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Abstract

Strengthening Intellectual Property Rights (IPR) boosts innovation but it also

raises price and obstructs knowledge diffusion. As innovation primarily occurs

in the developed countries (North), they seek stronger IPR protection than is

optimal for the developed countries (South). As the Northern market is large

enough to provide sufficient incentives for innovation, critics argue that the

North demanding strong IPR protection in the South is not so much about

innovation; rather, it is about rent seeking. Suppose that is indeed true and

Southern IPR policy has no effect on the innovation incentives of the North.

Can South still benefit from strengthening IPR protection? We analyse a

differentiated oligopoly model with endogenous market structure to address

this question.

In our framework, weakening IPR protection in the South lowers prices

but also reduces the number of Northern varieties consumed in the South.

The welfare-maximising degree of IPR protection balances the gain from more

varieties with the loss from higher prices. We show that there exists a unique

and interior optimal degree of IPR protection which maximizes the welfare in

the South. We find that countries with higher absorptive capacity are likely to

choose stronger IPR protection and countries with less differentiated products

are likely to choose weaker IPR protection.

In the main model, the presence of Southern firms affects the price charged

by the Northern firms, but the inefficient Southern firms do not produce in

equilibrium. We extend the model to allow for positive production of Southern

varieties and cross variety spillover. The results of the main model continue to

hold qualitatively for a wide range of parameterisations. However, we find that
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if the entry cost of Northern firms is very low, the trade-off between price and

variety disappears. Weakening IPR protection could lower price and increase

the number of Northern varieties at the same time.
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Chapter 1

Introduction

Intellectual Property Rights (IPR) protection is one of the most contentious

issues in economics and law. Stronger IPR protection enhances the monopoly

power of innovators, raises product prices and lowers welfare. However, monopoly

power gives the innovators the incentives to innovate in the first place. Striking

the right balance between encouraging innovation and maintaining competi-

tion has made IPR protection a highly disputed issue not only for domestic

policy but also for international policy (Goldberg, 2009; Branstetter et al.,

2007; Hoekman and Saggi, 2008; Vickers, 2009)1.

In a closed economy, strong IPR protection poses a simple trade-off. The

short term welfare loss occurs when strong IPR protection allows innovators to

sell their products exclusively. This enables them to raise the price above the

level that would have prevailed under competition. However, the promise of

monopoly profits encourages innovation of newer and better products which is

welfare improving for consumers in the long run. Simple microeconomic theory

suggests that the optimal degree of IPR protection equates the marginal cost

of static loss in welfare to the marginal benefit from dynamic gains (Nordhaus,

1969).

In an open economy, the trade-offs are no longer straightforward. Inter-

national trade allows the benefits of innovations to extend beyond national

1Vickers (2009) provides a good summary of domestic IPR issues in the U.S. and Europe.
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boundaries. This positive externality poses a problem for two reasons: (i)

governments are only concerned with national and not global welfare; and (ii)

firms are no longer able to fully reap the benefits of innovations when faced

with the risk of appropriation beyond national boundaries. This would be less

of a problem if countries were identical. In reality, however, countries differ in

size, skill endowment, technical know-how, and capacity for innovation (Gold-

berg, 2009). As a result, different countries will seek different levels of IPR

protection.

Most of the disputes in the international arena have occurred between de-

veloped (North) and developing (South) countries regarding the enforcement

of IPR protection. Over the past decade and a half, the Trade Related As-

pects of Intellectual Property Rights (TRIPS) agreement, which governs the

protection of IPR in World Trade Organisation (WTO) member countries, has

failed to resolve international disputes over IPR protection.

Developed countries, as the main supporters of strong IPR protection argue

that strong IPR protection is necessary for firms to recover the cost of innova-

tion (Branstetter and Saggi, 2009). Without this guarantee, innovating firms

would not undertake welfare enhancing innovation activities as they would not

recover the costs of innovation. Data suggest that on average, firms devote

approximately A$1.4 billion and almost 15 years to bring one new biophar-

maceutical medicine to the Australian market (Medicines Australia, 2011). In

the absence of adequate IPR protection, many of the products that consumers

enjoy would not come to fruition and thus leave the consumers worse off 2.

Developing countries, as the main critics of IPR protection, claim that

strong IPR protection is detrimental to their domestic welfare as both con-

sumers and producers are hurt in the process (Hoekman and Saggi, 2008).

Consumer welfare decreases as the innovating firms are permitted to monop-

olise their respective markets and charge monopoly prices. Producers suffer

2Consider, for example, Gardasil, the vaccine against the major cause of cervical cancer,
human papillomavirus (HPV). Merck & Co, the global distributor of the vaccine, dedicated
more than 20 years into developing the vaccine. It is estimated that it reduces the cost burden
of HPV-related diseases on the US health-care system by US$5 billion a year (McGee, 2007).
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welfare loss as they face the possibility of being crowded out of the market

from intense price competition with innovating firms. Compounded with the

restriction on technology spillover to developing countries, stronger IPR pro-

tection results in both global productive and allocative inefficiencies. Critics

argue that while the welfare losses are real, the welfare gains from protecting

innovations are overstated.

To highlight their argument, they claim that the rapid post-war industri-

alisation in East Asian countries, such as Japan and South Korea was only

achieved under relatively weak IPR regimes (WIPO, 2011)3. The weak IPR

protection at the time allowed these countries to successfully mimic and trans-

fer the superior technology from the more developed countries, like the United

States, to their home countries. Today, Japan and South Korea are among

the global leaders in technological innovations. Weak IPR protection provided

the opportunity for these countries to first acquire the superior technology and

later through learning-by-doing, become innovators. The positioning of these

countries as the present leaders of technological innovations is a testament to

the benefits of weak IPR protection. A premature imposition of strong IPR

regimes will retard the industrial development of developing countries.

The impact of IPR protection under the trade setting has been explored ex-

tensively under both general equilibrium and partial equilibrium frameworks.

Earlier works which employ the general equilibrium framework (Grossman and

Helpman, 1991; Helpman, 1993; Glass and Saggi, 2002; Grossman and Lai,

2004) consider the impact of IPR protection on factor markets and resource

allocation with an endogenous market structure. These general equilibrium

models capture the dynamic linkages between factor and product markets

within the North and the South, as well as the global resource flows between

the two countries. However, these models assume either perfect competition

or monopolistic competition.

In reality, most of the firms which engage in trade and exports are big firms

(Melitz, 2003). Strategic interaction is a key aspect of market competition

3WIPO stands for the World Intellectual Property Organisation.
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when a few big firms dominate the market. Partial equilibrium models allow

us to capture strategic firm level decisions and analyse the welfare consequences

of IPR policy by considering the microeconomic trade-offs. Most partial equi-

librium papers (Chin and Grossman, 1990; Zigic, 1998; Naghavi, 2007) employ

a homogeneous goods model with a fixed market structure. These papers ex-

amine the static welfare effects of IPR protection by considering the trade-off

between the incentives that strong IPR protection creates for innovation and

the monopoly market power it yields to innovators.

