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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 capacity for innovation. After
describing the determination of national patent policies in a noncooperative 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. (JEL O34, F13)

During the 1980s and early 1990s, the United
States and several European countries ex-
pressed strong dissatisfaction with what they
deemed to be inadequate protection of intellec-
tual property in many developing countries. The
developed countries made the upgrading of in-
tellectual property rights (IPRs) one of their
highest priorities for the Uruguay Round of
trade talks. Their efforts bore fruit in the Agree-
ment 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 pro-
tection for several categories of intellectual
property. For example, in the area of new tech-
nology, it essentially harmonizes patent policies
by requiring countries to grant patents to a
broad class of innovations for a minimum of 20
years and to treat foreign and domestic appli-
cants alike. The agreement also imposes new

standards of enforcement, including the require-
ment of border controls, civil and criminal pen-
alties in some circumstances, and expedited
procedures for disciplining infringement. But
IPRs remain a highly contentious issue in inter-
national relations, because many developing
countries believe that TRIPs was forced upon
them by their economically more powerful trad-
ing partners and that this move toward harmo-
nization 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 govern-
ment. 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 prod-
ucts. But, at the same time, it curtails potential
competition for firms that have previously in-
novated and thus limits the benefits that can be
realized from existing products. As William D.
Nordhaus (1969) argued, the optimal patent pol-
icy equates the marginal dynamic benefit with
the marginal static efficiency loss.

But in an open economy, the trade-offs are
not so clear cut. International trade spreads the
benefits of innovation beyond national bound-
aries. This means that a country does not reap
all of the global benefits that come from pro-
tecting intellectual property within its borders.
Moreover, countries differ in their capacities for
innovation due to differences in skill endow-
ments and technical know-how. It is not obvi-
ous how a government ought to set its national
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IPR policy if some of the benefits of its national
innovation accrue to foreigners, if its constitu-
ents benefit from innovations that are encour-
aged and take place beyond its boundaries, and
if domestic and foreign firms differ in their
ability to innovate.

Previous research has addressed the question
of whether a country with a limited capacity to
innovate will benefit from extending IPRs to
foreign inventors. Judith Chin and Grossman
(1990) and Alan V. Deardorff (1992) investi-
gated the welfare effects of extending patent
protection from a country in which innovation
takes place to another country that only con-
sumes the innovative products. These papers
treat the investment in R&D as a once-off de-
cision, whereas Elhanan Helpman (1993) mod-
els innovation as an ongoing process and
associates the strength of the IPR regime with
the flow probability that a given product pro-
tected by a patent in the North will be imitated
in the South. He evaluates the welfare conse-
quences of marginal changes in the rate of im-
itation. These papers do not, however, consider
the simultaneous choice of IPR protection by
trade partners, nor do they discuss what inter-
national regime of IPR protection would be
globally efficient.1

In this paper, we study the incentives that
governments have to protect intellectual prop-
erty in a trading world economy. In our formal
analysis, we associate the strength of IPR pro-
tection with an index variable that captures both
the length of a country’s patents and the strin-
gency of its enforcement policies. We recognize
that, in reality, governments choose packages of
policies that include not only these instruments,
but also such others as patent breadth, limits on
patentability, compulsory licensing require-
ments, copyright and trademark protections,
and so on. We believe, however, that our anal-
ysis has broader relevance than would be im-
plied by a literal interpretation of the model,
because many of the factors that determine op-
timal 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.

We consider a world economy with ongoing
innovation in which there are two countries that
differ in market size and in their capacity for
conducting research and development. Innova-
tors develop the designs for new products, each
of which has a limited economic life. Patents,
when fully enforced, provide inventors with ex-
clusive 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 inven-
tors irrespective of their nation of origin.

We begin in Section I with the case of a
closed economy. There we reexamine the trade-
off between static costs and dynamic benefits
that was first studied by Nordhaus (1969). We
derive a concise 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 II, we describe the determination
of national policies in a noncooperative 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 devel-
oped. 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 op-
timal policies, compare the incentives for pro-
viding 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 III, we ask, “Why is IPR protec-
tion 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 innova-
tion matter for the relative incentives to protect
intellectual property. Patents are a more potent

1 Phillip McCalman (2002) addresses some of these is-
sues in a model of once-off innovation by a single firm in a
developed economy. See also Lai and Larry D. Qiu (2003),
which we discuss at greater length below.
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instrument for stimulating innovation in the rel-
atively larger market. And a country that in-
vents 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 IV. 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 pol-
icies in the two countries, so there is no unique
set of policies that is needed for global effi-
ciency. Different policy combinations that
achieve the optimal aggregate incentives, how-
ever, have different implications for the distri-
bution of welfare between the North and the
South. Among combinations of policies that
give the same overall incentives for global re-
search, 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 nec-
essary nor sufficient for global efficiency.
Moreover, starting from a noncooperative equi-
librium with stronger IPR protection in the
North than in the South, an efficient agreement
calling for harmonization of patent policies ben-
efits the North quite possibly at the expense of
the South.

In Section V, we extend our analysis of both
the noncooperative 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 noncooperation. Our findings
are summarized in Section VI.

