Australian School of Business

UN§W Working Paper

IVTRSTY OF MEW SOUTH WALFS

Never Stand Still Australian School of Business

Australian School of Business Research Paper No. 2012 ECON 19

FDI and Technology Spillovers under Vertical Product Differentiation

Hodaka Morita
Xuan Nguyen

This paper can be downloaded without charge from
The Social Science Research Network Electronic Paper Collection:

http://ssrn.com/abstract=2020100

www.asb.unsw.edu.au

Last updated: 12/03/12 CRICOS Code: 00098G


http://ssrn.com/abstract=2020100�

FDI and Technology Spillovers under
Vertical Product Differentiation®

Hodaka Morita'and Xuan Nguyen?
March 11, 2012

*We thank Simon Anderson, Eric Bond, Jay Pil Choi, Andrew Daughety, Richard Dutu, Rod Falvey,
Taiji Furusawa, Arghya Ghosh, Jota Ishikawa, Tina Kao, Oliver Lorz, James Markusen, Laura Meriluoto,
Dhimitri Qirjo, Larry Qiu, Martin Richardson, Raymond Riezman, Kamal Saggi, Nicolas Schmitt, Frank
Stahler, Don Wright, participants of seminars at Australian National University, Hitotsubashi University,
Kobe University, University of New South Wales, University of Tokyo, and at Australasian Economic Theory
Workshop 2009, Otago Workshop in International Trade 2009, Asia Pacific Trade Seminars 2009, Econometric
Society Australasian Meeting 2009, Fall 2010 Midwest International Trade Meeting, 2010 PhD Conference in
Economics and Business, and International Industrial Organization Conference 2011 for helpful comments.
Hiroshi Mukunoki and Alireza Naghavi gave a thorough reading and provided much advice that led to a
substantial improvement of the original manuscript.

t Corresponding author: School of Economics, Australian School of Business, University of New
South Wales, Sydney 2052 Australia; Tel: (+61) 2 9385 3341; Fax: (461) 2 9313 6337; Email:
H.Morita@Qunsw. edu. au

*Deakin Graduate School of Business, Faculty of Business and Law, Deakin University, VIC 3125 Aus-
tralia; Tel: (4+61) 3 9251 7798; Fax: (+61) 3 9244 5533; Email: | Xuan. Nguyen@deakin.edu.au


mailto:H.Morita@unsw.edu.au
mailto:Xuan.Nguyen@deakin.edu.au

FDI and Technology Spillovers under Vertical Product Differentiation

Abstract

When Northern firms undertake FDI in the South, the superior technology they
bring to their Southern operations spills over to Southern firms. Technology spillovers
accompanied by FDI often enable Southern firms to enhance their product quality.
This paper explores a model that incorporates quality-enhancing spillovers in an inter-
national duopoly model of vertical product differentiation. We find that the Northern
firm, when it chooses to undertake FDI, strategically reduces its product quality to
reduce the amount of technology that spills over to the Southern firm. This strate-
gic quality reduction, which is often observed in reality, plays a critical role in welfare
consequences and policy implications of quality-enhancing technology spillovers.

JEL classification: F12, F13, F21, LL13

Keywords: FDI, international oligopoly, quality-enhancing spillovers, strategic quality
reduction, vertical product differentiation, welfare.

1 Introduction

Foreign direct investment (FDI) induces technology spillovers, which often enhance local
firms’ quality standards. That is, if a foreign firm builds its manufacturing plant in a less
developed country, local competitors can enhance their product quality by learning from the
foreign firm’s performance, or by employing workers from the foreign firm [f[This phenomenon
is referred to as quality-enhancing technology spillovers throughout the paper. For example,
the Chinese automaker Chery Automobile hired a number of engineers from the Nissan-
Dongfeng joint venture which was established upon Nissan’s FDI in China. The resulting
technology spillovers through these engineers significantly improved Chery’s car quality (Luo,
2005). Similarly, the investment of U.S. software firms in Bangalore since 1984 has created
technological and information externalities to Indian software firms. Consequently, this has
enabled local firms to produce software meeting international standards (Patibandla, Kapur,
and Petersen, 2000; Pack and Saggi, 2006). In section 2, we present real-world examples of
quality-enhancing technology spillovers in more detail.

Anticipating the potential benefits of technology spillovers, Southern governments often
induce FDI in industries where local firms need to learn advanced technologies and know-how

!The UNCTAD World Investment Report (1997) argues that transnational corporations (TNCs) are
often more cost-efficient and produce higher quality products than domestic firms in developing countries.
To survive, domestic firms need to learn or imitate the production performance of TNCs. This leads to
production efficiency gains in which domestic manufacturers either have to offer less expensive products or
improve quality to win consumers back from the TNCs.



from foreign firms. In the case of the Chinese automobile industry, the Chinese government
imposed high tariffs on imports of foreign cars to induce foreign automakers to undertake
FDI in Chinaf] In a similar move, the Indian government promoted FDI in the software
sector by enforcing the copyright act. This strengthened Intellectual Property Rights (IPR)
protection for both local and foreign firms in Indiaf| These types of policies have proved
to be successful in attracting FDI to industries where local firms need to learn technologies
from foreign firms.

Despite the important connection between technology spillovers and FDI, to the best
of our knowledge, no theoretical models capture this connection in the context of quality-
enhancing spillovers. We aim to fill this gap in the literature. We explore a model that
incorporates quality-enhancing spillovers in an international duopoly model of vertical prod-
uct differentiation, where we focus on market-seeking FDI, that is, FDI with the motive of
serving particular markets by local production and distribution (UNCTAD, 1998; Nachum
and Zaheer, 2005).

A Northern firm (firm N) and a Southern firm (firm S) compete in the Southern market,
where firm N chooses either home-production or FDI in the South. We demonstrate that
when firm N undertakes FDI, it may choose a relatively low quality level for its product to
reduce the amount of technology that spills over to firm S. Consequently, the equilibrium
level of firm N’s product quality can be lower under FDI than under home-production.

We call this phenomenon firm N’s strategic quality reduction, which happens under a
broad range of parameterizations in our model. This is a new finding in the analyses of
international oligopoly models, and consistent with real-world observations (see Section 2).
Markus (2004) finds, in interviews of public officials, university scholars and enterprise man-
agers conducted in China in 1998 and 2001, that foreign companies may undertake defensive
actions in the presence of weak IPR protection. In the interviews, nearly all managers of
foreign enterprises indicated that in the past they transferred technologies that are at least
five years behind global standards in the expectation that those technologies would be lost
to local competition.

In our model, the Southern market consists of two types of consumers: high-valuation and
low-valuation types. Each firm N and S chooses its product quality, where the production
cost is increasing in quality level. Firm N has a superior technology in the sense that it
does not have a binding constraint on its choice of product quality, whereas firm S cannot

2The Chinese automobile industry developed quickly in late 1990s and early 2000s following investment
by foreign automakers. High levels of trade barriers have induced foreign automakers to set up their manu-
facturing plants in China (Gallagher, 2003; Luo, 2005); these barriers to trade are evidenced by an average
tariff rate of around 50 percent for complete vehicles in 1999 and 30 percent in 2005, even after China became
a member of WTO in 2001.

3With the enforcement of the copyright act, domestic firms launched about 120 new software products
and foreign firms launched about 160 in 1989-1990 (Patibandla, Kapur, and Peterson, 2000).



choose the profit maximizing quality level due to its technological limitation. Firm S is
located in the South, while firm N can be located in the North (home-production) or in the
South (FDI). By undertaking FDI, firm N can avoid tariffsﬂ However, a fraction of firm N’s
technology spills over to firm S under FDI, and the technology spillovers increase the highest
possible level of quality firm S can choose for its product. We find that firm N undertakes
FDI when @ is relatively small and/or the tariff rate is relatively high.

Firm N'’s strategic quality reduction drives the following two welfare consequences and
policy implications, where our discussion on policy implications are based on the assumption
that stronger IPR protection reduces the rate of technology spilloversl’| First, FDI may
hurt the South in the sense that Southern welfare can be lower under FDI than under
home-production. This finding suggests that when Southern governments formulate IPR
protection and trade policy, they should carefully assess the impact of quality-enhancing
technology spillovers accompanied by FDI, especially when Northern firms are expected
to strategically reduce product quality upon FDI. Second, the socially optimal spillover
rate, which maximizes the sum of Northern and Southern welfare, is strictly higher than
the North-optimal level but can be strictly less than the South-optimal level. This finding
suggests that international organizations such as the WTO have an active role to play in
reconciling North-South conflicts on IPR protection. See Section 6 for details.

A number of papers have studied models of technology spillovers in North-South trade
contexts, where spillovers reduce production costs (see Section 3). As the spillover rate
decreases, more technology spills over to Southern firms but innovating firms have lower
incentives to invest in their R&D activities. Previous papers in the literature have analyzed
this trade-off and explored its welfare consequences and policy implications.

We contribute to the literature by exploring quality-enhancing spillovers under the ver-
tical product differentiation model. In our analysis, the trade-off arises not from lower R&D
incentives but from the Northern firm’s strategic quality reduction. As the spillover rate
increases, more technology spills over to the Southern firm but the Northern firm’s product
quality falls further below the socially optimal level because of strategic quality reduction.
Our analysis suggests that this new trade-off is also important when we consider the wel-
fare consequences and the economic impact of technology spillovers in North-South trade
contexts.

The rest of the paper is organized as follows. Section 2 presents real-world examples of
quality-enhancing technology spillovers. Section 3 discusses our contributions to the litera-

4The qualitative nature of our results would remain unchanged under an alternative setup in which firm
N can also save on production and transport costs by undertaking FDI. See the last paragraph of subsection
4.1.

5See, for example, Cohen and Levinthal (1989), Zigi¢ (1998), McCalman (2005), Naghavi (2007), and
Belderbos, Lykogianni, and Veugelers (2008) for papers that make similar assumptions.



ture. Section 4 presents our model and its equilibrium characterization. Section 5 explores
economic and welfare consequences of spillover and tariff rates. Section 6 explores the policy
implications of our findings and compares quality-enhancing with cost-reducing technology
spillovers. Section 7 concludes.

2 Quality-enhancing Technology Spillovers: Examples

In this section we present real-world examples of quality-enhancing technology spillovers
from Northern to Southern firms. In China’s automobile industry, many foreign manufac-
turers undertook FDI by forming joint ventures, given the Chinese government’s policy of
allowing foreign automakers to enter the Chinese market only through joint ventures with
local partners (Tang, 2009). It has been widely recognized that FDI has induced the transfer
of advanced technology from foreign to local automakers in China (see, for example, Gal-
lagher, 2003; Luo, 2005). Technology transfer occurs not only within joint ventures but also
from joint ventures to independent local automakers. For example, Chery Automobile, an
independent local automaker, hired a group of more than twenty engineers from the Nissan-
Dongfeng joint venture, mainly from the sedan department of their R&D center, in the early
2000s. These engineers played a critical role in rapidly enhancing Chery’s product develop-
ment capability (Luo, 2005). The quality of automobiles produced by Chinese manufacturers
increased sharply as they benefited from the presence of foreign automakers in China. The
2007 survey of J.D. Power in China’s automobile market found that the average number of
quality problems per 100 vehicles produced by local firms in China was 368, compared to
800 in 2000 (Li, 2007).