Papers under both frameworks illustrate the fundamental trade-off from

strong IPR protection: the welfare loss from higher prices and the welfare gain

from increased innovation. However, critics argue that the Northern market

is sufficiently large to sustain innovation and does not respond to changes

in Southern IPR policy (Branstetter et al., 2007; Goldberg, 2009). Thus, the

trade-off underlying the debate regarding strong IPR protection does not exist.

IPR protection merely increases the prices faced by Southern consumers but

does not increase innovation in the North. In this regard, IPR protection is

simply a rent seeking instrument used by Northern firms to extract rent from

Southern consumers. We take this critique seriously and ask the following

question. Suppose the Southern IPR policy and size of Southern market has no

bearing on the innovation incentives of the North. Can South still benefit from

strengthening IPR protection? We undertake a partial equilibrium analysis

using a differentiated oligopoly model with endogenous market structure (free

entry) to address this question.

We first consider a simple model where Southern firms can only imitate

Northern product varieties and cannot produce on their own (if Northern firms

do not enter). Whereas the previous literature analyses the welfare conse-

quences of IPR protection from market price changes, by using a differenti-

ated oligopoly model, we are able to decompose the welfare consequences into

two parts: the impact on the market prices and the impact on the number

of product varieties. We find that, as in other papers, stronger IPR protec-

tion increases the price which consumers are required to pay for each product.
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However, higher prices imply larger profits for each Northern firm that enters

the South. Higher profitability induces more Northern firms to enter the South

and increases the number of product varieties available to Southern consumers.

The welfare maximising degree of IPR protection balances the gain from more

varieties with the loss from higher prices. We show that there exists a unique

and interior optimal degree of IPR protection which maximises the welfare in

the South. We find that countries with higher absorptive capacity are likely to

choose stronger IPR protection while countries with less differentiated prod-

ucts are likely to choose weaker IPR protection.

We extend the simple model by allowing Southern firms to produce even

when their Northern counterparts do not enter. Under this framework, we

find that under certain parameterisations, the trade-off between lower product

prices and fewer product varieties does not exist. In particular, as IPR protec-

tion weakens, the product prices decrease and the number of Northern product

varieties increase. A second extension is considered where technology spillovers

are allowed to occur both within the same product variety and across different

product varieties. We find that the results here are qualitatively similar to the

results obtained from the first extension.

This thesis is organised as follows. Chapter 2 reviews the existing literature

on IPR and trade under both the general equilibrium framework as well as the

partial equilibrium framework. Chapter 3 discusses the relationship between

IPR protection and the free entry number of Northern entrants into the South

and subsequently between IPR protection and consumer welfare under a simple

setting. Chapter 4 extends the simple model to allow for positive output of

Southern varieties and cross-variety technology spillover. Chapter 6 concludes

this paper with a discussion of the limitations of the model as well as possible

extensions.
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Chapter 2

Literature review

The impact of IPR policy on trade has been explored under both dynamic

and static frameworks. In a seminal contribution to the literature, Grossman

and Helpman (1991) construct a dynamic product cycle model which consid-

ers quality competition with endogenous innovation and technology transfer

across two countries. The innovative Northern firms conduct costly R&D to

develop new products. Each Northern innovator continuously faces the risk

that its product will be copied by a Southern imitator, at which time its profit

stream ceases. Imitation is costly for Southern firms. If the Southern firms are

successful in imitating the product, they are able to capture the entire mar-

ket and earn monopoly profits. Accordingly, profits to the South cease when

new products are developed by their Northern counterparts. Under Grossman

and Helpman’s model, where imitation is the sole channel of the technology

transfer, the efficiency of the Southern firms determines the impact of IPR pro-

tection on innovation in the North. If the imitators are efficient, IPR protection

in the South lowers innovation in the North since firms face lower expected re-

turns from innovating. Conversely, inefficient imitators increase the expected

returns from R&D which increases innovation in the North.

Helpman (1993) builds upon the product cycle model suggested by Gross-

man and Helpman (1991) by allowing both FDI and imitation to be channels

of technology transfer. He shows that if the initial rate of imitation is low and

FDI is not an active channel of technology transfer, both the North and South
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will be harmed by a tightening of IPR protection. If the initial rate of imita-

tion is high, however, the North will prefer tighter IPR protection while the

South will prefer a more lax IPR protection. When FDI is an active channel

of technology transfer and innovation is exogenous, the results are ambiguous.

In particular, it is possible that the South will prefer tighter IPR protection,

though it is unlikely.

Lai (1998) argues that the negative relationship between IPR protection

and the rate of innovation, as suggested by the works of Grossman and Help-

man (1991) and Helpman (1993), depends crucially on the assumption that

imitation is the only channel of technology transfer to the South. He extends

upon Helpman (1993) by allowing both innovation and FDI to be endogenously

determined. This is in contrast to Helpman (1993), where only one of these

variables is endogenous at any one time. Lai finds that if imitation is the sole

channel of technology transfer, stronger IPR lowers the rate of innovation. If

FDI is the channel of technology transfer, either by itself or together with im-

itation, however, the converse is true, as long as FDI is sufficiently high or the

initial rate of imitation is sufficiently low.

In an attempt to explicitly model the impact of IPR protection on innova-

tion, imitation and FDI, Branstetter, Fisman, Foley and Saggi (2007) marries

the works of Grossman and Helpman (1991), Helpman (1993) and Lai (1998).

Branstetter et al. (2007) allows innovation, imitation and FDI to be all endoge-

nously determined. They find that strengthening IPR in the South reduces the

rate of imitation which in turn increases FDI from the North. Furthermore,

IPR is also positively correlated with rate of innovation in the North. Using

responses from U.S multinational firms to changes in IPR policies between the

period 1980s to 1990s, they find a positive relationship between IPR reforms

and the expansion in the scale of the multinational firms.

While all the papers mentioned above use open economy setting, only one

government is typically active in IPR policy. Grossman and Lai (2004) were

amongst the first to explore the strategic interaction in IPR policies between

the North and the South. In their model, the Northern and Southern gov-
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ernments simultaneously choose the level of IPR protection in their respective

countries. Both countries are able to innovate but differ in market size and

innovation capabilities. They find that if the North has a larger market for

innovative products and a greater capacity for innovation then it is optimal

for the North to impose stronger IPR protection relative to the South. Addi-

tionally, they also find that harmonising IPR policies across countries is not

necessarily a globally efficient outcome.

The general equilibrium models offer rich insights into the economic conse-

quences of IPR policy changes. These models analyse the resource allocation

between R&D and production between the North and South. However, as

these models assume either perfect or monopolistic competition in each of the

respective markets, they are not well-suited for capturing the strategic inter-

actions among the firms or between the governments. In this paper, we adopt

a partial equilibrium model to capture the firm level decisions and analyse

the welfare consequences of IPR policy choices by considering the microeco-

nomic trade-offs. A downside to this approach is that the factor markets are

completely ignored.