I. 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 lays the ground-

work for the more subtle analysis of the inter-
national system that we undertake in the
sections that follow.

The economy has two sectors, one that pro-
duces a homogeneous good and another that
produces a continuum of differentiated prod-
ucts. 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 ��. That is, a new product poten-
tially provides utility to consumers for a period
of length �� from the time of its creation, where-
upon its value to consumers drops to zero.

There are M consumers with identical pref-
erences. We shall refer to M as the “size of the
market.”2 The representative consumer maxi-
mizes a utility function of the form

(1) U�t� � �
t

�

u�z�e��z dz

where

(2) u�z� � y�z� � �
0

n�z�

h�x�i, z�� di,

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

2 In 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. None-
theless, 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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all i and z, where p(i, z) is the price of variety i
at 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 �, in view of the perfect intertemporal sub-
stitutability of good y in the preferences de-
scribed by equations (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 differenti-
ated product can also be produced with a units
of labor per unit of output.

The design of new varieties requires both
labor and human capital. We take �(z) � F[H,
LR(z)] � {b[LR(z)/a]�  (1 � b)H�}1/�, where
�(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 � � 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)
� �(z) � �(z � ��), because the goods that
were invented at time z � �� become obsolete at
time z.

The government grants the original designer
of a differentiated product a patent of length � �
��. The government also chooses the vigor of its
enforcement policy, which we index by � � [0,
1]. For simplicity, we take � to be the proba-
bility that a nonexpired 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 � and an enforcement rate of �. In
equilibrium, firms with enforced patents behave

as 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. Opti-
mal pricing yields the typical holder of an en-
forced patent profits of 	 per consumer and total
profits of M	.

When a live patent is not enforced, compet-
itors imitate the good costlessly. Then the prod-
uct 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, im-
plies that w � 1/a. In writing this condition, we
implicitly assume that the economy’s labor sup-
ply is sufficiently large that some labor remains
for production of the homogeneous good after
all derived demand for labor for producing dif-
ferentiated 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

(3) vFL �H, LR � � w

where v is the value of a new patent. A patent is
worth the discounted value of the expected prof-
its it generates in the time before it expires, or

(4) v �
�M	

�
�1 
 e����.

We see from (3) and (4) that an increase in
either patent length or patent enforcement in-
creases the value of a new patent, thereby draw-
ing additional resources into R&D.

The final equilibrium condition equates sav-
ings with investment. Savings are the difference
between national income rH  wL  nmM	
and aggregate spending E, where r is the return

3 Alternatively, we might interpret � as being the
fraction of the country’s territory in which the patent is
enforced.
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to human capital, L is the aggregate labor sup-
ply, and nm is the number of firms that hold live
and enforced patents at a given time. All invest-
ment is devoted to R&D. This activity has an
aggregate cost of rH  wLR. Thus, we can write
the equilibrium condition as (rH  wL 
nmM	) � E � rH  wLR, or

(5) E � w�L 
 LR � � nm M	.

Before proceeding to the government’s max-
imization problem, it is useful to define an index
of the strength of IPR protection afforded by the
vector of policies (�, �). First, define T � (1 �
e���)/� as the present discounted value of a flow
of one dollar from time 0 to time �. Then define
� � �T. Clearly, (4) can be rewritten as v �
M	�. Thus, � captures the overall incentives
that government policy provides for the creation
of new varieties. In what follows we use � 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 gov-
ernment. 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
invention.4 Our derivation anticipates a station-
ary equilibrium in which the allocation of labor
to R&D and thus the rate of innovation, �, are
constant over time. We substantiate this hypoth-
esis in footnote 5.

At any moment, each consumer enjoys sur-
plus of Cm � h(xm) � pmxm from his consump-
tion of any good whose live patent is enforced
and surplus of Cc � h(xc) � pcxc from any
differentiated product 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, re-
spectively, and pm and pc are the respective
prices. We distinguish now between goods in-
vented before time 0 and those invented after-

ward. 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
Cm�  Cc(T� � �) over its useful life, where T�
� (1 � e����)/�. Using (1), (2), and (5), and
assuming that new goods are introduced at a
constant flow � after time 0, we calculate that
aggregate welfare at time 0 is

(6) W�0� � �0 �
w�L 
 LR �

�

�
M�

�
�Cm � 	�� �

M�

�
Cc �T� 
 ��

where �0 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 � and not separately on the
underlying policies � and �. This implies that
patent duration and patent enforcement are per-
fect substitutes as instruments of IPR protec-
tion, and it justifies our use of � as a measure of
the strength of the IPR regime. Formally, we
maximize W(0) with respect to �, after recall-
ing that � � F(H, LR) and that LR is a function
of � via (3) and (4).5 It is more intuitive,

4 It would never be optimal for the government to extend
new patent protection on goods that were previously in-
vented. This would create deadweight loss without any
offsetting social benefit. The government might, however,
wish to eliminate protection for goods that were invented
under a different regime, but we assume that such expro-
priation of intellectual property would not be legal.