Phenomena consistent with strategic quality reduction, which occurs under a broad range
of parameterizations in our model, are often observed in China. Markus (2004) finds, in
interviews of public officials, university scholars and enterprise managers conducted in China
in 1998 and 2001, that foreign companies may undertake defensive actions in the presence of
weak IPR protection. In the interviews, nearly all managers of foreign enterprises indicated
that in the past they transferred technologies that are at least five years behind global
standards in the expectation that those technologies would be lost to local competition,
or they brought in technologies that would be obsolete quickly. Consistent with Markus’
findings, Gallagher (2003) documents that since 2001, Ford has brought only second and third
generations of the Ford Fiesta model to its joint venture with the Chang An Automobile
Group in China. The technologies of these generations are far below the cutting-edge.
Gallagher argues that this was because of a weak IPR environment in China. Gallagher
also reports that since introducing the BJ2020 model in the Beijing Jeep Corporation (a
joint venture between Chrysler and Beijing Automobile Industry Corporation) in the 1980s,
Chrysler has done very little to improve the model. Engineers in this joint venture said



that the technologies transferred from Chrysler to the joint venture were very limited. As
a result, the quality of cars manufactured and sold in China by Ford for Fiesta model and
Chrysler for Jeep model was below that of cars sold in Europe and the USE]

Quality-enhancing technology spillovers are not limited to the automobile industry. In
1979, the Daewoo Corporation of Korea signed a five-year collaboration agreement with
the Desh Garment Company of Bangladesh (the information presented below is based on
Rhee’s (1990) detailed case study of the Daewoo/Desh collaboration). Under the collabora-
tion, Daewoo trained 130 Desh workers to acquire and enhance their skills and knowledge
in production, quality inspection, administration, and marketing. As a consequence, Desh
experienced a significant increase in product quality, evidenced by an increase in the ex-
port value per piece from $1.30 in 1979-80 to $2.30 in 1986-87. Meanwhile, 115 of the 130
Daewoo trained workers left Desh to set up their own company, or to join other newly estab-
lished garment companies. Rhee (1990) argues that the 115 workers proved a very powerful
medium for transferring know-how throughout the garment sector (see also UNCTAD, 1992).
The transfer of know-how from the Daewoo/Desh collaboration to other garment companies
in Bangladesh is an example of quality-enhancing technology spillovers. In Mohammadi
Apparels Ltd., which was established in 1985, twelve former Desh workers’ skills in produc-
tion, administration, and marketing played critical roles in rapidly enhancing the company’s
product quality.

Thompson (2003) examines the role of Hong Kong FDI in the transfer of technology to
China by analyzing data from 84 Hong Kong based garment manufacturers that have invested
directly in mainland China. He finds that Hong Kong firms’ technology for the efficient
production of superior quality products was transferred to local firms through trade and
industry associations and mobility of workers. In a case study of India’s software industry,
Patibandla et al. (2000) document that investment by Texas Instruments and other U.S.
software firms in the late 1980s created significant technological and information externalities
for Indian software firms: it gave Indian firms access to trends in the global software market
and enabled them to move to the higher-end market (see also Pack and Saggi, 2006).

3 Relationship to the Literature

This section surveys existing theoretical models of technology spillovers in North-South trade
contexts, and discusses our contributions to the literature[]] In a seminal contribution to this

6Similarly, Praussello (2005) points out that Japanese firms often brought technologies at their mature
period to the Malaysian electronics industry.

"Many studies have empirically investigated technology spillovers from foreign to local firms upon FDI,
where technology spillovers are often measured by changes in local firms’ productivity. Their findings are
mixed. Caves (1974) finds a positive relationship between FDI and value-added per worker in the Australian



literature, Chin and Grossman (1990) study a Cournot duopoly model in which a Northern
firm competes with a Southern firm in an integrated world market. They assume that both
firms have access to standard technology, but only the Northern firm can invest in R&D in
order to lower its production costs. Chin and Grossman consider two polar cases of complete
IPR protection or no protection, where the Southern firm can imitate the Northern firm’s
technology under no IPR protection. They find that the interests of the North and the
South are generally conflicting on IPR protection: the South benefits from no protection
and the North benefits from complete protection. Complete protection may or may not
enhance global welfare in their analysis. Zigi¢ (1998) extends Chin and Grossman’s model
by considering a continuum of IPR protection between the two polar cases. Zigié¢ finds
that the North-South conflict on IPR protection does not necessarily arise in this extension,
showing a congruence of interests between North and South when the level of R&D efficiency
is relatively high[f]

Diwan and Rodrik (1991) consider the incentives of the North and the South to provide
patent protection in a model that allows for a continuum of potential technologies with
a different distribution of preferences in the North and the South. In their model, the
Northern and Southern markets are segmented, and entry into the R&D section in the
North is free. They find that a benevolent global planner who places greater weight on the
South’s welfare would require a higher level of patent protection in the North[] Deardorff
(1992) studies the impact of extending patent protection from the innovating country to
another country. He shows that if the innovating country is large, this spread of patent
protection benefits the innovating country and harms the other country; the total impact on
global welfare is negative. Helpman (1993) examines the debate on the enforcement of IPR
within a dynamic general equilibrium framework in which the North invents new products
and the South imitates them. He finds that tightening IPR protection in the South hurts
the South and may or may not benefit the North. Lai and Qiu (2003) explore a model in
which both Northern and Southern firms can innovate, and IPR protection in each region
is represented by the length of patent protection. Comparing the Nash equilibrium IPR
protection standards of the South and the North, they find that the former is weaker than
the latter. They also show that both regions can gain from an agreement that requires the
South to harmonize its IPR standards with those of the North, and the North to liberalize

manufacturing sectors. Kee (2010) also finds positive horizontal spillovers from foreign to domestic firms
using data from 297 Bangladeshi garment firms in the 1999-2003 period. However, Aitken and Harrison
(1999) find a negative impact of FDI on local firms’ productivity using data from 4,000 Venezuelan firms,
and Djankov and Hoekman (2000) find negative spillovers in the Czech Republic. See Blomstrém and Kokko
(1998) and Carluccio and Fally (2010) for related surveys.

8See also Zigi¢ (2000) and Kim and Lapan (2008) for related analyses.

9In their model, the levels of patent protection in the two regions must be identical to maximize global
welfare; global welfare is the equally weighted sum of the welfares of the North and the South.



its traditional goods market.m

The papers mentioned above do not address the link between FDI and technology
spillovers, which is a focus of our analysis. Glass and Saggi (1999, 2002) and Naghavi (2007)
have previously explored this link. Glass and Saggi (2002) construct a Cournot oligopoly
model in which a source firm has superior technology compared to a host firm, and the two
compete by producing a homogeneous good for a market outside the host country. Work-
ers employed by the source firm acquire knowledge of its superior technology. FDI helps
the source firm to save on production costs, but may induce its workers to work for the
host firm. With the knowledge acquired from the source firm, these workers can produce
the product at lower costs. The source firm may pay a wage premium to prevent the local
firm from hiring its workers and thus gain access to their knowledge (technology spillovers).
Glass and Saggi find that the host government has an incentive to attract FDI because of
technology spillovers to local firms or the wage premium earned by employees of the source
firm. However, when FDI is particularly attractive to the source firm, the host government
has an incentive to discourage FDIE

Naghavi (2007) considers a cost-reducing technology spillovers model in which a Northern
firm can choose to either export or undertake FDI in a Southern country, which has a
potential competitor. The game consists of five stages starting with the Southern government
choosing its IPR policy, which is represented by the spillover rate. In the second stage, the
Northern firm chooses its mode of entry. If it chooses export, it will be the monopolist in the
Southern market and the game proceeds to the third stage where the Southern government
chooses its optimal tariff rate. If the Northern firm chooses FDI instead, a Southern firm
could emerge and benefit from the technology spillovers from the Northern firm. In the
fourth stage, the Northern firm chooses the level of R&D investment. The final stage is the
production stage, in which the firms compete in quantity. Naghavi finds that a stringent IPR
regime in the South induces the Northern firm to undertake FDI. The resulting FDI improves
Southern welfare whenever the Northern firm’s FDI induces an entry of the Southern firm.

10See Grossman and Lai (2004) for a related analysis.

1 Glass and Saggi (1999) develop a dynamic general equilibrium model to examine the impact of FDI on
welfare and technology transfer from the North to the South. Three types of firms are considered: Northern
firms producing in the North; Northern multinationals producing in the South; and Southern firms producing
in the South. In this set up, Northern firms and multinationals innovate, while Southern firms imitate, and
all of them serve consumers in both the North and the South. In steady state, imitated products of both
Northern firms and multinationals are fully replaced by newly innovated products with quality improvement.
Glass and Saggi find that if FDI is the only channel for technology transfer, that is, if the Southern firms only
imitate technologies of the multinationals, then the increase in FDI inflows raises the rate of imitation and
innovation, and improves welfare for both the North and the South. However, if FDI co-exists with imitation
as channels for technology transfer, that is, Southern firms imitate technologies of both multinationals and
Northern firms in the North, then the increase in FDI does not affect the rate of imitation and innovation,
raises Southern welfare, and has an ambiguous impact on Northern welfare.



Hence, the Southern government can maximize Southern welfare by choosing the highest
possible spillover rate that still induces the Northern firm to undertake FDI.

The present paper contributes to the literature by studying the link between FDI and
technology spillovers in the context of quality-enhancing spillovers. To this end, we explore a
model that incorporates quality-enhancing technology spillovers in an international duopoly
model of vertical product differentiation. To the best of our knowledge, our paper is the
first to study such a model. Several authors have previously used models of vertical product
differentiation in international trade contexts to study a variety of issues including the role
of trade policy in influencing a foreign monopolist’s strategic decisions (Das and Donnen-
feld, 1987), trade restrictions such as quantity and quality limitations on imports (Das and
Donnenfeld, 1989), strategic trade policy with endogenous choice of quality and asymmetric
costs (Zhou, Spencer, and Vertinsky, 2002), tariffs, quality reversals and exit (Herguera, Ku-
jal, and Petrakis, 2002), trade policy and quality leadership (Moraga-Gonzalez and Viaene,
2005), domestic quality dominance through quotas (Boccard and Wauthy, 2005), trade re-
strictions and quality upgrading of imports (Toshimitsu, 2005), and innovation and imitation
under strategic trade policy versus free trade (Kovaé¢ and Zigié, 2008). However, to the best
of our knowledge, neither quality-enhancing technology spillovers nor foreign firms’ choice of
modes of entry (home-production or FDI) have been previously analyzed in this literature.

The Northern firm has a technological advantage over the Southern firm in our model as
in Glass and Saggi (2002).@ We demonstrate that when the Northern firm undertakes FDI,
it may strategically reduce the level of its product quality to limit technology spillovers to
the Southern firm. The strategic quality reduction leads to a new trade-off in technology
spillovers: as the spillover rate increases, larger amount of technology spillovers increase
welfare, but the Northern firm’s strategic quality reduction reduces welfare. We explore
welfare consequences and policy implications of this trade-off in later sections.

4 Technology Spillovers under Vertical Product Differ-
entiation

In this section, we present an international duopoly model of vertical product differentiation
with quality-enhancing technology spillovers. We then characterize Subgame Perfect Nash
Equilibria (SPNE) of the model, and show that the Northern firm strategically reduces its
product quality when the spillover rate is relatively small.

12This is often referred to as ownership advantages. See the second last paragraph of subsection 4.1 for
details.



4.1 The Model

We consider a Northern firm (firm N) and a Southern firm (firm S) that compete in the
Southern market. Firm S is located in the South, while firm N can locate itself in the North
(home-production, denoted HP) or in the South (FDI). If firm N chooses HP, a specific tariff
t (> 0) is imposed on firm N’s product imported to the Southern market.