The first paper to explore IPR protection under the static partial equilib-

rium framework is Chin and Grossman (1990). Chin and Grossman consider

a simple North-South duopoly model. Firms produce a homogenous good and

compete in quantities. In their model, the Northern firm has the ability to

conduct R&D to lower production costs while the Southern firm can imitate

costlessly. The incentives of the North and South regarding IPR protection

are different. The South benefits from technological spillovers associated with

a relaxed IPR, but this occurs at the expense of the Northern firm’s profit.

They find that the South benefits from lax IPR protection while the North

prefers full IPR protection.

Deardorff (1992) confirms the finding by Chin and Grossman (1990). He

explores the welfare impact of extending the geographical scope of patent cov-

erage from the innovating country to another country. Deardorff shows that

if the innovating country is large, the extended coverage of patent protection

8



will benefit the innovating country but harm the other country. The net result

is a global welfare loss. While the findings by Chin and Grossman (1990) and

Deardorff (1992) are consistent, they only consider the extreme cases of IPR

protection: full protection or no protection.

Zigic (1998) extends the work of Chin and Grossman (1990) by using a

continuous variable to capture the different degrees of IPR protection. Zigic

uses the extent of R&D spillover as an indicator of the strength of IPR protec-

tion. He assumes that if Northern firm’s cost-reducing R&D reduces its own

marginal cost by 1, then it lowers the Southern firms’ marginal cost by α ∈

[0, 1]. He finds that, if the efficiency of R&D is high, stronger IPR protection

may be mutually beneficial to the North and the South. This result stands in

contrast to the findings of Chin and Grossman (1990). Moreover, Zigic finds

that the conflicting interests between the North and the South, as described

by Chin and Grossman (1990), are true only if the efficiency of R&D is low.

Recently, empirical works in this area has shown that the extent of tech-

nology spillovers does not merely depend upon the IPR protection but also

on the ability of firms to absorb the spillovers. Suyanto, Salim and Bloch

(2009) examine the role of firm-specific characteristics and FDI in determining

the productivity growth of Indonesian chemical and pharmaceutical firms from

1988 to 2000. Using R&D expenditure as a proxy for the level of absorptive ca-

pacity, they find a positive relationship between FDI and productivity growth

and that domestic firms with R&D expenditure achieve higher productivity

growth than those without R&D expenditure. This result is supported by

Kinoshita (2001) who finds similar evidence from Czech manufacturing firms

during 1995-1998. She finds that R&D is a necessary condition for technology

spillovers from FDI. This suggests that technology spillover, like imitation, is

neither passive nor automatic. It is an activity which Southern firms actively

engage in.

Naghavi (2007) considers the role of absorptive capacity in technology

spillover. Naghavi models technology spillover as a function of both IPR pro-

tection and absorptive capacity of the South. He analyses the welfare implica-
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tions of IPR policy for cost-reducing technology spillover under TRIPS. In his

model, Naghavi allows the Southern IPR policy and Northern firm’s mode of

supplying the Southern market (either FDI or export) to be endogenously de-

termined. Naghavi extends Zigic (1998) by considering the possibility of FDI

as a means of knowledge transfer. He decomposes the intensity of technology

spillovers into the strength of the IPR protection, α, and the level of absorptive

capacity, z. He finds that, contrary to the previous findings, it is always in the

South’s interest to set a stringent IPR regime. Under a stringent IPR regime,

Northern firms are found to prefer FDI to exports. He finds that for less R&D

intensive sectors, FDI facilitates technology spillover to South while FDI in

high technology sectors stimulates innovation. Hence, the Southern welfare is

maximized by choosing the lowest IPR protection which still induces Northern

firms to undertake FDI.

Our paper is similar to Naghavi in that we also model the extent of technol-

ogy spillover using the term, αz, which captures the complementarity between

IPR protection, α, and absorptive capacity, z, for cost reduction. If a country

has low absorptive capacity, z, then the importance of IPR protection, α, is low.

Conversely, if IPR protection is strong, that is, α is low, then higher absorptive

capacity does not necessarily translate into higher technology spillover.

Although our model shares some similarities with Naghavi (2007), the fo-

cus of our paper is different. Naghavi aims to determine the optimal mode of

supply for the Northern firm in a homogeneous product model under Cournot

competition. Unlike Naghavi, the mode of supply is not our main considera-

tion. In our framework, product differentiation is central. In a differentiated

oligopoly model, we consider the impact of IPR protection on the number of

product varieties, which is endogenously determined by the entry decision of

Northern firms.

Morita and Nguyen (2012) consider quality-enhancing technology spillovers

resulting from FDI by foreign firms. They find that firms strategically reduce

the product quality to limit the technology spillover to the South. Whilst our

paper is concerned with cost-reducing technology spillovers, our model shares
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some similarities with Morita and Nguyen. In our last extension, we con-

sider spillovers which occur across product varieties as opposed to within the

same product variety, which is a characteristic of quality-enhancing spillovers.

In contrast to the technology spillover under vertical product differentiation

considered by Morita and Nguyen, our paper considers technology spillover

under horizontal product differentiation. Moreover, Morita and Nguyen, like

Naghavi, consider the impact of IPR protection on the mode of supply chosen

by Northern firms, but treat the number of quality levels as given.

While our paper sits in the partial equilibrium literature, it differs from the

previous literature in a number of crucial ways. First, unlike most previous

works under the partial equilibrium framework, which consider a homogeneous

product market, we are concerned with a differentiated product market. Sec-

ond, in contrast to previous partial equilibrium models which assume fixed

market structures, our model considers a endogenous market structure by al-

lowing free entry of Northern firms into the South. In addition to analysing

the welfare impact of IPR protection through the price channel, we also ex-

plore the welfare consequences through the variety channel. This new channel

is captured in our differentiated oligopoly model.
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Chapter 3

The simple model

3.1 Setup

We consider a world comprised of two countries, the North (N) and the South

(S), with segmented markets. We focus on the Southern market where firms

from both the North and the South sell their products. There exists a contin-

uum of identical consumers in the South whose preferences over the differen-

tiated goods, 1, 2, ..., N, and a homogenous good, Y, is given by the following

utility function:

U (Q1, Q2, ..., QN , Y ) = a
n∑
i=1

Qi −
1

2

n∑
i=1

Q2
i − b

n∑
i<j

QiQj + Y. (3.1)

This quadratic utitlity specification is used in Dixit (1979), Singh and Vives

(1984) and Qiu (1997) to analyse differentiated oligopolies. Recently, Melitz

and Ottaviano (2008) used a continuum version of this utility function to model

monopolistic competition with endogenous mark-ups.