5 Equivalently, we can maximize �W(0) over the choice
of �. Note that Cm, Cc, and 	 do not depend on the strength
of patent protection and thus do not depend on �. We can
combine (3) and (4) to write M	�FL(H, LR) � w, which
allows us to solve for the functional relationship between
the labor devoted to R&D and the policy variable �; denote
it by LR(�). Then, substituting this expression into (6) and
rearranging terms, we can write the maximand as

�W�0� � ��0 � w�L 
 LR ����

� MF�H, LR ������Cm � 	 
 Cc �� � CcT� �.

The first-order condition for a maximum requires

�Cc 
 Cm 
 	�MF�H, LR ����

� �MFL ��Cm � 	 
 Cc �� � CcT� � 
 w�L�R

from which (7) follows. In the Appendix we show � � 1/2
is sufficient to ensure that the second-order condition is
satisfied at any value of � that satisfies the first-order
condition (7).
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however, to describe the social costs and bene-
fits that derive from a marginal increase in
patent protection from a given strength of pro-
tection �. The cost of strengthening patent pro-
tection is that the economy suffers the
deadweight loss of M(Cc � Cm � 	) on each
newly invented good for a greater fraction of the
product’s life. Considering that the constant
flow of new products is � per unit time, the total
discounted marginal cost on all goods invented
after time 0 is

�

�
M�Cc 
 Cm 
 	�.

The benefit to the economy of strengthen-
ing patent policy is that it encourages R&D,
which in turn means a greater variety of dif-
ferentiated products. Each differentiated
product yields discounted consumer surplus
of MCm� during times when its patent is
active and enforced, and surplus of MCc(T� �
�) 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

�
�
d�

dv
�

dv
d�

� �MCm� � MCc �T� 
 ���.

Using (3) we calculate that

d�

dv
� �

�

v

where � 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., � �
�(FL)2/(FFLL). The variable � 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
of patent protection �. With the CES research
technology, � � [b/(1 � b)(1 � �)](LR/aH)�. For
the special case of a Cobb-Douglas technology
(which is the limiting case of the CES as �3 0),
� is a constant equal to the ratio of the cost share
of labor to the cost share of human capital.

Next, we use equation (4) to compute that

dv
d�

� M	.

Substituting for d�/dv and dv/d� in the expres-
sion for marginal benefit, and equating the re-
sult to the marginal cost, we derive an implicit
formula for the optimal index of patent protec-
tion. We find that

(7) Cc 
 Cm 
 	 � ��Cm � Cc�T� 
 �

� ��
at an (interior) optimal value of �.

From (7) we see that the optimal patent
protection is stronger, the greater is the useful
life of a product (larger ��), the more patient
are consumers (smaller �), and the higher is
the responsiveness of innovation to strength-
ened 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 dis-
counted utility when all goods are competitively
priced—typically is an increasing function of
market size. This is because innovations is a
public good, and the Samuelsonian rule for op-
timal provision of a public good calls for greater
output when the benefits can be spread across
more consumers. But the encouragement of in-
novation 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 � is an increasing function of LR,
as it will be if 1/2 � � � 0, then the optimal �
is an increasing function of M. But if � is a
decreasing function of LR, as it will be if � 
 0,
then the optimal � is a decreasing function of
M. In the benchmark Cobb-Douglas case (with
� � 0), � is independent of LR and therefore of
market size. Then an increase in M enhances the
marginal benefit of strengthening patent protec-
tion and the marginal cost of doing so in equal
proportions. The optimal strength of patent pro-

6 The 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 �.

1640 THE AMERICAN ECONOMIC REVIEW DECEMBER 2004



tection in a closed economy with a Cobb-Doug-
las research technology is invariant to market
size.

II. Noncooperative Patent Protection

In this section, we study the national incen-
tives 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 simulta-
neously and noncooperatively. The countries
are distinguished by their wage rates, their mar-
ket 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 un-
derstand the tensions that surrounded the tight-
ening of IPR protection in the developing
countries in the last decade. Keith E. Maskus
(2000a) has documented an increase in innova-
tive activity in poor and middle-income coun-
tries 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 be-
tween any groups of countries that have differ-
ent wages and different capacities for research.
Such differences exist, albeit to a lesser extent
than between North and South, in the compar-
ison of countries in Northern and Southern Eu-
rope, or the comparison of 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 noncoop-
erative 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 mak-
ing � innovations is assumed to be an increas-
ing, power function of �. 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 ex-
plicit treatment of the R&D technology, we are
able to explain when and why the countries’
patent policies are strategic substitutes or stra-
tegic complements based on the technology for
innovation—specifically, the substitutability be-
tween human capital and mobile resources in
the R&D activity. Perhaps more important, we
are able to provide an intuitive discussion of
why and how a government’s incentives for
protecting intellectual property in an open econ-
omy differ from those it would face in a world
without trade, whereas Lai and Qiu focus only
on the algebra of a single, parameterized exam-
ple of a trading economy.

