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Introduction

This book is a collection of papers about the analysis of innovation,

growth, intellectual property protection (IPP) and the relationship

among them, with an emphasis on the relevance to the global

economy. Most of the papers in this volume are theoretical in

nature, although some use data to calibrate the models. Although

some papers in this book were published quite some time ago, the

topic of “innovation, growth and intellectual property rights (IPRs)

protection in the global economy” continues to be an exciting area

of economic research today. I strongly believe that the reader will

find in this collection valuable gems of ideas on which to build new

models to answer new questions.

Most people know quite well what innovation and growth are,

but IPP may require more explanation. There are many types of

IPRs, e.g. patents, copyrights, trademarks and trade secrets. In

some papers in this book, I will focus mostly on patent protection.

However, unless stated otherwise, IPRs in this book include all forms

of intellectual property rights as long as they affect the incentive

to innovate. Even patent protection has many dimensions, such as

patent length, breadth, enforcement, scope, exhaustion, compulsory

licensing requirements and subject matter, among others. In most

of the analysis in this book, when we speak of the strength of IPP,

one can interpret it as a policy package that includes patent length

and breadth, protection of trademarks, copyrights and trade secrets,

and the degree of enforcement, unless otherwise stated. Accordingly,

a strengthening of IPRs means a change in the whole package of

policies in favor of the innovators.

xi
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In some industries, IPP is essential for providing incentives

for innovators to undertake innovation. These are called IPRs-

sensitive industries. The definition of this set of industries is based

on subjective judgement (with justification). Based on my read-

ing of Maskus and Penubarti (1995), Lee and Mansfield (1996),

and Smith (1999) and especially Maskus (2000), a reasonable

list of patent-sensitive industries includes chemicals, electromedical

machines, special industry machines, electric microcircuits, metal-

working machines, measuring and control instruments, and data

processing equipment. Besides, among other things, alcoholic bev-

erages, perfume and cosmetics are considered trademark-sensitive,

and printed matter and sound recordings are considered copyright-

sensitive.

For IPRs-sensitive industries, IPP has a first-order impact on

innovation. Sustained innovation in turn affects long-term growth.

As foreign goods’ IPRs are affected by the IPP of the home country,

one can infer that the strength of IPP of a country affects imports

of IPRs-sensitive goods. Therefore, IPRs is trade-related. For this

reason, the international coordination of IPRs fell under the auspices

of the World Trade Organization when it was established in 1995. The

TRIPS agreement under the WTO provides rules governing IPP of

member countries. As the North (the more developed countries) and

South (the less developed countries) have very different innovative

capacities and sizes of market for IPRs-sensitive goods, they have

very different incentives to protect IPP. The TRIPS agreement is

therefore an attempt to resolve the tension between the North and

the South in this regard. Some of the papers in this book are related

to the above issues.

Innovation is an important driver of growth. Therefore, endoge-

nous rate of innovation leads to endogenous rate of growth. The

endogenous growth literature consists of many papers that explain

this nexus between innovation and growth. Some chapters in this

book adopt this approach and so they are fundamentally innovation-

driven endogenous growth models. Therefore, to the extent that IPP

has a first-order impact on innovation, it is an important driver of

growth as well.
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Besides the macroeconomic, general-equilibrium analysis of IPP,

innovation and growth, there can also be microeconomic, partial-

equilibrium analysis of how IPP impacts the incentive to innovate,

the rate of innovation or welfare. Some papers in this book adopt

this partial-equilibrium approach.

IPRs is also closely related to law. One important legal issue

concerning IPRs is the “exhaustion”of patent rights. One paper in

this book address the issue of “domestic exhaustion” (i.e. whether

patent rights in the country are exhausted upon first sale of the good

in that country) and another addresses the issue of “international

exhaustion” (i.e. whether parallel imports are legal without the

authorization of the patent-owner).

Patent protection is an imperfect instrument in many ways. The

following are just some examples. First, ideally, the optimal degree

of patent protection should vary by industry, as the parameters that

determine the optimal degree of patent protection are different across

industries. But then that would be impossible to achieve in practice

as it is hard to reach a consensus on how to calculate the optimal

degree of patent protection in each industry. Thus, the political

hurdle of providing different IPP across industries is too high. Second,

the existence of “blocking patents” — patents that infringe on each

other — not only makes it hard to demarcate patent rights in the

real world but also makes the analysis of the effects of patents rather

complicated. Third, patent trolls — patents that are not exploited

to produce any goods or processes but just for profiteering when

other firms infringe upon the patents — create deadweight losses

in the patent system. Fourth, there can be problems if patents are

excessively broad. The papers in this book abstract from these issues.

In these papers, I assume that there is only one patent standard that

applies to all industries, and I take the stance that complications

arising from phenomena such as blocking patents and patent trolls

have only second-order effects on the questions at hand. However,

I am not apologetic about this. Almost all the papers in this collection

are conceptual models, and I am mostly only interested in the first-

order impacts of a strengthening or weakening of IPP on the variables

of interest (e.g. rate of innovation) without questioning where the
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strengthening or weakening of IPP comes from. I leave the analysis

of blocking patents, patent trolls and other microeconomic details of

patenting behaviors and patenting phenomena to other people and

to my own future research.

Although many papers in this volume were published many years

ago, I believe they are still relevant today. There are two main

reasons.

First, some of the issues addressed by these papers continue to

be relevant today. For example, one result from the paper “Patent

Length and Rate of Innovation” is that when the government designs

IPP so as to maximize the rate of innovation, it offers too much

IPP from the welfare point of view. This result is quite general and

therefore as relevant today as when it was published back in 1996.

Another example is the paper “Parallel Imports and Price Controls”.

It argues that legalization of parallel imports of pharmaceuticals from

Canada, where there were price controls, would raise the control-price

in Canada and increase the profits of drug companies in the US. This

is a controversial theory, but the issue is as relevant today as when

the paper was published in 2008. It can continue to stimulate further

research. Today, the debate about the effects of legalization of parallel

imports on the incentive to innovate in the innovating country, on

welfare and on the pricing and availability of drugs in the country

with price controls is still going on. Since the publication of our paper,

many theoretical and empirical studies have been carried out. Most

notably, Reisinger et al. (2019) pointed out that when the innovating

country and price-control country have similar preferences, they are

able to replicate our result that the innovating firms have higher

incentive to innovate under parallel imports, as the price-control

country will raise its control-price so as to ensure that the drug

is available. However, when the two countries have very dissimilar

preferences, they found that the innovating firm will have lower

incentive to innovate. On the empirical front, Dubois and Sæthre

(2020) found that parallel imports would lower the profits of the

innovating firm. Nonetheless, one effect captured by our model is

confirmed empirically by their work — that retailers in the price-

control country have the incentive to foreclose consumers’ access
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to some drugs under parallel imports. Presumably, this may exert

pressure on the government to raise the controlled price in the long

run. The above are just two examples. Other papers in this book

contain principles that are rather general and therefore continue to

be relevant today.

Second, although the economic reality of the world has changed,

and we require new theories to guide the analysis of new issues,

the best way to construct new theories is to build on the existing

ones. The papers in this book provide such a basis to build new

models. What are the new issues? The most prominent new political-

economic reality of the world is the rapid rise of China as an economic

power in the last four and a half decades, the trade war between

China and the US, and the abandoning of the WTO-led rules-

based world trading system by the US under Donald Trump. These

developments are closely related to the topics of the papers in this

book. First, in the last four and a half decades, China underwent

extremely fast economic growth unprecedent in human history at

the same time as it opened up to trade with the rest of the world

at an enormous scale and underwent breathtaking technological

progress at a pace unseen in history. This technological progress

was accompanied by the establishment of a patent system which

quickly evolved and improved over time to become one that is as

sophisticated as those of the advanced industrialized countries. One

can even say that the legal rights provided to patent-owners in China

today are almost as strong as they are in the West. The fast rate

of technological progress of China is also accompanied by the fast

growth of the number of patents granted. The growth rate is so

fast that China has now become the country that grants the largest

number of patents per year, surpassing the US and Japan. Second,

during the same period, China increased its share of investment

in R&D in GDP substantially and engaged in many initiatives to

subsidize innovation and promote the creation of patents. Third,

since April 2, 2025, the global trading system has been badly

damaged by the Trump administration of the US. At the same time,

the Trump administration escalated the tariff war with China by

imposing (or threatening to impose) exorbitant tariff on all Chinese



xvi Innovation, Growth and IP Rights in the Global Economy

exports to the US. At the core of the global trading system is the

World Trade Organization, which is responsible for international

coordination of tariffs, trade and intellectual property protection.

The question is as follows: Is it still meaningful to talk about

international coordination of trade and IPP policies when the largest

player is not interested in it anymore?

These new circumstances inspire new questions:

How does the establishment of a well-designed patent system

help achieve the optimal amount of innovation in a developing

country such as China? Specifically, how does the introduction of

patent protection affect the rate of innovation and welfare in a large

developing country like China? How does subsidies on innovation and

promotion of patent creation affect the rate and quality of innovation

as well as welfare of a developing country such as China?

In the absence of international coordination of IPP (such as

TRIPS), when the largest and most innovative country in the world

erects high trade barriers against the rest of the world, how does it

affect the rate of innovation in the largest country itself and that

in the rest of the world? How is the answer different when there is

TRIPS and it is fully enforced?

When the largest and most innovative country in the world

disregards WTO rules and erects high trade barriers against the rest

of the world so as to maximize its own welfare, but the rest of the

world continues to honor WTO rules (including TRIPS agreement),

how does it affect the global trading and IPP equilibrium?

This book consists of four parts. They are as follows: I. Interna-

tional Policy Coordination in IPP. II. North–South trade, FDI and

IPP. III. Endogenous growth models and IPP. IV. Microeconomics

of IPP and innovation. In each part, I will provide a preview by first

describing the common theme of the papers there and the major

research questions posed by the papers, and finally a summary of

each paper in the part.

Part 1. International Policy Coordination in IPP

Innovation is an important driver of growth, and many innovations

are sensitive to the degree of intellectual property rights protection
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(hereinafter IPP). In a world where countries trade with each other,

domestic IPP policies have international implications, affecting the

rate of innovation, growth and trade flows of domestic and foreign

countries alike. The chapters in this part are related to these issues.

The major questions that these papers attempt to answer are as

follows: How is a country’s incentive to protect IPRs different when

it engages in international trade than when it does not? How is the

incentive for a less developed country different from that of a more

developed country? Should there be international coordination in

IPP when countries trade patent-sensitive goods with each other? If

so, what is the optimal degree of international IPP? How well does

the theory explain the real world?

This part consists of four papers corresponding to Chapters 1,

2, 3 and 4, respectively. Chapter 1 (Lai, 2008) is a non-technical

presentation of the results and intuition behind the main messages

to be delivered in Chapters 2, 3 and 4. The chapter presents data

to show that there was a wide IP protection gap between the North

(the set of more developed countries) and the South (the set of less

developed countries) and proposes a theory to explain why. It goes

on to explain why countries have different incentives in protecting

intellectual property under an open economy as opposed to a closed

economy. The existence of cross-border externalities arising from

domestic IP protection means that countries tend to provide too

little IP protection than is globally desirable. This is the theoretical

basis for the need for international coordination of IP protection.

Finally, the article cautions against excessive IP protection.

Chapter 2 is the paper “International Protection of Intellectual

Property”(Grossman and Lai, 2004). In that paper, we study the

incentives that governments have to protect intellectual property in

a trading world economy. We consider a world economy with ongoing

innovation in two countries that differ in market size and in their

capacities for innovation. National patent policies are determined

in a non-cooperative game of patent protection between countries.

We assume that there is national treatment, in the sense that the

home country has to offer foreign firms the same treatment as

domestic firms. National treatment implies that when the home
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country lengthens IPRs protection, it increases the profits of foreign

innovators and the welfare of foreign consumers without creating

any deadweight loss in the foreign country. Thus, under national

treatment, there is a positive cross-border externality as a country

increases its IPRs. Consequently, each country offers too little IPP

in equilibrium. An international patent agreement would be globally

welfare-improving if it increases the global level of IPP relative to

the equilibrium level. We also find that intellectual property is better

protected in the North than in the South if the former has a larger

market and greater innovative capability. Concerning international

patent agreements, we conclude that harmonization of patent policies

is neither necessary nor sufficient for global efficiency. The paper was

one of the first to consider a Nash game of the simultaneous choice

of IPRs protection between two trading partners and use the model

to analyze what international regime of IPRs protection would be

globally efficient.

Chapter 3 is the paper “Theory of International Policy Coordina-

tion in Protection of Ideas”(Lai, 2008). In that chapter, I put forward

a framework to analyze the underlying sources of national policy

failures regarding intellectual property rights (IPRs) protection,

the need for international coordination and how the coordination

should be done. I also analyze whether global harmonization of IPRs

standards is necessary or sufficient for achieving the maximization of

global welfare. Then, I move on to analyze the Agreement on Trade-

Related Aspects of Intellectual Property Rights (TRIPS), which

was a monumental effort to establish rules governing IPRs policies

across member countries of the World Trade Organization (WTO).

I discuss what TRIPS was supposed to do and what it has actually

achieved, with reference to my theoretical framework. I explain that

it is desirable for IPRs to be included in world trade talks and be

negotiated along with other trade issues. I offer analyses on the

extensions of the basic model by introducing political economy and

trade barriers, as well as allowing countries to discriminate against

foreign firms. Finally, I comment on further potential extensions such

as the introduction of foreign direct investment (FDI) or technology

licensing, parallel imports, cumulative innovations, subject matter
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of patent protection and costs of implementation of IPP. The main

thrust of the basic model is that, provided that there is free trade and

non-discrimination of foreign firms, there exist positive cross-border

externalities as a country strengthens its IPRs protection since it

raises the profits of foreign firms and the welfare of foreign consumers

without causing any deadweight loss on foreign soil. This implies

that national governments tend to provide too little IPRs protection

compared with the global optimum. The model also implies that a

country with higher innovative capability and larger domestic market

would provide stronger IPRs. Thus, it is not surprising that the South

to protect IPRs less than the North in the absence of international

coordination. These basic results largely continue to hold under

various extensions.

This paper is a chapter of a volume edited by Maskus (2008). To

facilitate the reader, it may be useful to quote Maskus’s introduction

to this paper:

“Edwin Lai’s chapter analyzes comprehensively the normative

issues involved in reaching international agreements on intellectual

property rights. As is well known, economic theory justifies multilat-

erally negotiated agreements to cut straightforward trade barriers,

such as tariffs, because individual countries would choose not to

reduce them to levels that would jointly maximize global welfare.

Acting rationally but alone, the government of one country would not

take into account the costs its high tariffs impose on other nations.

This equilibrium requires coordinated policy intervention, in the form

of the WTO or regional trade agreements, to achieve substantially

freer trade.

“Lai probes deeply into this policy coordination problem for

patents, organizing his discussion around the theoretical framework

he developed in a fundamental contribution with Gene Grossman

(Grossman and Lai, 2004). Again, in setting individual patent

policies (here the duration of patents), countries will take into

account their own market sizes and innovation capacities, but will

not consider the impacts on consumers and innovators abroad. An

increase in one nation’s patent length raises both domestic and
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foreign innovation incentives and affects the balance of consumer

impacts in both locations between monopoly pricing and new goods.

Governments fail to account for their policy spillovers across borders

and, while larger and more technologically capable economies would

have longer patent lengths in the uncoordinated equilibrium, all

countries adopt policies that are weaker than globally optimal. In

short, there is an argument for a global agreement to strengthen

patents, which arguably the TRIPS Agreement has achieved.

“This issue is considerably more complex than suggested by this

description and Lai offers far broader perspective. For example, that

stronger patents in both developed, (the “North”) and developing

(the “South”) countries may be required for a global optimum does

not imply that they should be harmonized with identical standards.

Perhaps more importantly, if both North and South raise their patent

strength the net global welfare gains may not be distributed between

them in a way that both regions gain. Rather, it is possible, even

likely, that the South will be made worse off because the monopoly

pricing its consumers face is not offset by much increase in domestic

innovation if its firms have a significant disadvantage in that regard.

Accordingly, it may be necessary for North to compensate South with

some other form of welfare gain, perhaps through greater market

access in the broader WTO accord. Lai offers an interesting analysis

of whether TRIPS and the WTO have established such an outcome.

“The author analyzes a number of extensions of the basic issue,

including whether an international IPRs agreement is likely to be

optimal if individual countries significantly favor business interests

in their policy weights, the implications of abandoning the national-

treatment principle in a patent agreement. He also offers insights

from the model about how to model specific patent-related issues,

such as parallel imports and the choice of protected subject matters.

The chapter raises a host of interesting analytical questions to

which further theoretical and empirical research could be fruitfully

applied.”

Chapter 4 is the paper “Would Global Patent Protection be too

weak without International Coordination?” (Lai and Yan, 2013). In

some sense, it is a sequel to Grossman and Lai (2004). In fact, it
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is a substantial extension of Grossman and Lai by incorporating

more features in the model so that it can be tested with the

data. In the standard model of Grossman and Lai (2004), cross-

border positive policy externalities result in countries choosing a

combination of patent strengths that is weaker than optimal from

a global perspective. This paper introduces three new features

to the analysis: trade and FDI barriers, firm heterogeneity and

political economy considerations in setting patent policies. Based

on calibration, we find that there would be global under-protection

of patent rights when there is no international policy coordination.

The empirical fact that firm revenues follow a fat-tailed distribution

implies that the barriers to exploit inventions internationally are

quite low despite the fact that only a small fraction of firms sell

overseas and an even smaller fraction of firms carry out FDI as

a result of trade barriers. Despite the existence of trade barriers,

the free-rider problem becomes very serious when there is a large

number of country-players in the patent-setting game. Furthermore,

requiring all countries to harmonize their patent standards with the

equilibrium standard of the most innovative country (the US) does

not lead to global over-protection of patent rights. One implication of

this conclusion is that the most innovative country should subsidize

other countries to induce them to increase their IPRs protection. This

subsidy can take the form of, say, allowing other countries greater

market access to the most innovative country.

Part 2. North–South Trade, FDI and IPP

This part focuses on North–South relationship. In this part,

I focus on the interaction between the less developed region (South)

and the more developed region (North) of the world, who trade

with each other. This is a relevant angle for examining the TRIPS

agreement of the WTO signed in 1995, as the main thrust of the

TRIPS agreement is to require the South to substantially raise its

IPP standard to narrow the gap between the North and the South in

this regard. Suppose North is the sole or main source of innovation

while the South consists solely or mainly of imitators. The major

research questions posed by the papers in this part are as follows:

How does TRIPS affect the long-term growth rate of the world? How



xxii Innovation, Growth and IP Rights in the Global Economy

does IPP in the South affect the rate of FDI from the North to the

South and the rate of innovation by the North? How does the impact

of Southern IPP on Northern rate of innovation depend on whether

production is transferred via imitation by the South (without FDI) or

FDI by the North? Does the South have any incentive to voluntarily

increase its degree of IPP so as to harmonize with that of the North?

If not, does there exist a possibility for a quid pro quo, in which the

North opens its market to the South in exchange for stronger IPP to

be adopted by the South? Do tariffs on patent-sensitive goods play a

similar role as IPP? If so, how are the effects of tariffs in the imitator

country different from those of tariffs in the innovator country?

This part consists of three papers corresponding to Chapters 5, 6

and 7, respectively. Chapter 5 is the paper “International Intellectual

Property Rights Protection and Rate of Product Innovation”(Lai,

1998a). The world consists of the North and the South. The North

innovates and the South only imitates. There is perfect IPP in the

North but imperfect IPP in the South. Using a dynamic general

equilibrium model of the international product cycle, we found that

the effects of strengthening intellectual property rights protection

(IPP) in South depend crucially on the channel of production transfer

from North to South. Stronger IPP in South increases the rate

of product innovation, production transfer and Southern relative

wage if foreign direct investment (prior to imitation by the South)

is the channel of production transfer but has opposite effects if

production is transferred through imitation by the South without

foreign direct investment by the North. The main point of the paper

is that the effects of strengthening IPP in the South depends crucially

on how production is transferred in the product cycle. Before

this paper, the literature assumed that imitation without foreign

direct investment was the dominant form of production transfer

from North to South. This paper therefore filled a gap in thinking

about the relationship among Southern IPP, international production

transfer and Northern rate of innovation in the product cycle in the

long run.

This paper also shows that IPP in South is trade-related, which

provides a rationale for the WTO to include the TRIPS agreement
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under its auspices. One possible extension is to introduce tariffs in

each country. In April 2025, Donald Trump announced that he was

going to impose substantial tariffs on imports from many developing

countries, e.g. 46% on Vietnam and 49% on Cambodia. A particularly

relevant thought experiment in the context of our model is to extend

the model to see how an increase in North’s tariff on Southern

imports affects the rate of production transfer from the North to

the South and the relative wage of the South.

Chapter 6 is the paper “The North’s intellectual property rights

standard for the South?”(Lai and Qiu, 2003). In this paper, we build

a North–South trade model to analyze international IPRs protection.

There is free trade between the two regions of the world. Without any

international agreement, the Nash equilibrium of the IPRs-setting

game is that each country chooses its optimal degree of IPP given

that chosen by the other country. By comparing the Nash equilibrium

IPRs protection standard of the South (the developing countries)

with that of the North (the developed countries), we find that the

former is naturally weaker than the latter as it is reasonable to

assume that the South has a lower innovative capability and a smaller

market for innovation-intensive goods. Moreover, we show that both

regions can gain from an agreement that requires the South to

increase its IPRs standards to narrow the gap with those of the North

(which benefits the innovation-intensive sectors of the North) and the

North to lower its trade barriers against imports of traditional goods

from the South (which benefits the traditional-goods sector of the

South). This demonstrates the merits of multi-sectoral negotiations.

Under the second Trump administration, many developing countries

are threatened with substantially higher tariffs when exporting to the

US unless they have something to offer to the US. An implication

of our analysis in this context is that this Trump policy will harm

the developing countries, which either face reduced access to the

American market or have to agree to increased protection of IPRs

over and above the level required by the TRIPS (e.g. paying more

for innovation-intensive goods developed by the US). Either one of

these outcomes would be detrimental to developing countries.
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Chapter 7 is the paper “Protection of Trade for Innovation: The

Roles of Northern and Southern Tariffs”(Qiu and Lai, 2004). This is

a partial-equilibrium trade model with two countries in the world.

The North stands for the innovator country and the South stands

for the imitator country. We consider an industry where there is on-

going innovation. Tariffs and IPP in the industry are the variables of

interest. In each country, under imperfect competition, given the IPP

of the innovator country and the imitator country, a small increase in

tariff from zero increases producer profits and government revenue

but reduces consumer surplus. But there is one additional benefit

to the innovator country (and maybe to the world as well) when

it imposes a sufficiently small import tariffs in the industry — it

increases the rate of innovation and therefore increases welfare. It

can even increase global welfare if the IPP in both the innovator

and imitator countries are weak. So, the tariff in the innovator

country is an imperfect substitute for IPP in either country. Tariff in

the imitator country, however, will always be detrimental to global

welfare.

We show that unlike a tariff in the imitator country, a tariff

in the innovator country supplements IPRs protection and is not

necessarily a beggar-thy-neighbor policy. The globally optimal tariff

in the innovator country increases as IPRs protection in the innovator

country or the imitator country decreases. Global welfare may rise as

the innovator-country tariff increases but necessarily declines as the

imitator-country tariff increases. This suggests that pushing for freer

trade in the imitator-country is more urgent than in the innovator-

country in innovation-intensive sectors where IPRs protections are

weak in both regions. We should reiterate that in this paper we are

not trying to argue for increasing trade protection. Rather, the mes-

sage we would like to convey is that trade protection by the imitator

country is more detrimental to world welfare than by the innovator

country in innovation-intensive sectors where IPRs protection in

both countries are weak. Therefore, it may be worthwhile for the

innovator country to subsidize the tariff reduction of the imitator

country.
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Part 3. Endogenous Growth Models and IPP

This part focuses on the role of R&D investment in driving the

long-term growth rate and the impacts of IPP policies, in a closed

economy. By and large, there are two types of R&D-driven endoge-

nous growth models: the expanding-variety type and the quality-

improvement type. The first paper in this part is an expanding-

variety-type model. In this type of endogenous growth model, it is

typical that in equilibrium there is a constant R&D to output ratio

and a constant endogenous steady-state growth rate. As in most

dynamic models, the policy shock will typically lead to transitional

dynamics that need to be taken into account in fully understanding

its impact. The second paper in this part is a hybrid of expanding-

variety-type and quality-ladder-type models, in the sense that a new

product gradually becomes obsolete and eventually driven out of the

market. The main questions that these papers ask are as follows: How

does IPP impact the long term growth rate? How to overcome the

challenge of analyzing the transitional dynamics? Does there exist

an optimal degree of IPP when the transitional dynamics are taken

into account? Under what condition does the decentralized market

allocate too little (or too much) resources to R&D? What are the

positive and negative externalities when a firm carries out R&D?

How do the results of our analysis change when we allow products

to be driven out of the market as they become obsolete gradually?

The two papers in this part correspond to Chapters 8 and 9,

respectively. Chapter 8 is the paper “Intellectual Property Rights

Protection and Endogenous Economic Growth” (Kwan and Lai,

2003). The main purpose of the paper is to examine the impact

of IPRs protection on economic growth and welfare. To achieve

this aim, we make use of an expanding-variety-type R&D-based

endogenous growth model based on the “laboratory equipment”

model of Rivera-Batiz and Romer (1991). One central feature of the

model of Rivera-Batiz and Romer (1991) is that knowledge spillovers

from past innovations lower the cost of future innovations. This leads

to a constant rate of innovation and growth in steady state. Thus,
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IPP, which governs knowledge spillovers, plays a pivotal role in long-

term growth and welfare. We analyze the transitional dynamics of

a shock in IPRs protection and account fully for the loss in current

consumption and gain in consumption growth due to a tightening

of IPRs protection. We find that there exists an optimal degree of

IPRs protection in our model. We then calibrate our model by US

data and found that under-protection of IPRs is much more likely

than over-protection. Moreover, in the case of over-protection, the

welfare losses are trivial; whereas in the case of under-protection,

the welfare losses can be substantial. This paper was one of the first

to implement the “laboratory equipment” model using data and the

first to conclude, based on calibration, that the under-protection of

IPP was one important reason for the under-investment of R&D in

the US.

Chapter 9 is the paper “Schumpeterian Growth with Gradual

Product Obsolescence” (Lai, 1998b). The motivation of the paper is

to build a Schumpeterian model of creative destruction that captures

innovation as both the birth of a new product and a destructive force

in rendering the gradual obsolescence of the existing products. The

model in this paper captures several important aspects of the real

world: (i) gradual obsolescence of goods in the form of gradually

declining net profit derived from each product until it is phased out,

(ii) expanding variety of goods over time and (iii) both dynamic and

static internal increasing returns to scale of production. To eliminate

the scale effect, Jones’s (1995) specification that gives rise to a “semi-

endogenous” rate of innovation is adopted. In that specification,

R&D confers both positive externalities via intertemporal knowledge

spillovers and negative externalities via research duplication. To

be consistent with a constant rate of innovation in steady state,

the ratio of R&D to GDP has to be increasing over time in

steady state. The most interesting finding of the paper is that,

when the research duplication effect is small (large) relative to the

intertemporal knowledge spillover effect in R&D, the decentralized

market delivers insufficient (excessive) obsolescence and allocates too

little (much) labor to R&D, while a small subsidy (tax) to innovation

is welfare-improving. All these results hold because the positive
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knowledge spillover externalities overwhelm (is overwhelmed by) the

negative research duplication externalities. The model can possibly

be calibrated with data to find out empirically whether too little

resources have been allocated to R&D and therefore whether R&D

subsidies are warranted.

Part 4. Microeconomics of IPP and Innovation

While endogenous growth models are typically general-equilibrium

macroeconomic models, microeconomic analysis can provide the

micro-foundation that provide the justification for macroeconomic

models. Sometimes, a partial-equilibrium microeconomic analysis

provides important insights, which can later be incorporated into a

general-equilibrium macroeconomic model. In fact, there is a rich lit-

erature in industrial organization that focusses on the microeconomic

analysis of IPRs and innovation. The questions that we ask in the first

two papers are as follows: How do profit-maximizing firms and utility-

maximizing consumers interact to determine the effects of IPP on the

rate of innovation and consumer welfare? Does there exist a degree of

IPP that maximizes the rate of innovation? Does there exist a degree

of IPP that maximizes welfare? If both answers are yes, is the IPP

that maximizes the rate of innovation stronger or weaker than one

that maximizes welfare? In a world with an innovating North and a

non-innovating South, does international exhaustion of patent rights

(i.e. legalizing parallel imports) in the North necessarily lowers the

rate of innovation there? Does it necessarily benefit the South? There

is also a literature in law and economics on IPP. The third paper

in this part belongs to this category. The questions that this paper

attempts to answer are as follows: In a patent regime in which patent

rights are exhausted upon first sale of the patented good regardless

or any contractual restrictions imposed by the patent-owner, how

does the patent regime affect consumer surplus, producer surplus

and social welfare? How is the social welfare compared with a regime

in which the patent-owner is allowed to opt out of patent exhaustion

upon first sale and impose contractual restriction on future re-sale? In

the second regime above, how does the existence of transactions costs

of contractual enforcement (e.g. via licensing) affect the result? The
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answers to these questions indicate that there are more dimensions

to patent protection than the length and breadth the a patent.

Therefore, macroeconomic modeling of patent protection needs to

take into account such subtlety in order to build a realistic model of

the world.

The three papers in this part correspond to Chapters 10, 11

and 12. Chapter 10 is the paper “Patent Length and the Rate of

Innovation” (Horowitz and Lai, 1996). This paper models the effect of

patent length on the rate of innovation and consumer welfare. We find

that the patent length that maximizes the rate of innovation exceeds

that which maximizes consumer welfare. We show a countervailing

effect of patent length upon the “size” and “frequency” of innovation.

Longer patents increase the size but decrease the frequency of

innovation. The patent lengths that maximize the rate of innovation

and welfare represent balance points between size and frequency. The

intuition for the patent length that maximizes the rate of innovation

to be larger than that which maximizes consumer welfare hinges

on the fact that the patent length affect consumer welfare through

a direct channel and an indirect channel. In the direct channel,

an increase in patent length lowers the frequency of innovation,

lowering consumer welfare. In the indirect channel, an increase in

patent length affects the rate of innovation, which in turn impacts on

consumer welfare positively if the rate increases (but negatively if the

rate decreases). Calculus tells us that at the patent length where the

rate of innovation is maximized, the indirect effect is zero. But at that

patent length, the direct effect is negative. At the patent length where

rate of innovation is maximized, consumer welfare has already fallen

from its peak value. Therefore, the rate of innovation-maximizing

patent length is longer than the consumer-welfare-maximizing one. In

other words, a policy that targets maximizing the rate of innovation

will choose too high a patent length for those who want to maximize

consumer welfare.

Chapter 11 is the paper “Parallel Imports and Price Controls”

(Grossman and Lai, 2008). Price controls create opportunities for

international arbitrage. Many have argued that such arbitrage, if

tolerated, will undermine intellectual property rights and dull the

incentives for investment in research-intensive industries such as
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pharmaceuticals. We challenge this orthodox view and show, to

the contrary, that the pace of innovation often is faster in a world

with international exhaustion of intellectual property rights than in

one with national exhaustion. This sounds like a counter-intuitive

result. The key to our conclusion is to recognize that governments

will make different choices of price controls when parallel imports

are allowed by their trade partners than they will when they

are not. There are two reasons. First, the legalization of parallel

trade opens up the possibility that a manufacturer will refuse to

serve the foreign market where the control price is too low, in

order to mitigate or avoid reimportation. Second, the legalization

of parallel trade forces the foreign government to raise its controlled

price so as to provide enough profits (and therefore incentives) for

the home-country firms to carry out R&D. It cannot free-ride on

the IPRs granted by the home-country anymore. For both these

reasons, the foreign government has to raise its controlled price

sufficiently. Our analysis shows that the result is that international

exhaustion of patent rights leads to higher profits for home-country

manufacturers and higher consumer surplus in the home country.

There are two hypotheses that are potentially testable empirically.

First, legalization of parallel imports does not reduce the incentives

to innovate. Second, legalization of parallel imports induces the non-

innovating countries to raise their controlled price. It seems that the

evidence for the first has been weak so far but there are some evidence

in support of the second.

Chapter 12 is the paper “An Economic Model of Patent Exhaus-

tion” (Ivus et al., 2020). It is about the law and economics of

IPRs. The doctrine of patent exhaustion implies that the autho-

rized sale of patented goods “exhausts” the patent rights in the

goods sold and precludes additional license fees from downstream

buyers. Courts have considered absolute exhaustion (AE), in which

the patent owner forfeits all rights upon an authorized sale, and

presumptive exhaustion (PE), in which the patent owner may opt-

out of exhaustion (and thereby reserve the patent rights so that it

can prevent future re-sale of the patented good) via contract. In

May 2017, the Supreme Court ruled that a patent owner’s decision

to sell a product exhausts all of its patent rights in that item,
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regardless of any contractual restrictions the patent owner imposes

upon the sale of the patented good to a customer. In other words, the

Supreme Court affirmed AE and disallowed PE. This paper analyzes

the welfare implications of a switch from PE to AE. This paper

offers the first economic model of domestic patent exhaustion that

incorporates transaction costs in licensing downstream buyers and

considers how the shift from absolute to presumptive exhaustion

affects social welfare. We show that when transaction costs are

high, the patent owner has no incentive to individually license

downstream users, and absolute and presumptive exhaustion regimes

are equivalent. But when transaction costs are at the intermediate

level, the patent owner engages in mixed licensing, individually

licensing high-valuation buyers and uniformly licensing low-valuation

buyers. In this case, absolute exhaustion is socially optimal. Finally,

presumptive exhaustion is socially optimal when social benefits from

buyer-specific pricing outweigh social costs from transaction cost

frictions in individualized licensing, which requires sufficiently low

transaction costs.
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Chapter 1

Intellectual Property Protection
in a Globalizing Era∗

Innovation is key to global growth and rising living standards. Most

technologies originate in the more-developed countries (nominally,

the North), making the pace of diffusion to the rest of the world a

critical factor in the well-being of less-developed nations (the South).

Technologies will diffuse quickly only if the South’s consumers

can afford them. Yet, as our world becomes more globalized,

technology- and knowledge-intensive products are increasingly sub-

ject to patent rights and other intellectual property (IP) laws that

maintain high prices.

Even staunch free-market advocates accept protecting intellec-

tual property as necessary to stimulate innovation. Some analysts,

however, worry that overly strong IP laws could restrict the South’s

access to technology, adversely affecting living standards.

These concerns contribute to the inherent tensions of protecting

IP in a globalizing era. The North, being the technology-originating

countries, wants the South to strengthen its IP rights, but the

South resists, citing unfairness. International agreements that seek

to strengthen the South’s IP protection aren’t likely to succeed

without attendant commitments to ensure developing nations’ access

to affordable knowledge goods.

∗By Edwin Lai. Originally published in Economic Letter, 3(3) (March 2008),
Federal Reserve Bank of Dallas. Copyright c© 2008 by the Federal Reserve Bank
of Dallas. It has been reprinted with permission from the original publisher.
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1 IP Protection Gaps

In 2007, Thailand decided some pharmaceuticals were unfairly

expensive and threatened to impose compulsory licensing on drugs

developed and sold by Western companies. In response, US and Euro-

pean producers dramatically lowered prices. This episode underscores

the friction between North and South in an era of globalizing IP

protection.

Two factors contribute to the North–South divide on IP pro-

tection. First, the North specializes in innovation- or knowledge-

intensive industries, such as pharmaceuticals, computers, precision

machine tools and business software. The South relies more on

producing traditional goods, such as textiles and toys.

Second, markets for the North’s innovation-intensive goods have

become increasingly globalized through trade liberalization, declining

transport costs and new communications technologies.

Why have these two forces made IP protection more important?

The answer lies in the relationship between IP protection and

innovation. Basically, each innovation is an idea. Ideas have value,

but they can often be copied at little cost.

Think of pharmaceutical formulas. Typically, developing new

drugs involves huge investments of time and money, involving lengthy

laboratory trials as well as testing on animals or humans.1 Once a

drug becomes available, however, imitators can analyze its chemical

composition and produce it. Chemicals, data-processing equipment

and software are other examples of IP-sensitive industries in which

ideas can be copied quickly without significant cost.

If we rely on the market for innovation, IP protection is essential

for incentives to introduce new products and technologies, a process

that usually involves investing capital and labor in hopes of future

profits. IP laws basically give temporary monopoly power to inven-

tors, so they can at least retrieve the cost of their R&D investment.

1A Tufts University report stated that the average cost to develop and bring a
new drug to the market was US$ 802 million in 2001 (Tufts Center for the Study
of Drug Development, 2007).
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These temporary monopolies — US patents last 20 years from

date of filing — are important to sectors that contribute a lot to

the US economy. In 2003, consumption of IP-sensitive goods was

about 17% of GDP, and these industries’ total output constituted

40% of goods and services exports. IP-sensitive sectors employed

about 18 million US workers (Siwek, 2005).

Not all innovations require patent or copyright protection. Some

products, such as Coca-Cola, aren’t easy to reverse-engineer, and

maintaining trade secrets may be sufficient when imitation lags are

long relative to patent length. Patents require disclosure of technical

details, so some firms are reluctant to obtain them for inventions that

take a long time to copy.

Other innovations, such as new management methods, may not

require formal IP protection. The first-mover advantage can keep

innovators ahead of potential competitors, and imitation lags may be

long enough for innovators to recapture investment costs. Moreover,

well-established brand names or reputations can sustain the ability

to earn economic rents for a long time.

While trade secrets and first-mover advantages have their place,

innovation-intensive industries rely more heavily on legal forms of IP

protection. Since the North specializes in these industries, it places

greater importance on IP laws and grants stronger protection than

the South does.

Timely, comprehensive data on IP protection and innovation are

scarce, but several measures confirm the gap between developed and

developing nations:

• The Ginarte–Park index of patent rights for a representative

sample of countries in 2000 shows the strongest laws can be found

in the US and other developed nations (Figure 1).2 Among the top

15 in patent protection, only South Korea and Spain had per capita

2The Ginarte–Park index criteria include (i) coverage of the patent laws in the
country, (ii) membership in international agreements, (iii) the risks of having
patent rights forfeited in the country, (iv) enforcement as stipulated by the law,
and (v) duration of protection. See Ginarte and Park (1997) and Park and Wagh
(2002).
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Figure 1. Patent rights vary among countries.

Source: Park and Wagh (2002).

incomes below US$ 22,100 a year in 2000. The group’s average was

US$ 24,100. The weakest protection was found among developing

nations. Except for Portugal, the bottom 15 in strength of patent

protection all had per capita incomes below US$ 10,500 a year.

The group’s average was US$ 6,674.
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Figure 2. Nations differ on business software piracy rates.

Note: Data unavailable for Algeria, Australia, Austria, Bangladesh, Belgium,
Denmark, Finland, France, Germany, Ireland, Netherlands, Norway, Portugal,
UK, Uruguay and US.
Source: International Intellectual Property Alliance, iipa.com.

• The International Intellectual Property Alliance estimated piracy

rates by looking at the difference between legally purchased and

installed business software in 2005. Piracy rates are three times

higher in some developing nations than they are in the most

protective developed countries (Figure 2).

• Comparing these two measures shows that countries with strong

patent rights tend to have high copyright compliance (defined as

1 minus the piracy rate). In addition to being closely correlated,

the measures are weaker in less-developed countries (Figure 3).

http://www.lipa.com


8 Innovation, Growth and IP Rights in the Global Economy

Figure 3. Intellectual property protection’s North-South divide.

Notes: High-income countries are classified according to the World Bank’s
definition. Copyright data unavailable for Algeria, Australia, Austria, Bangladesh,
Belgium, Denmark, Finland, France, Germany, Ireland, Netherlands, Norway,
Portugal, UK, Uruguay and US.
Sources: Copyright compliance rate: International Intellectual Property Alliance,
iipa.com. Patent rights: Park and Wagh (2002).

The variation of IP protection across countries emerges from

fundamental economic differences. Firms in the North, which benefit

from stronger IP laws, contend they lose profits in the South,

where IP protection is weaker. Not surprisingly, the North advocates

international harmonization of IP standards — that is, developing

nations adopting developed countries’ standards.

The South, however, is reluctant to harmonize, arguing that

its stage of economic development doesn’t justify highly protective

IP standards. Moreover, developing nations contend that developed

countries excessively protect IP to appease powerful IP lobbies at

home.

2 Closed vs. Open Economies

Patent protection involves both benefits and costs. In examining the

calculus that determines optimal patent length, we consider changes

http://www.lipa.com
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in societies’ overall welfare that result from strengthening protections

for innovators.

In an economy closed to international trade, increasing patent

length allows more inventors to profit from investing in new ideas,

speeding up innovation rates that benefit consumers with new, better

or cheaper goods and services. Patent holders also benefit from higher

profits. These positives constitute the marginal benefit of extending

patent protection.

The downside is that consumers pay higher prices for longer

periods — the marginal cost of extending patent protection.

When patent lengths are short, adding even a year of protection

leads to relatively large increases in innovation rates. Inadequate

patent protection had greatly discouraged innovation; therefore,

even strengthening IP protection slightly can bring many low-cost

inventions to market. The added benefits are large, eclipsing the

burdens imposed by higher prices. So overall welfare rises.

Further increases in patent length will produce net benefits

until incremental gains from faster innovation and profits (that is,

the marginal benefit of extending patents) just balance incremental

consumer burdens (that is, marginal cost of extending patents). This

is the optimal patent length. Any further lengthening reduces overall

welfare because the technology gains and added profits no longer

outweigh the consumer burdens.

In closed economies, all the marginal costs and benefits of extend-

ing patent length accrue to domestic consumers and companies.

When patent policies are purely domestic, North–South tensions

don’t arise.

Let’s see how it changes when globalization introduces new

actors — foreign consumers and foreign innovators.3 In open

3We assume there are no trade barriers and that domestic and foreign firms are
given the same IP protection in each country. But we assume that countries
are not required to harmonize their IP with other countries. We further assume
governments in a globalized world are committed to protecting foreign inventions
as much as domestic ones. We call this the national treatment principle, which was
respected by most countries even before the Trade-Related Aspects of Intellectual
Property Rights (TRIPS) agreement of 1994.
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economies that grant foreign and domestic firms the same patent

rights, global innovators earn only a fraction of their profits in the

home market. The rest come from foreign sales.

So lengthening patents in an open economy doesn’t raise incen-

tives to innovate as much as it does in a closed economy. What’s

more, increases in foreign firms’ profits aren’t counted in domestic

welfare. Therefore, the marginal benefits of extending patent length

are reduced in an open economy.

Economic logic leads to an important conclusion: In a globalized

world without international coordination, each country’s optimal

patent length is shorter than it would be in a nonglobalized world.

Open economies can rely partly on IP protection provided by foreign

countries, and they can provide less protection than closed economies

without hurting the incentives to innovate.

Globalization should benefit American consumers because US

producers of IP-sensitive goods, such as pharmaceuticals, are able

to sell to a larger market in which foreign countries at least partly

foot the R&D bill. These companies have more incentive to develop

new goods without seeking stronger domestic IP protection. At

the same time, US consumers are potentially better off because

American IP protection can be weaker and still provide the nation’s

innovators the same incentives. Easing domestic monopoly power

would lead to lower prices without inhibiting the development of new

technologies.

If countries trade freely, more innovative countries have greater

incentive to offer greater patent protection — at least in the absence

of international agreements. For these countries, the marginal benefit

of extending patent length is higher because a larger share of

innovation comes from domestic firms whose profits are counted in

national welfare.

We do see this in practice. Measuring innovative capacity by

patents issued to residents shows that eight of the top 10 most

innovative countries are also among the top 10 in strength of patent

rights protection. Eight of the bottom 15 countries in innovation are



Intellectual Property Protection in a Globalizing Era 11

(a)

(b)

Figure 4. More innovative nations offer greater patent protection. (a) These
countries tend to offer weaker patent rights. (b) These countries tend to offer
stronger patent rights.

Source: World Intellectual Property Organization, http://www.wipo.int/portal/
index.html.en.

among the bottom 15 in patent protection (compare Figure 4 with

Figure 1).4

4We have to be careful with the Japanese statistic since Japan tends to grant a
large number of narrow patents, unlike the US or EU. Nonetheless, Japan was
among the top 10 most innovative countries.

http://www.wipo.int/portal/index.html.en
http://www.wipo.int/portal/index.html.en
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If patent-sensitive goods are traded freely, countries with larger

domestic markets for these products also have greater incentive to

offer stronger patent protection because additional years of patent

protection will spur more worldwide innovation.

This, too, we see in practice. Looking at consumption of patent-

sensitive goods in 2000 shows that five of the top 10 countries in

market size are among the top 10 in strength of patent rights. Six of

the bottom 15 countries are among the bottom 15 in patent rights

(compare Figure 5 with Figure 1).

The North offers more IP protection than the South because these

developed nations have both higher innovative capability and larger

domestic markets for patent-sensitive goods.5 The North wants the

South to harmonize its IP policies with the North, but the South

doesn’t have the same economic interest in protecting technology

(Grossman and Lai, 2004).

Some developing countries fail to protect legitimate IP rights

because of bad policy choices. But the fact that the South generally

provides weaker protection than the North does at least partly

reflects its rational choices.

3 International Coordination

Economic analysis suggests that the world might fail to adopt IP

policies that achieve maximum economic gain from the global patent

system. There are two reasons, but the underlying logic is the

same: Protecting countries don’t capture all the benefits of their

actions.

First, national treatment commits countries to give the same

protection to foreign and domestic firms, but domestic welfare

doesn’t include overseas producers. Second, as a country strengthens

patent protection, it quickens the pace of innovation around the

world, which makes foreign consumers better off without raising their

burdens.

5Although the South may have higher population, the per capita demand
for patent-sensitive goods is much lower because these goods are usually less
affordable to low-income countries.
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(a)

(b)

Figure 5. Large markets encourage stronger intellectual property laws.
(a) These countries tend to have weaker IP laws. (b) Theses countries tend to
have stronger IP laws.

Sources: Author’s calculations.

We call the benefits conferred on foreign countries positive

externalities. These two sources of positive externalities explain

why international accords that require at least some countries to

strengthen patent protection might increase global welfare.

The agreement on Trade-Related Aspects of Intellectual Prop-

erty Rights (TRIPS), a pact requiring substantial stiffening of the
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South’s IP protection, was signed in 1994. It required all developed

countries to adopt mini-mum IP standards by January 1, 1996. The

corresponding deadlines were January 1, 2000, for all developing and

transition economies, and January 1, 2006, for the least-developed

countries.6

The TRIPS agreement effectively strengthens global IP protec-

tion by requiring some countries (mainly those in the South) to

substantially raise IP protection while allowing others (mainly those

in the North) to maintain or exceed their pre-TRIPS protection.7

The TRIPS agreement leads to significant wealth transfers

between countries. The US, as the largest producer of innovation-

intensive goods and services, receives the greatest benefit from foreign

countries strengthening their patent protection to comply with the

agreement (Figure 6).8

Because innovative firms sell to both regions and TRIPS increases

global protection, the value of each patent increases. This creates

incentives for more firms to innovate. As a result, globalization

combined with international coordination can enhance the global rate

of technological change.

The TRIPS agreement mainly requires raising IP protection in

the South, which boosts the innovation rate without increasing the

price burden on the North’s consumers. This benefits the North at

the expense of the South. To resolve this problem, the North agreed

to open its markets for the South’s exports of traditional goods. The

possibility of reaching this quid pro quo proves that international IP

agreements plus market opening can bridge the gap between North

and South.

6The Doha Declaration of 2001 offered an extension to 2016 for pharmaceutical
patent protection in the least-developed countries.
7Countries required by TRIPS to strengthen their patent protection would be
reluctant to do it voluntarily. They have to be given incentives. Commentators
argue that the North had given the South increased market access of low-tech
goods in exchange for the South’s acceptance of TRIPS (Reichman, 1995). Also
see Lai and Qiu (2003).
8The estimates were based on patents existing at the time of study only. They
would be higher today (McCalman, 2001).
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Figure 6. US benefits most from TRIPS agreement.

Source: McCalman (2001).

4 Excessive IP Protection

In the past quarter century, developed countries have greatly

strengthened their IP protections. Supporters justify this by noting

that the North has come to specialize in the production of innovation-

intensive goods. At the same time, the TRIPS agreement commits

developing countries to stronger IP protection.

Does the North strike the right balance between the costs and

benefits of IP protection? Do the TRIPS requirements strike the right

balance between costs and benefits for the South?

Those questions are hard to answer, but we can point to some

potential dangers from IP protections that go too far:

• Reducing access to affordable knowledge goods. TRIPS requires

less-developed countries to strengthen IP protection without

attempting to ensure the South’s access to knowledge goods. To

reduce this problem, some commentators urge developing countries
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to use competition policy to counterbalance the anticompetitive

aspects of IP protection. Others recommend that patent holders

take more flexible approaches in the South.9

• Privatizing basic scientific knowledge. Imagine, for example, the

burden on innovation if firms had to get permission to use calculus.

Narrowing the availability of data and output from university

research could shrink the “global knowledge commons” and slow

scientific progress.

• Privatizing traditional knowledge. A lot of traditional knowledge

has been around for many centuries. Carving up the rights to use

it can curtail the ability of firms and individuals to innovate.

• Excessive IP-related litigation. The number of patent lawsuits has

increased dramatically in recent decades. Before 1985, no more

than 1,200 were initiated in any one year; by 2001, that number was

around 2,500 (Jaffe and Lerner, 2004). In 2005, Microsoft reported

spending about US$ 100 million a year to defend itself against

lawsuits — 35–40 at any one time (McCullagh, 2005).

• Broadening what can be patented. In 1980, the US Supreme Court

ruled that genetically engineered bacteria could be patented,

establishing the precedent for life forms. Business methods, such

as the one-click shopping method by Amazon.com, later became

patentable.10 So did computer programs. These trends contributed

to the dramatic increase in the number of patents granted since the

1980s. Before 1985, the US awarded no more than 80,000 patents

in any year. By 2000, that number was around 175,000 (Jaffe and

Lerner, 2004).

The potential dangers of overprotection serve as warning that IP

strengthening should be carried out with caution. Finding the right

9To help the South access essential medicine, some commentators suggest
implementing price discrimination in pharmaceuticals in favor of the South, which
presumably has higher income elasticity of demand for medicine. See, for example,
Maskus and Reichman (2005).
10The one-click shopping method patent is often cited as an example of US
authorities awarding a patent that is too obvious, violating one of the two major
criteria in awarding patents — non-obviousness and novelty. Moreover, it’s also
too broad, critics say.
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balance in IP protection is complex. Governments need to make sure

scientific and economic progress isn’t adversely affected.

In principle, a TRIPS-compliant IP system is good for many

less-developed countries. A sound IP system would place these

countries on a more sustainable development path. However, fully

implementing TRIPS in the South can greatly increase costs of

accessing technology. This can have tremendous implications on the

South’s growth and living standards. A more gradual and cautious

approach in implementation would be advisable.
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Chapter 2

International Protection
of Intellectual Property∗

Abstract
We study the incentives that governments have to protect intel-
lectual property in a trading world economy. We consider a world
economy with ongoing innovation in two countries that differ in
market size and in their capacities for innovation. After describing
the determination of national patent policies in a non-cooperative
regime of patent protection, we ask, Why is intellectual property
better protected in the North than in the South? We also study
international patent agreements by deriving the properties of an
efficient global regime of patent protection and asking whether
harmonization of patent policies is necessary or sufficient for global
efficiency.

During the 1980’s and early 1990’s, the United States and several

European countries expressed strong dissatisfaction with what they

deemed to be inadequate protection of intellectual property in many

developing countries. The developed countries made the upgrading

of intellectual property rights (IPRs) one of their highest priorities

for the Uruguay Round of trade talks. Their efforts bore fruit in the

∗By Gene M. Grossman and Edwin L.-C. Lai. Originally published in American
Economic Review, 94(5) (December 2004), pp. 1635–1653. Copyright c© 2004 by
the American Economic Association. It has been reprinted with revisions and
permission from the original publisher. The difference with the original published
paper is that Proposition 5 has been revised.
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Agreement on Trade-Related Aspects of Intellectual Property Rights

(TRIPs), which was approved as part of the Final Act of the Uruguay

Round.

TRIPs establishes minimum standards of protection for several

categories of intellectual property. For example, in the area of new

technology, it essentially harmonizes patent policies by requiring

countries to grant patents to a broad class of innovations for

a minimum of twenty years and to treat foreign and domestic

applicants alike. The agreement also imposes new standards of

enforcement, including the requirement of border controls, civil and

criminal penalties in some circumstances, and expedited procedures

for disciplining infringement. But IPRs remain a highly contentious

issue in international relations, because many developing countries

believe that TRIPs was forced upon them by their economically more

powerful trading partners and that this move toward harmonization

of patent and other IPR policies serves the interests of the North at

the expense of their own.

In a country that is closed to international trade, the design

of a system of IPRs poses a clear trade-off to a welfare-

maximizing government. By strengthening the protection of intel-

lectual property, a government provides greater incentives for

innovation and thus the benefits that come from having more

and better products. But, at the same time, it curtails potential

competition for firms that have previously innovated and thus

limits the benefits that can be realized from existing products.

As Nordhaus (1969) argued, the optimal patent policy equates

the marginal dynamic benefit with the marginal static efficiency

loss.

But in an open economy, the trade-offs are not so clear cut. Inter-

national trade spreads the benefits of innovation beyond national

boundaries. This means that a country does not reap all of the global

benefits that come from protecting intellectual property within its

borders. Moreover, countries differ in their capacities for innovation

due to differences in skill endowments and technical know-how. It is

not obvious how a government ought to set its national IPR policy

if some of the benefits of its national innovation accrue to foreigners,

if its constituents benefit from innovations that are encouraged and
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take place beyond its boundaries, and if domestic and foreign firms

differ in their ability to innovate.

Some previous research has addressed the question of whether

a country with a limited capacity to innovate will benefit from

extending IPRs to foreign inventors. Chin and Grossman (1990) and

Deardorff (1992) investigated the welfare effects of extending patent

protection from a country in which innovation takes place to another

country that only consumes the innovative products. These papers

treat the investment in R&D as a once-off decision, whereas Helpman

(1993) models innovation as an ongoing process and associates the

strength of the IPR regime with the flow probability that a given

product protected by a patent in the North will be imitated in the

South. He evaluates the welfare consequences of marginal changes

in the rate of imitation. These papers do not, however, consider

the simultaneous choice of IPR protection by trade partners, nor

do they discuss what international regime of IPR protection would

be globally efficient.1

In this paper, we study the incentives that governments have

to protect intellectual property in a trading world economy. In our

formal analysis, we associate the strength of IPR protection with

an index variable that captures both the length of a country’s

patents and the stringency of its enforcement policies. We recognize

that, in reality, governments choose packages of policies that include

not only these instruments, but others such as patent breadth,

limits on patentability, compulsory licensing requirements, copyright

and trademark protections, and so on. We believe, however, that

our analysis has broader relevance than would be implied by a

literal interpretation of the model, because many of the factors that

determine optimal patent duration and enforcement would also guide

the choice of an optimal package of patent and copyright instruments

in a setting in which governments choose from a wider range of policy

tools.

1McCalman (2002) addresses some of these issues in a model of once-off innovation
by a single firm in a developed economy. See also Lai and Qiu (2003), which we
discuss at greater length below.
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We consider a world economy with ongoing innovation in which

there are two countries that differ in market size and in their

capacities for conducting research and development. Innovators

develop the designs for new products, each of which has a limited

economic life. Patents, when fully enforced, provide inventors with

exclusive rights to produce, sell and distribute their products within

a country. We study a regime with national treatment, which means

that the same protection is afforded to all inventors irrespective of

their nation of origin.

We begin in Section 1 with the case of a closed economy. There we

re-examine the trade-off between static costs and dynamic benefits

that was first studied by Nordhaus. We derive a neat formula that

characterizes the optimal patent policy in a closed economy and

discuss the determinants of the optimal strength of patent protection.

One interesting finding is that the optimal index of patent protection

may be independent of or even decreasing in the size of the economy.

In Section 2, we describe the determination of national policies in

a non-cooperative regime of patent protection. In this, we follow Lai

and Qiu (2003), but with some differences that are better described

after the model has been developed. After discussing the relationship

between our paper and that one, we derive best response functions for

the “North” and the “South,” where the North is assumed to have

a higher wage than the South, as well as possibly a larger market

for innovative products and a greater capacity for innovation. We

characterize the nationally optimal policies, compare the incentives

for providing protection for intellectual property in an open economy

to those that exist in a closed economy, and explain the strategic

interactions between countries in the setting of their patent policies.

In Section 3, we ask, Why is IPR protection stronger in the

North? If the capacity for R&D is greater in the North than in the

South and the market for innovative products is at least as large

there, then patent protection will be stronger in the North than in

the South in a Nash equilibrium. We explain why relative market

size and relative productivity in innovation matter for the relative

incentives to protect intellectual property. Patents are a more potent

instrument for stimulating innovation in the relatively larger market.
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And a country that invents a smaller share of the world’s innovative

products will find more incentive to ease IPR protection so as to

benefit local consumers at the expense of producers.

We study international patent agreements in Section 4. First

we derive the properties of an efficient global regime of IPRs. An

efficient patent regime is one that provides the optimal aggregate

incentives for innovation to inventors throughout the world. These

incentives can be achieved by various combinations of patent policies

in the two countries, so there is no unique set of policies that is

needed for global efficiency. However, different ways of achieving

the optimal aggregate incentives have different implications for the

distribution of welfare between the North and the South. Among

combinations of policies that give the same overall incentives for

global research, the North fares better, and the South worse, the

stronger is patent protection in the South. An implication of our

findings is that harmonization of patent policies is neither necessary

nor sufficient for global efficiency. Moreover, starting from a non-

cooperative equilibrium with stronger IPR protection in the North

than in the South, an efficient agreement calling for harmonization of

patent policies benefits the North quite possibly at the expense of the

South.

In Section 5, we extend our analysis of both the non-cooperative

and cooperative settings to a world with many trading countries.

The many-country model is qualitatively similar to the two-country

model, although the addition of more countries exacerbates the

inefficiencies associated with non-cooperation. Our findings are

summarized in Section 6.

1 A Simple Model of Innovation

In this section, we construct a simple model of ongoing innovation.

We develop the model for a closed economy and use it to revisit

the question of optimal patent policy that was first addressed by

Nordhaus (1969). Our model yields a neat formula that characterizes

the trade-off between the static costs and dynamic benefits of

strengthening patent protection. The discussion of a closed economy
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lays the groundwork for the more subtle analysis of the international

system that we undertake in the sections that follow.

The economy has two sectors, one that produces a homogeneous

good and another that produces a continuum of differentiated

products. The designs for the differentiated products result from

private investments in R&D. Once a good has been invented, it has

a finite economic life of length τ̄ . That is, a new product potentially

provides utility to consumers for a period of length τ̄ from the time

of its creation, whereupon its value to consumers drops to zero.

There areM consumers with identical preferences. We shall refer

to M as the “size of the market.”2 The representative consumer

maximizes a utility function of the form

U(t) =

∫ ∞

t
u(z)e−ρzdz (1)

where

u (z) = y(z) +

∫ n(z)

0
h[x(i, z)]di, (2)

y(z) is consumption of the homogeneous good at time z, x(i, z) is

consumption of the ith variety of differentiated product at time z,

and n(z) is the measure of differentiated products invented before z

that still hold value to consumers at time z. We assume that h′(x) >
0, h′′(x) < 0, h′(0) = ∞, and −xh′′(x)/h′(x) < 1 for all x. The third

assumption ensures a positive demand for every variety at any finite

price. The fourth ensures that any firm producing a differentiated

product charges a finite price.

A consumer maximizes utility by purchasing some of all varieties

that are not yet obsolete. He chooses x(i, z) so that h′[x(i, z)] =

p(i, z) for all i and z, where p(i, z) is the price of variety i at

2In our model, demand for differentiated products does not vary with income.
Thus, a rich country need not have a larger market for these goods than a poor
country. Nonetheless, we prefer to think of the market for differentiated goods as
being larger in the North than in the South. This could be rigorously justified
within our model if we were to suppose that differentiated products provide
utility only after a threshold level of consumption of the homogeneous goods
has been reached. Then, a rich country may have more consumers who surpass
the threshold.
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time z. After the consumer makes all of his optimal purchases of

differentiated products at time z, he devotes the remainder of his

spending to the homogeneous good y. Spending is always positive

in the equilibria we describe. This means that the interest rate

is constant and equal to ρ, in view of the perfect intertemporal

substitutability of good y in the preferences described by (1) and (2).

Manufacturing requires only labor. Any firm can produce good

y with a units of labor per unit of output. All known varieties of the

differentiated product also can be produced with a units of labor per

unit of output.

The design of new varieties requires both labor and human

capital. We take φ(z) ≡ F [H,LR (z)] = {b [LR(z)/a]
β+(1−b)Hβ}1/β ,

where φ(z) is the flow of new inventions at time z, H is the (constant)

stock of human capital, LR(z) is the amount of labor devoted to

R&D, and a is a measure of labor productivity as before. This

is, of course, a production function with a constant elasticity of

substitution between labor and human capital. We assume that

β ≤ 1/2, or equivalently that the elasticity of substitution is less than

or equal to two. This assumption is sufficient (but not necessary) to

ensure that any patent policy that satisfies the first-order condition

for an interior optimum also satisfies the second-order condition.

Note that ṅ(z) = φ(z) − φ(z − τ̄), because the goods that were

invented at time z − τ̄ become obsolete at time z.

The government grants the original designer of a differentiated

product a patent of length τ ≤ τ̄ . The government also chooses the

vigor of its enforcement policy, which we index by ω ∈ [0, 1]. For

simplicity, we take ω to be the probability that a non-expired patent

is enforced by the government at any moment in time.3 If a live

patent is enforced by the government, the holder enjoys exclusive

rights to produce and sell the protected product in the local market.

We describe now the static and dynamic equilibrium for an

economy that has a patent duration of τ and an enforcement

rate of ω. In equilibrium, firms with enforced patents behave as

3Alternatively, we might interpret ω as being the fraction of the country’s territory
in which the patent is enforced.



26 Innovation, Growth and IP Rights in the Global Economy

monopolies. Each such firm faces an inverse demand curve from each

of the M consumers with the form p(x) = h′(x). The firm sets its

price so that (p−aw)/p = −xh′′/h′, where w is the wage rate and x is

sales per consumer. This is the usual monopoly-pricing rule whereby

the markup over unit cost as a fraction of the price is equal to the

inverse demand elasticity. Optimal pricing yields the typical holder

of an enforced patent profits of π per consumer and total profits of

Mπ.

When a live patent is not enforced, competitors imitate the good

costlessly. Then the product sells for the competitive price of p = aw

and generates no profits for the inventor. Similarly, once a patent

expires, the price of the good falls to the competitive level and

remains there until the good becomes obsolete. The homogeneous

good always carries the competitive price of aw, which, because

this good is the numeraire, implies that w = 1/a. In writing this

condition, we implicitly assume that the economy’s labor supply

is sufficiently large that some labor remains for production of the

homogeneous good after all derived demand for labor for producing

differentiated products and conducting R&D has been satisfied.

Labor engages in manufacturing and R&D. The labor employed

in manufacturing differentiated goods is just the amount needed

to produce the quantities demanded at the equilibrium prices. The

allocation of labor to R&D is such that its marginal value product

in this activity is equal to the wage rate. Thus,

vFL (H,LR) = w, (3)

where v is the value of a new patent. A patent is worth the discounted

value of the expected profits it generates in the time before it expires,

or

v =
ωMπ

ρ

(
1− e−ρτ

)
. (4)

We see from (3) and (4) that an increase in either patent length

or patent enforcement increases the value of a new patent, thereby

drawing additional resources into R&D.
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The final equilibrium condition equates savings with investment.

Savings are the difference between national income rH+wL+nmMπ

and aggregate spending E, where r is the return to human capital, L

is the aggregate labor supply, and nm is the number of firms that hold

live and enforced patents at a given time. All investment is devoted

to R&D. This activity has an aggregate cost of rH +wLR. Thus, we

can write the equilibrium condition as (rH + wL+ nmMπ) − E =

rH + wLR, or

E = w(L− LR) + nmMπ. (5)

Before proceeding to the government’s maximization problem, it

is useful to define an index of the strength of IPR protection afforded

by the vector of policies (τ, ω). First, define T ≡ (1 − e−ρτ )/ρ as

the present discounted value of a flow of one dollar from time 0

to time τ . Then define Ω ≡ ωT . Clearly, (4) can be re-written as

v = MπΩ. Thus, Ω captures the overall incentives that government

policy provides for the creation of new varieties. In what follows we

use Ω as a measure of the strength of IPR protection.

Next, we derive an expression for aggregate welfare at date 0,

the time at which a new (optimal) patent policy will be set by

the government. By assumption, this patent protection applies only

to goods introduced after time 0; those introduced beforehand are

subject to whatever policy was in effect at the time of their inven-

tion.4 Our derivation anticipates a stationary equilibrium in which

the allocation of labor to R&D and thus the rate of innovation, φ,

are constant over time. We substantiate this hypothesis in footnote 5

below. Note that in such a stationary equilibrium nm = φΩ.

At any moment, each consumer enjoys surplus of Cm = h(xm)−
pmxm from his consumption of any good whose live patent is enforced

and surplus of Cc = h(xc) − pcxc from any differentiated product

4It would never be optimal for the government to provide patent protection on
goods that have already been invented. This would create deadweight loss without
any offsetting social benefit. The government might wish to eliminate protection
for goods that were invented under a different regime, but we assume that such
expropriation of intellectual property would not be legal.
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that is competitively priced, either because its patent has expired

or because it is not enforced. Here, xm and xc are the amounts

purchased by the consumer from a typical monopoly and competitive

supplier, respectively, and pm and pc are the respective prices. We

distinguish now between goods invented before time 0 and those

invented afterward. The former yield some exogenous surplus that

is unaffected by the new patent regime. Each good in the latter

category yields each of the M consumers a discounted surplus of

CmΩ + Cc(T̄ − Ω) over its useful life, where T̄ ≡ (1 − e−ρτ̄ )/ρ.

Using (1), (2) and (5), and assuming that new goods are introduced

at a constant flow φ after time 0, we calculate that aggregate welfare

at time 0 is

W (0) = Λ0 +
w (L− LR)

ρ
+
Mφ

ρ
(Cm + π)Ω +

Mφ

ρ
Cc(T̄ − Ω), (6)

where Λ0 is the discounted present value of the consumer surplus and

profits derived from goods invented before time 0.

We are now ready to derive the optimal patent policy for a closed

economy. Note that aggregate welfare depends only on the index of

patent protection Ω and not separately on the underlying policies τ

and ω. This implies that patent duration and patent enforcement are

perfect substitutes as instruments of IPR protection and it justifies

our use of Ω as a measure of the strength of the IPR regime.

Formally, we maximize W (0) with respect to Ω, after recalling that

φ = F (H,LR) and that LR is a function of Ω via (3) and (4).5

5Equivalently, we can maximize ρW (0) over the choice of Ω. Note that Cm, Cc

and π do not depend on the strength of patent protection and thus do not depend
on Ω. We can combine (3) and (4) to write MπΩFL (H,LR) = w, which allows us
to solve for the functional relationship between the labor devoted to R&D and the
policy variable Ω; denote it by LR(Ω). Then, substituting this expression into (6)
and rearranging terms, we can write the maxim and as

ρW (0) = ρΛ0 +w [L− LR(Ω)] +MF [H,LR(Ω)]
[
(Cm + π − Cc) Ω +CcT̄

]
.

The first-order condition for a maximum requires

(Cc − Cm − π)MF [H,LR(Ω)] =
{
MFL

[
(Cm + π − Cc) Ω + CcT̄

]− w
}
L′

R



International Protection of Intellectual Property 29

It is more intuitive, however, to describe the social costs and benefits

that derive from a marginal increase in patent protection from a given

strength of protection Ω. The cost of strengthening patent protection

is that the economy suffers the deadweight loss of M (Cc − Cm − π)

on each newly invented good for a greater fraction of the product’s

life. Considering that the constant flow of new products is φ per unit

time, the total discounted marginal cost on all goods invented after

time 0 is

φ

ρ
M (Cc − Cm − π) .

The benefit to the economy of strengthening patent policy is

that it encourages R&D, which in turn means a greater variety of

differentiated products. Each differentiated product yields discounted

consumer surplus of MCmΩ during times when its patent is active

and enforced and surplus of MCc(T̄ − Ω) during times when it is

competitively priced, where in each case the discounting is back to

the time of invention. Now if we discount this flow of benefits back

to time 0, and multiply by the number of new inventions induced

by a marginal strengthening of the patent regime, we have the total

marginal benefit, which is equal to

1

ρ
· dφ
dv

· dv
dΩ

· [MCmΩ+MCc(T̄ − Ω)
]
.

Using (3) we calculate that

dφ

dv
= γ

φ

v
,

where γ is the ratio of the elasticity of research output with respect

to labor to the elasticity of the marginal product of labor in R&D; i.e.

γ ≡ − (FL)
2 / (FFLL). The variable γ identifies the responsiveness

of innovation to the protections afforded by the patent system. In

general, it is a function of LR and thus indirectly of the strength

from which (7) follows. In the appendix we show β ≤ 1/2 is sufficient to ensure
that the second-order condition is satisfied at any value of Ω that satisfies the
first-order condition (7).
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of patent protection Ω. With the CES research technology, γ =

[b/(1− b)(1− β)](LR/aH)β . For the special case of a Cobb–Douglas

technology (which is the limiting case of the CES as β → 0), γ is

a constant equal to the ratio of the cost share of labor to the cost

share of human capital.

Next, we use (4) to compute that

dv

dΩ
=Mπ.

Substituting for dφ/dv and dv/dΩ in the expression for marginal

benefit, and equating the result to the marginal cost, we derive an

implicit formula for the optimal index of patent protection. We find

that

Cc − Cm − π = γ

[
Cm + Cc

(
T̄ − Ω

Ω

)]
(7)

at an (interior) optimal value of Ω.

From (7) we see that the optimal patent protection is stronger,

the greater is the useful life of a product (larger τ̄), the more patient

are consumers (smaller ρ), and the higher is the responsiveness of

innovation to strengthened patent protection.6 All of these findings

accord well with intuition. One noteworthy feature of (7) is the

relationship between market size and the optimal strength of patent

protection. In a closed economy, the first-best level of R&D — that

which maximizes discounted utility when all goods are competitively

priced — typically is an increasing function of market size. This

is because innovation is a public good, and the Samuelsonian rule

for optimal provision of a public good calls for greater output

when the benefits can be spread across more consumers. But the

encouragement of innovation by patents achieves only a second best.

According to (7), the size of the market M affects the optimal index

of patent protection only through its effect on the supply elasticity

of innovations. If γ is an increasing function of LR, as it will be if

6The proof of these statements makes use of the second-order condition, which
ensures that the right-hand side of (7) is a declining function of Ω.
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1/2 > β > 0, then the optimal Ω is an increasing function of M . But

if γ is a decreasing function of LR, as it will be if β < 0, then the

optimal Ω is a decreasing function of M . In the benchmark Cobb–

Douglas case (with β = 0), γ is independent of LR and therefore of

market size. Then an increase in M enhances the marginal benefit

of strengthening patent protection and the marginal cost of doing

so in equal proportions. The optimal strength of patent protection

in a closed economy with a Cobb–Douglas research technology is

invariant to market size.

2 Noncooperative Patent Protection

In this section, we study the national incentives for protection of

intellectual property in a world economy with imitation and trade.

We derive the Nash equilibria of a game in which two countries

set their patent policies simultaneously and noncooperatively. The

countries are distinguished by their wage rates, their market sizes,

and their stocks of human capital. The last of these proxies for their

different capacities for R&D. We shall term the countries “North”and

“South,” in keeping with our desire to understand the tensions

that surrounded the tightening of IPR protection in the develop-

ing countries in the last decade. Maskus (2000a, Chapter 3) has

documented an increase in innovative activity in poor and middle-

income countries such as Brazil, Korea, and China, so our model

of relations between trading partners with positive but different

abilities to conduct R&D may be apt for studying the incentives

for IPR protection in a world of trade between such nations and the

developed economies.7 But our model may apply more broadly to

relations between any groups of countries that have different wages

and different capacities for research. Such differences exist, albeit to

a lesser extent than between North and South, in the comparison of

countries in Northern and Southern Europe, or the comparison of

7He also shows the extent to which patent applications in countries like Mexico,
Brazil, Korea, Malaysia, Indonesia and Singapore are dominated by foreign firms,
a feature of the data that figures in our analysis.
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the United States and Canada. We do not mean the labels North

and South to rule out the application of our analysis to these other

sorts of relationships.

Before proceeding, we pause to discuss the relationship between

the analysis that will be presented in this section and that contained

in Lai and Qiu (2003), which covers some similar ground. Lai and

Qiu also examine a non-cooperative game between two governments

that set national patent policies. They do not, however, model how

the resources used in innovation translate into new goods, but rather

assume that at each moment in time the different goods that might

be invented have different (exogenous) innovation costs. Specifically,

the cost of making φ innovations is assumed to be an increasing,

power function of φ. They also assume that demand for each

differentiated product is iso-elastic and that the discount rate is zero.

With our more general utility function and our explicit treatment

of the R&D technology, we are able to explain when and why

the countries’ patent policies are strategic substitutes or strategic

complements based on the technology for innovation — specifically,

the substitutability between human capital and mobile resources in

the R&D activity. Perhaps more importantly, we are able to provide

an intuitive discussion of why and how a government’s incentives for

protecting intellectual property in an open economy differ from those

it would face in a world without trade, whereas Lai and Qiu focus

only on the algebra of a single, parameterized example of a trading

economy.

2.1 The global IPR regime

The model is a natural extension of the one presented in Section 1.

Consumers in the two countries share identical preferences. In each

country, the representative consumer maximizes the intertemporal

utility function in (1). The instantaneous utility of a consumer in

country j now is given by

uj(z) = yj(z) +

∫ nS(z)+nN (z)

0
h[xj(i, z)]di, (8)
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where yj(z) is consumption of the homogeneous good by a typical

resident of country j at time z, xj(i, z) is consumption of the ith

differentiated product by a resident of country j at time z, and

nj(z) is the number of differentiated varieties previously invented

in country j that remain economically viable at time z. There are

MN consumers in the North and MS consumers in the South. While

we do not place any restrictions on the relative sizes of the two

markets at this juncture, we shall be most interested in the case where

MN > MS .
8 It does not matter for our analysis whether consumers

can borrow and lend internationally or not.

In country j, it takes aj units of labor to produce one unit of

the homogeneous good or to produce one unit of any variety of

the differentiated product. New goods are invented in each region

according to φj = F (Hj, LRj/aj) =
[
b (LRj/aj)

β + (1− b)Hβ
j

]1/β
,

where Hj is the human capital endowment of country j, LRj is the

labor devoted to R&D there, and again we take β ≤ 1/2. We assume

that aN < aS , which means that labor is uniformly more productive

in the North than in the South.9 We also assume that the numeraire

good is produced in positive quantities in both countries, so that

wj = 1/aj for j = S,N, and hence wN/wS = aS/aN > 1.

We now describe the IPR regime. In each country, there is

national treatment in the granting of patent rights. Under national

treatment, the government of country j affords the same protection

Ωj = ωjTj to all inventors of differentiated products regardless of

their national origins, where ωj is the probability that a patent is

enforced in country j (or the fraction of country j’s market where

a patent is enforced) at any moment in time, Tj = (1 − e−ρτj )/ρ,

and τj is the length of the patents granted by country j. In other

8We remind the reader that market size is meant to capture not the population
of a country, but rather the scale of its demand for innovative products.
9In Grossman and Lai (2002), we allowed the relative productivity of labor to
vary in different uses; i.e. we allowed for Ricardian comparative advantage across
the regions. This feature caused some subtle complications that we ignore here
for the sake of simplicity and greater clarity.
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words, we assume that foreign firms and domestic firms have equal

standing in applying for patents in any country and that all patents

are subject to the same enforcement provisions. National treatment

is required by TRIPs and it characterized the laws that were in

place in most countries even before this agreement.10 In our model,

a patent is an exclusive right to make, sell, use, or import a product

for a fixed period of time (see Maskus, 2000a, p. 36). This means

that, when good i is under patent protection in country j, no firm

other than the patent holder or one designated by it may legally

produce the good in country j for domestic sale or for export, nor may

the good be legally imported into country j from an unauthorized

producer outside the country. We also rule out parallel imports —

unauthorized imports of good i that were produced by the patent

holder or its designee, but that were sold to a third party outside

country j.11 When parallel imports are prevented, patent holders

can practice price discrimination across national markets.

We solve the Nash game in which the governments set their

patent policies once-and-for-all at time 0. These patents apply only

to goods invented after time 0; goods invented beforehand continue

to receive the protections afforded at their times of invention. So long

10National treatment is required by the Paris Convention for the Protection of
Industrial Property, to which 127 countries subscribed by the end of 1994
and 164 countries subscribe today (see http://www.wipo.org/treaties/ip/
paris/index.html). There were, however, allegations from firms in the United
States and elsewhere that prior to the signing of TRIPS in 1994, nondiscrimina-
tory laws did not always mean nondiscriminatory practice. See Scotchmer (2004)
for an analysis of the incentives that countries have to apply national treatment
in the absence of an enforcible agreement.
11The treatment of parallel imports under TRIPs remains a matter of legal
controversy. Countries continue to differ in their rules for territorial exhaustion of
IPRs. Some countries, like Australia and Japan, practice international exhaustion,
whereby the restrictive rights granted by a patent end with the first sale of the
good anywhere in the world. Other countries or regions, like the United States and
the European Union, practice national or regional exhaustion, whereby patent
rights end only with the first sale within the country or region. Under such
rules, patent holders can prevent parallel trade. See Maskus (2000b) for further
discussion.

http://www.wipo.org/treaties/ip/paris/index.html
http://www.wipo.org/treaties/ip/paris/index.html
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as the governments cannot remove protections that were previously

granted, the economy has no state variables that bear on its choice

of optimal patent policies at a given moment in time. This means

that the Nash equilibrium in once-and-for-all patents is also a sub-

game perfect equilibrium in the infinitely repeated game in which

the governments can change their patent policies periodically, or even

continuously. Of course, the repeated game may have other equilibria

in which the governments base their current policies on the history

of prior actions. We do not investigate such equilibria with tacit

cooperation here, but rather postpone our discussion of cooperation

until Section 4.

Let us describe, for given patent strengths ΩN and ΩS , the life

cycle of a typical differentiated product. During an initial phase after

the product is introduced, the inventor holds an active patent in both

countries which is only partially enforced. The patent holder earns

an expected flow of profits of ωNMNπ from sales in the Northern

market and an expected flow of profits of ωSMSπ from sales in the

Southern market, where π is earnings per consumer for a monopoly

selling a typical brand. Notice that monopoly profits per consumer

are the same for sales in both markets, because consumers share

identical preferences. Also, they do not depend on where a good

was invented or where it is produced, because the productivity gap

between the countries exactly offsets the wage differential.12 Each

Northern consumer realizes a flow of expected surplus of ωNCm +

(1− ωN )Cc from his purchases of the good, where Cm is the surplus

that a consumer derives from purchases of a good produced at a cost

of wjaj = 1 and sold at the monopoly price pm and Cc is the surplus

he derives from a product sold for the competitive price of pc = 1.

Similarly, a Southern consumer realizes an expected flow of consumer

surplus of ωSCm + (1− ωS)Cc from his purchases of the good.

12In Grossman and Lai (2002), where we allowed for comparative technological
advantages across different uses of labor, we were forced to consider separately
situations in which direct foreign investment is and is not a possibility. However,
our conclusions were qualitatively similar for the two cases.
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After a while, the patent will expire in one country. For concrete-

ness, let’s say that this happens first in the South. Then the good will

be legally imitated by competitive firms producing there, for sales in

the local (Southern) market. The imitators will not, however, be able

to sell the good legally in the North, because the live patent there, if

enforced, affords protection from such infringing imports. When the

patent expires in the South, the price of the good falls permanently

to wSaS = 1, and the original inventor ceases to realize profits in that

market. The flow of consumer surplus in the South rises to MSCc.

Eventually, the inventor’s patent expires in the North. Then

the Northern market can be served completely by competitive firms

producing in either location. At this time, the price of the good in

the North falls to pc = 1 and households there begin to enjoy the

higher flow of consumer surplus MNCc. The original inventor loses

his remaining source of monopoly income. Finally, after a period of

length τ̄ has elapsed from the moment of invention, the good becomes

obsolete and all flows of consumer surplus cease.

2.2 The best response functions

We are now ready to derive the best response functions for the two

governments. The best response expresses the strength of patent

protection that maximizes a country’s aggregate welfare as a function

of the given patent policy of its trading partner. Consider the choice

of ΩS by the government of the South. This country bears two costs

from strengthening its patent protection slightly. First, it expands

the fraction of goods previously invented in the South on which the

country suffers a static deadweight loss of MS(Cc−Cm−π). Second,
it augments the fraction of goods previously invented in the North

on which its consumers realize surplus of MSCm instead of MSCc.

Notice that the profits earned by Northern producers in the South

are not an offset to this latter marginal cost, because they accrue

to patent holders in the North. The marginal benefit that comes

to the South from strengthening its patent protection reflects the

increased incentive that Northern and Southern firms have to engage

in R&D. If the welfare-maximizing ΩS is positive and less than T̄ ,

then the marginal benefit per consumer of increasing ΩS must match
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the marginal cost, which implies

φS(Cc − Cm − π) + φN (Cc − Cm)

=
γSφS + γNφN

v
MSπ[CmΩS + Cc(T̄ −ΩS)], (9)

where v = (MSΩS +MNΩN)π is the value of a new patent and γj is

the responsiveness of innovation in region j to changes in the value

of a patent (in elasticity form).

Similarly, in the North, the marginal benefit of strengthening

patent protection must match the marginal cost at any interior point

on the best response curve. The marginal cost in the North is different

from that in the South, because the North’s national income includes

the profits earned by Northern patent holders but not those earned

by Southern patent holders. The marginal benefit differs too, because

the effectiveness of patent policy as a tool for promoting innovation

varies according to the importance of a country’s market in the

aggregate profits of potential innovators and because the surplus from

a typical product over its lifetime depends upon a country’s patent

regime. The condition for the best response of the North, analogous

to (9) above, is

φS(Cc − Cm) + φN (Cc − Cm − π)

=
γSφS + γNφN

v
MNπ

[
CmΩN + Cc(T̄ − ΩN )

]
. (10)

Noting that γS = γN = γ,13 the two best response functions can

be written similarly as

Cc − Cm − μiπ = γ
MiΩi

MSΩS +MNΩN

[
Cm +Cc

(
T̄ − Ωi

Ωi

)]

for i = S,N, (11)

13The fact that the two supply elasticities γS and γN are equal despite
the differences in human capital endowments, in employment, and in labor
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where μi = φi/(φS + φN ) is the share of world innovation that takes

place in country i. This form of the best response function facilitates

a comparison of the incentives that a government has for protecting

intellectual property in a world with trade compared to those that

exist when there is no trade, as expressed in (7). On the left-hand

side of (11), the government of a open economy considers only a

fraction of the profits that flow to patent holders to be an offset

to the static cost of patent protection. On the right-hand side, the

ability of an open economy to stimulate innovation with a given

change in patent protection is a fraction of what it is in a closed

economy, because inventors earn only part of their discounted profits

within the country’s borders. Both of these forces point to weaker

patent protection in an open economy than would be optimal in the

absence of trade. Against this, possibly, is the difference between the

supply elasticities for innovation in the closed and open economies;

the presence of a foreign country offering protection for innovators

may increase the responsiveness of innovation to home patent policy

if γ is an increasing function of LR. However, with the CES research

technology γ is in fact a non-increasing function of LR whenever

β ≤ 0; i.e. when the elasticity of substitution between human capital

productivity is a property of the CES research technology. It follows from the
observation that

γi =
b

(1− b)(1− β)

(
LRi

aiHi

)β

and vFL(LRi/ai,Hi) = wi, or

vb

ai

[
b+ (1− b)

(
LRi

aiHi

)−β
] 1−β

β

=
1

ai
.

Combining the two, we find γS = γN = γ, where

γ =
b

1− β

[(
1

bv

) β
1−β

− b

]−1

.
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and labor is less than or equal to one. It follows that we have the

following proposition.14

Proposition 1. Let the research technology be φi = [b(LRi/ai)
β +

(1 − b)Hβ
i ]

1/β in country i, for i = S,N . If β ≤ 0, patent protection

is weaker in each country in any Nash equilibrium than it would be

if the country were closed to international trade.

If the research technology in each country takes a Cobb–Douglas

form (i.e. β = 0), the supply elasticity γ is a constant equal to

b/(1 − b). Moreover, μi = Hi/(HS + HN) for any CES research

technology.15 Thus, both μi and γ are independent of the patent

policies in the Cobb–Douglas case. It follows from (11) that the best

response functions are linear and downward sloping in this case, and

that the best response function for the South is steeper than that for

the North, when the two are drawn in (ΩS,ΩN ) space.

More generally, the best response functions need not be linear,

but they must be downward sloping whenever β ≤ 0; i.e. when

the elasticity of substitution between human capital and labor in

designing new products is less than or equal to one. Thus, the

patent policies of the two countries are strategic substitutes in

such circumstances. To understand the strategic interdependence

between the governments in choosing their policies, consider the

14Suppose the government of an open economy were to choose the autarky
strength of patent protection. The marginal cost of strengthening protection
would be greater in the open compared to the closed economy, since μi < 1.
And, since γ′(LR) ≤ 0 and MiΩi/(MSΩS + MNΩN ) < 1, the marginal benefit
from strengthening the protection would be smaller in the open as compared to
the closed economy. Thus, the marginal cost would exceed the marginal benefit
in the open economy, which means that the government would have reason to
reduce the index of patent protection from the autarky level.
15Note that

φi = Hi

[
b

(
LRi

aiHi

)β

+ (1− b)

] 1
β

.

From the fact that vFL(LRi/ai,Hi) = wi, we have that LRi/aiHi takes on
a common value in the two countries; see footnote 13. It follows that φi is
proportional to Hi, with the same factor of proportionality in both countries.
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choice of patent protection by the South. Suppose the North were

to strengthen its patent protection; i.e. to increase ΩN . This would

shrink the fraction of total discounted profits that an innovator

earns in the South and so, ceteris paribus, reduce the responsiveness

of global innovation to patent policy in the South. Moreover, the

increase in ΩN would draw labor into R&D in the North and South.

If β < 0, the elasticity of innovation with respect to patent value

would fall. The South would find that its market is relatively less

important to potential innovators and that these innovators are less

responsive to its patent policy. For both reasons, the marginal benefit

to the South of strengthening its patent protection would fall and so

the government would respond to the increase in ΩN with a reduction

in patent length or an easing of enforcement.

A situation of strategic complementarity (i.e. upward-sloping

best response function) can arise only if the supply elasticity of

R&D rises as the size of the research sector expands (β > 0)

and then only if it rises sufficiently much to compensate for the

decline in relative importance of a country’s market that results

when its trading partner strengthens its patent protection. It is

straightforward to show that the two best response functions must

slope in the same direction at any point of intersection. Thus, if the

two patent policies are strategic complements in one country, they

are strategic complements in both.

Returning to the case with β ≤ 0, it is easy to show using (11)

and dγ/dΩi ≤ 0 that the best response curve for the South must have

a slope that is everywhere greater in absolute value than MS/MN ,

while the best response curve for the North must have a slope that

is everywhere smaller in absolute value than MS/MN .16 It follows

16We have not discussed the shape of the best response functions where they hit
the axes or where the constraint that Ωi ≤ T̄ begins to bind. The best-response
curve of the South becomes vertical if it hits the vertical axis at a point below
ΩN = T̄ . It also becomes vertical if the South’s best response is T̄ for some
positive value of ΩN . Similarly, the best-response curve for the North becomes
horizontal if either it hits the horizontal axis before ΩS = T̄ or if the North’s best
response is T̄ for some positive value of ΩS . Thus, the best response curve for the



International Protection of Intellectual Property 41

that the curve for the South must be steeper than that for the North

at any point of intersection. This guarantees uniqueness of the Nash

equilibrium and ensures stability of the policy setting game.

