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Abstract

This paper constructs a North—South quality-ladder model in which foreign direct investment
(FDI) is determined by the endogenous location choice of firms, and examines analytically how
strengthening patent protection in the South affects welfare in the South. Strengthening patent pro-
tection increases the South’s welfare by enhancing innovation and FDI, but it also allows the firms
with patents to charge higher prices for their goods, which decreases welfare. However, the model
shows that the former positive welfare effect outweighs the latter negative effect. Moreover, intro-
ducing the strictest form of patent protection in the South, that is, harmonizing patent protection in
the South with that in the North, may maximize welfare in the South as well as in the North. Further,

a similar result can also be obtained in a nonscale effect model.
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1 Introduction

Recently, many developing countries have been encouraged to strengthen intellectual property rights
(IPR) protection. An agreement on Trade-Related Aspects of Intellectual Property Rights (the TRIPs
agreement) claims that all World Trade Organization (WTO) member countries should adopt a set of
minimum standards on IPR, including patents and copyrights. Strengthening IPR protection is often
a requirement for developing countries to enter the WTO. However, most developing countries fear
that stronger domestic protection of IPR may damage their econdmiapirical studies show that
strengthening IPR protection in developing countries tends to cause an income transfer from developing
countries that have few or no patents to developed countries, which have many pateawgver, in

order to judge whether strengthening IPR protection in developing countries is beneficial or harmful in
practice, it is important to examine how strengthening IPR protection in developing countries affects
their welfare, not their income. That is, does strengthening IPR protection in developing countries harm
their welfare?

The present paper examines how strengthening patent protection in a developing country affects its
welfare, considering all the effects through changes in endogenous variables. To do this, we use a North—
South quality-ladder model in which both innovation and technology transfers are endogenous. In our
model, the main mode of technology transfer is assumed to be foreign direct investment (FDI). There are
types of technology transfer that occur from a developed country (hereafter referred to as the North) to a
developing country (hereafter, the South), such as FDI, licensing, illegal imitation, and outsourcing. In
particular, inward FDI is increasing greatly in developing countries. FDI data from the UNCTAD World

Investment Report show that inward FDI stock in developing countries increased at an annual rate of

1 A panel data study of the index of patent protection by Park (2008) shows that many developing countries, as well as
developed countries, strengthened patent protection between 1990 and 2005. For instance, Brazil, China, and India strengthened
patent protection within this period to about three times its average 1960—-1990 level. However, the indexes of patent protection
of some developing countries in South-east Asia and Latin America remain below those of developed countries such as the U.S.

and Japan.
2McCalman (2001) estimated the income transfers brought about by patent harmonization as a result of the TRIPs agree-

ment. His results imply that only a few developed countries, including the U.S., could benefit from cross-country income
transfers by strengthening patent protection, whereas all other countries would experience income losses from TRIPs; for in-
stance, the net transfer from Brazil amounts to 28% of GDP. Moreover, Yang and Maskus (2001a) and Park and Lippoldt (2005)
examined how U.S. receipts of royalties and license fees depend on IPR protection in the recipient countries, and showed that

strengthening IPR protection has statistically significant positive influences on licensing receipts.
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about 10% from 1980 to 2007.

The present analysis obtains the following two main results. First, the model shows that strengthening
patent protection in the South enhances FDI and innovation, and raises the wage rate in the South. The
reason for these results is as follows. Strengthening patent protection in the South enhances FDI because
it enables multinationals to charge higher prices and obtain higher profits. Moreover, the enhancement
of FDI further promotes innovation in the North by reducing the labor demand of the production sectors
in the North and directing more labor resources to research and development (R&D). On the other hand,
strengthening patent protection in the South raises the wage rate in the South.

Second, using the results of the above positive analysis, the present model shows that strengthening
patent protection in the South increases welfare in both the South and the North. That is, we show that
strengthening patent protection in the South can be a Pareto-improving policy for the North and the
South. Moreover, we obtain the following important result for an assessment of global patent protection:
harmonizing patent protection policy in the South with that existing in the North— that is, applying
the strictest patent protection—can maximize welfare in the South. This result implies that, in contrast
to the developing countries’ apprehension that stronger IPR protection damages their welfare, patent
harmonization is beneficial to developing countries that have few patents.

In our model, strengthening patent protection in the South affects welfare through three channels,
as follows. The first channel through enhancing innovatiorstrengthening patent protection promotes
innovation and consequently raises welfare. The second charnheduigh the change in nominal spend-
ing: as mentioned above, strengthening patent protection raises the wage rate in the South and thereby
increases the nominal spending of Southern consumers, which raises welfare in the South. By contrast,
strengthening patent protection lowers the wage rate in the North and thereby lowers the nominal spend-
ing of Northern consumers, which reduces welfare in the North. The third charthebigyh changing
the prices of goodghe sign of this effect is indeterminate because strengthening patent protection affects
the prices of goods positively and negatively. The third channel can be decomposed into the following
three effects. First, there is a welfare effect that oc¢hirsugh promoting FDI strengthening patent
protection lowers the prices of some goods by increasing the proportion of goods produced by multina-
tionals in the South, which produce cheaper goods than do the firms located in the North. Therefore, a
rise in the proportion of FDI firms raises welfare. The second welfare effect caused by the change in

prices occurshrough raising the wage in the Souttrengthening patent protection raises the wage rate



in the South and enables production firms to charge higher prices for their goods by raising the marginal
costs of rival firms, which consequently reduces welfare. The third welfare effect atcough re-

ducing competition strengthening patent protection allows multinationals to charge higher prices for
their goods because it reduces competition with nonpatentees, which reduces welfare. As a result of this
analysis, we show that the positive welfare effects can outweigh the negative welfare effects.

In the theoretical literature on technology transfer, a number of studies have examined how strength-
ening IPR protection affects innovation and FDI. Such studies include those of Helpman (1993), Lai
(1998), Glass and Saggi (2002), Glass and Wu (2007), Mondal and Gupta (2008), and Dinopoulos and
Segerstrom (2013).However, with the exception of Helpman (1993), none of these authors conducted
complete analyses of welfafedUnlike these studies, our study analyzes the welfare effect of strengthen-
ing patent protection in the South by using a simple model with no transitional dynarfisgher, we
also conduct welfare analysis by using the extended model without scale effects; although the extended
model exhibits transitional dynamics, we can conduct a complete analysis of welfare in the same way as
did Helpman (1993), who evaluated the effect on welfare of marginally strengthening IPR protection.

One of the few studies dealing with the welfare effect of IPR protection in developing countries is
that of Helpman (1993), who conducted two welfare analyses: first, a welfare analysis in a North—South
model in which the only mode of technology transfer is illegal imitation; and second, a welfare analysis in
a model in which the means of technology transfer is EDhe former analysis examined how lowering
the probability of imitation of Northern products by Southern firms, which is achieved by introducing
tighter IPR in the South, affects welfare levels in both the South and the North. The results showed that
tighter IPR reduces welfare in the South mainly by hampering innovation. The latter analysis, which is

more relevant to the present paper because it deals with FDI, showed a similar result to the first analysis

3As can FDI, licensing can play an important role in technology transfer in the development process, as has occurred in,
for example, Japan, Korea, and Taiwan. Some studies have constructed North—-South growth models in which the mode of
technology transfer is not FDI but licensing; see, for example, Yang and Maskus (2001b), Tanaka et al. (2007), and Futagami

et al. (2007).
4 Although Dinopoulos and Segerstrom (2010) conducted welfare analysis, theirs was limited to the comparison between

steady states.
SAlthough this feature of our model is based on some special assumptions, the policy implications of our model are useful

because few existing studies in this literature deal with the welfare effect of IPR protection.
8Extending the model of Helpman (1993), Grinols and Lin (2006) analyzed the welfare effect of strengthening patent

protection in the South. However, the equilibrium paths in their model are so complex that they rely on numerical analysis. In

addition, in contrast to the present model, their model does not include FDI.
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without FDI; that is, tighter IPR in the South necessarily reduces welfare in the South.

Why does the result of the present paper contrast with the pessimistic result from the FDI model of
Helpman? The main reason is that the present paper assumes that innovation is determined endogenously,
whereas Helpman’s FDI model assumes for simplicity that innovation is exogenous. By introducing the
endogenous determination of innovation, our model can capture an important positive welfare effect of
strengthening IPR protection, that is, the welfare effect that occurs through enhancing innovation, which
is not taken into account in Helpman’s FDI model. The main result of the present paper implies that
the negative conclusion regarding the welfare effect of strengthening patent protection in the South may
change significantly when the welfare effect that occurs through innovation is taken into consideration.

We briefly describe how patent protection is incorporated into our model. There are two instruments
of patent policy: patent length and patent breadth. Patent length refers to the duration for which a paten-
tee can sell the patented product monopolistically. Patent breadth refers to the scope of products that
patentees can prevent firms without patents from producing and selling. We focus on the effects of ex-
tending patent breadth to evaluate analytically the welfare effect of increasing patent protection in the
South. More concretely, in a quality-ladder model, patent breadth represents the degree of quality that
the government permits firms other than the patentee to produce and, thus, patent breadth determines
the markup charged by multinationals. Hence, in the present quality-ladder model, broadening patent
breadth operates as would raising the markup of multinationals; that is, broadening patent breadth al-
lows the multinationals to charge higher prices and obtain higher profits, which raises the number of
multinationals and increases both the labor demand and the wage rate in thé South.