A. The Global IPR Regime

The model is a natural extension of the one
presented in Section I. Consumers in the two
countries share identical preferences. In each
country, the representative consumer maxi-
mizes the intertemporal utility function in (1).
The instantaneous utility of a consumer in coun-
try j now is given by

(8) uj �z� � yj �z� � �
0

nS �z�nN �z�

h�xj �i, z�� di

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 restric-
tions 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

7 He also shows the extent to which patent applications
in countries like Mexico, Brazil, Korea, Malaysia, Indone-
sia, and Singapore are dominated by foreign firms, a feature
of the data that figures in our analysis.

8 We 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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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 differen-
tiated product. New goods are invented in each
region according to �j � F(Hj, LRj/aj) � [b(LRj/
aj)

�  (1 � b)Hj
�]1/�, where Hj is the human

capital endowment of country j, LRj is the labor
devoted to R&D there, and again we take � �
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 quanti-
ties 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 grant-
ing of patent rights. Under national treatment,
the government of country j affords the same
protection �j � �jTj to all inventors of differ-
entiated products regardless of their national
origins, where �j is the probability that a patent
is enforced in country j at any moment in time
(or the fraction of the market in country j in
which a patent is enforced), Tj � (1 � e���j)/�,
and �j is the length of the patents granted by
country j. In other words, we assume that for-
eign firms and domestic firms have equal stand-
ing in applying for patents in any country and
that all patents are subject to the same enforce-
ment 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 exclu-
sive 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 do-
mestic sale or for export, nor may the good be
legally imported into country j from an unau-
thorized 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 prac-
tice price discrimination across national
markets.

We solve the Nash game in which the gov-
ernments 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 protec-
tions afforded at their times of invention. As
long as the governments cannot remove pro-
tections 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 subgame perfect equilibrium in the infi-
nitely repeated game in which the govern-
ments 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 co-
operation here, but rather postpone our dis-
cussion of cooperation until Section IV.

Let us describe, for given patent strengths
�N and �S, the life cycle of a typical differ-
entiated 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

9 In 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.

10 National 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, nondiscriminatory laws did not always
mean nondiscriminatory practice. See Suzanne Scotchmer
(2004) for an analysis of the incentives that countries have
to apply national treatment in the absence of an enforcible
agreement.

11 The treatment of parallel imports under TRIPs re-
mains a matter of legal controversy. Countries continue
to differ in their rules for territorial exhaustion of IPRs.
Some countries, like Australia and Japan, practice inter-
national 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 na-
tional 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.
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earns an expected flow of profits of �NMN	
from sales in the Northern market and an
expected flow of profits of �SMS	 from sales
in the Southern market, where 	 is earnings
per consumer for a monopoly selling a typical
brand. Notice that monopoly profits per con-
sumer are the same for sales in both markets,
because consumers share identical prefer-
ences. 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 differen-
tial.12 Each Northern consumer realizes a flow
of expected surplus of �NCm  (1 � �N)Cc
from his purchases of the good, where Cm is
the surplus that a consumer derives from pur-
chases 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 �SCm  (1 �
�S)Cc from his purchases of the good.

After a while, the patent will expire in one
country. For concreteness, 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 ex-
pires in the South, the price of the good falls
permanently to wSaS � 1, and the original in-
ventor 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 produc-
ing 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 inven-
tor loses his remaining source of monopoly
income. Finally, after a period of length �� has

elapsed from the moment of invention, the good
becomes obsolete and all flows of consumer
surplus cease.

B. 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 pro-
tection that maximizes a country’s aggregate
welfare as a function of the given patent policy
of its trading partner. Consider the choice of �S
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 � 	). Second, it augments
the fraction of goods previously invented in the
North on which its consumers realize a 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 �S is positive and less than T� , then
the marginal benefit per consumer of increasing
�S must match the marginal cost, which implies

(9) �S �Cc 
 Cm 
 	� � �N �Cc 
 Cm �

�
�S�S � �N�N

v
MS	�Cm�S � Cc �T� 
 �S ��

where v � (MS�S  MN�N)	 is the value of a
new patent and �j is the responsiveness of in-
novation 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, be-
cause 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 pro-
moting innovation varies according to the im-

12 In 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.
Our conclusions, however, were qualitatively similar for the
two cases.
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portance 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

(10) �S �Cc 
 Cm � � �N �Cc 
 Cm 
 	�

�
�S�S � �N�N

v
MN	�Cm�N � Cc �T� 
 �N ��.

Noting that �S � �N � �,13 the two best
response functions can be written similarly as

(11) Cc 
 Cm 
 �i	 � �
Mi�i

MS�S � MN�N

 �Cm � Cc�T� 
 �i

�i
�� for i � S, N

where �i � �i/(�S  �N) 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 equation
(7). On the left-hand side of (11), the govern-
ment of an open economy considers only a
fraction of the profits that flow to patent holders
to be an offset to the static cost of patent pro-
tection. 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 inven-

tors 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 be-
tween 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 � is an increasing function
of LR. With the CES research technology, how-
ever, � is in fact a nonincreasing function of LR
whenever � � 0, i.e., when the elasticity of sub-
stitution between human capital and labor is less
than or equal to one. It follows that:14

PROPOSITION 1: Let the research technology
be �i � [b(LRi/ai)

�  (1 � b)Hi
�]1/� in country

i, for i � S, N. If � � 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., � � 0), the
supply elasticity � is a constant equal to b/(1 �
b). Moreover, �i � Hi/(HS  HN) for any CES
research technology.15 Thus, both �i and � are
independent of the patent policies in the Cobb-
Douglas case. It follows from equation (11) that
the best response functions are linear and down-
ward 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
(�S, �N) space.