We summarize the most important findings in this section as

follows.

Proposition 2. Let the research technology be φi = [b(LRi/ai)
β +

(1−b)Hβ
i ]

1/β in country i, for i = S,N . If β ≤ 0, then the two patent

policies are strategic substitutes in both countries and there exists a

unique and stable Nash equilibrium of the policy setting game.

3 Why Is Patent Protection Stronger in the North?

Governments in the North typically provide stronger patent pro-

tection than their counterparts in the South.17 In this section, we

identify sufficient conditions under which patent protection in the

North will be stronger than that in the South in the Nash equilibrium

of a noncooperative policy game. Our goal here is to understand the

reasons why the North may have a greater incentive to protect IPRs

than the South. We shall also examine how the equilibrium patent

policies respond to changes in the endowments of human capital and

to changes in the size of the market in each region.

We organize our discussion of the national differences in equilib-

rium policy choices around the following proposition.18

Proposition 3. Suppose MN > MS and HN > HS. Then ΩN ≥
ΩS in any Nash equilibrium of the patent policy game. Moreover,

ΩN > ΩS unless ΩS = T̄ .

South must be steeper than that for the North at any point of intersection, even
if these additional segments of the best response functions are taken into account.
17See, for example, Ginarte and Park (1997) who have constructed an index of
patent rights and have shown that this index is highly correlated with per capita
GDP.
18Lai and Qiu (2003) provide conditions under which the Nash equilibrium patent
duration is longer in the North than in the South. Recall, however, that their
model is considerably less general than ours. Moreover, their conditions include
that the North invents more goods at every moment than the South, whereas our
Proposition 3 refers only to the primitives of the model.
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The proposition is readily proved using the expressions for the

best response functions in (11).19 First, recall that with a CES

research technology, μi = Hi/(HS + HN ). Thus, HN > HS implies

μN > μS. The left-hand side of (11) is a decreasing function of μi.

If we cancel the terms that are common to the two best response

functions, the remaining expression on the right-hand side is an

increasing function of Mi and a decreasing function of Ωi. It follows

that if μN > μS and MN > MS , a pair of policies can be mutual

responses only if ΩN > ΩS.

Our answer to the question in the section heading is that the

North has a larger market for innovative goods and a greater

capacity to conduct R&D. Why do these characteristics induce the

Northern government to provide stronger patent protection in a

noncooperative equilibrium than its counterpart in the South? The

reasons are somewhat subtle.

Recall from the discussion in Section 1 that having a large market

is not per se a reason for a government to grant stronger patent

protection. The optimal patent strength in a closed economy can in

fact be independent of or even decreasing with market size, because

both the marginal benefit of stronger protection and the marginal

costs of the associated distortions are proportional to M for given

γ, and the supply elasticity may remain the same or even decline

as more resources are employed in R&D. The role of market size in

generating different incentives for the governments has to do, instead,

with the relative effectiveness of the countries’ policy instruments. If

MN is larger than MS , innovative firms earn a majority of their

profits in the North. Then, a given change in ΩN will generate a

larger response of global innovation than would the same change

in ΩS . Since patents generate deadweight loss in the country that

affords the protection, the country that can more effectively stimulate

innovation with a given strengthening of its patent protection will

have an incentive to provide stronger protection, all else equal.

19There are some details involving corner solutions with ΩS = 0 or ΩN = T̄ that
we leave to the interested reader.
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In our model, the endowment of human capital proxies for the

capacity to conduct R&D. With HN > HS , a majority of the world’s

research is carried out in the North. As a consequence, a majority

of the world’s profits from innovative products accrue to residents of

the North. In the North, the marginal cost of strengthening patent

protection reflects the attendant loss in consumer surplus on all

protected products less the profits that are captured by Northern

producers. Similarly, the marginal cost of strengthening patents in

the South reflects the loss of consumer surplus there less the profits

captured by Southern producers. But since the Northern producers

earn a majority of the profits, the offset to marginal cost is larger

in the North than in the South. Accordingly, the government of the

North has less of a temptation to ease patent protection than that

of the South.

We turn next to the comparative static properties of the model.

For this, we concentrate on the case in which the best response

functions are downward sloping, which necessarily arises when (but

not only when) β ≤ 0.

Consider first the factor endowments. An equiproportionate

change inHS andHN has no effect on μS or μN , and thus no effect on

the best response functions or the Nash equilibrium. Policy outcomes

change only when there is a change in the relative endowments of

human capital in the two countries. Suppose HS/HN rises. This

increases the share of innovation that occurs in the South (μS) and

reduces the share in the North (μN ). From (11) we see that the

South’s best response curve shifts to the right while the North’s best

response curve shifts downward. In Figure 1, we depict the original

best response functions by SS and NN , respectively, and the shifted

curves by S′S′ and N ′N ′. The equilibrium moves from E to E′, with
a reduction in the strength of patent protection in the North and an

increase in patent protection in the South. This result is consistent

with the Ginarte and Park (1997) finding that patent rights are

positively correlated in a cross-national sample with secondary school

enrollment rates and with the share of R&D in GDP.

We turn to the effects of market size. IfMS andMN grow equipro-

portionately, the term MiΩi/(MSΩS + MNΩN ) on the right-hand
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side of (11) is not affected at the initial values of ΩS and ΩN . Then,

if β = 0 (Cobb–Douglas research technology), γ also is constant,

and there is no effect on patent policy in either country. However,

if β < 0, the extra resources that are drawn into R&D reduce the

supply elasticity of innovation with respect to the value of a patent.

Then the index of patent protection falls in both countries. This

is similar to our finding for a closed economy that, when β < 0,

the optimal strength of IPR protection shrinks when the market for

differentiated products expands.

Next consider an expansion in the size of the Southern market

with no change in market size in the North. If β = 0, γ is constant,

and an increase in MS has qualitatively the same effects as an

increase in μS; these effects are shown in Figure 1, where we see

that the strength of patent protection in the South grows while that

in the North shrinks. However, if β < 0, the increase inMS reduces γ

at the initial values of ΩS and ΩN . Relative to the situation depicted

in Figure 1, there is a further downward shift in NN and an offsetting

leftward shift in SS. Indeed, if the supply elasticity of innovation falls

by enough, the SS curve might even shift to its left relative to its

ΩN

ΩS0

S

S

N

N

E

E′

N′

N′S′

S′

Figure 1. Comparative static effects of an increase in HS/HN .
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initial location before the market expansion. In such circumstances

ΩS might fall as MS grows.

4 International Patent Agreements

In this section, we study international patent agreements.20 We

begin by characterizing the combinations of patent policies that are

jointly efficient for the two countries.21 Then we compare the Nash

equilibrium outcomes with the efficient policies, to identify changes

in the patent regime that ought to be effected by an international

treaty. Finally, we address the issue of policy harmonization. By that

point, we will have seen that harmonization is neither necessary nor

sufficient for global efficiency. We proceed to investigate the distri-

butional properties of an agreement calling for harmonized patent

policies and ask whether both countries would benefit from such an

agreement in the absence of some form of direct compensation.

4.1 Efficient patent regimes

We shall begin by showing that the sum of the welfare levels of the

two countries depends only on a measure Q of the overall protection

afforded by the international patent system. This means that the

same aggregate world welfare level can be achieved with different

combinations of ΩS and ΩN that imply the same overall level of

protection. One particular level of Q — call it Q∗ — maximizes the

sum of the countries’ welfare levels. For a wide range of distributions

20See also McCalman (2002), who discusses globally efficient patent policies in
his two-country extension of the Nordhaus (1969) model. Lai and Qiu (2003)
consider whether the joint welfare of the two countries would be increased if the
South were to extend its patents so as to be equal in length to those chosen by
the North in a Nash equilibrium.
21Ours is a constrained efficiency, because we assume that innovation must be
done privately and that patents are the only policies available to encourage R&D.
We do not, for example, allow the governments to introduce R&D subsidies, which
if feasible, might allow them to achieve a given rate of innovation with weaker
patents and less deadweight loss.
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of world welfare, efficiency is achieved by setting the individual patent

policies so that the overall index of patent protection is Q∗.
In particular, let Q = MSΩS +MNΩN . This measure of global

patent protection weighs the degree of patent protection in each

country by the size of the country’s market. A firm that earns a

flow of expected profits of ωSMSπ for a period of length τS in the

South and a flow of expected profits of ωNMNπ for a period of τN
in the North earns a total discounted sum of expected profits equal

to Qπ. Thus, Q governs the allocation of resources to R&D in each

country, regardless of the particular combination of patent policies

in the separate countries.

Consider the choice of patent policies ΩN and ΩS that will

take effect at time 0 and apply to goods invented thereafter. The

expressions for the countries’ gross welfare levels at time 0 are

analogous to those for a closed economy, as recorded in equation (6).

The aggregate welfare in country i, discounted to time 0, is given by

Wi(0) = Λi0 +
wi(Li − LRi)

ρ
+
Mi(φS + φN )

ρ

[
ΩiCm + (T̄ −Ωi)Cc

]
+
φi
ρ
π (MSΩS +MNΩN ) , for i = S,N, (12)

where Λi0 is the fixed amount of discounted surplus that consumers

in country i derive from goods that were invented before time 0.

Summing the expressions in (12) for i = S and i = N , we find

that

ρ [WS(0) +WN (0)] = ρ (ΛS0 + ΛN0) + wS(LS − LRS)

+ wN (LN − LRN ) + (MS +MN )T̄ (φS + φN )Cc

− Q (φS + φN ) (Cc − Cm − π). (13)

Since vS = vN = πQ, LRS and LRN are functions of Q.22 The same

is true of φS and φN . It follows that different combinations of ΩS

22In country i, the allocation of labor to research is determined by

πQFL(LRi/ai,Hi) = 1/ai.
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and ΩN that yield the same value of Q also yield the same level of

aggregate world welfare.23

If international transfer payments are feasible, then a globally

efficient patent regime must haveMSΩS+MNΩN = Q∗, where Q∗ is
the value of Q that maximizes the right-hand side of (13).24 Notice

that a range of efficient outcomes can be achieved without the need

for any international transfers. By appropriate choice of ΩN and

ΩS , the countries can be given any welfare levels on the efficiency

frontier between that which they would achieve if ΩS = 0 and ΩN =

Q∗/MN and that which they would achieve if ΩS = Q∗/MS and

ΩN = 0.25

Although aggregate world welfare does not vary with the national

policies ωi and τi as long as MSΩS+MNΩN = Q∗, the countries fare
differently under the alternative combinations of policies that can

be used to achieve global efficiency unless compensating transfers

take place. In particular, the welfare of the North increases and that

of the South decreases as ΩS is increased and ΩN is decreased in

such a way as to keep the weighted sum constant. It follows that,

absent any international transfer payments, the countries have a

strong conflict of interest over the terms of an international patent

agreement.

23This result is anticipated by a similar one in McCalman (2002), who studied
efficient patent agreements in a partial equilibrium model of cost-reducing
innovation by a single, global monopolist.
24The first-order condition for maximizing ρ[WS(0) +WN(0)] implies

Cc −Cm − π = γ

{
Cm +Cc

[
(MS +MN )T̄ −Q∗

Q∗

]}
.

The second-order condition is satisfied at Q = Q∗ when β ≤ 1/2.
25This statement ignores the ceiling on patent lengths imposed by the finite
economic life of differentiated products. A more precise statement is that a
range of distributions of maximal world welfare can be achieved by varying ΩS

between ΩS = max{0, (Q∗ −MN T̄ )/MS} and min{Q∗/MS , T̄} while varying ΩN

between ΩN = min{Q∗/MN , T̄} and max{0, (Q∗ −MS T̄
)
/MN} in such a way

that MSΩS +MNΩN = Q∗.
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Figure 2. Comparison of Nash equilibrium and an efficient patent regime.

4.2 Pareto-improving patent agreements

How do the efficient combinations of patent policies compare to the

policies that emerge in a noncooperative equilibrium? The answer

to this question — which informs us about the likely features of

a negotiated patent agreement — is illustrated in Figure 2. The

figure depicts the best response functions and the efficient policy

combinations on the same diagram.

In the figure, the efficient policy combinations are depicted by

the line QQ.26 We show this line being situated to the right of the

SS curve and above the NN curve, which is a general feature of our

model. The reasons are clear. Starting from a point on the South’s

best response function, a marginal strengthening of IPR protection

in the South increases world welfare. Such a change in Southern

policies has only a second-order effect on welfare in the South, but

26If international transfer payments are infeasible, the set of Pareto efficient policy
combinations includes the segment of the vertical axis above its intersection with
QQ and extending as far as the point (0, T̄ ) and the segment of the horizontal
axis to the right of its intersection with QQ and extending to (T̄ , 0).
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it conveys two positive externalities to the North. First, it provides

extra monopoly profits to Northern innovators, which contributes to

aggregate income there. Second, it enhances the incentives for R&D,

inducing an increase in both φS and φN . The extra product diversity

that results from this R&D creates additional surplus for Northern

consumers.

By the same token, a marginal increase in the strength of

Northern patent protection from a point along NN increases world

welfare. Such a change in policy enhances profit income for Southern

firms and encourages additional innovation in both countries. It

follows, of course, that the QQ line must lie outside the Nash

equilibrium. We record our finding in

Proposition 4. Let (ΩS ,ΩN ) be an interior equilibrium in the non-

cooperative policy game and let (Ω∗
S ,Ω

∗
N ) be any efficient combination

of patent policies. Then MSΩ
∗
S +MNΩ∗

N > MSΩS +MNΩN .

The proposition implies that, starting from any interior Nash equi-

librium, an efficient patent treaty must strengthen patent protection

in at least one country. It also implies that the treaty will strengthen

global incentives for R&D and induce more rapid innovation in both

countries.

4.3 Harmonization

Commentators sometimes claim that it is desirable to have universal

standards for intellectual property protection and for many other

national policies that affect international competition. The argu-

ments for harmonization are not always clear, but they seem to be

based on a desire for global efficiency. Yet it is hardly obvious why

efficiency should require identical policies in countries at different

stages of economic development. In this section, we examine the

aggregate and distributional effects of international harmonization of

patent policies. It should be noted that TRIPs essentially harmonizes

patent policy by requiring all governments to grant patents of at least

twenty years from date of filing and by requiring minimum standards

of effective enforcement.
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As should be apparent from the preceding discussion, harmoniza-

tion of patent policies is neither necessary nor sufficient for global

efficiency, regardless of whether international transfer payments are

feasible or not. A regime of harmonized policies will only be efficient

if the common index of patent protection in the two countries is such

that Q = Q∗. And any combination of patent policies that provides

the proper global incentives for R&D will be efficient, no matter

whether the patent policies in the two countries are the same or not.

If patent protection is stronger in the North than in the South in

an initial Nash equilibrium, then harmonization might be achieved

either by a unilateral strengthening of patent laws in the South

or by a combination of policy changes in the two countries. A

unilateral increase in ΩS is bound to harm the South (absent any side

payments), because the equilibrium policy package is a best response

by the South to the North’s choice of patent laws and any unilateral

deviation from a country’s best response is, by definition, damaging

to its interests.27 As for harmonization that might be achieved

through a combination of policy changes, we focus on a treaty that

would achieve global efficiency. Such a treaty is represented by point

H in Figure 2. Efficient harmonization surely requires a strengthening

of patent protection in the South and in the world as a whole, since

ΩN > ΩS at E andQQ lies outside this point. If β = 0, it also requires

a strengthening of patent protection in the North.28 If β < 0 , efficient

harmonization may require a weakening of patent protection in the

27See also Lai and Qiu (2003), who consider the welfare effects of harmonizing
IPR protection at the standard that would be chosen by the North in a non-
cooperative equilibrium. In a model of once-off investment in R&D, they show
that such a change in the South’s policy from the Nash equilibrium level would
benefit the North by more than it would harm the South.
28First, we note that when β = 0, point H lies above the intersection of the
NN curve with the vertical axis. This can be seen by substituting ΩN = ΩS in
the first-order condition for maximizing ρ [WS(0) +WN(0)] and comparing the
resulting expression for ΩN = Q∗/(MN + MS) with the expression for ΩN that
comes from (11) when ΩS = 0. Then, since the NN curve is downward sloping
when β = 0, the fact that it starts below point H implies that the extent of patent
protection in the North is greater at point H than it is at point E.
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North.29 If MN ≥ MS and HN ≥ HS , the North definitely gains

from efficient harmonization.30 However, the South may be worse off

at pointH than in the Nash equilibrium at point E, unless some form

of compensation is provided by the North. In general, the larger are

MN/MS and HN/HS , the more likely it is that the South would lose

from efficient harmonization.

Summarizing, we have31

Proposition 5. Suppose MN ≥ MS, HN ≥ HS, and β ≤ 0. Then

efficient harmonization requires a strengthening of patent protection

in the South and in the world as a whole. It requires a strengthening of

patent protection in the North if β = 0, and may require a weakening

of patent protection in the North if β < 0. The North necessarily

gains from efficient harmonization, while the South may gain or lose.

We conclude that harmonization has more to do with distribution

than with efficiency, and that incorporation of such provisions in a

treaty like TRIPs might well benefit the North at the expense of the

South.32

29For further discussion of this case, see Boldrin and Levine (2009, Section 6).
30If MN ≥ MS and HN ≥ HS, the common index of patent policy that maximizes
the welfare of the North is greater than the common index of patent policy that
maximizes aggregate world welfare. Therefore, the North gains from a unilateral
increase in ΩS that brings the Southern patent policy into conformity with the
Nash equilibrium policy in the North, and further gains from an increase in the
common policy until Q = Q∗.
31This proposition is different from the one in the original published version of the
paper in American Economic Review. After the publication of the paper in AER,
an error in the proposition was found. A corrigendum was published after that
(see Grossman and Lai, 2006). This proposition takes into account the contents
of the corrigendum. This correction does not affect the main thrust of the paper.
32McCalman (2001) estimates the income transfers implicit in TRIPs and finds
that international patent harmonization benefits the United States at the expense
of the developing countries as well as Canada, the United Kingdom and Japan.
He does not, however, include in his calculations the benefits that countries derive
from the global increase in innovative activities.
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5 Patent Policy with Many Countries

In this section, we extend our analysis to a trading world with many

countries. Our main finding is that adding countries exacerbates the

free-rider problem that plagues the noncooperative policy equilib-

rium. Small countries are inclined to allow others to provide the

incentives for innovation so as to avoid the deadweight losses in their

home markets. In the limit, as the number of countries grows large

and each one is small in relation to the world economy, the unique

Nash equilibrium has universal patents of strength zero. Then, a

patent treaty is critical for creating incentives for private innovation.

We assume that there are J countries, and that country i

has market size Mi, human capital endowment Hi, and labor

productivity 1/ai. The research technology in country i is φi =

F (Hi, LRi/ai) =
[
b[LRi/ai]

β + (1− b)Hβ
i

]1/β
, with β ≤ 1/2. All

consumers share the preferences given in (8).

Suppose that there is no cooperation between nations in setting

their patent policies. In country i, either Ωi = 0 and the marginal cost

of providing the first bit of patent protection exceeds the marginal

benefit, Ωi = T̄ and the marginal benefit of providing the last bit

of patent protection exceeds the marginal cost, or 0 < Ωi < T̄ and

the marginal benefit of strengthening patent protection equals the

marginal cost. Equality between marginal benefit and marginal cost

implies

Cc − Cm − μiπ =
Mi

Q
γ[ΩiCm + Cc(T̄ − Ωi)], (14)

where Q =
∑

j MjΩj measures the strength of global patent

protection in the Nash equilibrium.

Observe first that as μi → 0, the left-hand side of (14) approaches

Cc − Cm; a small country captures virtually none of the monopoly

profits from innovative products, so the marginal cost of a patent

per consumer and product is the difference between the competitive

and monopoly levels of consumer surplus. But as Mi → 0, the right-

hand side of (14) approaches zero, because a small country provides

innovators with virtually none of their global profits and so worldwide
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innovation is hardly responsive to a change in such a country’s patent

policy. It follows that a small country will set its index of patent

protection equal to zero in a Nash equilibrium.

If all countries choose positive patent strengths that are less than

T̄ , equation (14) holds for every i. Then we can sum (14) across the

J countries, which gives

J (Cc − Cm)− π = γ

⎡
⎣Cm − Cc +

Cc

(∑
jMj

)
T̄

Q

⎤
⎦ . (15)

Then, for a given size of the world market, Q depends only on the

number of countries J and not on the distribution of consumers and

human capital across countries. Moreover, if β ≤ 0, Q is a declining

function of J ; the greater is the number of countries, the weaker are

the global incentives for innovation in a noncooperative equilibrium.

As the number of countries grows large (holding constant the size of

the world market), the aggregate incentives for innovation approach

zero.33 Evidently, the free-rider problem becomes increasingly severe

as the number of independent decision makers in the world economy

expands.

Finally, note that the requirements for global efficiency do not

depend on the number of countries. Again, the sum of all national

welfare levels is a function of the aggregate world incentive for

innovation. This sum is maximized when

Cc − Cm − π = γ

⎡
⎣Cm − Cc +

Cc

(∑
j Mj

)
T̄

Q∗

⎤
⎦ . (16)

Thus, if international compensation is possible, an efficient global

patent treaty will have
∑

jMjΩj = Q∗, where Q∗ is solved from (16).

Notice that Q∗ must exceed Q, the aggregate patent protection

in the Nash equilibrium. Even if international compensation is not

33Suppose Q were to approach a finite number as J → ∞. Then γ would approach
a finite number as well, and the right-hand side of (15) would be finite. But the
left-hand side of (15) approaches infinity as J → ∞.
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feasible, an efficient agreement will have
∑

j MjΩj = Q∗ for a range

of distributions of world welfare.

6 Conclusions

We have developed a simple model of endogenous innovation and

have used it to study the incentives that governments face in choosing

their patent policies. Our model features a familiar trade-off between

the static benefits of competitive pricing and the dynamic benefits

of increased innovation. For a closed economy, we derived a simple

formula for the optimal strength of patent protection that relates

the deadweight loss induced by a marginal strengthening of IPR

protection to the surplus that results from the extra innovation.

In an open economy, differences in market size and differences in

capacity for R&D generate national differences in optimal patent

policies. We focused on policies that are applied with national

treatment ; that is, regimes that require equal protection for foreign

and domestic applicants. A country’s optimal patent policy is found

by equating the sum of the extra deadweight loss that results from

strengthening the IPR protection granted to domestic firms and the

extra consumer surplus loss that results from expanding the fraction

of imported goods that are subject to monopoly pricing with the

benefits that flow from providing greater incentives for innovation

to firms worldwide. A country’s optimal IPR protection depends

on the policies set by its trading partner, because the strength of

foreign patent rights affects the responsiveness of global innovation

to a change in a country’s own patent policies.

We found that having a larger market for innovative products

typically enhances a government’s incentive to grant stronger patent

rights. Also, a government’s relative incentive to protect IPRs

typically increases with its relative endowment of human capital.

In a noncooperative equilibrium, patent protection will be stronger

in the North than in the South if the North has a larger market for

innovative products and a greater capacity for R&D.

Starting from a Nash equilibrium, countries can benefit from

negotiating an international patent agreement. A treaty can ensure
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that national policies reflect the positive externalities that flow to

foreign residents when a country tightens its patent laws. To achieve

(constrained) efficiency, an international agreement must strengthen

aggregate world patent protection relative to the Nash equilibrium.

Harmonization of patent policies is neither necessary nor sufficient

for the efficiency of the global IPR regime. If patent policies are

harmonized at an efficient level, the move from a Nash equilibrium

typically will benefit the North but possibly harm the South.

Our conclusions are essentially the same for a world with more

than two countries. Countries with larger markets and more human

capital will provide stronger IPRs in a noncooperative equilibrium

than those with smaller markets and less human capital. Indeed,

a country that is small in relation to the world economy has no

incentive whatsoever to grant patents. The greater is the number

of independent countries, the more severe is the free-rider problem

inherent in the setting of national patent policies. Thus, the value

of an international patent agreement grows with the number of

independent sovereign decision makers.

Our analysis can be extended to more general environments. For

example, in an earlier version of this paper (Grossman and Lai, 2002),

we allowed for cross-national differences in relative labor productivity

in the two industries. With comparative advantage in production,

the productivity gap in the industry that produces differentiated

products may not be offset by the gap in relative wages. Then the

production costs for innovative products will be higher in one region

or the other. This can create an asymmetry in the life cycle of a

new good depending upon whether patents are longer in the North

or in the South. We showed how such an asymmetry may generate

multiple equilibria in the policy game.

Another possible extension would allow different preferences in

different countries. With different demands, the marginal cost of

strengthening IPR protection will vary around the globe. Then

differences in the elasticities of demand for innovative products will

be another factor that affects the governments’ relative incentives

for granting long patents or providing strict enforcement. Moreover,

asymmetries in demand would be reflected in the characteristics of
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a globally efficient IPR regime. An efficient regime would equalize

across countries the marginal deadweight loss associated with pro-

viding a given push to global innovation. Efficiency requires stronger

patent protection in countries that have more inelastic demands for

innovative products, all else the same.

Appendix

In this appendix we show that, for a closed economy, when Ω

solves (7) and β ≤ 1/2, the second-order condition for an optimal

patent policy is satisfied. Similar calculations ensure that β ≤ 1/2 is

sufficient for the second-order condition to be satisfied for the best

response given by (11) for an open economy.

Let us rewrite the first-order condition (7) as

γ

Ω

{
CcT̄ − Ω

[
(Cc − Cm) + (Cc −Cm − π)

1

γ

]}
= 0.

Since γ/Ω > 0, the term in curly brackets must vanish at any local

extremum. We will show that at any such point the term in curly

brackets is a decreasing function of Ω; i.e. that

−
[
(Cc − Cm) + (Cc − Cm − π)

1

γ
− Ω

(Cc − Cm − π)

γ2
dγ(Ω)

dΩ

]
< 0.

(A.1)

This means that any point satisfying the first-order condition is a

local welfare maximum. Since the welfare function is continuous and

differentiable, it follows that there can be at most one local extremum

point, and that the value of Ω that generates this point is the unique

welfare-maximizing patent policy.

It is straightforward to calculate that

γ ≡ −
[
(FL)

2

FFLL

]
=

b

(1− b)(1− β)

(
LR

aH

)β
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for the CES research technology. Meanwhile, vFL = w = 1/a and

v =MπΩ imply that FL = 1/aMπΩ, or that

b

a

[
b+ (1− b)

(
aH

LR

)β
] 1−β

β

=
1

aMπΩ

in the CES case. Using these two equations, we can express γ as a

function of Ω; we find that γ =
(

b
1−β

) [
(bMπΩ)

−β
1−β − b

]−1

.

We can now compute dγ(Ω)/dΩ, and substitute the resulting

expression into the left-hand side of (A.1), which then becomes

Ψ = −
[
Cc −Cm − (1− β)(Cc − Cm − π)

+ (Cc − Cm − π) (bMπΩ)
−β
1−β

(
1− 2β

b

)]
.

But β ≤ 1/2 ensures that

Ψ ≤ − [Cc − Cm − (1− β)(Cc − Cm − π) + (1− 2β) (Cc − Cm − π)]

= − [Cc − Cm − β(Cc − Cm − π)]

< 0.

So the second-order condition is satisfied when β ≤ 1/2 and the Ω

that solves (7) — if it exists — is the unique welfare-maximizing

patent policy.
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Chapter 3

The Theory of International Policy
Coordination in the Protection of Ideas∗

Abstract
In this chapter, I put forward a framework to help us understand
the underlying sources of national policy failures regarding intel-
lectual property rights (IPR) protection, the need for international
coordination, and how the coordination should be done. I also ana-
lyze whether global harmonization of IPR standards is necessary or
sufficient for achieving globally welfare-maximizing policies. Then
I move on to analyze the Agreement on Trade-Related Aspects
of Intellectual Property Rights (TRIPS), which is a mighty effort
to coordinate IPR policies across member countries of the World
Trade Organization (WTO). I discuss what TRIPS was supposed
to do and what it has actually achieved, with reference to my
theoretical framework. I explain that it is desirable for IPR to be
included in world trade talks and be negotiated along with other
trade issues. I offer analyses on the extensions of the basic model
by introducing political economy and trade barriers, as well as
allowing countries to discriminate against foreign firms. Finally,
I comment on further potential extensions such as introduction

∗By Edwin L.-C. Lai. Originally published in Keith E. Maskus (ed.) Intellec-
tual Property, Growth and Trade (Frontiers of Economics and Globalization,
Volume 2), Emerald Group Publishing Limited, pp. 357–389. Copyright c© 2007
Emerald Publishing Limited. It has been reprinted with revisions and permission
from the original publisher. The difference with the original published paper is
that Sections 3.2 and 5 have been updated and some items in the References
section have been deleted or added accordingly.
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of foreign direct investment (FDI) or licensing, parallel imports,
cumulative innovations, subject matter of protection and costs
of implementation. The main thrust of the basic model is that,
provided that there is free trade and non-discrimination of foreign
firms, there exist positive cross-border externalities as a country
strengthens its IPR protection, since it raises the profits of foreign
firms and the welfare of foreign consumers without causing any
deadweight loss on foreign soil. This implies that national govern-
ments tend to provide too little IPR protection compared with the
global optimum. The model also implies that a country with higher
innovative capability and larger domestic market would provide
stronger IPR. Thus, it is natural for the South to protect IPR less
than the North in the absence of international coordination. These
basic results largely continue to hold under various extensions.

1 Introduction

Why do we need international policy coordination? Typically, the

answer is that in choosing their own policies individual governments

do not take into account the effects those policies have on other

nations. As a result, individual national policies are subject to a

market failure arising from international externalities. The World

Trade Organization (WTO) is a classic example of a body designed

to facilitate international policy coordination — in this case, for

trade-related issues. For example, Bagwell and Staiger (1999, 2002)

and Staiger (1995) hold the view that terms of trade externalities

are the core reason for having an organization such as the WTO.

The optimal tariffs set by large countries seeking solely to maximize

their own welfare are too high from the global welfare point of

view, for no country considers the negative impact on export prices

of its trading partners. Therefore, a multilateral institution that

facilitates international coordination of trade policy to reduce tariffs

can overcome this international policy failure and improve global

welfare.

In this chapter, I address similar questions regarding the protec-

tion of intellectual property rights (IPR). Do we need international

coordination of IPR? If so, where are the underlying sources of

policy failure? How should the coordination be done? Is global
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harmonization of IPR standards the best means of achieving welfare-

maximizing policies? If so, on what level should harmonization take

place? The WTO contains an ambitious attempt to manage this

problem. The Agreement on Trade-Related Aspects of Intellectual

Property Rights (TRIPS) is an effort to coordinate IPR policies

across member countries. What is TRIPS supposed to do and what

has it actually achieved? Is it desirable for IPR to be included in

world trade talks and be negotiated along with other trade issues?

In order to answer such questions, we need first to understand

the nature of the problem at hand. What would the global policy

equilibrium look like in the absence of international coordination

of protection of ideas? What would the global optimum set of

policies be? To answer these questions, I shall rely primarily on

a simple model of policy formation with free trade and welfare-

maximizing governments. I will see how tensions arise naturally in

this context between technology-developing nations (the “North”)

and technology-importing countries (the “South”). Governments in

he South naturally want to protect IPR less than the North does in

Nash equilibrium. Next, I examine how the global optimum differs

from the non-cooperative equilibrium. Then, I relax the assumptions

of free trade and benevolent governments, analyzing the basic model

in a world with trade barriers and firm-biased governments.

In the basic model I focus on international coordination in length

and enforcement of patents in a world with free trade. However,

IPR protection includes not only patents, but also copyrights and

trademarks, among other things. Even if one focuses on only patent

protection, there are other relevant issues, such as patent breadth,

parallel trade, lobbying, trade barriers, and non-discrimination,

which are not addressed in the basic model. How do these factors

affect the optimal policy coordination? I will extend the basic model

by incorporating some of these elements in the analysis. Towards the

end of the chapter, I discuss other extensions to the basic model and

speculate on how they might affects the major results.

The chapter is organized as follows. In Section 2, I briefly describe

attempts at international coordination prior to, and including, the

TRIPS Agreement. In Section 3, I review other papers that have
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analyzed policy coordination problems in the IPR context. I turn

in Section 4 to my basic model, while in Section 5 I consider

empirical evidence on its essential predictions. Further interpretation,

extensions, and comments on potential extensions of the analysis are

made in Sections 6–11, with concluding remarks in the final section.

2 The Development of Global Policy Coordination

Countries have long sought to coordinate their intellectual property

policies, though the first major international efforts came in the late

19th century. The Paris Convention for the Protection of Industrial

Property, which focuses primarily on patent protection, came into

force in 1883. The Berne Convention for the Protection of Artistic

and Literary Property, which focuses mainly on copyrights, was

established in 1886. Both treaties were signed by a small number of

countries with strong or emerging interests in IPR. These conventions

have been renegotiated numerous times and their basic standards

remain the essential framework of global IPR protection. A number

of additional treaties have come into force over the intervening

period, including the Madrid Agreement (covering registration and

protection procedures in trademarks), the Rome Convention (cov-

ering protection for performers, broadcasters, and producers of

audio recordings), and the Washington Treaty (aimed at protecting

computer chip designs). Further, the World Intellectual Property

Organization (WIPO), was elevated to the status of a United Nations

specialized agency in 1974. Under its auspices a number of additional

agreements have come into force, including the WIPO Copyright

Treaty and the WIPO Performers and Phonograms Treaty, both

negotiated in the late 1990s. WIPO is charged with facilitating

negotiations on standards in intellectual property, overseeing the

operation of its various conventions, serving as a clearinghouse for

national laws in IPR, and accepting patent applications under the

PCT and trademark applications under the Madrid Protocol.

While the international IPR system centered on WIPO and

its various treaties is sophisticated and has been central in raising

awareness about protection for technologies and information goods,



The Theory of International Policy Coordination in the Protection of Ideas 63

it suffered from three serious shortcomings from the standpoint of

global policy. First, virtually all international agreements on IPR

within that system lacked any binding power to resolve disputes

and commit countries to adopting and enforcing minimum stan-

dards. Second, the various conventions were based largely on a

national treatment obligation, though even this mild form of non-

discrimination was frequently subject to exceptions. This feature

meant that the conventions failed to prevent countries from adopting

weak standards of protection. Third, few of these conventions

attracted significant numbers of countries, implying that they did

not really extend the reach of IPR into much of the developing world.

Since the late 1980s, the United States, various EU countries

and Japan began to exert ever higher pressure for other countries to

adopt more stringent standards in protecting patents, trademarks,

copyrights, and other elements in both the real world and the cyber-

world. These efforts culminated in the signing of the Agreement on

Trade-Related Aspects of Intellectual Property Rights (TRIPS), as

part of the Uruguay Round of negotiations founding the WTO, in

1994. By January 1, 1996, all developed countries were required to

adopt the universal minimum IPR standards set out in TRIPS. The

corresponding deadline for all developing and transition economies

was January 1, 2000, and that for the least-developed countries was

January 1, 2006. The Doha Declaration of 2001 offered an additional

extension to 2016 for pharmaceutical patent protection in the least-

developed countries.

The TRIPS Agreement goes a long way toward resolving the

three problems with the UN system mentioned above. Because it is

part of the WTO, violations of IPR obligations accepted in TRIPS

are now subject to binding dispute resolution procedures.1 Second,

it set out substantive minimum standards in all areas of intellectual

property protection, which required virtually all nations, especially

the developed countries, to strengthen their rules markedly. Third,

1This process is discussed in detail by Beshkar and Bond in their chapter in this
volume.
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because WTO membership is virtually universal, nearly all countries

in the world are now bound by the IPR requirements in TRIPS.

This applies equally to countries still acceding to the WTO, for they

must adopt or exceed TRIPS standards. Thus, while TRIPS remains

some distance from global harmonization of IPR, it has markedly

strengthened and universalized international protection.

What does TRIPS cover? In general, there are three main aspects

of coordination: national treatment, most-favored nation (MFN)

treatment and a significant tendency toward harmonization of IPR

standards. National treatment requires all members to treat nationals

of other countries no less favorably than their own nationals. The

MFN principle requires that advantages and privileges granted by a

member to the nationals of any other country should be extended

unconditionally to the nationals of all other WTO members. Har-

monization refers to the establishment of universal minimum IPR

standards. Note that these are minimum standards and countries are

free to make their own regulations even more protective. In this sense

TRIPS does not achieve full harmonization. The IPR standards to

be coordinated cover patents, copyrights, trademarks, geographical

indications, industrial designs, layout designs of integrated circuits,

plant varieties, and trade secrets, among other things.2

It has been argued elsewhere (e.g. Maskus, 2000) that TRIPS

is probably the most important international IPR agreement ever

signed, because of the number of countries involved and the scope of

changes implied, especially in the developing countries. Most impor-

tantly, TRIPS can be enforced by the WTO through the dispute

settlement procedure. One country can impose trade retaliation on

another country if the latter violates some TRIPS obligation and

thereby nullifies or impairs the benefits of TRIPS that should be

enjoyed by the former. Important as it is, formal economic analyses

of TRIPS are scarce. Some legal scholars (e.g. Reichman, 1995)

have argued that TRIPS is basically backward-looking in nature,

enshrining what the developed world had been adopting before the

2See, for example, UNCTAD (1996, pp. 8–12) and Maskus (2000, pp. 18–19).
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agreement was negotiated as the world minimum standard. Reichman

goes on to argue that the reason the developing nations signed

the TRIPS agreement was that the advanced industrial countries

promised to open up their markets in agriculture and traditional

goods in exchange for the former countries agreeing to abide by

TRIPS.

3 Models of IPR Policy Coordination

3.1 Models of North-South IPR without coordination

There have been theoretical and empirical studies of the welfare

effects of the global systems of IPR protection, mostly in the North-

South setting. Both Chin and Grossman (1990) and Deardorff (1992)

examine welfare effects of extending IPR protection from the North

to the South. They find that many results depend on the size

of the South’s market. Their studies are based on two important

assumptions. First, they assume that the South does not have

innovative capability. Second, they examine only the case where

the South has either full or no IPR protection. Diwan and Rodrik

(1991) also consider various degrees of IPR protection in the North

and the South. Interestingly, they find that to maximize global

welfare, which is the equally weighted sum of the North’s and the

South’s welfare, the rates of patent protection in the two regions

must be identical. They emphasize the taste difference between

the two regions and assume no innovative capability in the South.

Helpman (1993) studies IPR protection, growth and welfare using

a two-country general equilibrium model (with North and South),

where the North specializes in innovation and the South specializes

in imitation. He finds that tightening IPR protection in the South

hurts the South and may or may not benefit the North.

How does IPR affect trade, foreign direct investment (FDI),

licensing and technology transfer between the North and South?

Drawing on the endogenous product-cycle model of Grossman and

Helpman (1991, Chapter 11), Lai (1998) shows that an increase in

the rate of imitation caused by a weakening of IPR protection leads

to less FDI from the North to the South, as Northern firms prefer
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exporting so as to lower the risk of being imitated. This leads to

a decrease in the rate of innovation and a decrease in the terms

of trade of the South, as there is less technology transfer. Markusen

(2001) shows that (intellectual) property rights enforcement may lead

to a shift from exporting to a local subsidiary, and this mode shift

improves the welfare of both the multinational corporation and the

host country. Yang and Maskus (2001) examine the effects of IPR on

licensing and innovation in the context of an international product-

cycle model. Glass and Saggi (2002), on the other hand, study the

effects of IPR protection on licensing versus direct investment, which

in turn have an effect on economic growth.

An interesting empirical study by McCalman (2001) finds that

TRIPS generates large income transfer between countries, with the

total sum of net outward transfers from all countries equal to

US$ 6.23 billion. The United States gets more than 70% of all

inward transfers, followed distantly by Germany, France, and Italy.

Surprisingly, developing countries account for only 40% of all the

outward transfers. Even more surprisingly, the largest amounts of

outward transfer come from Canada, Brazil, the United Kingdom,

India, Mexico and Japan. This is certainly a mixed basket of

Northern and Southern countries. This reveals the fact the many

developed countries did not protect IPR as strongly as the United

States before TRIPS came into being. However, McCalman does not

estimate the total deadweight losses or the benefits that arise out of

TRIPS, such as increased innovation, trade and technology transfer.

3.2 IPR-trade policy tradeoffs

How does IPR protection interact with trade policy? Since import

barriers effectively subsidize domestic firms but tax foreign firms,

they encourage innovation by domestic firms but discourage innova-

tion by foreign firms. Qiu and Lai (2004) point out that in a world

where the North specializes in innovation and the South in imitation,

a Northern tariff is pro-innovation, and therefore is a substitute

for IPR protection, while a Southern tariff discourages innovation,

and therefore offsets IPR protection. They find that the globally
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optimal Northern tariff increases as IPR protection in the North or

the South decreases. Consequently, global welfare may rise as the

Northern tariff increases, but necessarily declines as the Southern

tariff increases. Zigic (2000) finds a similar motive for the North

to protect trade, and that a Northern tariff can be globally welfare

improving, though he uses a more complicated four-stage game to

demonstrate his result.

One has to bear in mind that the tradeoffs (or offsetting effects)

between tariffs and IPR protection is true only for tariffs on IPR-

sensitive goods. In a general-equilibrium model, tariffs on non-IPR-

sensitive goods can penalize the domestic IPR-sensitive sector and

discourage innovation. Conversely, tariffs on IPR-sensitive goods

can have general-equilibrium effects on non-IPR-sensitive sectors.

Welfare and growth analyses should take these effects into account.

3.3 IPR externalities and coordination problems

Central to the need for international coordination is the possi-

ble failure of self-serving national policies to deliver a globally

efficient outcome. This is often linked to the existence of cross-

border externalities. Noting the shortcomings of analyzing Southern

IPR decisions as all-or-nothing in Chin and Grossman (1990) and

Deardorff (1992), McCalman (2002) shows that when countries

are allowed to set their own patent strengths, the non-cooperative

equilibrium is globally suboptimal. He argues that global optimality

requires that the country faced with a demand curve such that the

ratio of deadweight losses to monopoly profits is lowest be the sole

provider of IPR in the world. Therefore, when countries have to set

their own national patents, their patent strengths are too low, due

to the existence of two externalities. First is the free-rider effect,

whereby all countries benefit from the IPR-strengthening policies of

a single country, and second is the fact that the policy chosen by

an individual country neglects to take into account the surplus that

accrues elsewhere.

The relationship between IPR agreements and other trade

agreements is captured in a theoretical analysis by Lai and Qiu
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(2003). They point out that as a country protects IPR more, the

rest of the world (ROW) gains because the ROW’s innovating firms

make more profit in the country that protects, and its consumers

enjoy more new products at no extra costs. On the other hand, the

loss in consumer surplus as a consequence of strengthening IPR is

solely borne by the country that strengthens the protection. These

externalities point to the suboptimality of the non-cooperative Nash

equilibrium. The paper shows that, because of the externality created

by the strengthening of Southern protection, it is globally welfare-

improving for the South to strengthen IPR protection sufficiently

to harmonize with the North’s current level of protection, though

it benefits the North at the expense of the South. This creates a

case for a quid pro quo between the two regions: the North opens

up its traditional goods market to the South in exchange for the

South harmonizing IPR protection with the North. This paper will

be discussed in more detail later in this chapter.

Casting the IPR coordination problem in a broader context,

Scotchmer (2004a) studies the optimality of IPR treaty in a world

where national governments have two technology-policy instruments:

funding public R&D and negotiating an IPR treaty with foreign

countries based on the principles of national treatment and, possibly,

harmonization. She recognizes that total R&D in the world is too low

in any non-cooperative equilibrium, as the benefits of R&D are partly

enjoyed by foreigners. However, when comparing IPR protection and

public spending on R&D, she concludes that an IPR treaty based

on national treatment and harmonization would provide too much

IPR protection and too little public R&D spending. This is because

patent protection will encourage private firms to undertake R&D in

order to earn profits abroad, while public sponsors are only interested

in domestic consumer surplus. She therefore suggests that a better

remedy to the problem of under-provision of total R&D is to seek

international agreements on public spending for R&D, rather than

negotiating treaties to strengthen IPR.

To guide empirical studies, a more detailed framework is needed

to analyze the incentives to protect IPR in an open economy, why
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the strengths of IPR protection differ across countries, and whether

and how international policy coordination is needed. Grossman and

Lai (2004) is an attempt in this direction. The framework they use in

the analysis of IPR is close to that of Lai and Qiu (2003). Grossman

and Lai (2004), likewise, recognize the existence of positive cross-

border externalities in IPR protection. The paper concludes that

global welfare can be maximized by raising the strength of global

IPR protection from the Nash-equilibrium level, where the strength

of global IPR protection is defined as a variable proportional to the

value of a global patent. There is a continuum of combinations of IPR

strength in the two regions that can achieve a global optimum with

Pareto improvements in welfare for both North and South. Whether

or not strict harmonization is an element of this Pareto-optimal

set depends on whether the North and the South are sufficiently

similar in their innovativeness and the sizes of their domestic

markets.

Although Grossman and Lai’s (2004) paper generates valuable

insights, the model may be regarded as too simple when used to

answer the question “Would global patent protection be too weak

without TRIPS?” Some commentators (such as Reichman, 1998,

p. 588) think that patent protection was already too strong before

TRIPS, while there is no hard evidence to show one way or the

other. A straightforward application of Grossman and Lai (2004)

would answer “yes” to the question. However, two important factors

can create counteracting forces that reverse the answer to “no”. They

are government bias toward the interests of domestic firms and the

existence of trade barriers. Lai and Yan (2013) is an attempt to model

these questions. They conclude that under reasonable assumptions

about the strengths of government-bias and trade barriers, global

patent protection is still too weak in Nash equilibrium. In other

words, global patent protection would still be too weak without

international coordination and an agreement such as TRIPS can

potentially improve global welfare.

Since the model in Grossman and Lai (2004) covers most of the

issues in the literature, and can be easily extended to cover additional
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ones, I shall introduce a simple IPR coordination model based on that

paper in the next section as a basis for analysis.

4 The IPR Coordination Model

I shall use the model set out in Grossman and Lai (2004) as

my essential framework for analysis. First, I need to clarify that

IPR protection includes not just patents, but also copyrights and

trademarks, plus other devices that are similar to these canonical

forms. I will, however, focus on patent protection in the formal

analysis. The analysis of copyrights should follow the same principle,

while trademarks should probably be analyzed differently. Second,

bear in mind that not all innovations require patent or copyright

protection. Some inventions, such as Coca-Cola, use trade secrets

to protect their intellectual property, because the recipe is hard to

reverse engineer from inspection of the product. Patent protection is

offered in exchange for disclosure of technological detail. Therefore,

trade secrets, rather than patent protection, are used when the

imitation lag without disclosure is long relative to patent length.

Other innovations, such as new management methods, may not

seek any formal intellectual property protection, since the first-

mover advantage is enough to keep the innovator ahead of other

competitors. It takes time for rivals to imitate and the imitation lag

may be long enough for the first inventor to make a sufficient profit

to recapture investment costs. Moreover, the innovator might have

already established a brand name or reputation that can sustain its

ability to earn economic rents for a long period of time.

In the model to come, I assume that there will be no innovation

without IPR protection since imitation is costless and can be done

immediately. This is true to different extents in different industries.

For example, imitation costs are quite low in many components of the

pharmaceutical, chemical and biotechnology industries (Mansfield,

1986; Maskus, 2000). These industries are especially sensitive to

patents. Similarly, digital products can be downloaded, copied and

distributed at virtually zero cost, making content providers keen to
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be protected with copyrights. These two commercial complexes are

often called IPR-sensitive industries.

4.1 Model preview

In the basic model, I consider a trading world with two countries that

differ by the sizes of their domestic markets for IPR-sensitive goods

and innovative capabilities. Assume also that consumers love more

variety of differentiated goods, the blueprints of which are developed

by investing in R&D. I consider ongoing product innovation done

by firms in both countries. After a firm develops a new product,

it seeks patent protection from each country separately. It follows

that a firm’s profits increase as the degree of patent protection

in either country increases. Moreover, when a country’s market is

larger, a strengthening of IPR protection there generates more profits

for firms in both countries. When more profits can be earned from

owning patents, more firms will innovate, creating more variety for

consumers.

I assume that the two countries’ governments play a Nash game

in setting their strengths of patent protection, taken here to be

enforcement-adjusted patent length.3 Given the duration of patent

protection of the other country, each government chooses its duration

of patent protection to maximize the present discounted value of the

sum of domestic consumer welfare and the profits of domestic firms.

This behavior generates the best-response function of each country.

A government’s best response strikes a balance between the marginal

costs and marginal benefits of strengthening domestic patents, given

the duration of protection of the other country.

The marginal costs of strengthening IPR protection arise from

the fact that innovative firms charge monopoly prices instead of

competitive prices for a larger fraction of the domestic market or

product life. This market power increases prices domestic consumers

3“Enforcement-adjusted patent length” is defined as patent length multiplied by
the probability that patent protection is enforced.
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have to pay. It also increases domestic firms’ profits but not

by enough to offset the losses in consumer surplus, resulting in

deadweight losses. Furthermore, each country is required to uphold

the national treatment principle, under which domestic and foreign

firms must be protected to the same extent. Thus, it loses more from

IPR protection provided to foreign firms than from that accorded

domestic firms, since the domestic government only cares about

domestic firms’ profits. Therefore, if a country innovates a smaller

fraction of world goods than it consumes, its cost of strengthening

patents is larger.

On the other hand, the marginal benefits of strengthening IPR

protection arise from increasing the incentives of both domestic and

foreign firms to innovate, thus providing more variety for domestic

consumers. Because there is free trade, inventions from domestic and

foreign firms are equally beneficial. For the same increase in length

of patent rights, the country with the larger market provides more

incentives for firms to innovate. Thus, the benefit a country reaps

from strengthening its IPR protection is greater if the country’s

domestic market is larger.

When a country strengthens its patents, it increases the profits

of foreign firms and also induces more inventions from all over the

world, benefiting foreign consumers. Thus, a country’s strengthening

of IPR conveys positive spillovers to other countries. In other words,

choosing policy on its own a country cannot capture all the benefits

of its action. This is the key insight explaining why world IPR

protection is too weak in the Nash equilibrium compared with the

coordinated global optimum.

4.2 A North-South model of IPR choice

Here I present the formal model in some detail, referring the reader

to Grossman and Lai (2004) for additional analysis. At any point

in time, consumers are faced with a continuum of differentiated

consumer products, which are the result of product innovations, and

one outside good. There is ongoing innovation, the rate of which

is endogenous. Each product has an exogenously given useful life of

length τ̄ . Define T̄ = 1−e−ρτ̄

ρ , which is the present discounted value of
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one dollar from time 0 to τ̄ . The two countries, North and South, each

chooses its strength of patent protection, ΩN and ΩS , respectively,

where Ωj = ωjTj . The variable ωj is the fraction of country j’s

market that protects patented goods and is interpreted as the degree

of enforcement of patents. Variable Tj =
1−e−ρτj

ρ , where τj is patent

length, is the present discounted value of one dollar from time 0 to τj.

Consumers in both countries have the same preferences. The

utility function of a consumer in country j at time z is given by

uj(z) = yj(z) +

∫ nS(z)+nN (z)

0
h[xj(i, z)]di

where yj(z) is consumption of the outside good, nk(z) is the measure

of economically active differentiated goods that have been developed

by country k = N,S, and h[xj(i, z)] is the utility derived from

consumption of xj units of differentiated good indexed by i at

time z. For simplicity, we assume the demand curve faced by all

consumers for all differentiated goods are the same. I make the

usual assumptions sufficient to ensure that there is positive demand

for all variety and that prices are finite. The number of consumers

(market size) in North and South areMN andMS respectively. Note

that the number of consumers is not necessarily the same as the

population, for IPR-sensitive goods are typically normal goods with

high income elasticity. Accordingly, they could have higher demand

in richer countries than in poorer countries.

In steady state, free entry into the innovation business implies

that at each date the returns to research capital rjHj plus those of

research labor wjLRj must equal the total value (φjv) of the patents

of all goods invented at that date: rjHj+wjLRj = φjv. Here Hj, the

supply of research capital, is exogenous given, while rj, the rate of

return to research capital, LRj , the labor employed in research, φj ,

the flow of inventions from country j, and v, the value of a global

patent, equal to π (MSΩS +MNΩN ), are endogenously determined.

The welfare of country i at time 0 consists of the welfare from

consumption of goods that have been invented before time 0, Λj0,

plus the present-discounted value of labor income, returns to capital,

and consumer surplus derived from consumption of goods expected

to be developed in each period in the future. This initial welfare
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measure for country j is then

Wj(0) = Λj0 +
wj(Lj − LRj)

ρ
+
Mj(φS + φN )

ρ

[
ΩjCm + (T̄ − Ωj)Cc

]
+
φj
ρ
π (MSΩS +MNΩN )

where Lj is supply of labor, π is the monopoly profit per consumer,

Cc is consumer surplus under perfect competition, Cm is consumer

surplus under monopoly, wj is wage, and ρ is the time rate of

preference, which is also equal to the interest rate as expenditure

is constant over time. Of the variables in the above equation, only

wj , LRj , φS and φN are endogenously determined. The wage wj is

determined by trade and labor productivities. Stronger protection

of IPR anywhere in the world would lead to increases in LRj , φS
and φN , as stronger IPR protection under free trade induces more

labor allocated to research in both countries and thus higher flows

of innovation in both countries.

Labor is the only factor input in production of any good. Let

aj be the units of labor to produce one unit of any good in

country j. Since the numeraire good is produced in both countries,

and is freely traded, we have wN/wS ≡ w = aS/aN . Moreover,

differentiated products have the same unit cost in each country.

Assume for simplicity that the R&D function, φj = F (Hj, LRj/aj) ,

is Cobb–Douglas in research labor LRj and research capital Hj:

φj = A (LRj/aj)
bH1−b

j . Define γj to be the elasticity of the rate

of innovation with respect to the value of a patent. When the R&D

function is of the Cobb–Douglas type, γj = γ = b/(1 − b), which is

a constant. Equilibrium in the labor market means that the value

of marginal product of workers in R&D is equal to the wage, which

determines the allocation of workers to R&D and manufacturing.

Then an increase in patent value v leads to an increase in research

labor LRj , which increases the rate of innovation φj . Under more

general R&D functions, γ becomes endogenous and γ′ (v) ≤ 0 if

there are weakly diminishing returns to innovation with respect to

IPR protection. This is a more plausible scenario than a constant

innovation elasticity.
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Firms patent their goods separately in each country, but they all

receive national treatment in each country. Countries choose their

strengths of patent protection ΩS and ΩN . In the share of goods

(ωS , ωN ) where patents are protected, imitators cannot produce the

goods locally, nor can an imitation good be imported and sold. When

the patent expires, or when the patent is not protected because of

lax enforcement, the good can be imitated, produced and sold freely.

Now I derive the best-response functions. To derive South’s

best response, note that the marginal cost (per consumer) to South

consists of, first, increases in deadweight loss on goods invented in

South, Cc − (Cm + π), and, second, increases in the loss of consumer

surplus on goods invented in North, Cc − Cm. The marginal benefit

(per consumer) to South consists of, first, increases in the profits

MSπ of Southern innovators, which leads to an increase of φS , which

in turn leads to greater consumer surplus for Southern consumers,

and, second, increases in the profits MSπ of Northern innovators,

which leads to an increase in φN , and thus greater consumer surplus

for Southern consumers. In other words, South’s best response is

given by

φS(Cc −Cm − π) + φN (Cc − Cm)

=

(
dφS
dv

+
dφN
dv

)
· dv

dΩS

[
CmΩS +Cc(T̄ − ΩS)

]
where the left-hand side is marginal cost and the right-hand side is

marginal benefit. Define μj ≡ φj/(φS + φN ) = Hj/(HS + HN ) for

the Cobb–Douglas research function (indeed, for all CES research

functions). Then this equation can be rewritten for country j = N,S

Cc − Cm − μjπ =
γMj

[
CcT̄ − (Cc − Cm)Ωj

]
MSΩS +MNΩN

(1)

It is clear that the best-response function is downward sloping

in (ΩS ,ΩN ) space. To understand the strategic interdependence

between the governments, consider the choice of patent protection

by the South. Suppose the North were to strengthen its patent

protection, implementing a higher ΩN . This would shrink the fraction

of total discounted profits that any innovator earns in the South
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and so, ceteris paribus, would reduce the responsiveness of global

innovation to patent policy in the South. Moreover, the increase in

ΩN would draw labor into R&D in both the North and South. Since

the elasticity of innovation stays constant, the South would find that

its market is relatively less important to potential innovators and

that these innovators are less responsive to its patent policy. For

both reasons, the marginal benefit to the South of strengthening its

patent protection would fall and so the government would respond

to the increase in ΩN with a reduction in patent length or an easing

of enforcement. Thus, foreign and home IPR protection policies are

strategic substitutes given our assumption that innovation elasticity

γ is independent of patent value v.

4.3 Nash equilibrium

The Nash equilibrium is shown in Figure 1. It is clear that the

equilibrium is “stable” and unique when there is an interior solution.

From equation (1), one can infer that a country with both larger

Mj and μj has a higher equilibrium Ωj. Thus, a country with a

larger domestic market for IPR-sensitive goods and higher innovative

capability protects patents more in equilibrium. Given that in
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Figure 1. Comparison of Nash equilibrium and efficient patent regime.
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practical terms the North has a larger market for IPR-sensitive

goods, and higher innovative capability, it is natural to assume that

MN > MS and μN > μS. Then, it is not surprising that the North

protects IPR more than the South does in equilibrium. This creates

tension between the countries, as we shall discuss below.

Note that a country’s equilibrium strength of protection is zero if

its relative market size or relative innovativeness is small compared

with the rest of the world. In other words, if either MS/MN or μS is

too small, then the equilibrium ΩS is equal to zero.4 Similarly, there is

an interior solution only when γ is sufficiently large. Otherwise, the

South offers no protection in equilibrium. Since γ is the elasticity

of rate of innovation with respect to the value of a patent, a large

γ means that the differentiated goods are patent-sensitive. If the

goods are not sufficiently patent-sensitive, the equilibrium strength

of Southern protection ΩS is zero.5 This outcome would pertain if the

set of protected subject matters include many non-patent-sensitive

sectors, making γ too small.

4.4 Efficiency

To find the global optimum, we choose policies ΩS and ΩN that

maximize WS(0) +WN (0), where

ρ [WS(0) +WN (0)] = ρ(ΛS0 + ΛN0) + (LS − LRS)wS

+ (LN − LRN )wN + (MS +MN )T̄ (φS + φN )Cc

−Q(φS + φN )(Cc − Cm − π).

4We have not discussed the shape of the best-response functions where they hit
the axes or where the constraint that Ωj ≤ T̄ begins to bind. The best-response
curve of the South becomes vertical if it hits the vertical axis at a point below
ΩN = T̄ . It also becomes vertical if the South’s best response is T̄ for some
positive value of ΩN . Similarly, the best-response curve for the North becomes
horizontal if either it hits the horizontal axis before ΩS = T̄ or if the North’s best
response is T̄ for some positive value of ΩS. Thus, the best-response curve for the
South must be steeper than that for the North at any point of intersection.
5One can easily solve for MSΩS from the best-response functions and observe
that its value increases with γ. As γ becomes small, the value of MSΩS becomes
zero, given our assumption that MN > MS and μN > μS .
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in which Q =MSΩS+MNΩN is the aggregate global strength of IPR

protection. Observe that patent value v = π(MSΩS+MNΩN ) = πQ,

while the value of marginal product in innovation, vFL(Hj, LRj) =

wj = 1/aj is constant. So, changes in ΩS and ΩN that leave Q

unchanged do not affect labor allocation or innovation rates in either

country or global welfare. The value of Q that maximizes global

welfare defines the efficient combinations of ΩS and ΩN . Therefore,

there is an efficiency frontier instead of an efficiency point. In fact,

the first-order condition for maximization of WS(0) +WN (0) is

Cc − Cm − π =
γ (MS +MN )

Q

[
CcT̄ − (Cc − Cm)

(
Q

MS +MN

)]
,

(2)

which is linear in (ΩS ,ΩN ) space for the Cobb–Douglas research

technology. If we compare equation (2) with equation (1), we see

that the efficiency frontier lies outside both best-response functions,

because of the externalities that we discussed before. Figure 1 shows

this situation. The curve QQ is the efficiency frontier. For any given

foreign strength of IPR protection, each country needs to protect

more than its best-response level to achieve global efficiency.

If international transfer payments are feasible, then a globally

efficient patent regime must haveMSΩS+MNΩN = Q∗, where Q∗ is
the solution to equation (2). Notice that a range of efficient outcomes

can be achieved without the need for any international transfers.

By appropriate choice of ΩN and ΩS , the countries can be given

any welfare levels on the efficiency frontier between that which they

would achieve if ΩS = 0 and ΩN = Q∗/MN and that which they

would achieve if ΩS = Q∗/MS and ΩN = 0.6

6This statement ignores the ceiling on patent lengths imposed by the finite
economic life of differentiated products. A more precise statement is that a
range of distributions of maximal world welfare can be achieved by varying ΩS

between ΩS = max{0, (Q∗ −MN T̄ )/MS} and min{Q∗/MS , T̄} while varying ΩN

between ΩN = min{Q∗/MN , T̄} and max{0, (Q∗ −MS T̄
)
/MN} in such a way

that MSΩS +MNΩN = Q∗.
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Although aggregate world welfare does not vary with the national

policies ωj and τj as long asMSΩS+MNΩN = Q∗, the countries fare
differently under the alternative combinations of policies that can be

used to achieve global efficiency unless compensating transfers take

place. In particular, the welfare of the North increases, and that of

the South decreases, as ΩS is raised and ΩN is lowered in such a way

as to keep the weighted sum constant. It follows that, absent any

international transfer payments, the countries have a strong conflict

of interest over the terms of an international patent agreement.

4.5 Pareto-improving patent agreements

The conclusion from Figure 1 is that efficiency requires strengthening

patent protection in at least one country. Do all countries need to

strengthen their protection under efficient harmonization? Suppose I

maintain the plausible assumption that MN > MS and μN > μS.

More detailed analysis reveals that efficient harmonization must

require the strengthening of IPR protection in the South, and in

the world as a whole, as long as has there are weakly diminishing

returns to patent protection in terms of inducing global innovation.

Indeed, when the degree of diminishing returns is sufficiently high,

efficient harmonization may not require strengthening of protection

in the North (Boldrin and Levine, 2009; Grossman and Lai, 2006).

However, it will require the North’s strengthening of protection if

γ is constant (i.e. the research function is Cobb–Douglas).

Do both countries necessarily gain from efficient harmonization?

The answer is “no”. Figure 2 shows the case when the North

gains from efficient harmonization but the South loses. The more

asymmetric the two regions are, i.e. the higher isMN/MS orHN/HS ,

the more likely is this outcome. If the countries are more symmetric it

is more possible for both regions to gain from efficient harmonization.

4.6 Many countries

With many countries in the world the flavor of this analysis still

holds. Specifically, a sufficiently small country (in a world with

some large countries) will set its patent protection to zero in Nash
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Figure 2. Who gains and who loses from harmonization of IPR protection?

equilibrium. Interestingly, the Nash-equilibrium global strength of

patent protection is a declining function of the number of countries.

The reason is that the greater the number of countries, the more

serious is the free-rider problem. As a result global incentives for

innovation are weaker in a noncooperative equilibrium. The efficiency

frontier may be used to show that the greater the number of nations,

the larger is the departure of global protection from the coordinated

efficient level. It follows that a multi-country world would find it

particularly hard to reach an agreement on efficient patent policies.

4.7 Main results

I summarize the main results of the model as follows. First, a country

with a larger domestic market and higher innovative capability tends

to protect IPR more in Nash equilibrium. Second, to achieve global

efficiency, an international agreement must strengthen the aggregate

world patent protection relative to the Nash equilibrium. Third,

the problem of too-weak protection of IPR becomes more serious

with an increase in the number of independent sovereign decision
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makers. Finally, harmonization is neither necessary nor sufficient for

maximization of joint surplus of the world.

5 Empirical Studies on the Determinants

of IPR Protection

With this analysis it becomes interesting to investigate how different

patent rights are in the global economy. A number of empirical

studies have been undertaken of this question, though most are ad hoc

and reduced-form in nature, as I discuss next.

Ginarte and Park (1997) constructed an index of patent rights

for 110 countries based on the laws and memberships in international

agreements in each country for the years 1960 through 1990 at five-

year intervals.7 The authors then went on to analyze empirically the

determinants of patent rights in 1965 through 1990 for 48 countries.

When they put only GDP per capita on the right hand side, they

found it to be a highly significant explanatory variable. However,

when they additionally put in R&D/GDP and measures of schooling,

political freedom, openness, and market freedom, they found GDP

per capita to be insignificant, while R&D/GDP, openness and market

freedom became significant. Interestingly, they did not include a

domestic market-size variable as a determinant. Grossman and Lai’s

(2004) model suggests that this variable is an important determinant

of patent rights.

Using an index constructed by Rapp and Rozek (1990), Maskus

and Penubarti (1995) found that patent rights are positively related

to GDP per capita and schooling. Later, using the index constructed

by Ginarte and Park (1997), Maskus (2000, pp. 102–109) uncovered

that GDP per capita (a proxy for the stage of economic development)

affects patent rights in a non-monotonic manner — there is a

U-shaped relationship between the two variables. In addition, sci-

entists and engineers working in R&D as a percentage of labor force

7Park later added the data for 1995 and 2000. See, for example, Park and Wagh
(2002).
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(a proxy for innovative capability or human capital) has a signif-

icantly positive effect. Maskus argued, consistent with the theory

above, that market size should matter for the strength of patents

but did not find GDP to be significant.

The above empirical studies are not guided by any rigorous

theory. Lai and Yan (2013) carry out an empirical study based

on an extension of Grossman and Lai’s (2004) theoretical model

by introducing three new features to the analysis: trade and FDI

barriers, firm heterogeneity and political economy considerations in

setting patent policies. Based on calibration, they find that there

would be global under-protection of patent rights when there is no

international policy coordination. This result arises from the fact

that, despite the existence of trade barriers, the free-rider problem

becomes very serious when there is a large number of country-players

in the patent-setting game. The empirical fact that firm revenues

follow a fat-tailed distribution mitigates trade and FDI barriers

a great deal, leading to low barriers to international exploitation

of inventions. Thus, the cross-border externalities in strengthening

national patent rights are high, despite the fact that only a small

fraction of firms sell overseas (no more than say 15%) and an even

smaller fraction of firms carry out FDI (no more than say 3%).

Calibrating the model, they further find that requiring all countries

to harmonize their patent strengths with the equilibrium strength

of the most protective country (the US) does not lead to global

over-protection of IPR. This is because the distribution of innovative

capability among countries is not too skewed as to overcome the free-

rider effect. If such an IPR harmonization scheme captures what the

TRIPS has done, then there is no evidence that TRIPS leads to global

over-protection of patent rights. In other words, TRIPS is globally

welfare-improving. (This does not mean, however, that all countries

would gain from such a harmonization. It only means that the sum

of the gains for the gainers would exceed the sum of losses for the

losers. Thus, distribution is still an issue in such a harmonization.)

What is the evidence for the existence of positive externalities in

strengthening IPR protection? Externalities are difficult to pin down,

since they do not leave any trace in the market, but the fact that the
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developed countries were willing to give market-access concessions

to developing countries in the Uruguay Round in order for the latter

to increase their IPR standards is consistent with the idea that such

externalities exist.

6 What Has TRIPS Done?

It is possible to interpret TRIPS based on the above theoretical

model. A number of views can be offered.

First, suppose we take the view of Reichman (1995) and others

that TRIPS is backward-looking, in that it basically requires the

South to adopt the pre-TRIPS standards of the North, without

requiring much of an increase in standards in the latter. In other

words, TRIPS requires harmonization of world IPR standards at the

North’s pre-TRIPS level. If we assume that the pre-TRIPS world is

represented by the Nash equilibrium point E in Figure 2, then the

effect of TRIPS is to move the world from point E to point E′. By
comparing the latter point to the iso-welfare contours through the

original point, it is clear that North gains and South loses, but global

welfare improves.8

Second, suppose one takes the different view that TRIPS in

fact required the South to harmonize with the North at the global

efficiency frontier starting from the Nash equilibrium. Then the effect

of TRIPS is to move the world from point E to H. In Figure 2, we

have shown the case when the North gains and the South loses from

such a global treaty. It is possible, however, that both the North and

South gain from efficient harmonization. In that case, point H lies to

the right of the WN curve and above the WS curve. By inspection,

one can easily see that the more asymmetric are the two regions, the

more likely it is that the South loses from efficient harmonization.

Given the large differences in market sizes and innovative capabilities

of the two regions, my considered conclusion is that the South likely

loses from efficient harmonization. Even if this is true, it is still the

8South’s consumers lose by paying higher prices, the North’s producers gain
higher profits, but all consumers gain from a larger variety of goods.
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case that the North’s gains outweigh the South’s losses and global

welfare increases as a result of this agreement.

Yet a third view of what TRIPS has done is that it requires the

South to undertake partial harmonization and set IPR protection at

a level such as X in Figure 2. Given that the South protects at level

X, it is optimal for the North to protect at level Y , which remains

stronger than the new South level. However, given that the North

protects at Y , the South actually wants to protect at a lower level

than X. But South is bound by TRIPS to maintain its protection at

least at X. Therefore, TRIPS puts the world at (ΩS ,ΩN ) = (X,Y ).

This view is consistent with the fact that TRIPS only sets minimum

standards, which are binding for the South and not binding for the

North. That is why in equilibrium some Northern countries choose

to protect more than the minimum standard, while many Southern

countries actually prefer to adopt lower standards than that required

by TRIPS, though they cannot do so legally. Note that, compared

with no agreement, it is still true that the North gains, the South

loses, and global welfare increases.

It is important to emphasize that the best-response functions

shown correspond to the post-TRIPS world. The analysis has been

based on the assumption that these functions are the same both

before and after TRIPS. However, it could be that the best-response

functions of both regions in the post-TRIPS world have shifted from

their earlier positions. One may suppose that at the time TRIPS was

signed, governments actually anticipated the shifting of these curves

in view of the continuous technological progress of the world and

changes in the sizes of markets.

The second interpretation above is theoretically appealing, but

unlikely to be true in practice. Unlike free trade, which is an easily

located benchmark of economic optimality, the global efficiency

frontier in IPR is not easily identifiable in practice. It is hard to

argue that TRIPS is an economic optimizer. As the first and third

interpretations demonstrate, it is possible to argue that TRIPS is

globally welfare-improving without assuming that TRIPS actually

achieves a global optimum.
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If we adopt any of the above interpretations of TRIPS, its effect is

to raise prices in South (and maybe also in North, to a lesser extent),

raise profits of both Northern and Southern firms (with the majority

being Northern ones), and increase the rate of innovation all over the

world. Moreover, it increases trade in IPR-sensitive goods between

countries. Suppose innovators respond to the increased incentives

with a long time lag. Then, in the short-run the price hikes are

the dominant effect. Southern consumers are the major losers while

Northern firms are the major winners, as McCalman’s (2001) results

indicate. In the long run, it is predicted by the model that the

increased rate of innovation will kick in and this effect will dominate

the deadweight loss, an effect not captured by McCalman’s study.

The effect would hold as long as TRIPS put the world on or inside

the efficiency frontier shown in Figure 2. That is, the dynamic gains

will dominate as long as TRIPS does not result in over-protection of

IPR in the world.

Scotchmer (2004b, pp. 334–336) offers an interesting alternative

interpretation of what TRIPS has done. Because countries realize

the inefficiency of individually choosing their own strengths of IPR

protection, they decide to harmonize their standards. The question

she asks is: “At what level do they harmonize?” Given the constraint

ΩS = ΩN = Ω, she finds that a country prefers a higher harmonized

Ω the smaller and more innovative it is. Therefore, small and

innovative countries such as Switzerland should be most enthusiastic

about strengthening global IPR protection. The final outcome is a

compromise among all countries.9

Is it possible to conceive of a Pareto-efficient agreement that

is mutually beneficial to all countries? In fact, there is no reason

why such an agreement cannot be reached, at least in principle.

In Figure 2, we can always find a point on the efficiency frontier

that lies above the South’s iso-welfare line WS and to the right

9In the context of my multi-country model, the country with higher μj/Mj prefers
a higher Ω. This is the same conclusion as Scotchmer’s.
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of the North’s iso-welfare line WN . At that point, the welfare of

both South and North will be greater than in Nash equilibrium.10

However, the real world consists of more than two countries, and

in a multi-country world the Pareto-optimal set of strengths of IPR

protection across countries contains combinations with very different

degrees of protection among them. Such a Pareto-optimal agreement

is complicated to write and hard to enforce.

7 Extension with Multi-Issue Negotiations

If a region’s action confers positive externalities on another region,

then the role of international policy coordination is to create a

win-win situation so that both regions can be made better off by

moving from the non-cooperative equilibrium to the cooperative

outcome. Furthermore, if one accepts the presumption that TRIPS

hurts the South and benefits the North, but the latter’s gains

outweighs the former’s losses, then, in principle, one can imagine

the North giving a lump-sum transfer to the South in exchange for

its cooperation. In reality, however, rather than a transfer it is more

feasible for the two regions to trade concessions with each other in

multisectoral negotiations, such as in the WTO. It is widely believed

that the South agreed to sign on to TRIPS only because the North

offered additional market access for textiles, apparel and agricultural

products (Reichman, 1995; Maskus, 2000). This shows the merits of

multisectoral negotiations, in which all countries may benefit from

the deal.

This possibility can be easily demonstrated with an extension of

the basic model, as shown in Lai and Qiu (2003). In that paper, it is

assumed that the North loses from a lowering of tariff t it imposes on

imports from the South, but the South gains from the tariff reduction.

This case can be motivated by assuming that each country has an

endowment of some traditional good and that the autarky price of the

good is lower in the South. Thus, that region has the comparative

10Note that the segment of the efficiency frontier enveloped between the iso-
welfare line WS and iso-welfare line WN represent a “contract curve” of sorts.
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Figure 3. Nash Bargaining over t. The origin is the point with no agreement.

advantage in this sector. Since the North is large, its incentive is

to drive down the price it pays for the good by setting a positive

optimum tariff.

Suppose the two regions bargain simultaneously over whether

the South adopts the North’s pre-TRIPS patent policy and over

the value of t. Then, adopting the Nash bargaining framework of

analysis, the equilibrium is as shown in Figure 3. The function η (t)

is Northern welfare with TRIPS in place and with the Northern tariff

set at t. The function ξ (t) is the corresponding Southern welfare. The

parameter v is South’s bargaining power, K is a constant, and the

curveWW is the welfare frontier. The outcome of Nash bargaining is

a point on the welfare frontier such that η (t)1−v ξ (t)v is maximized.

This corresponds to the point (ξ (t∗) , η (t∗)) in Figure 3. If the two

countries fail to reach an agreement on t, then the South does not

accept TRIPS. Since there is neither agreement in IPR nor in the

tariff, this is the threat point of the bargaining game, corresponding

to the origin of the graph. As shown in Figure 3, clearly both regions

gain in equilibrium. The bargaining outcome is mutually beneficial

since the total change in global welfare, taking into account both the
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IPR agreement and the trade agreement, is positive. The stronger

the bargaining power of the South, v, the deeper is the reduction

in t, and the greater is the gain in global welfare.

Thus, there is a synergy between international policy coordina-

tion in technology protection and coordination in trade liberalization.

This is reminiscent of the point made in Krugman and Obstfeld

(2006, p. 237) that multisectoral trade negotiations help trade liber-

alization by playing the lobby supporting free trade, the exporting

firms, against the lobby opposing free trade, the import-competing

firms. In this case, multi-issue negotiations help trade liberalization

by playing the North’s protectionist import-competing firms against

the exporters of intellectual property. It is precisely the possibility

of engaging in such negotiations that makes the WTO an effective

body in facilitating global trade liberalization.

8 Relationship with the Literature on Coordination

of Trade Policy

Bagwell and Staiger (1999, 2002) hold the view that terms of

trade externalities are the core reason for the WTO because Nash

equilibrium tariffs are suboptimal from the global welfare point of

view. According to Bagwell and Staiger (2002, p. 3), “...the purpose

of a trade agreement [such as the GATT or WTO] is to offer a means

for governments to escape from a terms-of-trade-driven Prisoners’

Dilemma”. The reason is that “...a government (of a large country)

is assumed to set its import tariff in order to maximize national

welfare, while recognizing that some of the cost of the tariff falls

upon foreign exporters whose products sell at a lower world price

(i.e. at a diminished terms of trade). This ‘terms of trade externality’

naturally leads governments to set unilateral tariffs that are higher

than would be efficient” (Bagwell and Staiger, 2002, p. 3.). In the

case of IPR protection, we also have a Prisoners’ Dilemma game,

but the externality is positive. The TRIPS agreement, together with

the agreement to lower trade barriers in the North’s traditional goods

sector, allows the governments to escape both forms of the Prisoners’

Dilemma.
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In fact, unlike Bagwell and Staiger, I do not need to assume that

countries are large in the analysis of IPR protection, which makes

the patent story more compelling. Bagwell and Staiger and others

develop a dynamic version of this line of analysis. They conclude

that, in a repeated game, the trade agreement is self-enforcing since

the cooperative outcome can be supported as a subgame perfect

equilibrium of the dynamic tariff-setting game as long as the discount

factor is sufficiently large (see, for example, Staiger, 1995; Bagwell

and Staiger, 1997; Furusawa and Lai, 1999). There is no reason why

the basic IPR model cannot also be analyzed from the perspective

of a repeated game. Similar conclusion would be drawn, namely that

the cooperative outcome is self-enforcing when the discount factor is

sufficiently large.

9 Extension with Firm-Bias and Trade Barriers

The conclusion that global IPR protection is too weak in the

absence of international agreement can be met with skepticism. Many

people point to the strong pharmaceutical lobbies in Washington to

justify why they think global patent protection before TRIPS must

have been already too strong rather than too weak. Moreover, the

existence of trade barriers weakens the international spillovers that

one nation confers on foreign countries when it strengthens domestic

IPR protection. Therefore, I address here two key simplifications of

the basic model: that governments put equal weights on consumer

welfare and firm profits and that there are no trade barriers. In

reality, governments are often biased in favor of domestic firms

and trade barriers are non-trivial. Omitting these factors can bias

the conclusion that global IPR protection is too weak in the non-

cooperative equilibrium. Obviously, whether the conclusion of the

basic model can be overturned depends on how large are the

magnitudes of these two effects. The analytical task is to find out

what values of firm-biasedness and trade barriers can sustain the

original conclusion that there is under-protection of IPR in Nash

equilibrium, and then judge whether these values are plausible. This

analysis is done by Lai and Yan (2013), which I explain briefly next.
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Let y be the probability that an invention by a domestic firm is

sold in a foreign market (call it the “import penetration rate”). This

is an inverse measure of foreign trade barriers. In fact, if I assume that

there is an iceberg trade cost equal to a fraction t of the production

cost, then this formulation is equivalent to having y = (1 + t)−ε+1,

where ε is the price elasticity of demand for each differentiated good.

So assume that there is a constant-elasticity demand curve faced

by each consumer. Let 1 + a be the weight a government puts on

domestic profits when a weight of one is put on domestic consumer

surplus in its objective function. The parameter a measures the firm-

bias of governments. Note that this approach of assigning additional

exogenous weight to firms as opposed to consumers is similar to

what is done by Bagwell and Staiger (2002). They essentially put

a weight of 1 + a on firms in the government’s objective function,

which they treat as a reduced form derived from the analysis of a

political-economy equilibrium a la Grossman and Helpman (1994).

Let vi be the expected value of a patent of an invention by a firm in

country i. Therefore, vi = π
[∑

k �=i (yMkΩk) +MiΩi

]
.

It is useful to consider a multi-country setting, as the number

of independent decision-making governments plays a crucial role in

whether there is under-protection of IP in Nash equilibrium. Let

there be J countries in the set N of countries in the world. In a

multi-country setting, the best-response function of country i is

y

⎛
⎝∑

j �=i

φj

⎞
⎠ (Cc − Cm) + φi (Cc − Cm)− φi (1 + a) π

=

⎛
⎝∑

j �=i

γ
φj
vj

⎞
⎠ y2πMifi + γ

φi
vi
πMifi (3)

where fi ≡ CcT−(Cc − Cm)Ωi is the present discounted value of per-

person consumer surplus derived from a differentiated good over its

product life. The left-hand side of the above equation is, in fact, the

marginal cost per consumer in country i of strengthening IPR there.

The first term is the loss in consumer surplus attributed to inventions
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from firms outside country i; the second term is the loss of consumer

surplus attributed to inventions from country i; and the third term

is the offsetting of the losses of consumer surplus by gains in profits

of firms in country i. The right-hand side is the marginal benefit per

consumer in country i. The first term is the increase in consumer

welfare in country i due to increases in flows of innovations from

firms outside country i; the second term is the increase in consumer

welfare in country i due to the increase in flow of innovation from

country i. If I define the left-hand side asMCi(a) and the right-hand

side as MBi, then
1
Mi

∂Wi(a)
∂Ωi

= MBi −MCi(a), where Wi (a) is the

Government i’s objective function. (Hereinafter, I put an argument

“a” after the name of a function if firm-bias affects the value of the

function.)

It can be easily shown that the first-order condition for global

welfare maximization with respect to the choice of Ωi is given by

MCi(a) + πaφi − yπ

⎛
⎝∑

j �=i

φj

⎞
⎠

=MBi +
∑
k �=i

⎛
⎝∑

j �=k

γ
φj
vj

⎞
⎠ y2πMkfk +

∑
k �=i

γ
φk
vk
yπMkfk (4)

The left-hand side of this equation is the marginal global cost borne

by each consumer in country i of strengthening IPR protection in

that country. The second term is the welfare that will not be taken

into account when IPR protection in country i is chosen to maximize

global welfare instead of to maximize government i’s firm-biased

objective (therefore it is an addition to marginal cost); the third term

is the offsetting of the loss in welfare of country i due to increases

in profits of firms outside of country i. The right-hand side is the

marginal global benefit attributed to each consumer in country i

of strengthening IPR there. The second term plus the third term

is the increase in welfare of consumers outside of country i due

to faster innovation outside of country i plus the increase due to

faster innovation from country i. The cross-border externalities of

IPR protection are captured by the third term on the left-hand side
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plus the second and third terms on the right-hand side. It is apparent

that since an increase in trade barriers (a decrease in y) leads to less

international spillovers, the likelihood of under-protection of IPR in

equilibrium is lower. Likewise, an increase in firm-bias (an increase

in a) reduces the gap between marginal global benefit and marginal

national benefit, making under-protection of IPR less likely.

Let us define the left hand side of the first order condition above

as MCw
i and the right hand side of the equation as MBw

i . It follows

that 1
Mi

∂Ww

∂Ωi
= MBw

i −MCw
i , where W

w is world welfare (without

bias towards firm profits).

I define under-protection as a situation when, starting from Nash

equilibrium, global welfare increases as a result of some positive

changes in all {Ωi}i∈N (where the magnitudes of increase are not

necessarily equal). The point of the analysis is to come up with

a sufficient condition under which, starting from Nash equilibrium{
ΩE
i

}
i∈N , some coordinated increases in IPR protection of all

countries is globally welfare-improving. Note that an increase in the

strength of protection in all countries raises the values of all patents.

This increases the global deadweight losses, but gives a boost to the

rate of innovation. To simplify the analysis, I focus on changes in

{Ωi}i∈N such that MidΩi = dΩ for all i. I want to find a sufficient

condition under which such changes lead to an increase in global

welfare. In other words, I seek a condition under which the marginal

global benefit outweighs the marginal global cost.

Bear in mind that equation (3) is equivalent to 1
Mi

∂Wi(a)
∂Ωi

= 0, and

equation (4) is equivalent to 1
Mi

∂Ww

∂Ωi
= 0. Summing the left-hand side

and the right-hand side of equations (3) over all i as well as both sides

of (4) over all i, and comparing the two ensuing equations, it can be

shown that

(J − 1) y > a

is a sufficient condition under which, starting from Nash equilibrium,

small increases in Ωi such that dΩi = dΩ
Mi

is globally welfare-

improving, i.e. dWw

dΩ
> 0. A detailed proof of this result can be found

in Lai and Yan (2013).
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This last statement says that starting from each Ωi being at the

Nash equilibrium level, small increases in {Ωi}i∈N such that dΩi
dΩj

=
Mj

Mi
for all i �= j leads to an increase in global welfare. Therefore,

(J − 1) y > a is exactly the condition we are looking for. To check

that this is a reasonable condition, note that in the special case of the

basic model, when there are two countries (J = 2), y = 1 and a = 0,

the condition is satisfied. Moreover, it accords with the intuition

that the free-rider problem gets more serious when there are more

countries playing the patent-setting game, for a larger J leads to

more under-protection. It also is consistent with the notions that

trade barriers weaken the cross-border externality of IPR protection,

because a smaller y leads to less under-protection, and that stronger

government bias towards patent-holding firms tends to strengthen

patents, for a larger a leads to less under-protection.

What is a reasonable value for a? In the political-economy liter-

ature (Grossman and Helpman, 1994; Maggi and Goldberg, 1999),

researchers have tried to estimate the weight the US government puts

on campaign contributions when it puts a weight of unity on welfare.

They rarely come up with a number more than 0.5. Since this is a

preference parameter, it should be the same in the context of patent

protection. Suppose there is a patent lobby, and suppose there is

no consumer lobby, nor is there lobbying from other sectors of the

economy. Then I can show that the value the government puts on con-

tributions is exactly the same as a in our model (Lai and Yan, 2013).

What is a reasonable value for J? This is the number of

independent government decision-makers in the patent-setting game.

Thus, it is the number of countries in the world that consume and

trade patent-sensitive goods, and that adopt neither zero nor full

patent protection. To be conservative, let J = 5.

When a = 0.5 and J = 5, a sufficient condition for the Nash

equilibrium to be under-protecting patents is y > 0.1. As stated

earlier, y can be interpreted as a parameter derived from iceberg

trade costs, such that y = (1 + t)−ε+1. If the price elasticity of

demand for a differentiated good ε is equal to 4, then y > 0.1 is

equivalent to an iceberg trade cost t of less than or equal to 78%

of the cost of production. This condition is likely to be satisfied for
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most products. So, based on this rough calculation, I conclude that

global patent protection in the absence of international coordination

is probably too weak.

10 Extension with Relaxation of National Treatment

One may argue that in a non-cooperative equilibrium, there is no

incentive for a country to offer national treatment. One response

to this criticism is that, before the TRIPS Agreement was signed

and implemented, many countries were already members of WIPO

and the Berne and Paris Conventions. These treaties required their

members to adopt national treatment. A critique of this response

is that these treaties were so loosely enforced that countries did

not really abide by that commitment. Do the main conclusions

of the basic model continue to hold if I relax the assumption of

national treatment? It turns out that the answer is, for the most part,

“yes”. Specifically, a larger country has incentives to offer more IPR

protection, the positive cross-border externalities of strengthening

domestic IPR protection continue to exist, and harmonization is

neither necessary nor sufficient for global efficiency. I briefly explain

the analysis below.

I first compute the Nash equilibrium. Let Ωij be the strength of

protection offered by country i on goods invented by country j, where

i, j = {N,S}. The value of a patent of a good invented in country j

is therefore given by vj = π (MjΩjj +MiΩij), where i �= j. Focusing

on the protection of goods invented by country j, the best-response

function of that country gives the optimal choice of Ωjj given that

country i chooses Ωij . That function is

Cc − Cm − π =
γ

MjΩjj +MiΩij
Mj [ΩjjCm + (T − Ωjj)Cc]; (5)

while the best-response function of country i, selecting its best choice

of Ωij given that country j chooses Ωjj, is

Cc − Cm =
γ

MjΩjj +MiΩij
Mi[ΩijCm + (T − Ωij)Cc]. (6)

Note that the innovative capability of a country does not affect its

equilibrium strength of IPR protection when countries can optimally
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choose to offer differential treatments to domestic and foreign firms.