Let gy (>0, k = N, S) denote the quality of firm k’s product. On the demand side, there
are two groups of consumers, denoted H (type H consumers) and L (type L consumers);
group j consists of a continuum of nonatomic consumers of mass m;, j = H, L. A repre-
sentative individual in group j consumes either zero units or one unit of the products, and
derives a gross benefit of v;q; from the consumption of one unit of quality g, product, where
vy > vr, > 0. Similar models of vertical product differentiation with two types of consumers
have been adopted to analyze durable-goods pricing (Waldman, 1996, 1997), international
technology transfer and the technology gap (Glass and Saggi, 1998), and entry, pricing, and
product design (Davis, Murphy, and Topel, 2004). See Mussa and Rosen (1978) for a classic
contribution to theoretical analyses of vertical product differentiation.

We assume that firm N can choose any quality level for its product, qN.[T_gl Meanwhile,
firm S uses less advanced technology, and can only choose a quality level for its product up
to a certain upper bound value. This value differs under FDI and HP. Specifically, when
firm N locates itself in the North, the maximum possible quality level firm S can choose is
given by gs. When firm N undertakes FDI, technology spillovers extend this upper bound
quality level and the maximum quality level firm S can choose for its product is given by
Gs(qn) = max(gs + 0(gn — @s),Gs), 0 € [0,1). In our model, 6 captures the degree of
technology spillovers from firm N to firm S, which can only happen under FDI. Hence,
when firm N undertakes FDI and chooses gy > g, the higher 6 enables firm S to choose a
higher product quality. Notice that each firm produces a single quality in our model. This is
a standard modeling choice in oligopoly models with vertical product differentiation (see, for
example, Shaked and Sutton, 1982; Das and Donnenfeld, 1987, 1989; Ronnen, 1991; Motta,
1993; Aoki and Prusa, 1996; Lehmann-Grube, 1997; Aoki, 2003; Jinji, 2003).

Each firm k can produce a product of quality ¢; at a constant marginal cost of ¢(gx) with
zero fixed costs, where ¢(+) is a twice-continuously differentiable function with ¢/(-) > 0 and
"(+) > 0 as in Mussa and Rosen (1978), Das and Donnenfeld (1987, 1989), and Toshimitsu
(2005) To derive closed form solutions, we assume that ¢(g) = 1.

I3All our results would remain unchanged under an alternative assumption that firm N can choose any
qn satisfying gy < @y, where gy is a constant satisfying gy > vy. This is because firm N never sets gy
strictly greater than vy in equilibrium, as Proposition 3 in the next subsection tells us.

4 Johnson and Myatt (2003) also assume that the constant marginal cost in an increasing function of
product quality. They consider the possibilities that the function has increasing returns, decreasing returns,
or is U-shaped.
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We consider a three-stage game, described below.

[Stage 1] Firm N determines whether to locate itself in the North (HP) or in the South
(FDI).

[Stage 2] Firm N chooses quality level gy for its product. Having observed ¢y, firm S
chooses quality level gg, subject to ¢s < ¢s(qn).

[Stage 3] Firms N and S simultaneously set prices for their products, and consumers make
purchase decisions.

Notice that the game has two stage 2 subgames: one is the HP subgame in which firm
N locates itself in the North, while the other is the FDI subgame in which firm N locates
itself in the South.

Remarks

e A basic assumption of our model is that firm N has a superior technology compared to
firm S in the sense that firm N can choose any quality level for its product ¢y, whereas firm
S’s quality choice is constrained by an upper bound. This assumption is consistent with
Markusen’s (1995) discussion on the theory of the multinational enterprise, which is based
on Hymer (1976) and Dunning (1981). Markusen points out that if foreign multinational
enterprises are identical to domestic firms, they will not find it profitable to enter the domestic
market because of the added costs of doing business in another country; these costs include
communication and transport costs, higher costs of stationing personnel abroad, and barriers
due to language and customs. He argues that the multinational enterprise must therefore
arise because it possesses some special advantage such as superior technology or lower costs
due to scale economies. Dunning (1981) labels this the ownership advantage. In their
theoretical analysis of multinational firms and technology transfer, Glass and Saggi (2002)
assume that a multinational firm has superior technology compared to local firms because
of ownership advantages.

e To capture technology spillovers from firm N to firm .S, the choice of qualities is sequential
in our model. Sequential choice of qualities in vertical product differentiation models has
been studied in the industrial organization literature (see, for example, Aoki and Prusa, 1996;
Lehmann-Grube, 1997; Hoppe and Lehmann-Grube, 2001). In international trade contexts,
Kovaé and Zigi¢ (2008) explore a duopoly model of vertical product differentiation with
sequential choice of qualities, where their focus is leadership and imitation. In their model,
a foreign firm chooses its quality and a domestic firm follows. When the domestic firm’s
quality is below the foreign firm’s quality, the domestic firm’s cost for quality is reduced
because of imitation. Although related, our formulation is distinctively different from theirs.
In our model, firm S can choose its product quality up to a certain level. Firm N’s choice
of quality determines the amount of technology spillovers, which, in turn, determines the
maximum quality level that firm .S can choose. Firm S’s cost of quality is unaffected by firm
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N’s quality choice in our model.

e In our model tariff is the only trade cost that firm N incurs when it chooses HP and
exports to the South. In reality, however, Northern firms incur other trade costs such as
transport costs. By undertaking FDI, they can avoid these trade costs and also enjoy some
cost advantages such as lower labor costs in the South. We can therefore assume that firm
N incurs trade costs t + w if it chooses HP, where w (> 0) represents non-tariff trade costs
and cost disadvantages that firm N incurs when it exports its product. We have found that
the qualitative nature of our results remains unchanged under this assumption.

4.2 Equilibrium Characterization

Throughout our analysis we assume that gs < vy, holds. If gg > vy holds, gs does not impose
a binding constraint on firm S’s choice of quality level, since firm S can choose its profit-
maximizing quality level, vy, without technology spillovers as shown later in this section (see
footnote 15). By assuming gs < vy, we focus on cases in which quality-enhancing technology
spillovers can play a role.

We derive Subgame Perfect Nash Equilibria of the model described above. We focus on
a range of parameterizations in which firm N sells its product to all type H consumers, and
firm S sells its product to all type L consumers in the equilibrium. We call this type of
equilibrium a segmentation equilibrium. Note that all proofs are presented in the Appendix.

Proposition 1. There exists an unique value my > 0 such that the game has a segmen-
tation equilibrium if and only if my > mpy. Furthermore, if my > my, the segmentation
equilibrium is the unique equilibrium of the game.

To understand the logic behind Proposition 1, let us first consider the case in which the
spillover rate, 6, is equal to zero. This implies that technology does not spill over from firm
N to firm S even when firm N chooses to locate itself in the South. In this case, firm N’s
optimal choice in Stage 1 is to locate itself in the South to avoid the tariff.

Suppose that the game has a segmentation equilibrium when # = 0. In equilibrium, firm
N sells its product with quality gy at price py to my type H consumers, while firm S sells
its product with quality gs at price ps to my, type L consumers. We find that

PN = VHYN — (UH - UL)95‘7 (4~1)

Ps = vrLgs, (42)

where gy > gs. Firm S extracts all the surplus from type L consumers by charging ps =
vrqs. If a type H consumer purchases firm S’s product at pg, the consumer’s net benefit
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is vgqs — ps = (vg — vr)gqs. For firm N to sell its product to type H consumers, it must
leave the same amount of surplus, (vy — v )gs, to be captured by consumers; hence, py =
vagqn — (vg — vr)gs. The equilibrium profits of firms N and S are mn(qy) and ms(gs),
respectively, where

1

n(gn) = mupn — clgn)] = muvagn — (va —vL)gs — 56112\/]7 (4.3)
WS(QS) = mL[PS - C(Qs)] = mL[ULqS - %ﬁ] (4~4)

When 6 = 0, firm S’s maximum possible quality level is not affected by firm N’s quality
level gn; hence, ¢s(qn) = s for all gy. Given gs < vp, firm S chooses ¢s = gs to maximize
7s(qs), whereas firm N chooses gy = vy to maximize my(qy), in stage 2 in equilibriumm

Proposition 1 tells us that the number of type H consumers, my, must be greater than
a threshold value mpy for the game to have a segmentation equilibrium. If my is lower than
the threshold, ignoring type L consumers is no longer firm N’s optimal choice, and firm N
is strictly better off by selling its product to both types of consumers.

In the case where 6 > 0, the positive spillover rate can negatively affect firm N’s profitabil-
ity. Technology spillovers can increase firm S’s product quality by increasing its maximum
possible quality level; this, in turn, increases the amount of surplus, (vy — vy )gs, that firm
N must offer to type H consumers to ensure their purchase of firm N’s product, resulting in
the reduction of firm N’s profitability. Firm N continues to undertake FDI when the value
of # is relatively small, but may switch to home-production when 6 becomes higher. In any
case, Proposition 1 again tells us that my must be greater than a threshold for the game to
have a segmentation equilibrium; otherwise, firm N will be strictly better off by selling its
product to both types of consumers.

Next we turn to Proposition 2, which tells us that if my > my, the unique equilibrium
of the game is an FDI equilibrium if  is relatively small, and an HP equilibrium otherwise.

Proposition 2. Suppose my > my. There exists a value 6* € (0, 1] such that the equi-
librium of the game is an FDI equilibrium if § < #*, and an HP equilibrium if 6 > 6*.
Furthermore, there exists a value ¢ > 0 such that 6*(< 1) is strictly increasing in ¢ if ¢ < ¢,
and 0* = 1 otherwise.

As discussed above, firm N chooses to undertake FDI if # = 0, and an increase in 6
reduces firm N’s profitability. Proposition 2 tells us that if the tariff rate ¢ is relatively
low, there exists a threshold 6* < 1 such that firm N chooses home-production over FDI if
6 > 0*. The threshold 6* is increasing in ¢ because firm N’s disadvantage in home-production

5Notice that if gs > vy, firm S’s maximum possible quality level would not impose a binding constraint
on firm S’s choice of quality; firm S would choose gg = vy, to maximize 7s(gs) in stage 2.
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increases as the tariff rate increases. When t exceeds the threshold ¢, firm N undertakes FDI
for all § € [0,1) (that is, 0* = 1).

We now characterize equilibrium prices in Proposition 3, which tells us that firm N
strategically reduces its product quality when 6 is relatively small.

Proposition 3 [Strategic Quality Reduction]. Suppose my > my, and let ¢; denote
the equilibrium level of firm £’s product quality. There exists a threshold é, 0 (0, 6], such
that (i) and (ii) below hold in the equilibrium of the game.

(i) Firm N chooses % = (1 — 0)vy + vy, (< vg) if 0 <6, and ¢ = vy if 0 > 6.

(i) Firm S chooses ¢5 = qs((1 — 0)vg + Ovy) if 0 < 0, ¢ = vy, if 0 € (6,6%], and ¢ = g if
0 > 6* [

If the spillover rate 6 is high enough to satisfy 8 > 6*, firm N chooses home-production
to avoid technology spillovers. Since there is no spillover, firm S chooses ¢§ = gg as in the
case of § = 0 explained above. Firm N then chooses ¢y = vy, which maximizes its profit
myloggy — (vg — v)ds — 3q% — t]. Notice that the profit-maximizing level of firm N’s
product quality under home-production, g5 = vy, is equal to the socially optimal quality
level because the net social benefit associated with the consumption of firm N’s product by
type H consumers is my[vggy — 3¢%]-

Firm N chooses gy = vy when 6 > é, and strategically reduces its product quality to
(1—0)vy +60v, when 6 < 6. This strategic quality reduction, a central result of our analysis,
can be explained as follows. Consider the equilibrium of the FDI subgame. Given firm
N’s quality choice gy, firm S chooses gg to maximize wg(qs) = mplvpgs — %qg], subject to
qs < qs(qn) = max(gs + 0(qy — Gs),ds), where Gs(qn) is increasing in gy. Without the
constraint gs < ¢s(qn), firm S would choose gs = vy, to maximize its profit m[v.qs — %qg]
If Gs(gn) > vy, the constraint is not binding because firm S can choose g = vy, even under
the constraint. If s(gn) < vy, the constraint is binding so that firm S chooses ¢s = s(qn)
to maximize its profit.