13 The fact that the two supply elasticities �S and �N are
equal despite the differences in human capital endowments,
in employment, and in labor productivity is a property of the
CES research technology. It follows from the observation
that

�i �
b

�1 
 b��1 
 �� � LRi

ai Hi
� �

and vFL(LRi/ai, Hi) � wi, or

vb

ai
�b � �1 
 b�� LRi

ai Hi
���� �1 � ��/�

�
1

ai
.

Combining the two, we find �S � �N � �, where

� �
b

1 
 � �� 1

bv�
�/�1 � ��


 b��1

.

14 Suppose 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 �i 
 1. And, since
��(LR) � 0 and Mi�i/(MS�S  MN�N) 
 1, the marginal
benefit from strengthening the protection would be smaller in
the open than in 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.

15 Note that

�i � Hi�b� LRi

ai Hi
� �

� �1 
 b�� 1/�

.

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 �i is proportional to Hi, with the
same factor of proportionality in both countries.
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More generally, the best response functions
need not be linear, but they must be downward
sloping whenever � � 0, i.e., when the elastic-
ity 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 inter-
dependence between the governments in choos-
ing their policies, consider the choice of patent
protection by the South. Suppose the North
were to strengthen its patent protection, i.e., to
increase �N. 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
�N would draw labor into R&D in the North
and South. If � 
 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 re-
spond to the increase in �N 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 (� �
0), and then only if it rises sufficiently to com-
pensate 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 re-
sponse functions must slope in the same direc-
tion 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 � � 0, it is easy to
show using equation (11) and d�/d�i � 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 that the curve for the South

must be steeper than that for the North at any
point of intersection. This guarantees unique-
ness of the Nash equilibrium and ensures sta-
bility of the policy-setting game.

We summarize the most important findings in
this section as follows:

PROPOSITION 2: Let the research technology
by �i � [b(LRi /ai)

�  (1 � b)Hi
�]1/� in country

i, for i � S, N. If � � 0, then the two patent
policies are strategic substitutes in both coun-
tries and there exists a unique and stable Nash
equilibrium of the policy-setting game.

III. Why is Patent Protection Stronger in the
North?

Governments in the North typically provide
stronger patent protection than their counter-
parts in the South.17 In this section, we identify
sufficient conditions under which patent protec-
tion in the North will be stronger than that in the
South in the Nash equilibrium of a noncooper-
ative policy game. Our goal here is to under-
stand the reasons why the North may have a
greater incentive to protect IPRs than the South
does. We shall also examine how the equilib-
rium 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 equilibrium policy choices around
the following proposition:18

16 We have not discussed the shape of the best response
functions where they hit the axes or where the constraint

that �i � T� begins to bind. The best-response curve of the
South becomes vertical if it hits the vertical axis at a point
below �N � T� . It also becomes vertical if the South’s best
response is T� for some positive value of �N. Similarly, the
best-response curve for the North becomes horizontal if
either it hits the horizontal axis before �S � T� or if the
North’s best response is T� for some positive value of �S.
Thus, the best response curve for the 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.

17 See, for example, Juan C. Ginarte and Walter G. Park
(1997), who have constructed an index of patent rights and
have shown that this index is highly correlated with per
capita GDP.

18 Lai 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 condi-
tions include that the North invents more goods at every
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PROPOSITION 3: Suppose MN � MS and
HN � HS. Then �N � �S in any Nash equilib-
rium of the patent policy game. Moreover,
�N � �S unless �S � T� .

The proposition is readily proved using the
expressions for the best response functions in
(11).19 First, recall that with a CES research
technology, �i � Hi/(HS  HN). Thus, HN � HS
implies �N � �S. The left-hand side of (11) is a
decreasing function of �i. If we cancel the terms
that are common to the two best response func-
tions, the remaining expression on the right-
hand side is an increasing function of Mi and a
decreasing function of �i. It follows if �N � �S
and MN � MS, a pair of policies can be mutual
responses only if �N � �S.

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 con-
duct R&D. Why do these characteristics induce
the Northern government to provide stronger
patent protection in a noncooperative equilib-
rium than does its counterpart in the South? The
reasons are somewhat subtle.

Recall from the discussion in Section I that
having a large market is not per se a reason for
a government to grant stronger patent protec-
tion. 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 �, 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 in-
centives 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 �N will
generate a larger response of global innovation
than would the same change in �S. Since pat-
ents 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 protec-
tion, all else equal.

In our model, the endowment of human cap-
ital proxies for the capacity to conduct R&D.
With HN � HS, a majority of the world’s re-
search is carried out in the North. As a conse-
quence, 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 at-
tendant loss in consumer surplus on all pro-
tected products less the profits that are captured
by Northern producers. Similarly, the marginal
cost of strengthening patents in the South re-
flects 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 tempta-
tion to ease patent protection than that of the
South.