In contrast to the present paper, which deals with optimal patent breadth, and unlike studies that

use the imitation rate as the parameter of IPR protection, some studies analyzed the effects of patent

" The TRIPs agreement requires WTO member countries to strengthen patent protection not only in regard to patent length
but also in regard to patent breadth. According to Maskus (2000, pp. 21-22), TRIPs mandated that, in adjudicating process
patent infringement cases, the burden of proof is reversed; that is, the defendant must demonstrate that his or her process does
not infringe the plaintiff's patent. In general, proving process infringement is difficult, and this reduces the scope of products
that firms without a patent can produce and sell, and the consequence of this is an extension of patent breadth. On the other
hand, TRIPs requires extending the coverage of products that are patentable and the strengthening of patent enforcement; WTO
member countries must extend patent protection to important areas of technology such as chemical products and processes,
pharmaceutical products and processes, and food products and they must make more effort to expose patent infringements. We
can interpret these requirements as strengthening patent protection in regard to patent breadth. See Maskus (2000, Ch. 2) for

details.



length. Dinopoulos and Kottaridi (2008) focused their analysis on the effect of changing patenflength.
They analyzed the effects of patent harmonization, under which the strength of the South’s patent pro-
tection is raised to the level of the North’s patent protection, and obtained the important result that patent
harmonization raises the long-run growth rate and improves the relative wage in the South. However,
Dinopoulos and Kottaridi (2008) did not evaluate the welfare effects of strengthening patent protection
because of the complexity of their model with a finite patent leAgBtossman and Lai (2004) also used
patent length as the policy instrument of patent policy. They analyzed why IPR tends to be better pro-
tected in the North than in the South by using a North—-South model in which R&D is conducted in both
countries. However, they assumed quasilinear utility in order to conduct welfare analysis. Furthermore,
their model is not a growth model, unlike the present model and that of Dinopoulos and Kottaridi (2008).
The rest of the paper is structured as follows. In Section 2, we describe the model. In Section 3, we
derive the equilibrium path of the model and show that strengthening patent protection promotes both
innovation and FDI. In Section 4, we consider the effect of stronger patent protection on the welfare of
consumers in both the South and the North. In Section 5, we examine how R&D subsidies influence the
welfare effect of strengthening patent protection, and we investigate how the welfare effect of strength-
ening patent protection would change in a nonscale effect version of the model. In Section 6, we provide

concluding remarks.

2 The Model

We develop a dynamic general equilibrium model such that FDI is introduced into a quality-ladder model.

Our model has the same basic structure as that of Grossman and Helpman (1991, Ch. 12).

8Most of the existing studies dealing with patent protection, such as that of Kwan and Lai (2003), use the imitation rate
as the parameter of patent protection. In contrast to these models that incorporate a constant imitation rate, which depends on
the degree of IPR protection determined by governments, the recent growth model of the endogenous strength of protection
constructed by Eicher and GamePdialosa (2008) assumes that private R&D firms can raise the degree of enforcement by
allocating labor to developing institutions that prevent the infringement of their IPR. They showed that endogenizing IPR
protection generates multiple equilibria; that is, there is a high-growth equilibrium with stronger IPR protection and a low-

growth equilibrium with weaker IPR protection.
°In theoretical analyses of patent length, the dynamic properties of the equilibrium paths tend to be complicated. For

example, Futagami and lwaisako (2007) investigated analytically the characteristics of the equilibrium paths of an economy
incorporating a finite patent length and showed that, even if the production structure is adifpype, the equilibrium paths

exhibit oscillations.



Consider an economy comprising two countries, the North and the South, which are dendfed by
andS, respectively. The population size of countrg {N, S} is given byL;, and each agent supplies
one unit of his or her labor inelastically at each point in time. There is a continuum of goods, indexed
by w € [0, 1], that are produced in the North or the South. Each product is classified by a number of
“generations”j = 0, 1,2, --- and each generation progresses one step ahead if innovation occurs in the
industry. Therefore, product of generatiorj can be produced after théh innovation in industryw. As
we explain subsequently, innovation occurs as a result of successful R&D efforts by firms. We assume
that products of different generations have different “qualities”. The quality of prado¢tgeneration
j is given byg;(w) = A, where the increment in quality between generatiandj + 1, A > 1, is
identical for all products. In addition, we assume that one unit of labor produces one unit of output in
each country and industry, irrespective of the generation nugniWe choose our units appropriately so

that, at timef = 0, the generation number is zero and quality is unity for all goods.

2.1 Consumers

Consumers living in country € {N, S} have the following lifetime utility:U; = [ e=?* log u; dt,
wherep is a common subjective discount rate diogd u;; represents instantaneous utility at tirhe
We specify the instantaneous utility functionlag u; ; = f01 log [Zj qj (w)d;ﬂ,t(w)} dw, whered; ,(w)
denotes the individual’'s consumption of gao@f generatiory at timet.1° The representative consumer
maximizes his or her lifetime utility subject to the following budget constraint:

/OOO el A g, dt = Ajg + /Ooo e~ Jorsdsy, dt, (1)
wherer; is the interest rate that consumers in both countries face attifyg is the initial asset holdings
of a consumer in country, andw; ; denotes the wage in countiy The termE); ; represents the flow of
spending at time, which is given byE; ; = fol [Zj pj¢(bd)d§-’t(w>:| dw, wherep; ;(w) is the price of

productw of generatiory at timet.

19n this model, we implicitly assume that the product with a quality level that lies between those of the latest generation
and the second-latest generation can be produced and consumed. However, as mentioned below in Subsection 2.2, because of
the pricing behavior of the firms holding the patent on the latest-generation product, only the product of the latest generation is
produced and consumed in each goods sector. Thus, for simplicity, we describe the instantaneous utility as if a product with a
quality level that lies between those of the latest generation and the second-latest generation could not be consumed because,

in equilibrium, consumers do not consume such a product.
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This consumer’s utility maximization problem can be solved in two stages. In the first stage, the
consumer allocates his or her spendh)g to maximizelog u; +, given prices at timé. To solve this static
problem, the consumer allocates identical expenditure shares to all products. Then, for each product,
the consumer chooses the single generafioa J;(w) that carries the lowest quality-adjusted price

pjt(w)/q;j(w). This implies the following static demand function:

Eii/pjit(w) for j = Ji(w),

0 otherwise.

d;’,t(w) =

In the second stage, the consumer chooses the time pattern of spending to maximize his or her lifetime
utility. Such intertemporal utility maximization requires th'at,t/Ei,t = r; — p. By treating aggregate
spending as the numeraire, we normalize= En Ly + Es;Ls = 1 for all ¢ so that the interest rate

r, always corresponds to the subjective discount pdte

2.2 Production

We assume that each economy has a single primary production factor, namely labor. The amounts of
total labor supplied in the North and the South are constant and are denateddnyd L g, respectively.

As is the case in most related studies, we assume that labor is immobile between the North and the
South. Labor is devoted to the production of goods in both the North and the South. In addition, in
the North, labor is devoted to innovative activities to develop a higher quality product. We assume that
state-of-the-art products cannot be invented in the South.

If a Northern firm succeeds in inventing a state-of-the-art good, it can take out a patent for the good
in both countries and supply the good monopolistically. In contrast to the typical setting adopted by, for
example, Grossman and Helpman (1991), we assume that firms in céuntfyV, S} other than the
inventor of the latest-generation product have the technological capacity to make a product with a level
of quality that lies between those of the latest generation and the second-latest generation by imitating
the product without undertaking R&D if and only if the inventor is located in countiowever, the
existence of the patent legally guards the inventor from imitation. Thus, as mentioned below, the highest
level of product quality that other firms can produce and sell legally depends on the degree of patent

protection in the country.

"This normalization is convenient for examining the dynamic behavior of the economy. See Grossman and Helpman (1991,

Ch. 12).



In the present paper, we assume that the inventor of a latest-generation product can select the location
of production; that is, the firm determines whether to produce the good in the North or shift production
to the South by undertaking FDI. In particular, we assume that the Northern firm, which is the inventor
of a latest-generation product, can shift production from the North to the South instantaneously and at
no cost if the firm chooses to undertake PBIf the firm elects to shift production to the South, it can
use Southern labor, which is cheaper than Northern labor. This allows the firm to obtain higher profits at
each point in time. However, a firm that chooses to undertake FDI faces more intense competition from
potential rivals than does a patentee located in the North. This is because patent protection is assumed to
be weaker in the South than in the North. We assume that a firm can freely export its product from one
country to the other without incurring transportation costs or facing tariffs.

Before considering how patentees decide whether to undertake FDI, we must consider how govern-
ments protect patents in the North and the South. Generally, there are two policy instruments influencing
the degree of patent protection. One is the patent length, which determines for how long the patentee can
produce and sell the product exclusively. The other is the patent breadth, which determines the scope
of products that the patentee can prevent other firms from producing and selling. In the quality-ladder
model, because products of different qualities within the same product line are perfect substitutes, patent
breadth represents the degree of quality that the government permits other producers toSrdduce.
practice, governments control both policy variables. However, for simplicity, we assume that the patent
length is fixed and infinite and that governments control the degree of patent protection by using only the

patent breadth?

12 |n similar studies of FDI, Lai (1998) and Glass and Wu (2007) make a similar assumption. We can extend the model to
include the cost of FDI. However, as long as the cost of FDI is small, introducing such a cost into the model would not change

the result that strengthening patent protection in the South can improve the welfare of consumers in the North and the South.
Bstrictly speaking, the concept of patent breadth includes leading breadth and lagging breadth. Leading breadth specifies the

level of superiority of a product (compared with the patented product) that producers without the patent are legally permitted
to produce and sell. Lagging breadth specifies how inferior a product must be compared with the patented product for the
producers without the patent to legally produce and sell it. The definition of patent breadth used in this paper corresponds to
lagging breadth. O’'Donoghue and Zweilier (2004) examined how leading breadth affects innovation and welfare in a closed
economy. On the other hand, similarly to us, Li (2001) analyzed the effect on innovation of lagging breadth in a quality-ladder

model. However, he analyzed a closed economy.
143udd (1985), Iwaisako and Futagami (2003), and Futagami and Iwaisako (2007) examined how patent length affects social

welfare. As shown by Futagami and lwaisako (2007), under the assumption of finite patent length, the equilibrium paths are

complicated.