If one adds equations (5) and (6), it is not hard to show that vj is

the same for all countries in equilibrium. That is, the equilibrium

value of a patent is independent of where the good is invented. Since

MjΩjj +MiΩij =MiΩii +MjΩji where i �= j, we can infer from (5)

that a country with a larger domestic market tends to protect the

IPR of domestically-invented goods more than one with a smaller

domestic market. Moreover, (6) implies that a country with a larger

domestic market tends to protect the IPR of foreign-invented goods

more than one with a smaller domestic market.

The globally efficient combinations of Ωjj and Ωij, on the other

hand, are determined by

Cc − Cm − π =
γ

MjΩjj +MiΩij
× {Mj [ΩjjCm + (T − Ωjj)Cc]

+Mi[ΩijCm + (T − Ωij)Cc]}
=

γ

Qj
× [TCc(Mi +Mj)− (Cc − Cm)Qj ] (7)

where Qj ≡MjΩjj +MiΩij . Again, rather than being unique, there

exists a continuum of efficient combinations, given by settingMjΩjj+

MiΩij equal to the solution of Qj in (7). In Figure 4, we plot the best-

response functions and efficiency frontier in (Ωjj,Ωij) space, where

j = N and i = S. The curve NN − NN is North’s best-response

function while SN − SN is that of South. The curve QN − QN is

the efficiency frontier. Considering the first line of equation (7), it

is obvious that the continuum of globally efficient combinations of

Ωjj and Ωij lies outside each of the best-response functions, which is

remarkably similar to what is shown in Figure 1. The interpretation

is that, given Ωij, country j’s best response Ωjj falls short of the

global optimum and vice-versa. This situation is caused by cross-

border positive externalities as a country strengthens IPR protection

of a good invented either by the domestic firms or foreign firms.

Therefore, there is under-protection of IPR in Nash equilibrium for

each differentiated good.

Harmonization (in the sense that Ωii = Ωjj) is certainly not

sufficient for global efficiency. Neither is it necessary, since Qj can be
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Figure 4. Best response functions and efficiency frontier corresponding to
Northern goods.

at the efficiency level with Ωij small and Ωjj large, or with Ωij large

but Ωjj small. Similarly, Ωii can be either large or small to attain

global efficiency. Therefore, there is no need for Ωii = Ωjj to reach

global efficiency. Along similar lines, it is easy to see that national

treatment is neither necessary nor sufficient for global efficiency.

Left as an exercise for the reader is to prove that a country always

protects domestically invented goods more than it does foreign-

invented ones (i.e. Ωii > Ωij for i �= j). In fact, this result reflects an

interesting history about copyrights in the United States. In the 18th

century, American authors were not popular in the English-speaking

world, including in the United States itself. In order to allow cheap

reproduction of books by English authors, US policy basically did

not offer copyright protection to their works. Even when the first

copyright statute was enacted in 1790, no protection was offered to

foreigners. It was not until American authors became internationally

popular that the US government signed an agreement with Britain

in 1890 to offer reciprocal granting of copyrights to each other

with national treatment in both countries. As Scotchmer (2004a)
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argues convincingly, countries do not have incentives to offer national

treatment when there is no reciprocity. Again, we can view the

agreement between two countries of simultaneously offering national

treatment and reciprocity to each other as one that facilitates escape

from a Prisoners’ Dilemma. In Nash equilibrium, countries tend to

discriminate against foreign IPR holders and offer lower protection

to them. This, however, is suboptimal and a Pareto improvement can

be achieved by forcing each country to offer national treatment to

the other.

11 Other Possible Extensions of the Basic Model

FDI or licensing. Imagine modifying the basic model above to allow

for the effects of IPR on FDI or licensing. Suppose that in serving

a foreign country’s market, each innovator firm has two choices:

exporting or producing the good there in a wholly-owned subsidiary.

For simplicity, I assume that the firm can make the same profits

from licensing the technology to an arm’s-length partner. Thus, the

effects of IPR on FDI and licensing are the same. The advantage of

using FDI to serve a foreign market is that trade costs (including

trade barriers and transportation cost) are saved. The disadvantage

is that local firms can more easily invent around the patent, as

proximity to information about manufacturing the good helps local

firms develop commercially viable substitutes. In contrast, suppose

that local firms cannot invent around a patent when the good is

imported. For simplicity, assume that once a substitute is developed,

the local market for the good turns from monopolistic to perfectly

competitive. Suppose further that as a country strengthens IPR, the

hazard rate at which local firms can successfully invent around the

multinational firm’s patent decreases. In equilibrium, foreign firms

are indifferent between exporting to the local market and serving

it through FDI. Moreover, the lower the hazard rate, the higher the

equilibrium fraction of foreign goods serving the local market through

FDI rather than exporting. Therefore, as a country strengthens IPR,

not only does it induce more innovation from firms all over the world,
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it also increases FDI inflows.11 It should be straightforward to figure

out the best-response functions as well as the global efficiency frontier

in this setting.

Strengthening IPR should give additional benefits to the domes-

tic country because the increases in FDI inflows generates a saving

in trade costs, which trickles down to lower prices paid by domestic

consumers. Further, introduction of FDI into the basic model

does not change the conclusion that there is under-protection of

IPR in Nash equilibrium. The positive cross-border externalities

of strengthening IPR continue to exist: As a country strengthens

patents, foreign imports enjoy monopoly profits in more occasions.

In addition, the expected duration of monopoly of an international

firm is longer as the hazard rate of having the patent circumvented is

lower. Lastly, as before, foreign consumers benefit from having more

varieties to consume.

Parallel imports. Parallel imports (PI) are goods imported into

a country without the authorization of the holder of intellectual

property rights after the goods were legitimately sold outside the

country.12 Prohibition of PI by a country takes the form of denying

“international exhaustion” of IPR. That is to say, the IP rights

do not exhaust after first sale in the international market and

any cross-border resale must be authorized by the rights holder.

Clearly, denying international exhaustion allows the IPR holders

to segment the foreign market from the domestic market, thus

benefitting innovators. In short, a tighter PI policy can serve as a

substitute for strengthening IPR protection. Interestingly, the TRIPS

agreement does not harmonize PI policy at all. Article 6 states that

“For the purposes of dispute settlement, nothing in the Agreement

shall be used to address the issue of the exhaustion of IPRs, provided

there is compliance with national treatment and most-favored nation

treatment” (UNCTAD, 1996). One can view this omission as a

11This way of modeling the effects of IPR on FDI is borrowed from Lai (1998).
12The chapter by Ganslandt and Maskus in this volume deals comprehensively
with parallel trade.
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loophole of the TRIPS Agreement. A country that prefers to have

weak IPR protection can abide by the minimum patent and copyright

standards stipulated by TRIPS while undermining that protection by

permitting parallel imports.

Since tight PI policy is a substitute for strong IPR protection, one

would expect there to be over-provision of international exhaustion

in the world as some countries tend to free-ride on other countries.

The globally optimal degree of regulation of PI should therefore pre-

sumably be tighter than the Nash-equilibrium degree of regulation.

Cumulative innovation and breadth of patent. In the basic

model, a crucial assumption was that innovation is not cumulative.

In reality, however, development of new products often requires

the inputs of the ideas embodied in patented goods. In that

case, strengthening patent protection of goods with ideas used as

inputs into other innovations increases the costs of future product

development and could slow down the long-run rate of innovation.

Here I consider one particular example to illustrate the economics of

cumulative innovation, namely quality improvement on a “quality

ladder”. In the basic model, where inventions of completely new

products are not substitutable with each other, the only relevant

aspects of IPR protection are length and enforcement. In the quality-

ladder model, innovations improve the quality of existing products.

Here, two more aspects of IPR protection are important, namely

the “minimum patentable inventive step” (MPIS)and the “leading

breadth” (LB; Scotchmer, 2004b, pp. 84–88). The former is related

to the concept of non-obviousness, and the latter to the concept of

novelty. A higher MPIS means that an invention has to be more non-

obvious (or more different from the state of the art) to be patentable.

A higher LB means that an invention has to be more novel (again,

more different from the prior art) for there to be non-infringement

of the patent.

In the quality-ladder model, both aspects are measured by the

size of the inventive step from the position of the latest art on

the ladder. Further, they may be construed as two independent

concepts. If the MPIS is higher than the LB, then all patents are
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non-infringing. If the LB is higher than the MPIS, then some patents

may be infringing.13 Consider, however, the simple case that MPIS is

restricted to be always equal to LB, so that a patent never infringes

on another patent. Then, an increase in LB in one country can confer

a negative externality on foreign countries as it makes future quality-

improvement innovations more costly to foreign firms. As the long-

run rate of innovation is reduced, foreign consumers are worse off.

Another possible source of negative externality of an increase in LB is

that it can increase the duration of monopoly power enjoyed by each

patent, which makes goods more expensive to foreign consumers,

a deadweight loss. This can happen when the length of patent

is longer than the time it takes for the next patentable product

to appear in the market. As a result, the patent length is rather

irrelevant in determining the duration of monopoly power. If these

negative externalities dominate, then in Nash equilibrium the leading

breadths in each country would tend to be too large compared with

the global optimum, and international coordination should narrow

them.

Subject matters. The analysis of the individual country’s choice

of subject matter to be protected is similar to that of patent

length and of national treatment. An enlargement of the set of

patentable subject matters induces more innovation (for patent-

sensitive sectors), but it also gives monopoly powers to additional

patent-holders for a certain duration of time. There are also positive

cross-border externalities as foreign firms are given patent-protected

monopoly power, and foreign consumers enjoy a larger variety of

differentiated goods. Thus, the equilibrium set of protected subject

matters would tend to be too small compared with the global

optimum. Moreover, since countries differ in the their ability to

13There are many examples where, after a patent had been granted, it was
successfully sued for infringement of another patent. Typically, the infringing
patent-holder was ordered to pay a royalty to the patent-holder of the infringed
patent, through bargaining, to compensate for the licensing of the technology
from the latter to the former. In this case, the patentees are said to be holding
‘blocking patents’ (Scotchmer, 2004b, p. 86).
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innovate in different areas of technology, each would tend to restrict

the set of patentable subject matters to include only those in which

it possesses high innovativeness. By doing so, the country effectively

discriminates in favor of domestic firms. This is similar to the analysis

of the extent of national treatment granted to foreign firms presented

above. While it narrowed this possibility considerably from the prior

condition, TRIPS still allows for some national autonomy in the

choice of certain subject matters. This not only allows some countries

to soften the negative welfare impact from the common patent length

mandated by TRIPS, but also enables them to use the choice of

protected subject matters to diminish the impact of the national-

treatment requirement.

Costs of implementation. The costs of implementing stronger

IPR per domestic consumer can depend on many things. If there

are economies of scale in implementation, then the marginal cost

is lower for a larger country. This reinforces the result of the basic

model that larger countries tend to have incentives to protect IPR

more. If the marginal costs of implementation are lower for countries

that have a longer history of rule of law, such as the former colonies

of Britain or France, they would have incentives to protect more.

However, the costs of implementation have no effect on the positive

externalities conferred on foreigners as a country strengthens its IPR

protection. Therefore, the introduction of implementation costs does

not alter the basic result that countries under-protect IPR in Nash

equilibrium.

12 Conclusion

A good economic reason for international coordination of IPR

protection is the existence of positive cross-border externalities,

leading to under-protection in the global economy. This is true

regardless of whether national treatment is required. However, the

conclusion that uncoordinated levels of IPR are too low has to

be tempered by the presence of trade barriers and lobbying by

innovating firms, though a rough calibration exercise demonstrated

that these factors are probably not enough to overturn it. The central
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conclusion of too-limited protection should be further tempered by

the fact that many innovations are cumulative in nature.

The existence of cross-border positive externalities in IPR pro-

tection finds its parallel in the existence of cross-border negative

externalities in tariff protection. While the former calls for coopera-

tive strengthening of IPR, the latter calls for cooperative reduction

in tariffs. One key difference between international coordination in

trade policy and patent policy is that it is easy to identify and

observe the efficiency benchmark of zero tariffs in the former area

but difficult to identify in practice the efficiency benchmark in IPR

policy coordination.

Ideally, international coordination should bring the world to

the global efficiency point or frontier. Supposing one can identify

the efficiency set in practice, efficient harmonization may very well

benefit the North but hurt the South. A Pareto improvement can be

reached in principle if the North makes a transfer to the South. In

fact, the current practice in international coordination, implemented

through TRIPS, can best be interpreted as requiring the South

to harmonize with the pre-TRIPS standards of the North. This

is probably not globally optimal, but perhaps is globally welfare-

improving in the sense that the North’s gains outweigh the South’s

losses. This possibility justifies multi-issue negotiations, whereby the

South increases its IPR protection in exchange for the North opening

its markets for agriculture and labor-intensive goods. This is a fair

characterization of what was achieved in the Uruguay Round.

Coordination is more than harmonization (or establishing uni-

versal minimum IPR standards). It also includes non-discrimination

through national treatment and the most-favored nation principle.

Moreover, coordination includes enforcement, but since that is hard

to monitor, full harmonization is harder to attain in practice than

national treatment and MFN.
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Chapter 4

Would Global Patent Protection Be Too
Weak without International Coordination?∗

Abstract
In the standard model with free trade and social-welfare-
maximizing governments à la Grossman and Lai (2004), cross-
border positive policy externalities result in countries choosing a
combination of patent strengths that is weaker than optimal from
a global perspective. This paper introduces three new features
to the analysis: trade and FDI barriers, firm heterogeneity and
political economy considerations in setting patent policies. Based
on calibration, we find that there would be global under-protection
of patent rights when there is no international policy coordination.
The empirical fact that firm revenues follow a fat-tailed distribution
implies that the barriers to exploit inventions internationally are
quite low, despite the fact that only a small fraction of firms sell
overseas and an even smaller fraction of firms carry out FDI as
a result of trade barriers. Furthermore, requiring all countries to
harmonize their patent standards with the equilibrium standard
of the most innovative country (the US) does not lead to global
over-protection of patent rights.

∗By Edwin L.-C. Lai and Isabel K. M. Yan. Originally published in Journal
of International Economics (January 2013), pp. 42–54. Copyright c© 2013 by
Elsevier B.V. It has been reprinted with revisions and permission from the original
publisher.
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1 Introduction

The global intellectual property rights (IPR) protection system was

given a boost by the implementation of the TRIPS agreement

(Agreement on Trade-Related Aspects of Intellectual Property

Rights), which started a gradual process of IPR harmonization

in 1995. This agreement effectively requires the strengthening of

patent protection of many countries, and pushes the world IPR

protection policies towards harmonization (albeit a partial one).

TRIPS is unprecedented in its ability to coordinate international IPR

protection, not least because of the large number of countries involved

(it is under the auspices of the WTO) and its ability to enforce rulings

due to the credible threat of punishment through trade sanctions.

Given the tremendous repercussions of such a coordinated increase

in the strengths of IPR protection, it is fair to ask whether TRIPS

is really a solution to a global coordination problem. It is clear that

TRIPS creates distributive effects among countries.1 However, the

more important question is whether global IPR protection was too

weak before TRIPS. If it was, then TRIPS can potentially be globally

welfare-improving and therefore it can potentially make all countries

better off. For example, if less developed countries (LDCs) lose from

the strengthening of their IPR and developed countries (DCs) gain

from it, but the DCs’ gains outweigh the LDCs’ losses, then it can be

mutually beneficial for the LDCs to accept (partial) harmonization of

IPR standards with the DCs in exchange for the DCs’ opening their

markets to goods from the LDCs. However, if global patent protection

was already too strong before TRIPS, then no such synergy exists

between negotiations on trade-related IPR and other issues of global

trade.

The objective of this paper is twofold. First, we address the

question of whether global patent protection would be too weak

if individual governments were left to decide their own level of

protection in the absence of international coordination. Second, we

1McCalman (2001) has shown that the US was by far the largest beneficiary,
followed by Germany and France as distant second and third beneficiaries. On the
other hand, the greatest loser was Canada, followed by Brazil and UK.
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want to know whether the patent policy harmonization mandated by

the TRIPS offers too much global patent protection. Both questions

are important for us to evaluate the welfare consequences of TRIPS.

To answer these questions, we derive sufficient conditions for global

under-protection or over-protection of IPR and calibrate the model

to check whether the conditions are satisfied.

The theoretical framework of this paper builds on Grossman and

Lai (2004) (henceforth G–L) who develop a non-cooperative game

model with free trade and social-welfare-maximizing governments.2

It explains how a global system of patent protection affects incentives

to innovate and how it creates distortions (deadweight losses).

In particular, their model provides a basic theory that explains

(a) how the national levels of patent protection is determined in a

non-cooperative equilibrium, and (b) what the optimal global system

of patent protection would look like.

In the basic G–L model, in the absence of international coordi-

nation, countries play a Nash game in setting the strengths of patent

protection. The best response function of a country’s government is

obtained by setting the strength of patent protection that equates the

marginal costs (deadweight loss due to longer duration of monopoly

pricing) and marginal benefits (increased incentives of innovation)

of extending protection, given the strengths of protection of other

countries. Each country confers positive externalities on foreign

countries as it extends patent protection, because it increases profits

of foreign firms in the home market, and increases consumer surplus

of foreign consumers due to induced innovations. As a result, there is

global under-protection of patent rights in Nash equilibrium relative

to the global optimum. In fact, the degree of under-protection in

2We start with the working assumption that the world was in a non-cooperative
equilibrium before TRIPS. There is no doubt that some countries attempted
to coordinate their IPR policies somewhat even before TRIPS, but empirical
studies have shown that even as late as 1990, market sizes and innovative
capabilities significantly affected variation in the strengths of patent protection
across countries, as would be expected of a world where each country sets its own
optimal IPR standard.
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Nash equilibrium increases with the number of independent decision-

makers in the patent-setting game.

However, two factors prevent us from directly applying G–L’s

basic model to answer whether global patent protection would be

too weak without international coordination. First, as discussed

in the political economy literature, governments may put extra

weight on profits as opposed to consumer surplus in their objective

functions due to firm lobbying. We call this profit-biased preferences

of governments. When governments put more weight on profits, the

marginal cost of patent protection decreases since deadweight loss

is smaller. Therefore, the strength of patent protection in Nash

equilibrium is stronger. Second is the existence of trade barriers

and firm heterogeneity. As the recent empirical trade literature

documents, only a small fraction of (more productive) firms sell to

foreign markets. Moreover, the firms that do sell overseas have to bear

trade costs, which include market entry costs, transportation costs

and import tariffs. When only a fraction of domestic firms would

enter a foreign market, and when there are trade costs, the positive

international externalities of patent protection is diminished. Both

profit-bias and trade barriers tend to diminish the degree of global

under-protection in Nash equilibrium relative to the global optimum.

If these forces are strong enough, there may even be over-protection

of patent rights in Nash equilibrium. Therefore, whether or not there

is global under-protection of patent rights in the non-cooperative

equilibrium is an empirical question. To answer this question, we

extend the G–L model by introducing three new elements: trade

barriers, firm heterogeneity in productivity and political economy

considerations. We also allow for FDI/licensing to be alternative

means of serving a foreign market besides exporting.3

The contributions of this paper are twofold, one theoretical and

one empirical. On the theory front, we develop a model to analyze

the interaction among innovation, firm heterogeneity, trade and FDI

and patent protection in a unified framework. An innovator invests

3Some preliminary ideas of these extensions first appeared in Lai (2008).
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in R&D and develops a new product. The labor productivity of the

resulting production firm follows a Pareto distribution. Because of

the existence of fixed costs of exporting and of FDI, only the most

productive firms export to or carry out FDI in foreign countries.

Because it offers greater profit potential, a country with a larger

market or stronger patent protection attracts more foreign firms

to sell there. Successes in exploitation of inventions internationally

increase the profits of firms and induce more innovation. Thus, there

is a positive connection between patent protection and market size

in one country and innovation in another. However, this connection

may be weakened by exporting or FDI barriers. Given the strengths

of patent protection of other governments, each government chooses

its patent strength to maximize its objective function, which is biased

in favor of firm profits because of firm lobbying. Thus, the strength

of patent protection and the probability that foreign inventions

are exploited in each country are endogenously determined in the

model.

On the empirical front, this paper uses data and parametric

values estimated in the literature to calibrate the theoretical model

so as to answer two empirical questions. First, we find that global

patent protection is too weak without international coordination.

There are two reasons: (a) Despite the existence of trade barriers,

the free-rider problem becomes serious when there is a large number

of independent country-players in the patent-setting game. (b) The

empirical fact that firm revenues follow a fat-tailed distribution

implies that the barriers to exploit inventions internationally are

quite low, despite the fact that only a small fraction of firms sell

overseas and an even smaller fraction of firms carry out FDI as a

result of trade barriers. This implies that the positive cross-border

externalities of patent protection remain quite high. The fat-tailed

distribution of firm sizes and the fact that only the most productive

firms carry out FDI overseas implies that FDI is a very important

channel of international exploitation of inventions. Therefore, it must

be taken into account in any modeling of international exploitation of

technology. Second, we find that requiring all countries to harmonize

their strengths of patent protection with the equilibrium strength of
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the most protective country does not lead to global over-protection of

IPR. This is because the distribution of innovative capability among

countries is not too skewed as to overcome the free-rider effect. We

therefore conclude that there is no evidence that TRIPS leads to

global over-protection of patent rights. (This does not mean, however,

that all countries would gain from such a harmonization. It only

means that the sum of the gains for the gainers would exceed the

sum of losses for the losers. Thus, distribution is still an issue in such

a harmonization.)

The present paper is similar in spirit to that of Eaton and Kortum

(1999), though the model they use is different. Like them, we try to

link together innovation, patenting and international exploitation of

inventions. Unlike them, however, we focus on product innovation

instead of productivity-enhancing inventions, and so productivity

growth is not the focus of our analysis. Another difference is that,

in our model, the benefits of inventions are spread mainly through

exporting and FDI, whereas in their model the main mechanism of

international exploitation of inventions is diffusion of knowledge. We

focus on analyzing the market of patent-sensitive goods whereas they

focus on the entire macroeconomy.

The structure of the rest of the paper is as follows. Section 2

augments the G–L model by introducing trade and FDI barriers,

firm heterogeneity and firm lobbying. It derives the key equations

for the non-cooperative equilibrium and those for the globally

efficient patent regime for both the two-country and multi-country

cases. In Section 3, we calibrate the multi-country model and

investigate (i) whether there is global under-protection of IPR in the

absence of international coordination and (ii) whether the harmo-

nization mandated by TRIPS over-protects IPR globally. Section 4

concludes.

2 A Theory of Innovation and International Patenting

The theory described in this section is modified from Grossmanand

Lai (2004) by introducing trade and FDI barriers, firm heterogeneity

and profit-bias of governments.
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In this section, we study the national incentives for protection

of intellectual property in a world economy with innovation, interna-

tional patenting, trade and imitation. We derive the Nash equilibrium

of a game in which countries set their patent policies simultane-

ously and noncooperatively. Then we derive the globally optimal

patent regime. This is followed by a comparison between the Nash

equilibrium and the global optimum, and a discussion of the policy

implications. For ease of exposition, we first start with a two-country

case, and then generalize it to a multi-country one.

2.1 The setup

2.1.1 Two-Country case

The two countries are distinguished by their wage rates, their market

sizes, and their stocks of human capital, which proxies for their

different capacities for R&D. For the sake of convenience, we shall

term the countries “North” and “South”.

Consumers in the two countries share identical preferences. In

each country, the representative consumer maximizes the intertem-

poral utility function. The instantaneous utility of a consumer in

country j is given by

uj(z) = yj(z) +

∫ nS(z)+nN (z)

0
h[xj(i, z)]di, (1)

where yj(z) is consumption of the homogeneous good by a typical

resident of country j at time z, xj(i, z) is consumption of the ith

differentiated product by a resident of country j at time z, and

nj(z) is the number of differentiated varieties previously invented

in country j that remain economically viable at time z. We make the

standard assumption that h′ [.] > 0 and h′′ [.] < 0.4 There are Mj

4We further assume that h′(0) = ∞, and −xh′′(x)/h′(x) < 1 for all x. The first
assumption ensures a positive demand for every variety at any finite price. The
second ensures that any firm producing a differentiated product charges a finite
price.
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consumers in country j.5 It does not matter for our analysis whether

consumers can borrow and lend internationally.

In country j, it takes aj units of labor to produce one unit of

the homogeneous (numeraire) good. To capture firm heterogeneity,

we assume that it takes ajc units of labor to produce one unit of a

variety of differentiated good, where c is stochastic. It follows that

c is the unit cost of a differentiated product when the cost of the

homogeneous good is normalized to one. Each differentiated variety

is produced by one firm (before its patent expires), and therefore

the firm’s productivity is equal to 1/c. We further assume that 1/c

follows the distribution Pr(1c < x) = 1 − ( bx)λ where x ∈ [b,∞], i.e.

a Pareto distribution with a lower bound b and shape parameter λ.

This implies that Pr(c < z) = (bz)λ where z ∈ [0, 1/b]. The flow of

new goods invented in each region is given by φj = F (Hj, LRj/aj) =

B (LRj/aj)
βH1−β

j , where B is a constant, Hj is a fixed input whose

quantity determines the innovative capability of country j, and LRj

is the labor devoted to R&D there. We assume that the numeraire

good is tradeable with negligible trade costs, and that it is produced

in positive quantities in both countries, so that wage in country j

in equilibrium is given by wj = 1/aj , and hence wN/wS = aS/aN .

Define T = (1−e−ρτ )/ρ, where τ is the product life of a differentiated

good, and ρ is the time rate of discount.

2.1.2 Multi-country case

We now describe the IPR regime, trade barriers and profit-bias. Let

us generalize the above description to a multi-country setting, and let

there be J countries in the set N of country-players. In each country,

there is national treatment in the granting of patent rights. Assume

for simplicity that all unexpired patents are fully enforced. Under

national treatment, the government of country j affords the same

protection Ωj to all inventors of differentiated products regardless

5We remind the reader that market size is meant to capture not the population
of a country, but rather the scale of its demand for innovative products.
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of their national origins, where Ωj = (1 − e−ρτj )/ρ, and τj is the

length of the patents granted by country j. In our model, a patent

is an exclusive right to make, sell, use, or import a product for a

fixed period of time (see Maskus, 2000, p. 36). This means that,

when good i is under patent protection in country j, no firm other

than the patent holder or one designated by it may legally produce

the good in country j for domestic sale or for export, nor may

the good be legally imported into country j from an unauthorized

producer outside the country. We also rule out parallel imports —

unauthorized imports of good i that were produced by the patent

holder or its designee, but that were sold to a third party outside

country j. When parallel imports are prevented, patent holders can

practice price discrimination across national markets.

The recent empirical trade literature documents that only a small

fraction of firms export. To capture this phenomenon, we assume

that firms are heterogeneous in labor productivities (more will be

said about this later). Furthermore, each producer of differentiated

goods is faced with trade barriers when selling abroad. They include:

a fixed cost in exporting, which is denoted by FEX, a fixed cost in

setting up production facilities in a foreign country (which we call

“carrying out FDI”), which is denoted by FFDI, and a variable trade

cost of the iceberg type (which consists of transport costs and import

tariffs), which is equal to a fraction t of the production cost if a good

is exported from one country to another. As a result, only a fraction of

domestic firms will export to or set up production facilities in another

foreign country. In this paper, we do not distinguish between FDI

and licensing as they can be regarded as more or less equivalent. We

assume that when an innovator licenses his technology to a foreign

firm, he extracts all the rents from the latter. Assuming that the

licensee has to bear the same fixed and variable costs of production,

FDI and licensing are equivalent.6 Hereinafter, therefore, “FDI” shall

6By and large, casual observation suggests that licensing is a relatively minor
channel of exploiting an invention overseas, compared with exporting and FDI.
Nonetheless, we believe that in analyzing certain markets where licensing is
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mean “FDI or licensing”. We assume that the demand of a typical

consumer is given by x = Ap−ε (where A is a constant, p denotes

the price, and ε > 1 denotes the price elasticity of demand), and

define y ≡ (1 + t)−ε+1, which is less than one. Therefore, y is an

inverse measure of the variable trade cost.7 As a first cut, we assume

that each of the three parameters FFDI, FEX and t are the same

across countries. It is assumed that not only is FFDI > FEX but also

y · FFDI > FEX, which guarantees that firms who choose to carry

out FDI in a foreign country always have the option of exporting

but choose not to do so. Thus, we have a structure as depicted in

Helpman et al. (2004). For any given foreign market, a firm with

high unit cost of production will not sell to that market; a firm

with a sufficiently lower unit cost will export to there, and a firm

with a still lower unit cost will carry out FDI there. For any given

firm, a sufficiently large foreign market or sufficiently strong patent

protection there will induce the firm to export to that market; further

increases in the market size or strength of patent protection there

will eventually induce the firm to carry out FDI in that market.

See Figure 1 for a graphical analysis. Define π̃(c) as the flow of

monopoly profit per consumer as a function of a firm’s unit cost

c. The bold curve in Figure 1 is the upper envelope of the three

profit lines corresponding to no exporting to k, exporting to country

k besides selling domestically, and doing FDI in country k besides

selling domestically, as described below the figure. When the value of

π̃MkΩk lies in the range marked “Domestic Sales Only”, the upper

envelope corresponds to the profit from pure domestic sales. When

π̃MkΩk lies in the range marked “Domestic Sales plus Exporting to

k”, the upper envelope corresponds to the profit from both export

pervasive one should include licensing as a separate mode of entry. This will
be left to future research.
7The profit flow and consumer surplus per consumer are given by equations (A1)
and (A2) in Appendix A. It can be easily shown from equations (A1) and (A2)
that, for any given unit cost of production, the profit flow per consumer obtained
by a firm in a foreign market is multiplied by a factor of y when an iceberg trade
cost of t is incurred. So is the consumer surplus flow per consumer enjoyed by
foreign consumers.
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Figure 1. A foreign firm’s decision concerning exporting to and carrying out
FDI in country k.

Notes:

1. The horizontal line with vertical intercept 0 represents the net profit
(normalized to zero) when a foreign firm does not sell to country k.

2. The line yπ̃MkΩk−FEX represents the net profit when a foreign firm exports
to country k besides selling domestically.

3. The line π̃MkΩk −FFDI represents the profit when a foreign firm carries out
FDI in country k besides selling domestically.

and domestic sales. When π̃MkΩk lies in the range marked “Domestic

Sales plus FDI in k”, the upper envelope corresponds to the profit

from carrying out FDI and domestic sales.

Recent political economy models indicate that politicians’ desire

for campaign contributions tends to bias the objective function of

a government in favor of the contributors. In our model, owners

of research capital are owners of firms, who donate campaign

contributions to politicians. Following the literature, we let 1 + a be

the weight each government puts on domestic profits when a weight

of one is put on domestic consumer surplus in its objective function.
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Therefore, the parameter a measures the profit-bias of governments.

It can also be interpreted as the weight a politician puts on campaign

contribution when a weight of one is put on social welfare, given that

his objective function is the weighted sum of the two terms. See, for

example, Bagwell and Staiger (2004) and Grossman and Helpman

(1994).

Define π as the (unconditional) mean profit flow per consumer for

a monopoly selling a typical brand; define Cm as the (unconditional)

mean surplus flow that a consumer enjoys from the consumption of a

good produced at a unit cost of wjajc = c and sold at the monopoly

price pm > c; and define Cc as the (unconditional) mean surplus flow

he enjoys from a product sold at the competitive price of pc = c.

It can be shown (in Appendix A) that

Cc =

(
1

ε− 1

)(
λ

1− ε+ λ

)
Abε−1 (2)

and

π = Cm = ΛCc where Λ ≡
(
ε− 1

ε

)ε

. (3)

Based on the assumption of Pr(c < z) = (bz)λ above, it can be

easily shown (in Appendix B) that the distribution of revenue per

consumer R̃ is Pareto with shape parameter λ
ε−1 :

Pr(R̃ < s) = 1− (AΛbε−1
) λ

ε−1 · s− λ
ε−1 , where s ∈ (AΛbε−1,∞) .

Axtell (2001) finds that the size (number of employees) as well as

revenue distribution of American firms followed a Pareto distribution

P (s, α) : Pr(x < s) = 1 − (s0/s)
α where x ∈ (s0,∞). He finds

that for size distribution, α = 1.059, while for revenue distribution,

α = 0.994. In other words, the estimated α for both distributions

are very close to one. Luttmer (2007) finds that all possible size

distributions of firms have a tail similar to Pareto distribution, with

analogous tail index (equivalent to Axtell’s α and our λ
ε−1) that must

be slightly above one in order to fit the data. Based on the above
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empirical facts, we shall assume λ
ε−1 to be larger than but close to

one in our calibration below.8

Now, define θkEX as the probability that a foreign firm can

profitably export to or carry out FDI in country k; and define θkFDI

as the probability that a foreign firm can profitably carry out FDI

in country k. According to our assumptions above, if a firm can

profitably export to (carry out FDI in) a smaller foreign market it can

also profitably export to (carry out FDI in) a larger foreign market.

Therefore, the probability that a firm in a country can profitably

export to (carry out FDI in) some foreign market(s) is equal to the

probability that it can profitably export to (carry out FDI in) the

largest foreign market. We further define the (inverse) international

barrier to exploiting an invention in country k as

θk = y
(
θkEX

) 1−ε+λ
λ

+ (1− y)
(
θkFDI

) 1−ε+λ
λ

for k = 1, 2, . . . , J. (4)

The economic meaning of θk can be understood as follows.

We have assumed that a foreign producer gets a patent in country

k whenever it sells there. It can be shown that in country k each

consumer obtains an expected consumer surplus equal to θkCm from

each product developed in a foreign country, due to the existence of

trade barriers in k.9 Note that θkCm < Cm, as trade barriers in k not

only increase the cost of serving country k market by foreign firms but

also prevent some foreign firms from serving the market. Likewise, a

8Note that we preclude the cases with α < 1, as this would correspond to infinite
mean. We are most interested in the cases when the value of α is greater than
one but very close to one.
9The expression for θk in (4) is obtained via the following equation:

θk
∫ 1

b

c=0

C̃m (c) dF (c) =

∫ ckEX

c=ck
FDI

yC̃m (c) dF (c) +

∫ ckFDI

c=0

C̃m (c) dF (c)

where ckEX is the threshold unit-cost for exporting to country k; ckFDI is the
threshold unit-cost for carrying out FDI in country k. F (c) = (bc)λ where

c ∈ [0, 1
b
) is the c.d.f. of unit-cost c, C̃m (c) is the realized flow of surplus per

consumer. Thus, θkEX =
(
b · ckEX

)λ
and θkFDI =

(
b · ckFDI

)λ
. Refer to Appendices

A, B and C.
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foreign firm can only earn an expected profit per consumer equal to

θkπ from country k market due to the existence of trade barriers.10

Note that, for given θkEX and θkFDI, lower trade barriers (higher y) lead

to higher θk, while a fatter tail distribution of firm productivity ( λ
ε−1

closer to one) leads to higher θk, as the firms that do export have a

higher average productivity. Clearly, θk = 1 (the model collapses to

the case of free trade) when λ
ε−1 = 1, regardless of the values of t,

FEX and FFDI.

It follows that the expected value of a patent of an invention by

a firm in country i is given by

vi = π

⎡
⎣∑

k �=i

(
θkMkΩk

)
+MiΩi

⎤
⎦

−
∑
k �=i

[(
θkEX − θkFDI

)
FEX + θkFDIFFDI

]
for i = 1, 2, . . . , J

(5)

In general vi �= vj for i �= j. As FFDI and FEX are the same in all

countries, it can be easily shown from (C1) and (C2) in Appendix C

that, in equilibrium,

MUSΩUS

(
θUS
EX

) 1−ε
λ =MkΩk

(
θkEX

) 1−ε
λ

for all k �= US. (6)

and

MUSΩUS

(
θUS
FDI

) 1−ε
λ =MkΩk

(
θkFDI

) 1−ε
λ

for all k �= US. (7)

As 1 − ε < 0, equations (6) and (7) indicate that a country

with stronger patent protection or a larger market tends to attract

a higher fraction of foreign firms to sell to the country as well as a

higher fraction of foreign firms to set up production facilities there.

Substituting the expressions for θkFDI and θkEX derived in

Appendix C (i.e. equations (C1) and (C2)) into (5) and invoking

10This can be easily shown by replacing C̃m (c) by π̃ (c) in the equation in the
last footnote.
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(3) and (4), we can simplify (5) to

vi = π

⎡
⎣∑

k �=i

(
ε− 1

λ

)
θkMkΩk +MiΩi

⎤
⎦ (8)

This is an interesting equation as vi can be expressed in a very

simple form though it has taken into account a myriad of factors

including fixed costs of exporting and FDI, variable cost of exporting,

heterogeneous firms and screening of firms by the market. The

simplicity of the equation is attributed to the Pareto distribution

of firm productivity.

2.2 The theory: two-country case

Let us describe, for given patent strengths ΩN and ΩS, the life cycle

of a typical differentiated product developed in South. After the

invention of a product, an innovator makes a productivity draw to

find out her unit cost of production. Then, she will apply for and

obtain a patent in each country. After that, she decides whether or

not to sell overseas.11 There is a probability θNEX that she would

be able to profitably sell to the Northern market. During an initial

phase after the product is invented, the inventor holds an active

patent in both countries. Even if a good is not sold in a foreign

market, the innovator still has incentives to obtain a patent there,

as it is costless to do so. Consequently, consumers cannot purchase

a product before its patent expires in the country if the innovator

does not sell it there.12 The patent holder earns an expected flow of

profits of θNMNπ from sales in the Northern market and an expected

11The assumption that a firm patents in all countries may be unrealistic. However,
such a formulation simplifies the analysis without sacrificing the intuition.
Moreover, the conclusions of the basic model are robust to an alternative
formulation, as discussed below.
12We rule out compulsory licensing and working requirement here as they are
not of first order importance in the context of our analysis. Important as these
issues are, we believe they should be addressed in future research. By and large,
researchers such as McFetridge (1998) observe that the number of compulsory
licenses granted were generally small in most countries, and mainly concentrated
in special types of products such as food and medicines.
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flow of profits of MSπ from sales in the Southern market. Each

Northern consumer realizes a flow of expected surplus of θNCm from

his purchases of the good. A Southern consumer realizes an expected

flow of consumer surplus of Cm from his purchases of the good.

After a while, the patent will expire in one country. For con-

creteness, let’s say that this happens first in the South. We assume

that local firms do not have to incur the fixed cost of market

entry.13 Therefore, the good will be legally imitated by competitive

firms producing there for sales in the local (Southern) market. The

imitators will not, however, be able to sell the good legally in the

North, because the live patent there affords protection from such

infringing imports. When the patent expires in the South, the price

of the good falls permanently to wSaSc = c, and the original inventor

ceases to realize profits in that market. The flow of consumer surplus

in the South rises to MSCc.
14

Eventually, the inventor’s patent expires in the North. Then the

Northern market can be served completely by competitive firms

producing in the North. If the North has been served by the

innovator, then, at this time, the price of the good in the North

falls to pc = c and households there begin to enjoy the higher flow of

consumer surplus MNCc. The original inventor loses his remaining

source of monopoly income. If the North has not been served by

the innovator, then at this time, the market begins to be served by

competitive firms in the North. Finally, after a period of length τ̄ has

elapsed from the moment of invention, the good becomes obsolete

and all flows of consumer surplus cease.

Alternatively, one could assume that an innovator only patents

in the countries in which she can profitably sell. This can be justified

13Melitz (2003), for example, makes a similar assumption.
14Since there is no cost of patenting, a firm always patents its good in all countries
once it is developed. Once patented, the technology is disclosed. But the good
cannot be legally imitated in that market until the patent expires. So, when
a patent has expired consumer surplus is Cc whether a good was developed
overseas or locally, as countries can always imitate foreign-developed goods when
the patent has expired, and these imitated goods are produced locally, and so
there is no trade barrier when imitated goods are sold.
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by the assumption that there is a small cost of patenting in any

country. This assumption will align with the fact that most inventions

are patented only at home and only a fraction of inventions are

patented internationally. To make the model consistent with the

fact that trade and FDI are the major channels of international

exploitation of inventions, we need to further assume that a domestic

firm can technically imitate a foreign-developed product only if the

good has previously been sold there. The alternative formulation

based on these two assumptions will make the exposition more

complicated and the intuition more obscure. Nonetheless, we carried

out robustness check based on this alternative formulation and found

that the numerical results are about the same, and the conclusions

of the paper intact.15 The results are reported in Appendix F.

2.2.1 Nash equilibrium

Here we solve the Nash game in which the governments set their

patent policies once-and-for-all at time 0. These patents apply only

to goods invented after time 0; goods invented beforehand continue to

receive the protections afforded at their times of invention. Consider

the choice of patent policies ΩN and ΩS that will take effect at

time 0 and apply to goods invented thereafter. The expressions for

the government objective function in country i, discounted to time

0, is given by

Wi(0) = Λi0 +
wiLi

ρ
+ (1 + a)

riHi

ρ
+
Miφi
ρ

[
ΩiCm + (T̄ − Ωi)Cc

]
+
Miφ−i

ρ

[
θiΩiCm + (T̄ − Ωi)Cc

]

15The intuition is that fat-tailed firm productivity distribution in a country
implies that even though a small fraction of firms patent and sell to foreign
markets, they are firms with exceptionally high productivities, and therefore
foreign consumer surplus attributed to this country’s inventions is very close to
that when all firms patent and sell to all foreign markets. As λ/ (ε − 1) → 1+,
the two formulations yield the same results.
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= Λi0 +
wi [Li − (1 + a)LRi]

ρ
+
Miφi
ρ

[
ΩiCm + (T̄ − Ωi)Cc

]

+
Miφ−i

ρ

[
θiΩiCm + (T̄ − Ωi)Cc

]
+
φi
ρ
π (1 + a)

×
[
MiΩi + θ−iM−iΩ−i

(
ε− 1

λ

)]
, for i = S,N, (9)

where Λi0 is the fixed amount of discounted surplus that consumers

in country i derive from goods that were invented before time 0; X−i

or X−i refers to the value of variable X pertaining to country j where

j �= i; ri is the return to the factorHi. The second equality arises from

the fact that there is zero present-discounted profit for each firm, so

that riHi + wiLRi = φivi, where vi = π
[
MiΩi + θ−iM−iΩ−i

(
ε−1
λ

)]
is the value of a new patent developed in country i as shown in

equation (8).

We are now ready to derive the best response functions for the

two governments. The best response expresses the strength of patent

protection that maximizes a national government’s objective as a

function of the given patent policy of its trading partner. We assume

that country i’s government treats θiEX, θ
i
FDI and therefore θi as

parametric as it chooses Ωi. Consider the choice of ΩS by the govern-

ment of the South. This country bears two costs from strengthening

its patent protection slightly. First, it expands the fraction of goods

previously invented in the South on which the country suffers a static

deadweight loss of MS [Cc − Cm − (1 + a)π]. Second, it augments

the fraction of goods previously invented in the North on which its

consumers realize expected surplus of θSMSCm instead of MSCc.

Notice that the profits earned by Northern producers in the South

are not an offset to the South’s marginal cost, because they accrue

to patent holders in the North. The marginal benefit accrued to the

South from strengthening its patent protection reflects the increased

incentive that Northern and Southern firms have to engage in R&D.

If the objective-maximizing ΩS is positive and less than T̄ , then

the marginal benefit per consumer of increasing ΩS must match the
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marginal cost, which implies

φN (Cc − θSCm) + φS [Cc − Cm − (1 + a)π]

=
dφS
dvS

· dvS
dΩS

[
CcT̄ − (Cc − Cm) ΩS

]
+
dφN
dvN

· dvN
dΩS

[
CcT̄ − (Cc − θSCm

)
ΩS

]
= γ

φS
vS
MSπ

[
CcT̄ − (Cc − Cm)ΩS

]
+ γ

φN
vN

θSMSπ
[
CcT̄ − (Cc − θSCm

)
ΩS

]
, (10)

where γ = β
1−β is the elasticity of the flow of new products

developed in each region with respect to the value of a patent,

i.e.
dφj

dvj
= γ

φj

vj
; (8) implies that vS = π

[
MSΩS + θNMNΩN

(
ε−1
λ

)]
and vN = π

[
MNΩN + θSMSΩS

(
ε−1
λ

)]
. On the other hand, (5)

implies that dvS
dΩS

= MSπ and dvN
dΩS

= θSMSπ, as we assume that

each government treats θiEX, θ
i
FDI, θ

i (i = N,S), FEX and FFDI as

parametric.

It is straightforward to write down the condition for the best

response of the North, analogous to (10) above, so we do not put it

here in the interest of space.

If we define μi = φi/(φS + φN ), it can be easily shown that

μi = Hi/(HS+HN) when λ
ε−1 = 1, which means that it is unaffected

by patent policies in that case. Given that λ
ε−1 is close to one, which is

true empirically, we can show from (10) and its Northern counterpart

that the best response functions are downward sloping, and that the

best response function for the South is everywhere steeper than that

for the North, when the two are drawn in (ΩS , ΩN ) space. This

guarantees uniqueness of the Nash equilibrium and ensures stability

of the policy setting game.

2.2.2 Global optimum

In this section, we study the welfare impacts of international patent

policy coordination. We begin by characterizing the combination of
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patent policies that are jointly efficient for the two countries, which

is called the global optimum. We then compare the Nash equilibrium

outcome with the efficient policies, to identify changes in the patent

regime that ought to be effected by an international agreement.

Let QS =MSΩS + θN
(
ε−1
λ

)
MNΩN . A Southern firm that earns

a discounted sum of expected profits of MSΩSπ for a period of

length τS in the South and discounted sum of expected profits of

θN
(
ε−1
λ

)
MNΩNπ for a period of τN in the North earns a total

discounted sum of expected profits equal to QSπ. On the other hand,

a Northern innovator earns total discounted sum of expected profits

equal to QNπ where QN = θS
(
ε−1
λ

)
MSΩS +MNΩN .

Consider the choice of patent policies ΩN and ΩS that will take

effect at time 0 and apply to goods invented thereafter. Equation (9)

becomes an expression for welfare when a = 0. Summing the

expressions in (9) for i = S and i = N with a set to zero, we find

that

ρWw = ρ [WS(0)|a=0 + WN (0)|a=0]

= ρ (ΛS0 + ΛN0) + wS(LS − LRS) +wN (LN − LRN )

+MSφS
[
T̄Cc − ΩS (Cc − Cm − π)

]
+MSφN

{
T̄Cc − ΩS

[
Cc − θSCm − θS

(
ε− 1

λ

)
π

]}

+MNφN
[
T̄Cc − ΩN (Cc − Cm − π)

]
+MNφS

{
T̄Cc − ΩN

[
Cc − θNCm − θN

(
ε− 1

λ

)
π

]}
(11)

where Ww denotes world welfare (without any bias in favor of firm

profits).

There is clearly a tradeoff as patent strength is increased in

either country. For example, as ΩS increases there is a direct

effect of an increase in the deadweight losses MSΩS (Cc − Cm − π)

per Southern invention and MSΩS

[
Cc − θSCm − θS

(
ε−1
λ

)
π
]

per

Northern invention, which lower global welfare. But there are indirect

effects that tend to increase global welfare: an increase in ΩS leads to
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an increase in QN (QS), which induces faster innovation in the North

(South), thus increasing φN (φS) and LRN (LRS). These effects are

globally welfare-improving as LRN and LRS are optimally chosen by

firms. In fact, it can be shown that when λ
ε−1 is sufficiently small,

there exists a unique globally optimum combination of ΩN and ΩS.

How do the efficient combination of patent policies compare

to the policies that emerge in a noncooperative equilibrium? The

answer to this question — which informs us about the likely features

of a negotiated patent agreement — is illustrated in Figure 2.

BRF-S

GG

E’

0
SS NN

E

G

45 degrees

Slope =  

Slope =  

BRF-N

Figure 2. Relationship between the Nash equilibrium E and global optimumG.

The curve WW = W is an example of an iso-global-welfare line. BRF-S and
BRF-N are the best response functions of South and North respectively. Starting
from any point on an iso-global-welfare line to the left of GG (defined by
1

MS

dWw

dΩS
+ 1

MN

dWw

dΩN
= 0), any small increase in ΩN and ΩS would increase the

global welfare WW . Hence, simultaneous increases of ΩN and ΩS from point E
lead to an increase in global welfare. The globally optimal policy combination is
depicted by point G. A movement from E to G is globally welfare-improving.
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The figure depicts the best response functions and the efficient policy

combination in the same diagram.

In this figure, the globally optimal policy combination is depicted

by point G. The iso-global-welfare lines such as Ww = W around

G are also shown. The diagram shows that simultaneous increases

of ΩN and ΩS from point E lead to an increase in global welfare.

That is, a movement from E to G is globally welfare-improving.

This is true when a is small, i.e. when governments’ profit-bias is

weak. The reasons are clear. Starting from a point on the South’s

best response function curve SS, a marginal strengthening of IPR

protection in the South increases the world’s welfare when profit-

bias is weak. This is because such a change in Southern policies

has only a second-order effect on the welfare of the South, but it

conveys two positive externalities to the North. First, it provides

extra monopoly profits to Northern innovators, which contributes to

the aggregate income there. Second, it enhances the incentives for

R&D, inducing an increase in both φS and φN . The extra product

diversity that results from this additional R&D creates additional

surplus for Northern consumers.

By the same token, a marginal increase in the strength of

Northern patent protection from a point along NN increases world

welfare. However, both SS and NN shift out as a increases, but

the position of G is independent of a. Therefore, if a is not “small”,

then it is possible that an efficient patent treaty may require all

countries to reduce their strengths of patent protection. Whether or

not a is small in practice is an empirical question, which we answer in

Section 3.

We define global under-protection of patent rights to be a

situation when global welfare rises as ΩN and ΩS are both raised

from their Nash equilibrium levels. If there is global under-protection

of patent rights, then starting from any interior Nash equilibrium,

an efficient patent treaty must strengthen patent protection in

both countries. It also implies that the treaty will strengthen

global incentives for R&D and induce faster innovation in both

countries.
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2.3 The theory: multi-country case

Before bringing the model to the data, it is useful to extend the

model to a multi-country setting, as the number of independent

decision-making governments plays a crucial role in whether there

is global under-protection of IPR in Nash equilibrium. Recall that

there are J countries in the set N of country-players. Define fi ≡
CcT − (Cc − Cm)Ωi as the present discounted value of consumer

surplus for a consumer in country i derived from the consumption

of a home-developed differentiated good over its product life; and

f ′i ≡ CcT − (Cc − θiCm

)
Ωi as the corresponding expected consumer

surplus derived from the consumption of a product developed by a

foreign country.

2.3.1 Nash equilibrium

In a multi-country setting, the best-response function of country i is

given by⎛
⎝∑

j �=i

φj

⎞
⎠(Cc − θiCm

)
+ φi [(Cc − Cm)− (1 + a)π]

︸ ︷︷ ︸
marginal cost

=

⎛
⎝∑

j �=i

dφj
dvj

dvj
dΩi

f ′i

⎞
⎠+

dφi
dvi

dvi
dΩi

fi

=

⎛
⎝∑

j �=i

γ
φj
vj

⎞
⎠ θiπMif

′
i + γ

φi
vi
πMifi

︸ ︷︷ ︸
marginal benefit

for i = 1, 2, . . . , J

(12)

Equation (12) is analogous to (10). The left-hand side (LHS)

of equation (12) is, in fact, the marginal cost per consumer in

country i of strengthening IPR there. The first term is the loss in

consumer surplus attributed to protection of inventions from firms
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outside country i; the second term is the loss of consumer surplus

attributed to protection of inventions from country i, offset by the

gains in profits of firms in country i (augmented by the profit-bias a).

The right-hand side (RHS) or the last line of (12) is the marginal

benefit per consumer in country i. The first term is the increase

in expected consumer welfare in country i due to increases in flows

of innovations from firms outside country i; the second term is the

increase in consumer welfare in country i due to the increase in the

flow of innovation from country i. If we define the left-hand side

of (12) as MCi(a) and the right-hand side of (12) as MBi, then
1
Mi

dWi(a)
dΩi

= MBi − MCi(a) = marginal net national benefit to i,

where Wi (a) is Government i ’s objective function. Hereinafter, we

put an argument ‘a’ after the name of a function if profit-bias affects

the value of the function.

Invoking equations (2), (3) and (8), equation (12) can be

re-written as⎛
⎝∑

j �=i

φj

⎞
⎠(1− Λθi

)
+ [1− (2 + a)Λ]φi

= γ

〈∑
j �=i

{
φjθ

iMi

[
1− (1− Λθi

)
ωi

]
∑

k �=j

(
ε−1
λ

)
(θkMkωk) +Mjωj

}

+
φiMi [1− (1− Λ)ωi]∑

k �=i

(
ε−1
λ

)
(θkMkωk) +Miωi

〉
for i = 1, 2, . . . , J

(13)

where ωk ≡ Ωk/T and Λ ≡ Cm/Cc = π/Cc. The endogenous

variables are ωi and θi for i = 1, 2, . . . , J . In order to solve for

the values of ωi for i = 1, 2, . . . , J , we also need equations (4), (6),

and (7), as well as the calibrated value of θREX and θRFDI, where the

superscript R denotes the country with the largest market outside

the US. It turns out that R is Japan. We shall adopt θREX = 0.15

and θRFDI = 0.03 based on the estimates of the fractions of French

and American firms that export and of those that carry out FDI in

foreign countries, as provided in Eaton et al. (2004) (French) and
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Bernard et al. (2003) (American). More discussion will be provided

about this in the next section.

2.3.2 Global optimum

Next, we turn to the comparison between the Nash equilibrium

and the global optimum. It can be easily shown that the first-order

condition for global welfare maximization with respect to the choice

of Ωi is given by

Mi

⎡
⎣MCi(a) + πaφi − θi

(
ε− 1

λ

)
π

⎛
⎝∑

j �=i

φj

⎞
⎠
⎤
⎦

=Mi ×MBi +
∑
k �=i

⎛
⎝∑

j �=k

dφj
dvj

dvj
dΩi

Mkf
′
k

⎞
⎠+

∑
k �=i

dφk
dvk

dvk
dΩi

Mkfk

=Mi ×MBi +
∑
k �=i

[
Mk

(
γ
φi
vi
Miπf

′
k

)

+Mk

⎛
⎝∑

j �=k,i

γ
φj
vj

⎞
⎠ θiMiπf

′
k

⎤
⎦+

∑
k �=i

Mk

(
γ
φk
vk
θiMiπfk

)
(14)

The LHS of (14) (call it LHS14) is the marginal global cost of

strengthening IPR protection in country i. The second term inside

the squared brackets (πaφi) is the welfare that will not be taken

into account when IPR protection in country i is chosen to maximize

the global welfare instead of government i ’s profit-biased objective

function (therefore it is an addition to marginal cost); the third

term inside the squared brackets
(
θi
(
ε−1
λ

)
π
(∑

j �=i φj

))
reduces the

global marginal cost as it takes into account the increases in profits of

firms outside country i. The RHS (or the last two lines) of (14) (call

it RHS14) represents the marginal global benefit of strengthening

IPR in country i. The second term and the third term are both

increases in welfare of consumers outside country i. The second term

is due to faster foreign rate of innovation, while the third term is due

to faster domestic rate of innovation (“foreign” and “domestic” here
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are relative to each country other than country i). The cross-border

externalities of IPR protection are captured by the third term inside

the squared brackets on the LHS plus the second and third terms

on the RHS. Let us define LHS14/Mi as MCw
i (marginal cost to

the world) and RHS14/Mi as MBw
i (marginal benefit to the world).

It follows that 1
Mi

dWw

dΩi
=MBw

i −MCw
i = marginal net global benefit

from i.

Suppose we start with a world of Grossman and Lai (2004) where

a = 0 and y = 1 (i.e. free trade). G–L have shown that there is global

under-protection of IPR in Nash equilibrium, as the marginal net

global benefit from i is larger than the marginal net national benefit

to i. It is apparent that since an increase in the variable trade cost

(i.e. a decrease in y, which in turn lowers θi for all i) leads to less

international spillover, it narrows the net-benefits gap, thus lowering

the likelihood of under-protection of IPR in equilibrium. Likewise, an

increase in profit-bias (an increase in a) reduces the net-benefits gap,

making under-protection of IPR less likely. Therefore, we expect that

the lower is a and the higher is each θi, the more likely there is global

under-protection of patent rights. This is exactly what equation (15)

indicates below.

3 Calibration of the Model

3.1 Is there global under-protection of IPR?

We define under-protection as a situation when, starting from Nash

equilibrium, global welfare increases when there are positive changes

in some or all of the elements in the set {Ωi| i ∈ N}. The point of

the analysis is to come up with a sufficient condition under which,

starting from Nash equilibrium
{
ΩE
i

∣∣ i ∈ N}, the simultaneous

increases in IPR protection of some countries is globally welfare-

improving. Note that increases in the strengths of protection in

some countries raise the values of all patents. This increases global

deadweight losses but encourages innovation. If there is global under-

protection of patent rights, then the rate of innovation in the world

is too low from a global welfare point of view.
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In Appendix D, it is proved that a sufficient condition for global

under-protection of IPR in Nash equilibrium is

a−
∑

i �=max

θi < 0 (15)

where θmax is the largest θi among all countries. This is intuitive, as it

means that the positive force that arises from profit-bias (measured

by a) is weaker than the negative force that arises from cross-

border externalities (measured by
∑

i �=max θ
i ), thus making the Nash

equilibrium more likely to yield under-protection.

In what follow, we shall explain a calibration exercise that tries

to find out whether the above sufficient condition (15) is satisfied.

We shall solve equations (4), (6), (7) and (13) for i = 1, 2, . . . , J with

parametric values calibrated using estimates in the literature.

As explained earlier, the parameter a can also be interpreted as

the weight politicians put on campaign contributions. In the political-

economy literature (Grossman and Helpman, 1994; Goldberg and

Maggi, 1999; Gawande and Bandyopadhyay, 2000; Mitra et al.,

2002; Eicher and Osang, 2002; McCalman, 2004; Mitra et al., 2006),

researchers have estimated the weight the US government puts on

campaign contributions given a weight of unity on social welfare. The

estimates range from 0.000315 to 1.3333. For robustness check in the

calibration exercise, we tried the values of a = 0.000315 (low profit-

bias), 1 (strong profit-bias) and 1.3333 (very strong profit-bias).16

The parameter J denotes the number of independent government

decision-makers in the patent-setting game. Thus, it is the number of

countries in the world that consume and trade patent-sensitive goods,

and that adopt neither zero nor full patent protection. In Table 1,

we list the patent counts and market sizes of the twenty largest

16Since a a preference parameter, it should be the same in the context of patent
protection. Suppose there is a patent lobby, and suppose there is no consumer
lobby or lobbying from other sectors of the economy, it is easy to show that the
value the government puts on campaign contributions is exactly the same as a in
our model. A proof is available from the author upon request.
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Table 1. Data on the market size of patent-sensitive goods and patent counts.

Innovative capacity (φ) Market size (M)

US 187.83 9.25
Japan 214.25 9.07
Germany 98.32 8.75
France 56.76 8.57
UK 52.08 8.45
China 0.06 8.45
Italy 24.24 8.43
Brazil 0.43 8.31
Spain 5.07 8.19
Canada 89.80 8.17
India 0.07 8.15
South Korea 55.34 8.13
Netherlands 65.15 8.02
Australia 31.91 7.99
Mexico 0.57 7.97
Argentina 1.06 7.88
Switzerland 167.53 7.85
Belgium 57.50 7.83
Sweden 122.82 7.77
Austria 50.25 7.76

Notes:

1. M is the logarithm of the average annual consumption (or absorption) of
patent-sensitive goods in the country over the years 1996–1999.

2. φ is the average number of patents granted to residents of the country per year
by the US Patent Office over the years 1996–1999 divided by the population
of the country. The patent count of the US is adjusted for the home-bias effect
discussed in Appendix E.

markets for patent-sensitive goods among the forty most innovative

countries.17 As (15) suggests, the more countries that are included

in the game, the more likely the condition is satisfied. Therefore, it

suffices to prove under-protection if we find that (15) holds for the

17Innovative capability is measured by the average number of patents granted
to domestic residents of the country by the US patent office per year over the
years 1996–1999 divided by population. Russia is not included due to the lack of
reliable data. See Appendix E.
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twenty countries with the largest markets for patent-sensitive goods.

These countries are thus included in our empirical analysis. Hence,

J = 20.

We proxy the market size (Mi) by the natural logarithm of the

dollar value of the consumption of patent-sensitive goods in each

country and proxy the innovative capability (φi) by the number of

patents granted to residents of each country by the US patent office

divided by the population of the country (we adjust for home bias of

American patentees).18 Data on Mi for 1996–1999 are obtained from

Lai et al. (2007), and data on φi for 1996–1999 are from the website

of World Intellectual Property Organization (WIPO).

θiEX and θiFDI are respectively the probabilities that foreign firms

can sell to and carry out FDI in country i. Eaton et al. (2004) report

that in 1986 only 17.4% of French manufacturing firms exported, and

of those who exported, only 19.7% exported to ten or more countries.

Moreover, in 1987, only 14.6 % of US manufacturing firms exported.

Bernard et al. (2003) report that 79% of US manufacturing plants

did not export at all in 1992. A summary of the existing studies in the

literature indicates that 15–20% of manufacturing firms sell to foreign

markets, of which about 1/5 produce in the foreign market in which

they sell. (See, for example, Bernard et al., 2009). Patent-sensitive

goods are likely to be more tradeable than the average manufactured

good. Therefore, to be conservative, we assume that 15% of American

firms in the patent-sensitive industries sell to foreign markets, while

3% produce in the foreign countries in which they sell their goods.

In other words, we set θJapanEX = 0.15 and θJapanFDI = 0.03 as Japan

is the largest foreign market for US firms. The θiEX and θiFDI for

other countries are determined endogenously by equations (6) and

(7) respectively.

18We also tried using the patent counts without dividing by population to proxy
for innovative capability, and the sufficient condition for under-protection (15)
is still satisfied. But the rank order of ωE

i matches more closely the actual rank
order of the Ginarte–Park patent rights indexes (see Park, 2008) when we use
patent counts divided by population.
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We estimate γ, the elasticity of innovation rate with respect to

patent value, based on the work of Boldrin and Levine (2009), who

suggest a point estimate of around 4.19 As we find that our results

are robust to alternative values of γ, we just report the case of γ = 4

in this chapter.

Lai et al. (2007) estimate the parametric values of the elasticity of

demand for patent-sensitive goods (ε) across thirty countries. These

values average to 5.63. Given this, we assume ε = 5. This coincides

with the value implied by putting together the findings of literature

that the shape parameter of the Pareto distribution of firm revenues

( λ
ε−1 in our model) is close to 1 and the finding of Simonovska (2011)

that λ is approximately 4. For robustness, we also try a low elasticity

scenario with ε = 1.5 and a high elasticity scenario with ε = 9.28.

The upper value of 9.28 is obtained based on λ
ε−1 ≈ 1 and the finding

of Eaton and Kortum (2002) that λ is approximately 8.28.

Based on the empirical finding that λ/ (ε− 1) is very close to

one but above one, we report the cases of λ/ (ε− 1) = 1 and 1.049,

as these two values lie roughly at the two ends of the spectrum

of estimates obtained in the literature. Adopting this range also

ensures that there are interior solutions to all endogenous variables

of interest.

For the variable trade cost, we try a wide range of values from

t = 0 (no iceberg trade cost) to 0.5 (very high iceberg trade cost).

For the case λ/ (ε− 1) = 1, the results are invariant to the value of t.

Based on the above parametric values and data, we solve

for the Nash equilibrium values of
{
ωE
i , θ

i, θiEX, θ
i
FDI

∣∣ i ∈ N} from

equations (4), (6), (7) and (13) for i = 1, 2, . . . , J . A summary of the

calibration results are presented in Table 2. A wide range of values of

profit-bias have been tried (a = 0.000315, a = 1 and a = 1.3333) but

it has relatively minor effects on θi. So we only report the results

for the most conservative case of a = 1.3333 in the interest of

space. More tables of results are available from the authors upon

request.

19Details of the derivation can be obtained from the authors upon request.
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Table 2. Nash equilibrium and harmonized global optimum (a = 1.333).

Trade cost (t) = 0

ε = 1.5 ε = 5 ε = 9.28

λ
ε−1

= 1 λ
ε−1

= 1.049 λ
ε−1

= 1 λ
ε−1

= 1.049 λ
ε−1

= 1 λ
ε−1

= 1.049

ωE
i θi ωE

i θi ωE
i θi ωE

i θi ωE
i θi ωE

i θi

US 0.373 1 0.423 0.917 0.529 1 0.588 0.915 0.561 1 0.621 0.915
Japan 0.367 1 0.418 0.915 0.520 1 0.597 0.915 0.550 1 0.633 0.915
Germany 0.285 1 0.318 0.901 0.368 1 0.418 0.898 0.384 1 0.439 0.897
France 0.246 1 0.267 0.893 0.298 1 0.331 0.887 0.307 1 0.344 0.886
UK 0.231 1 0.247 0.889 0.276 1 0.303 0.882 0.285 1 0.315 0.881
China 0.207 1 0.208 0.881 0.217 1 0.210 0.867 0.218 1 0.211 0.864
Italy 0.215 1 0.222 0.884 0.241 1 0.251 0.874 0.245 1 0.258 0.873
Brazil 0.189 1 0.181 0.875 0.196 1 0.168 0.856 0.196 1 0.035 0.790
Spain 0.176 1 0.161 0.869 0.182 1 0.040 0.798 0.182 1 0.044 0.799
Canada 0.214 1 0.228 0.884 0.279 1 0.308 0.881 0.291 1 0.325 0.881
India 0.170 1 0.148 0.865 0.171 1 0.052 0.808 0.170 1 0.056 0.808
S. Korea 0.192 1 0.193 0.877 0.232 1 0.239 0.870 0.239 1 0.250 0.870
Netherlands 0.182 1 0.180 0.873 0.226 1 0.231 0.868 0.234 1 0.244 0.868
Australia 0.163 1 0.142 0.863 0.182 1 0.037 0.794 0.185 1 0.038 0.793
Mexico 0.145 1 0.088 0.842 0.141 1 0.078 0.823 0.139 1 0.081 0.822
Argentina 0.133 1 0.064 0.829 0.127 1 0.082 0.825 0.125 1 0.084 0.823
Switzerland 0.208 1 0.231 0.883 0.323 1 0.367 0.887 0.346 1 0.395 0.888
Belgium 0.153 1 0.130 0.858 0.187 1 0.158 0.851 0.193 1 0.167 0.851
Sweden 0.177 1 0.181 0.872 0.257 1 0.280 0.875 0.273 1 0.302 0.876
Austria 0.140 1 0.094 0.844 0.166 1 0.049 0.804 0.170 1 0.048 0.801
Harmonized global optimum ω∗ = 1 ω∗ = 1 ω∗ = 1 ω∗ = 1 ω∗ = 1 ω∗ = 1

(Continued)
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Table 2. (Continued)

Trade cost (t) = 0.5

ε = 1.5 ε = 5 ε = 9.28

λ
ε−1

= 1 λ
ε−1

= 1.049 λ
ε−1

= 1 λ
ε−1

= 1.049 λ
ε−1

= 1 λ
ε−1

= 1.049

ωE
i θi ωE

i θi ωE
i θi ωE

i θi ωE
i θi ωE

i θi

US 0.373 1 0.424 0.904 0.520 1 0.579 0.862 0.550 1 0.607 0.851
Japan 0.367 1 0.419 0.903 0.529 1 0.589 0.862 0.561 1 0.620 0.851
Germany 0.285 1 0.318 0.889 0.368 1 0.409 0.845 0.384 1 0.425 0.834
France 0.246 1 0.266 0.881 0.298 1 0.321 0.834 0.307 1 0.331 0.823
UK 0.231 1 0.246 0.877 0.276 1 0.293 0.830 0.285 1 0.302 0.819
China 0.207 1 0.206 0.869 0.217 1 0.197 0.814 0.218 1 0.194 0.801
Italy 0.215 1 0.221 0.872 0.241 1 0.240 0.822 0.245 1 0.243 0.810
Brazil 0.189 1 0.180 0.863 0.196 1 0.154 0.804 0.196 1 0.034 0.735
Spain 0.176 1 0.159 0.857 0.182 1 0.040 0.752 0.182 1 0.043 0.743
Canada 0.214 1 0.228 0.872 0.279 1 0.302 0.830 0.291 1 0.316 0.819
India 0.170 1 0.147 0.853 0.171 1 0.052 0.761 0.170 1 0.056 0.752
S. Korea 0.192 1 0.193 0.865 0.232 1 0.232 0.819 0.239 1 0.240 0.808
Netherlands 0.182 1 0.180 0.861 0.226 1 0.226 0.817 0.234 1 0.235 0.807
Australia 0.163 1 0.141 0.851 0.182 1 0.035 0.746 0.185 1 0.036 0.735
Mexico 0.145 1 0.084 0.829 0.141 1 0.075 0.774 0.139 1 0.076 0.763
Argentina 0.133 1 0.064 0.818 0.127 1 0.078 0.775 0.125 1 0.079 0.764
Switzerland 0.208 1 0.232 0.871 0.323 1 0.365 0.836 0.346 1 0.390 0.826
Belgium 0.153 1 0.130 0.847 0.187 1 0.155 0.802 0.193 1 0.161 0.791

Sweden 0.177 1 0.182 0.860 0.257 1 0.278 0.825 0.273 1 0.297 0.815
Austria 0.140 1 0.094 0.833 0.166 1 0.045 0.754 0.170 1 0.043 0.742
Harmonized global optimum ω∗ = 1 ω∗ = 1 ω∗ = 1 ω∗ = 1 ω∗ = 1 ω∗ = 1

(Continued)



W
o
u
ld

G
lo
ba
l
P
a
ten

t
P
ro
tectio

n
B
e
T
oo

W
ea
k

1
3
7

Notes for Table 2:

1. ωĒ
i denotes the patent protection of country i in Nash equilibrium. θi is defined as y(θiEX)

1−ε+λ
λ + (1 − y)(θiFDI)

1−ε+λ
λ , where

θiEX and θiFDI represent the probabilities of a foreign firm selling to and canying out FDI in country i respectively. ω∗ denotes the
globally optimal level of hammonized patent protection.

2. ε refers to the price elasticity of demand of a typical consumer. The value of ε = 5 is obtained from Lai, Wong and Yan (2007) and

by putting together the findings of Axtell (2001) and Luttmer (2007) that the shape parameter of the Pareto distribution
(

λ
ε−1

)

is close to but larger than 1 and the finding of Simonovska (2011) that λ is approximately 4. The alternative value of ε = 9.28 is
obtained based on λ

ε−1
≈ 1 and the finding of Eaton and Kortum (2002) that λ is approximately 8.28.

3. λ
ε−1

refers to the shape parameter of the distribution of firm revenues. Based on the data on US’s firm size distributions in 1988–1997,

Axtell (2001) obtain that λ
ε−1

is close to and larger than 1. A recent study by Luttmer (2007) finds that the shape parameter is also

close to but larger than 1. We perform robustness check on λ
ε−1

by setting its upper end to 1.049.

4. “1+a” is the weight a government puts on domestic profits when a weight of one is put on domestic consumer surplus in its objective
function. The parameter “a” measures the profit-bias of governments. It ranges from 0.000315 to 1.3333 in the literature (Goldberg
and Maggi, 1999; Gawande et al., 2000; Mitra et al., 2002; Eicher and Osang, 2002; McCalman, 2004 and Mitra et al., 2005). Since
a = 1.3333 gives the most conservative case that makes it hardest for us to reach the under-protection conclusion, we only present
this case here. Lower values of “a” yield an even larger degree of under-protection in Nash equilibrium.

5. Bold terms are the values for the variable ωE
i .
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As expected, a higher value of a is associated with a higher level

of equilibrium strengths of IPR protection in each country
{
ωE
i

}
as governments put more weight on the profits of patent-holders.

Furthermore, from Table 2, we find that a higher t leads to lower

probabilities of exploiting an invention in each country (
{
θi
}
).

The calibration exercise yields two important results.

1. We find that the values of θi are above 0.7 for all countries under

all scenarios. It follows that the sufficient condition for under-

protection of IPR in the Nash equilibrium specified in equation

(15) is satisfied under all parametric values considered. As a result,

we conclude that there is global under-protection of patent rights

when there is no international coordination. The main reason is

the existence of a free-rider problem in the protection of patent

rights, which becomes very serious when there is a large number

of government-players in the patent-setting game. The value of

θiEX varies across countries, but never exceeds 0.2 under various

sensitivity tests, while the values of θiFDI for different countries are

all below 0.04.20

2. If we ignored FDI/licensing, we would have severely overestimated

the barriers to exploit an invention internationally. For example,

in the case of the US firms selling to Japan, if the iceberg trade

cost is t = 0.5, a = 1.333, λ
ε−1 = 1.049, ε = 9.28, and if we

accept the estimate that 15% of US firms sell to Japan and

assume that they do not do FDI/licensing, then the estimated

20The relatively high value of θi we obtain is consistent with the finding of
Eaton and Kortum (1999), who find that the extent of international diffusion
of technology is about two-third of the way between total absence of diffusion
and perfect diffusion. In our model, total absence of diffusion before a patent
expires in country i corresponds to θi = 0, while perfect diffusion before a patent
expires corresponds to θi = 1. Two-third of the way from the state of zero diffusion
corresponds to θi = 0.67 in our model.
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θJapan is 0.032 [i.e. (1 + 0.5)−9.28+1· (0.15)1−
1

1.049 ].21 If we take

into account the fact that 1/5 of those firms that sell to Japan

(i.e. 3% of all US firms) in fact carry out FDI/licensing, then

the estimated θJapan is 0.851 [i.e. (1 + 0.5)−9.28+1 · (0.15)1− 1
1.049 +[

1− (1 + 0.5)−9.28+1
]
(0.03)1−

1
1.049 ]. That is a huge difference. The

errors in the estimation of θi of other countries would be equally

large. In fact, had we omitted FDI/licensing, we would have con-

cluded that the sufficient condition for under-protection would not

be satisfied, as the magnitudes of the calibrated cross-border exter-

nalities would be really small. As the error becomes more serious

as λ
ε−1 gets closer to one, the empirical fact that firm revenues

follow a fat-tailed distribution implies that it is really important

to include FDI as an alternative channel of exploiting an invention

internationally (besides exporting) in any empirical work.

3.2 Harmonization with the most protective country

Our analysis in the previous section indicates that there would

be under-protection of IPR without international coordination. A

natural question to ask is whether the current form of international

coordination mandated by TRIPS is over-protective from a global

welfare perspective. Adopting the views of Reichman (1995) and

Lai and Qiu (2003), we assume that TRIPS requires all countries

in the world to harmonize their IPR standards with the pre-TRIPS

standards of the most protective country. We try to answer the above

question based on this characterization of TRIPS.22

21This is the case when FFDI is so large that θkFDI → 0 ∀k.
22If one examines the Ginarte–Park patent rights index for the periods 1960–1990,
1995, 2000 and 2005 (refer to Park, 2008), one sees that the most protective
country before TRIPS (i.e. 1960–1990) was the US, whose index was 4.14.
By 2005, all developed or newly industrialized economies would have already
adopted the patent standard required by TRIPS. The patent rights indexes for
countries that adopt the minimum requirement mandated by TRIPS turned out
to be about 4.1 (e.g. Israel 4.13, Australia 4.17, New Zealand 4.01, Norway 4.17).
So harmonization with the pre-TRIPS standard of the US is more or less what
the TRIPS mandated.
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Suppose we sum up all the J first order conditions (14) and

impose the restriction Ωj = Ω∗ ∀j ∈ N on this equation. The

solution of Ω∗ will then yield the harmonized patent strength that is

globally efficient. Suppose country k is the most protective country

in equilibrium, i.e. ΩE
k = max{ΩE

j

∣∣∣ j ∈ N}. Then, ΩE
k < Ω∗ is the

necessary and sufficient condition that there is no over-protection of

patent rights even if all countries harmonize their IPR standards

with the most protective country in the world. We have already

solved for ΩE
k , which is ΩE

US, in the earlier section. Adopting the

same set of parametric values and the same set of countries as in

the previous section, we compute the value of Ω∗. The values of Ω∗

under different parameter values are provided in the last rows of

Table 2. As the values of Ω∗ are all close to 1, which exceeds the

equilibrium protection strengths of all countries including the US in

all cases, we conclude that ΩE
US < Ω∗. This means that there is no

global over-protection of IPR resulting from TRIPS.

The intuition of the above result is that the distribution of

innovative capability among countries is not too skewed so that

requiring all countries to harmonize their patent standards with

that of the most protective (and most innovative) country in Nash

equilibrium (i.e. the US) does not lead to over-protection of patent

rights from the global welfare point of view. The situation in a two-

country case is shown in Figure 2. It shows that global harmonization

with the North’s pre-TRIPS standard is a movement from point E

to point E′. As E′ is still inside the frontier GG, global welfare

increases from E to E′. The North gains more than the South loses in

this global IPR harmonization scheme, and global welfare increases.

Taken together, the two results in this section indicate that TRIPS

is globally welfare-improving.23

23If the distribution of innovative capability is too skewed, then the equilibrium
may be at E1 shown in Figure 2. In that case, a movement from E1 to E′

1 leads
to over-protection.
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4 Conclusion

On the theoretical front, we extend the Grossman and Lai (2004)

model to analyze the interaction among innovation, firm heterogene-

ity, exporting, FDI and patent protection in a unified framework. On

the empirical front, we find that there is global under-protection of

patent rights in the non-cooperative equilibrium given the estimates

of the profit-bias parameter in the political economy literature

and the estimates of the barriers to international exploitation of

inventions. Our conclusion to this question is robust to alternative

parametric values obtained in the literature. This result arises from

the fact that, despite the existence of trade barriers, the free-rider

problem becomes very serious when there is a large number of

country-players in the patent-setting game. The empirical fact that

firm revenues follow a fat-tailed distribution mitigates trade and

FDI barriers a great deal, leading to low barriers to international

exploitation of inventions. Thus, the cross-border externalities in

strengthening national patent rights are high, despite the fact that

only a small fraction of firms sell overseas (no more than say 15%)

and an even smaller fraction of firms carry out FDI (no more than

say 3%). Calibrating the model, we find that requiring all countries

to harmonize their patent strengths with the equilibrium strength of

the most protective country does not lead to global over-protection of

IPR. This is because the distribution of innovative capability among

countries is not too skewed as to overcome the free-rider effect. If

such an IPR harmonization scheme captures what the TRIPS has

done, then there is no evidence that TRIPS leads to global over-

protection of patent rights. In other words, TRIPS is globally welfare-

improving. (This does not mean, however, that all countries would

gain from such a harmonization. It only means that the sum of the

gains for the gainers would exceed the sum of losses for the losers.

Thus, distribution is still an issue in such a harmonization.)

Last but not least, in our calibration exercise, we find that omit-

ting FDI/licensing as an alternative channel of exploiting an inven-

tion internationally (besides exporting) can severely over-estimate
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the barriers to international exploitation of inventions. Therefore, it

is important to include both exporting and FDI in any model that

attempts to explain international exploitation of technology.

The theoretical framework can possibly be exploited further

to analyze empirically the relationship between innovation, trade

barriers, market size, patent protection, and trade flows of patent-

sensitive goods among countries. This is left to future research.

Appendix

A. Mean Values of Profit and Consumer Surplus

Define the unconditional means of the monopoly profit, the compet-

itive consumer surplus and consumer surplus under monopoly, per

consumer, as

π =

∫ 1
b

c=0
π̃(c)dF (c); Cc =

∫ 1
b

c=0
C̃c(c)dF (c);

and Cm =

∫ 1
b

c=0
C̃m(c)dF (c)

where c is the unit cost of production. π̃(c) , C̃c(c) and C̃m(c) are

monopoly profit, the competitive consumer surplus and consumer

surplus under monopoly, respectively, expressed as functions of c.

From Section 2.1.1, the c.d.f. of c is given by F (c) = (bc)λ, where

c ∈ [0, 1b ].

Recall that the demand of a typical consumer is x = Ap−ε (where

ε > 1). It can be easily shown that

C̃c =
Ac−ε+1

ε− 1
. (A1)

Therefore,

Cc =
Aλbε−1

(ε− 1)(1 − ε+ λ)
.
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Similarly,

π̃ = C̃m = ΛC̃c where Λ ≡
(
ε− 1

ε

)ε

and so π = Cm = ΛCc. (A2)

B. The Distributions of Firm Profits and Revenues

From Section 2.1.1, we have Pr(c < z) = (bz)λ, where z ∈ [0, 1b ].

From Appendix A, we have π̃ = A
(

1
ε−1

)
Λc−ε+1. Therefore,

Pr(π̃ < s) = 1−
(
AΛbε−1

ε− 1

) λ
ε−1

· s− λ
ε−1 , where s ∈

(
AΛbε−1

ε− 1
,∞
)

(B1)

and revenue per consumer R̃ = (ε− 1)π̃ follows a distribution

Pr(R̃ < s) = 1− (AΛbε−1)
λ

ε−1 · s− λ
ε−1 , where s ∈ (AΛbε−1,∞).

C. Fixed Cost of Exporting and Probability

of Exporting

Define ckFDI as the critical c for FDI to country k and ckEX as the

critical c for exporting to country k. From Figure 1, we get

yπ̃(ckEX)MkΩk = FEX.

From Appendix A, we obtain

π̃(ckEX) =

(
AΛ

ε− 1

)
(ckEX)

−ε+1.

From Appendix B, we obtain

θkEX = Pr(c < ckEX) = (b · ckEX)λ.
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From the above three equations we can obtain ckEX and θkEX in terms

of the exogenous variables and Ωk:

θkEX = bλ
[
yΛAMkΩk

FEX(ε− 1)

] λ
ε−1

and ckEX =

[
yΛAMkΩk

FEX(ε− 1)

] 1
ε−1

. (C1)

By the same token, we can obtain the following three equations

yπ̃(ckEX)MkΩk − FEX = π̃(ckFDI)MkΩk − FFDI,

π̃(ckFDI) =

(
AΛ

ε− 1

)
(ckFDI)

−ε+1,

θkFDI = Pr(c < ckFDI) = (b · ckFDI)
λ,

which allow us to obtain ckFDI and θkFDI in terms of the exogenous

variables and Ωk:

θkFDI = bλ
[

(1− y)ΛAMkΩk

(FFDI − FEX)(ε− 1)

] λ
ε−1

and

ckFDI =

[
(1− y)ΛAMkΩk

(FFDI − FEX)(ε− 1)

] 1
ε−1

. (C2)

D. Proof of Condition (15)

Recall that the Nash equilibrium condition (12) is equivalent to
1
Mi

dWi(a)
dΩi

= 0 while the global optimum condition (14) is equivalent

to 1
Mi

dWw

dΩi
= 0. A sufficient condition for under-protection in Nash

equilibrium is
∑

i
1
Mi

dWw

dΩi
> 0 for all combinations of {Ωi|i ∈ N}

that satisfy
∑

i
1
Mi

dWi(a)
dΩi

= 0. This is because
∑

i
1
Mi

dWw

dΩi
> 0

⇔
(∑

i
1
Mi

dWw

dΩi

)
δ > 0 where δ = MidΩi ∀i, which means that

increasing each Ωi slightly by an amount proportional to 1/Mi

is globally welfare-improving. Furthermore, the set of equilibrium

IPR {ΩE
i |i ∈ N} is obviously a subset of {Ωi|

∑
i

1
Mi

dWi(a)
dΩi

= 0}.
From equation (14), we know that the above sufficient condition is
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equivalent to

∑
i

⎡
⎣πaφi − θiπ

⎛
⎝∑

j �=i

φj

⎞
⎠
⎤
⎦

<
∑
i

⎡
⎣∑

k �=i

⎛
⎝γφi

vi
πMkf

′
k +

∑
j �=k,i

γ
φj
vj
θiπMkf

′
k

⎞
⎠

+
∑
k �=i

γ
φk
vk
θiπMkfk

⎤
⎦ (D1)

for all combinations of {Ωi}i∈N that satisfy
∑

i
1
Mi

dWi(a)
dΩi

= 0.

The RHS of (D1) is greater than zero, as there are posi-

tive cross-border externalities as a country strengthens its patent

protection. Therefore, a sufficient condition for (D1) to hold is∑
i

[
aφi − θi

(∑
j �=i φj

)]
< 0, a sufficient condition of which is

a−∑i �=max θ
i < 0. �

E. Data for Market Size (M) and Innovative

Capability (φ)

The market size variable (Mi) is proxied by the natural logarithm of

the average dollar value of consumption (or use) of patent-sensitive

goods per year by country i over the years 1996–1999 (estimated

by Lai et al., 2007). Our choice of the set of patent-sensitive goods

is mainly based on Maskus (2000), with some modifications. The

set includes Chemicals, Electromedical machines, Special industry

machines, Electric microcircuits, Metalworking machines, Measuring

and control instruments, and Data processing equipment. The

innovative capability variable (φi) is proxied by the average number

of patents granted to the resident of country i by the US patent

office per year over the years 1996–1999 (obtained from the WIPO

website) divided by population. However, to adjust for home-bias of

the US data, we calculate the US innovative capability as the mean

of an upper bound and a lower bound. The upper bound is given
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by the yearly average of the actual number of patents granted to

US residents by the US patent office, PUS
US , where P

j
i denotes the

number of patents granted to residents of country i by country j.

This is an upper bound because it probably over-states the innovative

capability of the US because even relatively trivial inventions might

be patented in the US by US residents as the cost of patenting and

subsequent working of the patents by domestic residents is relatively

low. This is the home bias effect. The lower bound estimate is

obtained by the formula

P̃US
US =

PEPO
US

PEPO
Japan

× PUS
Japan.

The idea is that the American capability to obtain patents relative

to that of Japan in Europe is approximately equal to the American

capability to obtain patents relative to that of Japan in the US.

Comparison with Japan is chosen because its innovative capability

is comparable to that of the US while other countries are much

further behind. The reason for choosing patents awarded in Europe

is because European countries have a longer tradition of patent

protection and have patent systems similar to that of the US. Japan,

on the other hand, has a more liberal patent system with narrower

protection than in the US and Europe. Therefore, calibration with

the Japanese patent counts is not done. The estimate P̃US
US is

considered a lower bound of US innovative capability as some useful

American innovations are not patented overseas perhaps because

they are relatively less significant (though may be still useful). This

is just the opposite of the home bias effect.

The estimated innovative capability of the US is therefore

calculated as

φ̂US =
P̃US
US + PUS

US

2

After taking the above into account, we obtain Table 1, which

shows the patent counts and market sizes of the twenty most

innovative countries.
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F. Alternative Formulation

If one adopts the alternative formulation explained just before

Section 2.2.1, then equation (13) becomes

⎛
⎝∑

j �=i

φj

⎞
⎠[(θiEX

)λ−ε+1
λ − θiΛ

]
+ [1− (2 + a)Λ]φi

= γ

〈∑
j �=i

⎧⎪⎪⎨
⎪⎪⎩
φjθ

iMi

[(
θiEX

)λ−ε+1
λ −

((
θiEX

)λ−ε+1
λ − θiΛ

)
ωi

]
∑

k �=j

(
ε−1
λ

)
(θkMkωk) +Mjωj

⎫⎪⎪⎬
⎪⎪⎭

+
φiMi [1− (1− Λ)ωi]∑

k �=i

(
ε−1
λ

)
(θkMkωk) +Miωi

〉

for i = 1, 2, . . . . , J

Moreover, the following set of equations is to be solved to obtain

the globally optimal harmonized ω̃ for Section 3.2 (where Λ ≡ ( ε−1
ε

)ε
,

J = number of countries).