We set Y as the numeraire good and normalise its price to one. Maximising

(3.1) subject to the budget constraint
n∑
i=1

piQi + Y ≤ I, we derive the inverse

demand for each product variety as:

pi = a−Qi − b
∑
j 6=i

Qj , (3.2)
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where pi denotes the market price for product variety i in the South and Qi is

the total quantity of product variety i produced. The parameter b measures

the degree of substitutability between different product varieties, where b ∈

[−1, 1]. If b = 0, the varieties are completely independent, while if b = 1, the

varieties are perfect substitutes. If b = −1, the product varieties are perfect

complements. We are interested in the case where foreign and domestic vari-

eties are imperfect substitutes of each other and restrict b to lie between [0, 1].

Inverting the system of equations in (3.2) gives the direct demand function for

each product variety i:

Qi = α− γpi + β
∑
j 6=i

pj , (3.3)

where α = a
1+(n−1)b , β = b

(1−b)(1+(n−1)b) , γ = (1+(n−2)b)
(1−b)(1+(n−1)b) and i, j ∈ {1, 2, ..., n}.

We assume that the Northern firms have superior technology which allows

them to produce at zero cost. The initial unit production cost of each Southern

firm is a constant c > 0. The effective unit cost of the Southern firms, cs,

depends on the degree of IPR protection in the South, α, and the absorptive

capacity of Southern firms, z:

cs = c(1− αz), (3.4)

where α ∈ [0, 1] and z ∈ [0, 1].

We say that IPR is fully protected when α = 0 and IPR is not protected

at all when α = 1. As α increases, the degree of IPR protection weakens.

The effective unit cost of each Southern firm decreases as the degree of IPR

protection in the South weakens.

Absorptive capacity, denoted by z, captures the ability of the Southern

firms to gain technology spillovers from the Northern firms. It can be inter-

preted as the learning capacity or innate ability of the Southern firms and relies

on firm specific technology such as management practices, human capital and

production technology (Yang and Maskus, 2009). Higher learning capacity as-
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sists Southern firms to absorb technology spillovers from Northern firms which

lowers their effective cost of production. We assume absorptive capacity to be

exogenous. The maximum value of absorptive capacity is z = 1, while z = 0

denotes no absorptive capacity. As z increases, the level of absorptive capacity

strengthens.

The term, αz, captures the complementarity between IPR protection and

absorptive capacity for cost reduction. If a country has low absorptive capacity,

z, then a weakening of IPR protection is less effective in reducing the effective

unit cost of each Southern firm, cs. Similarly, if IPR protection is strong, that

is, α is low, the benefit from higher absorptive capacity is also less.

Since the marginal cost of Northern firms is normalised to zero, c also

captures the cost advantage of Northern firms. From the specification of cost

of production for each Southern firm, cs = c(1 − αz), we can see that weaker

IPR protection and higher absorptive capacity erode each Northern firm’s cost

advantage. However, even when α = 1, each Northern firm can still enjoy

some cost advantage as long as z < 1.

We consider the following three stage game:

[Stage 0] Policy Choice: The Southern government chooses the degree of

IPR protection, α, to maximise welfare of the South which comprises of con-

sumer surplus and profits of Southern firms.

[Stage 1] Entry: Given the degree of IPR protection, α, each Northern firm

decides whether to enter the South or not. There is a fixed entry cost of K > 0.

[Stage 2] Product market competition: Given the degree of IPR protec-

tion, α, and entry decision of Northern firms, firms engage in product market

competition, the details of which are described in section 1.2.

Prior to our analysis, we make a few simplifying assumptions on the upper

and lower bounds of the parameter values.

Assumption 1

(i) c < a
2

(ii) K < c(1− z)(a− c(1− z))

(iii) 2c2(1− z)2 (a− c(1− z)) < aK(1− b) < 2c2(a− c)
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Assumption (i) implies that the Southern firms must not be too inefficient.

If the initial marginal cost of a Southern firm is above the monopoly price then

each Northern firm will charge the monopoly price. To avoid trivalising the

problem, we assume the marginal cost of production of Southern firms to be

lower than the monopoly price. This assumption makes the threat of imitation

by Southern firms credible. Assumption (ii) is necessary to ensure that at least

one Northern firm enters the South. Assumption (iii) ensures that the optimal

degree of IPR protection is interior. While an interior solution is not necessary

for our analysis, it allows us to perform meaningful comparative statics.

3.2 Product market competition

Consider the Stage 2 game. For each product variety i, there is one Northern

innovator and a continuum of Southern imitators which can produce an iden-

tical product. The innovator and imitators compete in prices. Firms take the

degree of IPR protection in the South, α, and the number of Northern entrants

into the South, n, as given, because they were chosen in the prior stages.

In equilibrium, only Northern firms will produce due to their cost advan-

tage. Each Northern firm will price at a level slightly below the effective unit

cost of the Southern firms. The resulting market structure for each product

variety is a constrained monopoly engaging in limit pricing. Thus, the equi-

librium price for product variety i is:

pi = p∗ = c(1− αz) for all i = 1, 2, ..., n, (3.5)

where n is the number of Northern firms that enter the South.1

Substituting the equilibrium prices into the inverse demand function, we

1Note that in Bertrand competition with cost asymmetry, there can be multiple Nash
equilibria. In particular, there can be equilibria where a Southern firm sets a price below
its effective unit cost, c(1− αz). However, charging c(1− αz) weakly dominates the below-
cost pricing strategy. We focus on Nash equilibria which do not involve weakly dominated
strategies.
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get:

c(1− αz) = a−Qi − b
∑
j 6=i

Qj. (3.6)

Rearranging (3.5), we find there exists a unique Qi = Q∗, which solves the

system of n equations. Q∗ represents the aggregate output for each product

variety in the unique symmetric equilibrium, where:

Qi = Q∗ =
a− c(1− αz)

1 + b(n− 1)
for all i = 1, 2, ..., n. (3.7)

In equilibrium, Southern firms are priced out of the market. Hence, qSi =

q∗S = 0 and qNi = q∗N = Q∗ for all i = 1, 2, ..., n. Each Northern firm produces

the aggregate market output for each product variety. Substituting in p∗ from

(3.5) and Q∗ from (3.7), the equilibrium profit of each Northern firm i is:

πNi = π∗N = c(1− αz)

[
a− c(1− αz)

1 + b(n− 1)

]
−K. (3.8)

To summarise, the post-entry equilibrium outcomes are as follows:

p∗ = c(1− αz)

q∗N = a−c(1−αz)
1+b(n−1) , q∗S = 0

π∗N = c(1− αz)
[
a−c(1−αz)
1+b(n−1)

]
, π∗S = 0

where p∗, q∗ and π∗ respectively denote the equilibrium price, quantity and

profit for each product variety in the symmetric equilibrium.