In the present paper, we incorporate patent breadth as follows. When the state-of-the-art quality of
productw is given byg;(w), firms in country: other than the patentee of the state-of-the-art-quality
product cannot legally produce producwith a higher quality tham;(w)/5;, whereg; € [1, A]. Then,

0; can be interpreted as representing the patent breadth in cauhtrthis setting, a highes; implies a
broader patent breadth: # is equal to), then patent protection in countiys at its maximum; ifg; is
equal to unity, then patent protection in countig nonexistent?

Under the rules of patent policy, the pricing strategy of a firm operating in coddepends on the
patent breadth in that country. The optimal price level for the firm holding the patent for a state-of-the-
art good is such that the other firms cannot earn positive profit by entering the market for that good.
That is, the leader firm chooses to adopt a limit pricing strategy. More concretely, the patentee of the
latest generation of produgt, the quality of which is equal tg;(w), adopts a pricing strategy such that
the quality-adjusted price of the good is no higher than the quality-adjusted price charged by the other
producers. If the patentee is operating in courtryhe other producers can legally produce product
w with quality of no more thany;(w)/3;. Therefore, if the patentee charges a pricthat satisfies
p/qj(w) < p'/lgj(w)/B;], wherep’ denotes the price set by the other producers, then the patentee can
exclude the other producers from the market. Because the lowest price that the other producers can
charge is equal to their marginal cost, the limit price of the patentee is given-bys; M C, where
M C denotes the marginal cost of the other firms. This implies that a greater patent breadth enables the
patentee to charge a higher price; in particular, whgtakes its highest value,, the patentee can raise
the price toAM C, whereas, whe; takes its lowest value, unity, the patentee must lower the price to
the level of marginal cost

Under the patent breadth policy described above, we derive the optimal pricing strategy and the profit
of the patent holders producing in the North and the South. In the rest of the paper, we refer to patent

holders producing in the North as “Northern leaders” and refer to patent holders shifting production

5We can consider a patent breadth that is broader thatowever,3; > X implies that the patent for the state-of-the-art-
quality product prevents the production of the good of the second-latest generation in the same product line; that is, the patent
prevents production of the product invented by the previous innovator. Such a large patent breadth seems unrealistic. Thus, in

our analysis, we assume that the patent breadth implig#] by )\ is the strictest form of patent protection.
18Gilbert and Shapiro (1990) assumed that the patent authority could raise patentee profits by increasing patent breadth.

Hence, they represented the level of patent breadth by the size of the profit flow. Similarly, Goh and Olivier (2002) assumed
that the patent authority could indirectly raise the legal marginal cost of producing a patented good illegally by increasing patent

breadth. Thus, they represented the level of patent breadth by the scale of this legal cost.
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to the South as “multinationals”. First, let us consider the pricing behavior of Northern leaders. We
assume that patent protection is strictest in the North; that is, patent breadth is at its highestA.

Then, Northern firms other than the patent holder of the latest-generation prodteiprohibited from
producing product at a quality level exceeding that of the second-latest generation product. Therefore,
the strongest potential rival to the patent holder of the latest-generation prounecessarily the patent

holder of the second-latest-generation product that chooses to operate in the South. This implies that the
marginal cost of the strongest rival is equal to the wage in the Sayth, Thus, the optimal strategy

of the patentees of the latest-generation product that decide to produce their goods in the North is to set

their prices taon ¢+ = Awg,. Hence, the instantaneous profit of Northern leaders is:

1 WN.
TNt = ()\U}S,t - wN,t))\TSt =1- )\T;t (2)

Second, let us consider the pricing behavior of multinationals. If patent protection is strong enough
in the South, as well as in the North, then the optimal price for multinationals in the Southis the
same as that of Northern firmgr; = Awg,;. However, patent breadth may be lower in the South than
in the North. Suppose that patent breadth in the Sgyttakes a value of € [1, \]. Thatis, a Southern
firm other than the multinational of industryis permitted to produce produetat a quality ofg;(w) /3
when the quality of the state-of-the-art good produced by the multinational is givep(by. Then,
multinationals are obliged to cut their pricespte; = fws (< Awg), which is lower tharpy ¢, unless
there is maximum patent protection in the SotfthThe price that multinationals can charge depends
on the extent of patent breadth in the South, as argued by Goh and Olivier (2002). If the Southern
government increases patent breadth, Southern firms other than multinationals can produce only lower
quality products. Consequently, multinationals can charge a higher price the greater patent breadth is

extended, that is, when patent protection becomes stricter in the South. From the pricing rule, the profit

17As mentioned above, production at a quality level beyond the patent breadth specified in each country is assumed to be
prohibited effectively in each country. Moreover, we assume that products can be distributed and sold freely in both countries;
this assumption is supported by evidence of parallel imports for many products. Therefore, multinationals cannot charge a
higher price in the North than in the South; if they charge a higher price, the other firms can sell the products that they buy from
multinationals to consumers in the North at a lower price than that charged by multinationals in the North, as a consequence of
which multinationals would lose sales in the North. Thus, multinationals are obliged to cut their price in the Northern market

to the price level prevailing in the Soutbws,:.
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flow of multinationals is given by:

1 1
e = (fwsy —wss) ——=1—— (> 7Ny). (3)

ﬁws,t B
As this equation shows, the higherdsthe greater is the profit flow to multinationals. Consequently, the

stronger is patent protection in the South, the greater is the incentive to shift production to the South.

2.3 R&D and FDI

Next, we consider the behavior of R&D firms. Following Grossman and Helpman (1991), we assume
the following R&D process: if a Northern firm devotes I units of Northern labor for a time interval

of length dt to research on product, it succeeds in developing the next generation produetith
probability Idt. In other words/] represents the instantaneous probability of success in R&D. Although
Ré&D firms can choose their levels of R&D, investing in R&D imposes on R&D firms labor costs that are
proportional tol. If a firm succeeds in developing the new generation of a good, then it can take out a
patent for that generation of product. For a finite size of R&D activities in equilibrium, the expected gain
from R&D must not exceed the cost of R&D. Thus, letting; denote the market value of the patent,

we have:

UNt < WN AN with equality if 1; > 0, 4)

wherel; denotes the innovation rate in the economy at timehich is common to all industries.

Once a Northern firm succeeds in inventing a new-generation good, the firm can become a multina-
tional by shifting production to the South at no cost. Therefore, as long as both Northern leader firms
and multinationals exist in equilibrium, the market values of these firms are equal; that is, the following

equality holds at each point in time:

UNt = VUFt, (5)

wherevr; denotes the market value of multinationals.

Next, we consider no-arbitrage conditions. The shareholders of a Northern leader firm earn dividends
mn,dt and capital gaingy ;dt over a time interval of lengtht. Moreover, the Northern leader firm is
exposed to the risk of being leapfrogged by the development of the next-generation good by another
Northern firm at the innovation ratg over that time interval. Thus, shareholders face making a capital

loss ofvy ¢ with probability 7;dt. Therefore, we obtain the following no-arbitrage condition between the
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stock of the patentee of a state-of-the-art product in the Northern market and a riskles8 asset:

THUNt = TNt + UNt — TiUN ¢ (6)

The shareholders of a multinational earn dividengsdt and capital gainsz.dt over a time interval of
lengthdt. The multinational is also exposed to the risk of being leapfrogged by a Northern firm at the
innovation ratel;. Thus, its shareholders face making a capital lossrqfwith probability I;dt. The

no-arbitrage condition between the stock of a multinational and a riskless asset is:
TVEt = TFt + UFt — LiUFy. (7)

2.4 The Labor Market

First, we consider the labor market in the South. Southern labor is demanded for production by multina-
tionals that have patents for their state-of-the-art products. Wedgtlenote the measure of industries

in which multinationals produce these state-of-the-art products. Because each multinational demands
1/(Bws,) units of Southern labor, the aggregate labor demand of multinationajs; j§ fws ). There-

fore, the labor market clearing condition in the South is:

;TF; = Lg. 8)
In the North, labor is devoted not only to production but also to R&D activities. Lettiqg represent

the measure of industries in which Northern firms produce the state-of-the-art-quality products, the labor
demand for production in the North is given by ;/(Aws). In addition, because R&D firms target alll
goods, the labor demand for R&D activities is givendyy!;(nr; + ny:). Becauserp; + nyy = 1,

the labor market clearing condition in the North is:

NNt
)\’U)SJ

—I—aNIt :LN. (9)

3 Market Equilibrium Paths

In this section, we derive the equilibrium paths of both economies. That is, we explain the determination

of the measure of firms choosing to undertake FDl;, the wage rates in the South and the Nouth .

181f the Northern firm shifts production to the South and becomes a multinational, the gainis- v ;); however, this is

zero from (5). Hence, even if we allow Northern firms to choose their FDI, the no-arbitrage condition remains unchanged.
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andwy ¢, and the innovation ratd;. As shown in this section, our model has no transitional dynamics
and, thus, these variables are constant over time.

