 0. (70)
Substituting sy = x and sy = px into (70), we can solve for x as a function of y:

2b(=1+u) .. 2bp(—1+p) (=7 +4n)

¥ = v(—=1+2p)’ ¥ = (=24 19 — 38p> + 24p3)°

@Y

Evaluating the second-order condition for the low-quality firm at x%, we have:

bop(1 —2p + 2p%)?
(—1+2pu)(1 —5p -+ 4p?)

>0 for p>0.5,

while evaluating the second-order condition for the low-quality firm at x3* yields:

_ bop(1 —2p+24%) (28 — 87u + 102> — 704° + 24u)
(=14 w)2(=7 +4p) (-1 +4p) (=2 + 194 — 38y + 243

) <0 for pu>1.75.

Thus, x3* in (64) is accepted as a ‘solution’.
Substituting x3* into (69) and arranging terms gives:

k _ b(4—15u 4 124%)(8 — 421 + 99u* — 1041° + 48u*) 72)
v 2(=14 w)u(=7 +4p) (=1 + 4p) (=2 + 194 — 3843 + 24u%)’

Letting f7() denote the right-hand side of (72) leads to 8 = fP ().
Proof of Lemma 1. Consider first whether 7,1 > 773y 0. 7ty,1 given by the first

expression in (12) includes parameters b and k, while 7T5,2 has parameters b and v and
the degree of product differentiation #. When the high-quality firm makes a comparison
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between 71,1 in (K, K) and 71y1 5 in (V, K), it faces § = ¢P () represented by (15). This
equation relates k and v to . Using (15) enables us to express 7Ty, in terms of v rather
than k.

Substituting k = vg? (u) into the first expression in (12) yields:

0.0977544b% (—1 + p) (—1 4 4p) (2 — 3p + 4p%) (—4 + 23 — d6p” + 24°)

vp (4 — 11p + 8u2) (—20 + 81p — 84p2 + 32u%) 73)

Let R}, () =7y,1/ 7m, 2. This ratio is given below:
R () = 0.00152741(—1 + 4p1) (—4 + 23)1 — 46)% + 245°)* -~
L\ = pH(=14p) (4 — 11+ 82) (—20 + 81p — 84p® + 3243 ) (1 — 4t + 2% )% (74)

= 1707107 is an asymptotic line of R, (3¢). Because limy—1.707107+ Rlz(.ﬂ} +c0,
Ilm;,_m RE, (1) = 0, limy—~120m07+ dRm(;t)/d}t = —oo and lil‘l‘l;._.m dRE, (1) /dp
=0, R{,(p) is positive and strictly decreasing in y on (1.707107, +00). Th1s implies
that there exists a value of y in the interval (1.707107, +co) at which RY, (i) = 1,
i.e., a1 = 7TH,2. This value is #i» = 3.287677. Correspondingly, makmg use of
B = g”(u) yields B}, = 0.546074b at which 7y 2 = 0.044753253 /4 is equal to 7,1 =
0.0244386b* / k. Thus, 7TH,1 > 7TH,2 for y < p3,, from which it follows that 8 < £7,. It
should be noted that g7 () attains a minimum 0.411542b at # = 2.080460. The above
condition for 77,1 > 7TH,2 is changed to 0.411542b < B < 0.546074b. Conversely, if
0.546074b < B, then 7TH,1< 7T, 2.

However, when x is in the interval (1.585120, 2.255379), 7,2 > 7tH,2. Find out
whether 7TH,1 > 71,2 for u € (1.585120, 2.255379), on which 7TL,2 attains a maximum
0.03069014% /v at u = 1.784800. Because the second-order condition for the low-
quality firm in (V, K) requires » > 1.946960, the maximum value of 7tr,» occurs at p
= 1.946960 in [1.946960, 2.255379). It is 0.0286504b° /v. A value of 8 corresponding
to u = 1.946960 is 0.416891p through g = g?(u), from which it follows that 7ty » =
0.0119441b*/k < 0.0244386b* / k = 7y, 1 for i € [1.946960, 2.255379)." 0

Proof of Lemma 2. Compare 717, 1 and 717, 3, Since the second expression in (12) includes
parameters b and k, we use (21) relating k and v to y. The low-quality firm’s payoff 7711
can be rewritten as:

10 It should be noted that 7tH,2 in (19) is positive and the second-order condition for the high-
quality firm is negative for # € (1.707107, +c0).