Let g&(gn) denote firm S’s best response function. By anticipating firm S’s response to
qn, firm N chooses gy to maximize its profit in the subsequent equilibrium, which is

1

n(gn) = mulvagy — (ve —vr)gs(gn) — 56112\/]- (4.5)

We find that candidates for the profit-maximizing level of firm N’s product quality are
gy = vg and gy = (1 — Q)vy + vy, If firm N does not impose a binding constraint on firm
S’s quality choice in the equilibrium, firm N chooses ¢y = vy, which maximizes [vgqn — %quv]

16\We assume that if firm N is indifferent between choosing qn = (1—60)vg +0vr, and gy = vy in the FDI
subgame, firm N chooses gy = (1 — §)vy + Gvy,.
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In contrast, if firm N does impose a binding constraint in the equilibrium, firm N chooses
qn = (1—=0)vy + Ovy, which is lower than vy, to reduce the amount of technology spillovers.

If the spillover rate 6 is large enough so that vy < ¢s((1 — @)vy + Ov) < 6 > ﬁ
holds, then the constraint is not binding at both candidates gy = (1 — 0)vy + Gv and
gy = vy. In this case, firm N chooses ¢, = vy in equilibrium. In contrast, if 6 is small
enough so that vy > §s(vy) & 0 < 2= qs , then the constraint is binding at both candidates
gy = (1 — O)vy + vy, and qn = vH In th1s case, firm N chooses ¢y = (1 — 0)vy + v, in
equilibrium. We find that there exists a unique value 6 € (0,1) such that in the equilibrium
of the FDI subgame, firm N chooses ¢3 = vy if 0 > 0 and gy = (1 — 80wy +0vy if 6 < 0.
We define 6 = min{f, 0*} to state this result in terms of the equilibrium of the entire game,
leading to Proposition 3.

Finally, the following lemma is used to explore the impacts of quality-enhancing technol-
ogy spillovers.

Lemma 1. § < 0* =1if t > {, and § = 0* < 1 otherwise.

If ¢t > ¢, firm N chooses FDI for all § € [0, 1) (that is, 8* = 1) by Proposition 2. Lemma 1
tells us that firm IV chooses g3, = vy if 0 is relatively large satisfying 6 > 6, and strategically
reduces its product quality to ¢y = (1 — )vg + Qv if 6 < 0.

If t <, firm N chooses FDI if 6 is relatively small satisfying # < 6*, and chooses home-
production otherwise (Proposition 2). Lemma 1 tells us that § = 6* holds in this case.
Thus, whenever firm N chooses FDI in equilibrium (that is, whenever § < 6* holds), firm
N strategically reduces its product quality (that is, 8 < 0 holds). To see why 6 = 6* holds
in this case, suppose 6 < 6* < 1 holds. For any 0 € (é,@*], firm N prefers FDI to home-
production (because 0 < %), and ¢y = vy and ¢§ = vy hold in the equilibrium (because
0 > 6). Firm N’s equilibrium profit is constant for all 6 € (6, 6*], and is strictly greater than
its profit under home-production. Since firm N’s equilibrium profit in the home-production
subgame is constant for all #, firm N should be strictly better off by choosing FDI over
home-production for all # > 6; hence 6* = 1 should hold instead of #* < 1. Thus, if 6* < 1,
then 6 = 6* must hold.

In summary, we have shown that the game has a segmentation equilibrium if and only
if the population of type H consumers is relatively large. The segmentation equilibrium is
the unique equilibrium: it is an FDI equilibrium if the spillover rate # is relatively low, and
an HP equilibrium otherwise. Importantly, FDI reduces the equilibrium quality of firm N’s
product from the socially optimal level vy to a suboptimal level (1 — @)vy + Ovy, when 6 is
relatively low. Strategic quality reduction occurs because firm N can reduce the amount of
technology spillovers to firm S by reducing its product quality; this, in turn, increases firm
N’s profitability.
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5 Impact of quality-enhancing technology spillovers

In this section we investigate the impact of quality-enhancing technology spillovers on firms’
profits, Southern consumers, Southern welfare, and global welfare. We undertake compara-
tive statics exercises on the spillover rate #, and identify and compare optimal spillover rates
9% and 0" that maximize Southern and global welfare, respectively. We then present an
outline of comparative statics results of tariff rates.

5.1 Effects of spillover rates

Our comparative statics exercises on the spillover rate 6 focus on cases in which the equilib-
rium of the game is a segmentation equilibrium for all 6 € [0, 1)[77] Let mx(6), 75(8), CS(6),
Ws(0), and W(0) denote the profits of the Northern and Southern firms, consumer surplus,
Southern welfare, and global welfare in the equilibrium of the game, respectively. We present
our results under two cases: the case of ¢ > t (Case I) and t < ¢ (Case II). See Proposition
2 for the definition of ¢.

Case I: t >t

Recall that & < #* = 1 holds if ¢ > t by Lemma 1. Firm N undertakes FDI for all
0 € [0,1) and strategically reduces its product quality by choosing ¢& = (1 — 0)vy + vy, if
and only if § < 6.

Proposition 4.
(i) 7wn(6) is strictly decreasing in 6 for all 6 € [0, 4] and TN (0)lpeny = WN(AQA> hold.
(i) ms(f), C'S(P) and Ws(f) are strictly increasing in 6 for all # € [0,60]. Furthermore,
T5(0) g1y > ms(0), CS(0)lgegry > CS(0) and Ws(0)|pe(1) > Ws(0) hold, where mg(6),
C'S(#) and Wg(0) are constant for all 6 € (6, 1).

Figure 1 presents a diagrammatic representation of Proposition 4. When 6 € [0, é], firm
N undertakes FDI and imposes a binding constraint on firm S’s quality choice by choosing
gy = (1 — 0)vy + 6vy. Holding everything else constant, an increase in 6 extends firm
S’s upper bound quality level. Firm N partially offsets this effect by reducing its product
quality (that is, ¢y = (1 — 0)vy + vy decreases as 6 increases), but firm S’s equilibrium
quality ¢& = Gs + 0(qy — qs) is still increasing in 6 for all 6 € |0, é] The direct (positive)
impact of an increase in the spillover rate on firm S’s equilibrium quality outweighs the
indirect (negative) impact of firm N’s strategic quality reduction. Firm N’s equilibrium

"For any given ¢ > 0, there exists a value 7 such that the equilibrium of the game is a segmentation
equilibrium for all § € [0,1) if and only if mg > 7. The proof is presented after the proof of Proposition 1
in the Appendix.
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Figure 1: Effects of technology spillovers when ¢ > t.

profit my(0) is strictly decreasing in 6 for all 0 € [0,6]. In equilibrium, firm S captures all
surplus from type L consumers by charging them pg = vpq%, whereas firm N leaves a rent
of (vg — vr)gk to be captured by type H consumers. Equilibrium consumer surplus is given
by CS(0) = my(vg — vr)gs. Since ¢§ is strictly increasing in 0, both 7g(f) and C'S(0) are
also strictly increasing in 6 for all 6 € [0, 6).

When 6 = é, firm N is indifferent between choosing gy = (1 — é)vH + vy, and gy = vg.
Once 6 exceeds 6, it becomes too costly for firm N to impose a binding constraint on firm S’s
quality choice, and firm N chooses ¢y = vy while firm S chooses qg = vy, for all § € (é, 1).
Hence, q5[y_g < q5lpe(s1) = vr for all 0 € (0,1), which implies that 75(0)loco1) > 75(f) and
CS(0)]ge(pr) > CS(6) hold, where 75(6) and C'S(6) are constant for all € (6, 1).

Let us consider Southern welfare. Note that the Southern government receives no tariff
revenue for all § € [0,1) in equilibrium because firm N undertakes FDI for all § € [0,1) in
case 1. Equilibrium Southern welfare is then given by Wg(6) = mg(0) + CS(0), and hence,
Ws(0) shares the same properties with wg(6) and C'S(#) as Proposition 4 (ii) tells us.

Next we turn to global welfare, which is the sum of the net social benefit associated with
the consumption of firm N’s product, my[vggy — %}, and firm S’s product, my[vpqs — %]
Hence, qn = vy and qg = vy, are global welfare-maximizing levels of firm N’s product quality
and firm S’s product quality, respectively. This leads us to Proposition 5.

Proposition 5. For any given ' € (0,1), W(¢') > W (0) holds for all 6 € [0, 4], where W (¢)
is constant for all 6" € (6, 1).

As mentioned above, firm N chooses ¢y = vy and firm S chooses ¢¢ = vr in the

'®For the interval [0, 0], we find that there exists a value 9;6 [0, ] such that W (6) is strictly increasing in
6 for all § € [0, 6] and strictly decreasing in 6 for all 6 € [0, 0]. See Proposition 8 for an analogous property
in case II.
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equilibrium for all 6 € (é, 1). In contrast, if § € [O,é], firm N strategically reduces its

product quality to (1 — 0)vy + vy, which in turn reduces firm S’s product quality as well.

Hence, equilibrium global welfare achieves the maximum possible level when 6 € (é, 1).
Finally, Propositions 4 (ii) and 5 together imply the following corollary.

Corollary 1. Let 6% and 0" denote the optimal spillover rates for Southern and global
welfare, respectively. Then #° € (6,1) and 6" € (0, 1) hold.

In case I, the strategic reduction of firm N’s product quality reduces both Southern and
global welfare. Southern and global welfare are both maximized when 6 exceeds 6 so that
it is too costly for firm N to strategically reduce its product quality to impose a binding
constraint on firm S’s choice of product quality.

Case II: t < t

Recall that by Lemma 1, § = #* < 1 holds if ¢ < . Firm N undertakes FDI and
strategically reduces its product quality by choosing g = (1 —0)vgy + vy, if 6 < 6% whereas
it chooses HP and ¢3 = vy if 6 > 0*.

Proposition 6.

(i) mn(0) is strictly decreasing in 6 for all 6 € [0, 6], and 7y (0) = mn(0%) for all 6 € (0%, 1).
(ii) ms(#) and C'S(0) are strictly increasing in 0 for all § € [0, 0*], and 7g(6*) > ms(0)|oc(0+ 1)
and CS(0%) > CS(0)]oec(o,1) hold, where 75() and C'S(f) are constant for all 6 € (6*,1).

N (6)

—————CS(0)
/— 5(6)
o

[°)
1

0
Figure 2: Effects of technology spillovers on 7y (6), m5(8), and C'S(f) when ¢ < t.

Figure 2 presents a diagrammatic representation of Proposition 6. Given 6* = é, the
properties of my(6), ms(0), and C'S(#) in the interval [0, 0*] are the same as the ones presented
in Proposition 4 for case I. That is, when 6 € [0, 6*], firm N undertakes FDI and imposes a
binding constraint on firm S’s quality choice by choosing ¢5 = (1 —60)vg +6vy, but g§ is still
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increasing in 6 for all 6 € [0, 0*]. Consequently, for all 6 € [0,0*], wx(6) is strictly decreasing
in 0, whereas mg(#) and C'S(f) are strictly increasing in 6.