First, we consider the equilibrium determination of FDI. From (5), the market values of Northern
leaders and multinationals are equal at each point in time. Therefore, in what follows, aveéatote
the market value of all firms; that is; = vx; = vr,. Because (5) holds at each pointin time, we obtain

Upt/vre = UNt/UN,. Substituting the no-arbitrage conditions (6) and (7) into this equation yields:
TFt = TNt- (10)

Using (2) and (3), the equilibrium condition for FDI, (10) requires the following relationship between
wy ¢ andwg ¢

ws,t = XwN’t. (11)

This means that the relative wage in the South, /wy equals3/A € [1/A,1] and is an increasing
function of 5.1° The reason is as follows. Greater patent breadth in the South (a hiylgerarantees
multinationals higher profits, as shown by (3). Moreover, because multinationals and Northern leaders
must earn equal profits, greater patent breadth in the South must also raise the profits of Northern leaders.
In order for the profits of Northern leaders to be higher, the total production cost of Northern leaders must
be lower because their revenue is fixed. The total production cost of Northern leaders, which is equal to
wn,t/(Awg,), is inversely proportional to the relative wage in the South and, hence, the relative wage in
the South must be increasing with

Second, from the condition for labor market equilibrium in the South, (8), the relationship between

19 The upper limit of the relative Northern wage rate implied by this model is determined Hyowever, this level is
probably unrealistically low, given a plausible estimate\pfelated literature, such as the study of Sener (2008), suggests that
A is betweenl.05 and1.4. This is a common feature of quality-ladder North—South models, as explained by Gustafsson and
Segerstrom (2010). In the quality-ladder North-South model, the production of goods that have been imitated in the South can
move back to the North due to successful innovation by a Northern firm, and therefore, the price charged by the Northern firm
becomes\ws, which depends on the Southern wage rate. Furthermore, it must not be lower than the Northern wage rate,
in order to guarantee positive profit for Northern innovators, and thus this imposes the upper limit of the Northern relative wage
rate: A\ > wy/wg. Gustafsson and Segerstrom (2010) released the relative wage from the condition by utilizing a variety-
expansion North-South model, where the production of goods that have been imitated in the South cannot move back to the
North by Northern firms’ innovation. Moreover, they showed that introducing the differences in R&D technologies between
innovation in the North and imitation in the South into the models, the model can account for an arbitrarily large Northern

relative wage.
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the measure of multinationals and the wage rate in the South is positive as follows:
npt = BLswsgt. 12)

This is because a rise in the wage in the South raises the price of the good of a multinatignal,
Bws,, which reduces the demand for the labor used to produce this g@géws ). The decrease in
labor demand in the South enables more firms to conduct FDI and increagedn the same way,
strengthening patent protection in the South increases the measure of multinationals.

Third, we consider the relationship between the innovation fat@nd the wage rate in the South,
wg,¢. By substitutingng; + ny,; = 1 and (12) into the condition for the clearing of the Northern labor

market (9), we obtain the innovation rate as follows:

L 1-— L AL 1
oLy 1onee N+ (B/A)Ls _ (13)
ay  an wgy an aNAwg ¢

These expressions show that the relationship betwieandws ; is positive.

Next, by using the expressions derived so far, we derive the equilibrium value of a:firfks long
as the innovation rate is positive, (4) holds with equality ; = v¢/ax. By substituting this, (3), (11),
and (13) into (7), we obtain the following equilibrium dynamicsvgf o, = [W +plo— 1.

This differential equation has the unique steady statehich is given by:

Ly + (B/X\)Ls + pan’

v (14)

This unique steady stateis unstable and, therefore, diverges to positive or negative infinity unlegs

is v. Hence, the equilibrium value @f must immediately jump to at the initial point in time, because

v IS a jump variable. Becauseg is constant over time, we can show that the other variables are also
constant over time; that is, our North—South model economy has no transitional dynamics. However, its

tractability enables us to use the model for welfare anaffsis.

20 There are two straightforward ways to extend the model. One is to allow Southern firms to copy the technology of
multinationals. Assuming this would make the model more realistic because, then, Southern firms other than multinationals
could produce goods. However, this extension injects transitional dynamics into the model because the measure of goods
imitated and produced by Southern firms is a state variable. This complicates the equilibrium path and makes welfare analysis
less tractable. The other possible extension is to introduce a finite patent length as in, for example, Dinopoulos and Kottaridi
(2008). The introduction of a finite patent length would affect the welfare effects of raising patent breadth and might change
our welfare results. This would also inject into the model transitional dynamics, perhaps including oscillations, as Judd (1985)

and Futagami and Iwaisako (2007) found. Hence, this extension would make welfare analysis far more difficult.
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Note thatv depends negatively off, as shown in (14). This is because strengthening patent protec-
tion causes capital losses to rise as leapfrogging by other firms increases because of the promotion of
innovation.

Using the free entry conditionyy ; = v:/ay, and (11), we can compute the following equilibrium

wage rates in the North and South, which are constant over time:

1
N = Ly + (B/N)Ls + pan’ (15)
ws B/ (16)

~ Ly + (B/NLs + pay’
wherewy andwg are the equilibrium values afy; andwg, respectively. In the rest of the paper, the
variables without the subscript “t” represent equilibrium values. From (15) and (16), we can prove the

following proposition.

Proposition 1. Strengthening patent protection in the South raises the wage rate in the South and lowers

the wage rate in the North.

Proposition 1 can be interpreted as follows. As shown by (14), strengthening patent protection en-
hances innovation and therefore reduces the value of Northern firms and multinationals. From the condi-
tion for zero profit in R&D, the reduction in the reward for innovation must bring about a decrease in the
cost of R&D, which lowers the wage in the North. On the other hand, as shown by (11), strengthening
patent protection in the South raises the relative wage in the South. Because the increase in the relative
wage of the South is sufficiently large to exceed the decrease in the wage in the North, the wage in the
South must increase.

By substituting (16) into (12) and (13), we can derive the equilibrium valueg-gfind/; as follows:

_ (8%/A)Ls
T I+ (B/N)Ls + pan’ (17
_B-1Ln+(B/NLs p
I= 3 e 5 (18)
Differentiating (17) and (18) with respect toyields:
dnp (B/A)Ls (B/A)Ls

i3~ In+(B/NDs+pan |° In+B/NIs+pan] "
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dl 1 Ly Lg
ar _ 1 (Ly Ls . 19
a3 ﬁ?(aN+”)+AaN> (19)

Therefore, we can show that batlx and! are increasing functions gf. Consequently, strengthening

patent protection in the South necessarily promotes FDI and innovation in the North.
Proposition 2. Strengthening patent protection in the South promotes both innovation and FDI.

How can we interpret Proposition 2? As Proposition 1 shows, strengthening patent protection raises
the wage in the South. Therefore, strengthening patent protection raises the price of a good produced by
a multinationalpr = PBwg, and thereby reduces the demand for the labor used to produce this good,
1/(Pwg). Consequently, to keep the Southern labor market in equilibrium, more firms must become
multinationals and shift production to the South than before the policy change. In addition, strengthening
patent protection raises the wage in the South, thereby raising the price of a good produced by a Northern
leader,py = Awg, and thus reducing the demand for the labor used to produce this goodys).

Because of both the decrease in labor demand by Northern leaders and the increased production shift to
the South, stronger patent protection in the South decreases total demand for the labor used to produce
goods in the North. Consequently, stronger patent protection increases labor demand for R&D activity
and raises the equilibrium innovation rafe.

Our finding that strengthening patent protection in the South enhances FDI is consistent with empiri-
cal results. For example, Lee and Mansfield (1996) estimated the relationship between the volume of FDI
flows and the strength of IPR protection, and found that they are positively correlated. A number of the-
oretical studies contain results similar to ours: Vishwasrao (1994 ayd (1998) showed that weaker
patent protection in the South may reduce technology transfers in a partial equilibrium. Lai (1998) and

Dinopoulos and Segerstrom (2010) obtained this result in a dynamic general equilibrium?odel.

21 We implicitly assume the existence of an interior solution, in wiiich nr < 1 andJ > 0. As discussed in Appendix

C,0 < nr < 1is guaranteed if the parameters satiSly— 1)Ls < Ly + pan. Further, assuming th@ > (3,.in, where

Bmin = 27 (1 — ALN/Ls) + /272(1 = ALn/Ls)2 + X(Ln + pan)/Ls, and(A — 1)(Ly + Ls) > pax guarantees

I > 0. In the rest of the paper, we focus on the interior solution by assuming that these parameter conditions are satisfied.
22In contrast, Glass and Saggi (2002) showed that strengthening IPR protection impedes innovation and FDI in a dynamic

general equilibrium. The dynamic general equilibrium results probably differ because of differences in assumptions about
imitation and IPR protection; like us, Lai (1998) and Dinopoulos and Segerstrom (2010), assume that imitation is costless,
whereas Glass and Saggi (2002) assume that imitation is costly and that strengthening IPR protection increases the cost of

imitation.
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4 Welfare Analysis

In the previous section, we showed that strengthening patent protection raises the relative wage in the
South. However, the Southern government’s main concern is the welfare of its consumers: if strengthen-
ing patent protection in the South improves the South’s welfare, a Southern government would be keen
to implement the policy. Otherwise, it has an incentive to relax patent protection. Thus, in this section,
we examine the welfare effects of strengthening patent protection in the South.

First, we derive the spending of the representative consumer living in courdn{ N, S}. As
mentioned in Subsection 2.1, because we treat total spending as the numeraire, fihatis, for
all ¢, the interest rate is equal to the subjective discount rates p. Given the intertemporal utility
maximization of each consumer, the per capita spending of a consumer living in any country is constant
over time. Therefore, we leE; denote the spending of a consumer in courntryBecause spending
levels and the wage rate in each country are constant over time, the intertemporal budget constraint (1)
is reduced tal; = pA;o + w; for i € {N,S}. Multiplying both sides of these budget constraints
by the population and adding the constraints yieddd y oLy + AsoLs) + wyLy + wsls = 1,
where we usév; = En Ly + Es Ls = 1. Letting Ay denote the total initial asset holdings, that is,
Ag = AnoLy + AsoLgs, we can derive the value ofj as follows: Ay = [1 — (wn Ly + wsLs)]/p.
Because countrys share of asset holdings must be given as an initial condition, wede, 1] denote
the share of assets held by Northern consumers, that is, AN,OLN/AO.B By substituting these

relationships intd?;, we obtain the following equilibrium values @&y and Es:

By = (2 b (1= O, 20)
Bs = (1- )= o+ us, 21)

Next, we rewrite the instantaneous utility as follows:

1 1 1
log u; ; = / log A" @) d (w)dw = (log \) / Ji(w)dw + / log di(w)dw. (22)
0 0 0

Because the latest generation of a product sells for the lowest quality-adjusted price in the product line,

Ji(w) corresponds to the generation number of the latest generation of ptadticus, the first term of

2 When the share of assets held by Southern consufbers¢) equals(3 — 1)(3/\)Ls/(pax)(> 0), balanced trade is

obtained; thatis(l — nr)EsLs = npENLN.
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(22) is equal tdog A multiplied by the total number of innovations obtained in all industries by time

Because the rate of innovation is constant over time in our model, we can rewrite this term as:

1
(log )\)/0 Ji(w)dw = (log A\)It. (23)

The second term of (22) can be rewritten as follo%]siog di(w)dw = nplog d%,t + (1 —np)log dﬁ'\,,t,
whered},, anddy, denote the demand for goods produced by multinationals and Northern leaders,

respectively. By using., = Ei/pr = E;/(fws) anddy, = E;/py = E;/(Aws), we obtain:
1
/ log d(w)dw = log E; — logwg — (log B)np — (log \)(1 — np). (24)
0

As shown aboveF;, wg, nr, and are all constant on the equilibrium path. Hence, from (22)-(24),
(log A)I represents the utility growth rate. Substituting (22)—(24) into the lifetime utility function, we

obtain the welfare of each consumer in couritey { N, S} as follows:

1 {log A\
UiB) = i I +log E; — logws — (log B)nr — (log \)(1 — np) |, (25)

whereU; () denotes the welfare of each consumer in countmhen patent breadth in the Southds
This shows that the welfare of an individual depends on the innovation rate, nominal spending, the wage
in the South, which in turn determines the prices of goods, the measure of multinationals, and patent
breadth in the South. The welfare levels of a Northern individual and a Southern individual differ only
because their nominal spendirg,, differs.