11 This question is closely related to the persistence of the high-quality advantage referred to
by Lehmann-Grube (1997). In this case also we verify the persistence of the high-quality
advantage.
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Ao 0.003054828% (—1 + je)p(—7 + 4p) (—1 + 4p) (—2 + 19y — 3832 + 24%)
2 (4 — 151 +1242)(8 — 42 + 992 — 104p:% + 48)%) :

(75)

Let RI;(4) = 7ty,1/7m1,3. We use 7 3 given by the second expression in (25) to
obtain:

_ 0.000381853(—1 4 43¢)(—2 + 19« — 385> + 24;°)*
(4= 15p + 1242) (8 — 42 + 99)% — 1045 + 483%) (=1 + ) (1 — 20 + 22)%

(76)

Rfs(l‘)

We have limy,—14 R{3(#) = oo, limy_.co Ri3 (1) = +o0, limy—14 dRV,(y) /dp
—o0 and limy 0 dRY, (1) /dp = 0.219947. R, () attains a minimum 0.136995 at 4
1.200335 where d2R{,(p)/du® = 2.702819 > 0. RY5(p), then, is strictly increasing in
u € (1.200335, +o0). Therefore, there is a value of # at which Rfa(y) =1, ie,m 1=
71,3. Its value is pj3 = 4.862582. Making use of 8 = f7 (i) leads to the result that we
have g1%=0.217161p corresponding to y}} and correspondingly 77,3 = 0.00703356p% /»
= 0.00152741b*/k = 711, 1. Because 711, 3 is positive and the second-order condition for
the low-quality firm is negative for y € (1.75, +00), 71,1 > 711, 3 for p € [4.862582, +00).
Using B = fP(u) yields 11,1 > 711, 3 for 8 < 0.217161b. Conversely, if 0.217161b < B,
then 7L, 1 <71, 3. O

Proof of Lemma 3. 711, is given by the second expression in (19) and 71, 4 by that in (30).
Let R}, () denote the ratio of the former to the latter:

82.311433( =1+ 3¢)(2 — 3t +4p2)% (4 — 151 + 8u?) (4 — 11u + 82)
(—1+4p)(—4 + 23 — 46342 + 283)° :

Ry, (n) = 77

Since ;= 1.261890 is an asymptotic line of R';q (1), limy, 1 261800+ RL(;;) = —co,
In addition, limy .. RS, (4) = 0. R, () attains a maximum 1.263072 at . = 1.784800
where d2Rb,(u) /dpu? = -11.773962 < 0. 2> 0 for p> 1553054 and the second-
order condition for the low-quality firm is negative for p > 1.946960. Because
AR5, (1) /dpu* < 0 on (1.784800, +o0), Rh, (1) is strictly decreasing in u & (1.946960,
+00). Letting RY, () be set equal to one, we have 3, = 2.182609 and correspondingly
B34 = 0.413810b through g = g? () where 71,2 = 7y, 4. In this lemma the intervals
of B, (0.411542p, 0.416891%) and [0.4115425, 0.413810b], correspond to those of H,
(1.946960, 2.080460) and [2.080460, 2.182609], respectively. Because &” (1) is at first
decreasing and then increasing in u € (1.946960, +o0), two values of u correspond to a
given value of B. For example, u = 1.946960 and 2.242880 correspond to 8 = 0.416891b.
Since 7712 is decreasing in y over [1.946960, +o0), the low-quality firm will choose the
lower one from those two values corresponding to a given value of 8. Therefore, if § €
(0.411542p, 0.416891b) or [0.411542p, 0.413810b], then 71,2 > 711, 4. Conversely, if B >
0.416891b, then 711, < 711, 4. O
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Proof of Lemma 4. Compare 7g,3 and 7ty 4. Let R, (1) =7ty,3/ 7ty 4

R? 30.475844(7 — 4p)2(—1 4 p)pt(4 — 15 + 12p%) (4 — 13 + 12342)
aa(p) = 3 (78)
(—1 + 42)(—2 + 19y — 382 + 24p%)?