We turn next to the comparative static prop-
erties 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) � � 0.

Consider first the factor endowments. An
equiproportionate change in HS and HN has no
effect on �S or �N, 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 (�S) and reduces the share
in the North (�N). 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, respec-
tively, 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 enroll-
ment rates and with the share of R&D in GDP.

We turn to the effects of market size. If MS
and MN grow equiproportionately, the term

moment than the South, whereas our Proposition 3 refers
only to the primitives of the model.

19 There are some details involving corner solutions with
�S � 0 or �N � T� that we leave to the interested reader.
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Mi�i/(MS�S  MN�N) on the right-hand side of
(11) is not affected at the initial values of �S
and �N. Then, if � � 0 (Cobb-Douglas research
technology), � also is constant, and there is no
effect on patent policy in either country. If � 

0, however, the extra resources that are drawn
into R&D reduce the supply elasticity of inno-
vation 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 � 
 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 � � 0, � is constant, and an
increase in MS has qualitatively the same effects
as an increase in �S. 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. If � 
 0, however, the
increase in MS reduces � at the initial values of
�S and �N. Relative to the situation depicted in
Figure 1, there is a further downward shift in
NN and an offsetting leftward shift in SS. In-
deed, if the supply elasticity of innovation falls
by enough, the SS curve might even shift to its
left relative to its initial location before the
market expansion. In such circumstances �S
might fall as MS grows.

IV. 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 com-
pare 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 is-
sue 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 distributional
properties of an agreement calling for harmo-
nized patent policies and ask whether both
countries would benefit from such an agree-
ment in the absence of some form of direct
compensation.

A. 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 wel-
fare level can be achieved with different com-
binations of �S and �N 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 of world welfare, efficiency is
achieved by setting the individual patent poli-
cies so that the overall index of patent protec-
tion is Q*.

In particular, let Q � MS�S  MN�N. This
measure of global patent protection weighs
the degree of patent protection in each coun-

20 See 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.

21 Ours 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 dead-
weight loss.

FIGURE 1. COMPARATIVE STATIC EFFECTS OF AN INCREASE

IN HS /HN
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try by the size of the country’s market. A firm
that earns a flow of expected profits of
�SMS	 for a period of length �S in the South
and a flow of expected profits of �NMN	 for
a period of �N in the North earns a total
discounted sum of expected profits equal to
Q	. Thus, Q governs the allocation of re-
sources to R&D in each country, regardless of
the particular combination of patent policies
in the separate countries.

Consider the choice of patent policies �N
and �S that will take effect at time 0 and
apply to goods invented thereafter. The ex-
pressions for the countries’ gross welfare lev-
els at time 0 are analogous to those for a
closed economy, as recorded in equation (6).
The aggregate welfare in country i, dis-
counted to time 0, is given by

(12) Wi �0� � �i0 �
wi �Li 
 LRi �

�

�
Mi ��S � �N �

�
��i Cm � �T� 
 �i �Cc �

�
�i

�
	�MS�S � MN�N �, for i � S,N

where �i0 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

(13) ��WS �0� � WN �0��

� ���S0 � �N0� � wS�LS 
 LRS� � wN�LN 
 LRN�

 � MS � MN�T� ��S � �N�Cc

� Q��S � �N��Cc 
 Cm 
 	�.

Since vS � vN � 	Q, LRS and LRN are functions
of Q.22 The same is true of �S and �N. It follows
that different combinations of �S and �N that

yield the same value of Q also yield the same
level of aggregate world welfare.23

If international transfer payments are feasi-
ble, then a globally efficient patent regime must
have MS�S  MN�N � Q*, where Q* is the
value of Q that maximizes the right-hand side of
equation (13).24 Notice that a range of efficient
outcomes can be achieved without the need for
any international transfers. By appropriate
choice of �N and �S, the countries can be given
any welfare levels on the efficiency frontier
between that which they would achieve if �S �
0 and �N � Q*/MN and that which they would
achieve if �S � Q*/MS and �N � 0.25

Although aggregate world welfare does not
vary with the national policies �i and �i as long
as MS�S  MN�N � 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 �S
is increased and �N 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.

B. 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

22 In country i, the allocation of labor to research is
determined by

	QFL �LRi /ai , Hi � � 1/ai .

23 This result is anticipated by a similar one in Mc-
Calman (2002), who studied efficient patent agreements in
a partial equilibrium model of cost-reducing innovation by
a single, global monopolist.

24 The first-order condition for maximizing �[WS(0) 
WN(0)] implies

Cc 
 Cm 
 	 � ��Cm � Cc� �MS � MN �T� 
 Q*

Q* �� .

The second-order condition is satisfied at Q � Q* when
� � 1/2.