To determine whether increasing patent breadth in the South raises welfare, we differentiate (25)

with respect to breadthi. The derivative ol/; () is given by:

au; () _ }{ log A dI +i dFE;
dp p p dg E; djp
innovation-enhancing effect nominal spending effect
(+) (+) or (-)
dnp 1 dwg ng
N—_—— ——"

FDI-promoting effect marginal cost effect competition-reducing effect
) -) -)

As shown on the right-hand side (RHS) of (26), an increase in patent breadth in the South affects the
welfare of both countries through the following three channels. The first channel is the welfare effect
that occurghrough enhancing innovatiomvhich is indicated by the first term on the RHS of (26). As

shown in Proposition 2, increasing patent breadth promotes innovation and raises welfare. We refer to
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this effect as thénnovation-enhancing effecthis effect has a positive influence on the welfare of both
countries. The second channel is the welfare effect that otisroggh the change in nominal spendjng

which is indicated by the second term on the RHS of (26). As shown by (20), (21), and Proposition
1, increasing patent breadth raises nominal spending in the South, but reduces nominal spending in the
North. Thus, it affects the welfare of both countries. We refer to this effect andiménal spending

effect The third channel is the welfare effect that occlm®ugh changing the prices of goqdsghich is
indicated by the three terms in square brackets on the RHS of (26).

The sign of the sum of the three terms in the square brackets is indeterminate because increasing
patent breadth has both positive and negative effects on the prices of goods in the following ways. First,
extending patent breadth increases the proportion of goods that multinationals produce, as shown in
Proposition 2. Because patent breadth is smaller in the South than in the North, the price of the goods
produced by multinationals?(®) is lower than the price of the goods produced by Northern leaders
(A\w?®). This means that an increase in patent breadth improves the welfare of both countries by increas-
ing the proportion of FDI firmsy . We refer to this positive welfare effect as thBI-promoting effect
which is indicated by the first term in the square brackets. Second, from (16), increasing patent breadth
raises the wage rate in the South. This causes a rise in the marginal costs of followers, which allows
Northern leaders and multinationals to charge higher prices, and this reduces the welfare of both coun-
tries. We refer to this negative effect as tharginal cost effe¢twhich is indicated by the second term
in the square brackets. Third, increasing patent breadth in the South enables multinationals to raise the
price of their goods directly, which reduces welfare. This is because increasing patent breadth permits
Southern firms other than multinationals to produce only goods of lower quality. This means that multi-
nationals can outcompete other firms even if multinationals charge a higher price for their goods. For
this reason, increasing patent breadth reduces the welfare of both countries. We refer to this negative
effect, which is shown by the last term in the square brackets, aothpetition-reducing effect

If the positive welfare effects outweigh the negative welfare effects, then strengthening patent pro-
tection in the South raises welfare. As shown in the subsequent subsections, whether this is the case

depends on the values of the parameters.
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4.1 The Effect on the South’'s Welfare

First, we explore the effect of strengthening patent protection on the South’s welfare. We determine
the parameter values that cause the strictest patent protection to maximize the welfare of Southern con-
sumers. In the rest of this subsection, as a benchmark, we focus on the case in which consumers in the
South have no assets at the initial point in time; thaf is, 1. In Subsection 4.3, we analyze the general

case in which( # 1.

We can summarize the results of our analysis of the South’s welfare in the aase bés follows?*

Proposition 3. Suppose that consumers in the South have no assets at the initial point in time. Then, the
strictest patent protection in the Southis(= A) maximizes the welfare of consumers in the South if and

only if the parameters satisfyog \)(Lx + ALgs + pan)/(N2pan) > Ls/ (Ln + Ls + pay).

Proof. If ( = 1, we obtain the following equality from (21) and (26) in the range30& (Gnin, Al
dUs(8)/dB = [f(8) + (log A — log 8) (dnr/dB)] /p, wheref () = [(log A) /p] (dI/dB) — (np/B).
It is straightforward to show that’(3) < 0 from (17) and (19), and therefor&3) > 0 for all 5 €
(Bmin, Al I f(A) > 0. Becausglog A — log 3) (dnp/dB) > 0, this implies thatdlUs(3)/ds > 0 for
all 8 € (Bmin, Al If f(A) > 0. Meanwhile, if f(\) < 0, thendUg(\)/d3 < 0. This is because
(log A —log B) (dnp/dB) = 0 whenp = X. As a result, the strictest patent protectigiy (= \)
maximizes the welfare of consumers in the South if and onff(¥) > 0. By rewriting f(\) > 0, we

obtain(log \)(Lx + ALs + pan)/(N2pan) > Ls/ (Lx + Ls + pay). O

If ¢ = 1, thendUgs(5)/dg is simplified to the sum of the innovation-enhancing effect, the FDI-
promoting effect, and the competition-reducing effect becduse= wg from (21). The innovation-
enhancing effect necessarily offsets the competition-reducing effect frall5,..n, A] if and only if
the parameters satisfy the condition in Proposition 3. The FDI-promoting effect is necessarily nonnega-
tive and is zero whepy = \. Therefore, the strictest patent protection maximizes welfare in the South if

and only if the condition in Proposition 3 holds.

ZFor Propositions 3-5, we assume that the degree of patent protection in the South is no weaker than the level of protection
below which Northern R&D activities cease; that s, (Gmin, A]. FOr some set of parameter values, a low valug tiat
prevents innovation could maximize welfare. However, if the cost of innovation is sufficiently low, there is no such set of
parameter values. For instance, by assuming< (A — 1)(Lx + Ls)?/ {[(A +1)(Lx + Ls) + ALs] p}, we can show
that any low value of3 that prevents innovation will maximize neither the welfare of Southern consumers nor that of Northern

consumers. The proof is given in Appendix D.
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Clearly, the larger is Northern labak,y, the more likely is the condition in Proposition 3 to hold.
Therefore, Proposition 3 implies that the strictest patent protection improves the welfare of consumers
in the South if labor is more abundant in the North. Why might strengthening patent protection raise
the welfare of Southern consumers in such a case? An increased abundance of labor in the North
intensifies the promotion of the innovation effect of strengthening patent protedtigd3, which is
represented by the left-hand side (LHS) of the condition in Proposition 3. Moreover, an increased abun-
dance of Northern labor decreases the proportion of multinationglsand, consequently, weakens
the competition-reducing effect of strengthening patent protectian; /3, which is represented by the
RHS of the condition in Proposition 3. Thus, the more abundant is labor in the North, the more intensive
is the positive welfare effect of strengthening patent protection.

In addition, the condition in Proposition 3 necessarily holds irrespective of the amount of labor in
the North, as long a&g/ay is sufficiently large that.s/ax > Ap/ [(log \)(2X — 1)].2° Therefore,
Proposition 3 shows that the strictest patent protection improves the welfare of consumers in the South
if labor is more abundant in the South and if the productivity of R&D is higher in the North. The reason
is as follows. The more abundant is labor in the South and the higher is the productivity of R&D in the
North, the larger is the innovation-enhancing effect of strengthening patent proteldtiai®. However,
higher R&D productivity and Southern labor abundance increase the proportion of multinationals,
the consequence of which is an intensification of the competition-reducing effect of strengthening patent
protection. Thus, increased labor abundance in the South and increased productivity of R&D in the
North have two opposing effects on welfare. Howevek,4f a is sufficiently large to satisfy.s /an >
Ap/ [(log A)(2A — 1)], the former positive effect outweighs the latter negative effect.

Proposition 3 is important in the following two respects. First, it seems widely supposed that
strengthening patent protection, particularly by equating levels of protection in the North and South,
lowers welfare in the South. However, our result contradicts this intuitive supposition, and shows that,
far from being harmful, strengthening patent protection in the South, even to the extent that its level of

protection matches that of the North, may benefit the S&uth.other words, this paper provides a ratio-

The proof is given in Appendix E.
26 A possible explanation for the intuitive supposition is that the benefits conferred by the innovation-enhancing effect are

underestimated because this effect is difficult to discern in practice. In addition, as mentioned in the conclusion, incorporating
enforcement costs to implement patent protection, which we ignore in this paper, into the analysis may reduce the probability

that the strictest protection of patent maximizes the welfare in the South.
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nale for strengthening patent protection, which is a policy implemented in many developing cotintries.
Second, our result contrasts with that of Helpman (1993), the seminal paper that examines the effect
of strengthening IPR protection on welfare. Helpman examined the welfare effect of strengthening IPR
protection both in an endogenous innovation model, in which the only mode of technology transfer
is illegal imitation, and in an exogenous innovation model, in which FDI is the mode of technology
transfer. Helpman concluded from both models that stronger IPR protection in the South necessarily
damages welfare in the South. We obtain important implications from our results that contrast with the
results of Helpman'’s two models. First, comparing our model with Helpman’s model in which imitation
is the only mode of technology transfer suggests that the effect of strengthening IPR protection on the
South’s welfare depends on the main mode of technology transfer: when the main mode of technology
transfer is FDI, strengthening IPR protection is likely to raise the South’s welfare. Second, comparing our
model with Helpman’s model incorporating FDI suggests that taking the innovation-enhancing effect into
account may reverse the sign of the total welfare effect of strengthening IPR protection: if the positive
effect on innovation of strengthening IPR protection is taken into account, increasing patent protection

might raise the South’s welfare.