3.3 Free entry

Following the standard practice in this literature, we treat the number of

Northern entrants into the South, n, as a continuous variable. The free entry

number of Northern entrants, nf , solves the zero profit condition (π∗N −K = 0):

c(1− αz)

[
a− c(1− αz)

1 + b(nf − 1)

]
−K = 0. (3.9)
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Solving the above equation for nf , we get:

nf =
(a− c(1− αz)) c(1− αz)

bK
− 1− b

b
. (3.10)

We perform comparative statics on the free entry number of Northern firms

and the results are summarised by Proposition 1.

Proposition 1 The free entry number of Northern firms (nf )

(i) increases as IPR protection strengthens (α decreases);

(ii) decreases as

(a) the level of absorptive capacity (z ) increases;

(b) the fixed entry cost (K) increases;

(c) the substitutability between different product varieties (b ) increases.

Proof: See Appendix.

Recall that the effective unit cost of production for each Southern firm is

c(1− αz), and each Northern firm produces at zero cost. The cost advantage

and also the profit margin that each Northern firm enjoys is given by c(1−αz).

As IPR protection weakens, that is, as α increases, the effective unit cost of

each Southern firm falls as a result of the technology spillover. This reduction

in production cost erodes the profitability of each Northern firm and makes

entering the South less attractive. Thus, the number of Northern entrants

decreases.

Similar intuitions apply to the relationship between the level of absorptive

capacity, z, and the number of Northern entrants, nf . As the level of absorptive

capacity, z, increases, each Southern firm’s effective unit cost of production is

lower for any given level of IPR protection. Lowering the costs of production of

for each Southern firm erodes the profit margin of each Northern firm. Reduced

profitability implies that fewer Northern firms will enter the South.

We now turn to the relationship between the number of Northen entrants,

nf , and the degree of substitutability between product varieties, b. We know

that the equilibrium output of each product variety is a−c(1−αz)
1+b(n−1) . Higher substi-

tutability between products intensifies the competition between firms produc-
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ing different product varieties. As a consequence, the equilibrium output for

each variety and the profitability of each Northern firm decreases. Lower profit

makes entering the South less attractive for Northern firms and as a result, nf

declines.2

Finally, the relationship between the number of Northern entrants, nf , and

fixed entry cost, K, is straightfoward. K can be seen as a barrier to entry.

The higher the barrier to entry, the fewer the number of Northern firms that

enter the South.

3.4 Optimal IPR policy

In the first stage of the game, the Southern government chooses the degree of

IPR protection, α, to maximise welfare in the South. As each Southern firm’s

profit is zero, maximising Southern welfare is the equivalent of maximising

consumer surplus. Assuming that there is sufficient income to consume the

numeraire good Y , the Southern welfare maximisation problem reduces to the

following form:

Max
α

W = anfQ∗ − 1

2
nfQ∗2 − b

2
nf (nf − 1)Q∗2︸ ︷︷ ︸

utility from consumption

− p∗nfQ∗︸ ︷︷ ︸ .
total expenditure

(3.11)

Substituting the equilibrium price and quantity from (3.5) and (3.7) and the

free entry number of Northern firms from (3.9), we can write the welfare max-

imisation problem as follows:

Max
α

W =
nfK

2

(
a

c(1− αz)
− 1

)
. (3.12)

2It is not immediately obvious that higher substitutability between different product
varieties always lowers the output for each variety. In our inverse demand specification,
pi = a − Qi − b

∑
j 6=iQj , an increase in b always reduces the consumers’ willingness to

pay for each variety. Given pi (= c(1− αz)) is not affected by b, it is immediate that the
quantity must decline as b increases. However, for other specifications of demand and mode
of competition, that may not be the case.
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The first order condition corresponding to the maximisation problem is:

dW

dα
=

cz

2c2(1− αz)2b

[
2c2(1− αz)2 (a− c(1− αz))− aK(1− b)

]
= 0. (3.13)

Analysing the above expression and applying Assumption 1, we get the propo-

sition below.

Proposition 2 The optimal degree of IPR protection, denoted by α∗ ∈ (0, 1),

is unique and is implicitly given by the following expression:

2c2(1− α∗z)2 (a− c(1− α∗z))− aK(1− b) = 0

Proof : See Appendix.

The benefit from choosing weaker IPR protection is that consumers in the

South can enjoy lower priced products. This, however, comes at the expense

of fewer varieties, as fewer Northern firms enter the South. We term those

two competing effects as the price effect and the variety effect.The welfare

maximising degree of IPR protection balances the gain from lower prices with

the loss from fewer varieties.

It is possible for the price effect or the variety effect to dominate for all α ∈

[0, 1]. In such cases, α∗ = 0 or α∗ = 1 can be optimal. However, Assumption

1(iii) restricts the set of parameter values and ensures that α∗ is interior, that

is, α∗ ∈ (0, 1).

We carry out comparative statics on the optimal degree of IPR protection,

α∗, and the results are presented in Proposition 3.

Proposition 3 The optimal IPR protection

(i) strengthens as the level of absorptive capacity (z) and the entry cost (K)

increases;

(ii) weakens as the substitutability between different product varieties (b) in-

creases.

Proof: See Appendix.

19



Propostion 3 says that as absorptive capacity, z, increases in the South,

the optimal degree of IPR protection strengthens. We know that the effective

unit cost of production, c(1 − αz), is lower when the level of absorptive ca-

pacity, z, is higher, holding all else constant. Higher absorptive capacity leads

to increasing importance of IPR on the entry decision of the Northern firms

because the marginal impact of IPR protection is higher. This result suggests

that for countries with higher levels of absorptive capacity, the welfare gain

from consuming more product varieties is greater than the welfare loss from

consuming higher priced products. That is, the variety effect dominates the

price effect. The converse is also true for countries with low levels of absorptive

capacity. Therefore, countries with lower levels of absorptive capacity are less

willing to adopt stronger IPR protection than countries with higher levels of

absorptive capacity.

The negative relationship between the optimal degree of IPR protection, α∗,

and fixed entry cost, K, suggests that for countries with high barriers to entry,

the variety effect also dominates the price effect. In this case, the marginal

gain from consuming a new product variety outweighs the marginal loss from

an increase in price of existing product varieties. Thus, consumer welfare can

be improved if the Southern government chooses a strong IPR policy and allow

consumers to consume more varieties at relatively higher prices.

Conversely, the negative relationship between the optimal degree of IPR

protection, α∗, and substitutability between products, b, indicates that the

price effect dominates variety effect for countries with less differentiated prod-

ucts. When products are relatively homogeneous, consuming more product

varieties is less valuable than consuming more of each variety, at lower prices.

Welfare can be improved through weakening IPR protection, which lowers

product prices.

Remark Note that we have assumed that Southern firms can only produce

one product variety if the corresponding Northern firm (that produces the

same variety) enters the market. Theoretically, one way to justify this is to

specify the technology as follows. Let ci denote the initial marginal cost and
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let Ki denote the fixed entry cost, faced by each Southern firm of variety i.