25 This statement ignores the ceiling on patent lengths
imposed by the finite economic life of differentiated prod-
ucts. A more precise statement is that a range of distribu-
tions of maximal world welfare can be achieved by varying
�S between �S � max{0, (Q* � MNT� )/MS} and min{Q*/
MS, T�} while varying �N between �N � min{Q*/MN, T�}
and max{0, (Q* � MST� )/MN} in such a way that MS�S 
MN�N � Q*.

1648 THE AMERICAN ECONOMIC REVIEW DECEMBER 2004



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 combina-
tions 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 gen-
eral feature of our model. The reasons are clear.
Starting from a point on the South’s best re-
sponse 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 it conveys two positive externalities
to the North. First, it provides extra monopoly
profits to Northern innovators, which contrib-
utes to aggregate income there. Second, it en-
hances the incentives for R&D, inducing an
increase in both �S and �N. 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 inno-
vation 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 (�S, �N) be an interior
equilibrium in the noncooperative policy game
and let (�*S, �*N) be any efficient combination of
patent policies. Then MS�*S  MN�*N �
MS�S  MN�N.

The proposition implies that, starting from any
interior Nash equilibrium, 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.

C. Harmonization

Commentators sometimes claim that it is de-
sirable to have universal standards for intellec-
tual property protection and for many other
national policies that affect international com-
petition. The arguments 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 eco-
nomic development. In this section, we examine
the aggregate and distributional effects of inter-
national harmonization of patent policies. It
should be noted that TRIPs essentially harmo-
nizes patent policy by requiring all governments
to grant patents of at least 20 years from date of
filing and by requiring minimum standards of
effective enforcement.

As should be apparent from the preceding
discussion, harmonization 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 be efficient only 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 effi-
cient, 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

26 If international transfer payments are infeasible, the
set of Pareto-efficient policy combinations includes the seg-
ment of the vertical axis above its intersection with QQ and
extending as far as the point (0, T� ) and the segment of the
horizontal axis to the right of its intersection with QQ and
extending to (T� , 0).

FIGURE 2. COMPARISON OF NASH EQUILIBRIUM AND AN

EFFICIENT PATENT REGIME
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a unilateral strengthening of patent laws in the
South or by a combination of policy changes in
the two countries. A unilateral increase in �S is
bound to harm the South (absent any side pay-
ments), because the equilibrium policy package
is a best response by the South to the North’s
choice of patent laws, and any unilateral devi-
ation from a country’s best response is, by def-
inition, 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,
since �N � �S at E and QQ lies outside this
point. If � � 0, it also requires a strengthening
of patent protection in the North.28 If MN � MS
and HN � HS, the North definitely gains from
efficient harmonization.29 The South may be
worse off at point H, however, than in the Nash
equilibrium at point E, unless some form of
compensation is provided by the North. In gen-
eral, the larger are MN/MS and HN/HS, the more
likely it is that the South would lose from effi-
cient harmonization.

Summarizing, we have:

PROPOSITION 5: Suppose MN � MS, HN �
HS, and � � 0. Then efficient harmonization

requires a strengthening of patent protection in
both countries. 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 ex-
pense of the South.30

V. 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 noncooper-
ative policy equilibrium. Small countries are
inclined to allow others to provide the incen-
tives for innovation so as to avoid the dead-
weight 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 uni-
versal patents of strength zero. Then, a patent
treaty is critical for creating incentives for pri-
vate 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 �i � F(Hi,
LRi/ai) � [b(LRi/ai)

�  (1 � b)Hi
�]1/�, with � �

1/2. All consumers share the preferences given
in (8).

Suppose that there is no cooperation between
nations in setting their patent policies. In coun-
try i, either �i � 0 and the marginal cost of
providing the first bit of patent protection ex-
ceeds the marginal benefit, �i � T� and the
marginal benefit of providing the last bit of
patent protection exceeds the marginal cost, or
0 
 �i 
 T� and the marginal benefit of
strengthening patent protection equals the mar-
ginal cost. Equality between marginal benefit
and marginal cost implies

27 See 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 nonco-
operative 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.

28 First, we note that when � � 0, point H lies above the
intersection of the NN curve with the vertical axis. This can
be seen by substituting �N � �S in the first-order condition
for maximizing �[WS(0)  WN(0)] and comparing the re-
sulting expression for �N � Q*/(MN  MS) with the ex-
pression for �N that comes from equation (11) when �S �
0. Then, since the NN curve is downward sloping when � �
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.

29 If 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 �S 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*.

30 McCalman (2001) estimates the income transfers im-
plicit in TRIPs and finds that international patent harmoni-
zation benefits the United States at the expense of the
developing countries as well as Canada, the United King-
dom, 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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(14) Cc 
 Cm 
 �i	

�
Mi

Q
���i Cm � Cc �T� 
 �i ��

where Q � ¥j Mj�j measures the strength of
global patent protection in the Nash
equilibrium.

Observe first that as �i 3 0, the left-hand
side of (14) approaches Cc � Cm; a small coun-
try captures virtually none of the monopoly
profits from innovative products, so the mar-
ginal cost of a patent per consumer and product
is the difference between the competitive and
monopoly levels of consumer surplus. But as
Mi 3 0, the right-hand side of (14) approaches
zero, because a small country provides innova-
tors with virtually none of their global profits
and so worldwide innovation is hardly respon-
sive 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 T� , equation (14) holds for
every i. Then we can sum (14) across the J
countries, which gives

(15) J�Cc 
 Cm � 
 	

� ��Cm 
 Cc �
Cc �¥j Mj �T�

Q � .