4.2 The Effect on the North’'s Welfare

Next, we examine how strengthening patent protection in the South affects the North’s welfare. To
do this, we first show that the effect on the North’s welfare of increasing patent breadth is indepen-
dent of the initial distribution of assetg, From (15), (16), and (20)Ey/ws becomesEy /wg =

[1+4 ({pan/Ln)] (A/B). Then, the effect of increasing patent breadtiayi En /wg) is given by:

1 dEN 1 dwg 1
SN S @s 2, 27
Ex 43 ws d3 B @n

This shows that the effect of increasing patent breadttogfy /ws), that is, the sum of the nominal
spending effect and the marginal cost effect, is independent of the initial distribution of §s8ssause

the innovation rate/, and the measure of multinationaitsy, are independent af, the magnitudes of

the innovation-enhancing effect, the FDI-promoting effect, and the competition-reducing effect do not

depend or{. Thus, the effect on the North’s welfard/ (/3)/dg, is independent of.

27 park’s (2008) panel data on the index of patent protection show that many developing countries strengthened patent

protection between 1990 and 2005.
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As shown in the following propositiorUy (3)/d is positive for all3 € (Bmin, A] if the parameters

satisfy an inequality.

Proposition 4. The strictest patent protection in the Soutly (= A\) maximizes the welfare of consumers

in the North if the parameters satisfyy > [\/(log A) — 1] pan.

Proof. By substituting (27) into (26), we can rewrii#/x (3)/dj as follows:

Wx(F) 1 [log/\dl np 1 an} . (28)

B plpap g g UeAr-lel) g

If [log A\) /p] (dI/dB)—(nr/B)—(1/3) > 0,thendUn(3)/d3 > 0 becausélog A — log 3) (dng/dB) >
0. From (17) and (19), we find that the following relationship holds:

loghdl np 1 logA [(LN )1+ LS}_ (B/M\)Ls 1
p as B B p \Nav ") Xan] In+pan+(B/NLs B
log A [(Ln 1 Lg| (B/ANLs 1
~ [<GN+p> 52+)\GN} Ly +pan B
1 32 log A 1
= B |:LN + pan + )\Ls:| [paNﬁ — It paN] . (29)

If Ly > [A/(log\) — 1] pay, then the parameters satidfipg \) / (pan3) > 1/ (Ln + pay) for all
B € [1,A]. Therefore, from (28) and (29), we can conclude ¥l (3)/ds > 0 for any value of
B € (Bmin, A] if the parameters satistyy > [A/(log \) — 1] pay. O

The strictest patent protection maximizes Northern welfare when the quantity of Northern labor is
relatively large for the same reasons as given in the interpretation of Proposition 3. That is, an increased
abundance of Northern labor enhances the innovation-enhancing effect of strengthening patent protection
and, thus, the positive welfare effects outweigh the negative welfare effects.

The condition in Proposition 4 is stricter than the condition in Propositi&hi3ence, we can show
that when{ = 1, strengthening patent protection makes both the South and the North better off as long
as the parameters satisfy the condition in Proposition 4. In other words, as long as labor resources in

the North are sulfficiently abundant or as long as the productivity of R&D is sufficiently high to satisfy

2The LHS of the inequality in Proposition 3 is an increasing functior.gf and the RHS is a decreasing function of
L. SubstitutingLy = [A/(log \) — 1]pan into the inequality in Proposition 3 reveals that the inequality holdsnf =
[A/(log \) — 1]pan. Thus, the inequality in Proposition 3 holds wheneligr > [\/(log A) — 1]pan.
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the condition, then raising patent protection in the South to the level enjoyed in the North is a Pareto-
improving policy?®

With respect to the effect on the welfare of consumers in the North, the results of the present pa-
per are consistent with those of Helpman’s FDI model. In his exogenous innovation model, Helpman
concluded that tightening IPR protection when the main mode of technology transfer is FDI benefits the
North if the imitation rate in the South is sufficiently low. Our endogenous innovation model implies that
maximum patent protection in developing countries is globally optimal for the consumers in the North
if labor resources in the North are sufficiently abundant or if the productivity of R&D is sufficiently
high. This result implies that Helpman’s conclusion about Northern welfare is robust to incorporating
the innovation-enhancing effect of strengthening IPR protection. In that sense, our Proposition 4 com-

plements Helpman’s conclusion about Northern welfare.

4.3 Generalizing the Initial Distribution of Assets

In order to generalize the result described in Proposition 3, we show that the strictest patent protection
can maximize the welfare of consumers in the South even when1l. When¢ # 1, the nominal
spending effect and the marginal cost effect do not cancel each other out. Thus, one must consider these
welfare effects of strengthening patent protection. From (16) and (24)ws becomesEg/ws =

1+ [(1—=)Apan/ (BLs)] . Hence, the effect of strengthening patent protectiolbg(Fs /wg) is:

1 dEg 1 dwg 1-¢ 1
Eg T wg - = <0. 30
Eg d3  wg dB BLs/Opan) +1—CB 0 (30)

This means that the higher is the initial level of assets held by Southern consumers (the ldrgef)s
the greater is the negative effect of strengthening patent protectibig0fis /wgs). Therefore, the total
effect of strengthening patent protection on the welfare of Southern consumers is more likely to be

negative the higher is the initial level of assets held by Southern consumers. However, we can show

2 The RHS of the inequality in Proposition 4 is a U-shaped functiok ahd the restriction for the other parameters becomes
stringent wherh takes extremely large or small values. However, unkeissan extreme value, the ranges of valuesifat, an,
andp that satisfy the inequality are sufficiently broad. We assess the stringency of the inequality by using a numerical example.
Following the numerical analysis of Sener (2008), we use the rn@® 1.4] for A so that the value of — 1 representing the
markup in this model can be consistent with empirical data. Assumingtisa®.05, if Ly /an > 1.02604, the inequality in
Proposition 4 holds. Furthek,n /ax must satisfy the conditions théx —1)Ls < Ly + panx and(A—1)(Ln + Ls) > pan,
which are assumed in Section 3. However, as lond asay is less thar21.5207, values ofLx /an that exceed.02604

satisfy the two conditions. Thus, the parametric restrictions are not particularly stringent.
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that the strictest patent protection maximizes the welfare of Southern consumers forcafy, 1] if
the parameters satisfy the condition given in Proposition 4. Combining this result with that stated in

Proposition 4 enables us to state the following proposition.

Proposition 5. The strictest patent protection in the Soutly (= \) maximizes the welfare of consumers
in both the South and the North for any initial asset distribution between the North and the South if the

parameters satisfy.y > [A/(log A) — 1] pay.

Proof. The proof relating to the welfare of Northern consumers is given in Proposition 4. Therefore, it
is sufficient for this proof to show thal/s(5)/ds > 0 for any values of3 € (Bin, A] and(¢ € [0, 1]
if the parameters satisfiiy > [A/(log A) — 1] pan. We can rewritelUs(3)/dg for any ¢ € [0,1] as

follows:
dUs(B)  _ 1[10@6”_”F <1dEs_1dws> log A — log 8) F
B " plp a3 B \Esds wsap) loer el g
1{loghdl np 1 dnp
- D C 4 (log\ —log B) —F 31
> GG g e ey

where the inequality holds becausg/ Es) (dEs/df3) — (1/ws) (dws/dB) > —1/5 from (30). Note
that the RHS of (31) is equal Uy (3)/ds3. Therefore, using the same proof as in Proposition 4, we
can show thatlUs(5)/dB > dUn(3)/dB > 0 for any values of3 € (Bnin, A] and¢ € [0, 1] if the

parameters satisfyy > [A/(log A\) — 1] pay. O

Proposition 5 shows that as long as labor resources in the North are sufficiently abundant or as
long as the productivity of innovation is sufficiently high to satisfy the condition, then raising patent
protection in the South to the level enjoyed in the North is a Pareto-improving policy irrespective of
the distribution of assets between the North and the South. To establish Proposition 3, we assumed
that Southern consumers initially held no assets. As shown by (21), holding no initial assets implies
that no assets are ever held, which appears to imply that the proposition is dependent on restricting the
distribution of assets. However, if the inequality in Proposition 5 holds, the strictest patent protection in
the South is optimal, regardless of the distribution of assets between countries. That is, even if Southern
consumers hold assets, the strictest patent protection in the South can maximize the welfare of Southern
consumers.

The result given in Proposition 5 differs from that obtained by Grossman and Lai (2004). They

showed that maximum patent protection tends to be suboptimal for the South. The difference between
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their results and ours is largely attributable to the difference in the size of the dynamic benefit of strength-
ening patent protection in the South. By using a quality-ladder type model, we assume that innovation
occurs through the improvement of existing goods. In our model, the invention of a latest-generation
good generates permanent social benefit by providing fundamental knowledge that is freely available to
the R&D of that industry even after obsolescence. Having assumed that the invention of a good has no
influence on other R&D, Grossman and Lai (2004) ignore this “shoulders-of-giants” effect in the R&D
process. Taking this effect into account implies that strengthening patent protection in the South can gen-
erate dynamic benefits supplementary to those identified by Grossman and Lai because patent protection
increases the fundamental knowledge available for future R&D by promoting innovation. Thus, in our
model, stronger patent protection in the South can improve the welfare of the South if R&D resources
in the North are sufficient and if R&D is sufficiently productive. Moreover, even patent harmonization,

which requires maximum patent protection in the South, can improve welfare of the8Bouth.