When 0 = 0*, firm N is indifferent between choosing FDI with ¢y = (1—60*)vg+60*v;, and
HP with ¢y = vg. Once 6 exceeds 6%, it becomes too costly for firm N to undertake FDI,
and it chooses HP instead. This is the key difference between cases I and II. Since the tariff
rate t is relatively small in case II, home production becomes firm N’s optimal choice when
0 exceeds 6*. Since there is no technology spillover under HP, firm S’s equilibrium quality
level g% is reduced discontinuously from gs+60*(qy —qs) to gs once 6 exceeds 6*. Then, mg(0)
and C'S(#) are both discontinuously reduced when firm N switches from FDI to HP, because
ms(0) and C'S(6) are increasing in the level of firm S’s product quality. Therefore, we have
that ms(0*) > 75(0)]geo1) and CS(0*) > CS(0)|oco+1) hold, where 7g(d) and C'S() are
constant for all 6 € (6*,1).

Now we turn to Southern welfare. When 6 € [0, %], we have that Wg(0) = ws(0)+CS(6)
since the Southern government receives no tariff revenue when firm N chooses FDI. Propo-
sition 6 (ii) tells us that Wg(#) is strictly increasing in 6 for all # € [0, §*] and is maximized
when 6 = 0*. Pick any 6§ = ¢’ € (0*,1) and compare Wg(6*) and Wg(¢'). Note that when
0 = ¢, firm N chooses home production and the Southern government receives tariff revenue;
that is, Wg(0') = ms(6') + CS(0')+tariff revenue. Hence the comparison between Wg(6*)
and Wg(60') is not obvious even though we know mg(6*) > 7g(0') and C'S(6*) > CS(#') by
Proposition 6 (ii). We find that Wg(0*) < Wg(#') if and only if the population of type H
consumers my is relatively large, as formally stated in Proposition 7.

Proposition 7 [Southern welfare]. Ws(0) is strictly increasing in 6 for all € [0, 0*], and
there exists a value m* such that Wg(0*) < (=, >) Ws(0)|geo~ 1) if muy > (=, <) m*, where
m* > m holds under a range of parameterizations and Wg(#) is constant for all 6 € (6*,1).

w(9)
/ / Ws(6)

0 0 1 0 6" 1

(@) my>m’ (b) my <m”

Figure 3: Effects of technology spillovers on Wg(6) when t < t.
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Figure 3 presents Proposition 7 diagrammatically. Notice that § = 6* is the highest
possible spillover rate under which firm N undertakes FDI, and hence FDI is most likely to
benefit the South in equilibrium when 6 = 6*. Proposition 7 tells us that even when 6 = 6*,
FDI still hurts the South if the population of type H consumers is relatively large (that is,
WS(O*) < WS(Q)]%(@*,I) if myg > m*)

Proposition 8 [Global welfare]. There exists a value 6 € (0,6 such that W(0) is
strictly increasing in 6 for all § € [0, 0] and strictly decreasing in 6 for all 0 € [6,67], and
W(0) > W(0)|ge(o-,1) holds where W (#) is constant for all § € (6*,1). Furthermore, there

exists a value m** (< m*) such that 6 < #* holds if and only if my > m**, where m* > m
holds under a range of parameterizations.

o
- \_W(‘” e / W)

o &6 6 1 0 6 6 1 0 =0 1

(a) my > m” (b) m™ <my <m” (c)my <m™
Figure 4: Effects of technology spillovers on W () when t < ¢.

We now turn to global welfare W (0). Figure 4 presents Proposition 8 diagrammatically.
It shows that W (#) can be a non-monotone function of ¢ in the interval [0, 8*]. FDI always
improves global welfare, when the globally optimal spillover rate is 0 (< 0*). Note that the
logic behind Propositions 7 and 8 is explained after Corollary 2 below.

We can now compare the optimal spillover rates for Southern and global welfare. We
have that 6% =6 € (0,6*] by Proposition 8. If my > m*, we have that 6° is any € in the
interval (9%, 1), implying 8" < 6° by Proposition 7 (see Figure 4 (a)). Suppose instead that
mpy < m*, so that #° = 6*. Proposition 8 tells us that 6" = 0 <0 =05 if my > m*™ (see
Figure 4 (b)), and " = 6% = §* otherwise (see Figure 4 (c)). Hence, we have Corollary 2.

Corollary 2. 0 < 0" < 6° holds if my > m**, and 0 < 0" = 65 holds otherwise.
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Welfare consequences of strategic quality reduction

Welfare results presented in Propositions 7 and 8, and Corollary 2 can be summarized as
follows.

Welfare implication I
FDI reduces Southern welfare when my is relatively large.

Welfare implication IT
The globally optimal spillover rate is strictly higher than the Northern optimal rate, but
strictly lower than the Southern optimal rate when mpy is relatively large.

Strategic quality reduction is the driving force of these welfare results. Below, we explain
the logic as well as the role played by strategic quality reduction. Let us start with Propo-
sition 8. Recall that, when 6 = 0, firm N chooses FDI with ¢y, = vy and firm S chooses
¢ = {s since there are no technology spillovers. As the spillover rate increases from 6 = 0,
firm N’s equilibrium product quality ¢ = (1 — 0)vy + Ovy, decreases because of strategic
quality reduction, and firm S’s equilibrium product quality increases because of spillovers.
Consequently, as 6 increases, ¢y gets further away from the socially optimal level vy and
this reduces the net social benefit associated with type H consumers’ consumption. At the
same time, gg gets closer to the socially optimal level, vy, and this increases the net social
benefit associated with type L consumers’ consumption.

This is a new trade-off from technology spillovers. As discussed in Section 3, previous
theoretical analyses of technology spillovers in North-South trade contexts have explored the
trade-off between R&D incentives and spillovers. In our analysis, the trade-off arises not
from R&D incentives but from strategic quality reduction. Proposition 8 tells us that when
0 is relatively small, the positive effect of spillovers dominates the negative effect of strategic
quality reduction so that W (#) is increasing in . It also says that when my is relatively
large, the strategic quality reduction effect starts to dominate the spillover effect when 6
exceeds a threshold # so that 1W(6) is decreasing in 6 for all § € [0, 6*]. Once 0 exceeds 6*,
firm N chooses HP with ¢y = vy and firm S chooses ¢§ = ¢s. Note that these equilibrium
quality choices are identical to those when # = 0, implying that equilibrium global welfare
is the same under § = 0 and 6 € (0*,1) (W(0) = W(#) for all & € (6*,1)). This, in turn,
implies that W (6) is maximized when 6 = 6.

Proposition 7 says that Wg(0*) < Wg(0') (6" € (6%,1)) if and only if my > m*, implying
that FDI may reduce Southern welfare. Strategic quality reduction, again, is the driving force
of this result. The comparison between Wg(0*) and Wg(6') is equivalent to the comparison
between W (0*) and W (#') because global welfare is Southern welfare plus firm N’s profit,
and firm N is indifferent between 6 = 6* and 6 = ¢’ (that is, W (6) = Wgs(0) + nn(0) and
wn(0%) = 7y (60')). When 6 = 6*, firm N chooses FDI and strategically reduces its product
quality level to (1 — 60*)vy + 0 vy, (< vgy) but firm S’s product quality ¢& = gs + 0" (gh — ds)
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is greater than ¢g because of technology spillovers (but still less than vy). In contrast,
when 0 = #', firm N chooses HP with ¢y = vy and firm S chooses ¢§ = s since there
are no technology spillovers. Given this trade-off, we find that when the population of
type H consumers mpy is relatively large, the former effect dominates the latter so that
W(0*) < W(0') and Wg(0*) < Wg(#') hold.

When my > m*, FDI reduces Southern welfare (Welfare implication I) and the globally
optimal spillover rate, 0" = é, is strictly lower than the Southern optimal rate, 8% € (6*,1)
(Welfare implication II, see Figure 4 (a)). To see that the driving force of these results is
firm N’s strategic quality reduction, suppose that firm N cannot strategically reduce its
product quality and must choose gy = vy for any given #. We find that there exists a value
0** € (0, 1] such that firm N undertakes FDI if and only if § < 0**, where 6™ < 1 holds when
t is relatively small. If 6** < 1, firm S’s equilibrium product quality is strictly increasing in
0 for all 6 € [0,6**] because of technology spillovers. This implies that equilibrium global
welfare is maximized when # = 6**. Since firm N is indifferent between 6 = 6** and any
0 € (0™,1), equilibrium Southern welfare is also maximized when 6 = 6**. That is, FDI
benefits the South when @ is equal to or sufficiently close to **, and " = #° = ™ holds.
Hence, neither implication I nor II holds in the absence of strategic quality reduction.

5.2 Effects of tariff rates

In this subsection, we present an outline of comparative statics exercises on the tariff rate ¢,
focusing on cases in which the equilibrium of the game is a segmentation equilibrium for all
t > 0[] Let mn(t), ms(t), CS(t), Ws(t), and W (t) denote the profits of the Northern and
Southern firms, consumer surplus, Southern welfare, and global welfare in the equilibrium
of the game, respectively. For expositional convenience, in this subsection we make a tie-
breaking assumption that firm N chooses HP if it is indifferent between HP and FDI.

When t is relatively large, firm N chooses FDI to avoid paying a tariff, and when ¢ is
relatively small, firm N chooses HP to avoid technology spillovers. This is formalized in
Proposition 9.

Proposition 9. For any given § € [0,1), there exists a value #(f) > 0 such that firm N
chooses HP if t < #(#) and it undertakes FDI if t > #(f) in the equilibrium of the game.
Furthermore, £(0) = 0, #(6) is strictly increasing in 6 for all § € (0,6), and #() is constant
for all 0 € [9, 1), where 0 is as defined in the Appendix

YFor any given 0 € [0, 1), there exists a value /m such that the equilibrium of the game is a segmentation
equilibrium for all ¢ > 0 if and only if my > m. The proof is presented after the proof of Proposition 1 in
the Appendix.

va—s—/(ve —75)2—2(va —v) (v —7s)

20Tn the proof of Proposition 1, we define 6= Py
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When the spillover rate 6 is zero, firm N is strictly better off by undertaking FDI for all
t > 0, implying #(0) = 0. As 6 increases, FDI becomes the less attractive option for firm N,
and this implies that the threshold #(6) is increasing in 6.

When t € [0,£()], firm N chooses HP and ¢i = vpy, whereas firm S chooses ¢ = s
because no technology spills over from firm N to firm S under HP. Notice that equilibrium
quality levels ¢ and ¢ are constant for all t € [0,#(0)], implying that equilibrium global

welfare W (t) = mu(veqy — %) + mp(vpgl — g) is constant for all ¢ € [0,%(6)]. Also,
7n(t) is strictly decreasing in ¢ and Wg(t) is strictly increasing in ¢ for all ¢ € [0,¢(6)]
because firm N pays more tariff to the Southern government as t increases, and firm N
is indifferent between HP and FDI when t = £(f). Equilibrium Southern welfare Wg(t) is
therefore maximized when t = #(6).

Once t exceeds £(f), firm N switches from HP to FDI, and a further increase in ¢ does
not affect equilibrium profits and welfare. Upon choosing FDI, firm N undertakes strategic
quality reduction if the spillover rate is low enough, satisfying 8 < 6 (see the proof of
Proposition 1). Then, taking any # > #(f) and comparing Southern and global welfare
under ¢ = £(6) and ¢t = ¢/, we obtain the following result.

Proposition 10.

(i) If 0 > 6, W(t') > W(i(0)) and Ws(t') > Ws(£(6)) hold.

(i) If 6 < @, there exists a value 7m* such that W (t') > (=, <) W(£(h)) and Ws(t') > (=, <)
Ws(£(6)) hold if my < (=,>) m*, where /m* > 1 holds under a range of parameterizations.