R%,(p)= 0 and dRY, (1) /dp = 0 at o= 1.75. In addition, d*RE, (i) /dp? = 3.625273 > 0
at 3y = 1.75. Furthermore, limy .. R, (1) = oo and limy, . dR%, (1) /dp = 1.269827.
Since RE, () is strictly increasing in u € [1.75, +00), there exists a value of y at which
RE,(u)=1,1e., my 3 = mp,4 This value is pi; = 2.866840 and correspondingly B3
= 0.581924b through g = fP(u), at which both firms’ profits are 0.0328129%3 /9.
Therefore, if f < 0.581924b, then 74,3 > 7Tr,4. Conversely, if 0.581924b < B, then
TH3<TH 4. O

Proof of Proposition 1. From Table 1 we see that (K, K) is a Nash equilibrium when
7TH,1 > 7TH,2 and 7TL,1 2 7IL,3- 79)

Lemmas 1 and 2 say that a sufficient condition to have 7,1 71, is 0.4115426 < B <
0.546074b while the condition for 71,1 > 711, 3 is B < 0.217161b. Then, these conditions
are incompatible and thus (K, K) is not a Nash equilibrium.

Conditions for (V, K) to be a Nash equilibrium are:

7iH,2 2> 7TH,1 and 7fL,2 2 TIL4- (80

It follows from Lemma 1 that if 8 > 0.546074b, then 7,2 > 7TH,1. Lemma 3 says that
a sufficient condition for 7ty 2 > 7114 is B € (0.411542b, 0.416891b) or [0.411542D,
0.4133810b]. These conditions are incompatible with each other. Thus, (V, K) is not a
Nash equilibrium.

Similarly, if the following conditions are satisfied:

7,3 2 7H,4 and 7L3 2 7L 1, (81)

then (K, V) is a Nash equilibrium. Lemma 2 says that a condition for 7y, 1 <7y 3is B >
0.217161b. Lemma 4 gives a sufficient condition for 7,3 > 7Tp, 4, 1.€., B < 0.581924b
(= B34 ). Both lemmas therefore lead to the result that if 0.217161b < B < 0.581524b,
then (K, V) is a Nash equilibrium.

Turn to conditions under which (V, V) is a Nash equilibrium:

12 In(X,V),if ¥ > 1.75, then mry,3 > 0 and 7, 3 > 0. Moreover, the second-order condition for
each firm is negative for # > 1.75.
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TH,4 2 7,3 and 7T g > ). (82)
It follows from Lemma 4 that if B > 0.581924b, then 71,3 < 7151 4. Lemma 3 says that
ifg > 0.416891b, then 7,2 <7ty e. Thus, if B > 0.581924b, then 7,2 < 71,4 While
7TH,3 < 77H,4. This means that if § > 0.581924b, then (V, V) is a Nash equilibrium. [

Derivation of (41). From the first-order conditions, ITgv/dqu = 0 and 91Tk /gL = 0
we can solve for each firm’s output as a function of qualities:

s

_ 2c(sy) —b(2sy —s1) _csu) + bsu
R = ©

where c(sy) = 1vsh.

Substituting these quantities into Iy and Iy x yields:

_ sulb(—2sy + s1) + vs}? 34
gy = (asa —s.)2 , (84

Sy [‘»‘:‘_I (Zh + 'USH)Z — ZkSL(4SH — SL}Z]

RIS 4(4spy —sp)?

(85)

Differentiating (84) and (85) with respect to each firm’s quality, given the other firm’s
quality, gives the first-order conditions:

[V?(16s3; — 125y, + dspas? — s3) — 2bvs?y (1654 — 1255y + 35%)
+ v*sf(12sy — 5s1)]/ (4sy — s1)° = 0, (86)
[ — 4ksv (4su — s1)® + siy(4su + s1) (2b + vsy)?] / [4(4sy — s3)] = 0. 87
Substituting st = x and sp = px into (86), we can solve for x as a function of

* b(_l +2]’l) ok b(l — 2,” +8F2) 28
R= T T s g ©

Evaluating the second-order condition for the high-quality firm at X3, we obtain:

8bopu(—1+ p)?
(=1 +4p)2(=1+2p)

>0,

while evaluating the second-order condition for the high-quality firm at x5" yields:
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_ 8bo(-1+p)u(5—3p+ 12p%)
(=1 +4p)(=5+12u) (1 — 2 + 82)

<0 for p>1.