5 Discussion

5.1 R&D Subsidies and Patent Protection in the South

In Proposition 5, we concluded that, provided a certain parameter condition is satisfied, the strictest
patent protection in the South can maximize welfare in both the North and the South. In this subsection,
we briefly consider the possibility that the strictest patent protection is suboptimal for the South. Suppose
that the Southern government implements patent protection that is weaker than the maximum, and does
not cooperate with the Northern government. Can the Northern government implement a policy that
induces the Southern government to maximize its patent protection in this case?
One policy option is for the North to raise R&D productivity, perhaps by improving higher educa-

tion. Higher education is important for training researchers who develop new products. Improvements

in higher education that successfully raise researchers’ abilities to do R&D will increase the produc-

%0 |t one introduces into our model imitation by Southern firms of multinationals’ technology, our welfare results might
change for the following three reasons. First, in such a model, strengthening patent protection in the South would affect welfare
through channels other than (26) because it would be bound to affect the progress of imitation and the measure of imitated
products. Second, imitation by Southern firms would change the magnitudes of the five welfare effects derived in our model.
Third, introducing imitation into our model would generate transitional dynamics, as explained in footnote 20. Thus, if imitation

activities are sufficiently pervasive and convergence to the steady state is sufficiently slow, our welfare results might change.
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tivity of R&D in the economy. According to our model, an improvement in the productivity of R&D,
which is represented by a decrease:j, reinforces the innovation-enhancing effect. Hence, such an
improvement can reduce the stringency of the parameter constraint that must be satisfied if the strongest
patent protection is to maximize the welfare of Southern consumers, as shown in Proposition 5. There-
fore, a policy that increases R&D productivity, including an improvement in higher education, gives the
Southern government an incentive to maximize its patent protection.

Another policy option to induce the South to enact maximum patent protection is to subsidize R&D.
We can analyze the effect of an R&D subsidy by somewhat modifying our nibdelippose that the
Northern government subsidizes entrepreneursoyx sr percent of R&D costs, wherer € [0,1).

We assume that the subsidies are financed by a lump-sum tax levied on Northern consumers, and assume
that the Northern government runs a balanced budget at each point in time. Under these assumptions,
strengthening patent protection in the South still affects the welfare of the South through the five chan-
nels shown in (26). Among those channels, the innovation-enhancing effect tends to be represented by
an inverted U-shaped function ef;: the effect strengthens ag increases up to a certain point, after

which it weakens. In addition, the R&D subsidy exacerbates the negative competition-reducing effect.
However, subsidizing R&D mitigates the negative effect of the combined nominal spending and marginal
cost effects, and also increases the positive FDI-promoting effect. Thus, if the positive effects of intro-
ducing an R&D subsidy odUs(/3)/d5 outweigh the negative effects, then introducing an R&D subsidy

may make the strongest patent protection optimal for the South.

5.2 Reexamination in a Nonscale Effect Model

In this subsection, we introduce population growth into the model and examine how our basic results
would change. In practice, population grows in many countries. However, so far, we have assumed that
the quantity of labor supplied is constant over time. In addition, the model developed in the preceding
sections exhibits a scale effect; that is, an increase in the size of the labor force raises the innovation rate
and the growth rate of utility. Therefore, in line with the settings used by Segerstrom (1998), who devel-
oped a closed economy quality-ladder model without a scale effect, we incorporate positive population
growth into our model and examine the robustness of our main results.

We first describe the settings of the nonscale effect model and derive the effects of strengthening

3ln Appendix F, we analyze the effect of an R&D subsidy in our model.
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patent protection on innovation and FDI. We retain the notation used and the assumptions made in the
original model if possible. Following earlier studies, which use two-country nonscale effect models, such
as Dinopoulos and Segerstrom (2010), we assume that the labor population grows at the same constant
rate,n, in both the North and South, and thatc n < p. We let Ly and Lg denote the initial levels

of population in the North and South, respectively. Lettingdenote the total world population at time

t, we can represent; asL; = (Ly + Lg)e™. Further, we defind,; as the ratio of the population

of countryi € {N, S} to the world population; that is,; = L;/(Lx + Ls). Suppose that the initial
measure of members of each household in coun&ry{ N, S} is unity; in other words, the measure of
households in countriyc {N, S} equalsL,;. We assume that the number of members of each household
grows at the constant ratein both countries. Then, the lifetime utility of each representative household

in countryi € {N,S} is given byU; = |, e~ (P~ og uidt. The modified budget constraint is

f e hrs—mds g at = Ao + f e Jo(rs=m)dsy,, ¢, Thus, the demand for each product and the
Euler equation for each household are the same as those in Section 2.1 c\Mdeleite per capita global
spending; that is;; = E;/L,. In Section 5.2, unlike in the original model, we use the per capita global
spending as the numeraire and normadize- £,/ L; = EN¢EN+ES¢ES = 1forall t so thatr; always
equalsp. Hence, the per capita spending of households in country;, is constant for alt.

In order to remove the scale effect from the original model, we need to change an assumption on
the cost of R&D. Following Segerstrom (1998), we assume that R&D costs increase with the aggregate
volume of R&D over time. Concretely, we replace the cost of R&R, with ay X;(w), whereX;(w)
represents the difficulty of doing R&D in industgy; which is assumed to evolve as follows:

Xt(w>
Xt(LU)

= ply(w), (32)

wherey is a parameter that affects the growth rate of the difficulty of doing R&D: an increasieiplies
an increase in the growth rate of the difficulty of doing R&D. Under this assumption, the innovation rate
and the growth rate of the utility level do not depend on the population level in the long run as shown
below3?

Under the assumption of increasing difficulty of R&D, the free entry condition for R&D, (4), changes
to vy ¢ (w) = wnran X¢(w), wherevy ;(w) means that the stock values are not necessarily symmetrical
among industries ex ante. However, assuming that the R&D difficulty indek,), is symmetrical

across industries at the initial point in time makes the innovation/fate symmetrical across industries

32The earlier nonscale effect models including Segerstrom (1998) exhibit this property.
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and, thuspy+(w) is also symmetrical because of the no-arbitrage condition. As a result, no variable
depends ow in equilibrium. Therefore, we henceforth omifrom the equilibrium conditions, including

the free entry condition for R&D:
UNt = wN,taNXt- (33)

The other equilibrium conditions are as follows. Because of the change in the normalization, the
profits of Northern firms and multinationals, respectively, changexte = [1 — wx ¢/ (Aws+)] Lt and
mrt = (1 —1/B) Ly. The no-arbitrage conditions for the stocks of Northern leaders and multinationals,
(6) and (7), respectively, remain unchanged. Thus, the equilibrium condition for FDI, (10), holds, and we
thereby obtain the equilibrium wage rate in the South as (11). The labor market equilibrium conditions
in the South and the North arg-; L, /(Bws) = Lss andny L/ (Aws) + anXely = L.

Although incorporating increasing R&D costs purges the model of the scale effect, it also introduces
transitional dynamics into the model. This complicates analysis of the effects of policy changes because
one must consider their effects on the transition. However, by linearizing the market equilibrium path
around the balanced growth path (BGP), we can show that strengthening patent protection does raise

innovation and the growth rate on the transitional path, while it does not affect them in the long run.

Proposition 6. We consider the nonscale effect model. Suppose that the economy is initially on the BGP.
Strengthening patent protection marginally in the South promotes innovation in the short run, although
the positive effect approaches zero in the long run. Moreover, strengthening patent protection marginally

in the South promotes FDI in both the short run and the long run.
Proof. See Appendix A. O

Using the results of the positive analysis, we now conduct welfare analysis in the nonscale effect
model. To examine analytically how strengthening patent protection affects welfare, we adopt an ap-
proach similar to the one used by Helpman (1993). We assume that, when patent breadth is changed, the
economy is on the BGP. We then evaluate the effect on welfare of Northern and Southern households of
a marginal increase ifi. The instantaneous utility of any household in each country remains unchanged
as in the original modeltog u; ; = (log \) f(f I.dr + log E; — logwgy + (log A —log B) np+ — log A.

Because instantaneous utility comprises five parts, we can decompose the total welfare effect into the
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following five parts as we did in the original model:

dU;(B3) _/OO —(p—n)t d </t ) dlog E;
3 ; e { (IOg)\)dﬁ OITdT + i
N——
innovation-enhancing effect nominal spending effect
(+) (+)or(-)
d?’LFt lengt negt
+| (logA—logp) : -_—— - dt. (34)
ag g g }}
FDI-promoting effect marginal cost effect competition-reducing effect
(+) (+) or (-) -)

Each of these effects corresponds to a welfare effect in the original model which exhibits scale effects,
(26). As proved in Appendix B, the signs of some of the welfare effects are determinate as shown in
(34).

As was the case for the original model, by showing that the innovation-enhancing effect outweighs
the competition-reducing effect and the combined negative effect of the nominal spending and marginal
cost effects, we can show that strengthening patent protection improves the welfare of Northern and
Southern households. The following proposition summarizes the results of our welfare analysis of the

nonscale effect modéf

Proposition 7. We consider the nonscale effect model. Suppose that the economy is initially on the
BGP. Strengthening patent protection marginally in the South raises the welfare of households in both
North and South for all3 € (1, )], if the parameters satisfy either (i)%@ > O, or (i) Lg <

o
n log A n log A ! - e =2 n) -1
[ﬁ; % —Q} [Q—p 2 } Q~!, whereQ 174[[((% _1]]

Proposition 7 implies that when the South’s population share is lower (and the North’s is higher),
strengthening patent protection in the South tends to improve the welfare of the Northern and Southern
households. The reason is similar to that in the original model; the higher is the North’s share of the
labor population, the more likely is the positive innovation-enhancing welfare effect to outweigh the
negative competition-reducing welfare effect. This implies that the welfare effects of patent protection

in the South are robust to the incorporation of a nonscale etfect.