Suppose 0 > 0. We have that qgn = vg and ¢§ = vy under FDI with ¢t = ¢/, whereas
¢y = vy and ¢ = s under HP with ¢ = #(#). That is, firm N’s product quality is at
the socially optimal level under both HP and FDI; firm S’s product quality is also at the
socially optimal level under FDI, but below the socially optimal level under HP. Hence
we have W(t') > W (£(6)), which implies Ws(t') > Ws(#(#)) because firm N is indifferent
between t = ' and t = #(6).

Next suppose § < 6. We have that gy = (1 — 0)vg + Ovg and q§ = Gs + 0(¢y — qs)
(< vp) under FDI with ¢ = ', whereas ¢} = vy and ¢ = ¢s under HP with ¢ = (). Firm
N’s product quality is below the socially optimal level under FDI due to strategic quality
reduction; firm S’s product quality is below the socially optimal level under both FDI and
HP, but higher under FDI because of technology spillovers. Given that firm N’s product is
consumed by high valuation consumers, and firm S’s product by low valuation consumers,
global and Southern welfare are both higher under HP when my is relatively large, implying
Proposition 10 (ii).

Proposition 10 tells us that FDI induced by a higher tariff rate hurts the South when the
spillover rate is relatively low and the population of high valuation consumers is relatively
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large. It can be shown, as in the previous subsection, that strategic quality reduction is the
driving force of this negative welfare effect of FDI.

6 Discussion

6.1 Policy implications

We discuss policy implications of our findings based on the assumption that stronger IPR
protection in the South reduces the rate of technology spillovers (see, for example, Cohen
and Levinthal, 1989: Zigi¢, 1998; McCalman, 2005; Naghavi, 2007; Belderbos et al., 2008; for
papers that make similar assumptions). Lower technology spillover rates and/or higher tariff
rates in the South can induce Northern firms to undertake FDI in the South. Would induced
FDI benefit the South? FDI can potentially benefit Southern firms and consumers through
technology spillovers, but the Southern government loses its tariff revenue under FDI. The
total effect of FDI on the South is therefore not obvious in general. We find that FDI hurts the
South, in the sense that Southern welfare is lower under FDI than under home-production,
when the population of high-valuation consumers is relatively large. Our analysis therefore
suggests that when Southern governments formulate IPR protection and trade policy, they
should carefully assess the impact of quality-enhancing technology spillovers accompanied
by FDI, especially when Northern firms are expected to strategically reduce their product
quality upon FDI.

An equally important policy implication of our analysis is that we have identified cases
in which the spillover rate that maximizes global welfare is positive but lower than the level
that maximizes Southern welfare. Suppose there is a social planner who can set the spillover
rate in the South. If Northern welfare were the only concern, the social planner would set the
spillover rate at zero, whereas if Southern welfare were the only concern, she would choose a
positive spillover rate that maximizes Southern welfare. Should the social planner support
the North by choosing a zero spillover rate or support the South by choosing the Southern
optimal rate if she was to maximize the sum of the Northern and the Southern welfare? There
is no single answer to this question in the literature. Deardoff (1992) shows that extending
patent protection from the innovating country to the imitating country reduces global welfare
if the innovating country is large. Lai and Qiu (2003) find that harmonizing Southern IPR
with that of the North could improve global welfare. We find that the social planner should
support neither the North nor the South in a broad range of parameterizations in our model.
This is because the globally optimal spillover rate is strictly positive, but lower than the
Southern optimal rate when the population of high-valuation consumers is relative large.@

21Tf the social planner can choose both the spillover rate and the tariff rate, she would choose a high
enough tariff rate to induce firm N to undertake FDI, and choose a high enough spillover rate to induce firm
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Trade-Related Aspects of Intellectual Property Rights (the TRIPS agreement), adminis-
tered by the WTO, is by far the most influential agreement on international IPR issues, and
establishes minimum standards of protection for several categories of intellectual property.
However, as pointed out by Grossman and Lai (2004), IPR remains a highly contentious is-
sue in international relations. Many developing countries believe that the TRIPS agreement
was forced upon them by their economically more powerful trading partners and that the
move to harmonize patents and other IPR policies serves the interests of the North at the
expense of their own[?]

An important question that arises from this context, as noted by Lai and Qiu (2003) is,
“What are the welfare consequences of strengthening IPR protection in the South for the
South, the North, and the world?” Our finding suggests that the WTO has an active role
to play in reconciling North-South conflicts on IPR protection, because the globally optimal
strength of IPR protection can be strictly in-between the Northern optimal and the Southern
optimal in our model.

6.2 Quality-enhancing versus cost-reducing technology spillovers

Strategic quality reduction is the new result that arises from our analysis of quality-enhancing
technology spillovers. Would a similar phenomenon occur if a Northern firm had supe-
rior technology in terms of production costs rather than product quality? This subsection
explores this question using an international Cournot duopoly model with cost-reducing
technology spillovers. The model, outlined below, has a logical structure similar to our
quality-enhancing spillover model.

Northern firm (firm V) and Southern firm (firm S) compete in the Southern market with
a homogenous good. Firm N chooses either home-production (HP) or FDI, while firm S
produces in the South. Firm N has superior technology in the sense that its lowest possible
constant marginal cost is zero, whereas firm S’s lowest possible cost without technology
spillovers is ¢y > 0. There are no fixed costs of production. Consider the following three
stage game. In stage 1, firm N chooses its production location HP or FDI, and its constant
marginal cost cy, subject to ¢y > 0. In stage 2, firm S chooses its constant marginal cost
cs with the following constraint. If firm N chose HP, c¢g > ¢y must hold, whereas if firm N
chose FDI, ¢ > min(co—6(co—cn), ¢o) must hold where 6 € [0, 1). Once chosen, production
costs become public knowledge. In stage 3, firms N and S compete against each other by
choosing quantities, and their profits realize.

N not to undertake strategic quality reduction. By doing so, the social planner can induce firm N to choose
gy = vy and firm S to choose ¢qs = vp as Proposition 4 suggests, thereby maximizing the global welfare.
Also, the Southern government would make the same choice to maximize Southern welfare.

22Gimilarly, Lai and Qiu (2003) point out that it is often argued that the agreement “forces” the South to
harmonize its IPR standards with those of the North.
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Notice that 6 represents the rate of cost-reducing technology spillovers in this model. If
firm N chooses the lowest possible cost ¢y = 0 upon FDI, then firm S’s lowest possible cost
is reduced by 0(co — 0) = fco from ¢y down to (1 — 0)cy. Firm N can set ¢y strictly above
zero, the minimum possible level, in order to reduce technology spillovers to firm S. This
action, referred to as strategic cost increase in what follows, is a logically comparable action
to strategic quality reduction in our quality-enhancing spillovers model.

We have analyzed this model under a general downward-sloping demand function with
several regularity conditions and found that firm N does not strategically increase its cost
in equilibrium@ Specifically, we have found that there exists a value 8* € (0,1) such that
firm N chooses FDI in the equilibrium if § < 6* and HP if § > 6*, where firm N chooses the
minimum possible cost ¢y = 0 for all # € [0,1) not only in the HP equilibrium but also in
the FDI equilibrium 7]

Strategic cost increase does not occur in this cost-reducing spillovers model, but strate-
gic quality reduction occurs in our quality-enhancing spillovers model. To understand the
difference, consider firm N’s strategic cost increase from ¢y = 0 to ¢y = z > 0 in the FDI
subgame. Firm N’s cost increase works in the direction of reducing its profitability. At the
same time, the cost increase itself reduces the amount of technology that spills over to firm S,
resulting in an increase of firm S’s equilibrium cost by 6z. Firm S’s cost increase, however, is
less than that of firm N because spillovers are not perfect. Firm N’s cost increase therefore
decreases the gap between the costs of firms N and S, intensifying competition between
the two firms. Hence, the spillover effect also works in the direction of reducing firm N’s
profitability, so firm N can never increase its profitability by the strategic cost increase.

Let us now consider firm N's strategic quality reduction in the FDI subgame of our
quality-enhancing spillovers model. Recall that firm N’s profit in the segmentation equi-
librium is my[vgqy — (vg — vr)qs — %q?v] (see equation 4.3). Firm N’s strategic quality
reduction from gy = vy to gy = (1 — @)vy + Qv works in the direction of decreasing its
profitability in the sense that ¢y = vy maximizes the value of (vyqy — %q]?\,) At the same
time, it reduces the amount of technology that spills over to firm S, thereby decreasing
firm S’s equilibrium quality. The spillover effect of strategic quality reduction works in the
direction of increasing firm N’s profitability because a decrease in firm S’s product quality
decreases the rent, (vy — vp)gs, that firm N must give type H consumers to ensure they
purchase from firm N. In contrast, as mentioned above, the spillover effect is negative for
firm N’s profitability in the cost-reducing model. This is the key difference between the

23Details of the model and its analysis are presented in the Supplementary note.

24We also investigated the welfare consequences of cost-reducing technology spillovers under linear demand
functions. We found that FDI always improves Southern welfare in the sense that equilibrium Southern
welfare is greater when 6 = 6* than when 6 = 6’ € (0*,1). Also, the globally optimal spillover rate is
either equal to the Southern optimal level (*) or the Northern optimal level (0). Hence, neither Welfare
implication I or II (see Subsection 5.2) holds true in this case.
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two models. Since the spillover effect is positive for firm N in the quality-enhancing model,
strategic quality reduction increases firm N’s profitability if the spillover effect dominates
the negative direct effect.

7 Conclusion

When Northern firms undertake FDI in the South, the superior technology they bring to their
Southern operations spills over to Southern firms. Technology spillovers accompanied by FDI
often enable Southern firms to enhance product quality. This paper has contributed to the
theoretical literature on technology spillovers in North-South trade contexts by exploring a
model that incorporates quality-enhancing spillovers in an international duopoly model of
vertical product differentiation. We have found that the Northern firm, when it chooses to
undertake FDI, strategically reduces its product quality in a broad range of parameterizations
to reduce the amount of technology that spills over to the Southern firm.

Strategic quality reduction, which is often observed in reality, leads to the following
trade-off regarding welfare consequences of technology spillovers. As the rate of technology
spillovers increases, the Northern firm strategically lowers its product quality, reducing the
net social benefit associated with high-valuation consumers’ consumption. At the same time,
an increase in the spillover rate increases the Southern firm’s product quality because more
technology spills over despite the strategic quality reduction. This effect increases the social
benefit associated with low-valuation consumers’ consumption.

Previous theoretical analyses have explored the trade-off between R&D incentives and
technology spillovers, given that innovating firms’ R&D incentives decrease as the spillover
rate increases. In our analysis, the trade-off arises not from R&D incentives but from
strategic quality reduction. We have demonstrated the importance of this new trade-off
by showing that strategic quality reduction drives the following two policy implications of
quality-enhancing technology spillovers: (i) FDI may reduce Southern welfare, and (ii) the
globally optimal spillover rate is strictly higher than the Northern optimal rate, but can be
strictly lower than the Southern optimal rate. Finally, we have considered an international
Cournot duopoly model with cost-reducing technology spillovers that has a logical structure
similar to our quality-enhancing spillover model. We have found that strategic cost increase,
a phenomenon similar to strategic quality reduction, never occurs in equilibrium.

Appendix

Proof of Proposition 1.
The proof is structured as follows. First, we assume that the game has a segmentation SPNE and
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find the segmentation SPNE quality and profit for each firm. Second, we identify the necessary
and sufficient conditions for a segmentation SPNE to exist. Finally, we show that the segmentation
SPNE is the unique equilibrium of the game.