Thus, x3* in (88) is accepted as a ‘solution’.
Substituting x3* into (87) and arranging terms leads to:

v 4(=1+4u)(=5+12p) (1 —2u + 8u2)"

k bu?(1 +4p)(—1 + 8u)? (89)

Letting 87(#) denote the right-hand side of (89) leads to 8 = g7(y).

Derivation of (47). Solving the first-order conditions, 9l Iy /9qer = 0 and IT v /991 =0,
yields:

C(SL) + b(2s — s1) . = SH[-—ZC(SL) + bSL]

u = ' sp(4sy —st)

e , 90)

where c(s.) = 3vs?.

Substituting these quantities into ITgx and ITy v produces:

9D

_ su{—2ksu(4sm — s1)* + [2b(2s1 — s1) + vsi’}

S 4(dsy —s1.)?

2 L ”
o SHS]_(b = (JSL)" 92
HLV - 4(45[—1 - SL)Z ) ( )

Differentiating (91) and (92) with respect to each firm’s quality, given the other firm’s
quality, gives the first-order conditions:

[—dkspr(dsy — sp)° + 4b2 (1683 — 1245y, + dspis? — s§) + 4busf — v (4sg + 1))
/[4(4su —sL)°] =0, (93)

{s?;(b — vsp)[b(4sp + s1) — vsL(12su — s1)]}/ (4sg — s.)° = 0. (94)
Substituting s1, = x and sy = yx into (94), we can solve for x as a function of y:

s b b1+4p)
X3 = 5, X3 = _0(——]-_'_12—#} (95)

Since x3 = b/v produces y = bv/4k, the second-order condition for the low-quality
firm at x§ is :
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2bou?
Ay Y

while evaluating the second-order condition for the low-quality firm at x3* yields:

B 2bopP(1+ 12u)
(=1 +4p)(1 +4u)(=1-+12p)

<0 for u>025.

Thus, x3* in (95) is accepted as a ‘solution’.
Substituting x3* into (93) and arranging terms gives:

k _ 3b(3—8u+48u?) 96)
v 4Au(l+4p)(-1+124)°

Letting f9(p) denote the right-hand side of (96) leads to 8 = f7(u).

Proof of Lemma 5. Let RY, (1) stand for the ratio of the first expression in (38) to that in
(45). When the high-quality firm draws a comparison between 7tz 1 and 7ty 2, it faces
B = &(1) expressed by (41). Taking this equation into account, the ratio is written as
follows:

0.00486756( —1 + 43) (=5 + 12u)*
q - . 97
Rl H(+ p) (=14 p)*(=1+8u)? Fh

lim, 14 R}, (4) = 400 and limy, e R}, (4) = 0. Moreover, limy 14 dR%, (1) /du
= —oo and limy—,c dRY, () /dpu = 0. Since d2RY,(u)/du® > 0 on (1, +o0), R, (n)
is positive and strictly decreasing in y € (1, +00). Thus, there exists a value of U
at which RY,(u) =1, ie., 71 = mp 2. It is ut, = 2.107089, which in turn produces
pi, = 0.540551p through g = g9(n). 71’11:[’2 = 0.03601925% /v then is equal to 71y ;
= 0.0194703b* /k. Since u = 5/12 is an asymptotic line of g7(), 7tH,1 > 7112 for B
satisfying 04166670 < g <0.540551b, from which it follows that 1 < p < 2.107089.
If > 0.540551p, then /gy, 1 < 7TH, 2, in which case u > 2.107089. O

Proof of Lemma 6. Let Rgs represent the ratio of the second part in (38) to that in (51).
Moreover, taking (47) into account produces:

0.000910776(—1 + 1231)’*
q — . 98
Ris(¥) (3 — 8t + 48,2) =%

Ri,(u)=0at u=1/12 where dR%,(u)/dpu =0 and d*R1, () /du* = 2039.6729 >
0. limy e Ri;(4) = 400 and limy, e dR}y(u) /dp = 0.393455. RY,(u) is positive
and strictly increasing in p € (1/12, +o0), which leads to the result that there exists
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a value of y at which R'T (i) =1 ie, gy = 7,5 Its value is }113 = 2725923, from
which it follows that 1613 = (0.246262b and correspondingly ”L 3= 0.01109525% /v
= 0.00273233b* /k = 71,1. It should be noted that f%(jt) is decreasing in p and so p
is decreasing in B. In (K, V) an upper bound of 8 is given by f(1 ) = 1296/220(=
0.586364b) which is an asymptotic line of FI(w)- If B <0.246262b (= ﬁ ), then 7y, 1 >
711,3. Conversely, if 0.246262b < B < 0.586364b, then 711,1 < 711, 3. 0