We specify (ci, Ki) = (c, Ks) if a Northern firm producing variety i serves the

Southern market. Else, (ci, Ki) = (c(1− αz), 0).

In this chapter, we assumed Ks to be high enough such that Southern

firms could not produce without their corresponding Northern firm entering

the South. However, this might be viewed as a rather special case. In the

next chapter, we allow for Ks to be low enough (zero, to be precise) such that

Southern firms can produce even if their Northern counterpart does not enter

the South.
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Chapter 4

Extensions

4.1 Southern production

4.1.1 Setup

Here, we relax the assumption that Southern firms can only imitate Northern

product varieties and cannot produce on their own. Suppose the total number

of product varieties consumed in the South is v, where v is exogenously deter-

mined. Let n denote the number of product varieties produced by Northern

firms and m (= v − n) denote the number of product varieties produced by

Southern firms. The initial marginal cost of production for each Southern firm

is a constant, c > 0. If the Northern producer of product variety i enters

the South, the effective unit cost of production of each Southern producer of

variety i reduces to c(1− αz), it remains at c otherwise.

The demand side remains the same as before. There exists a continuum of

identical consumers in the South whose preferences are represented by:

U (Q1, Q2, ..., QN , Y ) = a
v∑
i=1

Qi −
1

2

v∑
i=1

Q2
i − b

v∑
i<j

QiQj + Y (4.1)

and thus, the inverse demand function for each product variety i is:

pi = a−Qi − b
∑
j 6=i

Qj. (4.2)

22



The timing of the game is identical to the simple model. In the first stage,

the Southern government chooses the degree of IPR protection, α. In the

second stage, each Northern firm decides whether to enter the South or not.

In the last stage, firms compete in the product market. For varieties 1, 2, ..., n,

a continuum of Southern firms compete with each Northern firm. For varieties

n+ 1, n+ 2, ..., v, a continuum of Southern firms compete with each other.

We make the following simplifying assumptions on parameter values.

Assumption 2

(i) c < a
2

(ii) k(1+b(v−1))
(1−z) − αzbcv

1−b < c(a− c(1− z)) < k(1+b(v−1))
(1−z)

Assumption (i) is imposed for the same purpose as in Chapter 3, that is, to

ensure that Southern firms are not too inefficient so that the threat of imitation

is credible. Assumption (ii) ensures that in equilibrium, at least one Southern

firm produces and at least one Northern firm enters the South. If Southern

firms do not produce at all, that is, if n = v, the current model collapses to

the simple model discussed in Chapter 3.

4.1.2 Product market competition

Consider the Stage 2 game where firms producing the same product varieties

compete in prices. Like the previous model, for the n Northern firms which

enter the South, the continuum of Southern firms producing these varieties

are priced out of the market. For the m Southern firms which do not have

their Northern counterparts entering the market, price competition between

the continuum of Southern firms within each of the product varieties results

in pricing at cost. Thus, in equilibrium, the prices are given by:

p∗i =

 c(1− αz) if i = 1, 2, ..., n

c if i = n+ 1, ..., v
(4.3)

The above equilibrium prices imply that each Northern firm produces qNi =

q∗N for all i = 1, 2, ..., n. Each Southern firm produces qSi = q∗S for all i =
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n + 1, n + 2, ..., v. q∗N and q∗S denote the unique solutions to the following

system of v equations:

c(1− αz) = a− q∗N − b[(n− 1) q∗N +mq∗S], (4.4)

c = a− q∗S − b[nq∗N + (m− 1)q∗S]. (4.5)

Solving (4.4) and (4.5) we find the equilibrium output for each firm in the

unique symmetric equilibrium:

q∗N =
(a− c(1− αz))(1− b) + αzcb(v − n)

(1− b)(1 + b(v − 1))
, (4.6)

q∗S =
(a− c)(1− b)− αzcbn
(1− b)(1 + b(v − 1))

. (4.7)

We can summarise the post-entry equilibrium outcomes as follows:

p∗N = c(1− αz), p∗S = c

q∗N = (a−c(1−αz))(1−b)+αzcb(v−n)
(1−b)(1+b(v−1)) , q∗S = (a−c)(1−b)−αzcbn

(1−b)(1+b(v−1))

π∗N = c(1− αz)
[
(a−c(1−αz))(1−b)+αzcb(v−n)

(1−b)(1+b(v−1))

]
, π∗S = 0

where p∗l , q
∗
l and π∗l for l = N, S, respectively denote the equilibrium price,

quantity and profit for each Northern and Southern firm in the unique sym-

metric equilibrium.

4.1.3 Entry and IPR protection

The free entry number of Northern firms, ñf , satisfies the following zero profit

condition:

c(1− αz)

[
(a− c(1− αz))(1− b) + αzcb(v − ñf )

(1− b)(1 + b(v − 1))

]
−K = 0. (4.8)

Solving for ñf , we get:

ñf = v − (1− b)
αzbc2(1− αz)

[K(1 + b(v − 1))− c(1− αz)(a− c(1− αz))] (4.9)
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The relationship between the free entry number of Northern firms, ñf , and

the degree of IPR protection, α, is presented in Proposition 4.

Proposition 4 The free entry number of Northern firms (ñf ) can increase

with a weakening of IPR protection if z < 1
2

and K < c(a−c)(1−z)2
(1+b(v−1))(1−2z) .

Proof: See Appendix.

In chapter 3, we showed that as IPR protection weakens, product prices

decline but so does the number of Northern product varieties. Proposition

4 says that the price and variety trade-off previously established will hold if

entry cost is sufficiently high. In that case, the optimal IPR policy remains

qualitatively the same as before. If the entry cost and the level of absorptive

capacity are both sufficiently low, there might not be any trade-off between

price and variety. In other words, a weakening of IPR protection can lead to

lower prices as well as more Northern product varieties in the South. When this

occurs, the optimal IPR protection is α∗ = 1,that is, no IPR protection will be

optimal. This result suggests that it is optimal for countries with sufficiently

low entry cost and low absorptive capacity, to adopt no IPR protection (α∗ =

1). Consumers in these countries are able to enjoy both lower priced products

and more Northern product varieties.

The intuition behind this relationship is as follows. As we showed in Propo-

sition 1, lower entry cost and lower absorptive capacity both increase the prof-

itability of Northern firms. Higher profitability makes entering the South more

attractive and as a result, ñf increases. Weakening IPR protection, on the con-

trary, lowers the price of Northern product varieties and erodes the profit mar-

gin of Northern firms. The price of Southern varieties, however, is unaffected

by the change and remains constant at c. Consumers consider Southern and

Northern varieties to be imperfect substitutes. When the price of Northern

varieties decreases, from a weakening of IPR protection, consumers will shift

expenditure away from the higher priced Southern varieties to the lower priced

Northern varieties. While the profit margin decreases for Northern firms, the

demand for their products increases. Proposition 4 suggests that when both
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entry costs and absorptive capacity are low, Northern firms are more than able

to recover the loss from earning a smaller profit margin by selling more units

at the lower price.