ω̃

{(∑
φj

)[∑(
θ̃iEX

)λ−ε+1
λ − 2Λ

(∑
θ̃i
)
+ (1− 2Λ)

]

−
∑[

φi

(
θ̃iEX

)λ−ε+1
λ

]
+ 2Λ

∑(
φiθ̃

i
)}

= γ
∑
i

⎧⎪⎪⎪⎨
⎪⎪⎪⎩
∑
j �=i

〈φj θ̃iMi

[(̃
θiEX

)λ−ε+1
λ −

((
θ̃iEX

)λ−ε+1
λ − θ̃iΛ

)
ω̃

]
∑

k �=j

[(
ε−1
λ

)
θ̃kMk

]
+Mj

〉

+
φiMi (1− (1− Λ) ω̃)∑
k �=i

[(
ε−1
λ

)
θ̃kMk

]
+Mi

⎫⎬
⎭
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+ γ
∑
i

⎧⎪⎪⎪⎨
⎪⎪⎪⎩
∑
k �=i

〈φiMk

[(
θ̃kEX

)λ−ε+1
λ −

((
θ̃kEX

)λ−ε+1
λ − θ̃kΛ

)
ω̃

]
∑

m�=i

[(
ε−1
λ

)
θ̃mMm

]
+Mi

+
∑
j �=k,i

φj θ̃
iMk

[(
θ̃kEX

)λ−ε+1
λ −

((
θ̃kEX

)λ−ε+1
λ − θ̃kΛ

)
ω̃

]
∑

m�=j

[(
ε−1
λ

)
θ̃mMm

]
+Mj

〉

+
∑
k �=i

⎛
⎝ θ̃iφkMk [1− (1− Λ) ω̃]∑

m�=k

[(
ε−1
λ

)
θ̃mMm

]
+Mk

⎞
⎠
⎫⎬
⎭

θ̃i = y
(
θ̃iEX

) 1−ε+λ
λ

+ (1− y)
(
θ̃iFDI

) 1−ε+λ
λ

for i = 1, 2, . . . , J

MUS ·
(
θ̃US
EX

)−( ε−1
λ )

=Mk ·
(
θ̃kEX

)−( ε−1
λ )

for k = 2, . . . , 30 (assume that k=1 for the US)

MUS ·
(
θ̃US
FDI

)−( ε−1
λ )

=Mk ·
(
θ̃kFDI

)−( ε−1
λ )

for k = 2, . . . , J (assume that k=1 for the US)

θ̃JapanEX = 0.15

θ̃JapanFDI = 0.03

The results are shown in Table A1. It can be seen that the results

in Tables 2 and A1 are almost the same. Therefore, the conclusions

of the basic model are robust to this alternative formulation.
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Alternative Formulation Table A1. Nash equilibrium and harmonized global optimum (a = 1.333).

Trade cost (t) = 0

ε = 1.5 ε = 5 ε = 9.28

λ
ε−1

= 1 λ
ε−1

= 1.049 λ
ε−1

= 1 λ
ε−1

= 1.049 λ
ε−1

= 1 λ
ε−1

= 1.049

ωE
i θi ωE

i θi ωE
i θi ωE

i θi ωE
i θi ωE

i θi

US 0.367 1 0.420 0.915 0.529 1 0.603 0.915 0.561 1 0.640 0.915
Japan 0.373 1 0.425 0.917 0.520 1 0.591 0.915 0.550 1 0.626 0.915
Germany 0.285 1 0.320 0.902 0.368 1 0.418 0.897 0.384 1 0.439 0.897
France 0.246 1 0.269 0.893 0.298 1 0.328 0.886 0.307 1 0.342 0.885
UK 0.231 1 0.249 0.889 0.276 1 0.301 0.882 0.285 1 0.313 0.881
China 0.207 1 0.209 0.881 0.217 1 0.203 0.865 0.218 1 0.202 0.862
Italy 0.215 1 0.224 0.884 0.241 1 0.247 0.873 0.245 1 0.253 0.871
Brazil 0.189 1 0.184 0.875 0.196 1 0.168 0.856 0.196 1 0.165 0.853
Spain 0.176 1 0.165 0.870 0.182 1 0.145 0.849 0.182 1 0.141 0.846
Canada 0.214 1 0.234 0.885 0.279 1 0.315 0.882 0.291 1 0.332 0.882
India 0.170 1 0.153 0.866 0.171 1 0.114 0.839 0.170 1 0.036 0.791
S. Korea 0.192 1 0.200 0.878 0.232 1 0.245 0.871 0.239 1 0.256 0.870
Netherlands 0.182 1 0.189 0.875 0.226 1 0.241 0.870 0.234 1 0.254 0.869
Australia 0.163 1 0.152 0.865 0.182 1 0.162 0.853 0.185 1 0.166 0.851
Mexico 0.145 1 0.107 0.850 0.141 1 0.063 0.814 0.139 1 0.064 0.812
Argentina 0.133 1 0.073 0.834 0.127 1 0.064 0.815 0.125 1 0.065 0.813
Switzerland 0.208 1 0.242 0.884 0.323 1 0.383 0.889 0.346 1 0.414 0.890
Belgium 0.153 1 0.144 0.862 0.187 1 0.183 0.857 0.193 1 0.193 0.857
Sweden 0.177 1 0.194 0.874 0.257 1 0.298 0.877 0.273 1 0.321 0.878
Austria 0.140 1 0.119 0.854 0.166 1 0.144 0.847 0.170 1 0.152 0.847
Harmonized global optimum ω∗ = 1 ω∗ = 1 ω∗ = 1 ω∗ = 1 ω∗ = 1 ω∗ = 1

(Continued)
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Alternative Formulation Table A1. (Continued)

Trade cost (t) = 0

ε = 1.5 ε = 5 ε = 9.28

λ
ε−1

= 1 λ
ε−1

= 1.049 λ
ε−1

= 1 λ
ε−1

= 1.049 λ
ε−1

= 1 λ
ε−1

= 1.049

ωE
i θi ωE

i θi ωE
i θi ωE

i θi ωE
i θi ωE

i θi

US 0.367 1 0.421 0.903 0.529 1 0.597 0.862 0.561 1 0.628 0.851
Japan 0.373 1 0.425 0.904 0.520 1 0.585 0.862 0.550 1 0.613 0.851
Germany 0.285 1 0.320 0.889 0.368 1 0.412 0.845 0.384 1 0.426 0.834
France 0.246 1 0.268 0.881 0.298 1 0.322 0.834 0.307 1 0.328 0.822
UK 0.231 1 0.249 0.877 0.276 1 0.295 0.830 0.285 1 0.300 0.818
China 0.207 1 0.207 0.869 0.217 1 0.193 0.813 0.218 1 0.185 0.799
Italy 0.215 1 0.223 0.872 0.241 1 0.239 0.821 0.245 1 0.238 0.809
Brazil 0.189 1 0.182 0.863 0.196 1 0.158 0.804 0.196 1 0.146 0.789
Spain 0.176 1 0.163 0.858 0.182 1 0.136 0.798 0.182 1 0.120 0.781
Canada 0.214 1 0.234 0.873 0.279 1 0.311 0.831 0.291 1 0.323 0.820
India 0.170 1 0.151 0.854 0.171 1 0.033 0.744 0.170 1 0.041 0.741
S. Korea 0.192 1 0.199 0.866 0.232 1 0.241 0.820 0.239 1 0.246 0.809
Netherlands 0.182 1 0.188 0.863 0.226 1 0.238 0.819 0.234 1 0.245 0.808
Australia 0.163 1 0.151 0.853 0.182 1 0.157 0.802 0.185 1 0.154 0.790
Mexico 0.145 1 0.105 0.838 0.141 1 0.060 0.766 0.139 1 0.062 0.755
Argentina 0.133 1 0.068 0.820 0.127 1 0.062 0.766 0.125 1 0.063 0.755
Switzerland 0.208 1 0.243 0.873 0.323 1 0.383 0.838 0.346 1 0.408 0.828
Belgium 0.153 1 0.144 0.851 0.187 1 0.181 0.807 0.193 1 0.185 0.796
Sweden 0.177 1 0.195 0.863 0.257 1 0.298 0.827 0.273 1 0.315 0.817
Austria 0.140 1 0.118 0.842 0.166 1 0.143 0.797 0.170 1 0.144 0.786
Harmonized global optimum ω∗ = 1 ω∗ = 1 ω∗ = 1 ω∗ = 1 ω∗ = 1 ω∗ = 1

(Continued)
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Notes for Table A1:

1. ωĒ
i denotes the patent protection of country i in Nash equilibrium. θi is defined as y(θiEX)

1−ε+λ
λ + (1 − y)(θiFDI)

1−ε+λ
λ , where

θiEX and θiFDI represent the probabilities of a foreign firm selling to and canying out FDI in country i respectively. ω∗ denotes the
globally optimal level of hammonized patent protection.

2. ε refers to the price elasticity of demand of a typical consumer. The value of ε = 5 is obtained from Lai, Wong and Yan (2007) and

by putting together the findings of Axtell (2001) and Luttmer (2007) that the shape parameter of the Pareto distribution
(

λ
ε−1

)

is close to but larger than 1 and the finding of Simonovska (2011) that λ is approximately 4. The alternative value of ε − 9.28 is
obtained based on λ

ε−1
≈ 1 and the finding of Eaton and Kortum (2002) that λ is approximately 8.28.

3. λ
ε−1

refers to the shape parameter of the distribution of firm revenues. Based on the data on US’s firm size distributions in 1988–1997,

Axtell (2001) obtain that λ
ε−1

is close to and larger than 1. A recent study by Luttmer (2007) finds that the shape parameter is also

close to but larger than 1. We perform robustness check on λ
ε−1

by setting its upper end to 1.049.

4. “1+a” is the weight a government puts on domestic profits when a weight of one is put on domestic consumer surplus in its objective
function. The parameter “a” measures the profit-bias of governments. It ranges from 0.000315 to 1.3333 in the literature (Goldberg
and Maggi, 1999; Gawande et al., 2000; Mitra et al., 2002; Eicher and Osang, 2002; McCalman, 2004 and Mitra et al., 2005). Since
a = 1.3333 gives the most conservative case that makes it hardest for us to reach the under-protection conclusion, we only present
this case here. Lower values of “a” yield an even larger degree of under-protection in Nash equilibrium.

5. Bold terms are the values for the variable ωE
i .
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Chapter 5

International Intellectual Property Rights
Protection and the Rate of Product

Innovation∗

Abstract
Using a dynamic general equilibrium model of the international
product cycle, we found that the effects of strengthening intellec-
tual property rights protection (IPP) in South depend crucially on
the channel of production transfer from North to South. Stronger
IPP in South increases the rate of product innovation, production
transfer and Southern relative wage if foreign direct investment
is the channel of production transfer, but has opposite effects
if production is transferred through imitation. Stronger IPP can
be more broadly interpreted as any incentive given by South to
encourage Northern FDI.

1 Introduction

According to the terms of the Uruguay Round of the General

Agreement on Tariffs and Trade, less developed countries (LDCs,

hereinafter called the ‘South’) are required to strengthen intellectual

property rights protection (IPP) in their countries. To economists

who are concerned with long-term economic growth, the immediate

questions are: What are the long-term repercussions of this on

∗By Edwin L.-C. Lai. Originally published in Journal of Development Economics
(February 1998), pp. 133–153. Copyright c© 1998 by Elsevier Science B.V. It has
been reprinted with revisions and permission from the original publisher.
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global rate of technological progress, technology diffusion and world

distribution of income between the ‘North’ (the more advanced

countries) and ‘South’? As pointed out by Helpman (1993), if the rate

of innovation is exogenous, it is quite clear that LDCs stand to lose

from stronger IPP, since both the terms of trade and efficiency effects

go against the welfare of the LDCs. He also finds that the steady state

rate of innovation will be decreased as IPP is strengthened, provided

that imitation is the only channel by which production is transferred

to South. However, when he allows for the possibility of foreign direct

investment (FDI) from North to South as a channel of production

transfer, Helpman only deals with exogenous rate of innovation.

We think it is important to investigate the long-term effects

of Southern IPP on the global rate of innovation and technology

diffusion. Recently, there has been various attempts to model the

long-term effects of IPP on the rate of product innovation, economic

growth and terms of trade in the international product cycles

(Vernon, 1966). Segerstrom et al. (1990) find that a lengthening

of patent duration for Northern firms lowers the rate of product

innovation. Grossman and Helpman (1991b) and Helpman (1993)

find that strengthening IPP (or subsidy to imitation) in South has a

negative effect on the rate of innovation when imitation is the only

channel of international production transfer. In these three models,

where R&D output is linear in research effort, and imitation is the

only channel by which production is transferred to South, there is a

positive feedback from the rate of imitation to the rate of innovation.

As a result, a strengthening of IPP lowers the rate of innovation and

the rate of production transfer.1 All these results seem to go against

1In a paper where a ‘quality ladder’ model is employed for the analysis, Grossman
and Helpman (1991a or Chapter 12 of 1991c) find similar result in the ‘inefficient
follower’ case, viz. a reduction in the cost of Southern imitation increases the rate
of innovation in North. In the ‘efficient follower’ case, where there is no positive
feedback from the rate of imitation to the rate of innovation, subsidy to Southern
imitation (which can be viewed as a weakened IPP) reduces the Northern rate
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the intuition furnished by Schumpeter (1950) and his followers (such

as Romer, 1991) that stronger protection of the fruit of R&D should

encourage innovation.

The principal objective of this paper is to compare and contrast

between the cases when (i) FDI and (ii) imitation is the channel of

international production transfer, with respect to the long-run effects

of IPP on rate of product innovation, rate of international production

transfer and world income distribution. For the present endeavor,

we adopt the ‘product cycle’ (Vernon, 1966 or Krugman, 1979)

paradigm that North is the only source of innovation, and the only

way South can acquire technology is through ‘technology transfer’

from North. We modify the model of Grossman and Helpman (1991b)

and Helpman (1993), which study the North-South product cycle

where South can only acquire new technology by imitating products

produced in North. Our modifications are (i) to allow Northern firms

to undertake FDI in South (a process called ‘multinationalization’);

and (ii) assume that, in the ‘multinationalization’ regime, Southern

firms can imitate only after Northern firms transfer production to

South.2

We find that the effects of IPP in South depends crucially on

whether imitation or multinationalization (prior to imitation) is the

channel of international production transfer from North to South. If

imitation is the channel of production transfer, stronger IPP lowers

the rate of innovation, rate of production transfer and wage of South

relative to North; if multinationalization (prior to imitation) is the

channel of production transfer, IPP has exactly the opposite effects.

In fact, the latter effects hold even when both channels co-exist, as

long as the rate of multinationalization is sufficiently large.

The first scenario mentioned in the last paragraph is that

described in Grossman and Helpman (1991b) and Helpman (1993).

of innovation (Grossman and Helpman, 1991c, p. 323), a result similar to ones in
this paper.
2We shall maintain the assumption that R&D output is linear in research effort.
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According to this scenario, production is transferred to South only

through imitation of goods produced in North. There are two

counteracting effects of enforcing stronger IPP in South. First, it

lowers the rate of imitation and prolongs the expected duration of

monopoly of each Northern innovator. This raises the returns to

innovation. Second, since firms produce longer in North, it raises

the demand for Northern labor and Northern wage, and hence

raises the cost of innovation. Thus, it lowers the profits from

innovation at each date. As shown by Grossman and Helpman, it

turns out that the the second effect dominates the first one, and

the rate of innovation declines. The contribution of the present

paper lies mainly in the analysis of the second scenario described

in the last paragraph. Under this scenario, production is transferred

internationally through multinationalization (prior to imitation).

Northern firms move production to South to take advantage of the

lower wage, which they balance against the probability that they

will lose their monopoly to imitators after multinationalization. A

stronger IPP in South increases the rate of innovation in two stages.

First, it increases the expected lives of monopolies. However, because

the resulting increase in demand for labor falls entirely on South, the

return to innovation rises without a rise in cost. Second, since the

return to multinationalization increases, firms will move more quickly

to South. This lowers the demand for Northern labor, Northern wage,

and costs, thus increasing the return to innovation further.

Section 2 presents a benchmark product cycle model with FDI

as the channel of production transfer to South. Section 3 presents

the reduced form equilibrium conditions and investigates the effects

of IPP. Section 4 presents the case where imitation is the channel of

production transfer. Section 5 concludes and discusses some caveats

and extensions.

2 The Product Cycle Model with Foreign

Direct Investment

In this paper, we are only concerned with the steady state, i.e. the

long run equilibrium. For the present purpose, we are not interested
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in welfare analysis in transition. We define steady state as a state at

which the growth rate of the economy is constant over time, generally

termed the “balanced growth path”.

There are two countries (North and South) in the world, where

free trade is allowed. A Northern firm develops a product by incurring

an upfront innovation cost. It then earns the opportunity to make a

stream of future profits. There is infinite patent life in North and

the South, but patent law enforcement in North is perfect while

enforcement in South is imperfect. Therefore, there is no imitation

by Northern firms, and imitation only occurs in South. It is assumed

that imitation is costless. It is assumed that the efficiency of Southern

labor in innovation is so much lower than that of North that, in

equilibrium, only Northern firms will innovate.

There is only one factor input, labor. It is used for research

and development (R&D) and production in North and for pro-

duction only in South. At any instant, a number of differentiated

products (denoted by n) have been developed by North. Each

innovation takes the form of the introduction of a new differentiated

product in the economy by a firm. In equilibrium Northern firms

will transfer production to South through FDI, a process we call

‘multinationalization’, since wage is lower in South. In this paper,

we do not differentiate between multinationalization through wholly

owned subsidiary, partly owned subsidiary or technology licensing.

We assume that under perfect foresight all three forms of production

transfer yield the same gain to Northern innovator. Hereinafter, we

speak of multinationalization as the setting up of a multinational

corporation (MNC) by a Northern firm. Since Southern wage is lower,

the Northern firm will stop production in the North once it has

multinationalized production.

In this section, we assume that multinationalization (prior to

imitation) is the only form of production transfer to South. In other

words, a product will not be imitated until its production has been

multinationalized by the innovator. We assume that after production

is transferred to South (by multinationalization or otherwise), the

unit labor requirement for production in South is the same as that

in North. The only motivation for production transfer is the lower
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production cost in South. In Section 4, we shall investigate the case

where imitation is the channel of production transfer to South.

2.1 The demand for goods

Following Grossman and Helpman (1991b), we assume there is a

world representative agent (or, alternatively, one representative agent

in each country) who chooses instantaneous expenditure E(τ) to

maximize intertemporal utility at time t:

W =

∫ ∞

t
e−ρ(τ−t)U(τ)1−σ − 1

1− σ
dτ (1)

subject to the intertemporal budget constraint3∫ ∞

t
e−r(τ−t)E(τ)dτ =

∫ ∞

t
e−r(τ−t)I(τ)dτ +A(t) for all t (2)

where 0 ≤ σ ≤ 1 and σ = intertemporal elasticity of substitution;

ρ is the time rate of preference; r is the nominal interest rate; U(τ)

is instantaneous utility at time τ ; E(τ) is instantaneous expenditure

at τ ; I(τ) is instantaneous income at τ ; A(t) is the current value of

assets at t. At each date τ , the agent takes A(τ), I(τ), r and prices

of goods as given.

It is also assumed that, at any time t, the instantaneous utility4 is

U(t) =

{∫ n(t)

0
[x(z)]αdz

} 1
α

(3)

where 0 < α < 1; x(z) = quantity of good z consumed and n = n(t)

also stands for the index of the most recently developed good existing

in the world at time t.

The dynamic optimization problem specified by (1) and (2) can

be reduced to a two-stage budgeting problem, where the agent solves

3The ‘flow equation’ implied from the ‘stock equation’ shown here is I(t)−E(t)+
rA(t) = Ȧ(t).
4Alternatively, U(τ ) can be regarded as quantity of final goods produced from a
set of intermediate goods, with production function (3).
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a dynamic optimization problem of allocating E(t) over time, then

solves a static optimization problem of choosing the various x(z)

subject to a budget constraint of E(t) at time t.

It is shown in Appendix A that the dynamic optimization

problem has a solution which yields the equation:

r = ρ− (1− σ)

(
1− α

α

)
ṅ

n
+
Ė

E
(4)

where Ė
E is the growth rate of total expenditure on goods.

Equation (4) implies that the more people discount the future, the

higher the interest rate needs to be to maintain the amount of savings

to sustain the same growth rate of expenditure. Define ṅ
n = g in

steady state. We normalize by setting Ė
E = ṅ

n .
5 Hence, equation (4)

becomes r = ρ + φg, where φ = 1 − (1 − σ)(1−α
α ) ≤ 1. We assume

that α ≥ 1 − σ (which will include the case of logarithmic utility

in the intertemporal utility function stated in equation (1)) so that

0 ≤ φ ≤ 1. This will ensure the stability of the general equilibrium.6

The static optimization problem of the two-stage budgeting

problem is:

max
x(z)

U(t)

s.t. ∫ n

0
x(z)p(z)dz = E(t). (5)

We hereafter drop the time argument t for convenience, unless

otherwise stated.

5It can be shown that this is equivalent to setting the market value of each firm
to one at each date.
6If φ < 0, then more entry into innovation activity lowers interest rate, which can
increase the profit rate of innovations, leading to even more entry. This would
cause instability of the steady state equilibrium.
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The standard solution to the static maximization problem (5)

leads to

x(z) =
p(z)−ε∫ n

0 p(u)
1−εdu

E (6)

where ε = 1
1−α is the elasticity of substitution between any two goods,

and ε > 1.

We assume constant returns to scale production technology, and

that the unit labor requirement for production is the same in both

countries and for all goods. Due to the symmetry of all goods in the

preference function (3), x(z) is the same for all goods produced in

the same country.

2.2 The steady state

At time t, there are n goods existing in the world, among which

ns goods have been multinationalized and nN goods continue to be

produced in North. Therefore, n = ns+nN . Moreover, ns = ni+nm
where ni = number of products imitated by South; nm = number

of products produced by Northern MNCs. Because of symmetry of

all goods in the demand function, xN stands for the demand for any

good produced by a Northern firm, while xm stands for the demand

for any good produced by a Northern subsidiary (MNC) in South.

The variables xN and xm are determined by demand function (6)

when the prices of the n goods are known. Because transportation

cost is zero and there are no trade barriers, the producer of a good

always sells to the world market. Let πN be the instantaneous profit

of a Northern firm, and πm be that of a MNC whose product has

not been imitated at that instant. Wage rates in North and South

are denoted by wN and ws respectively.

On the ‘balanced growth path’, ṅs
ns

= ṅi
ni

= ṅm
nm

= ṅ
n = Ė

E = g,

and g, ns
n ,

ni
n and nm

n are constant over time. It can be deduced from

(6) to (8) and symmetry of all x(z) in the utility function that at

steady state, πN and πm are constant over time. Ls and LN are the

exogenous supply of labor in South and North respectively.
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2.3 Innovation and international technology transfer

We assume constant returns to scale in the production of each good.

There are no fixed costs of production per period, nor are there

transportation costs.

Assume for simplicity that each product is developed and pro-

duced by a different firm.7 Firms compete with each other by setting

prices. Assuming time separability of the intertemporal profits func-

tion, an innovator firm or MNC producing good z chooses price p(z),

given the prices of other goods, to maximize instantaneous profit

π(z), subject to the demand function (6). Therefore, a Northern firm

or its subsidiary in South solves maxp(z) π(z) = x(z)[p(z) − c(z)]

subject to the demand function (6), where c(z) is the per unit

production cost of good z.

Thus, we obtain from the first order condition the mark-up

pricing rule for a Northern innovator or an MNC (Dixit and Stiglitz,

1977)

p(z) =
c(z)

α
(7)

The market power of a Northern firm or its subsidiary can be

maintained as long as its IPR are protected. The North offers full

IPP, while the South only offers partial IPP. Once a product is

imitated (by Southern firms), no firms producing that product have

any market power, and its price will be driven down to marginal cost,

and no firms can make any profits from selling that product.

Without loss of generality, we assume that the unit labor

requirement for production is one, so that

c(z) = w (8)

where w = wage rate in the country where production of good z

takes place.

7It is not necessary to have all products developed by different firms, but it
is necessary to have sufficiently large number of firms so that we can ignore the
effects of any single producer’s action on the denominator of demand function (6).
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Differentiating (5) with respect to time, invoking demand equa-

tion (6), mark-up pricing equation (7) and production cost function

(8), and imposing the steady state condition Ė
E = ẇ

w , it can be shown

that the steady state growth rate of utility U̇
U = (1−α

α )g = (1−α
α ) ĖE .

2.3.1 Innovation, multinationalization and imitation

We define the (Poisson arrival) rate of imitation by Southern firms

from MNCs as ṅi
nm

, denoted by iδ; and the (Poisson arrival) rate

of multinationalization as ṅs
nN

, denoted by ω. The rate iδ is the

‘hazard rate’, i.e. the probability that a multinationalized product

will be imitated at the next instant. Similarly, ω is the ‘hazard

rate’ at which a North-produced product will be multinationalized in

the next instant.8 The rate of multinationalization ω is endogenous,

based on optimization of Northern firms, as shown below. The rate of

imitation δi is composed of two parts. i is assumed to be exogenously

determined by technology (i.e. by how quickly the technology can be

reverse engineered given the complexity of the technology); while δ

is a policy parameter determined by Southern authority. A smaller

δ reflects a stronger IPP. When δ = 0, patent law enforcement is

perfect. When δ = 1, there is no enforcement of patent laws. We can

interpret this as follows. Of all attempts to imitate, only a fraction δ

successfully slip through the surveillance of the patent authority in

the South. In this case, a smaller δ means weaker criteria in convicting

violators of patents in South. An alternative interpretation is that

Southern authority will enforce patent laws in a fraction δ of illegally

imitated products. All firms that is not imitated have equal chance

of being imitated at any date. Therefore, all MNCs face the same

8If we assume the duration τ between the time of multinationalization and time of
imitation to have an exponential distribution with cumulative density Pr(τ ≤ t) =
1− e−iδt, then iδ is the ‘hazard rate’ or Poisson arrival rate at which a good will
be imitated in the next instant provided that it has not been imitated. Similarly,
the cumulative density function of τ̂ , the duration between the time of innovation
and time of multinationalization, is given by Pr(τ̂ ≤ v) = 1−e−ωv where ω is the
Poisson arrival rate at which the product will be multinationalized in the next
instant. See also Helpman (1993) for a discussion of ‘hazard rate’.
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iδ. The fractions δi and ω are both constant over time in steady

state.

Knowing iδ, a Northern firm will decide whether or not to

multinationalize at each date. There is symmetry among all Northern

firms. At any date, the equilibrium value of ω is the one that leaves all

Northern firms indifferent between multinationalizing and continuing

production in North. If ω is below the equilibrium value, the PDV of

profits from multinationalizing is higher than that from continuing

production in the North for each firm. Thus, more Northern firms

transfer their production to South, leading to an increase of ω. If ω is

above the equilibrium value, there are gains from moving production

back to the North. As some firms move back to the North to seek

higher profits, ω decreases. Therefore, ω is a stable equilibrium.9

The cost of innovation

Following Grossman and Helpman (1991b), the cost of innovation

(product development) by a Northern firm is assumed to be

Cd = ad
wN

n
(9)

where ad is the cost parameter of innovation, 1
n captures the

spillover effect of knowledge generated from past innovation on

efficiency of current innovation. In other words, the efficiency of

product development in North increases with n, which is a proxy

for the cumulative knowledge generated as by-products of all past

innovations in North (Romer, 1990).

Imitation

We assume that there is zero cost of imitation. Once a product is

imitated, it will be sold at marginal cost. That is, the price of a

9There are other reasons for Northern firms to produce in North, where
production cost is higher. For example, Vernon (1966) suggested that production
needs to stay in North in the standardization period, when the product design,
inputs, and production process need to be standardized for large scale, more
mechanized production. However, if all multinationalization decisions are due to
technological factors, such as this one, then ω would be exogenous.
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South-imitated product is ps = ws. This is because price competition

between the MNC and the imitator(s) will drive price down to

marginal cost. The imitator hires from the same pool of labor as

the MNC. Since all firms face the same cost of labor, the MNC loses

all profits once the product is imitated.

2.3.2 Pricing strategy of Northern firms and MNCs

When production location is in North, a Northern innovator-

producer firm prices at the monopoly level according to (7) and (8),

so that the price of a Northern good is

pN =
wN

α
. (10)

After production has been transferred through multinationaliza-

tion to South, the MNC sets price at the monopoly level:

pm =
ws

α
(11)

The demand function (6), production cost function (8), and

mark-up pricing rules (10), (11) show that the profit of the MNC,

πm, and that of a Northern firm, πN , are related by

πm
πN

=

(
ws

wN

)1−ε

(12)

In equilibrium, it must be true that ws
wN

< 1, otherwise there is

no incentive to shift production location to South. Since ε > 1, it

must be true that πm > πN in equilibrium. It is shown below that

this must be true in equilibrium.

2.3.3 Multinationalization equilibrium

The expected present discounted value (PDV) of profits of a Northern

MNC with Poisson arrival imitation rate iδ is

Πm =
πm
r + iδ

(13)

For more detailed derivation and interpretation of the equation, refer

to Appendix B and Lee and Wilde (1980).
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Let ΠN be the PDV of profits for a Northern firm if the

innovator never multinationalizes. It is clear that ΠN = πN/r. Since

in steady state equilibrium the typical firm is indifferent between

multinationalization and continuing production in North, it must

be true that the PDV of a Northern firm’s profits is ΠN regardless

of whether it eventually multinationalizes. Therefore ΠN = Πm in

steady state equilibrium. Hence,

πN

πm
=

r

δi + r
(14)

The above equation shows that because of the risk of being

imitated, the instantaneous profit of Southern MNC must be larger

than that from Northern production in equilibrium.

2.3.4 Northern free entry condition

Finally, free entry and profit maximization of Northern firms imply

that the expected PDV of profits in the future must be equal to the

cost of innovation in steady state equilibrium. Therefore,

πN

r
= ΠN =

ad
n
wN (15)

3 Solution of the Model

3.1 Reduced form equations in steady state

In this section, we want to find the reduced form of (i) Northern free

entry condition and (ii) multinationalization equilibrium in terms of

two variables, g and ω. Then we shall be able to find the effects of

changes in the parameters on g, ω and other endogenous variables.

Because unit labor requirement for all goods is one, as shown in (8),

and price is constant mark-up over cost as shown in (10) and (11),

we have πm = xm(pm − ws) = xmws(
1−α
α ) where xm = Lm

nm
and Lm

is the quantity of labor hired by MNCs (for production) in South;

Similarly, πN = xNwN(
1−α
α ) where xN =

Lp
N

nN
and Lp

N = quantity of

labor devoted to production in North.
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Hence, we have

πm =
Lm

nm
ws

(
1− α

α

)
(16)

πN =
Lp

N

nN

wN

(
1− α

α

)
(17)

From Appendix C, it can be shown that

Lm =
Ls

δi
g α

−ε + 1
(18)

In North the quantity of labor devoted to R&D is equal to ad
ṅ
n =

adg at each date. Therefore,

Lp
N = LN − adg (19)

Moreover, it can be shown that in steady state10

ns
nN

=
ω

g
and

n

nN

=
ω

g
+ 1 and

nm
nN

=
ω

g + iδ
(20)

Divide (17) by (16), and, in the resulting equation, substitute

for ws
wN

, πm
πN

, Lm, Lp
N and nm

nN
from (12), (14), (18), (19) and (20)

respectively, we obtain the reduced form of the multinationalization

equilibrium in terms of g and ω:[
ω

g

(
g + iδα−ε

g + iδ

)(
LN − adg

Ls

)]α
=

r

δi+ r
(21)

To obtain the reduced form of Northern free entry condition in

terms of g and ω, we invoke (15), (17), (19) and (20) to obtain(
1− α

α

)
(LN − adg)

(
ω

g
+ 1

)
= adr (22)

10By definition, ns
nN

= ns
n−ns

= ṅs
n−ns

(ns
ṅs

) = ω
g

in steady state. Moreover, nm
nN

=

(nm
ns

)( ns
nN

). By definition, ṅi = nmiδ, which implies that nig = nmiδ ⇒ (ns −
nm)g = nmiδ ⇒ nm

ns
= g

δi+g
. Hence, nm

nN
= ω

δi+g
.
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Therefore, we have obtained two equations (21) and (22) in two

unknowns g and ω. We are now ready to carry out the comparative

steady state analysis concerning the two variables.

3.2 Comparative steady states analysis

If we express ω
g in terms of g from (22) and substitute the expression

into (21), we obtain⎡
⎣(g + iδα−ε

g + iδ

)⎛⎝adr
(

α
1−α

)
− LN + adg

Ls

⎞
⎠
⎤
⎦
α

=
r

δi+ r
(23)

where r = ρ + φg. It must be true that LN > adρ
α

1−α if North can

sustain positive growth as a closed economy.11 It is demonstrated

in Appendix D that an increase in g leads to an increase in LHS
RHS

of the above equation.12 On the other hand, an increase in δ leads

to an increase in LHS
RHS of the equation. It follows, from the implicit

function theorem, that a decrease in δ leads to an increase in g. That

is, a strengthening of IPP in South increases the rate of innovation

in North. Moreover, from (22), an increase in g corresponds to an

increase in ω
g , which implies that ω must also increase. That is,

the rate of multinationalization also increases with stronger IPP in

South.

The intuition is as follows. Northern firms move production to

South to take advantage of the lower wage, which they balance

against the probability that they will lose their monopoly to imitators

after multinationalization. A stronger IPP in South increases the rate

of innovation in two stages. First, it increases the expected lives of

monopolies. However, because the resulting increase in demand for

labor falls entirely on South, the return to innovation rises without

a rise in cost. Second, since the return to multinationalization

increases, firms will move more quickly to South on the average

11Without production transfer to South, the equilibrium condition in North is
1−α
α

(LN − adg) = ad(ρ+ φg), which implies that LN > adρ
α

1−α
.

12LHS = left hand side; RHS = right hand side.



172 Innovation, Growth and IP Rights in the Global Economy

(rate of multinationalization increases). This lowers the demand for

Northern labor, Northern wage, and costs, thus increasing the return

to innovation further.

Relative wage between North and South

From (12) and (14),

ws

wN

=

(
πN

πm

) 1
ε−1

=

(
ρ+ φg

iδ + ρ+ φg

) 1
ε−1

(24)

A decrease in δ leads to an increase in g, both leading to an

increase in the relative wage in South. An increase in IPP leads

to more production shifted to South, increasing the demand for

Southern labor. Therefore, an increase in IPP leads to an increase in

relative wage (or terms of trade) of South.

Result 1. Stronger IPP leads to higher rate of innovation, higher

rate of production transfer from North to South and higher wage of

South relative to the North if multinationalization is the channel of

international production transfer.

It might be argued that the imitated products can only be sold

in South since the products violate the patent laws of the North.

In that case, an MNC loses its profits only in the Southern market

when its product is imitated, and its profits in North are preserved.

It is shown in an appendix, available from the author upon request,

that the qualitative aspects of the results are preserved even with

this modification.

4 Imitation as the Channel of Production Transfer

This section is essentially Grossman and Helpman’s (1991b) model

adapted to the environment of this paper. We now modify the model

specified in Sections 2 and 3. Assume that instead of FDI, imitation

is the only channel of production transfer from North to South. Let

the (Poisson arrival) rate of imitation from North-produced products

be jδ. Since there is no multinationalization, ω = 0, and nm = 0.

Therefore, the total number of goods imitated is ns. Hence, jδ =
ṅs
nN

.

In steady state, g = ṅs
ns
. Also, n = ns + nN continues to hold. By the
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same token as before, we can derive the Northern free entry condition

as

πN

jδ + r
= ΠN =

ad
n
wN

the reduced form of which is(
1− α

α

)
(LN − adg)

(
jδ

g
+ 1

)
= ad(ρ+ φg + jδ) (25)

since n
nN

= ns
nN

+ 1 = jδ
g + 1.

This equation is the same as the NN curve is Grossman and

Helpman (1991b). Since discount must dominate growth in order for

the intertemporal budget to be finite, it must be the case that r > g.

Therefore, ∂
∂δ (

r+jδ
g+jδ ) < 0. It follows from (25) that a decrease in δ

will decrease g. Hence, a stronger IPP in South leads to lower rate of

product innovation in North, as in Grossman and Helpman (1991b)

and Helpman (1993).

The intuition for the above result is: If South can only acquire

technology by imitation of goods produced in North, there are two

counteracting effects of enforcing stronger IPP in South. First, it

lowers the rate of imitation and prolongs the expected duration of

monopoly of each Northern innovator. This raises the returns to

innovation. Second, since firms produce longer in North, it raises

the demand for Northern labor and Northern wage and hence raises

the cost of innovation. Thus, it lowers the profit from innovation at

each date. As shown by Grossman and Helpman, it turns out that

the second effect dominates the first one (as r is necessarily greater

than g), and the rate of innovation declines.

Relative wage between North and South

Let xs be the demand for a good produced by a Southern imitator.

According to (6) and ps = ws, the demand for goods produced in

South relative to that of North is

xs
xN

=

(
ws

wN/α

)−ε
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Since Ls = nsxs, and LN − adg = nNxN , and
ns
nN

= jδ
g , it can be

easily shown that

ws

wN

=

(
Ls

LN

g

jδ

)− 1
ε 1

α
.

From (25), a decrease in δ leads to a decrease in g, which in turn

leads to a decrease in jδ
g . It follows that ws

wN
decreases. Therefore,

ws
wN

decreases as IPP is strengthened, a result opposite to that

obtained in Section 3. Here, since imitation is the only channel

of production transfer to South, stronger IPP in South lowers the

number of products produced by South and hence lowers the demand

for Southern labor, leading to lower relative wage of South.

Result 2. Stronger IPP leads to lower rate of innovation, lower

rate of production transfer from North to South and lower wage of

South relative to the North if imitation is the channel of international

production transfer.

The summary of Results 1 and 2 is shown in the following table:

In Appendix E, we show the more general case that both

imitation and multinationalization (prior to imitation) are channels

of production transfer at the same time. Assuming that IPP is

enforced to the same degree before or after multinationalization, it

is shown that a stronger IPP has the impact as shown in the middle

column of Table 1 when the rate of multinationalization is sufficiently

large (ω ≥ ρ) or the rate of imitation (prior to multinationalization)

is small. Therefore, we have

Table 1. Effects of stronger IPP.

Channel of production transfer

Multinationalization Imitation

Rate of Innovation increase decrease
Rate of Prod. Transf. increase decrease
Relative wage of S. increase decrease
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Result 3. If both imitation and multinationalization are channels

of production transfer, stronger Southern IPP leads to higher rate

of innovation in the North, higher rate of production transfer to

the South and higher Southern relative wage as long as the rate

of multinationalization is sufficiently high or the rate of pre-FDI

imitation is small.

5 Conclusion

The effects of IPP in South depends crucially on whether imita-

tion or multinationalization (prior to imitation) is the channel of

international production transfer from North to South. If imitation

is the channel of production transfer, stronger IPP lowers the

rate of innovation, rate of technology transfer and wage of South

relative to North; if multinationalization is the channel of production

transfer, IPP has exactly the opposite effects. The latter results

hold even when both channels co-exist, as long as the rate of

multinationalization is sufficiently large or the rate of imitation (prior

to multinationalization) is sufficiently small. Therefore, the literature

which focuses on imitation as the sole channel of production transfer

from North to South can lead to misleading implications. The

consequence of changes that increase the rate of Southern imitation of

Northern goods on global economic growth, international technology

diffusion and world income distribution can be very different from

what this literature predicts.

Although our analysis has focused on the effects of IPP in the

South, we can actually interpret IPP more broadly as any incentive

given by South to encourage Northern FDI. Interpreted this way,

our theoretical results can be tested empirically in a variety of

situations.

We have abstracted from other key factors that affect the rate of

multinationalization from North to South. For example, the rate of

standardization of technology will constrain the rate of FDI, since

a production can only be readily transferred to another country

after the inputs, designs, etc. have been standardized in the home

country, as suggested by Vernon (1966). Also, (the fear of) trade
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barriers such as tariffs and quotas imposed by another country will

accelerate the rate of multinationalization of a production, as in

the case of Japanese motorcycle firms setting up in Taiwan, or US

and Japanese firms setting up in the European Union before its

establishment.

There are some other important caveats. First, we have used a

general equilibrium model with one ‘knowledge-intensive’ production

sector. We have assumed that labor supply is constant in this

sector in both North and South. Because of the absence of a non-

knowledge-intensive sector, we cannot account for the effects of IPP

on resource allocation between the knowledge-intensive and non-

knowledge-intensive sectors, which will have repercussions on the rate

of innovation and production transfer. This should be the goal of our

next research. Second, we have not looked at the effects of IPP on the

welfare of South, which is certainly a concern of policy-makers. Third,

and not the least, the use of a product cycle ignores the possibility of

endogenous innovation taking place in South. Our intuition is that

a stronger IPP in South should encourage domestic innovation while

discourage domestic imitation in South. It will be interesting to find

out the effects of IPP on both the rate of imitation and innovation in

South in a more general model where Southern firms choose between

imitation and innovation.

There are several possible extensions of the paper in future work.

First, we can make imitation costly, and, consequently, profitable

in equilibrium. Second, for realism, we should capture the likely

outcome that multinationals bear higher labor cost than local firms,

though lower cost than firms in North. Third, multinationalization

is a risky business when compared with production in North, and so

there should be a risk premium associated with FDI. Fourth, both

Northern firms and multinationals may face the risk of imitation.

The imitation costs should be different in the two cases. An increase

in IPP, which increases imitation costs, would likely affect the rate of

innovation, total rate of production transfer, etc. in more interesting

ways.
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Appendix

A. Derivation of Equation (4)

From (3) and symmetry of all goods,

U = (nxα)
1
α = n

1
αx = n

1
α
E

np
= n

1−α
α
E

p
(A1)

The current value Hamiltonian to the dynamic optimization

problem (1) and (2) is

H =
U1−σ − 1

1− σ
+m[I(t)− E(t) + rA(t)]

where m is the current value Lagrangian multiplier. The first order

condition is therefore

HE = U−σ ∂U

∂E
−m = 0

From (A1), ∂U
∂E = n

1−α
α

p . Therefore,

m =
U−σn

1−α
α

p
. (A2)

Another first order condition is

ṁ = ρm−HA = ρm− rm = (ρ− r)m (A3)

(A2) implies that ṁ
m = −σ U̇

U + (1−α
α ) ṅn − ṗ

p . Substituting this into

(A3), we obtain

ρ− r = −σ U̇
U

+

(
1− α

α

)
ṅ

n
− ṗ

p
(A4)

Now, (A1) implies that

U̇

U
=

(
1− α

α

)
ṅ

n
+
Ė

E
− ṗ

p
=

(
1− α

α

)
ṅ

n
. (A5)
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The last equality comes from the fact that npx = E which implies

pX = E, where X is total labor devoted to production (which is

constant over time in steady state). Substituting (A5) into (A4), and

imposing the normalization ṅ
n = Ė

E = ṗ
p , we obtain

ρ− r = (1− σ)

(
1− α

α

)
ṅ

n
− Ė

E
. �

B. Discounted Expected Profits of an MNC

We assume that the duration τ between the date of multinational-

ization and date of imitation is a random variable with exponential

distribution, having a Poisson arrival rate δi:

Pr(τ ≤ t) = f(t) = 1− e−iδt

Therefore,

Pr(τ = t) = f ′(t) = iδe−iδt

The expected PDV of profits of an MNC at the time of

multinationalization is

Πm =

∫ ∞

0

(∫ t

0
πme

−rsds

)
Pr(τ = t)dt

It is straightforward to show that the RHS is equal to πm
r+iδ .

C. Expression for Lm in Section 3

By definition,

Ls

Lm
=
nixi + nmxm

nmxm
=

ni
nm

(
xi
xm

)
+ 1

On the other hand, from (6) and (7),

xi
xm

=

(
ws

ws/α

)−ε

= α−ε > 1.
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Moreover,

ni
nm

=
ṅi
nm

ni
ṅi

=
δi

g
.

Hence, substituting the last two equations into the first equation, we

obtain

Lm =
Ls

δi
g α

−ε + 1
.

D. Comparative Steady States Analysis in the

Multinationalization Regime

To compute the effect of an decrease in δ on g, we shall use the

implicit function theorem.

Let P = ρ + φg, Q = g + iδ, R = g − A and S = ρ + φg + iδ,

where A = LN
ad

− ρ( α
1−α ) > 0. Now,

∂

∂g

(
LHS23
RHS23

)
> 0 as long as

∂

∂g

(
RαS

PQα

)
> 0

where LHSi (RHSi) denotes left hand side (right hand side) of

equation i. And

∂

∂g

(
RαS

PQα

)
=

1

P 2Q2α
[PQα(φRα+SαRα−1)−RαS(PαQα−1+φQα)]

=
1

P 2Q2α
[PQα−1Rα(φQ− αS) +QαSRα−1(αP − φR)] (D1)

Now, φQ − αS = −[αρ − (1 − α)φg − (φ − α)iδ], while αP −
φR = αρ + Aφ − (1 − α)φg. Since A > 0, the latter is positive as

long as 0 ≤ φ ≤ 1 and g < LN
ad

. The last inequality must be true

since LN
ad

is the innovation rate when all labor in North is used for

innovation. If φQ − αS > 0, RHS31 is obviously positive. Suppose,

however, that φQ−αS < 0. The fact that Q > R and S > P implies

that PQα−1Rα < QαSRα−1. The assumption α ≥ 1 − σ stated in

Section 2.1 implies that φ ≥ α. If φQ − αS < 0, it is clear that

|φQ− αS| < |αP − φR|. It follows from (D1) that ∂
∂g (

RαS
PQα ) > 0.
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It is straightforward to show that ∂
∂δ (

LHS23
RHS23

) > 0. Therefore, by

the implicit function theorem, dg
dδ < 0, and stronger IPP leads to

higher rate of innovation.

E. Both Multinationalization and Imitation

Are Channels of Production Transfer

We assume that Southern firms can imitate from Northern firms or

the subsidiaries of Northern firms in South. It is assumed for sim-

plicity that all products are equally protected under Southern patent

laws. However, it seems reasonable to assume that it is technically

harder to imitate from Northern firms than from their subsidiaries in

South when both are equally protected under Southern jurisdiction.

Therefore, the imitation rate of North-produced product, jδ, is

assumed to be less than the imitation rate of MNC-produced product

in South, iδ, or j < i.

Hence, it is straightforward to show that the counterparts of (14),

(21) and (22) are, respectively,

πN

πm
=
δj + r

δi+ r[
ω

g

(
g + iδα−ε

g + iδ

)(
LN − adg

Ls

)]α
=
δj + r

δi+ r(
1− α

α

)
(LN − adg)

(
ω + δj

g
+ 1

)
= ad(r + δj) (E1)

The last two equations reduce to

⎡
⎣(g + iδα−ε

g + iδ

)⎛⎝ad(r + δj)
(

α
1−α

)
− (LN − adg)

(
1 + δj

g

)
Ls

⎞
⎠
⎤
⎦
α

=
δj + r

δi+ r
(E2)
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The LHS of (E2) is re-written as[(
g + iδα−ε

g + iδ

)

×
⎛
⎝
[
ad

(
α

1−α

)
−
(
LN−adg

g

)]
δj + adr

(
α

1−α

)
− (LN − adg)

Ls

⎞
⎠
⎤
⎦
α

Define D ≡ ad(
α

1−α ) − (LN−adg
g ). It follows that ∂

∂δ (
LHS33
RHS33

) > 0

if D ≥ 0. On the other hand, from (E1), (1−α
α )(LN − adg) =

ad(
r+δj

ω+g+δj )g. Therefore, D ≥ 0 iff (1−α
α )(LN − adg) ≤ adg ⇔

ad(
r+δj

ω+g+δj )g ≤ adg ⇔ ω + g ≥ r = ρ + φg ⇔ ω + (1 − φ)g ≥ ρ.

A sufficient condition of the last inequality is ω ≥ ρ. Therefore, a

sufficient condition for ∂
∂δ (

LHS33
RHS33

) > 0 is ω ≥ ρ. The other sufficient

condition for ∂
∂δ (

LHS33
RHS33

) > 0 is, of course, when j is sufficiently small

so that the effect of jδ on LHS33
RHS33

is small.

If North can sustain positive growth without multinationaliza-

tion, then LN > ad(ρ+δj)(
α

1−α ). Hence, by a similar derivation as the

one stated in Appendix D, ∂
∂g (

LHS33
RHS33

) > 0. By the implicit function

theorem, therefore, a sufficient condition for dg
dδ < 0 is ω ≥ ρ. That

is, stronger Southern IPP leads to higher rate of innovation in North

as long as ω ≥ ρ, or if j is small.
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Chapter 6

The North’s Intellectual Property Rights
Standard for the South?∗

Abstract
We build a multi-sectoral North-South trade model to analyze
international intellectual property rights (IPR) protection. By
comparing the Nash equilibrium IPR protection standard of the
South (the developing countries) with that of the North (the
developed countries), we find that the former is naturally weaker
than the latter. Moreover, we 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 its
traditional goods market. This demonstrates the merits of multi-
sectoral negotiations in the GATT/WTO.

1 Introduction

One important breakthrough of the Uruguay Round of the General

Agreement on Tariffs and Trade (GATT) is the signing of the

Agreement on Trade-Related Aspects of Intellectual Property Rights

(the TRIPS Agreement), which stipulates that all members adopt a

∗By Edwin L.-C. Lai and Larry D. Qiu. Originally published in Journal of
International Economics, 59 (2003), pp. 183–209. Copyright c© 2003 by Elsevier
Science B.V. It has been reprinted with revisions and permission from the original
publisher.
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set of universal minimum standards on intellectual property rights

(IPR) protection.1 According to many observers (e.g. Reichman,

1995), most of the terms of the agreement are based on the prevailing

standards in developed countries (the North) at the time of the

negotiation. The major consequence is that developing countries (the

South) have to strengthen substantially the legal protection of IPR.

Based on this observation, it is often argued that the agreement

“forces” the South to harmonize its IPR standards with those of the

North.

The TRIPS Agreement has raised several questions. For example,

has the South been doing too little to protect IPR (from the

South’s and the global welfare points of view)? What are the

welfare consequences, for the South, the North and the world, from

strengthening IPR protection in the South? From the global welfare

point of view, does the South protect too much if it adopts the

North’s IPR standard? How can we make the TRIPS Agreement

compatible with the South’s incentive? Answers to these questions

would help us address other important issues as well. For example, if

raising the South’s IPR standard improves the world’s welfare, then

the TRIPS can potentially make all regions better off. This paper

deals with the above questions and issues.

We build a model with two regions in the world, the North and

the South, which trade two types of goods, differentiated products

and traditional products. Innovation and imitation are carried out in

the differentiated-products sectors of both regions. We assume that

the North and the South adopted their respective Nash equilibrium

IPR standards before the TRIPS was put in place, and the TRIPS

Agreement requires both regions to adopt the pre-TRIPS IPR

standard of the North as a minimum standard. The cost-benefit

1See UNCTAD (1997) and Maskus (1998, 2000) for more about the TRIPS
Agreement and related issues.
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analysis we adopt is not fundamentally different from Nordhaus’s

(1969) classical work in which he calculates the optimal patent

length. Like his analysis, our optimal IPR protection strikes an

optimal balance between the gains from increased R&D efforts and

the deadweight losses resulting from the prolonged monopoly power

of the innovators. Based on our analysis, we find that the South’s

equilibrium IPR standard is naturally not as strong as that of the

North. Moreover, it is globally welfare-improving for the South to

raise its IPR standard to harmonize with the North’s pre-TRIPS

level. The major effects of the TRIPS are: the South’s consumers lose

by paying higher prices, the North’s producers gain higher profits,

but all consumers gain from a larger variety of goods. On balance,

the South’s welfare decreases, the North’s increases, but the total

welfare of the two regions rises, because of the existence of a positive

inter-regional externality. The externality arises because an increase

in a region’s IPR protection raises the profits of firms and enlarges

the product variety in another region without raising the deadweight

loss in the latter. However, an agreement that requires the South

to raise its IPR standard without compensation benefits the North

at the expense of the South, and would not be compatible with the

South’s incentive.

Therefore, we extend the above IPR model to incorporate multi-

sectoral bargaining between the North and South to show that multi-

sectoral negotiations (or multi-issue negotiations) in GATT/WTO

can be mutually beneficial to both regions. For example, it would

benefit both regions for the South to harmonize its IPR standard

with the North’s, in exchange for the North lowering its import tariffs

against South’s exports of traditional products. In this case, multi-

issue negotiations can achieve incentive-compatible and mutually

beneficial outcomes while single-issue negotiations cannot, since it

is globally welfare-improving for each side to make concessions on a

different issue.

There have been many theoretical and empirical studies on

the effects of IPR protection on innovation, trade, foreign direct
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investment and economic growth.2 As far as we are aware, however,

the present paper is among the first to assume that both the North

and the South have innovative capabilities and to consider optimal

degrees of IPR protection for the North, the South and the world as

a whole. It is also among the first to analyze the merits of raising the

South’s IPR protection in the broader context of multi-sectoral (or

multi-issue) negotiations, such as in the GATT or WTO. There are

some other studies in the literature that are related to our study in

one way or another. Both Chin and Grossman (1990) and Deardorff

(1992) examine welfare effects of extending IPR protection from the

North to the South. They find, as we do, that many results depend

on the size of the South’s market.3 However, there are two notable

differences between these papers and our study. First, they assume

that the South does not have innovative capability. Second, they

examine only the case in which the South has either full or no IPR

protection. Diwan and Rodrik (1991) also consider various degrees of

IPR protection in the North and the South. Interestingly, they find

that to maximize the global welfare, which is the equally weighted

sum of the North’s and the South’s welfare, the rates of patent

protection in the two regions must be identical. They emphasize the

taste difference between the two regions and assume no innovative

capability in the South. Helpman (1993) uses a dynamic general

equilibrium North-South model to study IPR protection, growth

and welfare. He assumes that the North specializes in innovation

and the South specializes in imitation. He finds that tightening IPR

protection in the South hurts the South and may or may not benefit

the North. We believe that this result needs to be modified if we

2See, for example, Mansfield (1986), Maskus and Penubarti (1995), Gould and
Gruben (1996), Richardson and Gaisford (1996), Horowitz and Lai (1996), Lai
(1998), and Glass and Saggi (2002). For example, Lai (1998) finds that, since
stronger IPR protection in the South can increase the rate of innovation, there
is a tradeoff between the dynamic gains and static losses from strengthening IPR
protection in the South.
3In particular, Deardorff (1992) shows that global welfare will be reduced if the
North’s IPR standard is extended to a very large part of the South. In a related
study, Yang (1998) argues that because of the free-rider problem existing among
the Southern countries, the South’s IPR protection is too weak.
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take into account the South’s innovative capability. We examine this

issue in our partial equilibrium model, which is able to include a more

detailed microeconomic analysis of firm and government behaviors.4

Unlike our work, none of the above-mentioned papers deals with

the incentive-compatibility issue of the South’s concessions in IPR.

Our result that multi-issue negotiation makes both the South and

North better off echoes the recent literature on linkage issue related

to international trade negotiations (see Horstmann et al., 2001).

More recently, McCalman (2001) makes estimates of the transfer

of income from consumers to producers (mostly a transfer from

South to North) resulted from the TRIPS. However, he does not

estimate the welfare gains from larger product variety, which can be

substantial. As we argue below, such a gain would actually outweigh

the deadweight loss so that a rise in the South’s IPR protection is

globally welfare-improving.5

The organization of the chapter is as follows. Section 2 lays out

the basic features of the model and derives the Nash equilibrium

pre-TRIPS IPR standards in the two regions. Section 3 examines

the effect of varying the South’s IPR protection standard on global

welfare. Section 4 introduces a bargaining game between the two

regions in a multi-sectoral negotiation. Section 5 summarizes the

findings.

2 A Multi-Sectoral Model with IPR Protection

There are two regions in the world, the North and the South.

The North has higher innovative capability than the South. There

are two distinct regimes, the pre-TRIPS regime and the post-TRIPS

4Taylor (1993) has an interesting study on how firms in the North respond to lax
IPR protection in the South by creating market-made protection, i.e. technology
masquing.
5He finds that the net transfers the US receives from the TRIPS to be up to 40% of
the gains associated with trade liberalization in the WTO, while the developing
countries pay net transfers of up to 64% of the gains they receive from trade
liberalization. The large amount of transfers involved shows that the IPR issue
can indeed be an important leverage for the South to elicit trade concessions from
the North.
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regime. We assume that in the pre-TRIPS regime, the North and

the South adopt their respective Nash equilibrium IPR standards.

While the TRIPS Agreement covers extensive issues, it is a widely

shared view that establishing a global minimum IPR standard is the

key.6 To capture the view that the TRIPS adopted the prevailing

IPR standard of the North at the time of signing the agreement, we

assume that in the post-TRIPS regime the North’s pre-TRIPS IPR

standard is set as the minimum standard for both regions. We shall

derive the Nash equilibrium IPR standards in the pre-TRIPS regime

in this section; in the next section, we evaluate welfare consequence

of the TRIPS Agreement.

2.1 Preliminaries

There are two traded sectors in each region: a differentiated goods

sector and a traditional good sector. First let us focus on the

differentiated products sector. Consider one or many industries with

very high potential for product innovation. Assume that any newly

developed product will become obsolete after T periods.7 Although

IPR protection refers to a broad range of legal activities, here we

use patent protection as representative of IPR protection. Region

k’s government sets a patent length Tk for k ∈ {s, n}, where s

denotes the South and n denotes the North. We assume “national

treatment”, i.e. governments provide the same protection to all firms,

regardless of where they are invented. This had been practiced

by many countries even before TRIPS. All imitated products are

prohibited from being produced or sold in region k for Tk periods.

The time horizon is infinite. At the beginning of period 0, both

governments announce and immediately enforce patent length of

Ts and Tn respectively for all goods invented in or after period 0.

In each period, potential innovators decide whether or not to make

individual R&D investments. If they do, differentiated products will

6See Hoekman and Kostecki (1995) for example.
7T can be regarded as the length of the product cycle. After T periods, the
product has no economic value.
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be developed. We assume that innovators (i.e. firms) and consumers

face exactly the same environment in every period. (We can imagine

there is a pool of resources that can perform product development

and production every period.) Thus, potential innovators will take

the same R&D action in every period. In particular, the same

numbers of differentiated products will be developed in every period.

Let Mk be the number of differentiated products developed in region

k in each period. We assume that the sets of products developed in

the North and South are non-intersecting, and so a product developed

in one region is different from any product developed in the other

region. Products invented in different periods are necessarily different

to qualify for IPR protection. The same firm could develop many

products in many periods. Nonetheless, for ease of exposition, we

treat different products (whether in the same period or not) as being

invented by different firms.

Before period T , the numbers of differentiated products (invented

under the new IPR regime) whose patents have expired as well as

not expired change from one period to the next. After period T ,

these numbers become steady. Therefore, a steady state is attained

after period T . To simplify the analysis, we assume that there is no

discount of the future. Since there is no discounting, we can focus

our attention on the steady-state flow welfare for the purpose of

welfare analysis. This can be justified by “overtaking criterion” in

dynamic optimization theory.8 In every steady-state period, there

are TMs South-invented products that are economically viable and

TMn North-invented products that are economically viable, of which

Ts(Ms +Mn) products’ patents are still in force in the South and

8See, for example, Burmeister (1980), pp. 249–250. Basically, with no discounting,

a path {ĉ, k̂, ˙̂k} overtakes the path {c, k, k̇} if limT→∞
∫ T

0
[u(ĉ)−u(c)]dt ≥ 0, where

c is the control variable, k is the state variable, and u(c) is the instantaneous

welfare corresponding to the path {c, k, k̇}. A feasible path {ĉ, k̂, ˙̂k} is optimal if
it overtakes all other feasible paths. It can be easily seen that if the steady state

value of u(ĉ) is higher than that of any other feasible values u(c), then {ĉ, k̂, ˙̂k}
overtakes all other paths, and is therefore optimal.
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Tn(Ms + Mn) products’ patents are still in force in the North.

Although the number of products is discrete, we treat it as continuous

in our mathematical derivation for easier handling.

Following some previous work, we assume a quasi-linear utility

function for the representative consumer. With free trade in differ-

entiated products and the traditional product, the steady state flow

utility of the representative consumer in region k (where k ∈ {s, n})
in period t is:

uk(t) = Tk

⎡
⎣ ∑
j∈{n,s}

∫ Mj

0
xjk(i)

αdi

⎤
⎦

+(T − Tk)

⎡
⎣ ∑
j∈{n,s}

∫ Mj

0
x̃jk(i)

αdi

⎤
⎦+

(
azk − 1

2
ekz

2
k

)
+ yk,

where 0 < α < 1 and 2a
ek

≥ zk ≥ 0.9 Parameters a and ek are

positive constants; xjk(i) (x̃jk(i), respectively) is the consumption of

differentiated product i developed in region j and consumed in region

k, whose patent has not expired (has expired, respectively); zk is

the consumption of a traditional product z (e.g. textile products)

in region k. Finally, yk is a competitively produced non-traded

composite good, produced and consumed only in region k. The

price of ys is normalized to one.10 Note that if es �= en, then

consumers in different regions will demand the differentiated and

the traditional products in different ratios, even if prices are equal

across regions. In particular, if es < en, a consumer in the South

demands a higher ratio of traditional product to differentiated

products than a consumer in the North does. In each period,

each consumer in region k maximizes her utility subject to a

9For 2a
ek

< zk, the utility derived from good z is zero. We shall maintain the
assumption that a is sufficiently large to avoid corner solutions.
10We assume that there is free trade in order to focus on IPR policy. Qiu and
Lai (2001), on the other hand, compare South’s and North’s tariffs but treat IPR
policy as given.
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budget constraint, Ik ≥ Tk

[∑
j∈{n,s}

∫Mj

0 pjk(i)xjk(i)di
]
+ (T − Tk)[∑

j∈{n,s}
∫Mj

0 p̃jk(i)x̃jk(i)di
]
+ pk(z)zk + yk, where pjk(i) (p̃jk(i),

respectively) is the price of product i developed in region j and sold

in region k whose patent has not expired (has expired, respectively);

pk(z) is the price of product z sold in region k, and expenditure Ik
is exogenously given. To simplify the notation, define ε ≡ 1/(1 − α)

and A ≡ (1− α)α(1+α)ε.

The instantaneous demand for products x (the differentiated

products) whose patents have not expired, that for those whose

patents have already expired, and that for product z (the traditional

product) by the representative consumers are, respectively,

xjk(i) =

[
pjk(i)

α

]−ε

, x̃jk(i) =

[
p̃jk(i)

α

]−ε

and zk =
a− pk(z)

ek
.

When a < pk(z), zk = 0. We shall maintain the assumption that

a is sufficiently large to ensure interior solutions. Let Nk be a shift

parameter on aggregate demand, which can be interpreted as the

number of consumers in region k. (We shall assume that Nn > Ns.

Note that this should not be literally interpreted as the North’s

population being higher, but rather that the size of the market for

differentiated products is larger in the North, as will become clear

next.) Thus, the corresponding aggregate demands are, respectively:

Xjk(i) = Nk

[
pjk(i)

α

]−ε

, X̃jk(i) = Nk

[
p̃jk(i)

α

]−ε

and

Zk = Nk

[
a− pk(z)

ek

]
.

Define en ≡ e and ηk ≡ eNk/ek. Then, we can rewrite

Zk = ηk

[
a− pk(z)

e

]
.

Therefore, Ns/Nn is the size of the market for differentiated products

in the South relative to that of the North, and ηs/ηn is the size of

South’s market for the traditional product relative to that of the
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North. Note that ηn = Nn and ηs = eNs/es. Assuming that es < en,

so that the South’s propensity to consume the traditional product

relative to the differentiated products is higher, we have ηs/ηn >

Ns/Nn. It is indeed plausible that ηs/ηn > 1 and Ns/Nn < 1. We

shall discuss more about this in Section 4.

For simplicity, assume that the unit cost of production for all x

products is constant and equal to one unit of good y in that region

regardless of the location of production.11 Hence, the per-period

operating profit (i.e. profit not including innovation costs) of firm

i based in region j selling in region k is πjk(i) = [pjk(i) − 1]Xjk(i).

Under IPR protection, firm i has a monopoly on product i. As a

result, for products whose patents have not expired,

pjk(i) =
1

α
, Xjk(i) = Nkα

2ε, and πjk(i) = NkA.

We assume imitation costs are zero. Therefore, for products whose

patents have expired, prices are driven down to the unit cost of

production because of imitation. Thus

p̃jk(i) = 1, X̃jk(i) = Nkα
ε, and π̃jk(i) = 0.

To avoid unnecessary complexity, we omit the details of the

production of traditional good z by using an endowment model.

Moreover, we assume that the South is relatively more abundantly

endowed with good z than the North in the sense that in every

period, t, region k is endowed with ηkz̄k units of the traditional

good and that z̄n < z̄s. Therefore, in autarky, the price of good

z would be lower in the South than in the North, and when there is

free trade the South would export this good to the North. Let ηszss
and ηszsn be the quantities of the South-produced traditional good

sold in South’s market and exported to North’s market, respectively,

with zss+ zsn = z̄s. Let τ be the tariff imposed on each unit of

good z imported to the North. Assume that the demand intercept

11In general, labor costs are lower in the South than in the North while innovation
costs are higher in the South than in the North. But, our emphasis here is on the
North-South difference in innovation costs.
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a is sufficiently large and that z̄s − z̄n > τ/e. Then, we have the

following equilibrium conditions for the traditional good sector in

both markets:

pn(z) = a− e(z̄n + δzsn), ps(z) = a− ezss and

pn(z) = ps(z) + τ, where δ ≡ ηs/ηn.

Solving the above equilibrium conditions gives

zsn =
e(z̄s − z̄n)− τ

e(1 + δ)
and pn(z) =

a(1 + δ)− e(z̄n + δz̄s) + δτ

e(1 + δ)
.

(1)

The total revenue per period from sector z is therefore Rzn =

ηn[pn(z)z̄n + τzsn] for the North and Rzs = ηsps(z)z̄s for the South.

Consumer surplus per period derived from this sector in the North

and South are respectively ηn
2e [a − pn(z)]

2 and ηs
2e [a − ps(z)]

2. Note

that the per-period quantities in the traditional-good sector are also

the steady-state quantities.

The total steady state flow welfare in region k is

Wk = Uk + Uzk,

where Uk is region k’s steady state flow welfare derived from all

sectors excluding sector z, where as Uzk is the steady state flow

welfare in region k derived exclusively from sector z. We shall focus

on the analysis of IPR protection in the rest of this section and in

Section 3. Since IPR protection affects sector x only, and will not

affect Uzk, we shall ignore sector z until Section 4.

2.2 Analysis of the Pre-TRIPS Regime

Based on the analysis in the preceding section, region k’s (where

k ∈ {s, n}) representative consumer’s steady state flow utility at

time t is

uk(t) = Tk(Ms +Mn)(1− α)α2αε + (T − Tk)(Ms +Mn)(1− α)ααε

+ [a− pk(z)]
2/(2ek) + Ik.
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The first term on the right hand side refers to goods whose patents

have not expired, and the second term refers to goods whose patents

have expired.

We now turn to the firms’ profits. Assume that in each period the

innovation costs of different products are different. Some goods are

easier to develop and some goods are harder to develop. We index

goods in ascending order based on the innovation costs, i.e. a good

with a lower index i has a lower innovation cost than a good with a

higher i. It is assumed that the innovation cost of product i based in

region k is ak · i1/bk where ak > 0 and 0 < bk < 1 are parameters.12

All firms sell their products in both the South’s and North’s

markets. Thus, the life-time profit of firm i based in region k (over

the entire life of product i) is

Πk(i) =

∫ Ts

0
πks(i)dt +

∫ Tn

0
πkn(i)dt− ak · i1/bk

= (NsTs +NnTn)A− ak · i1/bk .
In each period, the marginal firm in the North, Mn, and that

in the South, Ms, are defined as firms that earn zero profit, i.e.

Πn(Mn) = 0 and Πs(Ms) = 0, respectively. This leads to

Mn =

(
μ

an

)bn

and Ms =

(
μ

as

)bs

, where μ ≡ (NsTs +NnTn)A.

Thus, Ms products are developed in the South and Mn products are

developed in the North in each period. We define the steady state

flow profits of a region in a period as the total life-time profits of all

firms that innovate in that period. It turns out that these flow profits

are equal to
∫Mk

0 Πk(i)di.

Before we proceed further, we now make two assumptions about

the asymmetry between the two regions. First, we assume that

Nn > Ns. Although we can consider the South’s population to be

12We could instead use a more general cost function f(i), where f(0) ≥ 0,
f ′(.) > 0, f ′′(.) > 0. But our results would not be altered qualitatively. Nor
would our results be affected qualitatively if the future were discounted.
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higher than the North’s, it is widely documented that the North’s

demands for innovative products, such as computers, pharmaceu-

ticals and biotechnological products, are higher than those of the

South. Second, we assume that the North has higher innovative

capability such that in equilibrium Ms < Mn. There are many

combinations of as, an, bs and bn that can lead to this very plausible

equilibrium outcome. For example, bs = bn & as > an, or bs < bn
& as = an, are sufficient conditions for Ms < Mn. It would be seen

later that these two assumptions would lead to the result that the

North protects IPR stronger than the South does.

The steady state flow welfare of region k is given by

Wk(Ts, Tn,Ms,Mn) = Nkuk(t) +

∫ Mk

0
Πk(i)di+Rzk

= NkTk[(Ms +Mn)(1− α)α2αε] +Nk(T − Tk)

[(Ms +Mn)(1 − α)ααε] +NkIk +Mk(NsTs +NnTn)A

− bk
1 + bk

M
(1+bk)/bk
k + Uzk.

Each region chooses its IPR protection policy Tk strategically to

maximize its welfare. To characterize the Nash equilibrium, we

first obtain the policy reaction functions of the North and of the

South. Since the reaction functions of the North and the South

are symmetric up to the values of the parameters, let us focus on

the South for the time being. Assuming an interior solution, the

optimal response Ts for any given Tn is obtained from the following

equation:

dWs

dTs
=
∂Ws

∂Ts
+
∂Ws

∂Ms

∂Ms

∂Ts
+
∂Ws

∂Mn

∂Mn

∂Ts
= 0. (2)

Note that

∂Ws

∂Ts
= −Ns{Ms[1− (1 + α)ααε] +Mn(1− ααε)}(1 − α)ααε < 0.
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That is, the marginal effect of lengthening IPR protection, given that

the number of products remains unchanged, is negative. It is the sum

of consumer losses and producer gains, which add up to a deadweight

loss. We denote this social marginal cost of IPR protection in the

South as MCs ≡ |∂Ws/∂Ts|, which increases with Ts.

On the other hand, lengthening IPR protection in the South

encourages more innovations in both the North and the South, which

enlarges product variety and so raises consumer welfare. Thus,

∂Ws

∂Ms

∂Ms

∂Ts
= Ns[T − Ts(1− ααε)](1 − α)ααε ∂Ms

∂Ts
> 0,

∂Ws

∂Mn

∂Mn

∂Ts
= Ns[T − Ts(1− ααε)](1 − α)ααε ∂Mn

∂Ts
> 0,

the sum of which captures the social marginal benefit (MBs) from

extending Ts. Since

∂Ms

∂Ts
=
NsA

μ
bsMs and

∂Mn

∂Ts
=
NsA

μ
bnMn,

the marginal benefit MBs decreases in Ts.

The South’s reaction function is therefore obtained from equating

MCs to MBs, which is reduced to13

Ms[1−(1+α)ααε]+Mn(1−ααε) =
NsA

μ
[T−Ts(1−ααε)](bsMs+bnMn).

(3)

Invoking symmetry, we obtain the reaction function of the North

Mn[1−(1+α)ααε]+Ms(1−ααε) =
NnA

μ
[T−Tn(1−ααε)](bnMn+bsMs).

(4)

Equations (3) and (4) jointly determine the Nash equilibrium,

denoted by T ∗
s and T ∗

n . Refer to Figure 1.

13The second-order condition for the South is automatically satisfied as it can
now be easily checked that d2Ws/dT

2
s < 0.
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SRF

sT

nT

45°

0

NRF

Figure 1. Pre-TRIPS Nash equilibrium IPR standards. NRF indicates the
North’s reaction function, while SRF indicates the South’s reaction function.

Note that both the South’s reaction function and the North’s

reaction function are downward sloping in the (Ts, Tn) space. For

example, the right hand side of equation (3) (hereinafter RHS(3))

decreases with both Ts and Tn, while the left hand side of equation

(3) (hereinafter LHS(3)) increases with both Ts and Tn. Therefore,

(d/dTn)[LHS(3)−RHS(3)] > 0 and (d/dTn)[LHS(3)−RHS(3)] > 0.

By the Implicit Function Theorem, Ts decreases as Tn increases, as we

move along the South’s reaction curve in the (Ts, Tn) space. The same

is true for the North’s reaction function. Thus, stronger protection

in the North makes it optimal for the South to protect less. The

main reason for the substitution effect of the North’s protection for

the South’s protection (as far as the South is concerned) is that as

Tn increases, product variety is enlarged due to the greater incentive

for firms to innovate, and so the MCs(Ts) curve, which plots MCs

on a diagram with Ts on the horizontal axis, shifts up. This calls

for a reduction of IPR protection in the South. On the other hand,

the MBs(Ts) curve, which plots MBs on the same diagram, shifts

down when consumers obtain increased product variety, due to the

decreasing effect of variety on the marginal benefit. This also calls

for a reduction of IPR protection in the South.
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It can also be shown that the South’s reaction curve is steeper

than the North’s reaction curve in the (Ts, Tn) space. Hence, the

Nash equilibrium is stable (see Appendix A).

To compare the values of T ∗
s and T ∗

n , we first observe that because

Mn > Ms, LHS(3) > LHS(4) for all Ts and Tn. Suppose we set

Ts = Tn = ξ in both (3) and (4). Then, RHS(3) < RHS(4) since

Ns < Nn. Moreover, the RHS of both equations decreases with ξ,

and the LHS of both equations increases with ξ. Hence, the value

of ξ obtained from (3) is less than that obtained from (4). This,

together with the fact that the South’s reaction function is steeper

than the North’s reaction function, implies that the two curves must

intersect at a point above the 45◦ line, which means that T ∗
s < T ∗

n

(see Figure 1).

The above analysis also indicates two reasons for T ∗
s < T ∗

n . First,

the North has more innovations than the South (Ms < Mn), because

the North has sufficiently higher innovative capability. Second, the

North’s market size is larger than the South’s (Ns < Nn).

Next, we check the constraints on the parameters to ensure an

interior solution of T ∗
s . Note that a necessary and sufficient condition

for T ∗
s > 0 is that the value of Tn (given that Ts = 0) on the

South’s reaction function is greater than the value of Tn (given that

Ts = 0) on the North’s reaction function. A necessary condition for

this inequality to hold is NnA[T − Tn(1 − ααε)] < NsAT , which,

together with the condition T ≥ Tn, implies Ns/Nn > ααε. Therefore,

the market in the South has to be sufficiently large compared with

the market in the North in order for the South to have any incentive

to protect IPR.

Finally, we examine the implications of market size for equilib-

rium IPR standards. We find that the equilibrium IPR protection in

the South (North) is stronger when the market in the South (North)

becomes larger, or the market in the North (South) becomes smaller.

Mathematically,

∂T ∗
s

∂Ns
> 0,

∂T ∗
s

∂Nn
< 0,

∂T ∗
n

∂Nn
> 0, and

∂T ∗
n

∂Ns
< 0. (5)
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The proof is given in an appendix available from the authors upon

request.

It is interesting to understand why the two market sizes have

opposite impacts on the optimal IPR protection. The effects of Nn

on the South’s reaction function is that a larger market in the North

results in greater product variety, which increases the marginal cost,

MCs, of the IPR protection in the South and lowers the marginal

benefit, MBs, of the IPR protection in the South, for any given Tn.

Therefore, an increase in Nn shifts the South’s reaction function

inward. The effects of Ns on the South’s reaction function is more

complicated. On the one hand, a larger market in the South also leads

to greater product variety, which should lessen the IPR protection

in the South. On the other hand, there are more consumers in the

South who benefit from increasing the IPR protection in the South,

and, as a result, the marginal benefits, MBs, of the IPR protection

in the South increase. We find that this latter effect dominates the

former one and thus an increase in Ns shifts the South’s reaction

function outward. By the same argument, an increase in Nn shifts

the North’s reaction function out, while an increase in Ns shifts the

North’s reaction function in. Consequently, we obtain the results

given in (5).

We now conclude this section. Just like Chin and Grossman

(1990), we also find that it is optimal for the South to protect IPR

when its market is sufficiently large. Moreover, we find that as the

market in the South grows, it is individually optimal for the South

to strengthen its IPR protection. However, the South’s incentive to

protect IPR can never be as strong as the North’s incentive so long

as the North has a larger market for differentiated products and has

more innovations than the South does.

3 The Post-TRIPS Regime and Global Welfare

In the post-TRIPS regime, both regions are required to adopt the

North’s pre-TRIPS IPR protection, T ∗
n , as the minimum standard.

We shall evaluate the welfare consequence of such a measure. But

let us first identify the equilibrium in the post-TRIPS regime, i.e.
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the equilibrium subject to the constraints Ts ≥ T ∗
n and Tn ≥ T ∗

n . In

other words, given that T ∗
n is the minimum standard, what standards

would the two regions adopt?

When governments adopt new IPR standards, the numbers

of products invented in the regions in each period are different

from those in the pre-TRIPS regime. Again, we can calculate the

equilibrium policies based on the new steady-state welfare levels.14

Thus, we can adopt a similar analysis as developed in Section 2.2.

It can be easily shown that the unique post-TRIPS equilibrium is

Ts = T ∗
n and Tn = T ∗

n . That is, both regions simply adopt the

North’s pre-TRIPS IPR protection. The intuition is as follows. From

the last section, we see that the North wants to lower Tn as the South

increases Ts; conversely, the South wants to lower Ts as the North

increases Tn. Therefore, as Ts is forced to increase from T ∗
s to T ∗

n ,

the North would want to reduce Tn below T ∗
n . Given the constraint

Tn ≥ T ∗
n , however, the optimal response for the North is Tn = T ∗

n .

Given that Tn = T ∗
n , the South’s unconstrained best response is

Ts = T ∗
s . However, under the constraint Ts ≥ T ∗

n , the best response

of the South is Ts = T ∗
n .

To evaluate world welfare, let us first define world (or global)

welfare simply as the sum of the North’s and the South’s welfare,

i.e. W =Ws+Wn. To evaluate whether the minimum IPR standard

stipulated by TRIPS is welfare-improving for the world, we first find

an expression for the effect of Ts on global welfare. Then, we discuss

the properties of the globally optimal IPR standard of the South

given that Tn = T ∗
n . Finally, we evaluate the global welfare effect of

increasing Ts from T ∗
s to T ∗

n given that Tn = T ∗
n .

Based on the analysis in the last section, the North’s steady state

flow welfare at Tn = T ∗
n is given by

Wn(Ts, T
∗
n ,Ms,Mn) = Nn(Mn +Ms)(1− α)ααε[T − T ∗

n(1− ααε)]

+NnIn +Mn(NsTs +NnT
∗
n)A

− bn
1 + bn

M (1+bn)/bn
n + Uzn.

14The new steady state starts T periods after the TRIPS is invoked.
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Recalling that Mn = (μ/an)
bn where μ = (NsTs + NnTn)A, we can

easily see

dWn

dTs
=
∂Wn

∂Ts
+
∂Wn

∂Mn
· ∂Mn

∂Ts
+
∂Wn

∂Ms
· ∂Ms

∂Ts
> 0. (6)

A similar inequality can be shown for the South. Therefore, a

region always benefits from stronger IPR protection in the other

region, i.e. dWn/dTs > 0 and dWs/dTn > 0.15 The benefit comes

from enlarging product variety in both regions (∂Mk/∂Ts > 0 and

∂Mk/∂Tn > 0, for k = {s, n, }) and increasing innovators’ profits

(∂Πk(i)/∂Ts > 0 and ∂Πk(i)/∂Tn > 0, for k = {s, n, }). Specifically,
with a stronger IPR protection in the foreign region, but with its own

IPR protection unchanged, a region’s consumers enjoy larger product

variety with no price hikes (call it variety spillover), and its firms

also receive more profits (call it profit spillover). There is, therefore, a

positive inter-regional externality from strengthening IPR protection.

Since a region’s individually optimal IPR protection does not take

into account this positive inter-regional externality, IPR is under-

protected from the world’s point of view if regions all adopt their

individually optimal IPR standards as in the pre-TRIPS regime.

We now turn to consider the impact of increasing the South’s

IPR protection on global welfare given that Tn = T ∗
n . SinceW (Ts) =

Wn(Ts) +Ws(Ts), by (2) and (6), we have,

dW

dTs
|Ts=T ∗

s
=

dWs

dTs
|Ts=T ∗

s
+

dWn

dTs
|Ts=T ∗

s
> 0. (7)

That is, provided that there is no corner solution for T ∗
s , slightly

increasing the South’s IPR protection from its individually optimal

level T ∗
s increases global welfare. This is due to the positive exter-

nality of IPR protection indicated above. This result supports the

argument for increasing the South’s IPR protection. The question is

how much the South’s IPR protection should be increased in order

to achieve global welfare optimum.

15If, however, consumers from the two regions have different tastes for the
products, it is possible that the North (South) cannot always benefit from stronger
IPR protection in the South (North), as shown by Diwan and Rodrik (1991).
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Differentiating W (Ts) with respect to Ts gives

1

(1− α)ααεNs

(
dW

dTs

)
= − (Ms +Mn)[1− (1 + α)ααε]

+
A

μ
(bnMn + bsMs){Ns[T − Ts(1− ααε)]

(8)

+Nn[T − T ∗
n(1− ααε)]}.

We can easily check that W (Ts) is concave in Ts, i.e. d
2W/dT 2

s < 0

for all Ts. (Simply note that dW/dTs decreases with Ts.)

We next check if dW/dTs ≥ 0 at Ts = T ∗
n . Substituting T

∗
n for

Ts in (8), then comparing the result with equation (4), we can show

that it is indeed true that dW/dTs ≥ 0 at Ts = T ∗
n . A formal proof

is given in Appendix B. Defining the South’s level of IPR protection

that maximizes global welfare as Tw
s ≡ argmax W (Tn = T ∗

n), we

conclude that Tw
s > T ∗

n . Therefore, given that the North continues to

adopt its pre-TRIPS Nash equilibrium IPR standard, global welfare is

maximized when the South adopts an IPR standard which is stronger

than that of the North. Refer to Figure 2a and 2b.

Finally, we find that the South’s IPR protection that maximizes

global welfare is an increasing function of the size of the South’s

market. Mathematically, we have ∂Tw
s /∂Ns > 0. The proof is given in

an appendix available from the authors upon request. Intuitively, as

Ns increases, there is a higher demand for North-innovated goods in

the South (profit spillover is stronger) as well as a greater additional

variety of differentiated products developed by the South from

strengthening IPR (variety spillover is also stronger), and therefore

the magnitude of the positive inter-regional externality of the South’s

IPR protection is greater. This calls for an increase in the South’s

IPR protection to internalize the externality.

The above result is somewhat consistent with the conclusion of

Deardorff (1992), who finds that when the fraction of the world that

is weak in IPR protection is larger, it is globally optimal to extend

the strong IPR protection to more of these countries. What was not
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Figure 2. (a) The TRIPS versus global optimum. TRIPS moves the world from
A to B, but the optimum is at C, given that Tn = T ∗

n . Here, T ∗
S indicates the

South’s pre-TRIPS patent length; T ∗
n indicates the North’s pre-TRIPS patent

length; TW
S indicates the South’s patent length that would maximize global

welfare given that the North keeps its pre-TRIPS patent length. (b) World welfare
as South’s patent length changes. Points A, B and C correspond to those in
Figure 2a.
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addressed by Deardorff (1992), but has been addressed by us, is that

the globally optimal level of IPR protection by the South would be

higher than the pre-TRIPS standard of the North even when the

South has lower innovative capability than that of the North.

To conclude this section, we note that, given that the North is

committed to the minimum standard, T ∗
n , it would not be practical

for the North to require the South to adopt any higher standard

than that. This means that we can treat T ∗
n as the upper bound

of the minimum standard that the North can ask the South to

adopt. Given this constraint, the TRIPS Agreement can be regarded

as maximizing global welfare by requiring the South to adopt the

North’s pre-TRIPS standard, T ∗
n , rather than anything lower, as the

minimum IPR standard. It is in this sense that the TRIPS agreement

is optimal.

4 Multi-Sectoral Negotiations

In this section, we analyze the merits of the TRIPS Agreement in

the context of a multi-sectoral negotiation. We consider the case in

which the North wants the South to increase its IPR protection while,

in return, the South wants the North to lower its trade barriers to

imports of traditional goods from the South. We have seen from

previous analysis that while raising the IPR standard in the South

from its Nash equilibrium level T ∗
s to the North’s Nash equilibrium

level T ∗
n is globally welfare-improving, the South itself loses from such

an increase. To make the TRIPS Agreement incentive-compatible

for the South, the North, which is the beneficiary region, has to

compensate the South. While a lump sum income transfer from the

North to the South would solve the incentive-compatibility problem

theoretically, it is not practical. In the Uruguay Round, the South

demanded increased access to the North’s markets in which it has

comparative advantage, such as textile products. This sector is

represented by z in this model. In the model, increasing market access

amounts to lowering tariff τ on the import of z. We will show that
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allowing better access to the North’s market in exchange for the

South’s strengthening of IPR standard is not only a realistic channel

to solve the incentive-compatibility problem of the TRIPS, but also

superior to the (impractical) lump sum income transfer mechanism.

The steady state flow welfare associated with sector z in the

North and the South are, respectively,

Uzn(τ) = ηn

[
pn(z)z̄n +

1

2e
(a− pn(z))

2 + τzsn

]
,

Uzs(τ) = ηs

[
ps(z)z̄s +

1

2e
(a− ps(z))

2

]
.

Again, with no discounting of the future, the steady state flow welfare

can be the basis of welfare analysis.

Without cooperation/negotiation with the South, the North

chooses a non-cooperative optimal tariff to maximize Uzn(τ). Given

the market equilibrium outcome obtained in Section 2, we know that

this optimal tariff is

τ∗ =
e(1 + δ − δ2)(z̄s − z̄n)

2(1 + δ)− δ2
.

The corresponding welfare for the North and the South when τ∗ is

imposed are denoted U∗
zn(τ) and U

∗
zs(τ), respectively. It is easily seen

that lowering τ will reduce the North’s welfare in sector z but will

increase the South’s welfare in this sector:

∂Uzn(τ)

∂τ
=

ηn
e(1 + δ)

[e(1 + δ − δ2s)zsn − τ ] > 0 for τ < τ∗.

∂Uzs(τ)

∂τ
= − ηs

(1 + δ)
(z̄s − zss) < 0 for all τ.

Recalling that Uk is region k’s welfare derived from all sectors

excluding sector z, we denote U∗
k as the equilibrium Uk under
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the pre-TRIPS regime (i.e. when both regions choose their Nash

equilibrium IPR levels, T ∗
n and T ∗

s , respectively), and define U c
k as the

equilibrium Uk under the post-TRIPS regime (i.e. when both regions

choose the minimum standard equal to T ∗
n).

To model the multi-sectoral negotiation, we assume that the two

regions bargain simultaneously over whether the South adopts the

North’s pre-TRIPS IPR standard as well as over the level of τ . The

Nash bargaining model is adopted. Any agreement and bargaining

outcome is assumed to last forever. Therefore, with no discounting,

welfare consideration in the bargaining can be based on steady state

flow welfare. Without having τ lowered, the South will not raise

its IPR standard. So, the threat point of the bargain is such that

the South maintains its pre-TRIPS IPR standard, while the North

maintains tariff τ∗. To solve the bargaining problem, the tariff τ is

chosen to maximize the product of two expressions that are functions

of the net welfare improvements in the two regions, viz.