Suppose the game has a segmentation SPNE. In the segmentation SPNE, (A.1)-(A.4) must hold.

vgqN —pN 20 (A.1)
vrqs —ps =0 (A.2)
VHYN — PN > VHS — PS (A.3)
VLGS — PS > VLN — PN- (A.4)

(A.2) and imply vggny — pN > vgqs — ps > 0, which in turn implies holds and can
be excluded. If does not hold with equality, we can increase both py and pg by a small
amount, €, without affecting other constraints: this contradicts the supposition that py and pg
are equilibrium prices. Thus, holds with equality. Similarly, if does not hold with
equality, we can increase py by a small amount, €, without affecting other constraints, reaching
a contradiction. So, holds with equality, which in turn implies that holds and can be
excluded. We end up with only two constraints being held with equality, and . Thus,

ps = vrgs, and py = vrgs + v (gN — gs)-
We now turn to find the level of quality and profit for each firm in the segmentation equilibrium of

each subgame. Suppose the game has a SPNE in the HP subgame. Then, the problem facing firm
N is given by:
2

I%]%X mgvagn — (ve — vL)gs — q% — ], (A.5)

and firm S solves its problem:
2

max mr[vLgs — qi] (A.6)
qs 2

subject to: gs < qs.

The solutions are given by ¢y = vy and ¢g = gs. Firms N and S obtain profits TrJI\}rP =mpyglvrds —
2 =2
vids + UTH —t], and 7r§IP =mrplvrgs — %S]

Suppose that the game has a SPNE in the FDI subgame. Let gs(qn) denote the response function

for firm S. Then, gs(gn) = v if Gs(gn) = @s + 0(qn — @s) > v, and gs(gn) = gs + 0(gn — qs)
otherwise. Anticipating this, firm N solves its problem:

2
max mu[vagn — (va —vr)gs(gn) — q%] (A7)
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The solution to firm N’s problem depends on the value of 6. One possibility is that firm N chooses
gv = (1 — @)vy + Ovy, = ¢fy which satisfies §s(¢y) = gs + 0(¢y — Gs) < vr. In this case, firm
S chooses gs = Gs(qjy). Another possibility is that firm N chooses gy = vp, which satisfies
Gs(vg) = gs + 0(vyg — gs) > vy, and firm S chooses gg = vy, (see more on the discussion under the
Proposition 3 which rules out other possibilities).

Following the first possibility, the level of profit for firms N and S are 75! = my[—(1 — 0)(vy —
2 = 2
vr)ds + ((1—9)UH+9UL) ] and 71.FDI _ mL[vL(l 0)qs +0[(1— 0)vp +Ovy] — ((1—9)¢IS+9[(12—9)”UH+9’UL]) ).
2
The second p0881b1hty yields 7kPT = my[*L + v? — vgvr] and 75PT = my[<L]. Thus, the first
—0)vy+6vr)? v?
possibility will arise in equilibrium when mg[—(1 — 0)(vg — vr)gs + W] > mpg[4 +
v —wgup] & 0 < PO V=05 2on—vi)lvr—ds) _ 0, where 0 € (0,1) holds. If, on the other

V—VL,
hand, 6 > 6, the second possibility will arise in equilibrium.

Claim 1. Suppose the game has a segmentation SPNE in which firm N chooses HP in stage 1,
then my > maxz{mpy1,my2} and t < { must hold, where
(i) t = (v —vr)(vp — @s) if @ > 6, and ¢ = 6(vy — vp)[vg — §s — OUHFL] if 6 < 6;

(vp—ag)?
et

(il) mpg = my, ift < M and mpg1 = 0 otherwise; and

2 _
*H —qs ('UH_UL)_i(UL_QqS)Q
(1-0)(vp—ag)* )
(iil) mp2 = myp - 2(1+9) if t <t and mpge = 0 otherwise.

qus+L—vH¢75—7(1_938_%_6_)65)2 —t
Proof. First, consider firm N’s deviation by choosing FDI in stage 1 and selling its product
to type H consumers in stage 2. If § > 0, it follows that firm N will not deviate if and only if

2 2 —
W§D1|9>9’ < Wﬁp = mH[v%—i—vTH—vHvL] < mH[vL(jg—i—%H—chjg t] St < (UH ’UL)(Q}L (js) =t.
If < 0, it follows that firm N will not deviate if and only if WFDI]9<9 < P o my[—(vyg —

vr)gs(1—0)+ M] < mfords+ % B s — 1]t < B(og — o) [og — G5 — OUASVE e
By defining ¢ by t = £ if § > O and t=7%if 0 < 6, it can be concluded that firm N will not deviate
if and only if ¢t < .

Second, consider firm N’s deviation by choosing HP in stage 1 and selling its product to type L
consumers in stage 2. The price and quality level chosen by firm N must satisfy vpgy — py >
vrqs — ps for any quality and price level chosen by firm S. Thus, py = vrgn — vrgs + ps, and
since vpgn — vrgs + ps < VHYN — VHQS + DS < VHIN — PN > VH(QS — Ps, it follows that type
H consumers also buy firm N’s product unless ¢y < ¢gg holds. As shown below, firm N chooses
gN = vr, > (s in this case; thus it can be concluded that firm N sells its product to all consumers,
and firm S sells nothing (making a zero profit).

Firm S’s profit when it sells its product to type L consumers in the segmentation SPNE of the HP
subgame is my[vrgs — —] Given firm S’s constramt on its choice of quality, it chooses gg = ¢g

to maximize its profit. Thus, py = vrqny — vrgs + 7 must hold under deviation. This gives
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firm N a profit of (my + myz)(vLgy — vigs + & — q% — t) (deviation profit), which could be
maximized at gy = vr. Then, firm N’s best dev1at10n profit is 7" = (my + mL)(@ —t).

Ift > M the best deviation profit is non-positive. If ¢ < w, Wﬁpl < i & (my +
(vp— §s) _t

2
mL)(% —t) < mH[UTH —qs(vg —vp) —t] & myg > mp— —c mpy1. Note
- _S(UH vy )— kgt

2 — _
that “&L — gg(vy —vr) — (vL}qS)Q = (vH;qS)Q (e qS) +orgs +E > 0.

Third, consider firm N’s deviation by choosing FDI in stage 1 and selling its product to type L
consumers in stage 2. Then, it chooses a [quality, price] menu, [qn, pn]|, satisfying: vrgy — py >
vrqs(qn) — ps. In this case, similar to the logic presented above, type H consumers also buy

firm N’s product so that it sells to all consumers. It is straightforward to show that in this case,
2

A . . . v
qs = Gs(qn) < gy must hold. This is because if firm S chooses g5 = v, then py = vrgn — & so

2
that firm N’s deviation profit is 7x = (mg + mp)(vrgy — Lo %) < 0: this is a contradiction .

2
2
As firm S makes zero profit, the price it charges equals the unit cost, pg = %S. Thus, firm N’s
~2 _
profit is (my +mgp)(vpgy —vrds(gn) + % - %), which is maximized at gy = % Hence,
/ _ _ =2
firm N’s best deviation profit is 75P! = (mpy + mﬂ%. Then, 4s(gn) = % < .

— \2 2
It follows that 7rFDI < mltf & (my + mﬂ% < mpyglvrds + ETH —vggs —t] & my >
(1-0)(v,—d5)?

- _ 2 _ 1-0)(vy,—qs)?
mr, — Q(Hfiim(v ——5— = . Note that vgs + ) ([ (1=0)(ve,—ds)” g((fie)qS) —t > 0 holds
vL‘jS‘FTH*UH‘jS*WQ)qS t
. 1-6 —q,
since %+t< M—F(UH—UL)( L — qs) and qu5+f — V(s > w—i—(w{—

(ve QUL)Q + (vg)2 _ (ULEQS)Q

vr) (v — Gs) & > 0 always holds.

Finally, suppose firm N chooses HP and ¢y = vy in stage 1. Consider firm S’s deviation by
selling its product to type H consumers in stage 2. Its [quality, price] menu, [¢g, ps|, must satisfy
VHQS — Ps > Vi — DN € ps = vnqs — Vi + pN. Since vpgs — vi + pn < vLgs — vLvH + pN <
vLqs — pPs > VLV — PN, type S consumers also buy firm S’s product, so that firm S sells its
product to all consumers and firm N sells nothing, making a zero profit. Since firm N’s average
cost is % + t, when firm N makes zero profit, py = % + t must hold. Thus, in this case firm S

2
chooses ps = vgqs — U—H + t, obtaining profit (mg + mp)(t — M), which can be maximized

at g = gg. The best dev1at10n profit for firm S is 7THP (mpg+mp)(t— M) This profit is

negative because of condition ¢ < # above (% > (vg —vp)(vr — @g) > t) so that firm S will
not deviate. Q.E.D.

Claim 2. Suppose the game has a segmentation SPNE in which firm N chooses FDI in stage 1;

then, my > max{mys,mus} and ¢ > { must hold, where
mp(1-0)(vy —ag)? mp(1-0)(vy —ag)?

. ~ 2(1+0) . A ~ _ 2(140)
(i) ma3 = — — if 6 > 0, and 3 = = 3 —
— vyp — _ —0)v gy +6v 1-60)(vy —
R s [k —(1-0) (vpg —vp) g+ =20 g 0L A=)

if 0 < 6;
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(vy,—ag)?

e\~ my —H5=2——1 -

(i) mpyq = L ;2 ife>6,t< 7(” as) S = -
v%—vHvL—7+vH¢js+t —(vg—v1)qs(1-0)

if o < 9 t< M ; and mpy4 = 0 otherwise.

)
mr (vp, 2(15) ¢

N ((170)1;15(4*91)[,)2 B (vL;és)Q Tt

Proof. First, consider firm N’s deviation by choosing HP in stage 1 and selling its product to type
H consumers in stage 2. Then, following the proof of Claim 1, firm N will not deviate if and only
if t > 1.

Second, consider firm N’s deviation by choosing FDI in stage 1 and selling its product to type L

F DI' can be found in the proof for Claim

(1-0)(vp—qs)®
2(1+40)

consumers in stage 2. Then, its best deviation profit, 7

1. If 6 > 6, firm N will not deviate if and only if 757" < WFDI’0>0 & (mp +myp)

(1-6) (v —ag)?

v2 2 2(140
mH[TH_UHUL+UL]<:>mH > ML ¢ (i Don a2 = My3q-
S —vgvp v} -k

<

Note that UTH —vgvr, + v% —

~ \2 2 2 _
%>%_UHUL+U% w>0¢>w+%—w>0alwaysholds.

If < 6, firm N will not deviate if and only if 75”7 < AP ges < (mu + mL)M <

2(1+9)

al=(1 = O)wn — vr)gs + COGIUL) o g > C=GRLZI (1 — B) vy — vr)ds +

((1_9)”121+9”L)2 - (1_92)((1119_)(75)2) = 1hpys. Note that (—(1 — 0)(vg — v)qs + ((1—9)v12f+9vL)2 _

7(17(92)((&;)(75)2) > 0 holds because —(1 — 0)(vyg — v)qs + ((179)1”2{%”)2 = (G[UH;”LDQ + (”’;)2 -

gs(qn)(vg — vr) > (Q[UH;UL])2 + (vg)2 — (v —vr) = (G[UH;ULDQ + (UH;UL)2 + % > % >
% always holds. Let my3 = mys, if 6 > 0 and s = My if 6 < 6.

Third, consider firm N’s deviation by choosing HP in stage 1 and selling its product to type L

HP'

consumers in stage 2. Its best deviation profit, 7" , can be found in the proof for Claim 1. If

0 > 0, irm N will not deviate if and only if 77" < TP peg & (mp + mL)(@ —t) <

—ga)2 —ds)?
%. If t < %, we need mpyg >

2
mH[v% + vTH — vgvg], which is always true if ¢ >
(vp—ds)® _, )
my, 2 = Mp4,. Note that vL—vHvL———l—qus—i-t>vL—vHvL——+qus+
v%—vHvL—*-l—vHQS-i-t

=2
(vg —vr)(vr — Gs) = vgs — %5 > 0.