4.2 Cross variety technology spillover

4.2.1 Setup

In this section, we consider the case where technology spillovers can occur

across different product varieties as opposed to only occuring within the same

product variety. An example of this, is the Nissan-Donfeng joint venture in

China. In 2003, Nissan chose to serve the Chinese automobile market through

FDI. It established a joint venture with the state owned Dongfeng Motor Cor-

poration. Later, the Chinese car maker Chery Automobile hired a number

of engineers from the Nissan-Dongfeng joint venture. The technology transfer

through skilled labour allowed Chery to erode some of the cost advantage of

Nissan and become more competitive in the Chinese market.

We employ the same setup as under Southern production. Suppose the

total number of product varieties consumed in the South is v. Let n denote

the number of product varieties produced by Northern firms and m denote the

number of product varieties produced by Southern firms. The marginal cost of

production for all Southern firms is a constant, c > 0. If the Northern producer

of product variety i enters the South, the effective unit cost of production of

the Southern producers of variety i reduces to c
n
(1 − αz), it remains at c

n

otherwise. n denotes the free entry number of Northern firms in the South at

any point in time. The demand side and timing of the game are unchanged.

The crucial difference between the models in sections 4.1 and 4.2 is that

the cost reduction now also depends on the number Northern entrants into

the South, n. More importantly, technology spillover now extends to Southern

varieties in which Northern firms do not enter. A large n makes Southern firms

more competitive regardless of the degree IPR protection offered in the South

and makes IPR protection less effective at restricting technology spillover.
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Suppose n → ∞, then even when the IPR protection is at it’s maximum,

α = 0, and the level of absorptive capacity is at its minimum, z = 0,the

effective cost of production of Southern firms approaches zero, which is the

marginal cost of Northern firms.

4.2.2 Product market competition

Like the previous model, for the n Northern firms which produce in the South,

the continuum of Southern firms producing these varieties are priced out of the

market as long as n is finite. For the m Southern varieties which do not have

their Northern counterparts entering the market, price competition between

the continuum of Southern firms within each of the product varieties results

in pricing at cost. Thus, in equilibrium, the prices are given by:

p∗i =


c(1−αz)

n
if i = 1, 2, ..., n

c
n

if i = n+ 1, ..., v
(4.10)

The above equilibrium prices imply that each Northern firm produces qNi =

q∗N for all i = 1, 2, ..., n. Each Southern firm produces qSi = q∗S for all i =

n + 1, ..., v. q∗N and q∗S are the unique solutions to the following system of v

equations:

c(1− αz)

n
= a− q∗N − b[(n− 1) q∗N +mq∗S], (4.11)

c

n
= a− q∗S − b[nq∗N + (m− 1)q∗S]. (4.12)

Solving (4.11) and (4.12), we obtain the equilibrium output for each firm in

the unique symmetric equilibrium, where each Northern and Southern firms

produces:

q∗N =
(a− c

n
(1− αz))(1− b) + αzcb

n
(v − n)

(1− b)(1 + b(v − 1))
, (4.13)

q∗S =
(a− c

n
)(1− b)− αzcb

(1− b)(1 + b(v − 1))
. (4.14)

27



We summarise the post-entry equilibrium outcomes as follows:

p∗N = c
n
(1− αz), p∗S = c

n

q∗N =
(a− c

n
(1−αz))(1−b)+αzcb

n
(v−n)

(1−b)(1+b(v−1)) , q∗S =
(a− c

n
)(1−b)−αzcb

(1−b)(1+b(v−1))

π∗N = c
n
(1− αz)

[
(a− c

n
(1−αz))(1−b)+αzcb

n
(v−n)

(1−b)(1+b(v−1))

]
, π∗S = c( 1

n
− 1)

[
(a− c

n
)(1−b)−αzcb

(1−b)(1+b(v−1))

]
where p∗l , q

∗
l and π∗l for l = N, S, respectively denote the equilibrium price,

quantity and profit for each Northern and Southern firm in the unique sym-

metric equilibrium.

4.2.3 Entry and IPR protection

We solve the zero profit condition, π∗N −K = 0, for the free entry number of

Northern firms into the South, n̂f . The free entry number of Northern firms

satisfies the following expression:

c(1− αz)

n̂f

[
(a− c

n̂f
(1− αz))(1− b) + αzcb

n̂f
(v − n̂f )

(1− b)(1 + b(v − 1))

]
−K = 0. (4.15)

The relationship between the free entry number of Northern firms, n̂f , and the

degree of IPR protection, α, is presented in Proposition 5.

Proposition 5 The free entry number of Northern firms (n̂f ) can increase

with a weakening of IPR protection if the following holds:

n̂f >
2(1− z)(1− b) + bc (1− 2z) v

a(1− b) + bc(1− z)

Proof: See Appendix.

Similar to the results under the first extension, we find that n̂f can increase

as IPR protection weakens. In particular, this relationship holds when n̂f >

2(1−z)(1−b)−b(1−2z)(v−1)
ac(1−b) . Note that n̂f is the equilibrium value of the number

of Northern firms, which is inversely related to entry cost, K. Thus, the

above condition can be interpreted in terms of entry cost. If the entry cost

is sufficiently low, weakening IPR protection can lower the price and increase
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the number of Northern product varieties at the same time. Like our first

extension in section 4.1, we find that the trade-off between lower prices and

more varieties does not necessarily exist for all countries. For countries which

have low entry costs, it is optimal to choose no IPR protection, α∗ = 1.

The underlying logic of Proposition 5 is similar to that of Proposition 4.

For a given value of n, when IPR protection weakens, the price of each North-

ern variety declines while the price of each Southern variety stays the same.

Consumers buy more of Northern varieties. The increase in each Northern

variety’s demand, both due to lower price and substitution away from South-

ern varieties, can outweigh the decline in profit margin, so much so, that each

Northern firm’s profit can actually increase. This incentivises entry of more

Northern firms into the South. The only difference with Proposition 4 is a

technical one: the absorptive capacity does not need to be less than 1
2

in this

case.
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Chapter 5

Conclusion

Critics argue that the North demanding strong IPR protection in South is not

so much about innovation; rather, it is about rent seeking. They claim that

the Northern market is large enough to provide sufficient incentives for innova-

tion. Suppose that is indeed true and Southern IPR policy has no effect on the

innovation incentives of the North. Can South still benefit from strengthening

IPR protection? We analyse a differentiated oligopoly model with endoge-

nous market structure and show that the South can benefit from stronger IPR

protection by inducing more Northern varieties to enter the Southern market.

Our paper is related to the partial equilibrium literature on IPR and trade.