(U c
n + Uzn − U∗

n − U∗
zn)

(1−υ)(U c
s + Uzs − U∗

s − U∗
zs)

υ ,

where υ ∈ [0, 1] represents the South’s bargaining power. For ease

of exposition, let N (τ) ≡ U c
n + Uzn − U∗

n − U∗
zn and S(τ) ≡ U c

s +

Uzs −U∗
s −U∗

zs. It is clear that to satisfy the incentive-compatibility

condition in the South, τ needs to be low enough for the South to

gain sufficiently from the traditional sector to compensate for its loss

in the differentiated-products sector. Since there is a natural lower

bound, τ = 0, for this policy, we need to assume that a, e and

z̄s − z̄n are sufficiently large. This will ensure that the traditional-

good markets are sufficiently large, the optimal tariff τ∗ is sufficiently

large, and consequently, there are sufficient gains to the South from

tariff-cutting by the North. This will in turn ensure that both N (τ)

and S(τ) are positive.

To make sure that there indeed exists an interior solution to the

bargaining game, we have to check that the welfare frontier is con-

cave. The slope of the bargaining frontier is equal to dN (τ)/dS(τ) =
(∂Uzn/∂τ)/(∂Uzs/∂τ). First, the slope is equal to zero when τ = τ∗.
Second, it can be easily shown that the slope is negative and increases

in magnitude as τ decreases, i.e. as S(τ) increases. This ensures that
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South’s
welfare (S )

North’s welfare
(N )

0

τ decreases

KN v =)( 1−vτ S )(τ

Figure 3. Nash bargaining over τ . The two regions bargain simultaneously over
whether the South adopts the North’s pre-TRIPS IPR and over the value of τ .
The origin is the point with no agreement.

the frontier is strictly concave. So, if the first-order condition of the

Nash bargaining yields τ c ∈ [0, τ∗], it is an optimal interior solution.

Refer to Figure 3.

When τ = 0, the slope of the welfare frontier is equal to (1 +

δ− δ2)/δ, which is less than one as long as δ > 1. To simplify things

by ensuring that tariff reduction by the North is always globally

welfare-improving, we assume that δ > 1, i.e. the South’s market for

traditional good is larger than the North’s. Therefore, any decrease

in τ leads to an increase in S(τ) with a magnitude greater than

that of the concomitant decrease in N (τ), so that global welfare is

improved.16

16In our model, it is possible that Nn > Ns while ηs > ηn, as long as es
is sufficiently smaller than en. This simply reflects the fact that the South’s
consumers have, relatively speaking, a lower propensity to consume new products
and a higher propensity to consume traditional products than their counterparts
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The bargaining problem is equivalent to choosing τ to maximize

(1 − υ)ln(N (τ))+υln(S(τ)), which yields the following first-order

condition,

(1− υ)

N (τ)

∂Uzn

∂τ
+

υ

S(τ)
∂Uzs

∂τ
= 0. (9)

We are interested in how the bargaining outcome τ c is affected

by other factors and how global welfare is in turn affected by

the bargaining outcome. First, it is straightforward to show that

∂τ c/∂υ < 0, that is, trade liberalization in the traditional-good sector

in the North would be deeper when the South has more bargaining

power. This is the usual outcome of Nash bargaining since a lower

τ c favors the South. Second, it can be easily shown that ∂W/∂τ < 0.

That is, global welfare increases when the South has more bargaining

power. This is because higher bargaining power for the South leads

to deeper trade liberalization in the North, which improves global

welfare.

We have seen that both an increase in Ts and a decrease in τ

yield net gains to the world, which can then be split between the

two regions through Nash bargaining. So, we can say that since

bargaining leads to N (τ c) > 0 and S(τ c) > 0, both regions benefit

from the multi-sectoral negotiation, of which the TRIPS Agreement is

an outcome. Although we interpret the TRIPS Agreement as one that

requires all regions to adopt a minimum IPR protection standard as

defined by the North’s pre-TRIPS protection level, the above result

can be generalized as follows: Both regions benefit from a bargain

that involves the South raising its IPR protection standard to a pre-

specified level Ts ∈ [T ∗
s , T

∗
n ] (while the North does not lower its pre-

TRIPS IPR protection standard) on the one hand, and the North

liberalizing trade in its traditional good sector on the other hand.

The proof of this general result can be obtained by simply repeating

in the North. Casual observation confirms the presumption that the North’s
market for new products is larger than the South’s market, while the reverse
is true for the market for traditional goods.
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the above analysis. This result means that even if the regions find

it impossible (e.g. for political reasons) to enforce a drastic set of

concessions (with Ts set to T ∗
n), they can agree on a less drastic set

of concessions (with Ts ∈ [T ∗
s , T

∗
n ]) and still end up with mutual gains

in a multi-sectoral negotiation.

Finally, we examine each region’s marginal gain from increases

in Ts, for all Ts ∈ [T ∗
s , T

∗
n ]. We have found in Section 3 that as

long as Ts ∈ [T ∗
s , T

∗
n ], any increase in Ts would lead to an increase

in U c
n but a decrease in U c

s (now we need to reinterpret U c
k as

the value of Uk when the South and the North adopt Ts and T ∗
n ,

respectively), and the gain in the former outweighs the loss in the

latter so that U c
n + U c

s increases. We have also proved above that as

long as τ ∈ [0, τ∗], any decrease in τ would lead to an increase in Uzs

but to a decrease in Uzn, and the gain in the former outweighs the

loss in the latter so that Uzs +Uzn increases. We have assumed that

the traditional goods markets are sufficiently large and the differences

between the regions in endowments of traditional good are sufficiently

great that tariff-cutting in the North is sufficient to compensate the

South for its increase in IPR protection. Consequently, we prove in

Appendix C that whenever the South is willing to increase Ts, the

North is willing to reduce τ . On balance, as Ts increases, the marginal

gain to the North is always positive (i.e. N (τ) would increase), but

the marginal gain to the South is positive (i.e. S(τ) increases) only if

v is sufficiently large or S(τ) is sufficiently small. This indicates

that although raising the South’s IPR protection Ts all the way

to T ∗
n is globally optimal and is in the best interest of the North,

such a big move may not be in the South’s best interest unless the

South’s bargaining power in the negotiation is sufficiently strong

to elicit a large tariff reduction from the North. Otherwise, the

South would prefer an agreement that requires Ts = T c
s < T ∗

n ,

since all the extra surplus from raising the IPR protection beyond

T c
s would accrue to the North. In other words, while both regions

gain from the multi-sectoral negotiation, the South may be able

to gain more if it has more freedom to choose the degree of IPR

protection.
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5 Summary and Conclusion

We find that it is globally welfare-improving for the South to increase

its IPR protection above its (pre-TRIPS) Nash equilibrium level.

Although this would hurt the South and benefit the North, the

latter’s gains are larger than the former’s losses. Consequently, it

can benefit both regions for the South to adopt the North’s pre-

TRIPS IPR standard, in exchange for the North lowering its import

tariffs. We conclude, therefore, that the inclusion of IPR negotiations

in GATT/WTO agendas is constructive.

We find that in the multi-sectoral negotiation it is globally

optimal for the South to increase its IPR protection standard all the

way to the North’s level. However, it is not necessarily optimal for

the South to do so. It is optimal for the South only if its bargaining

power in the negotiation is sufficiently large to elicit a large enough

tariff reduction by the North. Otherwise, the extra surplus generated

from strengthened IPR protection will mostly benefit the North. In

that case, if the South has the choice, it would prefer an agreement

that binds it to a higher standard than before, but below that of the

North. In other words, giving the South an “all-or-nothing” choice

in either adopting the North’s IPR standard or maintaining the old

standard might diminish the South’s gain from such a negotiation.

It seems evident that the South was indeed presented with an “all-

or-nothing” choice regarding IPR protection in the Uruguay Round

of the GATT negotiations. If this is the case, we can say that the

TRIPS Agreement requires the South to give up too much. It is

therefore no wonder that many developing countries are not enforcing

as high an IPR standard as the developed countries want while the

developed countries seem to be retracting from their market access

commitments. In spite of these seeming retractions, however, our

result has demonstrated that both regions would still gain as long

as they can eventually willingly enforce some bilateral concessions in

both sectors. This again demonstrates the merits of multi-sectoral

negotiations.

In future research, we hope to modify the existing model to a

truly dynamic, and possibly general equilibrium one, and to consider
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interactions among trade policies, FDI policies and IPR policies in a

unified model.

Appendix

A. Proof of the Stability of the Nash Equilibrium

To see this, totally differentiate (3) and (4) with respect to Ts and

Tn. Note that by writing Ms and Mn as functions of μ, (3) can be

expressed as a function of μ and Ts only, and thus,

d[LHS(3)− RHS(3)] =
∂

∂μ
[LHS(3)− RHS(3)](NsdTs +NndTn)

− ∂

∂Ts
RHS(3)dTs = 0.

Since (∂/∂μ)[LHS(3) − RHS(3)] > 0, and (∂/∂Ts)RHS(3) < 0, the

following inequality holds for the South’s reaction function:∣∣∣∣dTndTs

∣∣∣∣ > Ns

Nn
.

Similarly, for the North, we have

d[LHS(4)− RHS(4)] =
∂

∂μ
[LHS(4)− RHS(4)](NsdTs +NndTn)

− ∂

∂Tn
RHS(4)dTn = 0,

from which we conclude that the following inequality holds for the

North’s reaction function: ∣∣∣∣dTndTs

∣∣∣∣ < Ns

Nn
.

Therefore, the South’s reaction curve is steeper than the North’s in

the (Ts, Tn) space.
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B. Proof of dW
dTs

|Ts=T ∗
n
> 0

Suppose T̂n solves

Mn[1−(1+α)ααε]+Ms(1−ααε) =
NnA

μ
[T−Tn(1−ααε)](bnMn+bsMs).

(B1)

where Mn =
(

μ
an

)bn
and Ms =

(
μ
as

)bs
, where μ ≡ NnTnA.

Comparing with equation (4), it is clear that T̂n > T ∗
n , since the

North’s reaction function is downward sloping, so that Tn increases

as Ts decreases to 0. Now suppose T̂ ′
n solves

Mn[1− (1 + α)ααε] +Ms(1− (1 + α)ααε)

=
NnA

μ
[T − Tn(1− ααε)](bnMn + bsMs). (B2)

where Mn =
(

μ
an

)bn
and Ms =

(
μ
as

)bs
, where μ ≡ NnTnA.

We know that T̂ ′
n > T̂n. This is because LHS(A2) < LHS(A1),

while RHS(A2) = RHS(A1). Now, suppose T̃n solves

Mn[1− (1 + α)ααε] +Ms(1− (1 + α)ααε)

=
(Ns +Nn)A

μ
[T − Tn(1− ααε)](bnMn + bsMs). (B3)

where Mn =
(

μ
an

)bn
and Ms =

(
μ
as

)bs
, where μ ≡ (Ns +

Nn)TnA.

We can prove that T̃n > T̂ ′
n. The proof is given below. Define P ≡

A[T −Ts(1−ααε)]bs; Q ≡ [1− (1+α)ααε]; R ≡ A[T −Ts(1−ααε)]bn
and S ≡ (1− ααε). Equation (A2) can be written as

Ms

(
P

ATn
−Q

)
+Mn

(
R

ATn
−Q

)
= 0, (B4)

where Mn =
(

μ
an

)bn
and Ms =

(
μ
as

)bs
, where μ ≡ NnTnA.
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Now, we have

∂LHS(A4)

∂Nn
=
∂Ms

∂Nn

(
P

ATn
−Q

)
+
∂Mn

∂Nn

(
R

ATn
−Q

)

=
Ms

μ
bsTnA

(
P

ATn
−Q

)
+
Mn

μ
bnTnA

(
R

ATn
−Q

)

=
Ms

μ
bsTnA

(
P

ATn
−Q

)
− Ms

μ
bnTnA

(
P

ATn
−Q

)

=
Ms

μ
TnA(bs − bn)

(
P

ATn
−Q

)

The third line of the above equation comes from using equation

(A4). We are now ready to prove that the last line is greater than zero.

If bn > bs, then equation (A4) indicates that R
ATn

−Q > 0 > P
ATn

−Q
since the two expressions must be of opposite signs; on the other

hand, if bn < bs, then equation (A4) indicates that R
ATn

− Q < 0 <
P

ATn
− Q. Both cases imply that the last line is greater than zero.

Therefore, ∂LHS(A4)
∂Nn

> 0.

Now, it is quite clear that ∂LHS(A4)
∂Tn

< 0. Therefore, by the

Implicit Function Theorem, we conclude that dTn
dNn

> 0 for equation

(A4) to hold. Now, (A3) is obtained from (A2) by changing Nn to

Ns+Nn. Therefore, we can conclude that T̃n > T̂ ′
n > T̂n > T ∗

n . Since

(∂/∂Tn)[RHS(A3) − LHS(A3)] < 0, and RHS(A3) − LHS(A3) = 0

at Tn = T̃n, it follows that RHS(A3) − LHS(A3) > 0 at Tn = T ∗
n .

Since RHS(8)(at Ts = T ∗
n) = RHS(A3)− LHS(A3) (at Tn = T ∗

n), we

conclude that dW
dTs

|Ts=T ∗
n
> 0.

C. dN/dTs and dS/dTs

Note that

dS = dU c
s + dUzs and dN = dU c

n + dUzn.

From the analysis in Section 3, we have

dU c
s

dTs
< 0,

dU c
n

dTs
> 0,

∣∣∣∣dU c
s

dTs

∣∣∣∣ <
∣∣∣∣dU c

n

dTs

∣∣∣∣ .
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From the analysis in Section 4, we have

dUzs

dτ
< 0,

dUzn

dτ
> 0,

∣∣∣∣dUzs

dτ

∣∣∣∣ >
∣∣∣∣dUzn

dτ

∣∣∣∣ .
From equation (9), we have

S(τ)(1− υ)
dUzn

dUzs
+N (τ)υ = 0.

Since we want to find the effect of changes in U c
n (due to changes

in Ts) on S and N , we totally differentiate the above equation with

respect to τ and any other variables that are affected by Ts and τ .

(1− υ)
dUzn

dUzs
dS + S(τ)(1 − υ)

d

dτ

(
dUzn

dUzs

)
dτ + vdN = 0,

which implies

(1− υ)
dUzn

dUzs
(dU c

s + dUzs) + S(τ)(1 − υ)
d

dτ

(
dUzn

dUzs

)
dτ

+ v(dU c
n + dUzn) = 0.

Note that changes in U c
n and U c

s are due to Ts while changes in Uzn

and Uzs are due to τ . An increase in Ts leads to an increase in U c
n

and a decrease in U c
s , thus prompting the North to decrease τ in the

tariff negotiation, which in turn leads to an increase in Uzs and a

decrease in Uzn, as will be shown below. Differentiating the equation

with respect to Ts, we have

(1− υ)
dUzn

dUzs

(
dU c

s

dTs
+

dUzs

dτ

dτ

dTs

)
+ S(τ)(1 − υ)

d

dτ

(
dUzn

dUzs

)
dτ

dTs

+ v

(
dU c

n

dTs
+

dUzn

dτ

dτ

dTs

)
= 0.

Let Y ≡
∣∣∣dUzn
dUzs

∣∣∣ > 1. Recall that dUzn
dUzs

< 0. From the above

equation, we can solve for

dτ

dTs
=

(1− υ)dU
c
s

dTs
Y − v dUc

n
dTs

(1− υ)
[−Y dUzs

dτ − S dY
dτ

]
+ v dUzn

dτ

< 0.
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Therefore,

dS
dTs

=
dU c

s

dTs
+
dUzs

dτ
· dτ
dTs

=
−(1− v)S dUc

s
dTs

dY
dτ + v dUc

s
dTs

dUzn
dτ − v dUc

n
dTs

dUzs
dτ

(1− υ)
[−Y dUzs

dτ − S dY
dτ

]
+ v dUzn

dτ

.

On the RHS of the above equation, the denominator is always

positive. However, the numerator is greater than zero only if v

is sufficiently large or when S is sufficiently small, based on the

inequalities obtained at the beginning of the proof and dY
dτ < 0.

Hence, the expression is positive if v is sufficiently large or S is small.

When Ts = T ∗
s , τ = τ∗, and S = 0. Therefore, dS

dTs
> 0 at Ts = T ∗

s .

Given that, as Ts increases,
∣∣∣dUc

s
dTs

∣∣∣and ∣∣dY
dτ

∣∣ both increase, while∣∣∣dUc
n

dTs

∣∣∣ − ∣∣∣dUc
s

dTs

∣∣∣ decreases, and ∣∣dUzs
dτ

∣∣ − ∣∣dUzn
dτ

∣∣ decreases, we conclude

that dS
dTs

gets smaller as Ts increases. Therefore, S is maximized as

Ts increases to a certain level. This level may not be much higher

than T ∗
s if v is small. Thus, if v is small, it is optimal for the South

to increase its IPR protection only slightly. From the South’s point

of view, it is optimal to increase IPR protection all the way to T ∗
n

only when v is sufficiently large so that dS
dTs

> 0 for any Ts ∈ [T ∗
s , T

∗
n ].

On the other hand,

dN
dTs

=
dU c

n

dTs
+

dUzn

dτ
· dτ

dTs

=
(1− v)

[
−Y dUc

n
dTs

dUzs
dτ + Y dUc

n
dTs

dUzn
dτ − S dY

dτ
dUc

n
dTs

]
(1− υ)

[−Y dUzs
dτ − S dY

dτ

]
+ v dUzn

dτ

> 0,

because both the denominator and numerator are positive, based on

the inequalities obtained at the beginning of the proof and dY
dτ < 0.
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Chapter 7

Protection of Trade for Innovation: The Roles
of Northern and Southern Tariffs∗

Abstract
Using a North-South trade model with innovation and imitation, we
investigate the interaction of intellectual property rights (IPR) pro-
tection and trade protection. We show that unlike a Southern tariff,
a Northern tariff supplements IPR protection and is not necessarily
a beggar-thy-neighbor policy. The globally optimal Northern tariff
increases as IPR protection in the North or the South decreases.
Global welfare may rise as Northern tariff increases, but necessarily
declines as Southern tariff increases. This suggests that pushing
for freer trade in the South is more urgent than in the North
in innovation-intensive sectors where IPR protections are weak in
both regions.

1 Introduction

Although innovation is conducive to economic growth, it is widely

believed that markets do not provide appropriate incentives for

innovation.1 Nonetheless, there are many attempts to solve the

∗By Larry D. Qiu and Edwin L.-C. Lai. Originally published in Japan and
the World Economy, 16 (2004), pp. 449–470. Copyright c© 2003 by Elsevier
Science B.V. It has been reprinted with revisions and permission from the original
publisher.
1Throughout this chapter, the words innovation and invention are used inter-
changeably, and so are the words innovate and invent.
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problem of under-provision of new products and new production

processes. In practice, governments have adopted various mechanisms

to encourage innovation, including patents, R&D subsidization and

patent buy-out.2 Among those mechanisms, patents are used most

widely and, along with copyrights and trademarks, are the major

components of Intellectual Property Rights (IPR) protection. How-

ever, perhaps partly due to the myopic concerns of some interest

groups over monopoly pricing, it is believed by many that even in

developed countries (referred to here as the North) IPR protection

is not strong enough from the social point of view, not to mention

in less developed countries (referred to here as the South).3 Thus,

there are cries for stronger IPR protection from industries, and

cooperative efforts have been made to strengthen IPR protection

in many nations.4 While most countries are strengthening IPR

protection laws, there are many obstacles in enforcement. Some

other mechanisms are potential supplements for weak IPR protection

although they were not originally designed for such a purpose.

This paper argues that trade policy measures are one of those

mechanisms.

The reason why trade policy measures can potentially be used

to supplement IPR protection measures is that IPR standards are

usually slow to change while trade barriers can be erected relatively

2However, each of these mechanisms has its own shortcomings. Patents create
monopolies and lead to social deadweight losses. Government subsidy of R&D is
much better than the patent policy (Spence, 1984), but it cannot escape from
the asymmetric information problem and always invites rent-seeking, which leads
to inefficient subsidization. Patent buy-out could be potentially superior to the
other two mechanisms, but it too may have drawbacks that have not yet come to
light due to its short history and the lack of theoretical analysis. Kremer (1997)
is one of the recent studies on patent buy-out.
3Kremer (1997) has a nice summary of the empirical literature on patents. Given
the current patent system, social returns to innovation far exceed the private
returns, suggesting that innovation is not encouraged sufficiently.
4In many recent international agreements, including the Uruguay Round, the
European Union and the North American Free Trade Agreement, signatories are
required to strengthen their national IPR protection over the next decade. See
Maskus (1998) for some discussions on this.
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quickly. Legislations to change IPR standards usually take a long

time to enact because they need more debates, while trade barriers

can often be imposed by the administration without going through

the legislature, and they are very often non-noticeable to the public

(e.g. administrative barriers).

Trade barriers, proxied by tariffs, can affect pricing decisions and

profits of firms, which in turn affect incentives to innovate. Hence,

tariffs can either supplement or offset IPR protection. It is therefore

important to make a close, careful re-examination of tariffs when

IPRs are not fully protected. The present study is motivated by this

need. To carry out this reexamination, we establish a North-South

trade model with innovation and imitation, in which both regions

provide some degrees of IPR protection, captured by patent lengths,

and trade protection, captured by tariffs. It is evident that the South

has much lower inventive ability than the North’s. For simplicity,

therefore, we make the assumption that innovations originate only

from the North.

The focus of the present paper is on the welfare effects of

tariffs in the presence of innovation and imitation. Basically, we

have obtained three results in this regard. First, there is a new

rationale for a Northern tariff, besides terms-of-trade and rent-

shifting considerations, which are well-documented in the trade

literature.5 When innovations concentrate in the North, a Northern

tariff provides incentives for innovation and thus benefits consumers.

Moreover, because of this effect, the optimal Northern tariff rate

is always higher in the present model than in models without

innovation. The tariff that is designed to capture this third effect is

to promote innovation, not protect profits. A corollary of this effect

is that a Northern tariff supplements IPR protection. In fact, weaker

IPR protection in the North or the South not only calls for higher

tariff protection in the North for the sake of Northern consumer

5There are some other economic justifications for tariffs, such as the infant
industry argument and increasing returns to scale. Of course, one can also find
arguments for tariffs in political economy.
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welfare; it also calls for higher Northern tariff for the sake of world

welfare.

Second, while a Northern tariff is pro-innovation, a Southern

tariff, in contrast, is anti-innovation. This differentiates the two tariffs

in an important way: a Southern tariff is a beggar-thy-neighbor

policy, but a Northern one may not be. Third, global welfare declines

as the South raises its tariff rate, but under some circumstances

global welfare rises as the North increases its tariff rate. Hence,

Southern tariffs are more detrimental to world welfare than Northern

ones in innovation-intensive sectors where innovations concentrate in

the North and IPR protection is weak in both regions. An example

that comes to mind is internet-related products.6

Zigic (2000) finds a similar motive for the North to protect trade,

and that a Northern tariff can be globally welfare improving. While

he only focuses on the Northern market, our emphasis is the result

that weaker IPR protection in the world calls for higher Northern

tariffs for the sake of global welfare. Moreover, we emphasize the

differing roles of Northern and Southern tariffs in a world where

innovation concentrates in the North.

Our results have obvious policy implications. Note that in the real

world the South maintains much higher trade barriers in general,

and tariffs in particular, than the North. Our results, however,

suggest that the opposite would lead to higher global welfare in

certain sectors. The message that this study conveys is that it

is more harmful to keep a high tariff in the South than in the

North, and hence trade liberalization is more urgent and should

be carried out at a faster pace in the South than in the North

in certain well-defined sectors. From a policy point of view, it

would benefit the North to subsidize trade liberalization of the

South since Southern tariff reduction improves global welfare, and

so the South’s loss would be more than offset by the North’s

gain.

6In contrast, if tariffs are designed for the purpose of terms-of-trade improvement
or profit-shifting, the Northern tariff and the Southern tariff are not qualitatively
different.
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There exists a rich literature on technology and trade, which

mainly focuses on the interplay between innovation and international

trade.7 More recently, there have also been studies on the effects

of IPR protection and trade policy. Taylor (1993), Maskus and

Penubarti (1995), and Smith (1999) investigate whether strength-

ening IPR protection induces more trade flows. Horowitz and Lai

(1996) and Lai (1998) analyze the effects of IPR protection on the

rates of innovation. Grossman and Helpman (1991, Chapters 6 and

10) examine the response of innovation rates to trade and industrial

policy. However, it is notable that studies on the welfare effects of the

interaction of trade policy and IPR protection policy in the context

of North-South trade are scarce. Chin and Grossman (1990), Diwan

and Rodrik (1991), Deardorff (1992), Helpman (1993), and Lai and

Qiu (2003) all examine how strengthening IPR protection in the

South affects welfare in the North, the South, or both regions. As

Grossman and Helpman (1995, p. 1327) point out, we still do not

have a complete normative analysis of trade policy, especially for a

large, open, innovating economy. We attempt to fill a gap in this

literature by building a model to analyze the interaction between

trade and IPR policies.8

The rest of the chapter is organized as follows. In Section 2, we

construct a North-South trade model with innovation and imitation,

and examine the policy effects on equilibrium amounts of innovation

and imitation. Section 3 analyzes the Northern tariff. Section 4

compares the role of a Northern tariff with a Southern one. Finally,

Section 5 concludes with a discussion of some caveats of the model.

2 The Model

Consider a world comprised of two regions, the North and the South,

which differ only in their abilities to invent differentiated products.9

7Grossman and Helpman (1995) has a comprehensive survey of this literature.
8Zigic (2000) is also along this line.
9In the literature, it is common that one study focuses only on one type of
innovation that either generates new products, improves the quality of existing
products, or lowers production costs.
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For analytical simplicity, we confine our study to an extreme case,

which is not unrealistic, where innovation only takes place in the

North.10 In any period, there is a set of potential differentiated

products to be invented, indexed by i within the range [0,+∞).

Any differentiated product will become obsolete T periods after its

invention. Beyond that, it loses its economic value. The IPR policy

of a region is proxied by its patent length. A patent length of Tn,

Tn ≤ T , means that the Northern government prevents a patented

product from being imitated or sold in the North within Tn periods

after its invention.

Although the Northern government’s IPR policy cannot be

extended to the South, a differentiated product will not be imitated

in the South within Ts periods after its invention, due to a natural

imitation lag or the IPR protection by the Southern government. Ts
periods after a product is invented, it can be (and will be) imitated

and sold in the South.

The two regions trade with each other. The Northern government

imposes a uniform specific tariff τn on all products imported from the

South, and the Southern government imposes a uniform specific tariff

τs on all products imported from the North.

In the beginning of period 1, the vector of policy instruments

τ ≡ (Tn, Ts, τn, τs) are set by the governments. In each subsequent

period, potential innovators then make their investment decisions.

We assume that firms and consumers are faced with the same market

10The qualitative aspects of our results so derived remain robust even if we
allow both regions to innovate and imitate as long as most of the innovation
takes place in the North and most of the imitation occurs in the South. We
have included a discussion on this in the concluding section. In fact, this is a
common assumption in the literature, for example, Krugman (1979), Grossman
and Helpman (1991, Chapter 11), and Helpman (1993). Grossman and Helpman
(1995, p. 1327) also provide several reasons for this, “First, firms in the South have
shown only limited ability to develop innovative products of their own. Second,
several of the governments of less developed nations have been somewhat lax in
their enforcement of foreign intellectual property rights. Finally, the low wage
rates of the South make it an especially attractive place for copying some kinds
of products, because successful imitators can expect to earn substantial profits in
their competition against innovators who bear higher labor costs”.
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parameters in all periods, and so the same number of products will

be invented in every period. Let M be the number of differentiated

products invented in the North in each period. The same firm could

invent more than one product in every period. Nonetheless, for ease of

exposition, we treat different products (whether in the same period or

not) as being invented by different firms. All differentiated products

are necessarily different in order to be patented. We will show in

Section 2.2 that by making an appropriate ordering the first M

products will be invented in every period in equilibrium.

Before period T , the total number of products whose patents

have not expired change from one period to the next. After period

T , however, the number becomes steady. Therefore, a steady state is

attained after period T . To simplify the analysis, we assume that

there is no discount of the future. Since there is no discounting,

we can focus our attention on the steady-state flow welfare for the

purpose of welfare analysis. This can be justified by “overtaking

criterion” in dynamic optimization theory.11 In every steady-state

period, there are TnM products whose patents have not expired

in the North, (T − Tn)M economically viable products whose

patents have expired in the North, TsM products still maintaining

monopoly power in the South, and (T − Ts)M imitated products

sold in the South. Although the number of products is discrete,

we treat it as continuous in our mathematical derivation for easier

handling.

Define t as the age of a product from the time of invention.

Consumers in the two regions have identical utility function. In every

steady-state period, consumers in each region j (with j = n for

the North and s for the South) derive utility from consuming the

differentiated products and a composite traditional product12:

uj =

T∑
t=1

∫ M

0
xj(i, t)

αdi+Xj , 0 < α < 1, j = n, s,

11See, for example, Burmeister (1980), pp. 249–250.
12Specific utility functions are used in many other studies including Krugman
(1979), Grossman and Helpman (1991, Chapter 11), and Helpman (1993).
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where xj(i, t) is the consumption of product i with age t in region j,

and Xj is the quantity of traditional good consumed by region j. In

what follows, when it is unnecessary to keep the argument t in xj(i, t),

we will drop it. To simplify the notation, we define ε = 1/(1−α) and
A = (1− α)α(1+α)ε.

While the price of the traditional good is normalized to one

in both regions, the price of differentiated product i with age

t in region j is denoted by pj(i, t). Since there is no lending

and borrowing, in each steady-state period, consumers in region j

maximize the period’s utility under the budget constraint: Ej ≥∑T
t=1

∫M
0 pj(i, t)xj(i, t)di + Xj , where Ej is the (exogenous) total

income spent on consumption by region j. Hence, the instantaneous

demand for differentiated products of all ages is

pj(i) = αxj(i)
α−1, j = n, s,

which has constant elasticity equal to ε. Note that the specific form

of the utility function considered above implies that we confine our

analysis to independent products. Allowing substitution among the

differentiated products will greatly complicate the analysis without

altering the results qualitatively.

2.1 The market

Let us consider the Northern market first. Suppose product i has

been invented by a Northern firm, called it Northern firm i. The firm

will be guaranteed a monopoly position in the Northern market for

Tn periods and in the Southern market for Ts periods. To sharpen

our focus on innovation, we assume that the innovation costs of

different products vary (see next subsection), but their production

costs are the same. Specifically, and for simplicity, assume identical

and constant marginal cost of production, which is equal to c, for

all firms in the North. Then, under IPR protection from the North,

i.e. for Northern firm i with t ≤ Tn, its steady-state flow operating

profit (i.e. profit not taking into account the innovation costs) in the

Northern market is πnn = (pn − c)xn, where subscript nn stands for

a Northern firm in the Northern market. In equilibrium (superscript
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m standing for monopoly),

pmn = α−1c, xmn = α2εc−ε, and πmnn = Ac−αε

for a product with t ≤ Tn. (1)

After Tn periods, patent for product i expires in the North.

Imitators start to enter the Northern market. Imitation is costly.13

To simplify our analysis, but with little loss in generality, we assume

equal imitation cost for all potential imitators and for all products.

To focus on innovation and imitation costs, let us assume that the

constant marginal cost of production in the South is also c.14 Since

the imitators face the same cost and demand for each product,

there would be an equal number of entrants in all products.15

Assume there are H Northern imitators and K Southern imitators

for each product in equilibrium. Thus, the Northern innovator in

the Northern market will face competition from the K Southern

imitators and H Northern imitators after Tn periods. We assume

that firms in the same market compete in quantity à la Cournot.16

Consider the product markets for i. Each Southern imitator k has

the following per-period export profit: πsn = [(pn−c−τn)]xsn, where
xsn is Southern imitator k’s export volume (subscript sn stands

for a Southern firm in the Northern market). The total export is

Kxsn. The Northern innovator and H Northern imitators each sells

13Empirical evidence indicates that imitation could be very costly, normally
higher than 20% of the costs of innovation (Mansfield et al., 1981). Glass and
Saggi (2002) analyze the theoretical implications of costly imitation for innovation
and foreign direct investment.
14The qualitative results do not change if we assume different production costs
in the two regions, which is the case in our working paper Qiu and Lai (1999).
15This will be the case if imitation cost is not low and competition reduces market
profit drastically. Moreover, in this model, if we explicitly allow imitators to choose
products for imitation, they will choose to imitate different products. Limited
resources also disallow a single imitator to imitate many products. All these tend
to support the above assumption. Also imitation requires certain technology not
owned by everyone.
16Changing from Cournot to Stackelberg model in the product market will not
alter any of our results, since the effects of an increase in Northern tariff would
be qualitatively the same. The analysis is available upon request.
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xnn to this market and has a per-period operating profit equal to

πnn = (pn − c)xnn. Hence, the total supply of product i in the

Northern market is xn = (H + 1)xnn +Kxsn.

Denote B(H,K) ≡ εαε(H +K + α)ε. The resulting equilibrium

in the Northern market for product i is, for T ≥ t > Tn,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

pn = [(H +K + 1)c+Kτn]/(H +K + α),

xn = {α(H +K + α)/[(H +K + 1)c +Kτn]}ε,
xnn = B(H,K)[(1 − α)c +Kτn]/[(H +K + 1)c +Kτn]

ε+1,

xsn = B(H,K)[(1− α)c − (H + α)τn]/[(H +K + 1)c+Kτn]
ε+1,

πnn = B(H,K)[(1− α)c +Kτn]
2/{[(H +K + 1)c +Kτn]

1+ε

(H +K + α)},
πsn = B(H,K)[(1− α)c − (H + α)τn]

2/

{[(H +K + 1)c+Kτn]
1+ε(H +K + α)}. (2)

Clearly, from (2) we see that the Northern tariff reduces πsn (i.e.

∂πsn/∂τn < 0). Using condition xsn > 0 or equivalently (1 − α)c −
(H + α)τn > 0, we can show that

∂πnn
∂τn

=
KB(H,K)[(1 − α)c +Kτn]

[(H +K + 1)c+Kτn]2+ε

×
{
ε[2(1− α)c− (H + α)τn] + αc

H +K + α

}
> 0. (3)

A Northern tariff shifts profits from the Southern imitators to the

Northern innovators and imitators. For products with t ∈ (Tn, T ],

there are H + 1 identical Northern firms (each with a marginal cost

equal to c) andK identical Southern firms (each with a marginal cost

equal to c+ τn) competing in the Northern market. As τn increases,

the marginal cost for Southern firms increases. It is intuitive that

the profits of all Northern firms increase while those of all Southern

firms decrease.

We now examine the Southern markets. For products with t ≤ Ts,

Northern firm i, as a monopolist, exports its product to the South.

Similar to (1), we have the following equilibrium (subscript ns stands
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for a Northern firm in the Southern market).

pms = α−1(c+ τs), xms = α2ε(c+ τs)
−ε, and πmns = A(c+ τs)

−αε

for products with t ≤ Ts. (4)

A Northern innovator i with t ∈ (Ts, T ] (and with marginal cost

c+ τs) competes against H Northern imitators (each with marginal

cost c + τs) and K Southern imitating firms (each with marginal

cost c) in the Southern market. (Note that Northern firms with t ∈
(Ts, T ] can carry out imitation and sell in the South.)

For a product with t ∈ (Ts, T ], let xns and πns denote the steady-

state flow output and operating profit, respectively, of the Northern

innovator and all Northern imitators in the Southern market; while

xss and πss denote the steady-state flow output and operating profit,

respectively, of all Southern imitators in the Southern market. Hence,

for a product with t ∈ (Ts, T ],⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

ps = [(H +K + 1)c+ (H + 1)τs]/(H +K + α),

xs = {α(H +K + α)/[(H +K + 1)c + (H + 1)τs]}ε,
xns = B(H,K)[(1 − α)c − (K − 1 + α)τs]/[(H +K + 1)c

+(H + 1)τs]
ε+1,

xss = B(H,K)[(1− α)c + (H + 1)τs]/

× [(H +K + 1)c + (H + 1)τs]
ε+1,

πns = B(H,K)[(1− α)c − (K − 1 + α)τs]
2/{[(H +K + 1)c

+(H + 1)τs]
1+ε(H +K + α)},

πss = B(H,K)[(1− α)c + (H + 1)τs]
2/{[(H +K + 1)c

+(H + 1)τs]
1+ε(H +K + α)}.

(5)

Clearly, from (5) we see that the Southern tariff reduces πns (i.e.

∂πns/∂τs < 0). Using condition xns > 0 or equivalently (1 − α)c −
(K + α− 1)τs > 0, we can show that

∂πss
∂τs

= (H + 1)
B(H,K)[(1 − α)c + (H + 1)τs]

[(H +K + 1)c+ (H + 1)τs]2+ε

×
{
ε[2(1 − α)Kc− ατs] + αc

H +K + α

}
> 0.
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The Southern tariff shifts profits from the Northern innovator and

imitators to the Southern imitators. For a product with t ∈ (Ts, T ],

there are H + 1 identical Northern firms (each with a marginal cost

equal to c+τs) and K identical Southern firms (each with a marginal

cost equal to c) competing in the Southern market. As τs increases,

the marginal cost for Northern firms increases. It is intuitive that the

steady-state flow profits of all Southern firms increase while those of

all Northern firms decrease.

In summary, we have derived the steady-state product market

equilibria in the North for two distinct kinds of products (i.e. those

with t ≤ Tn and T ≥ t > Tn, respectively), and also in the South

(those with t ≤ Ts and T ≥ t > Ts, respectively). In particular, we

have calculated each type of firm’s steady-state flow operating profit

derived from each market.

2.2 Innovation and imitation

We now turn to innovation and imitation in order to determine the

number of products invented in each period. To this end, we examine

a firm’s profit over T periods. Thus, we will move away from the focus

on the steady-state in this subsection. Northern firm i invests in R&D

to invent product i if and only if the stream of operating profits over

the entire T periods is sufficiently large to cover the innovation costs,

and the imitators use the same criterion to decide whether or not to

imitate. For convenience, we order the products in such a way that

a product with a higher index i has a higher innovation cost. This

could be due to the fact that the Northern firm with a higher i is

less capable of innovation. Alternatively, this reflects economy-wide

diminishing marginal returns to innovation activities or increasing

marginal cost of innovation. Without loss of generality, we adopt the

simplest possible innovation cost structure for product i: innovation

cost = bi where b > 0. We assume that the imitation cost for each

imitator in each product is the same, being equal to e > 0.

We now consider innovation. Recall that under IPR protection,

Northern firm i, if it invests in innovation, earns monopoly profit

as given by (1) from its home market in the first Tn periods, and
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monopoly profit as given by (4) from export to the South in the

first Ts periods. Its operating profit in the Northern market in each

period after IPR protection expires is πnn as given by (2) and in the

Southern market is πns as given by (5). By definition, Northern firm

i’s net life-time profit (taking into account innovation costs) is

Πn(i) = πn − bi, (6)

where the life-time operating profit is equal to

πn = ATnc
−αε +ATs(c+ τs)

−αε + (T − Tn)πnn + (T − Ts)πns. (7)

Since only firms that earn positive profits would produce, the

number of products invented in each period, M , must satisfy

Πn(M) = 0. (8)

Then all products with index i ≤M will be developed.

2.3 Policy effects on innovation

Given policy parameters, the preceding subsection has characterized

the possible equilibrium outcomes about innovation. In this subsec-

tion, we explore how various policy measures affect the innovation

set. Although time is discrete, we treat time as continuous in

analyzing the impacts of changing Ts and Tn.

Since (8) determines the equilibrium number of innovation,

differentiating with respect to policy variable (parameter) y =

{τn, τs, Tn, Ts} yields the impact of the policy on innovation

according to

∂M

∂y
=

1

b

∂πn
∂y

. (9)

The innovation set will expand if a policy raises Northern innovator’s

operating profit πn. Eventually, we obtain

Proposition 1. Innovation is encouraged by raising IPR protection

in either region or raising tariffs in the North. Innovation is
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discouraged by raising tariffs in the South. Mathematically,

∂M

∂Ts
> 0,

∂M

∂Tn
> 0,

∂M

∂τn
> 0,

∂M

∂τs
< 0.

Proof. See Appendix. �

3 Northern Trade Protection: Protect Profits vs.

Promote Innovation

At this point we switch our focus and turn to welfare analysis. In this

section, we characterize the optimal Northern tariff and its relation to

the degree of IPR protection. In particular, we argue that Northern

tariffs not only shift profits but also encourage innovation. In the

next section, we will compare and contrast the Northern tariff and

the Southern tariff. In both sections, our primary purpose is to derive

results that would not be obtained in conventional trade models, i.e.

models without product innovation and imitation.

Based on (1) and utility maximization, the steady-state flow

Northern utility derived from all the products with t ≤ Tn is

un(t) = Tn

∫ M

0
xαndi = TnM(1− α)

(
α2

c

)αε

(10)

Similarly, based on (2), the steady-state flow Northern utility derived

from all the products with t ∈ (Tn, T ] is

ũn(t) = (T − Tn)M(1 − α)

[
α(H +K + α)

(H +K + 1)c+Kτn

]αε
(11)

We use Vn to denote the total imports by the North in steady state,

and it is given by

Vn =

T∑
t=Tn

∫ M

0
xsn(t)di =M(T − Tn)vn,

where vn = KB(H,K)
(1− α)c− (α+H)τn
[(H +K + 1)c+Kτn]ε

.
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We now calculate the steady-state flow welfare of the North,

denoted by Wn(τ). It is defined as the sum of steady-state flow

consumer utility, producer profits and tariff revenue from all invented

products. The steady-state flow profits are the sum of Northern

firms’ profits derived in a steady-state period, which turn out to

be equal to the sum of the life-time profits of all products that are

invented in that period plus the sum of the life-time profits of all

Northern imitators in both markets in that period. It is clear that this

is equal to
∫M
0 Πn(i)di + MH

[∑T
t=Tn

πnn(t) +
∑T

t=Ts
πns(t)− e

]
.

Hence,

Wn(τ) =

Tn∑
t=1

un(t) +
T∑

t=Tn

ũn(t) +

∫ M

0
Πn(i)di+ En + τnVn

+MH

[
T∑

t=Tn

πnn(t) +
T∑

t=Ts

πns(t)− e

]
=Mwn(τ) + En

(12)

where

wn(τ) = Tn(1− α)

(
α2

c

)αε

+ (T − Tn)(1− α)

×
[

α(H +K + α)

(H +K + 1)c+Kτn

]αε
+
b

2
πn + τn(T − Tn)vn

+H [(T − Tn)πnn + (T − Ts)πns − e] .

The Northern government’s objective is to maximize Northern

steady-state flow welfare by choosing a non-negative τn. Thus,

assuming that the optimal tariff rate is an interior solution, it must

satisfy the following first-order condition:

∂Wn

∂τn
=M

∂wn

∂τn
+ wn

∂M

∂τn
= 0. (13)
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We examine each welfare term of (13) in turn. First,

∂wn

∂τn
= (T − Tn)

[
−αK [α(H +K + α)]αε

[(H +K + 1)c +Kτn]ε

+

(
H +

1

2

)
∂πnn
∂τn

+ vn + τn
∂vn
∂τn

]
. (14)

Equation (14) is the welfare effect of the tariff that we usually see

in models with imperfect competition but without innovation and

imitation. The Northern tariff reduces consumer surplus, increases

firms’ profits, and generates government revenue. If import subsidy

is not allowed, the optimal tariff could be zero or positive, depending

upon whether the terms of trade are improved and how much profit

is shifted from the foreign exporters to the local firms.17 For the

sake of exposition, let τn be the optimal tariff rate when changes in

innovation are ignored. Then, τn = 0 if ∂wn/∂τn ≤ 0 at τn = 0 and

τn > 0 otherwise.

We now turn to the second term of (13). Since ∂M/∂τn > 0

(by Proposition 1), Northern consumers benefit from larger product

variety and more products will be exported by the North. These

together raise Northern welfare.

We now combine all the effects discussed above for the first-order

condition (13). Let τ∗n be the optimal tariff rate that satisfies (13).

Then, τ∗n = 0 if ∂Wn/∂τn ≤ 0 at τn = 0 and τ∗n > 0 otherwise.

From the above analysis, we know ∂Wn/∂τn > ∂wn/∂τn, and hence,

τ∗n ≥ τn. More specifically, whenever τn > 0, we must have τ∗n > 0

and τ∗n > τn; and in some cases, τn = 0, but τ∗n > 0. We summarize

the above results in Proposition 2.

Proposition 2. There is a new rationale for a Northern tariff.

There is one more reason why a Northern tariff can raise Northern

welfare above the level attainable by free trade in the present model, as

compared with other trade models without innovation and imitation.

Whenever it is optimal to impose a tariff, the optimal tariff rate in

17Helpman and Krugman (1989, Chapter 6) have a nice analysis of this issue.
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the presence of innovation and imitation is strictly higher than that

in the absence of innovation and imitation.

What exactly is the new rationale for Northern tariff? Suppose Ts
and τs are beyond the control of the Northern government. Note also

the empirical fact that IPR policies are slow to change (e.g. a 17-year

patent length has been in place and unchanged for many decades in

the US). If the given IPR protection Tn is too low for the existing

tariff τn, then an increase in τn can increase consumer welfare by

encouraging innovation and thereby making a larger variety of goods

available for consumption.

We demonstrate the above point below. To isolate the new motive

for tariff protection, we exclude producer profits and tariff revenue in

the Northern welfare function. That is, we focus only on the effect on

consumer welfare. This enables us to focus on the case where a tariff is

not for profit shifting or terms-of-trade improvement. We investigate

how the optimal tariff rate τ cn, which maximizes Northern consumer

welfare W̃n, depends on the degree of IPR protection. Assume

the second-order condition holds, i.e. ∂2W̃n/∂τ
2
n < 0. By totally

differentiating the first-order condition (13) (with Wn replaced by

W̃n, see Appendix C), we obtain

∂τ cn
∂Tn

= − ∂

∂Tn

(
∂W̃n

∂τn

)/(
∂2W̃n

∂τ2n

)
,

which implies sgn

(
∂τ cn
∂Tn

)
= sgn

[
∂

∂Tn

(
∂W̃n

∂τn

)]
.

This sign is negative, and a similar relationship holds for τn and Ts
(see Appendix C). Therefore, we have the following proposition:

Proposition 3. The Northern tariff that maximizes Northern

consumer welfare is higher if IPR protection in the North or IPR

protection in the South is weaker. Mathematically, ∂τ cn/∂Tn < 0 and

∂τ cn/∂Ts < 0.

Proof. See Appendix. �
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Figure 1. Optimal combination of Tn and τn for consumer welfare. Tn(τn) is
the locus of all points with horizontal slopes. τn(Tn) is the locus of all points with
vertical slopes. (T ∗∗

n , τ∗∗
n ) is the first best combination.

That an increase in import tariff can increase domestic consumer

welfare is an interesting point, since most previous arguments for

an optimal tariff are based on its effect on increased profits of firms

and/or increased tariff revenue. Few previous theories have suggested

that a higher tariff can increase consumer welfare.

In fact, an increased tariff to compensate for inadequate IPR

protection is only a second best solution as far as the consumer

welfare is concerned. The first best solution would be for both a

tariff and IPR protection to be jointly optimally chosen to maximize

consumer welfare. See Figure 1.

In the figure, it can be seen that the first best solution is at

point A, denoted by (T ∗
n , τ

∗
n). The curve labeled τn(Tn) represents

the optimal value of τn as a function of any given Tn. If Tn is lower

(higher) than the first best, the optimal τn should be higher (lower)

than the first best. The curve labeled Tn(τn) represents the optimal

value of Tn as a function of any given τn. Again, if τn is lower (higher)

than the first best, the optimal Tn should be higher (lower) than the

first best.
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The intersection of the two curves yields the first best solution for

maximization of consumer welfare. Note that the first best optimal

tariff is not τn = 0 and the first best optimal IPR protection is not

Tn = T . There are interior solutions to both. Suppose there is very

little flexibility in the adjustment of Tn. Then curve τn(Tn) is the

relevant one for our analysis. If Tn is too low for the existing τn,

such as in point B, then consumer welfare can be improved with an

increased τn by shifting to point C.

To understand intuitively how an increased Northern tariff can

be used to (partly) supplement weak IPR protection, let us first

compare the similar welfare effects resulting from an increase in

Northern IPR protection and from a higher Northern tariff. Note

that by excluding profits and tariff revenue the welfare is simply

the consumer surplus, which decreases if the prices are higher but

increases when there is larger product variety (i.e. a greater M).

Since we cannot find any (costless) policy that will lower the prices

and at the same time stimulate innovation, policy measures that

maximize consumer welfare should be combined to strike a balance

with prices being not too high and innovations being not too few.

First, based on (12), we easily observe the two conflicting effects

of increasing Tn. On the one hand, consumer surplus is reduced

because all goods are charged at their monopoly prices for a longer

period of time. On the other hand, M is larger and hence consumer

surplus increases due to larger product variety. Second, those two

conflicting welfare effects are also present when τn increases: An

increase in the tariff results in higher prices paid by consumers for

all products during the import periods and thus lowers consumer

surplus; however, greater profits for the Northern innovators are

assured by a higher tariff and therefore there are more innovations

(i.e. M is larger), giving rise to greater consumer surplus. Clearly,

the Northern tariff plays a similar role as Northern IPR protection

and so the former can be used to supplement the latter when the

Northern government has more flexibility to adjust its tariff rate than

the patent length. For example, if IPR protection is too weak (Tn
too small), meaning that M is not big enough from the consumers’

point of view, we should raise the tariff to stimulate innovation. If,
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however, the IPR protection is already very strong (Tn very big),

welfare can be increased by depressing the prices through lowering

the tariff rate.

We now turn to the (partial) substitutability of τn for Ts. Unlike

Tn, Ts has a single effect on Northern welfare through its influence

on product variety: an increase of Ts raises M . Thus, as Southern

IPR protection becomes weaker, the North can raise its tariff rate

to at least partially compensate the Northern innovators, so that

their innovations will not decrease too drastically. On the other hand,

when Southern IPR protection becomes stronger, the North worries

less about innovation incentives but more about high consumer

prices, and thus the tariff rate should be lowered to dampen the

prices.

To summarize this section, we have demonstrated (in

Proposition 2) that there is a pro-innovation element in the optimal

Northern tariff. This is a new justification (motive or rationale) for

a Northern tariff. This effect of the tariff is to promote innovation,

not protect profits. Moreover, in Proposition 3, we have shown that

the optimal level of this tariff is higher (lower) if IPR protection,

in the North or South, becomes weaker (stronger). Hence, we have

identified the pro-innovation role of Northern tariffs, and its (partial)

substitutability for IPR protection. In the next section, we shall

compare the roles of Northern and Southern tariffs.

4 Trade Protection: By the North vs. by the South

The pro-innovation feature of the Northern tariff seems to imply

that maybe the Northern tariff is desirable not only for the North

but also for the world. What about the Southern tariff? If we allow

tariff protection, which region should be allowed to use it, the North

or the South? To answer these questions, we contrast the different

welfare effects of the Northern tariff and the Southern tariff.18

18Recall that we have ascertained their different impact on innovation as
summarized in Proposition 1.
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First, let us look at the Southern tariff’s impact on Northern

welfare. Differentiating gives:

∂Wn

∂τs
=M

∂wn

∂τs
+ wn

∂M

∂τs
. (15)

First, note that using (12) we have

∂wn

∂τs
=
∂πn
∂τs

= (T − Ts)
∂πns
∂τs

< 0.

Thus, the first term of (15) is negative. This is the familiar profit-

shifting result in the strategic trade literature and it has captured the

total effect in the conventional trade model of imperfect competition

without innovation and imitation. Thus, a foreign tariff is detrimental

to home welfare because it reduces the home producers’ profits.

Second, we turn to the second term of (15), which is negative

according to Proposition 1. This shows that in the present model

with innovation and imitation, the Southern tariff is more harmful

to the North than in the conventional model. To see this, recall

from Proposition 1 that an increase in τs shrinks the innovation

set because the Southern tariff reduces Northern firms’ profits. As

a result, in the North, consumers have a smaller product variety

and the government collects less tariff revenue. Northern welfare

unambiguously decreases. Based on this analysis we immediately

establish the following proposition:

Proposition 4. A Southern tariff is a beggar-thy-neighbor policy.

Its adverse effect on Northern welfare is more serious in the present

model with innovation and imitation than in the conventional model

without innovation and imitation.

We now consider the impact of a Northern tariff on Southern

welfare. We first derive the Southern steady-state flow welfare.

Similar to (10) and (11), we obtain the steady-state flow utility

derived from all products with t ≤ Ts

us(t) = TsM(1− α)

(
α2

c+ τs

)αε

,
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and the steady-state flow utility derived from all products with T ≥
t > Ts

ũs(t) = (T − Ts)M(1− α)

[
α(K + α)

(K + 1)c + τs

]αε
.

The total import by the South is

Vs =Mvs, where vs = TsA(c+ τs)
−αε

+(T − Ts)B(H,K)

{
(1− α)c− (K + α− 1)τs

[(H +K + 1)c + (H + 1)τs]ε+1

}
.

The steady-state flow profits of all Southern imitators are equal to

Πs =MK

[
T∑

t=Ts

πss(t) +
T∑

t=Tn

πsn(t)− e

]
=MK(πs − e),

where πs = (T − Ts)πss + (T − Tn)πsn. (16)

The Southern steady-state flow welfare, denoted by Ws(τ), is

defined as the sum of the flow consumer surplus, producer profit and

tariff revenue. Hence,

Ws(τ) =

Ts∑
t=1

us(t) +
T∑
Ts

ũs(t) + Πs + τsVs =Mws(τ) + Es (17)

where

ws(τ) = Ts(1− α)

(
α2

c+ τs

)αε

+ (T − Ts)(1− α)

×
[

α(H +K + α)

(H +K + 1)c+ (H + 1)τs

]αε
+K[(T − Ts)πss + (T − Tn)πsn − e] + τsvs.

Differentiating with respect to τn, we obtain

∂Ws

∂τn
=M

∂ws

∂τn
+ ws

∂M

∂τn
. (18)
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The first term on the right-hand side of (18), which is equal to

MK(T −Tn)∂πsn/∂τn, is negative, being the result of profit shifting.

Because of this, Southern welfare is reduced. However, the second

term is positive, which tends to increase Southern welfare. The

Northern tariff expands the innovation set, which in turn also gives

rise to a larger imitation set. As a result, in the South, consumers

enjoy larger product variety, there are more imitators earning positive

profits, and the government collects more tariff revenue. All these

lead to greater welfare for the South.

It is manifest from the above analysis that because the Northern

tariff is pro-innovation, its adverse effect on Southern welfare, if

any, is smaller in the present model with innovation and imitation

than in the conventional model without innovation and imitation.

Depending on the relative degrees of the positive and negative effects,

the Northern tariff may even increase Southern welfare, in which case

it is no longer a beggar-thy-neighbor policy.

In fact, it is not only a possibility that the South can benefit from

a Northern tariff. We can actually show that it is really true for some

values of τn. As Ws is a multivariable function including τn, whether

∂Ws/∂τn > 0 or not depends on various combinations of many

parameters and so finding the necessary and sufficient conditions

is intractable. Nevertheless, our purpose is to show that under some

meaningful conditions a Northern tariff is beneficial to the South.

Proposition 5 provides some results on this.

Proposition 5. Given all other parameter values, there exists a

unique b0 > 0 such that ∂Ws/∂τn > 0 if and only if b < b0.

Proof. See Appendix. �

It is clear why we need the condition for b. When b is sufficiently

small, increasing innovators’ market profits will lead to a large

increase in innovation M . This benefit to Southern consumers more

than offsets the loss of Southern profits due to an increase in the

Northern tariff. That is, when b is sufficiently small, the second

positive term in (18) is greater than the first negative term in absolute

value, leading to an increase in welfare in the South as τn increases.
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We have found that tariffs imposed by the North and the South

have very different consequences on the other region. How, then, are

they different in affecting global welfare? A related question is: If we

allow just one region to impose a tariff, should it be the North or

the South? The above analysis seems to indicate the desirability (or

lower undesirability) of the Northern tariff over the Southern tariff.

In the rest of this section, we seek an explicit answer to this question.

Steady-state flow global welfare is the sum of Northern welfare

and Southern welfare, and so it is defined as

W (τ) =Wn(τ) +Ws(τ) =Mw(τ) +En + Es,

where w(τ) = wn(τ) + ws(τ).

Differentiating with respect to the Southern tariff rate, we obtain

∂W (τ)

∂τs
=M

∂w

∂τs
+ w

∂M

∂τs
< 0.

The first term on the right-hand side is negative. This is the result

from conventional trade models without innovation and imitation,

that any region’s tariff lowers global welfare even if it may raise the

policy-adopting region’s welfare. The second term is also negative

because the Southern tariff reduces Northern firms’ innovation

incentives and so is detrimental to both regions. Hence, the Southern

tariff unambiguously reduces global welfare, and it reduces global

welfare more in the presence of innovation and imitation than in the

absence of innovation and imitation.

Differentiating global welfare with respect to the Northern tariff

rate, we obtain

∂W (τ)

∂τn
=M

∂w

∂τn
+ w

∂M

∂τn
. (19)

The first term on the right-hand side is negative. However, the second

term is positive, because Northern protection increases product

variety and thus both regions benefit. Therefore, innovation reduces

the detrimental effect of the Northern tariff on global welfare. It is

even possible that global welfare is improved by raising Northern
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tariff if the positive innovation effect is sufficiently strong. We show

this below.

Suppose τwn (with no restriction on its sign) maximizes global wel-

fare, then ∂W (τ)/∂τn = 0 at τn = τwn , assuming ∂2W (τ)/(∂τn)
2 < 0.

Differentiating this first-order condition with respect to Ts, we obtain

∂τwn
∂Ts

= − ∂

∂Ts

(
∂W

∂τn

)/
∂2W (τ)

(∂τn)2
and so sgn

(
∂τwn
∂Ts

)

= sgn

(
∂

∂Ts

(
∂W

∂τn

))
.

Then using (19), we have

∂

∂Ts

(
∂W

∂τn

)
=M

∂

∂Ts

(
∂w

∂τn

)
+
∂w

∂τn

∂M

∂Ts
+ w

∂

∂Ts

(
∂M

∂τn

)

+
∂M

∂τn

∂w

∂Ts
< 0

since the first term on the RHS is zero (using (6)–(8)) and the

third term is also zero (using (6)–(8)), while the second and the last

terms are both negative (∂w/∂τn < 0, ∂M/∂Ts > 0, ∂M/∂τn > 0,

∂w/∂Ts < 0).19

As a result, ∂τwn /∂Ts < 0. That is, for weaker IPR protection

in the South, the Northern tariff which is required to maximize

global welfare should be higher, for otherwise the amount of inno-

vation would be too small. The same result holds for the IPR

protection in the North: ∂τwn /∂T n< 0. (Proof is the same as the

Southern IPR).

It remains to show that τwn is positive under certain conditions.

While general conditions are difficult to obtain, by focusing on the

19The last inequality, ∂w/∂Ts = ATs(c+τs)
−αε/2−(H+1/2)πns+(1−α)[α2/(c+

τs)]
αε−(1−α)[α(H+K+α)/[(H+K+1)c+(H+1)τs]

αε−Kπss+Aτs(c+τs)
−αε−

B(H,K)τs {[(1− α)c− (K + α− 1)τs]/[H +K + 1)c+ (H + 1)τs]
(ε+1) < 0, can

be confirmed by intuition: given that innovation is not changed (i.e. M is fixed
here), increasing patent length increases patent holders’ profits, reduces imitators
profits, reduces consumer surplus, and reduces social welfare.
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following parameter values as an example: α = 0.5, T = 30, Tn =

20, b = 2, e = 1, c = 1, H = K = 1 and τs = 0, we obtain,

∂W

∂τn
=

25

16(3 + τn)4
[(9− 2τn)(1 + 2τn)w

+(39− 384τn − 224τn)M ] > 0 at τn = 0 and for all Ts.

This shows τwn > 0. When τn is sufficiently large, it is sure that

increased Northern tariff will reduce global welfare. But the above

results have shown that for a range of τn ∈ [0, τwn ), global welfare

continue to increase as the North raises its tariff. This range is larger

if the IPR protection is weaker (Ts is smaller or Tn is smaller). Hence,

we have

Proposition 6. A higher Northern tariff supplements weak IPR

protection in the world, in the sense that a weaker IPR protection in

the North or the South raises the globally optimal Northern tariff.

A corollary of the above proposition is that, starting from a point

of optimal Northern tariff for given levels of Ts and Tn, an increase

in Northern tariff will be globally welfare-improving in the face of

a decrease in IPR protection in one of the regions. This result is in

sharp contrast to the role of an increase in Southern tariff, which

always reduces global welfare. Therefore, we conclude that Southern

tariffs are more detrimental to world welfare than Northern ones

in innovation-intensive sectors where innovations concentrate in the

North, and IPR protections are weak in both regions. One example

that comes to mind is internet-related products.

The (partial) substitutability of the two instruments, Northern

IPR protection and Northern tariff, for the sake of world welfare

is apparent, since the effects of the two policies are very similar.

A stronger IPR protection in the North increases the profits of the

Northern innovators at the expense of Northern consumer welfare,

and results in an increase in deadweight loss in the North. This is the

marginal cost of Northern IPR protection. The marginal benefit of

Northern IPR protection is the increase in the number of innovations,

which benefits both Northern and Southern consumers. The optimal

Northern IPR protection would strike a balance between the two
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effects. An increase in Northern tariff protection increases the profits

of Northern innovators and Northern imitators, and increases the

deadweight loss in the North. This is the marginal cost of Northern

trade protection. The marginal benefit of Northern trade protection

is again an increase in number of innovations. An optimal Northern

tariff would strike a balance between the two effects. Therefore, the

two policies have similar effects on world welfare. A Northern tariff

should be a less effective tool for encouraging innovation, in the

sense that for the same increase in deadweight loss, the increase

in innovator profits is smaller, since some increase in profits go to

Northern imitators as well. Thus, the optimal Northern tariff may

not be positive, but it is more likely so when Tn and Ts are both

small.

5 Concluding Remarks

In a North-South trade model with innovation and imitation, we

have shown how trade policy and IPR policy in the two regions

affect innovation and imitation. The central message from this study

comes from its answers to the question: what are the differing roles

of Northern and Southern tariffs in a world with innovation and

imitation, where innovations concentrate in the North? We have

argued that unlike conventional trade models without innovation

and imitation, the Northern tariff protects not only profits but also

innovation and thus supplements weak IPR protection as a second

best policy. Because of the consideration of innovation and imitation,

the effects of Northern tariff and Southern tariff are qualitatively

different. The former may not be a beggar-thy-neighbor policy but

the latter is. Global welfare declines as the South raises its tariff, but

under some circumstances it rises as the North raises its tariff. Hence,

Northern tariffs are less harmful to world welfare than Southern ones

in innovation-intensive sectors where innovations concentrate in the

North, and IPR protection in the world is weak. Moreover, it would

benefit the North to subsidize trade liberalization of the South in

these sectors, since the South’s loss would be more than offset by the

North’s gain.
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Under imperfect competition, if we take into account innovation

and imitation, there is one more motive for tariff protection in

the North — improving consumer welfare by encouraging more

innovation. This is an interesting finding since few previous analyses

have pointed out that tariff protection can improve consumer welfare

through encouraging more innovations. The underlying point is that,

from the consumer welfare point of view, taxing at least some of

the imitators can serve as a partial substitute for strengthening a

weak IPR protection regime. This general principle holds in a closed

economy as well as a global economy with trade.

What about the robustness of the results? As any other economic

model, this one is built upon a number of assumptions. Among

these, those deserving attention are the specific utility function, the

absence of price competition between products, and the location

where innovation takes place. Let us focus our discussion on the

implications of allowing innovation to take place in the South. We

conjecture that the qualitative aspects of our results would continue

to hold if (a) IPR protection is much stronger in the North than in the

South, (b) the ability to innovate is much higher in the North than

in the South. Condition a alone would have resulted in much more

innovation in the North than in the South even if both regions have

an equal ability to innovate. Their difference in innovative ability

described in b further widens the gap. Therefore, we would have the

situation in which the North does most of the innovation and the

South does only a little bit. Then, the effects of a Northern tariff

and a Southern tariff would be similar to what have been presented

in this paper. Finally, assuming the South has lower imitation cost

would not alter our results.

There are two more caveats worth mentioning. First, our model is

set in a partial-equilibrium environment, with expanding-variety type

of innovation. This analysis is appropriate for certain purposes, yet

may not be appropriate for others. When innovation is of the quality-

improvement kind, a tariff increases the profits of an existing vintage,

whose patent has expired, more than it increases the profits of a new

(yet to be invented) vintage, whose profits are unaffected by the tariff.

As a result, Arrow’s “replacement effect” becomes more severe with a
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tariff, which reduces the incentive to innovate by the innovator of the

existing vintage. Therefore, a tariff can reduce innovation. Second, if

tariffs are imposed on a sufficiently large segment of the economy so

that general-equilibrium effect cannot be ignored, a Northern import

tariff can possibly deter innovation. This is because more production

will stay in the North, which competes for resources (workers) for

R&D, raising wage and lowering the returns to innovation, thus

reducing innovation. Despite these caveats, however, we believe the

model can apply to certain important sectors of the economy.

We should reiterate that in this paper we are not trying to argue

for increasing trade protection. Rather, the message we would like

to convey is that trade protection by the South is more detrimental

to world welfare than by the North in innovation-intensive sectors

where IPR protection in both regions are weak, such as the internet-

related products. Therefore, the North should perhaps subsidize

trade liberalization in the South.
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Appendix

A. Proof of Proposition 1

Based on (6) and (8) we have

M =
πn
b
, (A1)
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where πn is given in (7). From (A1), differentiating M with respect

to Tn and Ts, respectively, yields

∂M

∂Tn
=
πmnn − πnn

b
> 0 and

∂M

∂Ts
=
πmns − πns

b
> 0.

The inequalities hold because the Northern innovator’s monopoly

profit is greater than its profit from oligopolistic competition.

Again, differentiating (A1) with respect to τn and τs, respectively,

yields

∂M

∂τn
=

(T − Tn)

b

∂πnn
∂τn

> 0 and
∂M

∂τs
=

(T − Ts)

b

∂πns
∂τs

< 0. �

B. Proof of Proposition 3

Since the profit term and tariff revenue term do not show up in the

welfare function we define consumer welfare as

W̃n =M(1− α)w̃n + En

where w̃n = Tn

(
α2

c

)αε

+ (T − Tn)

[
α(H +K + α)

(H +K + 1)c+Kτn

]αε
.

Then the first order condition for an optimal Northern tariff τn
is equivalent to

M
∂w̃n

∂τn
+ w̃n

∂M

∂τn
= 0. (B1)

Moreover,

ε
∂

∂Tn

(
∂W̃n

∂τn

)
=M

∂

∂Tn

(
∂w̃n

∂τn

)
+ w̃n

∂

∂Tn

(
∂M

∂τn

)

+

(
∂w̃n

∂τn

)(
∂M

∂Tn

)
+

(
∂w̃n

∂Tn

)(
∂M

∂τn

)
. (B2)
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Note that

∂w̃n

∂τn
= −αεK(T − Tn)

[α(H +K + α)]αε

[(H +K + 1)c+Kτn]ε
,

∂

∂Tn

(
∂w̃n

∂τn

)

= −
(

1

T − Tn

)
∂w̃n

∂τn
.

From (7) and (8) we can obtain

∂M

∂τn
=

(
T − Tn

b

)
∂πnn
∂τn

> 0,
∂

∂Tn

(
∂M

∂τn

)
= −

(
1

T − Tn

)
∂M

∂τn
.

Substituting these into (B2) and using the first order condition (B1),

we can immediately see that the sum of the first two terms of (B2)

is equal to zero.

Recall from Proposition 1 that ∂M/∂τn > 0 and ∂M/∂Tn > 0.

And also note that consumer surplus decreases as Tn or τn increases,

that is ∂w̃n/∂Tn < 0 and ∂w̃n/∂τn < 0. We know that the third

and fourth terms of (B2) are negative. The rest of the proof becomes

obvious.

The proof of dτ cn/dTs < 0 is the same as above and so is

omitted. �

C. Proof of Proposition 5

Let

Φ ≡ ∂ws

∂M
= Ts(1− α)

(
α2

c+ τs

)αε

+ (T − Ts)(1− α)

×
[

α(H +K + α)

(H +K + 1)c + (H + 1)τs

]αε
+K[(T − Ts)πss + (T − Tn)πsn − e] + τsvs > 0.

Using (6) and differentiating (8) with respect toM , gives ∂M/∂τn =

(1/b)(T − Tn)(∂πnn/∂τn). Then differentiating (17) with respect to
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τn yields

∂Ws

∂τn
=MK(T − Tn)

∂πsn
∂τn

+
1

b
(T − Tn)Φ

∂πnn
∂τn

. (C1)

From (2), we obtain

∂πsn
∂τn

= −B(H,K)[(1− α)c − (H + α)τn]

[(H +K + 1)c+Kτn]2+ε

·

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

2α[(H +K + 1)c+Kτn] + (1 + ε)K[(1− α)c

−(H + α)τn]

H +K + α

⎫⎪⎪⎪⎬
⎪⎪⎪⎭

< 0.

Using this and (3) in (C1), we obtain that

∂Ws

∂τn
> 0 iff b < b0 where

b0 ≡ [(1− α)c +Kτn]{ε[2(1 − α)c − (H + α)τn] + αc}Φ
M [(1 − α)c− (H + α)τn]{2α[(H +K + 1)c +Kτn]

+(1 + ε)K[(1− α)c − (H + α)τn]}
> 0.

This completes the proof. �
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Chapter 8

Intellectual Property Rights Protection and
Endogenous Economic Growth∗

Abstract
The main purpose of the chapter is to examine the impact
of intellectual property rights (hereinafter IPR) protection on
economic growth and welfare. To achieve this aim, we make use of
an expanding-variety type R&D-based endogenous growth model.
We work out the transitional dynamics of a shock in IPR protection
and account fully for the loss in current consumption and gain
in consumption growth due to a tightening IPR protection. We
find that there exists an optimal degree of IPR protection in our
model. We then calibrate our model by US data, and found that
under-protection of IPR is much more likely than over-protection.
Moreover, in the case of over-protection, the welfare losses are
trivial; whereas in the case of under-protection, the welfare losses
can be substantial.

1 Introduction

The main purpose of the paper is to examine the impact of intellec-

tual property rights (hereinafter IPR) protection on economic growth

and welfare. To achieve this aim, we make use of an expanding-variety

∗By Yum K. Kwan and Edwin L.-C. Lai. Originally published in Journal of
Economic Dynamics and Control, 27 (2003), pp. 853–873. Copyright c© 2002 by
Elsevier Science B.V. It has been reprinted with revisions and permission from
the original publisher. The difference with the original published paper is that a
corrigendum is added at the end.
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type R&D-based endogenous growth model a la Romer (1990). The

simplest way to model IPR protection is to assume that imitation

is costless, and that stronger IPR protection lowers the rate of

imitation. This is the approach we adopt here.1

The conventional wisdom in the literature about strengthening

IPR protection is that it encourages investment in R&D, yet

depresses current consumption. Since there is a tradeoff between

current loss in consumption and future gain in growth rate, there is

a possibility of the existence of an optimal degree of IPR protection.

The existence and properties of such an optimum, however, have

not been confirmed before in the endogenous growth literature,

partly because it involves a full characterization of the transitional

dynamics of the rate of innovation and fraction of goods imitated

in the economy. If transitional dynamics are not considered, and

one focuses only on the steady state, then the welfare analysis is

misleading. In fact, steady state welfare is maximized when growth

rate of consumption is maximized. This will be achieved by protecting

IPR fully and forever. Obviously, such a corner solution is intuitively

unappealing and also counter-factual, since the transitional welfare

gains and losses are not taken into account. This paper shows that

once transitional dynamics are taken into account, there exists a

finite optimal degree of IPR protection.

One contribution of our paper is that we compute the optimal

IPR by working out the transitional dynamics of a shock in IPR

protection and accounting fully for the loss in current consumption

and gain in consumption growth due to a tightening of IPR protec-

tion. Specifically, we find that when the government announces an

immediate increase in IPR protection, there is an immediate drop in

current consumption and an immediate increase in the rate of growth

of consumption, as well as overshooting of the rate of innovation. The

instantaneous fall in consumption is caused by an expansion of the

R&D sector, which bids up interest rate and induces more saving.

1If we assumed that imitation is costly, then tightening IPR protection amounts
to increasing the cost of imitation. In that case, we believe similar results would
obtain.
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On the other hand, higher investment in R&D leads to higher growth

of consumption following the initial level drop. At the optimal level

of IPR, the marginal cost due to current consumption loss is equal

to the marginal gain due to consumption growth. We are able to

compute this optimal level of IPR, the existence and significance of

which has not been established in the literature.

Another contribution of our paper is that it estimates the welfare

loss due to deviation of the current IPR protection in the US from

the optimal level. We conclude that under-protection of IPR is

potentially a very important reason for under-investment of R&D.

This is complementary to other work in the literature (e.g. Jones

and Williams, 1998, 2000). To assess quantitatively the welfare

significance of optimal IPR protection, we calibrate our model by

US data on long-term growth rate, mark-up factor in manufacturing

industries, time rate of preference and intertemporal elasticity of

substitution. The calibration results indicate that there is under-

protection of IPR (relative to the optimal level) within plausible

range of parameter values, and that under-protection of IPR is

much more likely than over-protection. More complete computation

indicates that in the case of over-protection, the welfare losses are

trivial; whereas in the case of under-protection, the welfare losses can

be substantial. One interpretation of this result is that the US should

protect IPR much more than it currently does.

Our specification of R&D draws from the “laboratory equipment”

model used in Rivera-Batiz and Romer (1991). The dynamic analysis

is similar to that of Helpman (1993). Helpman studies the effect

of IPR protection in the South on the welfare of the North and

the South in a two-region global economy. Contrary to our main

objective, he does not attempt to find whether there is an optimal

degree of IPR, nor is he interested in whether there is under-

protection of IPR in the global economy.2

2In fact, it is not clear whether there exists a globally optimal IPR in his model.
Stronger IPR in the South actually reduces the rate of innovation in his model
with Southern imitation and endogenous rate of innovation.
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There are by and large two types of R&D-based endogenous

growth models: expanding-variety type and quality-ladder type.

O’Donoghue and Zweimuller (1998) construct a quality-ladder type

R&D-based endogenous growth model in the tradition of Grossman

and Helpman (1991a) and Aghion and Howitt (1992). They merge the

patent-design literature and endogenous-growth literature incorpo-

rating both length and breadth of patent in the quality ladder. They

point out the short-comings of the partial equilibrium patent-design

analyses, which omit the general equilibrium effects. One of these

effects is that when multiple industries use patent protection, the

monopoly distortion effect can be greatly diminished. In our model,

rather than the tradeoff between static and dynamic efficiency, the

central issue is the tradeoff between loss in current consumption and

gain in consumption growth when IPR protection is strengthened

across industries. Futagami et al. (1996) study optimal patent length

in a Grossman–Helpman type quality-ladder model. Although they

identify an optimal patent length under certain conditions, there is

no transitional dynamics as in our model. Nonetheless, their work is

an interesting complement to our paper.

Our result suggests that there is under-investment in R&D due

to under-protection of IPR. This under-investment result echoes

that of Jones and Williams (1998), who find that the US under-

invested in R&D by a factor of two to four. Jones and Williams

(2000) is an attempt to account for the relative importance of the

various externalities that are responsible for the deviation of the

market equilibrium from the optimal level of R&D, such as knowledge

spillovers, “stepping on toes” effect, and creative destruction. Our

quantitative result points out that under-protection of IPR is another

important reason for under-investment of R&D. Our contention that

IPR protection is an important determinant of growth is echoed by

the work of Jones (2001), who argues that property rights protection

is responsible for the emergence of the “industrial revolution” in the

20th century.

Our closed-economy result should be readily extended to an

international setting. For example, Lai (1998a) finds that the rate

of innovation increases with stronger IPR in both the North and the

South as long as DFI (direct foreign investment) is the major channel
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of international technology diffusion. Accordingly, an optimal degree

of IPR should also exist in a global economy. However, in a

two-country setting, there are additional issues to be addressed,

e.g. How are the effects of Southern IPR protection different from

those of Northern protection?; and, Should there be harmonization

of IPR standards? Moreover, the channel through which international

technology diffusion occurs can affect the results.3

Section 2 lays out the model, and derive the dynamics when there

is an immediate increase of IPR protection. The optimal degree of

IPR protection is derived. In Section 3, we calibrate the model to the

US economy. Since closed form solution is not possible, we solve the

dynamic general equilibrium numerically, and compute the optimal

degrees of IPR protection that correspond to different assumed actual

monopoly durations of the innovators. Section 4 concludes with some

discussion on future extensions.

2 The Model

The model is a dynamic general equilibrium one, with expanding-

variety type R&D as the engine of growth. There is only one

final good, which can be used for consumption, for production of

intermediate goods, and for R&D, which is needed to invent new

varieties of intermediate goods. The production function for the

final good is characterized by an expanding variety of producer

intermediates of the form:

Y = L1−α

∫ A

0
x(i)αdi, 0 < α < 1 (1)

where Y is the quantity of final good; L is labor input; x(i) is the

variety of producer intermediates with index i; and A, the number

of varieties, increases over time as a result of innovations. The final

good market is perfectly competitive.

3These channels can include DFI, imitation, or licensing of technology. Contrary
to Lai (1998a), when DFI does not play a central role in international technology
diffusion, stronger Southern IPR can lead to lower rate of innovation, such as in
Helpman (1993), Grossman and Helpman (1991b) and Glass and Saggi (2002).
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The intermediate good market is monopolistically competitive

a la Dixit and Stiglitz (1977), Ethier (1982) and Romer (1990).

Sellers are innovators of intermediate goods and buyers are final good

producers. There is no uncertainty in innovation. Motivated by the

prospect of monopoly profit, an innovator invests in β units of final

good and obtains a blueprint of a new variety. It then earns the

opportunity to produce the new intermediate good at unit marginal

cost (i.e. the cost of one unit of final good) and sell the differentiated

intermediate good at a profit-maximizing markup of 1/α.

To allow a role for IPR protection, following Helpman (1993), we

assume an imitation process of the form

Ȧc = μ(A−Ac), μ > 0 (2)

The variable Ac is the number of goods that have been imitated;

whereas A−Ac is the number of goods that have not been imitated

and thus available for imitation. The parameter μ captures the

strength of IPR protection, with higher value meaning weaker

protection. It is the hazard rate at which the market power of an

intermediate good producer disappears at the next date, given that

its market power has not been eroded so far. This rate is defined

as the rate of imitation. The rate of imitation is dependent on

many factors. One way to capture explicitly all these factors is to

decompose μ into two terms: μ ≡ ιδ, where ι is the natural rate of

imitation (the rate of imitation when there is no IPR protection

at all), and 0 < δ < 1 is an index of the strength of IPR

protection provided by the government, with higher δ representing

weaker protection. Full IPR protection implies that δ = 0, and no

IPR protection implies that δ = 1. The parameter ι is dependent

on the level of technology, use of masking or other measures by

the innovator to prevent or delay imitation, the stock of human

capital, entrepreneurship, entry barriers, anti-trust policies, etc.

The parameter δ is dependent on patent length and breadth, laws

on trademark, copyrights and trade secrets, and enforcement of

IPR. Although μ is influenced by an array of factors, we assume

that government IPR policy only affect δ, while ι is assumed to

be constant. Therefore, we regard μ as a parameter that can be



Intellectual Property Rights Protection and Endogenous Economic 261

controlled by the government through its IPR policy. Hereinafter,

we shall refer to a tightening of IPR protection as a decrease in μ

(caused by a decrease in δ).4

Once a product is imitated, we assume that competition will

drive the price down to marginal cost. Thus, we can classify the

intermediate goods into two groups: goods with index i ∈ (0, Ac)

are the imitated ones that are competitively priced, and the rest,

with index i ∈ (Ac, A), that are still under monopoly. The demand

functions for the two groups are

x(i) =

{
Lα1/(1−α) ≡ xc, i ∈ (0, Ac)

Lα2/(1−α) ≡ xm, i ∈ (Ac, A)
(3)

Clearly, xm < xc, which reflects the usual monopoly distortion

in resource allocation. To simplify the analysis, we assume that

imitation is costless.5 It follows that the resource constraint for the

4The imitation (or technology diffusion) function we adopt, with constant hazard
rate of imitation, has been used by others, such as Grossman and Helpman
(1991b) and Eaton and Kortum (1999). Eicher (1999) contends that the level
of human capital of the host country affects the international rate of diffusion of
technology. As mentioned above, the existence of effects other than IPR protection
in affecting the rate of imitation is not denied in our model, and can be easily
incorporated into the model if necessary to address other questions.
5Assuming costly imitation would make the analysis more complicated without
altering the basic conclusion of the paper, namely, there is under-protection
of IPR and under-investment in R&D in the US economy. The reasons are as
follows. First, Assuming non-trivial cost of imitation implies that there is an
under-estimation of welfare gains from increasing IPR, as there are resources to
be saved by reducing imitation effort. Thus, our estimate of the welfare gains
from strengthening IPR is a lower bound. However, this actually strengthens our
central conclusion that there is under-protection of IPR. Second, the assumption
of non-trivial imitation cost makes the analysis less tractable: when imitation cost
is non-trivial, the post-imitation market would become imperfectly competitive
in equilibrium, making the analysis more complicated. Finally, imitation costs
may well be quite low in reality. Mansfield et al. (1981) finds that the cost of
imitation on the average is about 0.6 times the cost of innovation. However, with
the advent of the knowledge-based economy, there are more and more products for
which the costs of imitation are very small compared with the cost of innovation
(e.g. duplication of software), and Mansfield’s estimates of average imitation costs
are probably outdated by now.
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economy can be written as

Y = C + βȦ+Acxc + (A−Ac)xm (4)

where C is aggregate consumption.

Taking into account μ and the instantaneous profit at each future

date, a potential innovator decides whether or not to enter into

the innovation business. Under the assumption of free entry into

the innovation business, the present discounted value (PDV) of net

profits of an innovator is equal to zero in equilibrium. That is, the

rate of return to innovation, rm, must be equal to the real interest

rate adjusted for imitation risk:

rm = r + μ (5)

From (3) it follows that the rate of return rm = (L/β)

α2/(1−α)(1/α−1). The value of a firm equals to the cost of innovation

if there are no barriers to entry in the innovation business. Therefore,

the PDV of the net profits of a firm is zero. If there are entry barriers

in the innovation business, the PDV of net profits of an innovator is

positive. The higher the barriers, the larger the PDV of net profits.

The representative consumer, who also owns the firms, is assumed

to choose a consumption path c(t) to maximize the utility function

U =

∫ ∞

0

[
c(t)1−θ − 1

1− θ

]
e−ρtdt, θ > 0 (6)

subject to the usual life-cycle budget constraint with asset value

equal to the value of the firms. Applying standard optimal control

arguments and making use of (5), we can write the consumer

optimality condition as

γc ≡ Ċ

C
=

1

θ
(rm − μ− ρ) (7)

2.1 Transitional dynamics

Define g ≡ Ac/A and h ≡ C/(βA). The variable g is the

fraction of goods that have been imitated and thus g ∈ [0, 1]. The

variable h is a scaled and normalized version of consumption C.
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Using (1)–(4) and (7), it can be shown that the dynamics of

the market equilibrium can be summarized by two differential

equations: {
ġ = μ(g−1 − 1) + γ1g + γ2h+ γ3

ḣ = γc + γ1g + γ2h+ γ3
(8)

where γ1 ≡ −rm[α−1/(1−α) − α−1 − 1] < 0; γ2 ≡ 1; γ3 ≡ −rm(1 +

α)/α < 0.6 Equations (8) is an ordinary differential equation system

of which a stable solution is determined by an initial condition at

t = 0 and a boundary condition at t = ∞. The boundary condition

is given by the steady state

g∗ =
μ

γc + μ
, h∗ = −γ1

γ2
g∗ − γc + γ3

γ2
(9)

Note that if μ = 0, (8) is linear and admits a closed form solution.

Figure 1 depicts the system’s phase diagram which summarizes the

transitional dynamics. The two curves corresponding to ġ = 0 and

ḣ = 0 always intersect, though not necessarily at positive h. A

sufficient condition for the existence of a positive steady state is the

ḣ = 0 curve having a positive intercept, i.e. γc + γ3 < 0. The phase

diagram reveals that the dynamic system is saddle-path stable. Along

the stable arm, if the economy starts from point X at which g and h

are below the steady state, both g and h will rise monotonically along

the transitional path. Similarly, starting from point Y at which g and

h are above the steady state, both g and h decline monotonically

during the transition.

2.2 Comparative dynamics around the steady state

We can learn more about the transitional dynamics by linearizing the

differential equation system around the steady state. The linearized

6Although γ1, γ2 and γ3 are independent of μ, changes in μ have both a static
effect (level effect) and a dynamic effect (growth effect). See Section 2.2 for more
detail.
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X

0=g·

0=h
·

g

h

h*

g*

Stable saddle path

0

Y

Figure 1. Transitional dynamics.

version can be written as[
ġ

ḣ

]
=M ·

[
g − g∗

h− h∗

]
(10)

where M is a 2× 2 matrix with the (i, j) element aij being

a11 = −μ · (g∗)−2 + γ1 < 0; a12 = a22 = γ2 > 0; a21 = γ1 < 0

(11)

Let λ1 and λ2 be the two eigenvalues of M . Since λ1λ2 =

|M | = −μγ2(g∗)−2 < 0, λ1 and λ2 must be real and opposite in

sign. This means that the dynamic system is saddle-path stable,

confirming the qualitative conclusion of the phase diagram. Solving

the characteristic equation |M − Ix| = 0, the two eigenvalues are

λ1 =
1

2

[
(a11 + a22) +B1/2

]
, λ2 =

1

2

[
(a11 + a22)−B1/2

]
(12)



Intellectual Property Rights Protection and Endogenous Economic 265

where B = (a11 + a22)
2 − 4|M | > 0. Since the two eigenvalues are of

opposite sign, it follows that λ1 > 0 and λ2 < 0. The general solution

of the linearized system is

{
g(t) − g∗ = b1ν11e

λ1t + b2ν12e
λ2t

h(t)− h∗ = b1ν21e
λ1t + b2ν22e

λ2t
(13)

where [ν1i ν2i]
′ is the eigenvector corresponding to λi, i = 1, 2, and

b1 and b2 are constants to be determined by boundary conditions.

Using the initial condition g(0) and the asymptotic boundary

condition g(∞) = g∗, which characterizes the stable saddle-path,

it follows that b1 = 0 and b2 = g(0) − g∗. Normalize ν12 = 1 and

write ν22 ≡ ν and λ2 ≡ λ < 0, we have

{
g(t) = g∗ + [g(0) − g∗]eλt

h(t) = h∗ + [g(0) − g∗]veλt
(14)

Let us determine the sign of ν. By definition,

[
a11 a12
a21 a22

] [
1

ν

]
= λ

[
1

ν

]
(15)

Solving for ν, and using (11) and (12), it follows that

v = (λ− a11)/a12 = −a21/(a22 − λ) > 0 (16)

By combining the two equations in (14), we obtain the “policy

function” h(g) (as in dynamic programming) which is nothing but

the equation for the stable saddle-path on the phase diagram:

h(g) = (h∗ − νg∗) + νg (17)

Thus, around the steady state, h′(g) = ν > 0 so that the stable

saddle-path is upward sloping, confirming what we have found from

the phase diagram. Now, let us evaluate the impact of a change in μ

on the paths of g and h. Using (7) and (9), it is straightforward to
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check that both g∗ and h∗ increase with μ:

∂g∗

∂μ
=

θγc + μ

(γc + μ)2θ
> 0,

∂h∗

∂μ
= −γ1

γ2

∂g∗

∂μ
+

1

θγ2
> 0 (18)

For analytical tractability, following Helpman (1993), we consider

the first order response of (g, h) to changes in μ by differentiating (14)

with respect to μ, while ignoring the impact of μ on λ and ν:

∂g(t)

∂μ
= (1− eλt)

∂g∗

∂μ
≥ 0 (19)

∂h(t)

∂μ
=
∂h∗

∂μ
− veλt

∂g∗

∂μ
= F (t) · ∂g

∗

∂μ
+

1

θγ2
> 0 (20)

where F (t) ≡ {−γ1γ2(1−eλt)+γ1λ}/{γ2(γ2−λ)} > 0. In particular,

at t = 0, ∂g(0)/∂μ = 0, implying that there is no jump in g as μ

decreases (IPR protection tightens). However, ∂h(0)/∂μ > 0, which

means that there is a downward jump in h as μ decreases. On the

phase diagram, such a downward jump of the initial h shows up

as a downward shift of the entire stable saddle-path as illustrated

in Figure 2. Suppose we start from X on the saddle-path h(g;μ)

Y

X

g(0)
g

h(0)

);( μgh

)′;( μgh

μμ <′

Saddle path

h

Figure 2. The shift of the saddle path as μ changes.
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corresponding to a certain value of μ. Now suppose IPR protection

is tightened so that μ ↓ μ′. The value h(0) ≡ h(g(0);μ) is no longer on

the equilibrium path; rather, the equilibrium initial h should take a

discrete downward jump fromX to Y , with the size of the jump given

by ∂h(0)/∂μ. Since X is arbitrary, this implies that the entire saddle-

path must shift downward as shown. Alternatively, the downward

shift of the saddle-path can be discerned by differentiating the policy

function (17) with respect to μ. Note that the entire saddle-path is

changed as μ changes, as shown in Figure 2. The downward jump of

C at t = 0 cannot be accounted for without solving for the entire

new equilibrium saddle-path.