Proof of Lemma 7. We derive a value of u at which 711, 2 = 711, 4 holds true. Define
R;4(y) to be the ratio of the second expression in (45) to that in (56) as follows:

3.575858(1 — 81)2(=3 + 4p) (1 — 2 + 8%)
9
A WE(—=1-+4p) (=5 +12p)3 (%9

lim,_,, RS, (1) = 0 and lim,_, 5 s Rl (4) = —co . Because dR},(w)/du = 0, and
d2R7,(u )/dy2 = —12.153947 < 0 at y = 0.978574, R},(u) attains a maximum
1. 194499 there and thus is positive and strictly decreasmg in y € (0.978574, 4-c0).
Therefore, there exists a value of u at which R}, () = 1,i.e., 71,2 = 711, 4 holds true. Its
value is p3, = 1.274575, which correspondingly yields B}, = 0.433720b through B =
£7(4). In (V, K) the second-order condition for the low-quality firm is negative for y >
1.161438. This inequality holds true for > 0.424270b. If 04242700 < B < 0.433720b
(= /3:; ) then 7, 2 > 7y, 4. Conversely, if 0.433720b < 8, then 711, 2 <711, 4. |

Proof of Lemma 3. In order to find a value of y and a corresponding value of g at which
TTH,3 = 7TH, 4» 1€C R, (p) denote the ratio of the second expression in (51) to that in (56):

R, (1) = 10.636366p(—3 + 43¢} (1 + 4p)
st (—=1+12u)% '

(100)

R}, (u) is equal to zero at 74 3/4 where dR 4(;4)/dy > 0, and is positive for y € (3/4,
+00). Moreover, limy_,co Ry, (3£) = 400, limy oo dRY, (1) /dp = 1.181818, and dR,(w)/
du>Qfory € (3/4 +00). Thus, there exists a value of y at which 7TH,3 = 74,4 holds
true. Its value is y , = 1.382835 and then ‘si = (.445844b, at which both firms’ profits
are 0.0352564b° /v. Making use of (47) leads to the result that if 8 < 0.445844b(= ﬁ§ il
then 7y 3 > 7y, 4. Conversely, if 0.445844b < B < 0.586364b, then 7y, < 71h, 4. O

Proof of Proposition 2. Lemmas 5 and 6 say that a sufficient condition to have 7Tx,12>
7H,2 is 04166670 < f < 0.540551b while the condition to obtain 7rr,1> 71,3 is B <
0.246262b, from which it follows that these conditions are incompatible. Thus, (K, K)
is not a Nash equilibrium under Cournot competition, either.

Discuss the question of whether 71,2 > 7Ty, 1 and 71, 2 > 771, 4. Lemma 5 says that if
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B >0.540551b, then 7TH,2 2 7tH,1. Lemma 7 gives a sufficient condition for 7ty 2 > 711, 4,
ie., 0.424270p < B < 0.433720p. These conditions mean that a sufficient condition
for 7ty,» > 71,1 is incompatible with that for 71,2 > 7, 4. Thus, (V, K) is not a Nash
equilibrium.

Find a condition under which (K, V) is a Nash equilibrium. Lemma 6 says that a
condition for 77,1 < 711, 3 is 0.246262b < B < 0.586364b. Lemma 8 gives a sufficient
condition for 71y,3 > 7,4, 1.e., B < 0.445844b. Both lemmas mean that if 0.246262b
< B <0.445844b, then 71,1 < 71,3 and 7,3 > 7Ty 4, in which case (K, V) is a Nash
equilibrium.

Finally, find out whether (V, V) is a Nash equilibrium. It follows from Lemma 7 that
if 04337200 < B, then 71, 2 <711, 4. Lemma & says that if 0.445844b < B <0.586364p,
then 71y, 3 < 711y, 4. Thus, if 0.445844h < B < 0.586364p, then 7ty,3 < 7ty 4 While 771, 2
< 711,4. This means that if 0.445844b < B < 0.586364b, then (V, V) is a Nash
equilibrium. O
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