Most papers in this literature consider homogenous products and analyse the

welfare consequences of IPR protection by assessing its impact on market prices

and innovation. The innovation channel is shut off in our paper but the price

effect is still present in our differentiated oligopoly framework. Stronger IPR

protection results in higher prices which reduces welfare. However, there is

a positive variety effect. Stronger IPR protection in the South increases the

number of Northern firms which enter the South. Southern welfare increases as

Southern consumers are able to consume more product varieties. The optimal

strength of IPR protection in the South balances the trade-off between the

welfare loss from higher prices and the welfare gains from more varieties. We

perform several comparative statics exercises. We find that countries with

higher absorptive capacity would opt for stronger IPR protection. We also
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find that IPR protection weakens as the degree of product substitutability

increases.

In section 4.1, we relax the assumption that Southern firms can only imitate

Northern product varieties and cannot produce on their own (if Northern firms

do not enter). Weakening IPR protection lowers the price of Northern varieties,

which reduces the Northern firms’ profitability. However, as a result of the

price reduction, consumers switch some of their expenditures from Southern

varieties to Northern varieties. This increases the demand for the Northern

varieties. We find that there exists parameter values for which the latter effect

dominates. This leads to a counterintuitive result: the Northern firms’ profits

increase, as the degree of IPR protection weakens. We extend our framework

in section 4.1 and allow for technology spillovers both within the same product

variety and across different product varieties, in section 4.2. We find that the

results from the first extension hold qualitatively here as well.

To focus on the variety effect, we have abstracted from the location choice

decision which has been considered elsewhere in the literature. The traditional

argument is that the Northern firms choose FDI to avoid tariffs. This argument

is less valid now as tariffs are significantly lower now than they were ever

before. Even in a free-trade scenario, firms might choose FDI over exports,

if the labor cost is low enough in the South. In a suitably extended model,

there will be two types of Northern firms: ones undertaking FDI in South

and other ones exporting from North. In terms of policy, weakening IPR not

only affects the number of Northern product varieties but also the location

choice of Northern firms. In addition to increasing the number of Northern

varieties, strengthening the IPR might induce more FDI, which can in turn

lead to higher welfare (through lower prices).

A limitation of our model is the exogenous nature of the absorptive capac-

ity. While some part of this capacity is innate, in reality, absorptive capacity

can also be enhanced through investment in cost-reducing activities. The ca-

pacity to absorb technology spillover depends on the R&D levels that the

Northern and Southern firms undertake. As cost-reduction in our main model
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is such that Southern firms can never overtake Northern firms and the market

competition is pure Bertrand, there is no incentive for Southern firms to in-

vest in absorptive capacity. One option is to introduce within-variety Cournot

competition, so that Southern firms produce strictly positive output. Conse-

quently, there will be some incentive for Southern firms to invest in absorptive

capacity. Another option is to sretain the Bertrand competition and introduce

quality differences between the Southern and the Northern varieties. This will

again lead to positive Southern output, which in turn will create incentives

to invest in absorptive capacity. Examining IPR policy in a model with ab-

sorptive capacity, product variety and location choice, where all of these are

endogenously determined, is left for future research.
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Appendix

Proof of Proposition 1 Differentiating nf , which is given by (3.10), with

respect to α, z, b and K respectively, we get:

dnf

dα
= −zc(a− 2c(1− αz)

bK
< 0

dnf

dz
= −αc(a− 2c(1− αz)

bK
< 0

dnf

db
= − 1

b2K
[c(1− αz)(a− c(1− αz))−K] < 0

dnf

dK
= −c(1− αz)(a− c(1− αz))

bK2
< 0

where the inequalities follows from noting from Assumption 1 (i), a > 2c and

Assumption 1 (iii), K < c(1− z)(a− c(1− z)).

Proof of Proposition 2 Totally differentiating the welfare expression (3.12)

with respect to α, we find:

dW

dα
=
∂W

∂α
+
∂W

∂n

dn

dα

=
cz

2c2(1− αz)2b

[
2c2(1− αz)2 (a− c(1− αz))− aK(1− b)

]
Since cz

2c2(1−αz)2b > 0, the welfare maximising α∗must satisfy the following:

2c2(1− α∗z)2 (a− c(1− α∗z))− aK(1− b) = 0.

Now we show that α∗ is interior.
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(i)
dW

dα
|α=0=

cz

2c2b

(
2c2(a− c)− aK(1− b)

)
> 0

as cz
2c2b

> 0 and by Assumption 1 (iii).

(ii)

dW

dα
|α=1=

cz

2c2(1− αz)2b

(
2c2(1− z)2 (a− c(1− z))− aK(1− b)

)
< 0

because cz
2c2(1−αz)2b > 0 and by Assumption 1 (iii). Together, (i) and (ii) imply

that there exists α∗ ∈ (0, 1) such that dW
dα
|α=α∗= 0.

Finally, we show that α∗ ∈ (0, 1) is unique. We can write the following

expression

2c2(1− αz)2 (a− c(1− αz))− aK(1− b),

as:

Aα3 +Bα2 + Cα +D = 0,

where:

A = 2c3z3

B = 2c2z2(a+ c)

C = −4c2z(a− 3

2
c)

D = 2c2(a− c)− aK(1− b).

By Asummption 1 (i), C < 0 and by Assumption 1 (iii), D > 0. Applying

Descartes rule of signs, we can deduce that the function will have either two

or zero positive roots.

Given α∗ ∈ (0, 1), it suffices to show that there exists one positive root

outside of [0, 1]. The existence of such root follows from noting that dW
dα
|α=1< 0

while lim
α→+∞

dW
dα

> 0.

Proof of Proposition 3 Implicitly differentiating (3.13) with respect to α∗,

z, b and K we get:
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dα∗

dz
= −α

z
< 0

dα∗

dK
= − a(1− b)

4zc2(1− αz)(a− 3
2
c(1− αz))

< 0

dα∗

db
=

aK

4zc2(1− αz)(a− 3
2
c(1− αz))

> 0

Proof of Proposition 4 Differentiating (4.9) with respect to α,weget :

dñf
dα

= −1− b
zbc

(
K (1 + b (v − 1)) (1− 2αz)

c (α− α2z)2
− a− c

α2

)

Since (1−b)
αzbc2(1−αz) > 0 and by Assumption 2 (ii), c(1 − αz)(a − c(1 − αz)) <

k(1 + b(v − 1)),
dñf
dα

> 0 if:

K <
c(a− c) (1− z)2

(1 + b(v − 1)) (1− 2z)
.

Proof of Proposition 5 Implicitly differentiating (4.15) with respect to

α,wehave :

dn̂f

dα
= − zn̂f

(1− αz)

[
(a− 2c

n̂f
(1− αz))(1− b)− ( v

n̂f
− 1)cb (1− 2αz)

]
[
(a− 2c

n̂f
(1− αz))(1− b) + αzcb( 2v

n̂f
− 1)

]
Applying Assumption 2 (i),

dn̂f
dα

> 0 if:

n̂f >
2(1− z)(1− b) + bc (1− 2z) v

a(1− b) + bc(1− z)
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