For t > 0, we see that ∂g(t)/∂μ > 0 and ∂h(t)/∂μ> 0. Thus,

following a fall in μ (tightening IPR protection), both g and h fall

at each point in time and converge to the new steady state. Figure 3

illustrates the comparative dynamics on the phase diagram, whereas

Figures 4 and 5 show the time paths of g and h as IPR is tightened.

In this model, the transitional dynamics of (g, h) is monotone,

unlike Helpman (1993) in which the transitional adjustment may

be non-monotone.

X

Y

g(0)

h

h(0)

);( μgh

)′;( μgh μμμ << ′′′

Saddle path

Z

Y ′

Z ′

)′′;( μgh

g

Figure 3. Transitional dynamics of g and h when there is a shock in μ.
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New and old g(0)

AAg c/≡

New steady state g*

t
0

Figure 4. The time path of g with a tightening of IPR protection at t = 0.

New steady state h*

Old h(0)

New h(0)

C A/βh ≡

t
0

Figure 5. The time path of h with a tightening of IPR protection at t = 0.
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We can say more about the impact of changes in μ on the

innovation rate Ȧ/A. Starting from (4) and making use of (1) and

(3), we can write

Ȧ

A
= −γ1g − γ2h+ β3 (21)

where β3 ≡ (L/β)α2α/(1−α)(1 − α2) > 0. Differentiating (21) with

respect to μ and making use of (18)–(20), and (16), it can be shown

that

∂

∂μ

(
Ȧ

A

)
= H(t)− 1

θ
< 0,

where

H(t) ≡ −∂g
∗

∂μ

[
γ1λ

γ2 − λ

]
eλt < 0 (22)

Clearly, H(t) ↑ 0 as t → +∞. This implies that there will be

an initial over-shooting of the innovation rate Ȧ/A as μ is lowered

(IPR protection is tightened). As t increases, ∂(Ȧ/A)/∂μ gradually

approaches the long run value −1/θ = ∂γc/∂μ. Figure 6 depicts

γc( ′)

γc(μ

μ

)

New A/A
·

at t = 0

Old AA/
·

at t = 0

A/A
·

|H(0)|

1/

t

Innovation rate

0

μ′ < μθ

Figure 6. The impact of tightening IPR protection (lower μ) on the innovation
rate.
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the dynamic adjustment path of the innovation rate in response

to tightened IPR protection. The economy starts out at a steady

state at which the innovation rate is equal to γc(μ), given a certain

level of IPR protection corresponding to μ. The new, tightened IPR

protection level (with the corresponding μ′ < μ) implies a higher

steady state growth rate γc(μ
′) = γc(μ) + 1/θ. The innovation

rate initially overshoots by the amount |H(0)| and then gradually

converges to the new steady state growth rate.

2.3 Tightening IPR protection — Current loss vs.

future gain

Tightening IPR protection will induce an immediate loss of current

consumption arising from the expansion of the R&D sector, but a

gain in future consumption as a result of more investment in R&D,

which induces faster innovation and faster growth. More precisely,

there will be a downward level shift of the entire consumption

path, but the path will become steeper as a result of faster growth.

We have already seen the consumption level shift in Figure 2,

because h ≡ C/(βA) is nothing but a scaled and normalized

version of consumption C. To see more clearly the tradeoff between

current and future consumption, let us find out the equilibrium

consumption path. The consumer optimality condition (7) requires

that equilibrium consumption grows at the rate γc[μ] = (rm−μ−ρ)/θ
which depends negatively on μ: C(t) = C(0) exp(γc[μ]t). Rewrite

h(t) as h[t;μ] to emphasize its dependence on μ, by definition

of h, we can write the equilibrium consumption path as C(t) =

βA(0)h[0;μ] exp(γc[μ]t). Taking logarithm and differentiating with

respect to μ, we have

∂ lnC(t)

∂μ
=

1

h(0)

∂h[0;μ]

∂μ
+
∂γc[μ]

∂μ
· t (23)

The first term on the right hand side of (23) measures the extent

of the consumption level shift at t = 0, where ∂h[0;μ]/∂μ > 0 is given

by (20) above. Such a level shift in the consumption path signifies the

loss in current consumption from tightening IPR protection. Since



Intellectual Property Rights Protection and Endogenous Economic 271

lnC(t)

0t
t

Figure 7. The time path of C(t) when a tightening of IPR protection is
announced at date t0.

∂γc[μ]/∂μ = −1/θ, the second term on the right hand side of (23)

measures the steepening of the consumption path, which represents

the gain in consumption growth from tightening IPR protection.

Figure 7 displays the time path of C(t) before and after a tightening

of IPR protection is announced.

Unlike the innovation rate which exhibits overshooting behavior,

the consumption growth rate has no transitional dynamics. Along the

transitional path, the fraction of sectors that have competitive pricing

is falling, reducing the quantity of goods demanded, and releasing

resources for innovation. And yet these adjustments take place while

insulating consumption growth from their effects. This somewhat

peculiar feature of the model stems from specific functional forms

employed (e.g. the Dixit–Stiglitz expanding variety form (1)) and the

very simple imitation technology (2) which features a constant hazard

rate μ. The no arbitrage condition (5) pins down the real interest rate

r as the difference between the constant rate of return to innovation

rm = (L/β)α2/(1−α)(1/α − 1) and the constant hazard rate μ. A

constant real interest rate in turn implies, via the Ramsey optimal

consumption rule (7), a constant rate of consumption growth without

transitional dynamics. Transitional dynamics in consumption growth
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exists if we specify a more sophisticated imitation technology that

features a time-varying hazard rate. Following a suggestion in Help-

man (1993, footnotes 5), we have experimented with an imitation

function of the form Ȧc = μAφ
c (A−Ac)

1−φ, 0 < φ < 1, which features

a time-varying hazard rate Ȧc/(A − Ac) = μ[Ac/(A − Ac)]
φ. Other

than generating transitional dynamics in consumption growth and

significantly complicating the analytical derivations, using this more

general imitation function does not change the results in this paper

in any major way. The results with such a function are reported by

the authors elsewhere. It may appear that, since the new steady state

growth rate is attained immediately, it is straightforward to calculate

the welfare and therefore the optimal IPR analytically. This is not the

case because the loss in current consumption, namely the one-shot

fall in C(0), cannot be obtained unless the entire new saddle-path is

calculated, which can be done exactly only by numerical method.

2.4 Optimal IPR protection

The tradeoff between the loss in current consumption and gain

in consumption growth naturally leads to the possibility of an

optimal IPR protection — optimal in the sense of maximizing the

representative agent’s utility. In our model this amounts to choosing

μ = μ∗ such that utility (6) is maximized, subject to the law of

motion of equilibrium consumption. As shown above, the equilibrium

consumption path is C(t) = βA(0)h[0;μ] exp(γc[μ]t). Substituting

c(t) ≡ C(t)/L into the utility function (6), evaluating the relevant

integrals and taking logarithm, the optimal μ can be characterized by

μ∗ = arg max
μ

{
s(1− θ) lnh[0;μ] − s ln(ρ− γc[μ](1− θ)), θ 	= 1

lnh[0;μ] + γc[μ]/ρ θ = 1

(24)

where

s =

{
1 if 1− θ > 0

−1 if 1− θ < 0
(25)

Note that ρ − γc(1 − θ) > 0 as dictated by the transversality

condition from the consumer optimal control problem. Referring to
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Figure 3, different μ corresponds to different saddle-path with the

corresponding h(g0;μ) = h[0;μ], as indicated by points X, Y , and Z.

The trailing terms in (24), −s ln(ρ−γc[μ](1− θ)) and γc[μ]/ρ, reflect
the utility of the consumption path from a starting point (say Z)

to the corresponding steady state (say Z ′). For an interior optimum,

μ∗ satisfies

∂ lnh[0;μ∗]
∂μ

= −
(

1

ρ− γc[μ∗](1− θ)

)
∂γc[μ

∗]
∂μ

for all θ > 0

(26)

We have shown that the left hand side is greater than zero. Also,

∂γc[μ
∗]/∂μ = −1/θ < 0, so the right hand side is greater than zero

too. In fact, we can call the left hand side the marginal costs and the

right hand side the marginal benefits of tightening IPR protection.

The marginal costs come from a decrease in current consumption,

and the marginal benefits come from an increase in consumption

growth, which results in higher utility in the future.

3 Model Calibration

In this section, we calibrate the model to the US economy to get some

idea about its practical relevance. In particular, we are interested

in solving for μ∗, which parameterizes the optimal IPR protection

level, and quantifying its welfare implications. As can be seen from

(24), the objective function depends on h[0;μ] which is nothing but

the policy function (i.e. the stable saddle-path) evaluated at g(0).

Rather than relying on the approximate solution in (17), we solve

for the policy function numerically from the differential equation

system (8) in our calibration exercise. Readers not interested in the

numerical computation may skip the following sub-section without

loss of continuity.

3.1 Numerical solution

By taking the ratio of the two differential equations in (8), we obtain

a differential equation in (g, h) space which characterizes the two
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saddle-paths (one stable, one unstable) of the system:

h′(g) ≡ dh

dg
=
ḣ

ġ
=
γ1g + γ2h+ γc + μ+ γ3
μg−1 + γ1g + γ2h+ γ3

≡ H(g)

G(g)
(27)

with initial value h(g∗) = h∗. The last identity gives the definitions

of H(g) and G(g). The two saddle-paths are distinguished by their

slopes at g∗, but (27) alone is not sufficient to pin down the stable

path because h′(g∗) = H(g∗)/G(g∗) = 0/0. To calculate the slope of

the stable path around the steady state, we use the L’Hopital’s rule

to evaluate h′(g∗) = H ′(g∗)/G′(g∗), and then write it in terms of the

coefficients aij of the linearized system (10) as:

h′(g∗) =
a21 + a22h

′(g∗)
a11 + a12h′(g∗)

(28)

The two roots of the quadratic equation (28) are

h′(g∗) =
−(a11 − a22)±

√
(a11 − a22)2 + 4a12a21
2a12

=
λi − a11
a12

> 0,

i = 1, 2 (29)

where the second equality can be verified by substituting (12) for λ1
and λ2, the two eigenvalues of the linearized system. From the phase

diagram we know that the stable path is flatter than the unstable

path, so that the required slope must be the smaller root. Since

λ1 > 0 and λ2 < 0, it follows that the slope of the stable path

is (λ2 − a11)/a12 which is simply ν, the second component of the

normalized eigenvector corresponding to the negative eigenvalue of

the linearized system (see (16)).

Standard numerical algorithms are available for solving (27)

which is an initial value problem in ordinary differential equation

(e.g. Press et al., 1992, Chapter 16). We use numerical routines in

module nag ivp ode rk in NAG Fortran 90 library (release 3, 1998)

which implements a variable-step Runge–Kutta method. In searching

over the optimal μ, each evaluation of the objective function in (24)

with respect to μ requires the differential equation (27) be solved

once to yield h[0;μ]. That is, the differential equation solver has

to be embedded within the optimization routine. We perform the
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computation on a Pentium PC with programs written in Gauss and

Fortran 90. The computer programs are available upon request for

replication.

3.2 Calibration result

We calibrate the model with US data. To tie down the two preference

parameters, θ (intertemporal substitution) and ρ (discount factor),

we make use of the consumer optimality condition (7) with the

steady state growth rate, γc, and the real interest rate, r, equated

to the observed values in the post-war era. Following King et al.

(1988) we set γc = 0.016, the common trend annual growth rate of

output, consumption and investment, and r = 0.065, the average

real return to equity. Since both ρ and θ are positive, it follows that

0 < θ < r/γc ≈ 4. θ is usually assumed to exceed one in the literature.

We will consider θ ∈ [1, 4] as in Stokey (1995). For each θ in the

interval, the consumer optimality condition then implies a unique ρ.

We need the initial state g(0) to compute h[0;μ] = h(g(0);μ)

in (24). Assuming the US economy is currently at a steady state,

corresponding to a particular value μ0 (to be determined later), we

set g(0) = g∗ ≡ μ0/(γc + μ0) using (9). The imitation rate μ0 is

calibrated to reflect the IPR protection level currently in place. We

relate μ0 to the duration T of a finite-life monopoly:

1

μ0 + r
=

∫ T

0
e−rtdt (30)

The left-hand-side is the expected present value of a profit stream

of $1 for a perpetual monopoly that faces a hazard rate of imitation

μ0. The right hand side is the certainty equivalence (CE) of the same

profit stream for a finite-life monopoly that lasts only up to T . In

other words, T is the certainty-equivalent duration of a monopoly

position, given the risk of being imitated as indicated by μ0. Given

r = 0.065, we can assign a value for T (in years) and then back

out the corresponding μ0. The advantage of this approach is that we

have better idea about the plausible range of T than μ0. For example,
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T = 17 years (the current (1995) patent length in US) corresponds

to μ0 = 0.032.

The technology parameter α has two interpretations: labor share

1 − α and markup ratio 1/α. For the purpose of this chapter, the

markup interpretation seems to be more appropriate. The labor share

interpretation, however, has the advantage of allowing us to fix α

almost unambiguously by using the conventional labor share value

of 0.6, which implies a markup ratio of 2.5. Hall (1986) estimates the

markup ratios of some fifty industries at the two-digit SIC code level,

covering all sectors of the US economy, and concludes that in most

industries the markup ratio is above 1.5 and in a few it exceeds 3. We

will consider markup ratio 1/α ∈ [1.25, 2.5] and use Hall’s estimate

of 1.6 for the whole manufacturing industry as the benchmark value.

The remaining unknown parameter is the ratio L/β. Given r and μ0,

the zero profit (no arbitrage) condition determines the rate of return

rm = r + μ0. The ratio L/β can then be solved from the expression

rm = (L/β)α2/(1−α)(1/α − 1).

For illustrative purposes, Table 1 reports the optimal IPR

protection levels and their welfare implications for three assumed

levels of IPR protection currently in place (i.e. three values of μ0
that correspond to 5, 10 and 17 years of CE monopoly duration,

respectively). These figures are chosen for the following reasons.

Eaton and Kortum (1999), based on Mansfield et al. (1981), estimate

that the imitation rate for technology patented at home is about 0.23.

This is equivalent to about four years of CE monopoly duration

in our model. So, we pick a CE monopoly duration of 5 years as

Table 1. Average markup.

r = 0.065, γc = 0.016, 1/α = 1.6, θ = 2.5 (a) (b) (c)
Current IPR protection level μ0 0.032 0.071 0.169
(CE monopoly duration in years corresp. to μ0) (17) (10) (5)

1. Deviation from optimal IPR protection: ln(μ0/μ
∗) 1.78 1.97 2.02

2. Optimal growth rate (%) 2.67 4.04 7.47
3. Consumption level shift (%) −20.36 −26.04 −29.85
4. Welfare gain (%) 17.16 33.65 55.57
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one example. Another example for illustration is assuming that the

current (1995) patent length of 17 years represents the CE monopoly

duration of existing IPR protection level. Mansfield et al. would

probably regard this as too long.7 The third example chosen is 10

years, about midway between 5 and 17 years. The markup ratio and

the intertemporal substitution parameter are set at the benchmark

values of 1.6 and 2.5, respectively. Column (a) of Table 1 assumes

that current IPR protection represents a CE monopoly duration

of 17 years. Row 1 indicates that the corresponding μ0 = 0.032

is way above the optimal μ∗, which means that IPR is currently

under-protected. Rows 2–4 report what would happen if optimal

IPR protection were pursued. The steady state growth rate would

accelerate to 2.67% (Row 2), comparing with the current growth

rate of 1.6%; this is the gain in consumption growth from tightening

IPR protection to the optimal level. There will be a loss in current

consumption, however, leading to a downward level shift of the

consumption path. The extent of such consumption level shift, as

reported in Row 3 for the normalized consumption variable h at the

steady state, is 20.36%. The welfare gain in consumption growth

will of course outweigh the loss in current consumption, and the net

gain in welfare is 17.16% as reported in Row 4. Columns (b) and (c)

assume weaker levels of current IPR protection, corresponding to CE

monopoly durations of 5 and 10 years, respectively. As can be seen,

the extent of the under-protection is greater, the weaker is the current

IPR protection level. The reason is that, given the real interest rate r

fixed at the observed value, a higher risk of imitation μ0 implies that

the underlying rate of return to innovation rm must also be higher.

The higher rate of return to innovation generates a wealth effect

and an intertemporal substitution effect. The wealth effect motivates

the benevolent social planner to take more current consumption and

7They report that “... patent protection seems to have only a limited effect on
entry in about half of the cases ...” and “... it seems to have a very important
effect in a minority of them. For about 15% of the innovations, patent protection
was estimated to have delayed the time when the first imitator entered the market
by 4 years or more”.
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hence implies weaker optimal IPR protection. The intertemporal

substitution effect, on the other hand, favors future consumption and

hence implies stronger optimal IPR protection. Under our calibrated

parameter values, the intertemporal substitution effect dominates the

wealth effect.

Table 2 reports the results for a high markup ratio of 2.5,

which corresponds to the value of α determined by appealing to

the conventional labor share value 1 − α = 0.6. Comparing with

Table 1, it can be seen that a higher markup ratio implies slightly

stronger optimal IPR protection. To check robustness, we also report

in Table 3 the case for a low markup ratio of 1.25. Comparing the

three tables, it can be seen that the results, especially the welfare

implications, are rather robust with respect to different markup

ratios. The results in Tables 1–3 all suggest under-protection of IPR,

and the welfare loss can be quite substantial. Will there ever be over-

protection? If yes, is the welfare loss simply a mirror image of the

Table 2. High markup.

r = 0.065, γc = 0.016, 1/α = 2.5, θ = 2.5 (a) (b) (c)
Current IPR protection level μ0 0.032 0.071 0.169
(CE monopoly duration in years corresp. to μ0) (17) (10) (5)

1. Deviation from optimal IPR protection: ln(μ0/μ
∗) 1.87 2.06 2.12

2. Optimal growth rate (%) 2.69 4.08 7.56
3. Consumption level shift (%) −18.22 −23.10 −26.38
4. Welfare gain (%) 18.63 35.43 57.19

Table 3. Low markup.

r = 0.065, γc = 0.016, 1/α = 1.25, θ = 2.5 (a) (b) (c)
Current IPR protection level μ0 0.032 0.071 0.169
(CE monopoly duration in years corresp. to μ0) (17) (10) (5)

1. Deviation from optimal IPR protection: ln(μ0/μ
∗) 1.73 1.92 1.97

2. Optimal growth rate (%) 2.66 4.02 7.43
3. Consumption level shift (%) −21.30 −27.41 −31.54
4. Welfare gain (%) 16.32 32.62 54.63
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under-protection case? How sensitive is our conclusion with respect

to different parameter values?

We have performed extensive numerical computation to inves-

tigate the issues raised above. As mentioned before, the result

is insensitive to variations in the markup ratio 1/α. We thus

concentrate on θ, the intertemporal substitution parameter, and μ0,

the current imitation rate, which parameterizes the current degree

of IPR protection. Figure 8 depicts the log deviation of μ0 from the

optimal level μ∗ over wide ranges of θ and T , the CE monopoly

duration (in years) that corresponds to μ0. The over-protection

region is highlighted by triangles. As can be seen, over-protection

happens only when the current IPR protection is already very strong,

to the extent that a monopoly position is expected to last over

50 years. For most industries this is certainly not a plausible degree of

Figure 8. Log deviation of current imitation rate from optimum.
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current IPR protection. But it is interesting to note that the current

US copyright protection is indeed 50 years, and that Coca-Cola has

been successfully safeguarding its secret formula for more than 100

years! Figure 9 depicts the welfare gain from pursuing optimal IPR

protection, for the same ranges of θ and T values as in Figure 8.

It can be seen that the welfare loss is trivial for the over-protection

region. In fact, for T over 35 years, the welfare loss from sub-optimal

IPR protection has already become trivial, as indicated by the flat

region in Figure 9. The reason is that when T is already very high

(i.e. μ0 very small), given the real interest rate fixed at the observed

value, the zero profit condition implies a low rate of return to

innovation. There is thus not much growth effect to exploit by

tightening IPR protection in the under-protection case. In the over-

protection case, pursuing optimal IPR protection amounts to raising

the level of the consumption path at the expense of the growth rate.

Figure 9. Welfare gain from pursuing optimal IPR protection.
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As is well known from growth theory, the elasticity of welfare with

respect to level effect is a lot smaller than that of growth effect.

Therefore, the welfare gains from correcting over-protection of IPR

is very small.

4 Concluding Remarks

It must be borne in mind that our model is, in a sense, a metaphor

that tries to capture the fact that development of new intermediate

goods increases labor productivity, and that strengthening IPR

protection lengthens the average duration of monopoly position of

the innovators of these intermediate goods. A few caveats need to be

mentioned.

First, recall that we treat IPR protection as the part of “imitation

rate” (rate at which monopoly profit is eroded) that can be influenced

by government policy. This is a policy package that includes patent

length and breadth, protection of trademarks, copyrights and trade

secrets, and the degree of enforcement. Some may argue that

even anti-trust policies can sometimes be treated as IPR polices.

Accordingly, a strengthening of IPR in the US means a change in

the whole package of policies in favor of the innovators. Consequently,

any change in only one dimension of the package, e.g. an increase of

patent length from 17 years to 25 years, might have limited effect on

the overall protection of IPR.8

Second, just like other one-sector, highly aggregated, macroeco-

nomic models, ours cannot capture things such as sectoral differences.

However, we gain in tractability, which allows us to calibrate the

model using easily available macroeconomic data.

Third, we have made use of a very simple model to illustrate

the tradeoff between loss in current consumption and gain in

8Note that the CE monopoly duration in our model is different from the patent
length. A change of the CE monopoly duration from, say, 17–25 years has a much
higher effect on IPR protection in the economy than a change of the patent length
from 17 to 25 years, since many sectors are not covered by patents, and the degree
of enforcement is not perfect.
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consumption growth due to increase in IPR protection. While we

gain from simplicity of the model, we might not have sufficiently

captured certain important aspects of the economy. For example,

the expanding variety model is subject to the criticism that it fails

to capture obsolescence of goods — goods stay in the market forever.

The absence of obsolescence might lead to an over-estimation of the

degree of IPR under-protection that we have found to prevail in the

real world. However, it is straightforward to show that the qualitative

aspects of the results would be preserved if an exogenous rate of

obsolescence is incorporated in the present model. It is endogenous

obsolescence that is of substantive interest and has not been captured

in this paper. We would extend the current model to incorporate

endogenous obsolescence along the line of Lai (1998b) and the result

would be reported elsewhere.

Recently, there has been debate on how to reconcile the historical

trend of increasing R&D-to-output ratio and a constant growth rate

(see for example, Jones, 1995; Kortum, 1997). Our model features

constant R&D to output ratio, which is at odds with the fact.

However, we believe our results will not be altered qualitatively even

if we adopted a modification such as in Jones (1995), which features

increasing R&D to output ratio.9

Another extension we are carrying out is to assume a more

general imitation technology to capture the fact that the rate of

imitation is dependent also on the knowledge accumulated from past

imitations. In this way, we allow for transitional dynamics of the

hazard rate when there is a shock to IPR protection. Preliminary

results show that this would give rise to multiple steady states and

substantially richer transitional dynamics. It would be interesting to

examine the qualitative and quantitative impact of changes in IPR

protection in such a more general and presumably more realistic

model.

9However, if we did that, long-term growth would not be driven by R&D, which
would be inconsistent with our original premise that IPR protection should have
long-term growth effect.
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Chapter 9

Schumpeterian Growth with Gradual
Product Obsolescence∗

Abstract
The model in this paper captures several important aspects of
the real world: (i) gradual obsolescence of goods in the form of
gradually declining net profit derived from each product until it is
phased out; (ii) expanding variety of goods over time; and (iii)
both dynamic and static internal increasing returns to scale of
production. To eliminate the scale effect, Jones’s specification that
gives rise to a “semi-endogenous” rate of innovation is adopted. The
most interesting finding of the paper is that, when the research
duplication effect is small (large) relative to the intertemporal
knowledge spillover effect in R&D, the decentralized market deliv-
ers insufficient (excessive) obsolescence and allocates too little
(much) labor to R&D, while a small subsidy (tax) to innovation
is welfare-improving. All these results hold because the positive
knowledge spillover externality overwhelms (is overwhelmed by)
the negative research duplication externality.

1 Introduction

Endogenous growth models that try to capture the Schumpete-

rian process of creative destruction usually feature the complete

∗By Edwin L.-C. Lai. Originally published in Journal of Economic Growth, 3
(March 1998), pp. 81–103. Copyright c© 1998 by Kluwer Academic Publishers
(Boston). It has been reprinted with revisions and permission from the original
publisher.
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destruction of rents of firms producing lower quality products once

a higher quality product is developed (Aghion and Howitt, 1992;

Grossman and Helpman, 1991, Chapter 4; Segerstrom, 1991).1

In these models, lower quality and higher quality products are

perfect substitutes; therefore, lower quality products become obsolete

immediately once a higher quality product is introduced into the

market. On the other extreme, there are R&D-based endogenous

growth models where growth is driven by the expansion of product

variety (Romer, 1990; Grossman and Helpman, 1991, Chapter 3). In

these models, although the market share of older goods are lowered

by the introduction of a new variety, all goods will exist in the market

forever.2 Casual observation, however, suggests that goods become

obsolete gradually as an economy grows.

We believe a richer Schumpeterian growth model should capture

quality improvement, expansion of variety and gradual obsolescence

of goods. With such a model, we would be able to endogenize not only

the rate of innovation and growth, but also the rate of obsolescence

and length of product cycles. In this paper, we modify an R&D-based

growth model to capture these features and to analyze their effects on

the properties of such a class of R&D-based model regarding policies,

rate of innovation, the length of product cycles, welfare, etc.

The model in this paper captures the existence of both static and

dynamic internal increasing returns to scale, as is well-documented in

empirical studies. These increasing returns result from the interaction

of a sunk cost of innovation, a quasi-fixed cost of production (over-

head cost due to the presence of working capital) at each date,

and a constant marginal cost of production. The utility function

of consumers is CES, with newer goods carrying higher weights

than older goods, because newer goods are more sophisticated. As a

1For the original explanation of the idea of creative destruction, see Schumpeter
(1976).
2The latter feature is basically an artifact of the Dixit–Stiglitz utility/production
function, which, while being mathematically very tractable, has a “love-of-
variety” property. See Dixit and Stiglitz (1977).
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result, the instantaneous profit of a good declines over time, and is

eventually phased out of the market when the firm’s instantaneous

gross profit is too small to cover the instantaneous quasi-fixed cost.

Endogenous growth models with gradual product obsolescence

are not new. However, for the sake of tractability, the early models

with this feature are mostly learning by doing models with perfect

spillovers. The advantage of this type of model is it allows the

authors to assume perfect competition in the product market (Stokey,

1988; Young, 1991). Young’s (1993) model is the first true hybrid

of (Schumpeterian) R&D-based and learning by doing models, with

imperfect competition in the product market and gradual phasing

out of goods. His focus is on the interaction of invention and learning

by doing as well as on how market size influences the bottleneck of

growth. Our focus, however, is on the impacts of different types of

taxation/subsidy and of exogenous changes within the framework

of a purely R&D-based growth model.

Keppler (1996) depicts a rich model that explains the empirical

regularities concerning how entry, exit, market structure and innova-

tion vary from the birth of an industry through its maturity. In our

model, we emphasize how optimizing behavior of agents and firms

determines steady-state innovation, entry and exit of products in a

broadly defined industry. We focus on how the length of the market-

determined product cycle deviates from the social optimum and on

the policy remedies.

This chapter modifies an expanding-variety R&D-based growth

model (Romer, 1990; Grossman and Helpman, 1991) to incorporate

an asymmetrical CES specification for the index of consumption

(with more recent products being more valuable) and an overhead

cost of production at each date. These features allow for a limited

lifespan of a product, which starts at the top-of-the-line when first

introduced, and finishes its life as lowest quality. We have found a way

to incorporate meaningful vintage products into a model of growth

while keeping it tractable. We believe the steady state equilibrium

captures the salient features of the product cycle — a product which

starts as technologically innovative is gradually eclipsed by newer
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and more advanced products until it eventually disappears from the

market altogether.

Jones (1995b) refutes the scale effect of the original frameworks

of Romer (1990) and Grossman and Helpman (1991). Therefore, to

eliminate the scale effect, we adopt Jones’s (1995a) specification that

leads to a “semi-endogenous” rate of innovation.

Our model captures several important aspects of the real world:

(i) there is gradual obsolescence of goods in the form of declining

net profit derived from each product until it is phased out; (ii)

there is expanding variety of goods over time; (iii) there are both

dynamic and static internal increasing returns to scale of production.

There are several Interesting results. First, an increase in any

exogenous variable that positively affects the steady state rate

of innovation leads to a(n) decrease (increase) in the equilibrium

(socially optimal) fraction of obsolete products. Second, when the

research duplication effect in R&D is small (large) relative to the

intertemporal knowledge spillover effect, the decentralized market

delivers insufficient (excessive) obsolescence and allocates too little

(much) labor to R&D, while a small subsidy (tax) to innovation is

welfare-improving. These results hold because the positive knowledge

spillover externality overwhelms (is overwhelmed by) the negative

research duplication externality. When the research duplication effect

in R&D is small (large) relative to the intertemporal knowledge

spillover effect, the net external effect of obsolescence is positive

(negative), and the product cycle is too short (long).

Section 2 lays down the main body of the model and solve for the

endogenous variables. Section 3 compares the social optimum with

the market equilibrium. Section 4 concludes the chapter.

2 The Model

In this chapter, we are only concerned with the “balanced growth”

steady state in which the rate of innovation is constant over

time. There is one primary factor, labor, which can be used to

undertake innovation (product development) or production of goods.
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Labor here, however, should be interpreted as skilled labor or “human

capital” that can work both in the production or R & D sector.

There is one industrial sector (or, alternatively, M identical sectors)

in which innovation takes the form of quality improvement. Each

good contains a number of features each of which contributes to

the utility function of a consumer. An innovation is defined as the

development of a product that incorporates some additional feature

to the most sophisticated existing product. In principle, there is an

infinite number of potential features and potential goods that can

be developed. There is no uncertainty in the R&D process.3 At any

given time, only a finite number of goods has been developed.

2.1 The demand side

Following Grossman and Helpman (hereinafter G–H) (1991,

Chapter 3) we assume that a representative agent chooses total

expenditure and consumption of goods at each date to maximize

the standard Ramsey intertemporal utility

W (t) =

∫ ∞

t
e−ρ(τ−t)log U(τ)dτ (1)

subject to the intertemporal budget constraint4∫ ∞

t
e−r(τ−t)E(τ)dτ =

∫ ∞

t
e−r(τ−t)I(τ)dτ +A(t) for all t (2)

where r = interest rate; U(τ) = instantaneous utility at time τ ;

E(τ) = instantaneous expenditure at τ ; I(τ) = instantaneous income

at τ ; A(t) = value of assets at t. At each date τ , the agent takes

A(τ), I(τ), r and prices of goods as given. Instantaneous utility at

3The absence of uncertainty in the R&D process, while unrealistic, simplifies the
analysis and allows us to focus on the issues this paper wants to address.
4The “flow” version of this “stock” equation is I(t)− E(t) + rA(t) = Ȧ(t).
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time t is given by5

U(t) =

{∫ n(t)

no(t)
[u(z)]αdz

} 1
α

(3)

where goods in the continuum from index no(t) to index n(t) are the

goods that exist in the market at time t (goods 0 to no have become

obsolete at that date) and

u(z) ≡ u(x(z)) ≡ z
1
β x(z) (4)

(0 < α < 1 and 0 < β) is the subutility attributed to a good of

index z. Good z contains one unit of each of the characteristics in

the interval (0, z), and x(z) is the quantity of good z consumed. A

good with a higher index has more features, and is considered “more

sophisticated”. The variable n = n(t) denotes the most sophisticated

good existing in the economy at time t.

Utility function (3) indicates that there is both a “love of variety”

and a “love of sophistication” of goods. There is love-of-variety since

the consumer is better off as long as more varieties are made available,

even if the additional varieties are less sophisticated than the existing

ones. There is love-of-sophistication because utility is increased by an

increase in sophistication of any variety (measured by z
1
β for good z),

keeping the number of varieties (measured by n − n0) unchanged.

Although new goods are more sophisticated than old ones, the love-

of-variety can be justified by the specialized function performed by

each good. A good that has fewer features is assumed to be more

specialized in (and thus better at) performing certain tasks than a

more sophisticated good.

The dynamic optimization problem specified by (1), (2), (3)

and (4) can be broken down into an intra-temporal optimization

problem at time t of choosing x(z) to maximize U(t) subject

to the instantaneous budget constraint (for given n(t)), and the

5Alternatively, U(t) can be regarded as quantity of final goods produced from a
set of intermediate goods, with production function (3).
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intertemporal optimization problem of choosing a time path of E(t)

to maximize W subject to the demand function of x(z) (determined

by intra-temporal optimization on the demand side) and the prices of

goods p(z) (determined by intra-temporal optimization on the supply

side).

The intra-temporal consumer optimization problem is

Max

x(z)
U(t)

s.t. ∫ n(t)

no(t)
x(z)p(z)dz = E(t) (5)

The intertemporal optimization problem will be solved after we

have solved the instantaneous problems on the demand side and the

supply side. We thereafter drop the time argument t for convenience,

unless otherwise stated.

From the first order condition of the maximization problem (5),

and some simple manipulation, we obtain the demand function x(z)

of good z,

x(z) =
p(z)−εzγ∫ n

no
p(s)1−εsγds

E (6)

where ε = 1
1−α > 1, and γ = α

β(1−α) . The parameter ε = 1
1−α is

the elasticity of substitution between any two goods. So, ε increases

with α. Other things being equal, the distribution of demand among

goods of different degrees of sophistication is the result of consumers’

compromise between the love-of-variety and the love of sophistication

of goods. The greater α is, the less is the love of variety of goods.

Similarly, the greater β is, the less is the love of sophistication.

2.2 The supply side

For tractability, all we need is to assume that there is a sufficient

number of firms so that no single firm’s action can significantly

affect the denominator of (6). For ease of exposition, we adopt the

stricter assumption that no two goods are produced by the same
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firm. Labor cost is the only variable cost of production. However,

there are two non-variable costs: (i) before starting production, a

firm needs to incur a sunk cost of product development; and (ii) as

long as the firm stays in business, the firm needs to incur a quasi-

fixed cost at each date. This quasi-fixed factor can be thought of as

such capital as testing equipment, quality control equipment, general

purpose equipment (such as measuring devices, control devices), etc.

For the sake of convenience, we shall simply call this quasi-fixed factor

“capital”. We assume that there is no depreciation of the capital and

that there is a perfect second hand market for it. Therefore, a firm

is indifferent between renting the capital or owning it for as long as

it needs it. For ease of exposition, we can proceed with our analysis

assuming that the firm purchases the capital when it starts producing

a good and sells the capital when it stops producing the good. The

quasi-fixed cost at each date is then the rental cost of capital, the

value of which will be derived later.

Following Jones’s (1995a) approach, we assume that the tech-

nology of research is constant returns to scale with respect to

the quantity of labor devoted to R&D at the firm level. However,

productivity of labor in R&D is positively affected by knowledge in

society and negatively affected by the total quantity of labor devoted

to R&D in society (due to negative externality of R&D duplica-

tion). Hence, the number of new products developed by a firm is

given by

1

a
(ln)n

φLλ−1
n ,

where “a” is a measure of unit labor requirement in R&D, 0 < φ < 1,

0 < λ < 1, ln is labor devoted to product development at the firm

level, and Ln is the aggregate quantity of labor devoted to R&D in

society. The term Lλ−1
n captures the negative externalities occurring

because of duplication in the R&D process. In equilibrium, when

aggregating over all firms in the economy, Ln =
∑
ln. The term nφ

captures the positive externalities of knowledge on the productivity

of labor employed in innovation, since n is a proxy for knowledge, as

in Romer (1990).
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Therefore, in equilibrium, the total number of new products

developed in the economy at date t is given by

ṅ =
1

a
nφLλ

n. (7)

The rate of innovation is given by ṅ
n = 1

an
φ−1Lλ

n. In steady state,
ṅ
n is constant, therefore, λN = (1 − φ)g, where N ≡ L̇n

Ln
, which is

exogenous in steady state, and g is the steady state rate of innovation.

This impies that

g =
λN

1− φ
. (8)

The steady state rate of innovation is higher when the rate of

growth of research population N is higher, the negative externality of

R&D duplication with respect to research population 1−λ is weaker,

and the positive knowledge spillovers effect of R&D φ is stronger.

Although profit-maximizing firms innovate out of profit motive, the

rate of innovation, and therefore growth, is determined by variables

that we usually regard as exogenous.

The labor productivity in innovation is ṅ
Ln

= 1
an

φLλ−1
n . If we

define labor productivity in innovation as m
a , then

m = nφLλ−1
n

The growth rate ofm is equal to the growth rate of labor productivity

in innovation. From the previous equation, the steady state growth

rate of m is ṁ
m = φg − (1 − λ)N = φg − (1 − φ)g(1−λ

λ ) = ψg, where

ψ ≡ 1 − (1−φ
λ ) < 1. We see that ψ > 0 only when λ > 1 − φ,

that is, labor productivity in innovation grows in steady state only

when negative externalities of research duplication are sufficiently

weak and/or the positive externalities of knowledge spillovers are

sufficiently strong.

Similarly, we assume that K̇ = 1
b (LK)nφLλ−1

n in the aggregate,

where “b” is a measure of the unit labor requirement in production of

capital; K is a measure of the quantity of capital in the economy, and

LK is the labor devoted to production of capital. Therefore, labor
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productivity in production of capital is K̇
LK

= 1
bn

φLλ−1
n = m

b . That

is, labor productivity in capital production is subject to the same

negative and positive externalities as labor productivity in research.

Note that assuming the same technology in production of blueprints

and capitals is equivalent to saying that each innovation amounts to

designing and building a “factory” which enables an innovator firm

to produce a differentiated product using labor as the variable factor

and the capital in the “factory” as a fixed factor. Moreover, a fraction
b

a+b of the “factory” is re-usable and re-sellable in the second hand

market. This will be made clear below.

Following the above modification to Romer (1990) and Grossman

and Helpman (1991, Chapter 3), we obtain the total non-variable

costs to be paid by an innovator-cum-producer before it starts

production:

Cd = (a+ b)
w

m
(9)

where “a” and “b” are constants. As implied from the above

discussion, a
m is the unit labor requirement for product development,

and b
m is the unit labor requirement for production of capital.6 w

is the wage rate. Contrary to Romer (1990), the non-variable costs

include not just the cost of developing a “blueprint”, but also the

rental cost of a unit of capital at each date.

In addition to the non-variable costs, we assume that at each

production date there is a constant labor requirement per unit of

output (equal to one for all goods). Therefore, there are both static

and dynamic internal increasing returns to scale of production.

The market structure is monopolistically Competitive, thus each

firm has certain market power over the submarket of its good. Firms

maximize the present discounted value of profits. Because of time

separability of the intertemporal profit function, each firm chooses

price, given the prices of other goods, to maximize instantaneous

gross profit π(z), subject to the demand function (6). Therefore, a

6In equilibrium, the market value of a piece of capital is equal to the cost of its
production because of the competitive market.
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producer solves

Max

p(z)
x(z){p(z) − c(z)} (10)

s.t. the demand function (6), where c(z) is the cost per unit of output,

which is equal to w because the unit labor requirement is equal to

one. We obtain from the first order condition the mark-up pricing

rule

p(z) =
c(z)

α
=
w

α
(11)

where w = wage rate.

Using the results of the intra-temporal optimization problem, we

obtain the first order condition for the intertemporal optimization as

the Euler equation:

r = ρ+
Ė

E
.

The above equation states that growth rate of E will be higher

when consumers are less impatient (more willing to invest in the

future), for any given r. We normalize by setting w = m. In other

words, the wage paid to workers is always proportional to labor

productivity in innovation (i.e. the number of new designs produced

per worker). This implies that the price of a new design at any time is

the same, meaning that a new design is the numeraire of the economy

at any time. This normalization will imply that E/n is constant over

time in steady state. We can then re-write the above equation as

r = ρ+ g. (12)

2.3 Obsolescence

An innovator invests in R&D to develop a blue-print, which enables

him to produce a new, differentiated product. It then earns the

opportunity to make a stream of future profits. In steady state, the

instantaneous profit (gross of capital cost) of a good diminishes over

time because of the gradual introduction of more sophisticated goods.

Free entry ensures that no firms can earn any discounted net profits.
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On the balanced growth path, the steady state is characterized

by ṅ
n = ṅo

no
so that no and n are in constant ratio with each other

at all times. The number of variety n− no therefore increases at the

rate of ṅ
n . We define ξ ≡ no

n , the steady state fraction of goods that

has become obsolete.

Using the demand function, production cost functions and mark-

up pricing rule, namely (6) and (11), we can shown that the

instantaneous gross profit of a firm producing good z, when the most

sophisticated good is n (remember that z < n), is

π(z, n) = π(n, n)
( z
n

)γ
(13)

where

π(n, n) =
E(γ + 1)(1 − α)

n(1− ξγ+1)
(14)

and instantaneous gross profit is defined as π(z, n) ≡ x(z)

[p(z) − c(z)].

In steady state, the initial instantaneous gross profit of any good

when it is first introduced, π(n, n), is constant over time since E
n and

no
n are constant over time. According to (13), for given z, π(z, n)

decreases exponentially over time at a rate of γg in steady state,

since n is increasing at a rate of g. Let γ be called the “coefficient of

obsolescence”. Therefore, the present discounted value (PDV) of the

future gross profits of the firm falls at an exponential rate of γg+g+ρ.

The capital of a firm is resellable (to a new firm) in a perfectly

competitive second hand market. Assuming no depreciation of the

capital, its current value at time t is equal to w(t)
m(t)b, which is constant

over time. Therefore, the PDV of the resale value of the capital of

a firm falls at an exponential rate of ρ + g, which is slower than

the rate of decline of the PDV of gross profits. It is therefore clear

that, at some point, the firm would find it optimal to sell its capital

rather than continue operating the firm. Specifically, a firm will stop

producing a product as soon as the marginal benefits of waiting (the

time derivative of the resale value of the capital of the firm) are

smaller than the marginal costs of waiting (the time derivative of the

PDV of the future gross profits of the firm).
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Let td be the time when good z is developed and to be the time

when good z becomes obsolete; then T = to − td is the age of good

z at the time of obsolescence (i.e. T is the length of the “product

cycle”). It can be shown that at steady state, when ṅ
n = ṅo

no
= g,

ξ ≡ no
n

= e−g(to−td) = e−gT (15)

In Appendix B, it is shown that the marginal benefits of waiting

is equal to the marginal costs of waiting when

π(n, n)e−(γg+g+ρ)T = (ρ+ g)
wb

m
e−(ρ+g)T

which implies

π(n, n)ξγ = (ρ+ g)
wb

m
. (16)

We shall refer to this as the obsolescence condition. The left hand side

(LHS) is the instantaneous gross profit at the date of exit, while the

right hand side (RHS) is the rental cost of capital at the date of exit.

The firm exits when the instantaneous gross profit is just enough to

cover the quasi-fixed cost at that date. This confirms the equivalence

between the firm renting capital and its owning the capital for as

long as the good is produced.

2.4 Zero profit condition of innovators

Free entry without barriers implies that no firm can make any net

profit. In equilibrium, therefore, the PDV of gross profits plus the

PDV of the resale value of the capital of the innovator is equal to

sum of innovation cost and purchase price of capital. Hence,

∫ to

td

e−r(τ−td)π(n(td), n(τ))dτ +
w

m
be−r(to−td) = (a+ b)

w

m

As shown previously, in steady state, π(n(to), n(τ)) diminishes

at an exponential rate of γg with respect to τ . This, together with
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(15), implies that the above equation is reduced to

π(n, n)

(ρ+ g + γg)
(1− ξ

ρ
g
+1+γ) + b

w

m
ξ

ρ
g
+1 = (a+ b)

w

m

This is a zero profit condition for the innovator. The first term on the

LHS is the PDV of the stream of instantaneous gross profits of a firm,

with the factor 1 − ξγ+1+ ρ
g accounting for the fact that the stream

of profits will terminate upon obsolescence. The term ρ + g + γg is

the discount factor that includes both the interest rate ρ+ g and the

rate of obsolescence γg (which is in fact the rate of capital loss due to

obsolescence). The second term on the LHS is the PDV of the resale

value of the capital of the firm.

Using (16) and the above zero profit condition, we obtain

π(n, n)

γg + g + ρ

(
ρ+ g + γgξ

γ+ ρ
g
+1

ρ+ g

)
= (a+ b)

w

m
(17)

The term in parentheses on the LHS is greater than one, indicating

that the PDV of total returns to the firm is greater than the PDV of

gross profits from sales of goods, because of the positive resale value

of the capital.

2.5 Market-determined value of ξ

Dividing (17) by (16) yields

ρ+ g + γgξγ+1+ ρ
g

ρ+ g + γg
= (

a+ b

b
)ξγ (18)

where g is expressed as a function of λ, N and φ in (8). In

Appendix A, it is shown that the above equation can be represented

by a downward sloping curve DE in the (N, ξ) or (g, ξ) space, given

a, b, λ and φ, as shown in Figure 1. That is, a greater N corresponds

to a smaller value of ξ — a higher growth rate of the research

population, which leads to a higher steady state rate of innovation,

corresponds to a smaller equilibrium fraction of obsolete products in

steady state. This relationship is shown in Figure 1 as the curve

DE (for “Decentralized Equilibrium”). Let us call the value of ξ

under decentralized equilibrium ξDE. Hereinafter, all variables with
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SO 

DE 

Decrease in a or 
increase in b

Subsidy to a or tax on b 

{b/[(  +1)(a+b)]} 
1/γ 

[b/(a+b)] 
1/γ 

{bλ/[bλ+a
1/(1+γ)

(or g) N 0 N* 

ξ

Figure 1. Relationship between the SO and DE Curves
Given a, b, λ, φ, γ, the curves will cross if λ/(1− φ) > (a+ b)/[a(γ + 1)].

subscript DE (SO) are associated with “decentralized equilibrium”

(“social optimum”).7

The intuition is as follows. As g increases, the rate of obsolescence

γg also increases, which implies that the instantaneous gross profit

falls more rapidly. In order for the firm to break even, the initial gross

instantaneous profit of a new product must increase. As a result, the

instantaneous gross profit has to fall to a lower fraction of initial level

when the firm exits from the market.8 This fraction is exactly equal

to ξγ , as shown in (16). Therefore, a higher g corresponds to a lower

ξ in a decentralized market.

From (15), it is not clear whether the length of the product

cycle TDE increases or decreases as g increases (which leads to a

decrease in ξDE). However, it is demonstrated by Mathematica that

7As g → ∞, the value of ξDE, call it ξmin, is defined by 1+γξγ+1

1+γ
= ( a+b

b
)ξγ . It

is hard to get a closed form solution to ξmin, but it can be shown that ξmin ∈
([( 1

1+γ
)( b

a+b
)]

1
γ , [ b

(γ+1)a+b
]
1
γ ). The lower bound of ξmin is shown in Figure 1.

8It is easier to understand this intuition if one pretends that r is independent of
g. Although this is not true, the intuition is the same.
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Subsidy to a or tax on b 

Decrease in a or 
increase in b 

T 

0 N (or g) N* 

DE 

SO 

Figure 2. Comparison of lengths of product cycle between social optimum and
decentralized equilibrium
Given a, b, λ, φ, γ, the curves will cross if λ/(1 − φ) > (a + b)/[a(γ + 1)]. The
DE curve is found to be downward sloping based on numerical simulation by
Mathematica.

TDE decreases as g increases for all the combinations of parametric

values that have been tried. This result is consistent with casual

observation that, in many sectors of the capitalistic economy, as the

rate of innovation increases the length of product cycle shortens,

while the fraction of obsolete products decreases.

A subsidy to innovation lowers the value of “a” faced by firms.

For given λ,N and φ, this leads to an increase in ξDE (and decrease in

TDE, according to (15)). Similarly, a tax on working capital increases

the value of “b” faced by firms and leads to an increase in ξDE and

decrease in TDE. See Figure 2, for the relationship between TDE and

g. Hence, we have

Result 1. An increase in λ, N or φ leads to an increase in g, but a

decrease in ξDE and TDE. A subsidy to innovation, or tax on working

capital, leads to an increase in ξDE and a decrease in TDE.

3 Social Optimum vs. Decentralized Equilibrium

We shall compare the socially optimal value of ξ with the decentral-

ized market equilibrium value, then assess whether the competitive
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equilibrium carries too much inertia or momentum. We shall discuss

the various externalities that lead to the divergence of the market

equilibrium from the social optimum. The following analysis is similar

to that of Grossman and Helpman (1991, Chapter 3, pp. 67–74).

To obtain the socially optimal path, we first of all solve a static

problem of allocating resources to producing the various existing

goods. Then we solve the dynamic problem of determining the growth

of n over time. LetX be the aggregate output of manufactured goods.

The static problem for the central planner is

max
x(z)

U =

{∫ n

no

[z
1
β x(z)]αdz

} 1
α

s.t.

∫ n

no

x(z)dz ≤ X

The Lagrangean of the above optimization problem is

L =

{∫ n

no

[z
1
β x(z)]αdz

} 1
α

+ λ

[
X −

∫ n

no

x(z)dz

]
(19)

where λ is the shadow value of one unit of labor.

From the first order condition, it is straightforward to show that

x(z)

X
=

zγ∫ n
no
zγdz

(20)

Substituting this into the expression for U above, we obtain

U = X

(
nγ+1 − no

γ+1

γ + 1

) 1−α
α

(21)

From the above equation, log U expressed as a function of X, ξ

and n is

log U(X, ξ, n) =

(
1− α

α

)
[(γ + 1) log n− log (1 + γ)

+ log(1− ξγ+1)] + logX (22)

Equation (9) says that the unit labor requirement for product

development is a
m and the unit labor requirement for the production

of new capital is b
m . Since each firm needs one unit of capital for

production, the quantity of new capital required is ṅ − ṅ0, because
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old capital supplied from obsolete firms satisfies part of the demand

in the market. Therefore, total labor in the economy devoted to R&D

and the production of new capital at each date is equal to ( a
m)ṅ +

( b
m )(ṅ− ṅ0) = Ln + b

aLn(1− ξ). It follows that

X = L− Ln − b

a
Ln(1− ξ) (23)

In the dynamic problem, the central planner maximizes∫∞
0 e−ρτ log U(X, ξ, n)dτ subject to the labor constraint (23) and

R&D technology (7). The current value Hamiltonian of this dynamic

optimization problem is

H =

(
1− α

α

)
[(1 + γ) log n− log (1 + γ) + log(1− ξγ+1)]

+ log

[
L− Ln − b

a
Ln(1− ξ)

]
+ θ

(
1

a
nφLλ

n

)
(24)

where θ is the costate variable that represents the (current) shadow

value of variety, Ln and ξ are the control variables, and n is the state

variable.

3.1 Optimal ξ

In Appendix C, it is shown that the optimal ξ is characterized by 9

λg

ρ+ (1− φ)g
=

[
a+ b(1− ξ)

b(1− ξγ+1)

]
ξγ , (25)

where g as a function of λ, N , and φ is given in (8). The above

equation can be represented by an upward sloping curve in the (N, ξ)

or (g, ξ) space, given a, b, λ and φ. That is, an increase in the

growth rate of research population, which leads to an increase in

the steady state rate of innovation, corresponds to an increase in the

9Refer to G–H (1991, Chapter 3, p. 71) for a similar derivation procedure.
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optimal fraction of obsolete products in society. This curve is shown

in Figure 1 as SO (for “Social Optimum”).10

Intuitively, an increase in ξ phases out older goods today but

makes it possible to allocate more resources to develop sophisticated

goods for the future. Therefore, it trades off less variety today for

more variety tomorrow. As g gets larger, the positive marginal effect

of ξ on tomorrow’s variety increases (since knowledge stock grows

faster, making labor more efficient in R&D in future) relative to

its negative marginal effect on today’s variety. Hence, the optimal ξ

increases with g.

From (15), we know that an increase in g, which leads to an

increase in ξSO, implies that TSO decreases. That is, the optimal

length of the product cycle falls as g increases, as shown in Figure 2.

From (25) and (15), we conclude that ξSO increases and TSO decreases

as “a” decreases or “b” increases. Hence we have

Result 2. An increase in λ, N or φ leads to an increase in g,

an increase in ξSO and a decrease in TSO. A decrease in “a” or an

increase in “b” leads to an increase in ξSO and a decrease in TSO.

In Figure 1, we see that, for given a, b, λ and φ, since DE is

downward sloping and SO is upward sloping in the (N, ξ) or (g, ξ)

space, they intersect exactly once as long as the asymptotic level of

SO is greater than that of DE. This is true when λ
1−φ > (a+b)

a(γ+1) .
11

That is, if λ
1−φ is sufficiently large, then ξDE > ξSO when g is small,

and ξDE < ξSO when g is large. This means the market-determined

product cycle is too short (or there is “excessive momentum” in the

obsolescence process) when g is small and the market-determined

product cycle is too long (or there is “excessive inertia” in the

obsolescence process) when g is large. Figure 2 basically describes

the same phenomenon. Note that although both the DE and SO

10As N → ∞, the value of ξSO, call it ξmax, is defined by λ
1−φ

= [ a+b(1−ξ)

b(1−ξγ+1 ]ξ
γ . It

is hard to obtain a closed form solution to ξmax, but we can show that ξmax ∈
([ bλ

bλ+(a+b)(1−φ)
]
1
γ , [ bλ

bλ+a(1−φ)
]

1
γ+1 ). The upper bound of ξmax is shown in Figure 1.

11This sufficient condition is derived from subtracting the upper bound of ξmin

for DE from the lower bound of ξmax for SO obtained from footnotes 7 and 10
and restricting the expression to be greater than zero.
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curves are downward sloping in Figure 2, the SO curve is above the

DE curve for N < N∗ but below DE for N > N∗, for the reason

depicted in Figure 1: for the same g, ξDE > ξSO iff TSO > TDE, since

ξ = e−gT .

The finding that there is excess momentum (excess inertia) in

the obsolescence process when the steady state rate of innovation

is small (large) makes sense: In the extreme case that the rate of

innovation is zero, it is certainly optimal to have no obsolescence of

goods, because of the love-of-variety of consumers. However, there

will be obsolescence in the market because the instantaneous gross

profits of the least sophisticated goods are too small to cover the

quasi-fixed cost of production.

The intuition for the divergence between ξDE and ξSO is as

follows. There are three externalities as a firm exits from the

market: (a) A negative externality on today’s variety (current variety

effect) — the number of today’s older variety decreases; (b) a

positive externality on profits of other firms today (profit-creation

effect) — the profits of firms that remain in the market increase

because there is less competition; and (c) a positive externality

on future variety (future variety effect) — the firm’s exit makes it

possible to allocate more resources to develop more sophisticated

variety in the future. Such allocation results in positive externality

when λ
1−φ is sufficiently large.12 When g = 0, externality (c) is

zero, but (a) dominates (b), and so the market delivers too much

obsolescence.13 As g grows, (c) becomes more significant, since the

labor efficiency in R&D increases in the future as the knowledge stock

grows faster. Eventually, (c) overwhelms (a), the market begins to

deliver too little obsolescence.

12A larger λ implies that the externality resulted from duplication of research is
less serious. A larger φ implies that the externality resulted from intertemporal
knowledge spillovers is stronger. Both effects tend to increase the net positive
externality of resource allocation to R&D. To understand more about the
externality of allocation of labor to R&D, see the discussion above Result 5.
13Note that when all goods carry equal weights in the Dixit–Stiglitz CES utility
function (see Dixit and Stiglitz, 1977), (a) and (b) just cancel each other (See
Grossman and Helpman, 1991, p. 70). In that case, an exit always results in a
positive externality.
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Hence, we have

Result 3. Suppose λ
1−φ is sufficiently large that λ

1−φ >
(a+b)
a(γ+1) . For

given a and b, when g is sufficiently small, ξDE > ξSO and TDE < TSO
(i.e. the product cycle is too short in the decentralized equilibrium).

When g is sufficiently large, ξDE < ξSO and TDE > TSO (i.e. the

product cycle is too long in the decentralized equilibrium).

On the other hand, if λ
1−φ is too small, the DE and SO curves

will not cross, and ξSO is always less than ξDE. This is true when
λ

1−φ < a
(1+γ)(a+b)−b .

14 In other words, when the degree of research

duplication is too strong, the market always delivers too much

obsolescence, because it has too much incentive to allocate resources

from production of older goods to development of new sophisticated

products. Hence, we have

Result 3A. If λ
1−φ <

a
(1+γ)(a+b)−b , then ξSO < ξDE for all g.

Therefore, if λ
1−φ < 1, it is possible that ξSO < ξDE when γ gets

sufficiently small.

3.2 Fraction of labor allocated to research Ln

L

With regard to the social optimum, we have, from (C4) in

Appendix C,

a

b

(
L

Ln
− 1

)
=

(
α

1− α

)[
1− ξγ+1

(γ + 1)ξγ

]
+ (1− ξ). (26)

where ξ varies directly with g as given in (25).

It is clear from the equation that an increase in optimal ξ is

associated with an increase in optimal Ln
L . From Result 2, we know

that an increase in λ, φ or N is accompanied by an increase in the

optimal ξ. Therefore, we conclude that an increase in λ, φ or N leads

to an increase in the socially optimal Ln
L .

14This sufficient condition is obtained from imposing the restriction that the
upper bound of ξmax for SO be smaller than the lower bound of ξmin for DE
obtained from footnotes 7 and 10.
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SO 

DE 

Subsidy to a 

Ln/L 

N (or g) 0

Figure 3. Comparison of labor allocation to R&D between social optimum and
decentralized equilibrium
a, b, λ, φ, γ are given. The DE curve is found to be upward sloping based on
numerical simulation using Mathematica. The SO curve is above the DE curve
when λ/(1− φ) is sufficiently large.

With regard to the decentralized equilibrium, Appendix D shows:

a

b

(
L

Ln
− 1

)
=

(
α

1− α

)[
1− ξγ+1

(γ + 1)ξγ

](
ρ+ g

g

)
+ (1− ξ). (27)

Using Mathematica, we find that the RHS of the above equation

decreases with g, noting that ξ is a function of g as given in

(18). Together with (8), we can conclude that an increase in λ,

φ or N leads to an increase in (Ln
L )DE. A subsidy on innovation

decreases the value of “a” faced by firms, but not the actual resource

requirements for R&D. Therefore, the value of “a” on the RHS of

(18) decreases, leading to a higher ξDE, for given g, which in turn

leads to a higher (Ln
L )DE, according to equation (27). This is shown

in Figure 3.

Therefore, we have

Result 4 (Numerical). An increase in λ, N or φ leads to an

increase in g, and increases in (Ln
L )SO and (Ln

L )DE. A subsidy on

innovation leads to an increase in (Ln
L )DE.
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Jones (1995a) suggests that (Ln
L )SO diverges from (Ln

L )DE for

three reasons: (a) When φ > 0, (Ln
L )SO − (Ln

L )DE increases with φ,

reflecting a positive externality due to the knowledge spillovers from

previous research. (b) When 1 − λ > 0, (Ln
L )SO − (Ln

L )DE decreases

with 1 − λ, which reflects a negative externality due to duplication

of research by different firms. (c) (Ln
L )SO − (Ln

L )DE increases with α,

reflecting monopoly price markup, which causes too little labor to

be devoted to research. Jones (1995a) finds that (Ln
L )SO < (Ln

L )DE

when 1 − λ is sufficiently close to one (i.e. λ close to zero) and

(Ln
L )SO > (Ln

L )DE when 1 − λ is sufficiently close to zero (i.e. λ

close to one).

Our findings are similar. From (26) and (27), we can deduce that

a sufficient condition for (Ln
L )SO > (Ln

L )DE when g is large is λ
1−φ >

(a+b)
a(γ+1) .

15 Recalling that g = λN
1−φ , we conclude that (

Ln
L )SO > (Ln

L )DE

when λ
1−φ is sufficiently large. This is exactly the condition that

guarantees that there is insufficient obsolescence in the decentralized

equilibrium when g is large.16 Using Mathematica, we also confirm

that (Ln
L )SO < (Ln

L )DE when λ
1−φ is sufficiently small. Therefore, we

have

Result 5. The decentralized market allocates too little labor to

research when λ
1−φ > (a+b)

a(γ+1) and g is sufficiently large. It is also

demonstrated numerically that the decentralized market allocates too

much labor to research when λ
1−φ is sufficiently small.

Results 4 and 5 are summarized by Figure 3.

Let us now consider how government policies can improve welfare.

Note that there are now two market-determined variables the values

of which can diverge from the social optima — the fraction of labor

allocated to R&D and the fraction of obsolete goods. Therefore,

15(Ln
L
)SO → 0 and (Ln

L
)DE → 0 as N → 0. On the other hand, a sufficient

condition for (Ln
L
)SO − (Ln

L
)DE > 0 as N → ∞ is for ξSO > ξDE as N → ∞, a

sufficient condition of which is λ
1−φ

> (a+b)
a(γ+1)

, which is derived in footnote 11.
16This confirms our point given earlier (just before Result 3) that the future
variety effect of obsolescence is positive only when the allocation of labor to
research results in positive externality.
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any government remedy has to take care of the divergence in both

variables. When λ
1−φ >

(a+b)
a(γ+1) and g is sufficiently large that ξDE <

ξSO, a small subsidy to innovation (which lowers the value of “a”

faced by firms) will increase the market-determined ξ and push it

towards the optimal value, according to Result 1. It also increases the

market-determined Ln
L towards the socially optimal value provided

that λ
1−φ is sufficiently large, according to Results 4 and 5. Since

there are no other distortions that cause the decentralized outcome

to deviate from the social optimum, a small innovation subsidy will

be welfare-improving when ξDE < ξSO.

When λ
1−φ is large but N is sufficiently small that ξDE > ξSO,

a small tax on innovation (which increases “a” faced by firms) will

decrease the market-determined ξ, pushing it towards the socially

optimal value, but it will also decrease the market determined Ln
L ,

pushing it away from the optimal value when λ
1−φ is sufficiently large.

Therefore, the welfare consequence of such a effect is not obvious.

However, when λ
1−φ or N is sufficiently small, g is very small, and

ξDE−ξSO is very large, but the deviation between (Ln
L )SO and (Ln

L )DE

approaches zero. Therefore, it is clear that a small tax on innovation

is welfare-improving when λ
1−φ or N is sufficiently small. Hence we

have

Result 6. A small subsidy to innovation is welfare-improving when
λ

1−φ >
(a+b)
a(γ+1) and g is sufficiently large that ξDE ≤ ξSO. A small tax

on innovation is welfare-improving when λ
1−φ or N is sufficiently

small.

Hence, a subsidy to innovation is not always welfare-improving,

as in Grossman and Helpman (1991). In fact, even when (Ln
L )SO >

(Ln
L )DE, a subsidy to innovation is not always welfare-improving,

because the subsidy could lead to further divergence between ξDE

and ξSO, the welfare effect of which is negative. The latter welfare

effect can dominate when g is small.

Note that a large λ
1−φ indicates that the research duplication

effect is small relative to the intertemporal knowledge spillovers

effect. The main message of this paper is that Results 3, 3A, 5

and 6 show the crucial importance of this parameter in determining
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the divergence between the optimal and equilibrium variables in the

economy. Recalling that g = λN
1−φ , we have the following corollary

from these Results:

Corollary 1. When λ
1−φ is sufficiently large (small), ξSO > (<)

ξDE, (
Ln
L )SO > (<)(Ln

L )DE and a small subsidy (tax) to innovation

is welfare-improving.

It is also worth mentioning the role of γ and N . A corollary from

Results 3, 5 and 6 is

Corollary 2. When N and γ are sufficiently large, ξSO > ξDE,

(Ln
L )SO > (Ln

L )DE and a small subsidy to innovation is welfare-

improving. This is true regardless of the value of λ
1−φ .

Intuitively, when consumers value new goods more (i.e. γ

increases), and knowledge accumulates more quickly (i.e. g increases

as N increases), the positive external effects of allocating labor to

R&D increase. When γ and N are sufficiently large, (Ln
L )SO >

(Ln
L )DE. This type of externality has not received much attention

in the literature.

4 Discussion and Caveats

Our model is a Schumpeterian growth model that captures a rich

array of features in the real world: endogenous innovation, gradual

obsolescence of goods, expanding variety of goods, and both dynamic

and static internal increasing returns to scale in production. The

most interesting finding is that, when the research duplication effect

in R&D is small (large) relative to the intertemporal knowledge

spillover effect, the decentralized market delivers insufficient (exces-

sive) obsolescence and allocates too little (much) labor to R&D,

and a small subsidy (tax) to innovation is welfare-improving. All

these results hold because the positive externality due to knowledge

spillover overwhelms (is overwhelmed by) the negative externality

due to research duplication. We also find that when consumers’

love-of-sophistication of new goods is stronger and the growth rate

of research personnel is higher, the positive externality of R&D
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increases. This externality due to consumers’ aspiration of new

products has not received enough attention in the literature.

There are a couple of caveats. Certain features of the model

are not totally consistent with the real world. In the model, the

newest product has the highest market share and the oldest one the

smallest. In the real world, it is usually the products of medium age

that have the largest market share because firms need to acquire

enough production experience in order to attain the full potential of

an innovation. We believe we can modify our model to capture this

by allowing for a learning or reputation-building period for any new

product, or some lagged response of consumers to better products

which has just been introduced into the market.

Second, in this model, the number of active products in the mar-

ket increases exponentially. Some may not find this very plausible.

This feature is an artifact of the specific functional form of knowledge

spillover a la Romer (1990) and Jones (1995a). There are other utility

functions that can generate sustained exponential growth in steady

state, yet with a fixed number of goods in the market. We believe

the same qualitative results will be obtained.17

For future work, we can extend this model to a North-South

product cycle trade model where the South imitates Northern

products which may or may not have become obsolete in the North.

Depending on the technological capability of the South relative to

that of the North, different patterns of international division of labor

between the North and South in production of goods can emerge. We

can then evaluate whether countries still unambiguously gain from

trade, what determine the world rate of innovation and the effects of

certain tax policies on growth and welfare.

17For example, we could use the instantaneous utility function

U =

{∫ n

no

[λzx(z)]αdz

} 1
α

In that case, there will be sustained exponential growth with a constant n − no

in steady state even when there is no knowledge spillover of the Romer type.
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Appendix

A. The Slope of the DE Curve

It is straightforward to show that ∂
∂ξ (

ρ+g+γgξ
γ+1+

ρ
g

ξγ ) =

γ(ρ+g)(ξ
γ+

ρ
g+1−1)

ξγ+1 < 0. Also, ∂LHS18
∂g < 0, as shown below.

Let φ(ξ, g) = ρ+g+γgξ
γ+1+

ρ
g

ρ+g+γg . Hence,

∂φ(ξ, g)

∂g
=

1

(γg + g + ρ)2

{
(γg + g + ρ)

[
γξ

ρ
g
+1+γ

+ γξ
ρ
g
+1+γ

(
ρ

g

)

× log

(
1

ξ

)]
− (ρ+ g + γgξ

ρ
γ
+1+γ)(γ + 1)

}

which tends to −1
γg+g+ρ as ξ tends to 1.

Moreover,

∂

∂ξ

∂φ(ξ, g)

∂g
=

∂

∂g

∂φ(ξ, g)

∂ξ
=

∂

∂g
γξ

ρ
g
+γ

= γξ
ρ
g
+γ
(
ρ

g2

)
log

(
1

ξ

)
> 0 for 0 < ξ < 1.

Hence, ∂φ(ξ,g)
∂g < 0 for the entire relevant range of ξ, viz. ξ ∈ [0, 1],

as shown in Figure A1.

0 
1 

–1/(γg+g+  )ρ 

–[(ρ+g)(1+ g+g+  )  ]ρ 2 

ξ 

Partial derivative of 
g) with respect to g. 

Figure A1. Diagram related to the proof in Appendix A.
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Therefore, by the implicit function theorem, dξ
dg < 0 for 0 < ξ < 1

and g �= ∞.

B. Optimal Timing of Obsolescence

Let B be the PDV of the benefit of reselling the capital of the firm

at time t0; and C be the PDV of the opportunity cost of reselling

the capital at t0. Because of perfect competition in the capital

market, the resale value of the capital is always equal to the cost

of producing it, which is wb/m, which in turn equals b, because of

the normalization w = m. The value of C is the PDV of the worth

of the firm. Therefore,

B = be−(ρ+g)(to−td)

and

C =

∫ ∞

to

π(n, n)e−(ρ+g+γg)(τ−td)dτ

= π(n, n)

[
e−γg(to−td)e−(ρ+g)(to−td)

γg + g + ρ

]

where π(n, n) is invariant over time, as shown in (14).

In steady state,

∂B

∂to
= −[(ρ+ g)be−(ρ+g)(to−td)]

∂C

∂to
= −π(n, n)e−(ρ+g+γg)(to−td).

∂2B

∂t2o
= (ρ+ g)2be−(ρ+g)(to−td)

∂2C

∂t2o
= (γg + g + ρ)π(n, n)e−(ρ+g+γg)(to−td).

It is clear that at the time when ∂B
∂to

= ∂C
∂to

, B > C and
∂2(B−C)

∂t2o
< 0. Therefore, both the first and second order conditions
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of maximization are satisfied. This implies that the optimal timing

of selling the capital of the firm is given by the equation immediately

above (16).

C. Derivation of Social Optimum

Recall that

H =

(
1− α

α

)
[(1 + γ) log n− log (1 + γ) + log(1− ξγ+1)]

+ log

[
L− Ln − b

a
Ln(1− ξ)

]
+ θ

(
1

a
nφLλ

n

)

From the above current value Hamiltonian, the first order condition

with respect to n (i.e. θ̇ = ρθ − ∂H
∂n ) can be written as

θ̇

θ
= ρ−

(
1− α

α

)(
γ + 1

nθ

)
− φ

a
nφ−1Lλ

n. (C1)

Following Grossman and Helpman (1991, Chapter 3), we define

M ≡ θn, the shadow value of the total amount of variety. Substitute

for θ̇
θ from θ̇

θ = Ṁ
M − ṅ

n and g = 1
an

φ−1Lλ
n, we obtain

Ṁ = [ρ+ (1− φ)g]M −
(
1− α

α

)
(γ + 1).

The only path of M that satisfies the above equation as well as

the transversality condition is

M =

(
1− α

α

)[
γ + 1

ρ+ (1− φ)g

]
. (C2)

Substituting for g = 1
an

φ−1Lλ
n and for M = nθ, the first order

condition with respect to Ln (i.e. ∂H
∂Ln

= 0) can be written as

λMg

Ln
=

1 + b
a(1− ξ)

L− Ln − b
aLn(1− ξ)

(C3)
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where M is given by (C2). The RHS is the marginal effect of Ln on

log X. The LHS of the above equation is the marginal effect of Ln

on the shadow value of new varieties θṅ.

The first order condition with respect to ξ (i.e. ∂H
∂ξ = 0) is

b
aLn

L− Ln − b
aLn(1− ξ)

=

(
1− α

α

)[
(γ + 1)ξγ

1− ξγ+1

]
(C4)

Eliminating Ln

L−Ln− b
a
Ln(1−ξ)

between the previous two equations,

we get (25).

D. Equilibrium Fraction of Labor Allocated to R&D

Labor is inelastically supplied at a quantity of L at each date.

Therefore, from (11), total labor content of the sum of all the

instantaneous variable costs of production at each date is:

X =

∫ n

no

c(z)

w
x(z)dz =

α

w

∫ n

no

p(z)x(z)dz =
α

w(1 − α)

∫ n

no

π(z, n)dz.

Substituting (13) into the above equation, and simplifying, we obtain

X =
α

(1 + γ)(1− α)
(1− ξγ+1)π(n, n)

n

w
, (D1)

which implies that

π(n, n) =

(
1− α

α

)
w

n
Φ, (D2)

where Φ = (1+γ)X
1−ξγ+1 and Φ

n is the labor content of the instantaneous

variable cost of production for good n at the time of innovation. In

other words, instantaneous gross profit of good n is simply a mark-up

factor 1−α
α times the wage bill at that date.

To obtain the reduced form of the obsolescence condition (16),

we simply substitute (D2) into (16) then invoke (23) and the
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normalization equation w = m:

L− Ln − b

a
Ln(1 − ξ) = b

n

m

(
1− ξγ+1

ξγ

)(
α

1− α

)(
1

1 + γ

)
(ρ+ g)

Since g = Lλ
n

an1−φ and m = nφ

L1−λ
n

, it can be shown that n
m =

Ln
ag . Substituting this into the above equation, and re-arranging, we

obtain

a

b

L

Ln
− a

b
=

(
α

1− α

)[
1− ξγ+1

(γ + 1)ξγ

](
ρ+ g

g

)
+ (1− ξ)

which is the same as (27).
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Chapter 10

Patent Length and the
Rate of Innovation∗

Abstract
This chapter models the effect of patent length on the rate-
of-innovation and consumer welfare. We find that the patent
length that maximizes the rate-of-innovation exceeds that which
maximizes consumer welfare. We show a countervailing effect of
patent length upon the “size” and “frequency” of innovation.
Longer patents increase the size, but decrease the frequency of inno-
vation. The patent lengths that maximize the rate-of-innovation
and welfare represent balance points between size and frequency.
The divergence of the welfare maximizing and rate-of-innovation
maximizing patent lengths has important policy implications that
we briefly explore.

1 Introduction

In a sweeping review of US technology and patent policy in 1988, the

House Committee on Science and Technology repeatedly states the

objective of increasing the “pace of technical change”.1 This emphasis

∗By Andrew W. Horowitz and Edwin L.-C. Lai. Originally published in Inter-
national Economic Review (November 1996), pp. 785–801. Copyright c© 1996 by
Wiley. The authors would like to thank David Wildasin, E. Young Song, Robert
Driskill, James Foster, Jennifer Reinganum, Sam Kortum, Robert Margo and
anonymous referees for helpful comments. Remaining errors are the authors’.
1See House Report Number 100-1093. The objective of increasing the pace of
technical change is consistent with the stated objective of the first US patent law
(1790), to wit: “to promote the progress of science”.
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on the rate of innovation departs from much of the theoretical

patent literature, which focuses instead on the consumer surplus-

deadweight loss tradeoff. Nordhaus (1969), in his seminal work on

invention and welfare, sets the tone of this literature by developing

a model in which patent length determines the “size” of innovation.

The “optimal patent length” is that which induces an innovation

of welfare-maximizing size. More recently, papers by Gilbert and

Shapiro (1990), Klemperer (1990), and Gallini (1992), examine the

interplay of the patent breadth and length instruments in determin-

ing optimal patent structure.

Another strand of the literature explores the effect of patent

length in dynamic settings. Judd (1985) develops a general equi-

librium model of continuous product innovation and finds that

patents (or imitation lags) of infinite duration may achieve too

much, too little, or the socially optimum level of innovation. He

also demonstrates that finite-life patents may induce undamped

oscillations in innovation. Jovanovic and Rob (1990) explore the

link between discovery, imitation, and business cycles in a partial

equilibrium model. They do not, however, discuss patent protection.

Mookherjee and Ray (1991) develop a partial equilibrium model of

successive innovation with focus on the timing of innovation as the

rate of diffusion varies. Chou and Shy (1993) present a multiproduct,

overlapping-generation model of product innovation in which the

saving of the young can be allocated to innovation. However, only the

polar cases of one-period and infinite patent length are considered,

and the welfare-maximizing patent length is not identified.

While the analyses discussed above have provided important

insights, they do not focus on the effect of patent length on the

rate of innovation or the relationship between the rate of innovation

and consumer welfare. This nexus, which was a central concern of

Schumpeter (1939), is intertwined with the stated objective of patent

law and is the primary focus of our analysis.

We model innovation as movement by a leading firm up a “prod-

uct quality ladder”. Higher positions on the ladder are associated

with higher quality products. Imitating firms may follow the leader

up the ladder, but are constrained in the dimension of time by



Patent Length and the Rate of Innovation 321

patents.2 We define the size of an innovation as the distance traveled

on the product ladder and the frequency of innovation as the average

number of innovations per-period. We define the rate of innovation

as the average distance traveled up the product ladder per-period,

which is the product of the size of innovation and the frequency

of innovation. Many of the earlier models focused exclusively on

the size of innovation, ignoring the effect of patents on innovation

frequency.

Our model identifies a unique patent length that maximizes the

rate of innovation. Patent length either too short, or too long, will

weaken innovative incentives. We then derive the patent length that

maximizes consumer welfare. We find that, in general, the patent

length that maximizes the rate of innovation is longer than that

which maximizes consumer welfare. This divergence creates a tension

between the stated objective of patent law (to maximize the rate of

innovation) and the more intuitive objective of maximizing consumer

surplus.

The existence of finite patent lengths that maximize the rate of

innovation and consumer welfare are attributable to the countervail-

ing effects of patent length on the size and frequency of innovation.

Longer patent length increases the size but decreases the frequency of

innovation. For short patent length, the decrease in size of innovation

dominates the increase in frequency, causing the rate of innovation

to fall. For long patent length, the decrease in frequency dominates

the increase in size, again resulting in a falling rate of innovation.

At an intermediate patent length, these forces are balanced so as to

maximize the rate of innovation.

2In practice, patent protection depends on the time to circumvent the patent, as
well as statutory length. If competitors’ are unable to circumvent a patent before
its expiration, statutory length is the time measure of protection. If circumvention
occurs before expiration, then the time to circumvent is the appropriate measure
of protection. In either case the strength of protection may be measured in time
units as the interval between innovation and the erosion of the leader’s market
power.
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The trade-off between size and frequency also generates the

existence of a finite welfare-maximizing patent length. However, the

decline in the frequency of innovation as patent life is extended affects

consumers both directly (due to discounting) and indirectly (through

its effect on the rate of innovation). Consequently, from a welfare

perspective, the balance point between the size and frequency of

innovation occurs at a shorter patent length. That is, the patent

life that maximizes consumer welfare is shorter than that which

maximizes the rate of innovation.

The chapter is organized as follows: Section 2.1 motivates the

model. Section 2.2 formally specifies the consumer and firm problems

and derives the preliminary results. Section 2.3 derives the relation-

ship between patent length and the rate of innovation. Section 2.4

demonstrates the existence of patent lengths that maximize the

rate-of-innovation and consumer welfare. Section 2.5 examines the

relationship between the patent lengths that maximize consumer

welfare and the rate-of-innovation. Section 3 concludes.

2 The Model

2.1 Motivation

Our objective is construction of the simplest model capable of

providing meaningful insight into the effect of patent length on

the rate of innovation and welfare. We consider a product quality

ladder with an innovating firm which obtains patents defined in

the dimension of time as it climbs the ladder. Potential imitators

stand ready to copy products whose patent protection has ceased.

The presence of a single innovator approximates specialization of

the innovative and imitative activities. Our quality ladder model

is similar to that employed by Grossman and Helpman (1992); see

also Aghion and Howitt (1992), and Segerstrom (1991). However, in

contrast to the fixed rung property of the Grossman and Helpman

ladder, we allow the innovator to traverse the ladder in arbitrary

increments. That is, we employ a continuous ladder.

Products along the continuous ladder are perfect substitutes

in the sense that there exists a quality-adjusted price at which
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consumers are indifferent between different positions on the ladder.

Thus, though the leader adopts a limit-pricing strategy that prevents

actual entry, the market is fully contestable. The threat of imitation

disciplines the leader and induces behavior that approximates that

under actual imitation.

2.2 Preliminaries

Consider a continuous product ladder with a single specialized

innovative leader. The marginal cost of innovation, C, is assumed

constant and is incurred in the dimension of distance traveled on

the product ladder. Thus, the cost of traveling distance “d” up the

product ladder is C ∗d. There exist potential imitators whose ability

to produce along the product ladder is constrained in the dimension

of time by a patent of length τ . That is, if the leader develops a

product at time t, potential imitators cannot begin producing the

product until time t + τ . When the patent expires, we assume the

cost of imitation is zero.3 The unit cost of production (as distinct

from innovation costs) along the product ladder are also constant

at “η” per unit. We index time by t = −1, 0, 1, 2, . . . , and designate

t = 0 as the first period in which innovation can occur. The product

existing at t = −1 represents a preexisting technology.

The demand side of the market consists of a representative

consumer who maximizes utility in each period subject to a budget

constraint. Let It be the set of all products that exist at time t, where

i ∈ It indexes a particular good. Let v(i) be the position of good i

along the quality ladder. Consumer valuation of the quality of good

i is represented by the function: q(i) = λv(i), (λ > 1). Without loss

of generality we assume that the quality of the preexisting product

is 1. The quantity of good i consumed at time t is denoted as x(i, t).

The consumer’s problem is to choose a quantity (x), of each good

3This can be thought of as an approximation of an industry in which imitation
costs are very low. For example, in the pharmaceutical industry products are
often simply chemical compounds. Reproduction by other firms once the patent
has expired is typically straightforward.
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i from the set of available goods at time t(It), subject to a budget

constraint. That is,

max
(x(i,t))i∈It

U(t) =
∑
i∈It

q(i)x(i, t)

subject to
∑
i∈It

p(i, t)x(i, t) = E,
(1)

where p(i, t) is the price of good i at t, and E is exogenously

determined total consumer expenditure during each period.4

Firms engage in price competition each period. Since (1) implies

that products of different qualities are perfect substitutes for each

other and unit costs are constant along the product ladder, there

exists a limit-pricing equilibrium in which only the highest-quality

product will be produced. This equilibrium can be thought of as an

approximation of one where entry actually occurs, in the sense that

the leader is disciplined in price by the potential entrants.5

Let n(t) be the position (along the quality ladder) of the highest-

quality product existing at time t. That is, n(t) = max{v(i) | i ∈ It}.
Let m(t) be the position (along the quality ladder) of the most

advanced product that can be imitated at time t, given the patent

law. Under limit pricing the leader, who produces only the highest-

quality product, will set a price of

pn = ηλn−m − ε (ε > 0, ε→ 0) (2)

where the time arguments are suppressed and pn will henceforth refer

to the price of the most advanced product available at a given time

(recall that η is the unit cost of production). The lowest price at

which the (potential) imitator will produce the good at position m is

pm = η, where (again suppressing the time argument) pm is the price

4As with many patent models in the industrial organization literature, ours is a
partial equilibrium analysis. Such an analysis allows us to solve for a steady-state
rate of innovation for all patent lengths, and compare the patent length that
maximizes the rate of innovation with that which maximizes welfare.
5This is essentially a contestable market argument.



Patent Length and the Rate of Innovation 325

of the most advanced product that can be imitated. By adopting the

limit-pricing strategy (2), the leader will capture the whole market,

since the marginal utility per dollar for the good at position n exceeds

that for the good at position m:

MUn

pn
=

λn

ηλn−m − ε
>
λm

η
=
MUm

pm
. (2a)

Moreover, there is no incentive for the leader to price below nλn−m−ε
since it faces unitary price elasticity of demand below the limit price.

Hence, there is a corner solution and specialization in consumption

of the most advanced product. The net revenue (i.e. profit before

innovation costs are subtracted) of the leading firm at time t is

therefore

πt = (pn − η)xn =
(
pn − pn

λn−m

)
xn =

(
1− 1

λn−m

)
pnxn

=

(
1− 1

λn−m

)
E (3)

with t = 0 designated as the first period during which innovation

occurs. After an innovation, the patent law dictates the position

of the imitative threat. The complete description of the imitative

threat is

m(t) = 0 for 0 ≤ t < τ (4a)

m(t) = n(t− τ) for t ≥ τ (4b)

Equation (4a) is simply an initial condition that says an imitator

may not begin movement up the product ladder until the patent on

the leader’s first product expires at t = τ .6 Thereafter, the imitator’s

position on the product ladder at time t ≥ τ is that which the leader

occupied τ periods ago (i.e. n(t− τ)).

6Note that the initial condition must specify the position of the imitative threat
from time 0 to τ − 1.
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Using equations (1) through (4) we can now write period t

consumer utility compactly as follows7:

U(t) =

⎧⎪⎪⎨
⎪⎪⎩
E

η
for 0 ≤ t < τ

E

η
λn(t−τ) for t ≥ τ

(5)

We now explore the effect of τ on firm behavior.

2.3 Patent length and the rate of innovation

Returning to the firm’s problem, the leader maximizes the present

discounted value of the stream of profits given in (3) by choosing a

position on the product ladder each time period. That is, the leader

maximizes

max
〈n(t)〉∞τ=0

∞∑
t=0

δt[πt(n(t),m(t)) − C[n(t)− n(t− 1)]] (6)

subject to (4a) and (4b), where 0 < δ < 1 is the discount factor;

C is the marginal cost of innovation, and we normalize by setting

n(−1) = 0. Note that innovative cost is imposed in the dimension of

distance traveled on the product ladder: n(t)− n(t− 1).

The first-order condition with respect to n(t) is8:

δt
∂πt
∂n(t)

+ δt+τ ∂πt+τ

∂n(t)
− Cδt + Cδt+1 = 0 for t ≥ 0 (7)

7To see this first note that since only one product is consumed we can substitute
(2) into the budget constraint of equation (1) to obtain an expression for x(n, t).
Then substitute x(n, t) and q(n) = λn into the objective function of (1). Recall
that the quality of the preexisting product is 1. Then for t < τ , invoking (4a)
yields the upper part of (5). For t ≥ τ , invoking (4b) yields the lower part of (5).
8This procedure assumes perfect foresight on the part of the firm. To see that
(6) is in fact concave, note that each row of the Hessian contains only two
nonzero elements; one on the diagonal (which is negative) and one τ spaces
to the right of the diagonal element. Using Laplace expansion, it is immediate
that Hessian is negative-definite (see, for example, Chiang, 1984, pp. 94–95). An
implicit constraint, which is subsequently seen to be nonbinding, is that n(t)
cannot decrease over time.
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Using (3), (4a), and (4b), equation (7) becomes

[λm(t)−n(t) − δτλn(t)−n(t+τ)]E lnλ = C[1− δ] for t ≥ 0 (8a)

The left side of (8a) is the marginal revenue of innovating the product

n(t), which is decreasing in n(t). The right side reflects the marginal

cost of innovation, which is constant. Rearranging equation (8a) and

invoking (4b) we obtain:

λn(t−τ)−n(t) =
C(1− δ)

E lnλ
+ δτλn(t)−n(t+τ) for t ≥ τ (8b)

Now by the same procedure, the first-order condition with respect to

n(t+ τ) can be written as:

λn(t)−n(t+τ) =
C(1− δ)

E lnλ
+ δτλn(t+τ)−n(t+2τ) for t ≥ τ (8c)

Substituting (8c) into (8b) we obtain

λn(t−τ)−n(t) =
C(1− δ)

E lnλ
[1 + δτ ] + δ2τλn(t+τ)−n(t+2τ) for t ≥ τ

(8d)

Continuing recursive substitution of the first-order conditions with

respect to n(t+ 2τ), . . . , n(t+ φτ) yields

λn(t−τ)−n(t) =
C(1− δ)

E lnλ

(
1 + δτ + δ2τ + · · ·+ δφτ

)
+ δ(φ+1)τλn(t+φτ)−n(t+(φ+1)τ) (8e)

for t ≥ τ , and integer φ.