If § < 6, firm N will not deviate if and only if 7fF" < TrFDI\(KG < (myg + mﬂ(@ —t) <

myg|(vg —vr)gs(1l —0) + w], which is always true if ¢ > % Ift < M, we
(vp,—1g)? ¢
2

((179)1)214*911[/)2 _ (vL;qSP Tt

need my > mp, = mpa4p. Note that —(1—0)(vg —vp)gs +

, *(UH*?L)QQS(P@H , ,
(-0)vg+0bvr)* (ULEQS) > 0 holds because _(1 _ 9)(UH N UL)QS + ((179)v121+9vL) _ (Olva—vr]) +

2 2
U2 vr —Qq.
(UH) —qs(qn) (v —vr, —vp(vg —vr) = (9[UH5vL])2+(UHEvL)2+7L > (v —gs)*

2
always holds. Let mpgy = Mmpa, if 6 > 0 and Mys = Mpap if 0 < 6.

) > (9[UH2UL]) + (UH)

Finally, suppose firm N chooses FDI and segmentation SPNE quality level gy in stage 1. Recall
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that there are two possibilities: gy = vy if @ > 6 and gy = gy if 0 < 6. Consider firm S’s deviation
by selling its product to type H consumers in stage 2. Then, firm S chooses a [quality, price]
menu, [gs(qn), ps], satisfying vgqs(gn) —ps > vggn — py for any py firm N chooses. Thus, pg =
vEqs(qN) —vHgN+pN. Since vEqs(gn) —vEqN +pN < vLgs(qN) —VLAN+PN € VLgs—PSs > VLN —
PN, firm S sells its product to all consumers and firm N sells nothing (making a zero profit). Firm
N’s marginal cost is %. Hence, for firm S to sell to all consumers, ps = vgqs(gn) — vEgN + %
must hold, and firm S’s deviation profit is 7y = (mpg + mL)(—(qN_qS)@gH_qN_qS)) < 0, so that
firm S will not deviate. Q.E.D.

Claim 3. Suppose my > max{myi,my2} and t <  hold, or my > max{mys, M4} and t > {
hold. Then the game has a segmentation equilibrium, which is the unique equilibrium of the game.

Proof. Claim 1 and its proof imply that, if my > max{myi,my2} and t < £ hold, then the
segmentation equilibrium of the HP subgame is the unique SPNE of the game. Claim 2 and its
proof imply that, if my > max{mys,mus} and t > ¢ hold, then the segmentation SPNE of the
FDI subgame is the unique SPNE of the game. These two sets of conditions can never happen
simultaneously, and this implies the result. Q.E.D.

Finally, by defining m g as follows

P mazx (g1, mpe) ift <t
= max(mps, mpy) if t > 1.

we obtain Proposition 1. Q.E.D.

Proof of the results presented in footnotes 17 and 19.

Footnote 17: Since my1 is independent of 8, m g9 and M3 are decreasing in 8, and m g4 is weakly
increasing in 6 € [0, 8*], it follows that for any given ¢, if my > max{lim Mo, lim mys, lim mpgs} =
m, then the game has a segmentation SPNE for all § € [0,1). Thise?e%ult an%ﬁtohe pro%?%*f Propo-
sition 1 imply that segmentation SPNE is the unique equilibrium of the game.

Footnote 19: Since My and my4 are decreasing in t, Mo is increasing in ¢ € [0, ], and mys3 is in-
dependent of ¢, it follows that for any given 0 € [0, 1), if my > max{lim mgy1, im mgy, immys} =
m(0), then the game has a segmentation SPNE for all ¢ > 0. This resul_{%nd the—f)roof of ﬁ%position
1 imply that segmentation SPNE is the unique equilibrium of the game. Q.E.D.

Proof of Proposition 2.

Consider the segmentation SPNE of the game. From the proof of Proposition 1, if § > 0 =

v —Gs—v/ (v —ds)2—2(vg —vL)(vL—qs)
VH—VL .

ift >t=(vyg —vp)(vy — ds) and it is an HP equilibrium if ¢ < ¢. If § < # then the segmentation

SPNE of the game is an FDI equilibrium if ¢t > ¢ < 6 < o T VA ) s 01, and it is an HP

VH—VL

equilibrium if ¢ < ¢ < 6 > 6;. Notice that 8; > (=, <)f < t > (=, <)i. If t > { then it follows that
firm N chooses FDI for all 6 € [0,1) (since 61 > 0). If t <t then, since 01 < 0, it follows that firm

then the segmentation SPNE of the game is an FDI equilibrium
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N chooses FDI if § < 6; and it chooses HP if # > 6. It can be verified that 6,(¢) is increasing in
t. Finally, by defining 6* by 0* = 0, if t <t and 6* = 1 if t > ¢, we obtain Proposition 2. Q.E.D.

Proof of Proposition 3.

From the proof of Propositions 1 and 2, we have that if ¢ > ¢ then firm N chooses FDI for all
0 € 10,1). In this case, when 6 < 6 then firm N chooses gy = ¢y (firm S chooses g = Gs(qiy)),
and when 6 > 6 then firm N chooses gy = vy (firm S chooses qs = vr). If, on the other hand,
t < t, then firm N chooses FDI if # < #; and it chooses HP if # > 6. In this case, under FDI,
firm N chooses gn = ¢jy (firm S chooses ¢s = qg(qN)) Note that when firm N chooses HP then
gy = vy and gs = ¢g hold. Finally, by defining 0 by 6 =0,ift <fandf =0 if t >f, we obtain
Proposition 3. Q.E.D.

Proof of Lemma 1.
The proof of Propositions 3 implies the result. Q.E.D.

Proof of Propositions 4, 5.

First note that firm N chooses to undertake FDI in the equilibrium for all § € [0,1) in this case.
Proposition 3 implies that, if 8 > é, firm N chooses qy = vy and firm S chooses gs = vp in
the equilibrium, so that mx (), 75(8), CS(0), Wg() are all independent of 6. Suppose < 6.
Proposition 3 then implies that firm N chooses gy = ¢}y and firm S chooses gs = ¢s(¢jy) in
the equilibrium. Then, ¢ < vy and {s(¢y) < vr, imply that W (') > W(8), CS(¢') > CS(6),
75(0') > m5(0) and Wg(#') > Ws(f), where 6 > 0. We also find that 8”50(9), 8085;,(9), 81/1(/9%(0), and
% all take positive values for all § € [0 0], if and only if, vy — s — 20(vyg — vr) > 0 holds for all
0 6 [0,0]. For all ¢ > £, we have that 6 < 2(UH qs) 3(vg — @s)? > 8(vy — vr)(vL — gs) always
holds, and hence vy — gs — 20(vgr — vr) > 0 holds for all § € [0,0]. We also find that ‘{%\’ and
8qN both take negative values for all 6 € [0,6], given vz, — vy < 0. These results together imply
Pr0p081t10ns 4 and 5. Q.E.D.

Proof of Proposition 6.

If > 6%, firm N chooses HP and gy = vy and firm S chooses g = g in the equilibrium, so
that 7wy (), 7 (0) CS(0), Ws(0) are all independent of §. Suppose 6§ < #*. Then firm N chooses
FDI and gy = ¢jy and firm S chooses gs = Gs(¢jy) in the equlhbrlum Then, ¢s(q) > Gs implies
that CS(0') < CS(0) and 7g(0') < wg(f) hold, where ¢ > 0. Furthermore, as in the proof of

Propositions 4 and 5, we find that 275 (9), 606%(9), 81/‘:959(0), and 8qs

6 € ]0,60%], and 87”\’( ) and qu both take negative values for all 9 € [0,0%]. These results together
imply Proposition 6 Q.E. D

all take positive values for all

Proof of Proposition 7.
"2 5 11 \2 2
We have thz}t W(0*) = mu(dion — qN ) + mr(gs(gx)vr — %) W(O') = mg () +
mp(vrgs — —) where 6’ > 6* and ¢}, (1 — 0% )vg + 6*vr. Given 7TN(9’) N (0%), we have that
Ws(0") > Wg(0*) < W (") > W(6*). We the find that Wg(0') > Ws(6*) < mpy (%—(UH—UL)(]S—
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=2 "2_ _ ~ 1" R
t)+mp(vegs — %) + mu(vg —vr)gs + mat > my(qiog — & L QWL)QS(qN)) +mp(4s(g%)vr —
9
'ULqS—{ITS) = my.

R 112
(vrr—v1)(ds(a) —Gs)+(vrds (g) — 5D

~ 11 \2
%) + mu(vg —vr)is(qy) & mu >

t
It follows that for small enough ¢, m; > m holds. From Proposition 6 and by defining m* by
m* = max{mi,m}, we obtain the result. Q.E.D.

Proof of Proposition 8.

/2 ~ /7 \2 .
For all § < 6*, W(0) = mpyg (quvH — q%) +my ((js(qfv)vL — qs(%)). Thus, we have that dvge(e) =

—mpg0(vg —vp)?+mp(vg —Qs(qﬁv))aqsa(gw , which takes a positive value when § = 0. Furthermore,

82549/2(9) = —mpy(vy —vp)? — Tn,,;((%g/]v))2 + (vr, — Gs(qly) (ve — vL)) < 0. Hence, W(6) is concave

in @ for all 6 € [0,6*] and can be maximized at some 6 < 6*, where 6 = 0 leads to 8148/0(0) =0. Itis
useful to note that for # = 0 (FDI) and 0 = 0" € (6*,1) (HP), since firm N chooses gy = vy and
firm S chooses gs = ds, we have that W (0) = W (#'). Thus # = # maximizes global welfare for all

6 €[0,1).

If mg > m* then W(6*) < W(#') for all &' € (0*,1) by Proposition 7 (recall that since 7 (0*) =
mn(0'), Ws(0") < Ws(0') < W(0%) < W(¢). This implies that 6 < 6 holds. If my < m* then
0 <0 < avg(ge) 0 =0") <0< myg >mg u—lgstd (UH;*Z??)E[ZI;)ZSQQ (wn—oL)] — mo. We also
find that mgo > m holds for small enough t. By defining m** by m** = m* when my > m*, and

m** = max{ms, m} (mg = min{me, m*}) when my < m*, we obtain the result. Q.E.D.

Proof of Proposition 9.

From the proof of Proposition 1, if § > § = vH_qs_\/(UH_Ziji;i(vH_vL)(vL —s)

FDI when ¢ > 7, and it chooses HP when ¢ < . If, on the other hand, 6§ < 6 then firm N
chooses FDI when ¢ > #(#), and it chooses HP when ¢ < #(6). It can be verified that 827(5) =
(vyg —vp)((vg — Gs) — O(vg —vr)) > 0 for all § € [0,1). Finally, by defining () by () =  if
0 > 6 and £(0) = £(9) if # < 6, we obtain Proposition 9. Q.E.D.

then firm N chooses

Proof of Proposition 10.

If > 6, firms N and S choose their socially optimal quality under segmentation SPNE in the FDI
subgame (t = t'), implying that W(¢') > W(£(d)). If § < 6, we have that W(¥') = mu(vady —
D) b (vnds(dh) — BD) and W(E(0)) = mu () +mp(vigs—B). Thus, W(t) > W(E(0)) <
my < my DEIBUISU ) — g Note that Ws(t') > Ws(i(0)) < W(t') > W(E(6)) since
an(t') = nn(£(0)). We also find that ms > m holds for small enough 6. By defining 7}, by
my; = max{ms,m}, we obtain the result. Q.E.D.
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