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 � � 0, Q
is a declining function of J, and the greater the
number of countries, the weaker the global in-
centives 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 innova-
tion approach zero.31 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 in-
centive for innovation. This sum is maximized
when

(16) Cc 
 Cm 
 	

� ��Cm 
 Cc �
Cc �¥j Mj �T�

Q* � .

Thus, if international compensation is possi-
ble, an efficient global patent treaty will have
¥j Mj�j � 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 feasible, an
efficient agreement will have ¥j Mj�j � Q* for
a range of distributions of world welfare.

VI. Conclusions

We have developed a simple model of en-
dogenous innovation and have used it to study
the incentives that governments face in choos-
ing 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 gen-
erate national differences in optimal patent pol-
icies. We focused on policies that are applied
with national treatment, that is, regimes that
require equal protection for foreign and domes-
tic applicants. A country’s optimal patent policy
is found by equating the sum of the extra dead-
weight 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 bene-
fits that flow from providing greater incentives
for innovation to firms worldwide. A country’s
optimal IPR protection depends on the policies

31 Suppose Q were to approach a finite number as J3 �.
Then � 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 3 �.

1651VOL. 94 NO. 5 GROSSMAN AND LAI: INTERNATIONAL PROTECTION OF INTELLECTUAL PROPERTY



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 gov-
ernment’s incentive to grant stronger patent
rights. Also, a government’s relative incentive
to protect IPRs typically increases with its rel-
ative endowment of human capital. In a nonco-
operative equilibrium, patent protection will be
stronger in the North than in the South if the
North has a larger market for innovative prod-
ucts 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 that na-
tional policies reflect the positive externalities
that flow to foreign residents when a country
tightens its patent laws. To achieve (con-
strained) efficiency, an international agreement
must strengthen aggregate world patent protec-
tion relative to the Nash equilibrium. Harmoni-
zation 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 equilib-
rium typically will benefit the North but possi-
bly 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 inher-
ent in the setting of national patent policies.
Thus, the value of an international patent agree-
ment grows with the number of independent
sovereign decision makers.

Our analysis can be extended to more general
environments. For example, in an earlier ver-
sion of this paper (Grossman and Lai, 2002), we
allowed for cross-national differences in rela-
tive 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 asymme-
try 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 asym-
metry may generate multiple equilibria in the
policy game.

Another possible extension would allow differ-
ent preferences in different countries. With differ-
ent demands, the marginal cost of strengthening
IPR protection will vary around the globe. Then
differences in the elasticities of demand for inno-
vative products will be another factor that affects
governments’ relative incentives for granting long
patents or providing strict enforcement. Moreover,
asymmetries in demand would be reflected in the
characteristics of a globally efficient IPR regime.
An efficient regime would equalize across coun-
tries the marginal deadweight loss associated with
providing a given push to global innovation. Ef-
ficiency requires stronger patent protection in
countries that have more inelastic demands for
innovative products, all else being equal.

APPENDIX

In this appendix we show that, for a closed
economy, when � solves (7) and � � 1/2, the
second-order condition for an optimal patent
policy is satisfied. Similar calculations ensure
that � � 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

�

� �CcT� 
 �� �Cc 
 Cm �

� �Cc 
 Cm 
 	�
1

��� � 0.

Since �/� � 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 �, i.e., that

(A1) ���Cc 
 Cm� � �Cc 
 Cm 
 	�
1

�


 �
�Cc 
 Cm 
 	�

�2

d����

d� � � 0.
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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 � that generates this point is the unique
welfare-maximizing patent policy.

It is straightforward to calculate that

� � ���FL�2

FFLL
� �

b

�1 
 b��1 
 �� �LR

aH�
�

for the CES research technology. Meanwhile,
vFL � w � 1/a and v � M	� imply that FL �
1/aM	�, or that

b

a �b � �1 
 b��aH

LR
��� �1 � ��/�

�
1

aM	�

in the CES case. Using these two equations, we
can express � as a function of �; we find that
� � (b/(1 � �))[(bM	�)��/(1��) � b]�1.

We can now compute d�(�)/d�, and substi-
tute the resulting expression into the left-hand
side of (A1), which then becomes

� � ��Cc 
 Cm 
 �1 
 ���Cc 
 Cm 
 	�

� �Cc 
 Cm 
 	��bM	����/�1 � ���1 
 2�

b ��.

But � � 1/2 ensures that

� � ��Cc 
 Cm 
 �1 
 ���Cc 
 Cm 
 	�

� �1 
 2���Cc 
 Cm 
 	��

� ��Cc 
 Cm 
 ��Cc 
 Cm 
 	��

� 0.

So the second-order condition is satisfied when
� � 1/2 and the � that solves (7)—if it ex-
ists—is the unique welfare-maximizing patent
policy.
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