Note that the last term on the right term of (8e) tends to zero

when φ goes to infinity and (8e) becomes

λn(t−τ)−n(t) =
C(1− δ)

(1− δτ )E lnλ
for t ≥ τ (8f)

With the initial condition (4a), and the first-order condition (8a),

equation (8f) indicates that the leading firm’s optimal program

consists of a series of discrete innovations of constant size at
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intervals of τ .9 This behavior has a natural interpretation: the

leading firm times the introduction of new products to coincide with

the expiration of patents on earlier vintage products. The size of

innovation undertaken each τ periods is:

n(t)− n(t− τ) =
1

lnλ
ln

[
(1− δτ )E lnλ

C(1− δ)

]
. (8g)

Note that since δ is less than one, size is increasing in patent length.

Letting d(t) denote the size of innovation in period t, the complete

innovation decision rule can be written as

d(t) =

⎧⎪⎨
⎪⎩

1

lnλ
ln

[
(1− δτ )E lnλ

C(1− δ)

]
for t = 0, τ, 2τ, 3τ, . . .

0 otherwise

(8h)

Having established that an innovation of constant size occurs once

every τ periods, the frequency of innovation is 1/τ . Since the rate-

of-innovation is the product size and frequency, it is constant. Let z

denote the rate of innovation. Then for given λ, δ, and C the rate of

innovation is:

z = (n(t)− n(t− τ))/τ.

Substituting this expression into (8f) yields:

λ−zτ =
C(1− δ)

(1− δτ )E lnλ
(9)

The unique z which satisfies (9) given parameters τ, δ, λ, and C, is

the profit-maximizing rate of innovation. Solving (9) for z we obtain

z = ln

[
(1− δτ )E lnλ

C(1− δ)

]
1

τ lnλ
(10)

9To see this note that (4a) and (8a) yield λ−n(t) = C[1 − δ]/ lnλ
[
1− δ�

]
for 0 ≤ t ≤ τ . Thus the leader innovates at t = 0, and remains at n(t) =
[1/ lnλ] ln [lnλ [1− δτ ] /C[1− δ]] for 0 ≤ t < t. Using (4b) and (8f), it is clear
that the leader innovates again at t = τ , 2τ , 3τ , . . .. More generally, (8f) can
be employed to completely characterize the time path of n(t) for any initial
conditions over the entire interval 0 ≤ t ≤ τ .
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Equation (10) is the fundamental description of the rate of innovation

in our model. Note that this rate of innovation is independent

of initial conditions (equation (4a)). Inspection of (10) reveals the

following necessary condition for a positive rate of innovation

(1− δτ )E lnλ > C(1− δ) (11)

If this inequality is reversed z will be negative, which we may

interpret as a corner solution in which the rate of innovation is zero.

Looking to the left side of (11), we see that consumers must have

sufficient quality preferences (large enough λ), or the firm will have no

incentive to innovate. The left side of (11) also reveals the existence

of minimum patent length (τmin), above which a perpetual sequence

of discrete innovations will occur. Specifically, τmin is the smallest τ

that satisfies inequality (11). It is immediate that in the absence of a

patent law (τ = 0), the rate of innovation will be zero. Inequality (11)

also indicates the maximum marginal cost of innovation (in terms of

the other parameters) at which the rate of innovation will be positive.

2.4 The rate of innovation and welfare-maximizing

patent lengths

We have now obtained an expression relating the rate of innova-

tion (equation (10)) to patent length, and identified restrictions

on parameters that ensure ongoing innovation. The question now

arises; does there exist a patent length that maximizes the rate of

innovation? Inspection of equation (10) reveals the countervailing

effects of patent length (τ) upon the rate of innovation (z) that

are necessary for the existence of an extreme point. An increase

in τ decreases the frequency of innovation, which has a negative

influence on the rate of innovation. On the other hand, a larger τ

increases the size of innovation, which exerts a positive influence

on the rate of innovation. The existence of a patent length that

maximizes the rate of innovation requires a balancing of these two

effects. Proposition 1 of the Appendix demonstrates that just such a

balance point exists and that z is approximated by the form indicated
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Figure 1. Rate of innovation plotted against patent length.

by Figure 1. For ease of exposition we treat the patent length, τ , as a

real number.10

We have now established the existence of a patent length that

maximizes the rate of innovation. Is there a patent length that

maximizes consumer welfare? If so, how does it compare to the

patent length that maximizes the rate of innovation? To answer

these questions, first recall from equation (5) that instantaneous

consumer utility for time s ≥ τ has the form U(s) = (E/η)λn(s−τ)

and U(s) = E/η for 0 ≤ s < τ . Further recall that since innovation

occurs every τ periods

λn(jτ) = λn(jτ+1) = · · · = λn((j+1)τ−1) =

[
(1− δτ )E lnλ

C(1− δ)

]j+1

for all j = 0, 1, . . . ,∞. Then assuming for simplicity that the

consumer’s subjective discount factor is the same as the discount

10Since the time period is arbitrary, it can be made as short as desired. For
example, time (and hence patent length) can be defined in units of months,
hours, or even nanoseconds. As the units become shorter, our approximation
becomes arbitrarily close to the integer mapping. Formally, we are examining an
“extension” of z in which z is “embedded”. See Saaty (1970, pp. 20–26) for a
formal discussion of the use of extensions as approximations of integer mappings.
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factor employed by the firm (δ), intertemporal utility is

w(τ) =
∞∑
s=0

U(s)δs =
∞∑
j=0

(j+1)τ−1∑
s=jτ

δs
(
E

η

)[
(1− δτ )E lnλ

C(1− δ)

]j
. (12)

With some manipulation it can be shown that

(j+1)τ−1∑
s=jτ

δs =

[
1− δτ

1− δ

]
δjτ ∀j = 0, 1, 2, . . . . (13)

Since δs is the only term in which the time index “s” appears on the

right-hand side of (12), we may substitute (13) into (12) to obtain

the following expression for consumer welfare as a function of patent

length:

w(τ) =

∞∑
j=0

[
1− δτ

1− δ

]
δjτ
(
E

η

)[
(1− δτ )E lnλ

C(1− δ)

]j
. (14)

Note that the index “j” does not measure time. Rather “j” can

be interpreted as denoting distinct vintages of product, each of

which occupies the position of “most advanced” (and is consumed)

for τ periods. With some manipulation (see Proposition 2 of the

Appendix), equation (14) can be rewritten as:

w(τ) =

[
1− δτ

1− δ

](
E

η

)
1

1−
[
(1−δτ )δτE lnλ

C(1−δ)

] (15)

Proposition 2 of the Appendix also demonstrates that the graph

of (15) over a real domain has the form illustrated in Figure 2.11

The intuition for the existence of a welfare-maximizing patent

length is closely related to that of the rate-of-innovation maximizing

patent length. As patent length is extended, consumer welfare

increases so long as the increased size of innovation dominates the

decreased frequency (from a welfare perspective). At the balance

11See footnote 11 for a justification of this approximation.
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Figure 2. Consumer welfare plotted against patent length.

point of this trade-off, a welfare maximum is achieved. We formally

analyze this trade-off in the following section.

2.5 Rate of innovation and welfare-maximizing patent

lengths: Relationship and policy implications

The natural question at this point is the relationship between

the patent length that maximizes the rate of innovation (τ∗) and

that which maximizes consumer welfare (τω). To help answer this

question, define B = [[C(1−δ)]/[E lnλ]]1/2. Inequality (11) indicates

that 1 is an upper bound on B. If B > 1, we have a corner solution

with a rate of innovation of 0. Intuitively, at this corner either costs

are too high or discount factor, income, or the taste parameters are

too low to warrant innovation by the firm. In Proposition 3 of the

Appendix we show that there also exists a lower bound on B of 1/2.

If B < 1/2 then w is infinite, and τω is not defined. Proposition

3 of the Appendix establishes that for any parameter values for

which τ∗ and τω are defined (i.e. B∈(1/2, 1)), τ∗ > τω, as shown in

Figure 3.

Figure 3 indicates that the patent length that maximizes the

rate of innovation will, in general, exceed the length that maximizes
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Figure 3. Consumer-welfare-maximizing patent length (τw) and innovation-
rate-maximizing patent length (τ∗) plotted against “B”, where “B” is defined in
the first paragraph of section 2.5.

consumer welfare.12 The motivation for this divergence can be

illuminated by substituting (10) into (15) to obtain:

w(z(τ), τ) =

[
E

η(1− δ)

] [
1− δτ

1− (λzδ)τ

]
(16)

The change in (16) with respect to τ can be expressed as

dw

dτ
=

(
∂w

∂λz

)(
∂λz

∂z

)(
dz

dτ

)
+

(
∂w

∂τ

)
(17)

Equation (17) reveals that the change in w with respect to τ is the

sum of two distinct components. The first component reflects the

indirect influence of τ on w through z. This influence is embodied

in the product of three derivatives. The first two elements of this

product capture the effect of z on w, which is always positive since z

(the rate of innovation) varies positively with consumer utility (see

equation (5)). The sign of the third element (dz/dτ) depends on

12The τ ∗ and τω functions of Figure 3 are again real approximations of integer
values.
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the trade-off between size and frequency discussed in the previous

section. The second component of (17), ∂w/∂τ , is the direct effect on

welfare of less frequent innovation. This component is always negative

due to consumer discounting. Hence, the trade-off between the size

and frequency of innovation again determines the maximizing patent

length. However, from the welfare perspective, the balance point

between size and frequency (τω) occurs before τ∗. To see this, simply

note that at τ = τ∗, dz/dτ = 0 and welfare are already falling in

patent length (since ∂w/∂τ < 0). The divergence between τ∗ and τω

is therefore attributable to consumer discounting. While size affects

w only through z, frequency operates through two channels: through

z and through consumer discounting.

From a policy perspective, divergence of the patent length that

maximizes welfare and that which maximizes the rate of innovation

creates a tension in the choice of patent length. If, consistent with the

explicit Congressional objective, patent length is chosen to maximize

the rate of technological advance, a price in consumer welfare must

be paid.

3 Conclusion

The objective of this chapter is to identify the patent length that

maximizes the rate of innovation and compare it with the patent

length that maximizes consumer welfare. Our model suggests these

patent lengths are distinct, and that the patent length that maxi-

mizes the rate of innovation exceeds that which maximizes welfare.

Though our model is simple, the fundamental mechanism responsible

for the existence of maximizing patent lengths, and their divergence,

is intuitive, and should be operative in more complex formulations.

Specifically, increases in patent length have countervailing effects

on the size and frequency of innovation. A longer patent length

increases the size, but decreases the frequency, of innovation. The

patent length that maximizes the rate of innovation balances the size

and frequency effects. Similarly, the patent length that maximizes

consumer welfare balances the size and frequency effects from a

welfare perspective. The rate of innovation and welfare balance points
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differ because of the more powerful effect of frequency on consumer

welfare. A decrease in the frequency of innovation reduces welfare

directly through discounting, and indirectly through its effect on the

rate of innovation. Hence, reduced frequency dominates increased

size at a lesser patent length from the welfare perspective.

The divergence in the patent lengths that maximize welfare and

the rate of innovation raise a number of important policy questions.

In addition to patents, the government employs a complex set of tax

and regulatory incentives to influence firms’ decisions to innovate.

Could these instruments be used to offset the “distortion” created

by choosing a patent life that maximizes the rate of innovation rather

than consumer welfare? Though analysis of this question is beyond

the scope of the current paper, our model provides a framework for

broaching such coordination issues. The model can also be employed

to explore variations in the maximizing patent length as tastes,

production costs, or time preferences change. Such an exercise would

be suggestive of how patent lengths might vary across industries in

an ideal world. In-depth analysis of these issues will be the object of

future research.

Appendix

Proposition 1. The extension of z (equation (10)) to the real line

(call it Z) has the following properties:

(i) Z has a unique positive stationary point that is a maximum.

(ii) Z → 0 as τ → ∞.

(iii) dZ/dτ > 0 when τ is sufficiently small.

Proof. (i) Differentiating Z with respect to τ , yields:

dZ

dτ
=

1

τ lnλ

(
−1

τ
ln

[
(1− δτ )E lnλ

C(1− δ)

]
+
δτ ln 1

δ

1− δτ

)
(A1)

Setting (A1) equal to zero and manipulating yields

(δ−τ − 1) ln

[
(1− δτ )E lnλ

C(1− δ)

]
= τ ln

1

δ
(A2)



336 Innovation, Growth and IP Rights in the Global Economy

Figure A1. Determination of innovation-rate-maximizing patent length (τ∗)
by plotting the LHS and RHS of Equation (A2) against patent length (τ ).

Define the LHS of (A2) as the function LA2(τ), and RHS of (A2)

as the function RA2(τ). To demonstrate the existence of a unique

positive τ that satisfies (A2), (τ = 0 is a trivial solution to (A2)),

differentiate LA2(τ) to obtain:

dLA2

dτ
=

(
δ−τ ln

[
(1− δτ )E lnλ

C(1− δ)

]
+ 1

)
ln

1

δ
(A3)

By (11), (dLA2/dτ) > 0, for all Z > 0. Furthermore d2LA2/dτ2 > 0

for all τ > 0, establishing the convexity of LA2(τ ) ·RA2(τ ) is simply

a ray from the origin with slope ln(1/δ) > 0. Figure A1 plots the

LA2(τ) and RA2(τ).

Hence, there exists a unique, positive τ∗ at which dZ/dτ = 0.

From (10) and (A2) we see that

Z∗ =
δτ

∗
ln 1

δ

(1− δτ∗) lnλ
(A4)

Therefore, Z∗ is positive and unique. We now demonstrate that the

stationary point, τ∗, is a maximum of Z.

(ii) From (10), as τ → ∞, Z → 0.

(iii) In (A1) it can be seen that as τ is sufficiently small, the term

in the square brackets becomes one, and dZ/dτ > 0.
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Thus, since τ∗ is unique, it must be a maximum and Z(τ) takes

the form illustrated in Figure 1. �

Proposition 2. The extension of w (equation (15)) to the real line

(call it W ) has the following properties:

(i) W has a unique maximum.

(ii) W (0) = 0 and W (τ) = E/η(1 − δ) as τ → ∞.

Proof. (i) From equation (14) we have

W (τ) =

[
1− δτ

1− δ

](
E

η

) ∞∑
j=0

δjτ
[
(1− δτ )E lnλ

C(1− δ)

]j

=

[
1− δτ

1− δ

](
E

η

) ∞∑
j=0

[
(1− δτ )δτE lnλ

C(1− δ)

]j
. (A5)

Inspection of (A5) reveals that a necessary condition for the existence

of a finite W and, hence, a τ that maximizes welfare is

(1− δτ )δτE lnλ < C(1− δ). (A6)

Given that (A6) is satisfied, (A5) becomes

W (τ) =

[
1− δτ

1− δ

](
E

η

)
1

1−
[
(1−δτ )δτE lnλ

C(1−δ)

] . (A7)

which can be rewritten as

W (τ) =

[
E

η(1 − δ)

]
1

(1− δτ )−1 −
[
δτE lnλ
C(1−δ)

] . (A8)

Now define θ(τ) = (1 − δτ )−1 − Aδτ , where A =
[

E lnλ
C(1−δ)

]
. By

inequality (A6), A > 1. Then we can rewrite (A7) as

W (τ) =

[
E

η(1− δ)

]
1

θ(τ)
. (A9)
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The behavior of W (τ) thus depends on the properties of θ(τ).

Differentiating θ, we obtain

∂θ

∂τ
= −(1− δτ )−2δτ ln

1

δ
+Aδτ ln

1

δ
(A10)

which has an extreme point (call it τω) where −(1− δτ )−2 +A = 0.

Solving for τω yields

τω =
1

ln δ
ln

[
1−

[
C(1− δ)

E lnλ

]1/2]
. (A11)

Differentiating (A10) and simplifying, yields

∂2θ

∂τ2
= δτ (ln δ)2

[
(1− δτ )−2

[
2(δ−τ − 1)−1 − 1

]
+A

]
. (A12)

Evaluating (A12) at τω and simplifying, we find

∂2θ

∂τ2

∣∣∣∣
τ=τω

= 2δ2τ (ln δ)2(1− δτ )−3 > 0. (A13)

Equation (A12) can also be used to demonstrate that a unique

inflexion point (call it τ ′) of θ(τ) exists13:

τ ′ = − 1

ln δ
ln

[
1 +

[
E lnλ

C(1− δ)
− 1

]−1/2
]

(A14)

With some manipulation it can be shown that τ ′ > τω. The final step

in our characterization of the function θ(τ) function is the evaluation

of (A10) at the limits of τ . Using our definition of θ and (A10), we

find that

as τ → 0, θ → ∞, ∂θ/∂τ → −∞
and

as τ → ∞, θ → 1, ∂θ/∂τ → 0.

13A formal proof of the uniqueness of the inflexion point τ ′ is available from the
authors upon request.
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Figure A2. Plotting θ (which is inversely related to the consumer-welfare-
maximizing patent length) against patent length. Please refer to Equation (A9).

Putting together these properties, the function θ(τ) must have the

form illustrated in Figure A2.

(ii) Now recalling (A9), W (τ ) → 0 as τ → 0, and W (τ ) =

E/[η(1 − δ)] as τ → ∞. �

Hence W(τ) has the approximate form illustrated in Figure 2 of

the text.

Proposition 3. τ∗ > τω for all values of B for which τ∗ and τω are

defined (i.e. values of B consistent with inequalities (11) and (A6)).

Proof. From (A11), τω can be expressed as follows:

τω =
ln
[

1
1−B

]
ln 1

δ

where B =

[
C(1− δ)

E lnλ

]1/2
(A15)

Figure A1 reveals that for any τ < τ∗, RA2(τ) > LA2(τ). Similarly,

for any τ > τ∗, LA2(τ) > RA2(τ). Therefore, the direction of

inequality between RA2(τω) and LA2(τω) establishes the relation-

ship between τ∗ and τω. Inequality (11) establishes B = 1 as an upper

bound on B for which τ∗ is defined. Inequality (A6) establishes a

lower bound of B = 1/2 for whichW is finite and τω is defined (since
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[(1− δτ )δτ ]1/2 has a maximum value of 1/2). Utilizing equation

(A15) and noting that δτ
∗
= 1 − B, LA2(τ) can be expressed as

[−B/(1−B)] lnB and RA2(τ) as − ln[1−B]. The following inequality

thus characterizes the relationship between τω and τ∗ for B ∈ (12 , 1).
B lnB > (1−B) ln(1−B) ⇔ τω < τ∗ (A16)

Now define ψ(B) = B lnB−(1−B) ln(1−B). Note that this function

is continuous on the closed interval B ∈ [
1
2 , 1
]
. Using L’Hopital’s

rule ψ(B) = 0 at B = 1, and by inspection ψ(B) = 0 at B = 1/2.

Differentiating ψ(B) reveals an extreme point at B = 0.839. Now

note that ψ′′(B) = (1 − 2B)/[B(1 − B)], which is negative for all

B ∈ (
1
2 , 1
)
. Thus ψ(B) is concave and (A.16) is always satisfied

on the interval B ∈ (12 , 1) · By (A15), τω is convex in B, yielding

Figure 3 of the text. �
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Chapter 11

Parallel Imports and Price Controls∗

Abstract
Price controls create opportunities for international arbitrage.
Many have argued that such arbitrage, if tolerated, will undermine
intellectual property rights and dull the incentives for investment in
research-intensive industries such as pharmaceuticals. We challenge
this orthodox view and show, to the contrary, that the pace of
innovation often is faster in a world with international exhaustion
of intellectual property rights than in one with national exhaustion.
The key to our conclusion is to recognize that governments will
make different choices of price controls when parallel imports are
allowed by their trade partners than they will when they are not.

1 Introduction

Parallel trade occurs when a good protected by a patent, copyright,

or trademark, having been legally purchased in one country, is

exported to another without the authorization of the local owner

of the intellectual property rights in the importing market (see

Maskus, 2000b). Parallel trade represents a form of arbitrage whereby

∗By Gene M. Grossman and Edwin L.-C. Lai. Originally published in RAND
Journal of Economics, 39(2) (Summer 2008). Copyright c© 2008 by RAND. It
has been reprinted with revisions and permission from the original publisher.
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a legitimate product is shipped from the market intended by the

intellectual property rights holder to another where it commands

a higher price. Like other forms of arbitrage, parallel imports (also

known as “grey-market imports” or “reimports”) respond to interna-

tional price differences that result from retailer price discrimination,

vertical pricing restraints, or national differences in government price

controls.

The propriety of parallel trade is a matter of intense policy

debate in a number of countries and in the World Trade Organization

(WTO). At present, WTO provisions allow member countries to

establish their own rules for the “exhaustion” of intellectual property

rights (IPR).1 If a country opts for national exhaustion of IPR, a

rights holder there may exclude parallel imports, because intellectual

property rights continue until such a time as a protected product is

first sold in that market. If a country instead chooses international

exhaustion of IPR, parallel imports cannot be blocked, because the

rights of the patent, copyright or trademark holder expire when

a protected product is sold anywhere in the world. The United

States practices national exhaustion for patents and copyrights, but

permits parallel imports of trademarked goods unless the trademark

owner can show that the imports are of different quality from goods

sold locally or otherwise might cause confusion for consumers. The

European Union provides for regional exhaustion of IPR whereby

goods circulate freely within the trading bloc but parallel imports

are banned from non-member countries. Japanese commercial law

permits parallel imports except when such trade is explicitly excluded

1Article 6 of the Agreement on Trade-Related Aspects of Intellectual Property
Rights (TRIPS) states that:

For the purposes of dispute settlement under this Agreement,
subject to the provisions of Articles 3 and 4, nothing in this
Agreement shall be used to address the issue of the exhaustion
of intellectual property rights.
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by contract provisions or when the original sale is made subject to

foreign price controls.2

Public debate about parallel imports has been especially heated

in the area of prescription drugs. In the United States, where

consumers, public health officials, and politicians have become

increasingly concerned about the high and rising cost of medicine,

bills that would introduce international exhaustion of patent rights

for prescription drugs have been introduced in one or both houses of

Congress in each of the last three sessions. In fact, in 2000, Congress

passed a bill to permit reimportation of medicines. Although Pres-

ident Clinton signed the bill into law, his administration ultimately

declined to implement it, citing concerns about consumer safety. New

legislation was introduced to Congress in 2004 that would have forced

deregulation of parallel imports of pharmaceuticals. In each case,

the impetus for Congressional action came from public pressures to

step up imports from Canada, where regulations and price controls

have generated prices for prescription drugs significantly lower than

those across the border.3 Despite the continuing legal impediments

to parallel imports, reimportation has been a growing source of

pharmaceuticals supply in the United States due to increased

personal trafficking and the proliferation of Internet purchases. By

one estimate, parallel imports of prescription drugs from Canada

amounted to US$1.1 billion in 2004, or about 0.5% of the US market

(Cambridge Pharma Consultancy, 2004).

Parallel trade in pharmaceuticals features prominently in Europe

as well, where it is the source of ongoing controversy. Differences in

price regulations have resulted in significant variation in pharma-

ceutical prices across member countries of the European Union and

the European Free Trade Association (Arfwedson, 2004; Kanavos

2Different national regimes of IPR exhaustion are described in more detail in
Maskus (2000a, 2000b) and Arfwedson (2004).
3Maskus (2001) compares prices for similar doses of 18 drugs and finds lower
prices in Canada than in the United States in 17 cases. The average price for
these drugs in Canada was 63% of that in the United States.
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and Costa-Font, 2005). Kanavos and Costa-Font, for example, report

price differences for many products and country pairs of between

100% and 300%. Prices are highest in the countries with free or

relatively free prices, which are Germany, the United Kingdom,

Sweden, the Netherlands, and Denmark. These countries all have

witnessed substantial growth in parallel importing, with reimports

accounting for between 7% and 20% of their national expenditures

on prescription drugs in 2002. The parallel exporters include Spain,

France, Greece, Italy, and Portugal, all of which are countries with

controlled prices or explicit price caps (Ganslandt and Maskus, 2004).

Opponents of parallel trade — of which there are many — are

concerned that such trade undermines manufacturers’ intellectual

property rights.4 The prevailing wisdom, expressed for example by

Barfield and Groombridge (1998, 1999), Chard and Mellor (1989),

Danzon (1997, 1998), and Danzon and Towse (2003), is that parallel

trade impedes the ability of research-intensive firms such as those

in the pharmaceuticals industry to reap an adequate return on

their investments in new technologies. Their arguments seem to

find support in more formal analyses, which offer only a few minor

caveats. For example, Li and Maskus (2006) develop a model in

which parallel trade creates competition in the home market between

a manufacturer and its own distributor in a foreign market. They

find that the distortions associated with parallel imports reduce

the manufacturer’s incentive to invest in cost reducing innovation

at a prior stage. Szymanski and Valletti (2005) model an industry

with vertical product differentiation and examine how parallel trade

affects a firm’s decision of whether to supply high quality products.

They conclude that such trade diminishes the firm’s incentive to

invest in quality and may reduce welfare in both countries. In a

related model, Valletti (2006) shows that parallel trade reduces

investment when differential pricing is based purely on differences in

4Aside from any potential dynamic effects, parallel trade that undermines third-
degree price discrimination can reduce world welfare by reallocating sales from
markets with low demand elasticities to markets with high demand elasticities;
see Malueg and Schwartz (1994).
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price elasticities, but increases investment when differential pricing

results from idiosyncratic costs of serving the two markets (that the

manufacturer must bear, but an arbitrager can avoid). Finally, Rey

(2003) examines parallel importing that may result from differential

price regulation, as is most germane in the case of pharmaceuticals.

He argues that such trade impedes a country’s ability to accept high

local prices in order to promote R&D when its trade partner prefers

to set lower prices. As a result, world investment in technology is

lower in his model when parallel trade is allowed than when it is

banned.

In this chapter, we challenge the prevailing wisdom for the case

(such as in pharmaceuticals) in which parallel trade is induced

by different national price controls. We argue that the existing

policy discussions and formal modeling overlook an important effect

of national policy regarding the exhaustion of IPR. Whereas the

papers in the literature that discuss parallel imports of pharma-

ceuticals in the presence of price regulation compare incentives

for R&D in scenarios with and without parallel imports for given

levels of controlled prices, we emphasize that a government will

face different incentives in regulating prices in the presence or

absence of arbitrage possibilities. This is so for two reasons. First,

the admissibility of parallel trade introduces the possibility that

a manufacturer will eschew low-price sales in the foreign market

in order to mitigate or avoid re-importation. When arbitrage is

impossible, the manufacturer is willing to export at any price above

marginal production cost. But when the potential for arbitrage exists,

the manufacturer may earn higher profits by selling only in the

unregulated (or high-price) market than by serving both markets

at the lower, foreign-controlled price. Accordingly, a switch from a

regime of national exhaustion to one of international exhaustion can

induce an increase in the controlled price as the foreign government

seeks to ensure that its consumers are adequately served.

Second, the admissibility of parallel trade mitigates the oppor-

tunity for one government to free-ride on the protection of IPR

granted by another. As we have shown in Grossman and Lai (2004),

national policies to protect IPR often are strategic substitutes in a
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two-country (or many-country) policy-setting game; the greater is

the protection afforded by one country, the less will be the optimal

level of protection perceived by the other. In a world without parallel

trade in which one government allows manufacturers to price freely

in its market (or enforces a price ceiling at a relatively high level), the

other government can hold the line on prices so as to benefit its local

consumers and nonetheless enjoy the fruits of relatively high rates

of innovation. But when arbitrage can occur, a low price cap in one

country dulls incentives for investment worldwide. The government

of a less-innovative country faces a different trade-off in setting its

regulated prices in the presence or absence of arbitrage. As we will

show, the deregulation of parallel imports in a highly-innovative

economy always induces the government of its less-innovative trade

partner to loosen its price controls.5 In our analysis, the presumptive

outcome is one in which deregulation of parallel imports generates

both an increase in consumer surplus in the innovative country

and an increase in the world pace of innovation. Thus, the more

innovative country may face no trade-off at all between static and

dynamic gains in its choice of regime for exhaustion of IPR. We find

that typically the more innovative country gains from parallel trade,

while the less innovative country loses.6

The starting point for our analysis is the two-country model of

ongoing innovation and trade that we developed in Grossman and

5Indeed, Kanavos and Costa-Font (2005, p. 766) cite policy changes of this sort
in some European countries in response to the growth of intra-European parallel
trade in pharmaceutical goods. For example, they note that Portugal and Italy
have in recent years moved their regulated prices for reimbursed medicines closer
to average European prices, while France too has tended to allow freer pricing of
highly innovative products.
6Pecorino (2002) makes a related though different point in a static model of sales
and exports by a single firm. In his model, export prices are determined as a Nash
bargain between the manufacturer and the foreign government. The possibility of
reimportation strengthens the bargaining position of the manufacturer by lending
credibility to the threat that he will not serve the foreign market. Accordingly,
the monopolist’s profits can be higher when parallel imports are allowed than
when they are not.
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Lai (2004) to study incentives that governments have to protect IPR

in an open, world economy. In this model, firms devote resources

to inventing horizontally differentiated goods with finite product

lives. The greater is the global protection of IPR, as reflected in the

duration of patents and the enforcement rate for live patents, the

greater is the incentive for product development. The model yields

a steady-state equilibrium in which the measure of differentiated

products is constant. This measure responds to the policy regime.

Here, we take the global regime for protection of patent rights as

given, but introduce the possibility of price controls. That is, we

assume that new pharmaceutical products receive similar patent

protection in all countries (as indeed is dictated by the terms of the

TRIPS agreement), but that existing international agreements do not

prevent a country from regulating domestic prices of prescription

drugs. We compare prices, profits and rates of innovation in a

regime in which the high-price country allows parallel imports with

those that arise when such trade is disallowed. We do so first

under the assumption that the innovative “North” allows its firms

to price freely and that no innovation takes place in “South”.7

Subsequently, we show that the main insights carry over to the

case in which both countries regulate prices in a Nash equilibrium

policy game, and also to the case in which innovation occurs in both

countries provided that North conducts sufficiently more R&D than

South.

We will argue that by allowing parallel imports, the North dulls

the incentives in the South for free-riding on its protection of IPR.

This argument does not require that the South be a single, large

economy, as we initially assume. In fact, our results extend readily

to a setting with several or many countries in the South. The size of

a typical country in the South enters our analysis in several ways.

If such a country is small (for example, because there are many

such countries), there will be fewer consumers there to benefit from

7Whereas the geographic designations seem apt for Europe, the North American
reader should not be confused by the fact that, in the context of our model, the
United States is “North” and Canada is “South”.
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faster world innovation. But there will also be fewer consumers to be

harmed by high local prices. These two effects of country size offset

one another in our model, and so they do not affect a government’s

incentives in setting its price ceilings. The size of a country in the

South can also affect the leverage that its governments has over

world innovation and the risk it faces that its local market will

not be served. The policies of a small country have little effect on

R&D investment in a world without parallel trade, because each firm

captures only a tiny share of its profits in such a market. Therefore,

in a regime of national exhaustion of IPR in the North, the free-rider

problem quickly grows more severe as the number of countries in the

South expands. In contrast, when arbitrage is possible, a country that

strictly controls prices impinges upon profit opportunities not only

in its own small market, but also in other, larger markets to which

the goods can be shipped. Accordingly, even a small country has

considerable leverage over world innovation in such a setting. Note

too that innovating firms may well be tempted to cut off supply from

a very small market when goods can be transhipped from there to

the North, but such firms have no reason to withhold supply from

small markets in the absence of parallel trade. For these reasons,

we find that the North’s preference for international exhaustion of

IPR extends to a world with multiple symmetric Southern countries

and even to a world in which the typical such country is vanishingly

small.

The remainder of the chapter is organized as follows. In the next

section, we adapt the Grossman–Lai model of ongoing innovation to

allow for price controls. We develop the model under the assumption

that all innovation takes place in the North and that prices are

regulated only in the South. In Section 3, we derive and discuss our

main results, which compare prices, profits and rates of innovation

under alternative regimes for exhaustion of IPR in which North

does and does not allow parallel imports. Section 4 addresses

circumstances in which North also may impose price controls and

in which firms in South have the capacity to innovate and Section 5

extends the analysis to a world with several or many countries in the

South. The final section summarizes our findings.
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2 A Model of Ongoing Innovation

We consider an industry such as pharmaceuticals in which firms

innovate by introducing new varieties of a differentiated product, all

of which have finite economic lives. Our approach builds on Grossman

and Lai (2004).

The world economy has two sectors, one that produces a

homogeneous good and the other that produces a continuum of

differentiated products. The designs for differentiated products are

the outgrowth of investments in R&D. Each new product has a useful

economic life of length τ̄ , which means that it can provide utility to

consumers for a period of that duration. When τ̄ years have elapsed

from the time of invention, the product ceases to be of economic

value.

There are two countries, North and South. Innovative products

are consumed in both countries whereas (for now) all innovation takes

place in North. In country j, j = N (for North) or j = S (for South)

there are Mj consumers who demand the differentiated products of

the innovating industry. The typical such consumer maximizes an

intertemporal utility function of the form

Uj(t) =

∫ ∞

t
uj(z)e

−ρ(z−t)dz (1)

where

uj(z) = yj(z) +

∫ n(z)

0
h[xj(i, z)] di, (2)

yj(z) is consumption of the homogeneous good at time z, xj(i, z)

is consumption of the differentiated product i at time z, and n(z)

is the number (measure) of differentiated products invented before

time z that remains economically viable at z. As in Grossman and Lai

(2004), we will refer to Mj as the “size of the market” in country j.

A consumer with the preferences represented by (2) maximizes

utility by purchasing differentiated product i at time z up to the

point where its marginal utility, h′ [xj(i, z)] is equal to the local price

of the good. After the consumer makes all of his optimal purchases of

the economically viable differentiated products available at time z, he
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devotes residual spending (which we take to be strictly positive) to

the homogeneous good. With spending on the homogeneous good

assumed positive at every moment, (1) implies that the interest

rate must be constant and equal to ρ. Then each household attains

indirect utility equal to the present discounted value of lifetime

spending plus the present discounted value of consumer surplus

captured on purchases of differentiated products.

New varieties of the differentiated product result from a research

activity that requires labor and a sector-specific factor that we call

“research capital”. We take φj(z) = 1
βK

1−β
j LRj(z)

β , where φj(z)

is the flow of new products developed in country j at time z, Kj

is the (fixed) stock of research capital in country j, and LRj(z) is

the (effective) labor devoted to research in country j at time z.8 To

capture a setting in which research capacity is highly concentrated

in one country, we assume (for now) that KN > 0 while KS = 0.

Note that the time derivative of n(z) is ṅ(z) = φN (z) − φN (z − τ̄),

because products invented at time z − τ̄ become obsolete at time z.

In steady state, φN is constant and so ṅ(z) = 0.

Our earlier paper focused on the determination of patent lengths

and enforcement rates in non-cooperative and cooperative interna-

tional regimes of intellectual property protection. Here, we take the

patent regime as given and assume that patent lengths have been

harmonized by some international agreement such as TRIPS. Every

inventor is awarded a patent of length τ < τ̄ in both countries. We

assume that patents are perfectly enforced.9 By taking the terms

of patent protection as given, we can focus most sharply on price

controls and parallel trade as instruments of innovation policy.

8In Grossman and Lai (2004), we allow for a constant elasticity of substitution
between labor and research capital that need not be equal to one. We find that
most qualitative results do not depend on the size of this elasticity, as long as it
does not exceed two.
9In Grossman and Lai (2004), where we allowed for imperfect enforcement, we
showed how one could construct a single measure of strength of IPR protection
that reflects both duration of patents and rates of enforcement. Here, we ignore
the complications associated with imperfect enforcement for simplicity.
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Once a variety has been invented, it can be produced in North

with c units of labor per unit of output. We take North’s wage as

numeraire, so c also represents the marginal cost of production there.

A firm that holds a live patent for an economically viable good has

the sole right to produce that good and to make the first sale at

home or abroad. Whether it can also prevent reimportation of goods

that it initially sells in South depends on the prevailing regime for

exhaustion of IPR. If North adopts national exhaustion, the patent

holder can prevent parallel imports of units it sells to consumers

(or distributors) in South. If North instead chooses international

exhaustion, parallel imports cannot be barred. For simplicity, we

ignore transportation and marketing costs. Therefore, price arbitrage

is perfect in a regime that permits parallel trade.

Firms that hold live patents set prices for (initial) sales in each

market. They do so after North has decided its regime for exhaustion

of IPR and after the two governments have announced their pricing

policies, if any. If the price that a firm charges for sales in a country

exceeds the legal price ceiling there, no distributor or consumer

will be able to purchase its product. If North adopts international

exhaustion and a patent holder asks a higher price there than that for

sales in South, it will lose the Northern market to parallel traders.

Accordingly, a patent holder must charge a price for sales in each

country no greater than the local price ceiling or its sales there will

be zero, and it must charge identical prices in the two markets under

international exhaustion or its sales in the higher-priced market will

be zero.

We denote by π(p) the profits that a patent holder makes per

consumer when it charges the price p in some market and serves all

local demand at that price. Note that consumers in both countries

have identical demands, so these profits are the same (as a function of

price) for sales in North and South. Similarly, C(p) is the surplus that

a consumer in either country enjoys when the differentiated product

i is available at price p. Let CC = C(c) be the surplus per consumer

when a differentiated product is available at the competitive price c,

and let CM = C(pM ) be the surplus per consumer when the patent

holder charges the unconstrained monopoly price pM . As usual, the
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monopoly price is such that the markup over marginal cost as a

fraction of price is equal to the inverse demand elasticity.10

Whenever a patent expires, the formerly-patented good can be

produced by firms anywhere in the world at a unit cost of c.

That is, we assume that any wage gap that exists between North

and South reflects a difference in the productivity of labor in

all of its uses. This, and the tradability of the numeraire good,

allows us to measure Southern labor in efficiency units, with the

wage per efficiency unit in South equal to that in North. Then

the production cost for unpatented goods is the same in both

places.11

We describe now the steady-state equilibrium for a given policy

regime. In a steady state, the measure of differentiated products is

constant. The products invented at time z replace the products that

become obsolete at z, which are those that were invented at z − τ̄ .

The total number of viable products is n = φN τ̄ , with nM = φNτ

of these under patent protection at any moment, and the remaining

nC = φN (τ̄ − τ) competitively priced. The patented goods carry a

price pN in North and pS in South. These prices will reflect the policy

regime in force, including the height of any price ceilings and whether

North allows parallel imports. A Northern monopolist earns a flow

of profits MNπ(pN ) +MSπ(pS) for a period of length τ , the present

discounted value of which is

v = [MNπ(pN ) +MSπ(pS)]T, (3)

10We assume that the monopoly price is finite, which requires a demand elasticity
greater than one at the relative point on the demand curve. For example, it
would be sufficient that −xh′′(x)/h′(x) < 1 for all x. We do not make the latter
assumption as we did in Grossman and Lai (2004), because we wish to consider
linear demands as a special case.
11More formally, let aj and caj be the unit labor requirement in country j for
producing the numeraire good and a differentiated good, respectively. Then, by
the normalization aN = 1, we have wN = 1, wS = aN/aS, and one efficiency
unit of Southern labor is equal to aS/aN units of Southern labor. The price of
an unpatented good, which is sold at cost under perfect competition, is equal to
c in both countries. This assumption of equal production costs is not needed for
our results, but it simplifies the exposition.
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where T ≡ (1− e−ρτ ) /ρ is the present value of a flow of one dollar

from time zero to time τ . Firms in North deploy labor in R&D up to

the point where the marginal value product in this activity is equal

to the wage, or

v (KN/LRN )1−β = 1. (4)

Then, given this allocation of labor, the flow of new innovations

is φN = 1
βK

1−β
N Lβ

RN , from which the steady-state measure of

differentiated products can be computed.

We assume that Northern firms are owned by households in North

and, without further loss of generality, that investments in R&D are

financed by aggregate savings there.12 Spending in North, EN , is

the difference between national income YN and national savings,

or between national income and national investment. National

income comprises labor income, the return to research capital, and

the flow of monopoly profits paid as dividends, so YN = LN +

rKN +nM [MNπ(pN ) +MSπ(pS)], where r is the return to research

capital and LN is the aggregate labor supply in North. Investment

is devoted entirely to R&D, the cost of which is LRN + rKN .

Therefore,

EN = LN − LRN + nM [MNπ(pN ) +MSπ(pS)] . (5)

In South, all income derives from wages and all is spent, so ES = LS ,

where LS is South’s labor supply measured in efficiency units.

We are ready now to describe the policy environment and the

objective functions of the two governments. North’s government faces

an initial decision about its policy for exhaustion of IPR. Our analysis

focuses on the relative merits of its alternative options.13 We assume

12With quasi-linear preferences, our analysis would be unaffected if we were to
introduce the possibility of international borrowing and lending. The constant
interest rate equal to the discount rate makes consumers indifferent to the time
profile of their spending.
13We could allow South’s government to make a simultaneous choice of policy
regarding parallel imports. However, inasmuch as prices of differentiated products
are higher in North than South in all equilibria that we consider with national
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that the choice of IPR exhaustion is a long-term commitment; i.e.

the government decides once and for all whether it will tolerate

or ban parallel imports. Subsequently, at each moment z > 0, the

governments set their price regulations for goods invented at time z.

A government can commit at time z to a price ceiling that will apply

during the economic life of any good i invented at time z. Without

this ability to pre-commit, both governments would be tempted to

enact price ceilings at the competitive level c for every new good the

moment after it is invented and, foreseeing this, firms would have

no incentive to invest in R&D. The ability to pre-commit can be

sustained, as usual, by an appropriate reputation mechanism.14 We

assume for the time being that North imposes no price controls or,

equivalently, that its price ceiling for every good equals or exceeds

the monopoly price pM .

While in principle South’s government could choose to set

different price ceilings for goods invented at different times (or for

different goods invented at the same time), it has no reason to

do so. Therefore, we shall solve for a single price ceiling that is

optimal for South for all goods and at all times, which however

depends on what parallel trade regime is in effect. At time zero

and thenceforth, the government of South chooses a price ceiling

exhaustion, there is no incentive for parallel trade to flow from North to South,
and thus South’s policy toward parallel imports is irrelevant.
14Our assumption that the government sets its pricing ceiling before firms make
their R&D decisions suggests that the government has more incentive to commit
than the firms, or is better able to do so. We believe the assumption is plausible in
our context, because the government’s policies affect many potential investors at
each moment in time and even more investors over time. In contrast, an individual
firm makes a single R&D decision at a given moment and may invest for only a
limited period. Accordingly, the government has ample incentive to invest in a
reputation for not expropriating IPR via price controls, whereas the individual
firms have no reason to commit to high levels of investment and little to gain by
committing not to invest. We emphasize, however, that our timing assumption is
crucial to our argument. Without pre-commitment by the Southern government,
international exhaustion of IPR would kill all incentives for innovation. Lack of
pre-commitment ability in North would imply zero innovation also under national
exhaustion of IPR.
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to maximize the discounted value of the total consumer surplus that

its households achieve on goods invented subsequently. Considering

that the number of Southern consumers is MS , that innovation will

be constant over time at rate φN , and that each newly invented good

spends the first τ years of its economic life as a patented good with

(endogenous) price pS and the remaining τ̄−τ years as an unpatented

good with price c, the South government’s objective is to maximize

the present discounted value of the sum of spending and consumer

surplus,

WS =
LS

ρ
+
MSφN
ρ

[
TC(pS) +

(
T̄ − T

)
CC

]
, (6)

where T̄ = (1− e−ρτ̄ ) /ρ is defined analogously to T .

In North, aggregate welfare is the present value of spending plus

consumer surplus, and spending is augmented by profit income but

diminished by the savings that finance R&D; see (5). Accordingly,

the government of North will evaluate the alternative trade regimes

with an eye toward maximizing

WN =
LN − LRN

ρ
+
φN
ρ

[TMNC(pN )+(T̄−T )MNCC+TΠN ], (7)

where ΠN =MNπ(pN )+MSπ(pS) is the global profit flow earned by

a typical Northern patent holder. The differences between (6) and

(7) reflect that (i) the sizes of the two markets differ, (ii) profits

accrue to firms in North but not to firms in South, and (iii) North

devotes resources to R&D whereas South does not. In other words,

as in Grossman and Lai (2004), the governments have different

interests because the countries have different capacities for research

and differently sized markets for innovative products.

In the next section, we discuss the optimal price control in South

in a regime with national exhaustion of IPR (no parallel imports)

and in a regime with international exhaustion. Then we compare the

aggregate welfare in North under the alternative regimes, to shed

light on its decision whether or not to allow parallel trade. We also

discuss how parallel trade affects welfare in South.
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3 Price Controls with and without Parallel Trade

Throughout this section, we assume that the government of North

does not impose price controls and firms in South do not innovate.

When North prohibits parallel imports, South can limit the prices

of differentiated products in its market without any effect on the

prices that these products carry in North. Such restraints will

benefit Southern consumers and will not cause any loss of income

for Southern households. However, they will reduce the incentives

for innovation in North to an extent that depends on the size of

the Southern market. We derive the optimality conditions for the

South’s price control in such circumstances and then turn to the

more subtle calculus that arises when parallel imports are tolerated

in the North. Then the government of South must recognize that

Northern firms would prefer at some prices to sacrifice sales in the

Southern market in order to curtail arbitrage. And, if patent holders

set prices for initial sales in South that fall within the bounds of

the price controls, the opportunities for arbitrage will affect prices

in the North and thus the profits that the innovative firms can earn

at home. After we derive the optimal price controls in the presence of

arbitrage, we compare the welfare levels that result in each country

under the alternative parallel trade regimes.

3.1 Optimal price ceiling with national exhaustion

Suppose that North prohibits reimportation of patented goods. With

no price controls in North, each producer of a differentiated product

charges the monopoly price pM there for as long as its patent

remains alive. In South, the monopolists can make positive profits

at any price above c and will charge the highest price allowed

under the price control, up to a maximum of pM . Thus, South’s

government can choose the local price between c and pM that

maximizes WS in (6), recognizing that the price determines both

local consumer surplus MSC(pS) and the flow of global profits per

patent, MSπ(pS) +MNπ(pM ). The latter determines LRN , which in

turn determines the rate of innovation, via (4).
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If the South sets a price control pS above the marginal cost c,

then the first-order condition implies

dφN
dv

dvne

dpS

[
TC(pS) +

(
T̄ − T

)
CC

]
+ φNTC

′(pS) = 0 (8)

or, using (3), (4), φN = 1
β

(
K1−β

N Lβ
RN

)
and the fact that C ′(pS) =

−x(pS),
β

1− β

[
C(pS) +

(
T̄ − T

T

)
CC

] [
π′ (pS)
x(pS)

]
= π (pS) +mπ(pM ), (9)

where vne = [MSπ(pS) +MNπ(pM )]T is the value of a patent with

national exhaustion of IPR in North, x(·) is the demand per consumer

for the representative differentiated product as a function of its price,

and m ≡ MN/MS is the relative size of the Northern market. For

m large, the right-hand side of (9) exceeds the left-hand side for all

values of pS above c. Then, South’s government sets its price ceiling

pneS equal to c, where pneS denotes the price ceiling in a regime with

national exhaustion. Otherwise, pneS is the value of pS that solves (9).

The first-order condition (9) expresses the tradeoff between the

benefit to South of the extra product diversity that results from

greater innovation and the loss in surplus that Southern consumers

suffer as a result of higher prices there. The term β/(1−β) represents
the elasticity of innovation φN with respect to the value of a patent

v, and thus can be interpreted as the supply elasticity of R&D.15

The government of South sets a more lenient price control (higher

ceiling) when innovation is more responsive to profits, when product

life is long relative to the duration of patents, and when the South’s

market is relatively large.16

15With φj = 1
β
K1−β

j Lβ
Rj and v (∂φj/∂LRj) = 1,

∂φj

∂v

v

φj
=

β

1− β
.

16These claims rely on the second-order conditions being satisfied, which we
assume to be the case.
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3.2 Optimal price ceiling with international

exhaustion

Now suppose that North permits parallel imports. If the price of a

differentiated product in North were to exceed the (regulated) price

of the same good in South, an arbitrage opportunity would present

itself. We have assumed that shipping and distribution are costless,

which means that no such arbitrage opportunities can persist in

equilibrium. With international exhaustion, either a differentiated

product must carry the same price in both markets or the price

charged by patent holders for sales in the regulated market must be

so high as to preclude sales there.

Under the threat of such arbitrage, a Northern patent holder faces

a choice. It can set a price for sales in South that exceeds the price

ceiling, thereby effectively cutting off supply from that region and

eliminating any source of reimports. Or it can accept the competition

from arbitrageurs and sell in both markets at a price less than or

equal to the South’s controlled price.17 The former strategy allows

17Joseph Harrington points out that, in addition to setting a price for its sales to
the South, a monopolist might wish to limit the quantity that it sells there. If a
firm could direct sales only to those Southern consumers who value the product
more than the monopoly price, then it would certainly wish to do so. However,
the firm cannot legally charge a high price that would force these consumers to
reveal themselves, and it will have no means to target sales to the high-valuation
consumers without knowing who they are. Moreover, every resident of the South
has positive demand at the controlled Southern price, because they can all resell
the product at a profit in the North. When firms lacks the ability to identify
consumers who will not engage in arbitrage, the profitability of limiting total
sales to the South will depend upon the rationing mechanism that is used to
allocate those sales.

One simple assumption supports our formulation, however. Suppose that the
monopolists do not sell directly to consumers but instead sell to competitive
retailers who have zero cost and no demand for the product for personal use.
Perfect enforcement of the price ceiling implies that the the retailers will prefer
to sell their entire allotment in the North as long as the price there exceeds the
controlled price in the South. In such circumstances, a Northern firm maximizes
profits either by setting a price in excess of the ceiling and selling nothing to
the South, or else by setting the regulated price and satisfying all demand by
Southern retailers.
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the firm to earn maximal profits in the Northern market. The latter

strategy affords (possibly) positive profits in South at the expense of

diminished profits at home.

We define p̃ implicitly by

(MN +MS)π(p̃) =MNπ(pM ); (10)

this is the price at which the two strategies yield equal profits. If the

government of South sets a price ceiling below p̃, a Northern patent

holder earns higher profits by selling at home at pM and eschewing

all sales in South than it does by selling in both markets at the

maximum price allowed by South. It can achieve these profits, for

example, by setting the price pM for all sales. If the South’s price

ceiling instead exceeds p̃, the patent holder prefers to sell in both

markets at the highest price allowed in South. It cannot be optimal

for South’s government to allow its market for differentiated products

to be foreclosed. Accordingly, the government of South chooses its

price ceiling pS subject to the constraint that pS ≥ p̃.

Let us ignore the constraint for a moment. Then the first-order

condition for the optimal choice of the South’s price ceiling is given

by

dφN
dv

dvie

dpS

[
TC(pS) +

(
T̄ − T

)
CC

]
+ φNTC

′(pS) = 0,

which, with vie = [(MS +MN )π(pS)]T , implies that

β

1− β

[
C(p∗) +

(
T̄ − T

T

)
CC

] [
π′ (p∗)
x(p∗)

]
= π(p∗), (11)

where vie is the value of a patent with international exhaustion

(and thus uniform pricing) and p∗ is the price ceiling that South

would enforce in a regime with parallel trade if it were subject to no

constraints.

If p∗ > p̃, the constraint that dictates a price ceiling high enough

to ensure positive sales in South does not bind. Then the government

optimally sets a maximum price of p∗. Otherwise, the governments

sets the ceiling at p̃, the lowest level that generates positive supply.
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Figure 1. Price ceilings under alternative parallel trade regimes.

In other words, the optimal price ceiling for South in a regime in

which North permits parallel imports is given by

pieS = max(p̃, p∗). (12)

3.3 Comparing prices and profits in the alternative

regimes

In Figure 1, we depict pneS , p∗ and p̃ as functions ofm, the relative size

of the Northern market. The price ceiling with national exhaustion

pneS is a decreasing function of m until it reaches c at some finite

level of m, which we denote by m1. South’s government would

never set a price ceiling below c, because patent holders would

not serve the Southern market at prices below marginal production

cost. Accordingly, pneS = c for all m ≥ m1. Notice that p∗ =

pneS when m = 0 inasmuch as the incentives facing the Southern

government are the same in the two regimes when the Northern

market is negligibly small. However, p∗ is independent of m under

international exhaustion; this is because arbitrage renders the effect
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of price controls on the incentives for innovation independent of the

geographic distribution of world demand. Finally, (10) implies that

p̃ = c atm = 0 and that p̃ is an increasing function ofm for allm > 0.

This is because patent holders will sell in South at any price equal to

or exceeding marginal cost when the Northern market is negligibly

small, but require an ever higher price to sell there (under the threat

of arbitrage) as the Northern market grows relatively larger. Let m2

be the level of m at which p∗ = p̃.

The figure depicts pneS and pieS in bold. Evidently, we have

Proposition 1. Suppose that South does not innovate and North

imposes no price controls. Then pieS > pneS for all m > 0.

Intuitively, the prospect of arbitrage mitigates the ability of

South to free ride on the intellectual property protection afforded

by North. With more at stake in terms of the adverse effect of a

price ceiling on the innovation rate, the South will accept higher

domestic prices. And the gap between pieS and pneS is all the greater

when, in the presence of parallel trade, the South is forced to set a

price ceiling even higher than its preferred (unconstrained) choice to

give patent holders reason to serve its market.

Now we are ready to compare the options facing North’s govern-

ment. We begin with m < m2, so that p∗ > p̃ and thus pieS = p∗. Let
us define the function

Ω(p) ≡ β

1− β

[
C(p) +

(
T̄ − T

T

)
CC

] [
π′ (p)
x(p)

]
.

Notice that the left-hand side of (9) is Ω(pneS ) and the left-hand side

of (11) is Ω(p∗). For some demand functions (more on this later), the

following condition holds.

Condition 1. Either Ω′′ < 0 or |Ω′′/Ω′| < |π′′/π′| for all p ∈
[c, pM ).

In the appendix we prove the following lemma.

Lemma 1. Suppose that South does not innovate, North imposes no

price controls, m < m1, and Condition 1 is satisfied. Then (MN +

MS)π(p
∗) > MNπ(pM ) +MSπ(p

ne
S ).
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Figure 2. Global profits under alternative parallel trade regimes.

The consequent of Lemma 1 states that aggregate profits for a

patent holder are greater when there is international exhaustion of

IPR in North and South sets its price control at p∗ than they are

when there is national exhaustion and South sets its price control

at pneS > c. Figure 2, which depicts the case of a linear Ω(p)

curve, may help us to understand why this is so. The concave π(p)

curve and the linear Ω(p) intersect at point E, which determines

p∗. The figure also shows (m + 1)π(p) and π(p) + mπ(pM ). The

intersection of Ω(p) and π(p) + mπ(pM ) at the point labelled C

gives the price ceiling with national exhaustion, pneS . Note that

(MN + MS)π(p
∗) > MNπ(pM ) + MSπ(p

ne
S ) if and only if (m + 1)

π(p∗) > π(pneS ) + mπ(pM ); i.e. if and only if the length of HD

exceeds m times the length of FI. But m = [Ω(pneS )−π(pneS )]/π(pM )

by (9), and so is represented in the figure by the ratio of the

length of CD to the length of FG. Therefore, for the length of

HD to exceed m times the length of FI, we need the ratio of

HD to CD to exceed the ratio of FI to FG. But this is true,

because the triangle CEH is similar to the triangle EIG, while the
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curve DEF is concave. If the Ω(p) curve passing through G and

E instead were concave, the point C would lie to the southwest of

the position shown, which would strengthen the argument. However,

if the Ω(p) curve passing through G and E were convex, point

C would lie to the northeast of the position shown. In this case,

the length of HD would exceed m times the length of FI if and

only if the absolute value of the curvature of Ω(p) were less than

that of the curvature of π(p), as provided in the second part of

Condition 1.

Next we will show that, under Condition 1,m1 < m2, as depicted

in Figure 1. Recall thatm1 is the smallest value ofm for which pneS = c

(South’s government sets a price ceiling at the marginal production

cost in the absence of parallel imports), while m2 is the smallest

value of m for which p̃ ≥ p∗ (the constraint on South’s government

to ensure positive supply in a regime with parallel imports binds).

Suppose that m1 > m2. Then (1 + m2)π(p
∗) exceeds m2π(pM ) +

π[pneS (m2)] by Lemma 1, which in turn exceeds m2π(pM ) by the fact

that pneS (m2) > c. Butm2π(pM ) = (1+m2)π[p̃(m2)] by the definition

of p̃. So (1+m2)π(p
∗) > (1+m2)π[p̃(m2)], which implies that p∗ > p̃

at m2. But this contradicts the definition of m2.

For m between m1 and m2, South’s government sets a price

ceiling of pneS = c in a regime with national exhaustion of IPR in

North and a price ceiling of pieS = p∗ in a regime with international

exhaustion in North. With national exhaustion, aggregate profits

per patent are MNπ(pM ). With international exhaustion, profits are

(MN +MS)π(p
∗), which exceeds (MN +MS)π(p̃) because p∗ > p̃.

But (MN + MS)π(p̃) = MNπ(pM ) by the definition of p̃. It

follows that global profits per patent are higher with international

exhaustion than with national exhaustion for this range of values ofm

as well.

Finally, when m ≥ m2, p
ne
S = c and pieS = p̃. In either case, global

profits are equal toMNπ(pM ). We conclude that, under Condition 1,

the value of a patent when North tolerates parallel imports is no less

than the value of a patent when it bars such imports, and patents

actually are more valuable with parallel trade whenever m < m2.

Innovation responds positively to the value of a patent. It follows
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that innovation is at least as great, and for small m is greater, in a

regime with legal parallel trade.

We are now ready to address the North’s choice of parallel trade

regime and to evaluate the implications of this choice for welfare in

South. Let W j
N denote North’s aggregate welfare (as defined in (7))

in regime j, for j = {ne, ie}. We have

Proposition 2. Suppose that South does not innovate, North

imposes no price controls, and Condition 1 is satisfied. Then W ie
N >

W ne
N .

Proof. We have already seen that the innovation rate φN is at

least as great in a regime with international exhaustion in North

as in a regime with national exhaustion. Also, pneN = pM while

pieN = max[p∗, p̃] < pM , where pjN is the price of a patented

differentiated product in North in regime j. So C(pieN ) > C(pneN ).

Finally, note the term φNTΠN − LRN that appears in WN . This is

aggregate profits from all patents minus the cost of labor used in

research. But TΠN = v, the value of a patent, and the LRN that is

chosen in each regime maximizes φNv−LRN ; see (4). It follows that

φieNTΠ
ie
N − Lie

RN ≥ φneN TΠ
ne
N − Lne

RN , because maxLRN
(φNv − LRN )

is increasing in v and the value of a patent is at least as great in

a regime with international exhaustion as in a regime with national

exhaustion. �

Whereas North fares better by choosing international exhaustion

(when Condition 1 is satisfied), this choice adversely impacts welfare

in South. We record this observation in

Proposition 3. Suppose that South does not innovate, North

imposes no price controls, and Condition 1 is satisfied. Then W ie
S <

W ne
S .

Proof. With international exhaustion, the world price of a patented

good is pieS . In a regime with national exhaustion, it is feasible for

South’s government to set its price ceiling for patented goods at

pieS . This would generate the same consumer surplus in South as

in a regime with international exhaustion and, because pieS < pM ,
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more innovation and greater product diversity. Thus, by setting a

price ceiling of pieS in a regime with national exhaustion, South could

achieve greater welfare thanW ie
S . Its optimal choice of pneS must yield

even greater welfare. �

This leads us to ask how likely it is that Condition 1 will be

satisfied. The expression for Condition 1 in terms of the primitive

parameters of the model is rather complicated. But we can readily

examine a pair of special cases that yield familiar demand functions.

Constant elasticity demand

Suppose that h(x) = a1/ε
(

ε
ε−1

)
x(ε−1)/ε for a > 0, ε > 1. Then

the demand function is x(p) = ap−ε, which has a constant-elasticity

form. The monopoly price in this case is a mark-up over marginal

cost, or pM = cε/(ε − 1). We calculate that

Ω′(p) = −a
(

β

1− β

)
p−ε

[
1− ε(p − c)

p

]

− a

(
β

1− β

)
cε

p2

[
p1−ε

ε− 1
+
c1−ε

ε− 1

(
T̄

T
− 1

)]
,

which is negative for all p ∈ [c, pM ]. Now we define Z ≡ Ω′′(p)π′(p)−
Ω′(p)π′′(p), and calculate

Z = −a2cεp−2(2+ε)

(
β

1− β

){
p2 + c1−εpε [cε− (ε− 2)p]

(
T̄

T
− 1

)}
,

which is negative for all p ∈ [c, cε/(ε − 1)]. Since Ω′(p) < 0 and

π′(p) > 0 for all p ∈ [c, pM ), Z < 0 implies |Ω′′/Ω′| < |π′′/π′| and
Condition 1 is satisfied. Notice that this is true for all values of ε > 1.

Linear demand

Suppose that h(x) = A+ ax/b − x2/2b for a > 0, b > 0, and a > bc.

This last parameter restriction ensures positive demand when a good

is competitively priced. Then the demand function x(p) = a − bp is
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linear and the monopoly price is pM = (a+ bc) /2b. We find that

Ω′(p) = −1

2

(
β

1− β

)⎡⎣3a+ bc− 4bp+
(a− bc)3

(
T̄
T − 1

)
(a− bp)2

⎤
⎦ ,

which again is negative for all p ∈ [c, pM ]. Now we calculate

∣∣∣∣Ω′′(p)
Ω′(p)

∣∣∣∣−
∣∣∣∣π′′(p)π′(p)

∣∣∣∣ =
2b−

[
(a−bc)3

(
T̄
T
−1

)
b

(a−bp)3

]

(
3a
2 + bc

2 − 2bp
)
+

[
(a−bc)3

(
T̄
T
−1

)

2(a−bp)2

]

− 2b

a− 2bp+ bc
,

which is negative for all p ∈ [c, (a+ bc) /2b). Therefore, with linear

demands too, Condition 1 is satisfied.

We conclude from these examples that Condition 1 is not

unreasonable inasmuch as it always is satisfied for two families of

commonly-used demand functions. When the condition is satisfied,

the orthodox view that allowing parallel imports would retard

innovation and harm a country that specializes in research is false.

Once we recognize that this country’s trade partners will regulate

prices differently according to the prevailing policy on exhaustion

of IPR, we find that the policy change induced by a switch to

international exhaustion can easily be large enough to allow the

innovating country to enjoy lower prices, greater profits, faster

innovation, and higher welfare.

4 Extensions

In this section, we relax two of the simplifying assumptions that were

used in the preceding analysis to highlight our main points. First,

we allow for positive research capacity and thus active innovation

activity in South. Second, we allow for the possibility that North

may institute price controls of its own.
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4.1 Innovation in south

In Section 3, we emphasized the asymmetries in research capacities

by assuming that KS = 0. Now we allow for KS > 0, which, with the

Cobb-Douglas technology for product development, ensures positive

innovation in South. As before, we assume that any wage gap that

exists between North and South matches a gap in labor productivity

in all activities (including research). Then LRS in the technology

for product development in South measures the labor deployed in

Southern research in efficiency units.

When South is endowed with research capital, the objective

function for country j becomes

Wj =
1

ρ
{Lj − LRj + (φN + φS)Mj [TC(pj)

+ (T̄ − T )CC ] + φjTΠj},

where Πj = MNπ(pN ) + MSπ(pS) is the global profit earned by

a typical producer in country j of a patented good when prices of

such products in North and South are pN and pS, respectively. The

expression for welfare reflects that households in country j derive

consumer surplus from differentiated products produced anywhere

in the world, but they derive profit income only from producers in

their own country. Notice that ΠS = ΠN under our assumption of

wage equalization in efficiency units, and thus the value of a patent

v is the same in both countries.

Firms in South hire (efficiency) labor to perform research up to

the point where the marginal value product is equal to the wage,

or v(KS/LRS)
1−β = 1. Together with (4), the analogous condition

for equilibrium investment in North, and the production function

for innovation, φj = 1
βL

β
RjK

1−β
j , this implies φN/φS = KN/KS .

We let μj = Kj/(KN + KS) denote the fraction of the world

stock of research capital located in country j. Then μj also is

the fraction of world innovation that takes place in country j; i.e.

μj = φj/(φN + φS).

Still assuming that North does not regulate prices, South’s

government chooses pS in a regime with national exhaustion of IPR to
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maximize WS. The first-order condition that applies when pneS > c is

d

dpS
{MS (φN + φS)

[
TC(pS) +

(
T̄ − T

)
CC

]
+ vφS − LRS} = 0

or18

(
β

1− β

) C(pS) +
(
T̄−T
T

)
CC

x(pS)
π′(pS)

− μS
= π (pS) +mπ(pM ). (13)

Note the similarity with (9), to which (13) reduces when μS = 0.

We can similarly derive South’s choice of price control that

applies under international exhaustion of IPR when the constraint

that pieS ≥ p̃ does not bind. The analog to equation (11) above is

(
β

1− β

) C(p∗) +
(
T̄−T
T

)
CC

x(p∗)
π′(p∗) − (m+ 1)μS

= π(p∗). (14)

We define

Λ(p) ≡
(

β

1− β

) C(p) +
(
T̄−T
T

)
CC

x(p)
π′(p) − μS

.

Then (13) can be written as Λ(pS) = π(pS) + mπ(pM ), while the

value of p∗ that solves (14) must be bigger than the p that solves

Λ(p) = π(p); call the latter p∗∗.
We now introduce a modified version of Condition 1, namely

Condition 2. Either Λ′′ < 0 or |Λ′′/Λ′| < |π′′/π′| for all p ∈
[c, pM ).

We can use exactly the same strategy and arguments as before to

prove that if Condition 2 is satisfied and pneS > c, then (m+1)π(p∗∗) >
mπ(pM ) + π(pneS ). But since p∗ > p∗∗, this is sufficient to establish

18To derive (13), we use the fact that dvne/dpS = MSTπ
′(pS), dC(pS)/dpS =

−x(pS) and v(dφS/dpS) = dLRS/dpS.
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that (m + 1)π(p∗) > mπ(pM ) + π(pneS ). In other words, with

Condition 2 and pneS > c, global profits per firm and the world

innovation rate are greater with international exhaustion of IPR

in North than with national exhaustion. It is also true as before

that when pneS = c, global profits per firm are at least as high with

international exhaustion as with national exhaustion. And North

enjoys higher consumer surplus with parallel trade. This establishes

Proposition 4. Suppose that North imposes no price controls and

Condition 2 is satisfied. Then W ie
N > W ne

N .

Note, however, that Condition 2 may be more stringent than

Condition 1. We compute for example that if the demand function

x(p) is linear, Condition 2 is satisfied for all parameters b, c and

a > bc when μS < 0.38. If the demand function has constant elasticity

ε then Condition 2 holds when μS < 1/2 and both ε and T̄ /T are

sufficiently large. For example, if μS = 0.2, Condition 2 is satisfied if

3.1T̄ +ε(1.9T −2.3T̄ ) < 1.9T or if ε = 2 and T̄ /T > 1.3.19 Of course,

Condition 2 must be satisfied for sufficiently small (but positive)

μS . And while Condition 2 is sufficient for W ie
N > W ne

N , it is not a

necessary condition for this outcome.

4.2 Price controls in north

Up until now, we have assumed that North does not impose any

price controls of its own. This assumption can be rigorously justified

if administering price controls imposes fixed costs, and if these

costs fall in a range such that maintaining a regulatory program

is worthwhile for South but not for North. Now we shall examine

a policy environment in which the fixed costs of maintaining price

controls, while not literally zero, are arbitrarily small.20

19The details of these calculations are available from the authors upon request.
20We make the assumption of small administrative costs to eliminate some
unreasonable Nash equilibria of the regulation game that can otherwise arise
when parallel imports are allowed. When regulatory schemes are costless, each
country might impose the same low price ceiling and while both countries would
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To simplify the exposition, we assume once again that all research

capacity is concentrated in North. First consider the regulation game

in a regime in which North does not allow parallel imports. In this

case, the best response by South to a price ceiling pN in North is

given by the solution to

(
β

1− β

) C(pS) +
(
T̄−T
T

)
CC

x(pS)
π′(pS)

= π(pS) +mπ(pN ), (15)

if such a solution exists with pS > c, and by pneS = c otherwise. In

North, the maximization of WN in (7) with respect to the choice of

pN implies

m

(
β

1− β

) C(pN ) +
(
T̄−T
T

)
CC

x(pN )
π′(pN ) − 1

= π(pS) +mπ(pN ). (16)

Notice that pN < pM for all values of pS .
21 This is because a price

ceiling in North set just below the monopoly price causes only a

second-order reduction in profits and so a negligible loss of product

diversity, but generates a first-order gain in consumer surplus. Note

too that pneN > pneS as long as m ≥ 1, which reflects the fact that

monopoly profits accrue to households in North but not to households

in South and that a country with a larger market provides more

incentives to innovators for the same increment in the price ceiling.

Now consider the game that emerges when parallel imports are

permitted by North. We define p∗N as the uniform global price ceiling

most preferred by the government of North22 and p∗ as the one

most preferred by South, which once again is the value of p that

solves (11). Note that p∗N > p∗, because the two governments face

prefer to see higher prices of patented goods, neither has an incentive to raise its
ceiling as long as the other’s ceiling is unchanged.
21If pN = pM , then π′(pN) = 0 and the left-hand side of (16) equals zero, while
the right-hand side of (16) is strictly positive.
22That is,

p∗N = argmax
p

MNφN [TC(p) + (T̄ − T )Cc] + vφN − LRN ,
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similar incentives except that monopoly profits accrue to households

in North. If (MN +MS)π(p
∗) > MN (pM ), then South will set a price

ceiling of pieS = p∗ and North will impose no price ceiling in the Nash

equilibrium of the regulation game. In this case, South’s government

is unconstrained in its choice of price ceiling, and North’s government

has no reason to bear the (small) fixed cost of a regulatory program.

If (MN +MS)π(p
∗) < MNπ(pM ) but p̃ (as defined in (10)) is less

than p∗N , then pieS = p̃ and again North has no price ceiling in the

Nash equilibrium. In this case, South is constrained and it chooses

p̃, but North has no reason to introduce a price control because it

would like to see South choose an even higher value of pieS than this.

Finally, if (MN +MS)π(p
∗) < MNπ(pM ) and p̃ > p∗N , then North

sets a price ceiling such that the constrained government of South

will choose pieS = p∗N in order that its market be served.23

In the appendix, we prove the following proposition that com-

pares global profits per firm, the values of a patent and rates of

innovation in the alternative regimes.

Proposition 5. Suppose that South does not innovate and Con-

dition 1 is satisfied. Then (MN + MS)π(p
ie
S ) > MNπ(p

ne
N ) +

MSπ(p
ne
S ), vie > vne, and φieN > φneN .

The proposition states that profits are higher, patents are more

valuable, and innovation is faster when the North allows parallel

imports than when it does not. The proof is tedious, because it

requires separate consideration of five different cases depending on

whether pieS is equal to p∗, p̃, or p∗N , whether pneS equals or exceeds c,

and whether p∗ exceeds or falls short of pneN . However, the reasoning

is straightforward in several of these scenarios, which we describe

now.

where v = T (MN +MS)π(p), which implies that p∗N is the solution to

(
β

1− β

) C(p∗N) +
(

T̄−T
T

)
CC

x(p∗
N

)

π′(p∗
N

)
− (

1
m

+ 1
) = π(p∗N).

23That is, North chooses pieN so that (MN +MS)π(p
∗
N) = MNπ(pieN).
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Figure 3. Profit comparison with northern price controls.

First, suppose that p∗ > pneN ; that is, an unconstrained South

would choose a higher price ceiling under international exhaustion

than North’s Nash equilibrium price ceiling in the regulation game

with national exhaustion. Since the prevailing world prices with

international exhaustion are at least as high as p∗, and the prices

in North and South with national exhaustion are both lower than p∗,
global profits must be higher in the former regime than in the latter.

Next suppose that pieS = p∗ < pneN and pneS > c; i.e. the

constraint on South’s government to ensure positive supply of its

market does not bind in either regime. Then it chooses p∗ under

international exhaustion and a price above marginal cost under

national exhaustion. Now the argument is very similar to that used

in proving the analogous result that applies when North eschews

price regulation. Figure 3, like Figure 2, depicts a linear Ω(p) curve.

When there is national exhaustion of IPR in North, the Nash

equilibrium of the regulation game has Ω(pneS ) = mπ(pneN ) + π(pneS )

which is represented by the point C
′
in the figure. South’s choice

of price ceiling with international exhaustion is found at E, where
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Ω(p∗) = π(p∗). The comparison of global profits in the two equilibria

now requires a comparison of the length of H ′D′ with m times

the length of F ′I ′. But the relative size of the two markets m is

represented in Figure 3 by the ratio of the length of C ′D′ to the

length of F ′G′. So, the concavity of π(p) ensures that (m+1)π(p∗) >
mπ(pneN ) + π(pneS ). And, if Ω(p) is concave, or convex with curvature

less in absolute value than that of π(p), we reach the same conclusion.

A third case arises when pieS = min[p̃, p∗N ] and pneS = c; i.e. South

would like to set a lower price ceiling in both regimes, but in each case

it is constrained by the need to ensure positive supply of its market.

In this scenario, the profits in North under international exhaustion

are at least as large as π(p∗N ) and those in South are positive. When

parallel imports are forbidden by North, profits there are π(pneN ) while

those in South are nil. But p∗N exceeds pneN for much the same reason

that p∗ exceeds pneS ; namely, North would choose a higher price were

that price to apply to markets in both countries than the price it

chooses when the price applies only at home. So patent holders earn

higher profits in both countries under international exhaustion than

under national exhaustion.

Although Proposition 5 gives conditions under which parallel

imports promote innovation (by inducing changes in price regula-

tion), these conditions do not guarantee a welfare gain for households

in North. Contrary to the common wisdom that parallel imports

would enhance consumer surplus but retard innovation, just the

opposite can happen when North has price controls of its own

in the absence of parallel trade, and the endogenous response of

these controls is taken into account. If pieS = p∗ < pneN , then

consumer surplus in North is higher with international exhaustion

than national exhaustion, and Northern welfare is unambiguously

higher in the former regime than the latter. But if a ban on parallel

trade leads North’s government to set a reasonably tight price control

in the Nash equilibrium of the regulation game, then a removal of

the ban could lead to a rise in prices for Northern consumers.24 If so,

24This could happen either because pieS = p∗ and p∗ > pneN or because pieS =
min[p̃, p∗N ] > p∗ and min[p̃, p∗N ] > pneN .
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the North still may benefit from parallel trade, but the realization

of such a benefit would require that the gains from greater product

variety exceed the losses from higher prices.

5 Several or Many Countries in the South

Until now, we have considered a two-country world with a single

North in which firms invest in R&D and a single South with little

or no such investment. We have argued that, by opening itself to

parallel trade, the government of the North induces its counterpart

in the South to set a higher price ceiling than otherwise. The South’s

choice of a high price ceiling reflects one of two considerations: either

it wishes to ensure that its market is not cut off from innovative

products or it seeks to preserve sufficient incentives for R&D. It may

seem that the latter motivation rests on there being only one or a

few countries in the South, because it requires that the government

perceives a non-negligible influence of its own policy on the value of

a patent. We address this issue by allowing for multiple Southern

countries and show that, in fact, the conclusion does not require the

presence of a large actor in the South.

Suppose that the South comprises nS identical countries, each

with a population of mS consumers. Let MS = nSmS be the total

population in the South and let m =MN/MS be the relative size of

the North, as before. We assume as in Section 3 that no innovation

takes place in the South and that the North adopts no price controls,

and we focus on symmetric Nash equilibria in which all the countries

in the South set the same maximum price.25

As before, we are interested in the North’s choice between

national exhaustion and international exhaustion of IPR. With

25A symmetric Nash equilibrium always exists in the settings that we consider.
In some cases — especially when the number of countries in the South is
small — there may also exist asymmetric equilibria. However, the existence of
such equilibria seems to require that the demand functions have special properties.
Since our point can be seen most clearly when the Southern governments behave
similarly, and since we have little to say about equilibrium selection when multiple
equilibria exist, we choose to focus on the symmetric equilibrium.
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several or many countries in the South, the relative attractiveness of

these alternative regimes to North may hinge upon the permissibility

of parallel imports in its various trade partners. One possible way

for us to proceed would be to consider the simultaneous setting

of policies toward parallel trade by the North and all Southern

countries. However, analysis of the multi-stage game of choice of

parallel trade regime followed by ongoing choices of price ceilings

is complicated by the fact that pure-strategy equilibria do not

exist in the price-control sub-games for all possible configurations

of parallel trade policies.26 Rather than delve into the complexities

introduced by mixed strategies, we choose instead to treat the policies

of the South with regard to parallel imports as exogenous. We will

consider in turn the attractiveness to the North of allowing parallel

trade under the alternative assumptions that all Southern countries

prohibit parallel imports and that all Southern countries tolerate

such imports.

5.1 National exhaustion of IPR in the south

Suppose the symmetric countries in the South all prohibit parallel

imports. By doing so, each preserves autonomy in regulating its own

internal prices without the risk that its decisions will be undermined

by arbitrage. We consider in turn the alternative regimes available

to the government of the North and then compare the two outcomes.

If the North also practices national exhaustion of IPR, each

country in the South has the same first-order condition for its choice

of a price ceiling (analogous to (8)), which for country i is given by

dφN
dv

dvne

dpi

[
TC(pi) +

(
T̄ − T

)
Cc

]− φNTx(pi) = 0.

26In particular, we find that when nS −1 countries in the South practice national
exhaustion of IPR, and the remaining country in the South plus the North practice
international exhaustion of IPR, there exists no pure-strategy equilibrium in the
second-stage game between the Southern countries. The described configuration
of parallel trade policies arises naturally when considering a potential equilibrium
in which all Southern countries choose national exhaustion and one contemplates
a deviation to international exhaustion.
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Note that

dφN
dv

v

φN
=

β

1− β

is the elasticity of innovation supply with respect to the value of a

patent and that

dvne

dpi

∣∣∣∣∣
p−i

= TmSπ
′(pi) = T

MS

nS
π′(pi)

is the effect of a change in the price ceiling in country i on the value of

a patent, where p−i is the vector of prices in Southern countries other

than i. With no parallel trade, each country affects world innovation

in proportion to the size of its market. In a symmetric equilibrium,

pi = pS for all i, so vne = T [MSπ(pS) +MNπ (pm)]. Combining, as

we have done before, gives

β

1− β

[
C(pS) +

(
T̄ − T

T

)
CC

] [
π′ (pS)
x(pS)

]
= nS[π(pS) +mπ(pm)],

(17)

which is analogous to (9). The pneS curve implicit in (17) again is

downward sloping as a function of m and becomes horizontal at c.

But notice that the right-hand side of (17) increases with nS ; this

captures the declining influence of each Southern country on the

world rate of innovation as the typical such country becomes smaller.

An increase in nS shifts the downward-sloping portion of the pneS
curve downward, and of course results in an intersection with c at a

smaller value of m. This is shown in Figure 4, where the bold curves

represent a case with nS > 1 and the dotted curves apply for nS = 1

and are reproduced from Figure 1 for reference.

Now suppose that the North instead practices international

exhaustion of IPR. We first determine p̃i, the critical price ceiling for

country i at which the Northern monopolists are indifferent between

supplying country i with innovative products and not, considering

the arbitrage that results. We are looking for a symmetric equilibrium

among the Southern countries; in such an equilibrium, p̃i = p̃ for all i.
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Figure 4. Price ceilings with several southern countries.

We will show that p̃ is the solution to

(MS +MN ) π (p̃) =MNπ(pm);

i.e. p̃ is independent of the number of countries in the South and has

the same value as before.

To see this, notice first that if all Southern countries set a price

ceiling above p̃, the Northern firms prefer to serve all of them to serve

none (or some) of them, even considering the erosion of profits in the

North that results from arbitrage. But if all Southern countries set a

price below p̃, the Northern firms prefer to serve none than to serve

some or all of them. They can extinguish supply to the South and

the resulting arbitrage activity by charging the monopoly price pM
worldwide. Finally, and most relevantly, suppose that all countries

in the South except country i set a price ceiling of p̃. Will country

i be served if it sets a lower ceiling? If it does so, then i will have

the lowest price and, by arbitrage, the price pi will also prevail in

the North. The other Southern countries have national exhaustion,

so they will continue to pay p̃. By serving country i at price pi and
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the remaining Southern countries at p̃, a Northern firm earns

(mS +MN ) π(pi) + (nS − 1) π (p̃) < (MS +MN )π (p̃) =MNπ(pm).

So the firm does better by serving none of the Southern countries

than by serving some or all of them. In other words, if all Southern

countries set a price ceiling of p̃, none has any incentive to lower its

ceiling still further, because doing so would cause its market (and all

others in the South) to be excluded from sales of innovative products.

Next we derive a new formula for p∗, the optimal price ceiling in a

typical Southern country. We are looking for a symmetric equilibrium

in which all Southern countries set p∗. But it must be a Nash

equilibrium, which means that no Southern country has an incentive

to deviate when the other countries set p∗ ≥ p̃. So, we assume that

all Southern countries except i set p∗ ≥ p̃ as their price ceiling and

examine a deviation by country i. When evaluated at p∗, such a

deviation must not be profitable.

The tempting deviation for country i is to cut its price ceiling

below p∗. If it does so, its price will be the lowest among all

countries in the South and, by arbitrage, its price will also prevail in

the North. But its price will not spill over to the other Southern

countries, because, by assumption, these countries do not allow

parallel imports. The trade-off facing country i is between the gain in

consumer surplus that results from a lower price and the slowdown in

innovation that occurs when firms earn lower profits in one Southern

country and in the North. This trade-off is expressed in the marginal

net benefit to country i from a small change in pi, which is

dφN
dv

dvie

dpi

[
TC (pi) +

(
T̄ − T

)
Cc

]− φNTx(pi).

The marginal profit change is (MN +ms) π
′(pi) and so dvie/dpi =

T (MN +ms)π
′(pi). Substituting, as before, and evaluating at p−i =

pi = p∗ (because the countries besides i choose p∗ by assumption, and

we are looking for a symmetric Nash equilibrium where country i also

finds it optimal to set pi = p∗) we find that the marginal net benefit
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vanishes when

β

1− β

[
C(p∗) +

(
T̄ − T

T

)
CC

] [
π′ (p∗)
x(p∗)

]
=

[
1 +m
1
nS

+m

]
π(p∗). (18)

Notice that this gives the same formula for p∗ as (12) when nS = 1

and that p∗ is increasing in m when nS > 1. An increase in the

relative size of the North increases p∗, because each Southern country

affects world innovation to an extent that depends on the share of the

North plus one Southern market in a firm’s global profits. As nS rises,

p∗ falls. This again signifies the declining influence on innovation of

the price ceiling in a typical Southern country as the number of

countries grows. So the flat portion of pieS falls, and of course, p̃ > p

for a wider range of m’s. Finally, note that when m = 0, the formula

for p∗ and for pneS are the same. So the pneS and pieS curves continue to

emanate from the same point; see Figure 4.

The figure shows that the Southern countries set higher price

ceilings and accept lower consumer surplus when the North allows

parallel imports than when it prohibits such trade, no matter how

many countries are located in the South. There are two parts to the

explanation for this finding. First, with international exhaustion of

IPR in the North, each Southern country must set a price ceiling of

at least p̃ (which is always greater than c) in order to ensure that

Northern firms are willing to supply its market despite the arbitrage

that occurs. In contrast, when national exhaustion of IPR prevails

in the North, the only constraint on the price ceiling in a Southern

country is that it must not fall below the marginal cost c at which

goods are produced. Second, with national exhaustion of IPR in the

North, the policies in a small Southern country have limited impact

on innovation, because firms earn a small (perhaps tiny) share of their

profits there. With international exhaustion of IPR, the incentives

facing a Southern government bite when its price ceiling is the lowest

among all Southern countries, in which case its policies determine

the price not only in its own small market, but also in the North.

Therefore, each country’s potential influence over world innovation

remains vital even as its own market becomes small.
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We shall not repeat the remaining analysis of Section 3. Suffice

it to say that a variant of Lemma 1 continues to hold under the same

Condition 1.27 That is, if Southern countries do not allow parallel

imports, a patent holder earns greater aggregate profits when the

North practices international exhaustion of IPR and the Southern

countries set the price ceiling p∗ defined in (18) than when the North

practices national exhaustion of IPR and the Southern countries set

their price ceilings at pneS > c. Also, Proposition 2 applies with any

number of countries in the South; with national exhaustion of IPR

throughout the South, the North fares better by allowing parallel

imports than by prohibiting them. Again, the key is the different

behavior of the Southern governments under the alternative parallel

trade regimes in the North. When the North practices international

exhaustion of IPR, the countries in the South set higher price ceilings

than under national exhaustion, which in turn leads to aggregate

profits that are at least as high for Northern firms and innovation that

is at least as fast. Since arbitrage delivers lower prices and greater

consumer surplus in the North, W ie
N > W ne

N no matter what is the

size of a typical country in the South.

Note finally that the same conclusion applies in the limit,

as the number of countries in the South grows large. With a

continuum of small Southern countries, national exhaustion of IPR

in the North leads the Southern countries to set a price ceiling

of pneS = c. International exhaustion of IPR in the North leads

the Southern countries to set a price ceiling of pieS = p̃.28 By the

definition of p̃, aggregate profits per firm equal MNπ(pM ) in either

case, which means that the value of patent and the rate of inno-

vation are the same in either case. But the North enjoys greater

27The proof parallels that in Appendix A, except that now k ≡ −nSπ
′(p∗)/Ω′(p∗),

Ω̂(p) ≡ k [Ω(p)/nS − π (p∗)], and π̂(p) ≡ π(p∗)−π(p). A detailed proof is available
from the authors upon request.
28To make this statement, we need to show that p∗ < p̃ for all m > 0 as nS tends
to infinity. First we note that p∗ = p̃ = c when m = 0. By totally differentiating
the implicit definitions for p̃ and p∗ that apply as nS → ∞, we find that dp̃/dm >
dp∗/dm for all m. It follows that p̃ > p∗ for m > 0.
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consumer surplus at the lower price of p̃ that prevails with parallel

imports than at the higher price of pM that prevails without them.

5.2 International exhaustion of IPR in the south

The argument is simpler and more straightforward when the various

countries in the South all permit parallel imports. Consider the

choice of price ceilings by the Southern governments when the South

practices international exhaustion of IPR and the North does not.

Again we look for a symmetric equilibrium in which all Southern

governments choose the price ceiling pneS . Starting from a situation

in which all but one of the Southern countries sets their ceilings at

some pS , the policy in the remaining country i will affect prices and

allocations if and only if pi ≤ pS; otherwise, parallel imports from

the other Southern countries will make the choice of a high price

ceiling by country i irrelevant. But if pi ≤ pS, a marginal change in

policy by country i will affect prices in all countries in the South.

Therefore, the influence of country i on world innovation is exactly

the same in these circumstances as would be the case if the South

were one large country. It follows that the optimal choice of price

ceiling for country i is the same as with one Southern country; the

implicit formula for pneS in a symmetric Nash equilibrium is given by

equation (9).

Now suppose that the North permits parallel imports, so that

international exhaustion of IPR prevails worldwide. It should be

apparent that p̃ — the minimum price ceiling in a Southern country

that allows for positive consumption — is the same as before. If all

Southern countries but country i set a ceiling of p̃ as given in (10),

and i sets its ceiling at pi < p̃, a producer of innovative products

earns higher profits by selling only in the North at the monopoly

price pM than by selling worldwide at the common (due to arbitrage)

price pi. Moreover, the price ceiling p∗ that prevails in a symmetric

equilibrium when m is not too large also is the same as when there

is only one country in the South. If all Southern countries other than

country i were to set the p∗ given by (11) as their maximum price,

a lower ceiling of pi < p∗ would generate a world price of pi in all
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markets via parallel trade, and thus would lead to lower welfare for

country i than if it set a ceiling of p∗. And if all countries other

than country i were to set a common price ceiling above the p∗ given
by (11), the best response for country i would be to set a ceiling

of p∗.
In short, with tolerance of parallel imports throughout the South,

the outcomes based on what the North chooses as its parallel trade

regime are the same in any symmetric equilibrium as those that

would arise were the South to be a single, unified country. Each

Southern country’s choice of price ceiling matters only when it is the

lowest one, and when that is the case the policy determines prices

and profit opportunities throughout the region. It follows from the

analysis in Section 3 that the North fares better by allowing parallel

imports than by forbidding such imports when the South uniformly

practices international exhaustion of IPR, just as when it practices

national exhaustion. Evidently, our results do not require that the

number of countries in the South be small.

6 Conclusions

Many countries impose price controls on pharmaceutical products to

hold down the cost of medicine to national health plans and local

consumers. Such controls have generated sizable differences in the

prices of similar drugs in different countries. The price gaps in turn

create incentives for arbitrage in the form of “re-importation” or

parallel trade.

Current trade rules leave the legality of such trade in the hands of

the importing country. In many of these countries, the question as to

whether intellectual property rights should be exhausted nationally

or internationally has been highly controversial. Consumer advocates

argue for parallel importation as means to temper monopoly pricing,

while the pharmaceutical lobby points to the adverse effects of price

controls on the returns to research. By allowing parallel imports, they

claim, a country would import its trade partner’s price controls and

thereby undermine intellectual property and dampen incentives for

innovation.
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In this chapter, we have examined the welfare economics of

parallel trade in a setting in which such trade is motivated by differ-

ential price controls. Our analytical framework is one in which the

protection of IPR creates a static distortion due to monopoly pricing,

but provides incentives for ongoing innovation. Our analysis takes off

from the observation that governments face different incentives for

regulating prices when parallel imports are allowed by their trade

partners than when they are not. Therefore, an evaluation of the

costs and benefits of allowing parallel imports should incorporate

the indirect effects of the trade regime on the level of foreign price

controls.

We considered a two-country world in which product develop-

ment is highly (or entirely) concentrated in one country (“North”)

and compared outcomes when this country practices international

versus national exhaustion of its patent rights. We found that the

less innovative country (“South”) always sets a more lenient price

ceiling in the former regime than the latter. In other words, the

prospect of arbitrage induces the low-price country to accept higher

prices than otherwise. This is because arbitrage forces the country to

export its price controls and so impedes its ability to free-ride on the

research incentives provided by its trade partner This prediction of

the model is consistent with the observation by Kanavos and Costa-

Font (2005) that the growth of parallel trade in Europe has been

accompanied by a relaxation of price controls in low-price countries

such as Portugal, Italy and France, which now tolerate prices closer

to European averages than they did before.

We first considered a setting in which South does no R&D and

North imposes no price controls. We provided a sufficient condition

under which global profit flows per patent, the value of a patent, and

the pace of innovation are higher when North allows parallel imports

than when it does not. Since reimportation also reduces prices in

North, this country enjoys both higher surplus per product and

greater product variety when it tolerates parallel trade. In contrast,

the legalization of parallel imports by North spells a welfare loss for

South, where the pain of higher prices outweighs the gain of faster
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innovation. We showed that our sufficient condition is satisfied by all

linear and constant-elasticity demand functions.

Relaxing our assumptions of no Southern innovation and no

Northern price regulation introduced some caveats but did not alter

the gist of our conclusions. With positive but limited innovation

in South, North still fares better by allowing parallel imports to

cross its borders. When both countries impose price ceilings non-

cooperatively in a world without parallel trade, a switch in trade

regime again raises the return to R&D. However, in this case, faster

innovation may come at the expense of higher drug prices in both

countries.

Our results also extend to situations with several or many

countries in the South. We examined symmetric equilibria in a model

with multiple, identical Southern countries. We considered both the

possibility that these countries tolerate parallel imports and the

possibility that they do not. In either case, the North fares better

by allowing parallel imports than by prohibiting them. Even a small

Southern country has incentive to set a reasonable price ceiling when

the North is open to parallel trade, because its policy influence

extends via arbitrage to the large market of the North and because

doing otherwise might lead Northern firms to set prices that preclude

sales to its (small) market.

Lobbies for pharmaceutical firms have vigorously encouraged

their trade authorities to negotiate the relaxation or elimination

of foreign price controls. Our analysis suggests that legalizing

the reimportation of prescription medicines, perhaps paradoxically,

might further their cause.

Appendix

A. Proof of Lemma 1

Define k ≡ −π′(p∗)/Ω′(p∗), Ω̂(p) ≡ k [Ω(p)− π(p∗)], and π̂(p) ≡
π(p∗) − π(p). Note that Ω̂(p∗) = π̂(p∗) = 0 and Ω̂′(p∗) = π̂′(p∗) =

−π′(p∗). Thus, Ω̂(p) and π̂(p) are tangent at p = p∗. Note too that

π̂′′(p) = −π′′(p) > 0, while Ω̂′′(p) = Ω′′(p) ≷ 0. If Condition 1 is
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satisfied, then Ω̂(p) ≤ π̂(p) for all p ∈ [c, pm], with equality only at

p = p∗.
Suppose Condition 1 is satisfied. Then

k [Ω(p)− π(p∗)] ≤ π(p∗)− π(p),

with equality only at p = p∗. Therefore

k [Ω(pneS )− π(p∗)] < π(p∗)− π(pneS ) (A1)

and

k [Ω(pM )− π(p∗)] < π(p∗)− π(pM ). (A2)

But Ω(pM ) = 0, which, with (A1) and (A2), implies

π(p∗)− π(pneS )

π(pM )− π(p∗)
>

Ω(pneS )− π(p∗)
π(p∗)

.

This in turn implies

Ω(pneS )− π(pneS )

π(pM )
>

Ω(pneS )− π(p∗)
π(p∗)

.

Recognizing that the left-hand side of this inequality is equal to m,

we have

(m+ 1)π(p∗) > Ω(pneS ) = mπ(pM ) + π(pneS ).

B. Proof of Proposition 5

We distinguish five cases.

(i) p∗ > pneN
Since pieS ≥ p∗ > pneS , (m+1)π(pieS ) ≥ (m+1)π(p∗) > m (πpneN )+

π(pneS ).

(ii) pneN > pieS = p∗ ≥ p̃ and pneS > c
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Define k, Ω̂(p) and π̂(p) as in the proof of Lemma 1. We have

seen there that if Condition 1 is satisfied,

k [Ω(p)− π(p∗)] ≤ π(p∗)− π(p)

for all p ∈ [c, pM ], with equality only at p = p∗. Therefore

k[Ω(pneN )− π(p∗)] < π(p∗)− π(pneN ). (B1)

Since Ω(pneN ) > 0, (A1) and (B1) imply

π(p∗)− π(pneS )

π(pneN )− π(p∗)
>

Ω(pneS )− π(p∗)
π(p∗)− Ω(pneN )

>
Ω(pneS )− π(p∗)

π(p∗)
.

This in turn implies

Ω(pneS )− π(pS)

π(pneN )
>

Ω(pneS )− π(p∗)
π(p∗)

.

Recognizing that the left-hand side of this inequality is equal to

m, we have

(m+ 1)π(pieS ) = (m+ 1)π(p∗) > Ω(pneS ) = mπ (pneN ) + π(pneS ).

(iii) pieS = min[p̃, p∗N ] and pneS > c

In part (ii) we established that Condition 1 ensures (m + 1)

π(p∗) > mπ(pneN )+π(pneS ). Here, p̃ > p∗ and p∗N > p∗, so pies > p∗.
Therefore, (m+ 1)π(pieS ) > m π(pneN ) + π(pneS ).

(iv) pieS = p∗ < pneN and pneS = c

The fact that pieS ≥ p̃ implies (m + 1)π(pies ) ≥ mπ(pM ) >

mπ(pneN ) = mπ(pneN ) + π(pneS ).

(v) pieS = max[p̃, p∗N ] and pneS = c

(a) Suppose that p̃ ≥ pieS = p∗N . Note that p∗N > pneN . Therefore

(m+1)π(pieS ) ≥ mπ(pieS ) ≥ mπ(p∗N ) > mπ(pneN ) = mπ(pneN )+

π(pneS ).

(b) Suppose that p∗N ≥ pieS = p̃. Then (m + 1)π(pieS ) = (m+ 1)

π(p̃) = mπ(pM ) > mπ(pneN ) = mπ(pneN ) + π(pneS ).



Parallel Imports and Price Controls 389

Acknowledgment

The authors are grateful to the U.S. National Science Foundation

(Grant Nos. SES 0211748 and SES 0451712), the Hong Kong

Research Grants Council (Project No. CityU 1476/05H), the Depart-

ment of Economics and Finance at City University of Hong Kong,

and the International Economics Section at Princeton University

for financial support. We thank Pol Antràs, Joan Costa-Font,
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Chapter 12

An Economic Model
of Patent Exhaustion∗

Abstract
The doctrine of patent exhaustion implies that the authorized
sale of patented goods “exhausts” the patent rights in the goods
sold and precludes additional license fees from downstream buyers.
Courts have considered absolute exhaustion, in which the patent
owner forfeits all rights upon an authorized sale, and presumptive
exhaustion, in which the patent owner may opt-out of exhaustion
via contract. This chapter offers the first economic model of
domestic patent exhaustion that incorporates transaction costs
in licensing downstream buyers and considers how the shift from
absolute to presumptive exhaustion affects social welfare. We show
that when transaction costs are high, the patent owner has no
incentive to individually license downstream users, and absolute
and presumptive exhaustion regimes are equivalent. But when
transaction costs are at the intermediate level, the patent owner
engages in mixed licensing, individually licensing high-valuation
buyers and uniformly licensing low-valuation buyers. In this case,
absolute exhaustion is socially optimal. Presumptive exhaustion is

∗By Olena Ivus, Edwin L.-C. Lai and Ted Sichelman. Originally published
in Journal of Economics and Management Strategy, 29(4) (Winter, 2020),
pp. 816–833. Copyright c© 2020 by Wiley Periodicals LLC. It has been reprinted
with revisions and permission from the original publisher.
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socially optimal when social benefits from buyer-specific pricing
outweigh social costs from transaction cost frictions in individual-
ized licensing, which requires sufficiently low transaction costs.

1 Introduction

Within the United States, the judge-made doctrine of “patent

exhaustion” (sometimes termed the “first-sale” doctrine) implies that

authorized sales of patented goods — e.g. by a manufacturer directly

authorized by the patent owner — “exhausts” any rights of the

upstream patent owner to seek payment from downstream buyers.

However, in some instances, upstream patent owners attempt to

contractually restrict downstream buyers — for example, prohibiting

resale of the good — in order to preserve their right to collect

additional license fees. Whether and under what circumstances such

downstream contractual restrictions can overcome the doctrine of

patent exhaustion has been the subject of many conflicting, and

often vague, judicial decisions over the past century. The legal

literature has qualitatively examined the arguments for and against

absolute patent exhaustion, but the qualitative literature provides no

clear framework to resolve the issue of whether absolute exhaustion

increases or decreases overall welfare. In the economics literature,

several scholars have examined the exhaustion doctrine in the

international context but surprisingly, very few have advanced a

formal model of domestic patent exhaustion.

This chapter offers the first economic model of domestic patent

exhaustion that incorporates transaction costs in buyer-specific

patent licensing, and also allows for two types of licensing of

buyers by the patent owner — individualized licensing (buyer-

specific) directly from the patent owner and uniform licensing via the

manufacturer. In this context, we examine how a shift in domestic

patent policy from absolute to presumptive exhaustion (which

presumes exhaustion but allows the patent owner to opt-out via

contract) affects social welfare.1

1Although we refer to patents here, our model is also applicable to exhaustion in
the copyright context.
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Our model is motivated by a transactional structure common

in the high-technology industries addressed by the US Supreme

Court in the patent exhaustion case of Quanta Computer, Inc. v.

LG Electronics, Inc. (2008), which we discuss further below. In

our stylized model of this transactional structure, there exists

one patented component of a complex product. In order for a

manufacturer to produce the good, it must enter into a license with

the patent owner. We assume the patent provides market power to

the patent owner, which in turn selects one of many competitive

manufacturers to produce and sell the good. The patent owner

thus licenses the component to only one manufacturer, making the

manufacturer a monopolist in the market for the good.2 Buyers differ

in their willingness to pay for the good. Note that “buyers” are

often themselves downstream manufacturers of their own complex

product.3 The price a buyer is charged depends on the regime of

patent exhaustion.

Under absolute exhaustion (Regime AE), when the manufacturer

sells the good to the buyer, the patent owner loses all rights to pro-

ceed against the buyer for patent infringement. Under presumptive

exhaustion (Regime PE), the patent owner may opt out of exhaustion

by imposing contractual restrictions on the buyer, in which case

the buyer must enter into a license with the patent owner or risk

patent infringement. We allow for two types of licensing of buyers

in Regime PE — individualized and uniform — and assume that

a license from the patent owner (of either type) provides the buyer

with a right to use the good but not to resell it.4 Precluding resale

2The patent owner will be able to extract all rents from the manufacturer when the
patent owner has a monopoly position via the patent and there is a competitive
manufacturing market.
3In the case of a downstream computer manufacturer (e.g. Dell) purchasing
patented components from an upstream manufacturer of computer parts (e.g.
Intel), our model would treat Dell as the “buyer” and Intel as the “manufacturer”.
4These assumptions are consistent with the real-world practice of downstream
patent licensing in a regime of presumptive exhaustion. Legally, there is no need
to directly license buyers to impose downstream restrictions, and the cost of
adding such restrictions in a license (of either type) is negligible.
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in Regime PE implies arbitrage will not occur, and the patent owner

and manufacturer can price discriminate between buyers in the first

degree. Regime AE, by contrast, prevents contractual restrictions on

buyers and as such, allows resale; consequently, pricing is uniform.5

Importantly, we allow for a positive transaction cost in individualized

licensing, which increases the unit cost of producing the final good for

those who are licensed individually. This transaction cost is critical

in determining the social welfare implications of patent exhaustion.

It includes the time and effort involved in negotiating license

fees and executing separate licensing agreements with individual

buyers.6

The size of the transaction cost affects the patent owner’s optimal

licensing scheme in Regime PE. When the transaction cost is positive

but not excessively high, the patent owner will engage in mixed

licensing, individually licensing high-valuation buyers and uniformly

licensing low-valuation buyers. Mixed licensing features a tradeoff

between social benefits in the form of price discrimination and

social costs generated by transaction cost frictions. Two insights,

not recognized in the previous literature, arise. First, at intermediate

levels of transaction costs, the patent owner does not fully internalize

the social costs of licensing in its single-minded, private goal of

rent maximization. Thus, when allowed to do so in Regime PE, the

patent owner will succumb to the classic economic problem of rent

dissipation, willing to burn up essentially all of a buyer’s individual

surplus in order to gain a penny of producer surplus. Secondly, at

5We discuss resale in more detail in Section 6. Also, we abstract away from
the possibility that the patent owner enforces its licensing restrictions through
a contract suit, which is not necessarily barred by absolute exhaustion, rather
than a patent suit. As we explain in footnote 11, contractual suits are generally
not as effective in these situations. To the extent contractual actions allow patent
owners to “imperfectly” enforce downstream restrictions, our results would not
change qualitatively, but the welfare effects of the exhaustion regimes would be
less pronounced.
6We assume all parties know the buyer’s type. We discuss information asymmetry
in assessing the buyer’s demand in Section 6.
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sufficiently low levels of transaction costs, the patent owner’s private

incentive to maximize rents may lead to net social gains. Specifically,

the ability of the patent owner to price discriminate implies that more

buyers may gain access to the patented good than in Regime AE. In

other words, while Regime PE burns up surplus in the transaction

costs when the patent owner engages in individualized licensing, these

costs may be worth the candle if enough additional producer surplus

is generated and enough additional buyers gain access to the good.

Our model shows that when transaction cost frictions are sufficiently

low, presumptive exhaustion is optimal.

We briefly discuss extensions to our model in Section 6 and

more formally discuss how to relax some of the assumptions in

a supplementary online appendix.7 In particular, we note that

dynamic gains in promoting ex ante investment in product quality

may outweigh any loss of static efficiency in Regime PE when the

transaction cost is high. Regime PE is also more likely to dominate

(in static terms) when licensing is via heterogeneous intermediaries

(e.g. wholesalers, resellers), with each intermediary negotiating the

license fees on behalf of a large number of buyers. But when there are

information frictions, which act as an increase in transaction costs —

such as information asymmetry in assessing the buyer’s demand and

search costs — Regime AE is more likely to dominate. Our results

also hold qualitatively when we allow for a positive transaction cost

in manufacturer licensing or substitutes for the patented component,

consider goods comprising multiple patented components, or allow

buyers to resell used patented products on a secondary market.

In the economics literature, Maskus and Chen (2004), Valletti

(2006), Valletti and Szymanski (2006), Grossman and Lai (2008),

and Saggi (2013, 2014) are valuable contributions that offer models

of patent exhaustion. But these models are limited to parallel trade

among countries and draw a distinction between the regimes of

7The supplementary online appendix can be found at the https://ssrn.com/
abstract=3634038.

https://ssrn.com/abstract=3634038
https://ssrn.com/abstract=3634038
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national and international exhaustion, under both of which the

exhaustion is absolute. This is in contrast to recent legal decisions and

case comments, which focused on the distinction between absolute

and presumptive domestic exhaustion. Furthermore, the effects of

international exhaustion cannot be easily adapted to the domestic

context.8

Only one paper, Layne-Farrar et al. (2014), formally models

domestic patent exhaustion. In that model, a patent owner can

grant a license to an upstream manufacturer and, if absolute patent

exhaustion does not apply, also to a downstream manufacturer. The

model focuses on royalty allocation among the three parties but

abstracts away from the issue of transaction costs in downstream

licensing, which is a critical feature of our model.

Although the previous literature recognized that absolute

exhaustion and presumptive exhaustion are equivalent when transac-

tion costs are so prohibitive that there is no incentive for the patent

owner to engage in downstream licensing, it did not describe the

shift from prohibitive to intermediate to low levels of transaction

costs (e.g. Layne-Farrar et al., 2014). Rather, some scholars focused

on how exhaustion solves the problem of rent dissipation burning

up transaction costs (e.g. Mulligan, 2013), while others criticized

exhaustion for preventing socially beneficial price discrimination

(e.g. Kieff, 2018). No previous scholar has provided the means

of determining, as our model does, when one of these competing

interests dominates the other.

This paper’s contribution to the literature is threefold. First is the

modeling contribution. We offer the first economic model of domestic

patent exhaustion that incorporates transaction costs in downstream

licensing, an issue that has caused ongoing, unresolved debate in

the legal literature. Our framework is rigorous yet simple and can

be easily extended to study other aspects of patent exhaustion.

Second, we identify the reasons why transaction costs place a wedge

8Brown and Norman (2003) discusses domestic exhaustion, but merely in the
context of international trade.
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between private and social welfare. The third major contribution

is our detailed formal study of domestic exhaustion, particularly

the distinction between absolute and presumptive exhaustion. This

distinction has been the focus of recent legal decisions and qualitative

scholarship, but— with the exception of Layne-Farrar et al. (2014) —

has not been presented in the economic literature. We seek to bring

the two strands of literature together to provide a formal model, with

a variety of extensions.

The rest of the chapter proceeds as follows. Section 2 briefly

provides a background on the doctrine of exhaustion. Section 3 sets

up our model and outlines the patent exhaustion regimes. Section 4

solves for the equilibrium prices and license fees under each of the

regimes, and Section 5 examines social welfare. Section 6 discusses

extensions to our model, and Section 7 discusses the implications for

policy. Section 8 concludes.

2 Background on the Doctrine of Exhaustion

So far in the US, the exhaustion doctrine’s application and scope

has been determined by case law. Despite many Supreme Court and

lower court decisions, as of the mid-2000s, legal academics and prac-

titioners were quite uncertain as to whether absolute or presumptive

exhaustion should apply, with many seemingly conflicting opinions

in the lower courts. To resolve this critical issue, the Supreme Court

granted certiorari in Quanta Computer, Inc. v. LG Electronics,

Inc. (2008). Here, the US Supreme Court examined the exhaustion

doctrine in the context of computer microprocessors and memory.

LG Electronics owned patents covering specific aspects of computer

memory. LG licensed Intel, a manufacturer of computer chips, but

in its license agreement to Intel, expressly reserved a license to any

third party that sought to combine Intel products with its own or

other third party products. For instance, if the license agreement

were interpreted at face value, it would prevent Dell from combining

its or other third party components with Intel’s chips in order to

manufacture a computer for sale to end-consumers, absent a separate,

individualized license from LG, the patent owner, to Dell.



398 Innovation, Growth and IP Rights in the Global Economy

Given the prevalence of the form of transaction structure in the

Quanta v. LG, we base our economic model on the facts in this case.

As in our model, there is a single owner with market power (LG),

which licenses manufacturers such as Intel.9 The manufacturer, Intel,

sells patented components to buyers, which are typically downstream

manufacturers, such as Dell, Lenovo, and Asus, for use in a complex

product, such as a computer. In Regime AE, assuming Intel’s sale is

authorized, Dell, Lenovo, and Asus can use Intel’s chips — including

reselling them to each other — without having to fear a patent

suit from LG. In other words, absolute exhaustion trumps whatever

ostensible restrictions were imposed on the use of the chips through

the provision in LG’s license to Intel precluding downstream third

parties from combining Intel chips with third-party components.

Knowing that buyers can resell the chips to one another — which

for chips is relatively costless compared to the value of the chip —

Intel will set a uniform price for the chip that reflects the maximum

producer surplus it can earn from the buyers. LG will then extract

some or all of that surplus through a licensing fee charged to Intel,

based on the level of its market power enabled by its patents.

In contrast, in Regime PE, LG’s licensing restrictions, if properly

drafted, would preclude Dell, Lenovo, and Asus from using Intel’s

chips to manufacture computers unless each of these manufacturers

entered into a separate license with LG. Because LG could impose

restrictions in such a license on reselling the Intel chips to other

manufacturers, LG could price discriminate among the buyers by

charging different licensing rates based on each buyer’s willingness to

pay, as long as the transaction costs of such individualized licensing

were less than the gain to LG. Indeed, given the ability to price

discriminate in Regime PE, LG could reduce its license fee to Intel,

which might cause Intel to reduce its chip prices in order to increase

9For simplicity, as noted earlier, we assume the patent owner has full monopoly
power and there is a single manufacturer, but we examine the implications of
relaxing these assumptions in Section 6.
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overall sales by identifying new buyers (e.g. Acer) that were not able

to afford the chips in Regime AE.

Yet, the Supreme Court never decided whether absolute or pre-

sumptive exhaustion applies in theQuanta case, because it essentially

found that LG did not properly draft its licensing restrictions,

mooting the issue. In other words, because LG’s licensing restrictions

were not properly drafted, Intel’s sales were both authorized and

without restriction as to its customers combining Intel chips with

their own or third-party components. Although the court reaffirmed

that exhaustion applies to domestic sales and held that patent

exhaustion is triggered by, among other things, an authorized

sale of a component that “substantially embodies” the patent in

question — even if it does not completely practice the patent —

the Supreme Court’s decision did little to dispel the confusion about

what constitutes “authorization” or whether a patent owner can

impose contractual restrictions on downstream buyers to limit patent

exhaustion.

The Supreme Court once again considered exhaustion in Bow-

man v. Monsanto (2013), with the unusual facts of whether the

sale of a patented soybean seed to a farmer exhausts the right

to essentially identical seeds generated by the soybean plant itself.

Specifically, Bowman purchased the patented soybean seeds, subject

to the contractual restriction that he not save and use any of the

seeds produced by the soybean plant grown from the patented seeds.

Rather than deciding whether absolute or presumptive exhaustion

applies in this situation, the Court simply reiterated the longstanding

rule that “the exhaustion doctrine does not extend to the right to

“make” a new product”. Because Bowman was essentially making a

new product from the original seeds, exhaustion did not apply, and

Monsanto’s licensing restrictions were effective.

Finally, in Lexmark Int’l, Inc. v. Impression Products,

Inc. (2017), the Supreme Court decided that absolute exhaustion

applies to all authorized sales or products covered by US patents.

Lexmark sold its printer cartridges under two pricing options: a

“regular cartridge” at “list price” and a “return program cartridge”
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at a discount. The sale of the return program cartridge was accom-

panied by post-sale contractual restrictions that the cartridge was

not to be reused or resold, whereas the regular cartridges could be

freely reused or resold. In violation of these restrictions, Impression

acquired used return program cartridges from Lexmark’s customers

within and outside the US and then altered and resold the cartridges

in the US, undermining Lexmark’s ability to implement differential

pricing.10

Two key questions were presented in Lexmark regarding the

scope of the patent exhaustion doctrine. First, whether the doctrine

of absolute exhaustion applies to end Lexmark’s patent rights

upon its authorized sale of the cartridges to its customers, or

whether presumptive exhaustion applies so that Lexmark’s contrac-

tual restrictions on the cartridge’s reuse and resale override the

exhaustion doctrine and may be effectively enforced through a patent

infringement lawsuit. Second, whether Lexmark exhausted its patent

rights by selling its cartridges outside of the US, so that Impression

can import the cartridges into the US and resell without being liable

for patent infringement (so-called “international exhaustion”).

The economic importance of these legal issues is underscored

by the very large number of major companies that filed over

forty amicus briefs at the Supreme Court. Intel, LG Electronics,

Samsung, eBay, Amazon and other firms that rely on numerous

patent-protected inputs to the products they produce or sell opposed

presumptive exhaustion. They argued that allowing upstream patent

owners to impose downstream contractual restrictions would require

10The transaction structure in Lexmark is relatively uncommon, because most
patented products cannot typically be rebuilt at a low cost and essentially sold
again as new. Rather, most patented products are either immediately consumed
and “wasted” to zero value (e.g. pharmaceutical drugs) or the value is diminished
very quickly and cannot be easily restored (e.g. computer chips). Although there
is often a secondary, “used” market for the second class of patented goods by
end-consumers, typically these resales do not have a large impact on the prices
and royalties relating to the goods when sold anew. For these reasons, we ignore
the Lexmark-style transaction and resale markets in this paper, though we extend
our model to more general secondary, resale markets in the online appendix.
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a downstream firm to “trace the patent rights of every component

it purchases and then negotiate appropriate license arrangements

with the component manufacturer (as well as any subcomponent

manufacturer)”. Such tracing and negotiation would in their view

engender substantial transaction costs, diminishing the efficient

distribution of patented goods. On the other side, the Pharmaceutical

Research and Manufacturers of America (PhRMA), the Biotech-

nology Industry Organization (BIO), and the Intellectual Property

Owners Association (IPO) opposed a broader scope of patent

exhaustion. These organizations represent firms and individuals that

depend substantially on patent rents and so not surprisingly, they

argued that patent exhaustion should remain limited so as to allow

firms to engage in domestic and geographical price discrimination.

In May 2017, the Supreme Court ruled in Impression’s favor,

holding that (1) a patentee’s decision to sell a product exhausts all

of its patent rights in that item, regardless of any restrictions the

patentee purports to impose; and (2) an authorized sale outside the

US, just as one within the US, exhausts all rights under the Patent

Act. With this decision, the Supreme Court overturned the Federal

Circuit’s ruling that upstream patent owners may opt out of patent

exhaustion via contractual restrictions, and that patent rights are not

exhausted by an authorized sale abroad (even where no reservation

of rights accompanies the sale). This decision also contravened the

US government’s position that a foreign sale authorized by the US

patentee should exhaust US patent rights by default unless the

patentee expressly reserved those rights.11

11The Supreme Court’s decision left open the possibility of contractual actions
to enforce downstream restrictions. If a licensee has exceeded the limitations in
a license agreement directly executed between the patent owner and the licensee,
the patent owner may be able to assert a contract claim. Nonetheless, patent
owners tend to favor patent claims. First, patent claims offer a wider array and
scope of remedies, particularly injunctive relief; while contract claims usually
afford no consequential or punitive damages. Also, patent cases are tried in
federal courts with a relatively uniform body of nationwide law, which is often
preferred to state courts, which may vary widely in applicable law. Finally, to
enforce downstream restrictions in contract, “privity” — that is, some direct
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A common justification for exhaustion found in judicial decisions

and legal scholarship (e.g. Skladony, 2007) is that once the patent

owner is paid by a licensee for the use of a patented good, it has

no right to further payment. As the US Supreme Court stated in

Bloomer v. Millinger (1863), patent owners “are entitled to but one

royalty for a patented machine”. However, such contentions are more

conclusory than evincible. There is no a priori reason to assume a

single license to an intermediate manufacturer, reseller, or purchaser

is sufficient to induce optimal investment. Perhaps, as the Federal

Circuit stated in Mallinckrodt, Inc. v. Medipart, Inc. (1992), the

patent owner charges less than the full value available under the

proper scope of the patent to each licensee, so that in effect there

is no double counting. Another justification for exhaustion — and

one heavily relied upon by the US Supreme Court in Lexmark’ Int’l,

Inc. v. Impression Products, Inc. (2017) — is the general aversion to

restraints on alienation; namely, that it is economically efficient to

allow the sale and transfer of goods (e.g. Carrier, 2004). Katz (2016),

for instance, explains that exhaustion can eliminate supernormal

pricing for patented goods and thereby reduce deadweight loss.

Perzanowski and Schultz (2011) argues that exhaustion can reduce

situations of buyer “lock in” and diminish switching costs, by allow-

ing users to more easily switch to competing technologies. Exhaustion

can also reduce the rent dissipation that may occur when the

transaction costs of licensing are high (Mulligan, 2016) and prevent

contractual relationship between the parties — is required. In Lexmark, for
example, Lexmark (the patent owner) could not assert a contractual claim against
Impression (the alleged infringer), because Impression purchased the cartridges
from the Lexmark’s customers rather than Lexmark itself. Although a patent
owner can attempt to impose a “nested” set of downstream contracts so as to
ensure privity with downstream parties, achieving as much is not a certainty and
it raises transaction costs. This is especially so if the contractual “intermediaries”
between the patent owner and downstream resellers are ordinary customers, which
patent owners are typically averse to sue because of negative repercussions in the
marketplace. So it is not surprising that patent owners vigorously oppose any
exhaustion of the patent rights underlying such claims, or that the matter of
exhaustion is of such great importance to downstream resellers and users.
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anticompetitive practices (e.g. tying, resale price maintenance, and

exclusive dealing), which can be imposed on downstream licensees

via contract and may not survive antitrust scrutiny (Hovenkamp,

2016).12 A counterargument is that absolute exhaustion can reduce

overall efficiency by precluding the typically efficiency-enhancing

effects of freedom of contract, particularly when the contractual

restraints are vertical in nature (Kieff, 2008; Hovenkamp, 2011;

Katz, 2016).13 In this regard, presumptive exhaustion allows for

price discrimination, which may reduce deadweight loss and increase

incentives to innovate. Also, while absolute exhaustion could alleviate

the restraints on alienation concerns, other instruments (such as the

patent misuse doctrine and the antitrust laws) are more suitable for

the purpose.14

Against that background, it is clear that US patent exhaustion

policy is a serious and contentious issue, which is of fundamental

importance in numerous industries (e.g. pharmaceutical drugs, semi-

conductors, software) and carries with it significant consequences for

trade and welfare, both domestic and abroad. Yet the actual policy

implications of patent exhaustion are far from clear.

3 Model Set-up

Consider a closed economy in a country populated with L buyers.

Assume there exists a good y that has quality h.

12Indeed, many of the judicial opinions addressing patent exhaustion arise in
the context of downstream tying restrictions. In Henry v. A.B. Dick Co. (1912),
the US Supreme Court upheld downstream licensing restrictions that required
purchasers to use the patentee-manufacturer’s patented mimeograph machine
with its unpatented supplies. Just five years later, in Motion Picture Patents
Co. v. Universal Film Mfg. Co. (1917), the Court overruled its holding in A.B.
Dick Co. by finding that a similar downstream restriction was invalid.
13Unlike horizontal restraints, vertical restraints do not constrain direct competi-
tors (Meurer, 2003).
14We abstract away from these anticompetitive issues here and address exhaustion
doctrine’s most basic concern: the ability of the downstream buyer to use or resell
the patented good in the absence of a separate license from the patent owner.
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Buyers have vertical preferences and differ in their type φ, which

determines their willingness to pay for goods of a certain quality.15

A buyer of a type φ > p/h purchases one unit of good y of quality

h at a price p and earns utility (i.e. individual consumer surplus) of

U(φ) = hφ− p. A buyer of a type φ < p/h does not purchase good y

and earns utility of zero. We assume that φ is uniformly distributed

over the interval [0, 1]. Given uniform price p, the quantity demanded

q is linear and is given by the number of buyers who purchase

good y:

q = L

∫ 1

p/h
dφ = L

(
1− p

h

)
. (1)

The production of good y requires one differentiated component,

x, which is patented by a third-party patent owner. The patent pro-

vides market power to the patent owner, as there are no substitutes

for x.16 Besides the component x, labor and materials are the only

other inputs into the production of y. The per-unit cost of labor and

materials is constant and equal to γ. The fixed cost of production of

y is zero.

We assume that a potential manufacturer of y will obtain a license

from the patent owner to make and sell component x as part of

good y. This is because a manufacturer can accurately estimate the

probability of losing a patent infringement suit and given litigation

costs, it is less costly to negotiate a license ex ante rather than risk

being sued for patent infringement. The manufacturer will pay a

license fee of λm per unit of x plus a lump sum fee of λ̄ to the patent

owner.

Ex ante, there is a large number of identical potential manufac-

turers of good y competing for the use of x. This competition among

potential manufactures ex ante allows the patent owner to adjust λ̄

15The model is a vertically differentiated model as in Shaked and Sutton (1982).
It is also adopted in Valletti (2006), Valletti and Szymanski (2006), Saggi (2013),
and Ivus and Lai (2018).
16We discuss how allowing for unpatented substitutes for x affects our results in
Section 6 and present a more formal analysis in Section D in the online appendix.
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so as to recover all profit from the licensed manufacturer(s) ex post,

making the manufacturer(s) break even. The patent owner maximizes

its rents from license fees by licensing x to only one manufacturer,

thus making this manufacturer a monopolist in the market for y that

it sells.17

We consider two legal regimes regarding patent exhaustion:

Regime AE — Absolute Exhaustion: When the manufacturer

sells the good to the buyer, regardless of the patent owner’s desires,

the patent owner loses all rights to proceed against the buyer for

patent infringement.

Regime PE — Presumptive Exhaustion: The patent owner

loses all rights to proceed against the buyer for patent infringement

unless the patent owner imposes downstream contractual restrictions

on the buyer. If the patent owner imposes such restrictions, the

buyer must enter into a license with the patent owner or risk patent

infringement.

Regime AE prevents contractual restrictions on buyers and as

such, allows resale. The patent owner licenses the manufacturer to

give it the right to manufacture and sell the good. We assume that the

patent owner’s and the manufacturer’s incentive to price discriminate

is eroded by a perfect and costless arbitrage.18 Consequently, the

manufacturer will set a uniform price for the patented product.

In Regime PE, the patent owner may opt out of exhaustion

(which is the default rule) by imposing downstream contractual

restrictions. If the patent owner imposes a downstream contractual

restriction that effectively restricts the use or sale of the patented

component by a buyer, then in order to avoid a charge of patent

infringement, the buyer needs to separately enter into a license with

the patent owner. The patent owner can directly license the buyer or

use an agent to do so (such as the manufacturer), but either way, the

17We assume the manufacturer has the capacity and distribution network to
satisfy the total demand.
18In component-manufacturer markets, where concerns of patent licensing and
exhaustion are most applicable, resale can occur at very low cost.
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terms and price of the license can be customized to individual buyer.

For simplicity, we assume that the individualized licensing (when

profitable) is direct, i.e. between the patent owner and the buyer,

without going through the manufacturer. Assuming the cost of opting

out is zero, the patent owner has a choice between uniform licensing

(which involves sublicensing all buyers via the manufacturer under

a uniform manufacturer license), individualized licensing (which is

buyer-specific, i.e. perfect price discrimination), or mixed licensing

(which involves individualized licensing of some buyers and uniform

licensing of others). Here, we assume that a license from the patent

owner or the sublicense from the manufacturer provides the buyer

with a right to use the good but not to resell it19 and so, the patent

owner and manufacturer can exercise first degree price discrimination

among the buyers. However, there is a positive transaction cost in

individualized licensing, t, which includes the time and effort involved

in negotiating license fees and executing licensing agreements with

individual buyers of different type. The transaction cost increases

the unit cost of y to γ + t.20 We assume that licensing via the

manufacturer does not involve transaction cost. Thus, under uniform

licensing, the patent owner avoids the transaction cost by licensing

via the manufacturer. However, it also fails to extract all consumer

surplus.

Another possibility is a regime of Absolute No Exhaustion, in

which regardless of the patent owner’s desires, buyers, upon purchase

of the good from the manufacturer, receive no license to make, use,

or sell the patented good, and must enter into a license with the

patent owner or risk patent infringement. This regime is effectively

equivalent to presumptive exhaustion if the transaction cost is

zero. More importantly, no court has ever adopted it. As such,

we ignore it.

19We assume that it is costless for the manufacturer to insert a sublicensing clause
into its form agreement so as to provide downstream rights to buyers; and that
both the manufacturer and buyers forgo negotiation over the sublicense clause.
20The patent owner’s cost in negotiating and executing a single licensing deal
with the manufacturer is negligible in comparison, and ignored for simplicity.
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4 Equilibrium

The model has three stages. In Stage I, the government sets the

exhaustion regime. In Stage II, depending on the exhaustion regime,

the patent owner may implement a licensing scheme. In Regime

PE, the patent owner chooses between uniform, individualized, and

mixed licensing. Under uniform licensing, the patent owner will set

the manufacturer license fee of λm per unit of x and a lump-sum

fee of λ̄, and will license all buyers via the manufacturer. Under

individualized licensing, the patent owner will maximize the overall

rent from licensing by setting the manufacturer license fees to zero

(λm = λ̄ = 0), in order to have the most flexibility in setting

the buyer-specific license fees λφ paid directly by buyers, and will

then set λφ to extract all individual consumer surplus. Under mixed

licensing, the patent owner will choose the marginal type φ∗ and will

individually license high-valuation buyers with type φ ∈ [φ∗, 1] and
uniformly license low-valuation buyers with type φ ∈ [p/h, φ∗) via the
manufacturer (since their individual licensing is too costly relative to

their willingness to pay for the final good).21 High-valuation buyers

will pay the buyer-specific license fee λφ on top of the (uniform)

manufacturer’s price, and low-valuation buyers will be licensed via

the manufacturer and will pay the manufacturer’s price. In Regime

AE, the patent owner chooses the manufacturer license fees but does

not engage in individualized licensing. In Stage III, the manufacturer

sets the price p on the good to be sold to buyers, taking into account

the license fees. The model is solved using backward induction.

In the rest of this section, we consider Regime PE. When

exhaustion is presumptive, the patent owner’s choice of a licensing

scheme depends on the size of the transaction cost in individualized

licensing, t, and to show this, we examine the following three cases:

zero transaction costs in Section 4.1; intermediate transaction costs

in Section 4.2; and prohibitive transaction costs in Section 4.3.

21Such mixed-licensing is common in many industries, as it allows the patent
owner to extract some value immediately downstream, and then further value
from high-valuation users for which transaction costs are relatively unimportant.
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The outcome in Regime AE is equivalent to that in Regime PE with

prohibitive transaction costs, since the patent owner will not engage

in individualized licensing in this case.

4.1 Regime PE with zero transaction costs

When t = 0, the patent owner will engage in individualized licensing.

This follows since, as we show below, the patent owner’s overall rent

from individualized licensing, which is given by equation (6), exceeds

that from uniform licensing, which is given by equation (5).

Uniform licensing

Consider first uniform licensing. In Stage III, the manufacturer sets

a price p to maximize its profit Π (exclusive of λ̄), which depends on

λm and is given by:

Π = (p− λm − γ)q = (p− λm − γ)L
(
1− p

h

)
, (2)

The profit maximizing price and from equation (1), the aggregate

quantity demanded at this price are as follows:

p =
1

2
(h+ λm + γ) and q =

L

2h
(h− λm − γ). (3)

In Stage II, the patent owner chooses λm and sets λ̄ = Π to

extract all the rents from the manufacturer. The patent owner’s

overall rent is Rm = λmq +Π. Using equations (2)–(3), we obtain:

Rm =
L

4h
(h+ λm − γ)(h− λm − γ). (4)

Differentiating Rm with respect to λm and setting the derivative

to zero, we find the optimal per-unit license fee: λm = 0.22 The

zero per-unit license fee allows the patent owner to avoid double

marginalization and in doing so, maximize the manufacturer’s profit,

which is then extracted via a lump-sum license fee. A positive λm,

22The second order condition for maximization is satisfied as ∂2Rm/∂λ2
m =

−1 < 0.
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by contrast, would reduce the aggregate quantity below the profit

maximizing level.

The patent owner’s overall rent from uniform licensing is thus as

follows:

Rm =
L

4h
(h− γ)2. (5)

In Stage III, the manufacturer sets p = (h+ γ)/2, which follows

from equation (3) when λm = 0.

Individualized licensing

Consider now individualized licensing when t = 0. In Stage III,

the manufacturer is left with zero residual consumer surplus to be

extracted and so, will set the price p equal to the marginal cost γ. In

Stage II, the patent owner will set λφ equal to the reservation price

pφ = hφ net of the price charged by the manufacturer to buyers,

p = γ. The marginal buyer type that maximizes the patent owner’s

rent from individualized licensing will be φ∗ = γ/h. Buyers with type

φ ≥ γ/h, who are willing to pay at least γ, will be charged the price of

pφ = hφ or equivalently, the price of γ paid to the manufacturer plus

the licensing fee of λφ = hφ−γ paid to the patent owner. The patent

owner’s overall rent from individualized licensing will be given by:

Rc = L

∫ 1

γ/h
(hφ− γ)dφ =

L

2h
(h− γ)2. (6)

4.2 Regime PE with intermediate transaction costs

Suppose the transaction cost is positive. In this case, the patent

owner can still capture the entire total surplus with individualized

licensing but must internalize the transaction cost. Alternatively, if

the patent owner engages in uniform licensing via the manufacturer,

the patent owner will avoid the transaction cost but will fail to

capture the entire total surplus via the manufacturer, since the

manufacturer will set a single monopoly price. Both the patent owner

and the manufacturer can price discriminate between buyers in the

first degree at the transaction cost of t, but the two parties’ incentive

to do so is fully aligned (since the patent owner extracts all the rents
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from the manufacturer with a lump-sum fee). Hence, if individualized

licensing of buyers is not optimal for the patent owner, it is not

optimal for the manufacturer either, and so the manufacturer will

choose to serve the buyers under a single monopoly price.

Mixed licensing

When t is positive but low enough to satisfy t < (h − γ)/2, the

marginal buyer type that maximizes the patent owner’s overall

rent from licensing will be φ∗ < 1, and the patent owner will

engage in mixed licensing, individually licensing high-valuation

buyers with type φ ∈ [φ∗, 1] and uniformly licensing low-valuation

buyers with type φ ∈ [p/h, φ∗). In Stage III, the manufacturer will

be left with zero residual consumer surplus to be extracted from high-

valuation buyers and so, its price for high-valuation buyers will equal

to the unit cost of a good: pH = γ + t. The price for low-valuation

buyers, denoted by pL, will be set to maximize the manufacturer’s

profit Π, which is given by:

Π = (pL − λm − γ)qL = (pL − λm − γ)L

(
φ∗ − pL

h

)
, (7)

where qL is the number of uniformly licensed low-valuation buyers,

given by:

qL = L

∫ φ∗

pL/h
dφ = L

(
φ∗ − pL

h

)
. (8)

The profit maximizing price and the aggregate quantity demanded

at this price are as follows:

pL =
1

2
(hφ∗ + λm + γ) and qL =

L

2h
(hφ∗ − λm − γ). (9)

In Stage II, the patent owner will set the buyer-specific license fee of

λφ = hφ− γ− t for high-valuation buyers and will earn the following

overall rent from individualized licensing:

Rc = L

∫ 1

φ∗
(hφ− γ− t)dφ =

L

2
(1−φ∗)[h(1+φ∗)− 2(γ+ t)]. (10)
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The patent owner will also set the manufacturer license fee of λm
per unit of x and a lump-sum fee of λ̄ = Π and will earn the following

rent from uniform licensing:

Rm = λmq +Π =
L

4h

[
(hφ∗ − γ)2 − λ2m

]
=

L

4h
(hφ∗ − γ)2, (11)

which follows since the optimal per-unit manufacturer license fee is

λm = 0.

The patent owner’s total rent from mixed licensing will be equal

to RT ≡ Rm +Rc. Differentiating RT with respect to φ∗ and setting

the derivative to zero, we find the marginal buyer type23:

φ∗ =
1

h
(γ + 2t). (12)

It is true that φ∗ < 1 when the transaction cost satisfies t < (h−γ)/2.
When φ∗ = (γ + 2t)/h, it follows from (9) that the price for

low-valuation buyers is equal to pL = γ + t, which is the same as

the price for high-valuation buyers, pH = γ + t. Hence in Stage III,

the manufacturer will set a price of p = γ + t for all buyers. High-

valuation buyers with type φ ∈ [(γ+2t)/h, 1] will be licensed directly

and pay the price of pφ = hφ or equivalently, the price of p = γ + t

paid to the manufacturer plus the license fee of λφ = hφ − γ − t

paid to the patent owner. Low-valuation buyers with type φ ∈ [(γ +

t)/h, (γ+2t)/h) will be uniformly licensed via the manufacturer and

will pay the price of p = γ + t to the manufacturer.

Note that when t > 0, the patent owner will directly license

fewer buyers when the exhaustion regime allows for mixed licensing,

as opposed to when it requires individualized licensing of buyers by

the patent owner. Under mixed licensing, the marginal buyer type is

φ∗ = (γ + 2t)/h. Under individualized licensing, the marginal buyer

type will be φ∗ = (γ + t)/h.24

23dRT /dφ
∗ = −hL/2 < 0. Therefore, the second order condition is satisfied as

well.
24In Stage III, the manufacturer will set the price of p = γ + t and in Stage II,
the patent owner will set the buyer-specific license fee of λφ = hφ− γ− t. This is
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Last, substituting φ∗ = (γ + 2t)/h into equations (10) and (11),

we obtain:

Rc =
L

2h
(h− γ − 2t)(h − γ) and Rm =

t2L

h
. (13)

4.3 Regime PE with prohibitive transaction costs —

Same outcome as in Regime AE

Suppose the transaction cost is high enough that t ≥ (h−γ)/2. Then
the marginal buyer type is φ∗ = 1 and all buyers will be licensed

uniformly via the manufacturer, since the transaction cost is so high

that individualized licensing is not profitable for the patent owner.

In Stage II, the patent owner will set λm = 0 and extract all rents

from the manufacturer with a lump-sump fee of λ̄. In Stage III, the

manufacturer will set the monopoly price of p = (h + γ)/2. The

patent owner’s overall rent will be equal to Rm, which is given by

equation (5).

5 Welfare Analysis

We now compare the social welfare in Regime PE to that in

Regime AE.

5.1 Regime AE

Figure 1 plots the linear demand function q(p) given by equation (1)

and shows the composition of the total surplus in Regime AE.

The manufacturer’s price is equal to pAE = (h + γ)/2. At

this price, a buyer with type φ > pAE/h purchases one unit of

good y and earns utility hφ − pAE. The number of buyers who

purchase good y is qAE. The consumer surplus is thus given by

perfect price discrimination and so, φ∗ is the value of φ that solves λφ∗ = 0, i.e.
yields zero rent from the marginal buyer to the patent owner.
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Figure 1. The composition of the total surplus in Regime AE.

CSAE = 0.5(hΦ − pAE)qAE, or equivalently:

CSAE = L

∫ 1

pAE/h
(hφ− pAE)dφ =

L

8h
(h− γ)2. (14)

The patent owner extracts all producer surplus from the manu-

facturer. The patent owner’s rent is equal to PSAE = (pAE − γ)qAE,

which from equation (5) is equivalent to:

PSAE =
L

4h
(h− γ)2. (15)

The uniform pricing creates a deadweight loss of DWLAE =

S − CSAE − PSAE, where S is the maximum potential surplus (i.e.

the total surplus). The deadweight loss would be zero in the case

of perfect price discrimination with no transaction cost. Then all

consumer surplus would be extracted from buyers with type φ > γ/h

with buyer-specific license fees of λφ = hφ − γ. The patent owner’s

rent (i.e. the producer surplus) would then be given by:

S = L

∫ 1

γ/h
(hφ− γ)dφ =

L

2h
(h− γ)2. (16)
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The deadweight loss in Regime AE is thus given by:

DWLAE = L

∫ pAE/h

γ/h
(pAE − hφ)dφ =

L

8h
(h− γ)2, (17)

which is equivalent to DWLAE = 0.5(pAE − γ)(q0 − qAE), since q0
buyers would have purchased good y at the price of γ but buyers

who are willing to pay more than γ but less than pAE are not served.

5.2 Regime PE

Figure 2 shows the composition of the total surplus in Regime PE.

The market has two segments: (i) for low-valuation buyers with type

φ ∈ (p/h, φ∗), the demand is qL ≡ q(p;φ∗), given by equation (8);

and (ii) for high-valuation buyers with type φ ∈ [φ∗, 1], the demand

function can be expressed as the residual demand qH(p) = q(p) −
qL(p), where q(p) is the total demand given by equation (1).

Low-valuation buyers will purchase qPE units at the uniform

price of pPE = γ + t and will enjoy the consumer surplus of

Figure 2. The composition of the total surplus in Regime PE.
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CSPE = 0.5(pφ∗ − pPE)qPE, which is equivalent to

CSPE = L

∫ φ∗

pPE/h
(hφ− pPE)dφ =

t2L

2h
. (18)

High-valuation buyers will purchase qφ∗ = L(1 − φ∗) = L[1 −
(γ + 2t)/h] units of y at the buyer-specific price of pφ = hφ and

earn no consumer surplus.

The patent owner will extract all profit from the manufacturer

and will earn Rm = (pPE−γ)qPE. The patent owner will also extract

all consumer surplus from high-valuation buyers in the amount

of R̃c = 0.5(h − hφ∗)qφ∗ . The patent owner’s overall rent from

individualized licensing will be equal to Rc in equation (13), which

is the sum of R̃c and the total amount of transaction costs paid by

the buyers to the manufacturer, λφ∗qφ∗ = (hφ∗ − γ − t)qφ∗ = tqφ∗.

The producer surplus is equal to the patent owner’s overall rent

from mixed licensing, RT ≡ Rm + Rc, which from equations (13)

is given by:

PSPE =
t2L

h
+

L

2h
(h− γ − 2t)(h − γ). (19)

In Regime PE, deadweight loss arises from (i) uniform monopoly

pricing by the manufacturer and (ii) positive transaction costs in

individualized licensing. The maximum potential surplus S is given

by equation (16) and so, the aggregate deadweight loss is as follows:

DWLPE = S − CSPE − PSPE =
tL

2h
[2(h− γ)− 3t]. (20)

In Figure 2, the aggregate deadweight loss is the area of the trapezoid

with base q0 − qPE and height pPE − γ. It is equal to DWLPE =

DWLm+ tqφ∗, where DWLm = 0.5(pPE−γ)(qL0 −qPE) arises because
buyers who are willing to pay less than pPE will not be served and

the total amount of transaction costs is tqφ∗.

5.3 Comparison of the Regimes

When the transaction cost is prohibitive, i.e. t ≥ (h − γ)/2, Regime

PE is equivalent to Regime AE. Thus in what follows, we consider
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the case when t < (h−γ)/2. First, we compare the equilibrium prices

and quantities across the two regimes. Proposition 1 follows.

Proposition 1. It is true that qφ∗+qPE > qAE. Further, qPE < qAE,

pPE < pAE, and these two cases are possible:

(i) qφ∗ ≥ qAE and pAE ≥ pφ∗ iff t ≤ (h− γ)/4;

(ii) qAE > qφ∗ and pφ∗ > pAE iff t > (h− γ)/4.

Fewer buyers pay uniform price in Regime PE, compared to

Regime AE. But despite of this, more buyers are served in Regime

PE overall, since some buyers are licensed individually by the patent

owner. Not surprisingly, the number of buyers licensed individually

is high when the transaction cost in individualized licensing is low

enough that it satisfies t ≤ (h − γ)/4. This is the case (i) at left in

Figure 3. Further compared to pAE, the manufacturer price in Regime

PE is lower and in the case (i), the buyer-specific price is also lower.

We now compare the producer and consumer surplus across the

two regimes. Proposition 2 follows.

Proposition 2. PSPE > PSAE and CSPE < CSAE.

Proof. PSPE−PSAE = L(h−γ−2t)2/(4h) > 0 and CSPE−CSAE =

L[4t2 − (h− γ)2]/(8h) < 0.25 �

Figure 3. Price and quantity in Regime PE and Regime AE. Case (i) when
t ≤ (h− γ)/4, at left and case (ii) when t > (h− γ)/4, at right.

25The results follow from equations (14)–(15) and (18)–(19).



An Economic Model of Patent Exhaustion 417

Figure 4. Consumer surplus in Regime PE and Regime AE. Case (i) when
t ≤ (h− γ)/4, at left and case (ii) when t > (h− γ)/4, at right.

Producer surplus is higher in Regime PE, which gives the patent

owner more options. The patent owner’s rent is highest under

mixed licensing when t > 0, and when t = 0, it is highest under

individualized licensing, which allows the patent owner to extract

all consumer surplus from every paying buyer while incurring no

transaction cost in this case. This confirms the standard proposition

that price discrimination in the context of patent licensing is optimal

in the absence of transaction costs. Regime AE, by contrast, does

not permit licensing of individual buyers and so, restricts the patent

owner’s rent.

Figure 4 shows CSPE and CSAE, with the low-t case (i) at left

and the high-t case (ii) at right.26 Consumer surplus is lower in

Regime PE, in which only low-valuation buyers (uniformly licensed)

earn consumer surplus and the number of such buyers is relatively

small (qPE < qAE). Importantly, though, the interests of buyers

are conflicting: while low-valuation buyers prefer Regime PE, high-

valuation buyers prefer Regime AE.

Last, we compare the deadweight loss across the two regimes.

Proposition 3 establishes the result.

26These two cases are defined in Proposition 1.
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Figure 5. Deadweight loss in Regime PE and Regime AE. Case (i) when t ≤
(h− γ)/4, at left and case (ii) when t > (h− γ)/4, at right.

Proposition 3. DWLPE < DWLAE iff 0 ≤ t < (h − γ)/6 and

DWLPE ≥ DWLAE iff (h− γ)/6 ≤ t ≤ (h− γ)/2.

Proof. The result follows since DWLPE −DWLAE = L[8t(h− γ)−
(h− γ)2 − 12t2]/(8h).27 �

In Figure 5, DWLPE is the area of the trapezoid with base q0−qPE
and height pPE−γ, and DWLAE is the area of the triangle with base

q0−qAE and height pAE−γ. When t is small (at left), the deadweight

loss is smaller in Regime PE. A large number of buyers are licensed

individually in this case, which increases economic efficiency and

with small t, does not add much to the deadweight loss in term

of transaction cost frictions. As t rises, the number of individually-

licensed buyers greatly falls, while the total amount of transaction

costs rises. Consequently when t is large (at right), Regime PE

produces a greater deadweight loss.

Figure 6 provides more intuition. On the right, CSPE + PSPE is

above CSAE + PSAE when t is small, i.e. t < (h − γ)/6. Regime PE

is socially optimal in this case, because the gain in producer surplus

more than offsets the loss in consumer surplus. As t rises from zero on

the left, the gain in producer surplus falls fast (since PSPE falls fast

27This follows from equations (17) and (20).
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Figure 6. Consumer and producer surpluses in Regime PE and Regime AE in
relation to the transaction cost.

and PSAE does not change) while the loss in consumer surplus also

falls but slowly (since CSPE rises slowly and CSAE does not change).

Thus on the right, CSPE + PSPE declines as t rises from zero and

eventually falls below CSAE+PSAE. When (h−γ)/6 < t < (h−γ)/2,
the total surplus in Regime PE is relatively small and so, Regime

AE is socially optimal. When t ≥ (h − γ)/2, the two regimes are

equivalent.

As t falls from (h − γ)/2, the total surplus in Regime PE

falls relative to that in Regime AE.28 In other words, reducing

the transaction cost from the prohibitive level increases the relative

inefficiency of Regime PE; it is only after the transaction cost is

sufficiently reduced that its further reduction starts contributing

to the relative efficiency of Regime PE. When t = (h − γ)/2, the

marginal buyer type is φ∗ = 1 and all buyers are licensed uniformly

in Regime PE; in total qPE = L(h − γ)/(2h) buyers are served at

the price pPE = (h + γ)/2. Now suppose t is reduced by ε, where

ε < (h−γ)/6. Then from equation (12), the marginal buyer type will

fall to φ∗ = 1−2ε/h, and high-valuation buyers with type φ ∈ [φ∗, 1]
will be licensed individually. The total number of such buyers will

be equal to 2εL/h. At the same time, the manufacturer’s price will

fall to pPE = (h+ γ)/2− ε and so, the number of uniformly-licensed

28CSPE + PSPE falls as t falls in the range (h− γ)/3 < t < (h− γ)/2.
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buyers will rise by εL/h. That is, the number of individually-licensed

buyers will increase twice as much as the number of uniformly-

licensed buyers. A larger number of individually-licensed buyers

will increase the deadweight loss from transaction cost frictions by

2ε2L/h, but a larger number of uniformly-licensed buyers will reduce

the deadweight loss from the manufacturer monopoly pricing by

ε2L/h. The aggregate deadweight loss will thus rise.

6 Extensions

In this section, we discuss extensions to our model.

First, when assessing the welfare implications of patent exhaus-

tion, it is important to understand how static effects interact with

dynamic considerations. In a dynamic setting, producer surplus will

generally drive the amount of ex ante innovation that the patent

owner is willing to make. Indeed, if producer surplus is too low,

the patent owner may not invent at all. In Section A in the online

appendix, we examine how the patent owner’s incentive to invest in

product quality (a proxy for the overall ex ante innovation) compares

across the two regimes. We show that dynamic efficiency rises in

Regime PE, and these dynamic gains in promoting ex ante innovation

may outweigh any loss of static efficiency when the transaction cost

is high. We assumed that only the patent owner invests in product

quality. When third parties also invest in product quality, Regime

AE could also provide dynamic benefits, to the extent that absolute

exhaustion lowers the costs of patented inputs for third parties. For

cumulative innovation, two competing effects could arise: stronger

patent protection in the form of presumptive exhaustion increases the

initial innovator’s profit but could render follow-on innovation more

costly.29 The optimal tradeoff between static and dynamic efficiencies

will vary widely across industries and technologies.

Second, we abstracted away from intermediaries, such as whole-

salers and resellers. This is justified when the manufacturer sells

29Denicolò (2000) assesses whether stronger patents promote welfare under
cumulative innovation.
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directly to buyers, exhaustion is presumptive, and the patent owner

opts out, because in this case, a buyer may be required to enter

into a separate licensing agreement with the patent owner. It is also

justified when intermediaries are relatively homogeneous, purchasing

and licensing on behalf of groups of buyers with similar distributions

of the final product valuation. In Section B in the online appendix,

we allow for intermediaries that purchase and license on behalf of

the buyers, and assume that the intermediaries are heterogeneous

in that they represent buyers of distinctly different willingness to

pay for the final product. In addition, to make the model more

realistic, we assume that the patent owner incurs a transaction cost

when licensing to the manufacturer. Our results are qualitatively

unchanged. In fact, it is more likely that Regime PE is socially

optimal when each intermediary negotiates the license fees on behalf

of a large number of buyers, thus saving in the transaction cost.

Third, we assumed that all parties are omniscient, particularly

regarding the buyer’s demand, but the patent owner may not be fully

aware of the buyer’s demand, particularly when the patented good

is a mere component of a complex product. We consider information

asymmetry in assessing the buyer’s demand in Section C in the online

appendix. We assume that the patent owner incurs an additional

cost to determine the buyer’s willingness to pay for the patented

good. In this context, information asymmetry acts like an increase

in the transaction cost of individualized licensing and so, reduces the

efficiency of Regime PE. The conclusion is the same if a buyer has

difficulty determining the product value (e.g. does not know if the

product is subject to license fees) and the upstream patent owner

chooses to incur a cost to reveal the product value to the buyer.

Another type of information asymmetry involves uninformed

buyers unknowingly agreeing to downstream restrictions on the use

of purchased goods. Here, the concern is that upstream licensors

can impose socially harmful terms on such buyers to extract rents.

Absolute exhaustion can help solve these market defects by making

the restrictions effectively unenforceable in patent actions, but a

broad-brush doctrine like exhaustion is not necessary in a situation

where other instruments (such as the patent misuse doctrine or the
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unconscionability doctrine in contract law) can be used to render the

terms unenforceable.

Fourth, we assumed that the patented component x has no

substitutes. In Section D in the online appendix, we allow for

unpatented imperfect substitutes for x. The existence of substitutes

limits the power of the patent owner to act as a monopolist in

setting license fees among competing manufacturers. If substitutes

are perfect, then patents will provide no market power and the

exhaustion doctrine — at least via its effect on a patent infringement

suit — will be irrelevant. But if substitutes are imperfect, our

qualitative results will still hold.

Fifth, we have assumed that buyers do not engage in arbitrage

or resell used patented product on a secondary market. Indeed in

the copyright context, some scholars (e.g. Heald, 2003) have justified

the exhaustion doctrine on the grounds that it promotes a vigorous

resale market, which benefits buyers.30 In Section E in the online

appendix, we assume that there is a second-hand market in which

current buyers can buy used goods (with depreciated quality), which

have been previously purchased by other buyers from the patent

owner under uniform licensing (in Regime PE) or uniform pricing

(in Regime AE), at a discounted price. The willingness of a buyer

to pay for the new good is now constrained by the consumer surplus

that the used good provides, but our qualitative results still hold.

Sixth, we consider goods with multiple components patented

by different patent owners (e.g. computers, mobile phones, televi-

sions, etc.). Scholars (e.g. Lemley and Shapiro, 2007) have been

concerned with so-called anti-commons problems (e.g. hold-up and

royalty stacking) in which a manufacturer is confronted with royalty

payments and related transaction costs that may exceed the marginal

value of the component. Assuming that these problems are notable

for multi-component products — which is debatable (e.g. Barnett,

30Yet in the patent context, some goods cannot be resold after they are used, or
the transaction costs of resale are too high to justify the practice. For instance,
pharmaceutical drugs and downloaded mobile applications have no effective resale
markets.
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2015) — exhaustion can potentially ameliorate these concerns by

reducing the number of inbound licenses needed to manufacture

the product. We consider multi-component products in Section F

in the online appendix. Our qualitative results still hold, although

when the transaction costs in licensing and the number of patented

components in a product are both high (especially when dealing

with multiple patent owners requiring separate negotiations), Regime

AE begins to be more attractive. This finding underscores our more

general result that the relative efficiency of Regime PE is likely to

vary widely by industry, technology, and product.

Last, we have assumed that the optimal outcome is the one

that maximizes total surplus, foregoing any discussion of distributive

benefits from an exhaustion regime. We find that Regime AE

maximizes consumer surplus and so if the aim is to maximize

consumer surplus — which is not standard in economic analysis, —

then absolute exhaustion may be preferred. But we also find that low-

valuation buyers prefer Regime PE. These buyers are often the least

well-off and if one values their surplus more highly, then Regime PE

may be optimal. Thus, despite some claims that distributive concerns

support Regime AE, the reality is more nuanced.

7 Implications for Policy

Our findings explain some of the confusion surrounding the exhaus-

tion doctrine and the differences between how exhaustion oper-

ates in the realm of copyright and patent law. In the copyright

industries, where there are few intermediaries, large numbers of

downstream buyers, and low prices for each work, one would expect

high transaction cost inefficiencies dominating price discrimination

benefits. In such industries, our model predicts the relatively vigorous

enforcement of exhaustion. In the patent industries, however, there is

much more variation. The mobile phone “app” industry, for example,

appears closer to the copyright industries, while the semiconductor

industry (with high-priced products and many intermediaries) is a

better candidate for presumptive exhaustion. Like in many areas

of patent law, an industry-specific set of rules is likely superior
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to an across-the-board rule (Burk and Lemley, 2003). Our model

also shows — consistent with some qualitative scholarly treatments

(e.g. Patterson, 2007) — that absolute exhaustion may make more

sense with respect to end-consumers but less sense with respect

to intermediaries (such as wholesalers and resellers), since the

transaction cost involved in licensing these agents is relatively low.

In general, there is no a priori reason to favor absolute or

presumptive exhaustion but rather, one regime or the other is more

efficient depending on unique industry structures. Thus, assuming

that judges can make relatively accurate determinations with respect

to the underlying concerns — and also that contractual enforcement

is generally not as efficient as patent enforcement of downstream

restrictions — a contextual approach would be more fruitful than

the one that precludes or allows opt-out in all cases. Based on our

model, such an approach should examine three factors.

First is whether the costs in licensing downstream parties

(including the negotiation, information, and search costs) are high

relative to the value of the deal. A relatively high cost would support

absolute exhaustion, because presumptive exhaustion would burn

a large amount of social surplus in transaction cost and market

frictions in this case. For instance, if a patent owner attempted to

separately license each patient undergoing surgery with a particular

patented surgical scalpel just prior to a surgical procedure, the

transaction cost of such licensing would be high relative to the scalpel

value. But if instead, the patent owner licensed large downstream

manufacturers that assemble the patented component with other

unpatented components en masse, the transaction cost of licensing

might be relatively low. These differences in transaction costs help

explain greater preference for absolute exhaustion in copyright as

compared to patent law. In the copyright industries, there are

few steps between the copyright owner and end-consumers, and

enforcement is often against individual end-consumers; while in the

patent industries, the number of steps between the patent owner and

end-consumers is typically high, and enforcement is rarely against

individual end-consumers.
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Second, courts should determine if there is large information

asymmetry between patent owners and buyers. Although this tech-

nically may be subsumed under the rubric of information and search

costs, it could be difficult for courts to determine the magnitude

of such costs. A useful proxy for the presence of substantial infor-

mation asymmetry in this case is whether or not clear notice was

provided to the downstream licensee. The absence of clear notice

may support absolute exhaustion, all else being equal. With that

said, because most defendants in patent infringement cases are

sophisticated intermediaries, rather than individual end-consumers,

the defendants typically are on actual or constructive notice of

potential upstream patents that might be asserted against them.

Furthermore, exhaustion applies only if the sale is authorized, which

by definition requires a license between the patent owner and an

upstream party in the supply chain. Sophisticated parties should be

able to trace back through the supply chain to the original licensee

and can demand indemnification from upstream sellers. Thus notice

may be less important than appears at first blush.

Third, if transaction costs are large, courts should be more

reluctant to allow opt-out when dealing with complex products com-

prising many separately patented components (such as computers

or mobile phones), as compared to simple products comprising few

patented components (such as agricultural seeds and pharmaceutical

drugs). Product complexity can exacerbate the effects of high

transaction costs. Also, the effects of exhaustion on complex product

innovation are far from clear. Absolute exhaustion may reduce

the surplus accruing to upstream patent owners, but it may also

reduce the cost of using patented components in follow-on innovation

and further commercialization by downstream parties, which is

often required to achieve viability in complex-product industries

(Sichelman, 2010).

Last, we note that there are other concerns, such as those

premised on autonomy or distributive justice. For example, if courts

wish to further the interests of consumers at the expense of overall

welfare, then different considerations may apply.
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8 Conclusion

This chapter examined how a shift in domestic patent policy from

absolute to presumptive exhaustion (which presumes exhaustion

but allows the patent owner to opt-out via contract) affects social

welfare. It offered the first economic model of domestic patent

exhaustion that allows for two types of licensing of buyers by the

patent owner — individualized licensing and uniform licensing via

the manufacturer — and incorporates transaction cost in buyer-

specific patent licensing. The transaction cost, which includes the

time and effort involved in negotiating license fees and executing

licensing agreements with individual buyers, increases the unit cost

of the final good.

The results show that when the transaction cost is low,

presumptive exhaustion is socially optimal, because it allows welfare-

enhancing price discrimination via individualized licensing. Con-

versely when the transaction cost is high, presumptive exhaustion

leads to a greater loss of static efficiency, because the transaction

cost frictions more than offset the benefit of price discrimination.

Relaxing our model’s key assumptions by-and-large does not affect

our results.

Our findings confirm and expand upon qualitative results in

the literature. First, we confirm the proposition in Mulligan (2013,

2016) that absolute exhaustion may reduce rent dissipation when the

transaction cost of licensing is high, because it prevents the patentee

from “burning up” large amounts of surplus via transaction costs in

individualized licensing. We also show that absolute exhaustion can

reduce product prices for buyers with high willingness to pay (Katz,

2016). Also, our results support the arguments in Kieff (2008) and

Katz (2016) that absolute exhaustion can reduce social efficiency,

since it prevents price discrimination via downstream licensing, and

clarify that this occurs when the transaction cost in individualized

licensing is low. On the other hand, our findings do not support

the proposition in Layne-Farrar (2011) and Layne-Farrar et al.
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(2014) that absolute exhaustion is likely to generate welfare losses

in the face of transaction costs; in contrast, we show that absolute

exhaustion decreases static inefficiency when the transaction cost in

individualized licensing is high.

Whether absolute or presumptive exhaustion is more socially

optimal is ultimately an empirical question that turns on the

specific circumstances at hand. We suggest that courts adopt a

contextual approach, allowing opt-out depending on the specific

circumstances and considering three factors: (i) transaction costs,

including negotiation, search, and information costs; (ii) information

asymmetry; and (iii) product complexity.

Online Appendix for “An Economic Model

of Patent Exhaustion”

Abstract
In this online appendix, we discuss extensions to our model of
patent exhaustion. Section A examines how the patent owner’s
incentive to invest in product quality (a proxy for the overall
ex ante innovation) in a regime of presumptive exhaustion compares
to a regime of absolute exhaustion. In Section B, we allow for
heterogeneous intermediaries that purchase and license on behalf
of the buyers, and also assume that the patent owner incurs a
transaction cost when licensing to the manufacturer. Section C
considers information asymmetry in assessing the buyer’s demand,
and Section D allows for unpatented imperfect substitutes for the
patented component. In Section E, we assume that there is a
second-hand market in which current buyers can buy used goods
(with depreciated quality), which have been previously purchased
by other buyers from the patent owner at a discounted price.
Section F considers multi-component products.

This Appendix discusses extensions to the model presented

in “An Economic Model of Patent Exhaustion” by Lai Ivus and

Sichelman.
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A. Dynamic Effects and Quality-Feedback Mechanisms

Suppose the quality of good y depends on the quality of the

component x, which is set by the patent owner prior to setting

license fees. The optimal quality h will maximize the patent owner’s

producer surplus PS(h) net of the investment cost H(h), where

d2H/dh2 > 0 and d2H(h)/dh2 > d2PS(h)/dh2. Differentiating PSAE

and PSPE, given by equations (15) and (19) in the paper, with respect

to h, we find the marginal benefit of quality under each regime:

dPSAE(h)

dh
=

L

4h2
(
h2 − γ2

)
and

dPSPE(h)

dh
=

L

2h2
[
h2 − (γ + t)2 − t2

]
.

At the optimal quality, the marginal benefit is equal to the marginal

cost. To find an explicit solution, we assume the cost of investing in

quality when h >
√
a/ξ is given by H(h) = (ξh + a/h)/4, where

a > ξ[(γ + t)2 + t2] and ξ > 2L.31 Then the optimal quality is

given by:

hAE =

(
a− Lγ2

ξ − L

)1/2

and hPE =

{
a− 2L[(γ + t)2 + t2]

ξ − 2L

}1/2

.

Since hAE < hPE,32 the patent owner’s ex ante investment into

product quality is higher in Regime PE. If this positive impact on

ex ante investment is strong, the gain in dynamic efficiency in Regime

31The parameter ξ is the fixed component of the marginal cost of quality and
the parameter a measures the rate at which the marginal cost of quality rises as
h rises. We restrict a and ξ to ensure that hAE and hPE exist. To complete the
characterization of H(h), we assume that H(0) = 0 and H(h) is increasing in h
when h ∈ [0,

√
a/ξ].

32This result follows since t < (hAE − γ)/2, which is the necessary and sufficient
condition for hAE < hPE.
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PE will likely offset the loss of static efficiency in Regime PE with

high transaction costs.

B. Licensing via Intermediaries and Manufacturer

Transaction Costs

Assume a number of heterogeneous intermediaries which differ in

the average valuation of their buyers: the first intermediary serves N

buyers with the highest valuations, the second intermediary serves

N buyers with the next highest valuations, etc. Suppose the patent

owner incurs a fixed transaction cost t when licensing directly to

each intermediary, and each intermediary can price discriminate

among its buyers without incurring additional transaction costs.

Then the transaction cost per buyer is equal to t/N . In Regime PE,

in equilibrium, the patent owner will extract all the rents (consumer

surplus) from the intermediary through a lump-sum license fee.

Assuming further that the patent owner incurs a fixed transaction

cost tm when uniformly licensing buyers via the manufacturer, the

lump-sum manufacturer licensing fee will be equal to λ̄ = Π − tm,

while the optimal manufacturer license fee per unit will still be

λm = 0.

In Regime AE, allowing for tm > 0 does not affect the

manufacturer optimal price and quantity. Consumer surplus will also

remain the same, but producer surplus (or the patent owner’s rent

extracted from the manufacturer) will fall and so, deadweight loss

will rise:

CSAE =
L

8h
(h− γ)2; PSAE =

L

4h
(h− γ)2 − tm; (B1)

DWLAE =
L

8h
(h− γ)2 + tm. (B2)

In Regime PE, the marginal buyer type will be φ∗ = (γ + 2t/

N)/h.33 High-valuation buyers with type φ ∈ [(φ∗, 1] will be licensed
individually, paying the buyer-specific price of pφ = λφ + γ + t/N .

33We assume that t/N < (h− γ)/2 so that φ∗ < 1.
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Low-valuation buyers with type φ ∈ [(γ+t/N)/h, φ∗) will be licensed
uniformly, paying the price of pPE = γ + t/N and purchasing qPE =

tL/(Nh) units of the good. Allowing for tm > 0 does not affect the

patent owner’s rent from individualized licensing (since the number

of individually-licensed buyers remains the same), but the patent

owner’s rent from the uniform licensing falls to Rm = t2L/(N2h)−tm
(since less profit will be extracted from the manufacturer). Consumer

surplus, producer surplus, and the deadweight loss are thus as follows:

CSPE =
Lt2

2hN2
; PSPE =

L

2h

[(
h− γ − 2t

N

)
(h− γ) +

2t2

N2

]
− tm;

(B3)

DWLPE =
L

2h

[
2t

N
(h− γ)− 3t2

N2

]
+ tm. (B4)

It follows from equations (B1)–(B4) that PSPE > PSAE, CSPE <

CSAE, and DWLPE < DWLAE iff 0 ≤ t/N < (h−γ)/6 and DWLPE ≥
DWLAE iff (h − γ)/6 ≤ t/N ≤ (h − γ)/2. Thus, Propositions 2 and

3 still hold qualitatively. Allowing for tm reduces PSPE and PSAE by

the same amount and does not affect CSPE and CSAE. But allowing

for intermediaries (which negotiate the license fees on behalf of a

large number of buyers and in doing so, lower the transaction cost

per buyer) increases the relative efficiency of presumptive exhaustion,

making it more likely that DWLPE < DWLAE for the same

value of t.

C. Information Asymmetry in Assessing the

Buyer’s Demand

Suppose the patent owner incurs a “revelation” cost cr to determine

the buyer’s type φ. Without paying cr, the patent owner only knows

that there are L buyers, with φ uniformly distributed over [0, 1]. Then

the patent owner will engage in individualized licensing in Regime

PE iff PSPE − PSAE > Lcr, where Lcr is the total revelation cost.

Since PSPE − PSAE = L(h − γ − 2t)2/(4h) (from Section 5.3), the

patent owner will engage in individualized licensing in Regime PE

if t < t∗, where t∗ = (h − γ)/2 − √
hcr. In this case, the consumer
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surplus CSPE will remain the same, as in equation (18) in the paper,

while the producer surplus PSPE will be given by equation (19) in

the paper minus Lcr. But if t > t∗, the patent owner will uniformly

license all buyers.34 The curve CSPE + PSPE in Figure 6 will shift

down by an amount Lcr for t < t∗ and will overlap with CSAE+PSAE

for t > t∗. Propositions 2 and 3 will hold qualitatively provided cr
is small enough that CSPE + PSPE > CSAE + PSAE at t = 0.35 But

when cr is large, Regime AE will be socially optimal for any t.

Instead of incurring the revelation cost Lcr ex ante, the patent

owner may incur it ex post. Specifically, the patent owner may set a

base upstream license fee λ0 charged by the manufacturer, in addition

to the downstream buyer-specific license fees λDφ charged directly by

the patent owner. The fee λ0 will act as a costly screen, eliminating

the need for the patent owner to determine the type of all buyers.

When t = 0 for example, the manufacturer will set the price of

p = γ + λ0 in Stage III. High-valuation buyers with type φ > (γ +

λ0)/h will purchase the good at this price and will thus be easily

identifiable. The total patent owner’s revelation cost will thus fall to

crL(h− γ−λ0)/h. The patent owner will then set λDφ = hφ− γ− λ0

to extract all consumer surplus and earn the overall rent of PSPE =

L(h− γ − λ0)
2/(2h) + L(λ0 − cr)(h − γ − λ0)/h, i.e. the sum of the

extracted consumer surplus and the total base rent net of cr. The

optimal base license fee will be λ∗0 = cr, and the patent owner’s

overall rent at this base fee will equal to PSPE = L(h−γ−cr)2/(2h).
A similar information asymmetry arises when a buyer does not

know its reservation price because, for example, it does not know

if the product is covered by patents. In this case, prior to making

a purchase, the buyer may do a costly search to identify any such

patents and then negotiate a license fee with the patent owners. The

buyer search cost will act like t in our model (assuming that it is

roughly equivalent to the patent owner’s revelation cost).

34If cr is too large, the patent owner will adopt uniform licensing even if t = 0.
35The condition for this to be true is cr < (h− γ)2/(8h).
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In summary, the information asymmetry in assessing the buyer’s

demand makes it harder for the patent owner to set buyer-specific

fees and so, increases the static efficiency of Regime AE. In this sense,

asymmetric information acts like an increased transaction cost.

D. Substitutes for the Patented Component

If there exist unpatented imperfect substitutes for the patented

component x, the willingness of a buyer to pay for the firm’s good will

be constrained by the consumer surplus that the rival goods provide.

More formally, suppose that in addition to the firm in question (called

Firm 1), there is a competitive fringe of rival firms that produce a

homogeneous good. As before, there are L buyers of type φ uniformly

distributed over [0, 1]. Let us call Firm 1’s product “good 1” and the

rivals’ product “good 2”, and use h1 and p1 (h2 and p2) to denote the

quality and price of good 1 (good 2). Suppose h1 > h2. A buyer with

type φ will purchase good 1 iff h1φ−p1 > h2φ−p2. In equilibrium, it

must be that p1 > p2, and buyers with type φ ∈ [ p1−p2
h1−h2

, 1] will each

buy one unit of good 1, while buyers with type φ ∈ [ p2h2
, p1−p2
h1−h2

) will

each buy one unit of good 2. It follows that

q1 = L

(
1− p1 − p2

h1 − h2

)
and q2 = L

(
p1 − p2
h1 − h2

− p2
h2

)
.

Note that q1 < L(1 − p1/h1), which means that the existence of

the substitute good shifts Firm 1’s demand curve down, because the

willingness to pay for good 1 falls.36 But the demand curve for good

1 is still linear in p1, and p2 can be treated as parametric by Firm

1, since good 2 is priced at its marginal cost by a large number of

perfectly competitive firms.37 Since the results in Propositions 2 and

3 arise from a linear demand curve, Propositions 2 and 3 will continue

36The result that q1 < L(1 − p1/h1) follows since it must be true that p2/h2 <
p1/h1 for q2 > 0.
37If the fringe is monopolistically competitive (rather than perfectly competitive),
p2 can still be treated as parametric by Firm 1 as long as the number of firms in
the fringe is large and the marginal cost of good 2 is the same for all firms in the
fringe.
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to hold qualitatively: Regime PE will be statically less efficient than

Regime AE when t is large. The threshold t will be smaller than

before and so, the range of t for which Regime PE is less efficient

will be wider. This is intuitive since when the patent owner has low

market power, it is not able to extract much consumer surplus with

price discrimination for any given t.

E. Second-Hand Market

Suppose that in each period, in addition to new goods sold by the

patent owner, there is a second-hand market in which current buyers

can buy used goods (with depreciated quality), which have been

previously purchased by other buyers from the patent owner under

uniform licensing (in Regime PE) or uniform pricing (in Regime AE),

at a discounted price. We justify that the used goods market is a

competitive fringe by assuming that the used good has an alternative

use and its price is equal to the price in the alternative-use market,

which is assumed to be competitive. As before, in the current period,

there are L buyers of type φ uniformly distributed over [0, 1]. Let h,

p, and q (hu, pu, and qu) denote the quality, price and quantity of the

new (used) good. Note that pu is treated as parametric by firms and

buyers in the current period, as the used-good market is perfectly

competitive. A buyer with type φ will purchase the new good iff

hφ − p > huφ − pu. Let hd ≡ h − hu > 0 and pd ≡ p − pu > 0,

and assume hd = βh where β < 1. A buyer obtains the utility of

U(φ) = hφ − p and Uu(φ) ≡ huφ− pu from consuming the new and

used good respectively. Thus, Ud(φ) ≡ U(φ) − Uu(φ) = hdφ − pd is

the utility a buyer obtains from consuming the new good beyond the

utility level that he would have obtained if he had consumed the used

good. So, buyers with type φ ∈ [pd/hd, 1] will each buy one unit of

the new good, while buyers with type φ ∈ [pu/hu, pd/hd) will each

buy one unit of the used good. The demand curve for the new good

becomes q = L
∫ 1
pd/hd

dφ = L(1− pd/hd).

Notice that all of the equations in Sections 3–5 in the chapter

are completely determined by the demand curve q = L(1− p/h) and

the marginal cost of production of good y, given by γ. As such, with
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suitable transformations of the variables, one can construct a one-to-

one mapping between the equations in the model with a competitive

fringe of used goods and the original model. For the demand curve,

the transformation is from p and h to pd and hd. Further, in the model

with a competitive fringe, let the marginal cost of production faced

by the producer of the new good for the sake of profit maximization

be γd. When profit is zero, p = γ should correspond to pd = γd, which

implies that γd = γ − pu. Thus, the equations in the model with a

competitive fringe of used goods will correspond to the respective

equations in Sections 3–5 in the chapter transformed by replacing U ,

h, p, and γ with Ud, hd, pd, and γd (but other variables such as φ

and t will remain unchanged). In what follows, we offer proofs that

this mapping is valid.

In Regime PE with intermediate transaction cost, in Stage III,

the price for low-valuation buyers, pL, will maximize the manufac-

turer’s profit Πd = (pLd − λm − γd)L(φ
∗ − pLd /hd), which maps onto

Π = (pL − λm − γ)L(φ∗ − pL/h) in the original model. In Stage II,

the patent owner will set the license fee of λφ = hdφ− γ − t+ pu for

high-valuation buyers and will earn the rent of Rc = L
∫ 1
φ∗ [hdφ− γ−

t+ pu]dφ = 0.5L(1 − φ∗)[hd(1 + φ∗)− 2(γd + t)] from individualized

licensing, which maps onto Rc = 0.5L(1−φ∗)[h(1+φ∗)−2(γ+t)]. The

marginal buyer type that maximizes the patent owner’s total rent

from mixed licensing will be φ∗ = (γ + 2t − pu)/hd = (γd + 2t)/hd,

which maps onto φ∗ = (γ + 2t)/h. It is true that φ∗ < 1 when

t < (hd − γ + pu)/2 = (hd − γd)/2, which maps onto t < (h − γ)/2.

In Stage III, the manufacturer will set the monopoly price of pd =

γ + t− pu = pd = γd + t for all buyers, which maps onto p = γ + t.

Low-valuation buyers will enjoy the following consumer surplus

from the consumption of the new good (beyond the potential utility

offered by the used good): CSPEd = L
∫ φ∗
pd/hd

(hdφ−pd)dφ = 0.5t2L/hd,

which maps onto CSPE = 0.5t2L/h in the original model. The pro-

ducer surplus (i.e. the patent owner’s overall rent from mixed licens-

ing) will be given by PSPEd = [t2L+0.5L(hd − γd − 2t)(hd − γd)]/hd,

which maps onto PSPE = [t2L+0.5L(h−γ−2t)(h−γ)]/h. The aggre-
gate deadweight loss will be given by DWLPE

d = 0.5tL[2(hd−γd)−3t]/

hd, which maps onto DWLPE = 0.5tL[2(h−γ)−3t]/h. Proposition 3
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will now state that DWLPE
d < DWLAE

d iff 0 ≤ t < (hd − γd)/6 and

DWLPE
d ≥ DWLAE

d iff (hd − γd)/6 ≤ t ≤ (hd − γd)/2. Thus, our

conclusion concerning the optimality of Regime PE and Regime AE

with regard to the magnitude of t will be qualitatively the same.

Note that hd − γd < h − γ since hu − pu (the potential utility

offered by the used good to buyer type φ = 1) must be positive.

In other words, Figure 6 will still be valid, but the ranges of t for

which Regime PE is optimal and Regime AE is optimal will be both

smaller, while the range of t for which Regime PE and Regime AE are

equivalent is larger. The first two ranges are smaller, the greater is

the utility offered by the used goods to each buyer (i.e. when β or pu
is smaller).

F. Multi-Component Products

Suppose there are two patented components, x1 and x2, each of

which is patented by a different patent owner, P1 and P2. The

components x1 and x2 are intermediate goods manufactured by

upstream manufacturers U1 and U2 and used in the production of the

final good by a downstream manufacturer D. To produce the final

good, D combines x1 with x2, materials, and factor inputs. Let φ1 be

the willingness of D to pay for x1, which is derived from the profit

motive ofD. Then the “consumer surplus” derived from “consuming”

x1 should be interpreted as “profit” or “producer surplus” of D

derived from using x1. For example, D’s willingness to pay for x1 is

equal to the price of the final good minus the unit input and material

costs, and the per unit license fee paid to P2 (which is the per unit

producer surplus extracted by P2). In general, this willingness to pay

varies across different downstream manufacturers. Thus, the “total

surplus” with respect to x1 is the sum of the producer surplus of D

and the producer surplus of P1.

Our model is symmetric, with the result that in the presence

of transaction cost t that is roughly fixed per component — and

abstracting away from the increased producer surplus from additional

downstream royalties — Regime PE will on balance reduce the total

producer surplus of the two patent owners more than Regime AE.
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If we further assume that the downstream license fees for multi-

component products do not differ from a single-component product

of equal value, then t in a multi-component product will cause more

transaction cost friction and, hence, will burn up more surplus than in

a single-component product. Therefore when t is large, there may be

a stronger case in support of Regime AE for products with multiple

components patented by different patent owners.

Multi-component products also shift incentives between pioneer-

ing and incremental innovation. In Regime AE, P1 can only license U1

but notD. But in Regime PE,D may need to obtain a license from P1

(as well as P2). Assuming for a moment that P1 strikes the first license

agreement with D, Regime PE increases the producer surplus of P1

and reduces the producer surplus that can potentially be extracted by

P2. If the patents are asymmetric in their technological significance

(e.g. if P1 holds a foundational “upstream” patent that is essential

to the final product, while P2 holds a minor “downstream” patent

covering an optional product configuration), then the distribution of

surplus between P1 and P2 will have significant welfare implications,

depending on the specific characteristics of the technology and other

factors.
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