33See Appendix H for the proof.
34 As Sener (2008) pointed out, the policy results may depend on how the scale effect is purged from the model. According to

Sener (2008), there are three main approaches to removing scale effects: incorporating diminishing technological opportunities,
as undertaken by Segerstrom (1998); incorporating rent protection activities, as proposed by Dinopoulos and Syropoulos (2007);

and incorporating variety expansion, as undertaken by, for example, Dinopoulos and Thompson (1998). We adopt the first of
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6 Conclusion

We developed a North—South quality-ladder model, in which foreign direct investment (FDI) is the main
channel of technology transfer. We then conducted not only a positive analysis but also a welfare analysis.
Despite the fact that welfare analysis is crucial for assessing policies, few previous theoretical studies
on intellectual property rights (IPR) protection in developing countries have conducted such an analysis.
However, by focusing our analysis on patent breadth, we examined analytically how strengthening patent
protection in the South affects welfare in the South. We showed that strengthening patent protection can
raise welfare not only in the North but also in the South.

This result contrasts with that of Helpman (1993), whose pioneering study examined the effect of
stronger IPR protection on welfare. Helpman concluded that stronger IPR protection in the South nec-
essarily damages welfare in the South, regardless of whether the mode of technology transfer is illegal
imitation or FDI. However, our results differed markedly from Helpman'’s in this respect. Thus, our result
provides a theoretical basis for strengthening patent protection in the South.

To simplify the analysis and obtain clearer results, we abstracted from two factors whose incorpo-
ration would make the model more realistic. The first is the costs of enforcing patent protection. In
practice, resources are required to enforce patent protection. For instance, the government must allocate
labor to institutions applying laws dealing with patent infringements. Hence, increasing patent breadth
requires more labor resources. Incorporating the costs associated with patent protection might result in
our finding that strengthening patent protection improves Southern welfare being subject to more strin-
gent restrictions. The second factor is trade barriers between North and South. Trade barriers, in the form
of tariffs, for example, are expected to affect both the benefits and costs of stronger patent protection in
the South. For example, the existence of tariffs might induce tariff-jumping FDI from the North and
might intensify the positive FDI-promoting welfare effect of strengthening patent protection. Moreover,
increasing the number of multinationals by strengthening patent protection might reduce the South’s tar-
iff revenue, thereby reducing the welfare of Southern consumers. Incorporating tariffs into the model

might also have other effects that are not easily predictable or ob¥ioAshough these extensions are

these approaches. Adopting either of the other two approaches is beyond the scope of the present paper. However, examining

the effect of these other approaches on the results is worthwhile.
%Related studies examined the effect of trade liberalization using a North—South quality-ladder model. By extending the

symmetric North—North model of Dinopoulos and Segerstrom (1999) to a North—South model, Grieben (2005) examined how

Northern and Southern tariffs affect wage inequality in the North. Grieben and Sener (2009) examined how tariff reductions
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beyond the scope of the present paper, they are worth examining.

Appendix A: Proof of Proposition 6

In this appendix, we prove Proposition 6.
To describe the equilibrium path, we define the following two variables= L,/(ayX;) and
y¢ = Li/v,, each of which is constant on the BGP. Note thais a state variable, wheregsis a jump

variable. From (11) and (33), the wage rates in the North and the South are represented by arsihg
Y-
B 2t

wne =2 and wgy = >t (35)
Yt Ayt

In addition, from (35) and the labor market equilibrium conditions, the innovation rate and the measure

of multinationals in the market equilibrium are expressed by usirandy; as follows:

A:iwm—;m, (36)
2
nee =0 Ls™, (37)
Yt

whereL(3) = Ly + (3/A\)Ls. Given (7), (32), (36), and (37), the market equilibrium path in this

nonscale effect model can be characterized by the dynamic systegaiody; as follows:

L= | E®) - gul. (39
2 v
% = —L(B)z+y:— (p—n). (39)

All of the other endogenous variables are determined by the valugsaofdy;. From (38) and (39)z;
andy; are constant on the BGP and satisfy:
z:m<ﬁgl+p—n> and y:ﬁﬂ_1<z+p—n>, (40)
wherez andy are the values on the BGP. As in the original model, terms without the subscript “t”
represent values on the BGP.
By conducting comparative statics, we can derive the long-run effects of an increasmih and

nr:. Suppose that the economy is on the BGP until patent protection is changed @t Eroen (36) and

affect Northern innovation and Southern imitation in a North—South model in which Northern monopolists engage in rent-

protection activities, which were originally proposed by Dinopoulos and Syropoulos (2007).
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(40), on the BGP, we obtaih= n/u, which is independent g. Thus, strengthening patent protection

does not affect the long-run innovation rate. Meanwhile, differentiating (40) with respgatiedds:

dz Y is
= — = _ - — 0, 41
= 48T T BB-DLE) MG @
_dy Y
T A TR VAN )

By using (37), (41), and (42), we obtain the effect of strengthening patent protection as follows:
dnp/dB = np {EN/[ﬁi(ﬂ)] +n/[w(B — 1)E(ﬂ)z]} > 0, where we use the relationship that=
BL(B)z — (Bn/u) on the BGP from (38). Hence, strengthening patent protection in the South increases
the measure of multinationals in the long run.

Unlike the original model, the nonscale effect model has transitional dynamics begasisestate
variable. Therefore, we must take the effects on the transition into consideration to evaluate the overall
effects of a policy. To do so, we derive the linearized system ahdy; in the neighborhood of the BGP

and compute the transition pathslpfandn ;. The linearized system of (38) and (39) is given by:

(%)(/{z(ﬂ)z gz) (th) (43)

Yt LBy y Yt — Y

Let J denote the Jacobian matrix of the dynamic system on the RHS of (43). The determinaist of
negative as followsdet J = —(8 — 1)uL(8)zy/3 < 0. Therefore, one characteristic root is negative
and the other is positive and, thus, the BGP is a saddle point. Begaisa jump variable, whereas
z; IS a state variable, the market equilibrium path is uniquely determined in this nonscale effect model.
Moreover, we can show that the negative root of the characteristic equation is smallerithawe

let v denote the negative characteristic root and wehlet [1, A]” denote the characteristic vector
corresponding te. Solving.Jh = vh for A yields A = S[v/(uz) + L(B)]. Using the characteristic
root and vector, we obtain the market equilibrium path, including the transition, as follgws: >z +

(20 — z) e’* andy; = y + (20 — z) Ae¥'. By differentiating these expressions with respect teve can

describe the responsesxgfandy; to a marginal increase ifi as the following functions of tim&

dZt t

— = 1—¢¥ 44
B -e), (4)
dyt t

—— = — zgl\e” 4

3 yg — zpAe”, (45)

wherezg = z is used because we assume that the economy is on the BGP at the initial point in time and

thatz; is not jumpable.
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Finally, we derive the complete paths of the effects of a changeon; andnr; from the paths of
2 andy;. By using (36), (44), and (45), we obtaitl;/d3 = (Lsz/\) + L(8)25 + (y/6°) — (ys/B) +
[—E(ﬁ) + (A/ﬁ)} zge’t. By substituting (41), (42), and = B[v/(uz) + L(B)] into this equation, we

obtain:

dIt —Z6 ut
— = (—v)—=e"' > 0. 46
3 (—v) = (46)
This shows that a rise ifi enhances innovation in the short run, although the positive effect vanishes in

the long run because < 0. Likewise, by using (37), (38), (41), (42), (44), and (45), we obtain:

anvt sz n —Z3 vt
— _ _ — A —X&
B " 5@ e vim: TV T

The first two terms on the RHS of (47) represent the long-run effeat-gnwhich is positive. Moreover,

(47)

from A = B[v/(uz)+ L(B)] and (40), we obtaip — zA = —3(v+n)/u. Becauser < —n as mentioned
above,y — zA > 0 holds. This implies that the last term on the RHS of (47) is positive, and thus, a rise

in 3 promotes FDI in the short run as well as in the long run.

Appendix B: The Welfare Effects in the Nonscale Effect Model

In this appendix, we evaluate each of the constituent welfare effects in (34).

First, we can derive the magnitude of the welfare effect through enhancing innovation from (46) as
follows: [ &=~ (log ) [d (fy Irdr) /5] dt = {[1/(p—n)] 1/ (p—n—v) H(log A) (—25)/ (2) >
0. An increase ing enhances innovation in the short run. Thus, the innovation-enhancing effect is posi-
tive in the nonscale effect model, as in the original model.

Second, we evaluate the welfare effect through nominal spending. Because per capita spending
is constant over time in each country, the intertemporal budget constraint can be reduced-to
(p—n) (Aip + W;), whereW; = [ e~ (P~ ,dt for i € {N, S}. Global total initial asset holdings,

Ay, equal the total volume of stocks at the initial point in tira®; = vy x (ny,0 + nro) = Lo/yo. By
using¢ = Ay oLy /Ao, which denotes the share of assets held by Northern households at the initial time
period, the initial asset holdings of a consumer in the North and South are givégr by= ¢/(Lnyo)
andAsy = (1-¢)/ (Lsyo), respectively. By substituting these expressions Hitand then differentiat-

ing with respect t@3, we obtain the following expression for the changéoig) E; caused by an increase
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LdB; o Ldw) L 1 dW,
Edﬁ _(1_¢1)< ydﬂ>+¢zWi dﬁa (48)

where¢; € [0,1] denotes the ratio of labor income to total household wealth in counttyat is,

¢; = W;/[E;/(p —n)]. In (48), we usey, ~ y because the change in the level of a variable following a
marginal increase if¥ is infinitesimal. Because the changdadg E; is constant over time, the magnitude
of the nominal spending effect is given by the RHS of (48) multiplied o{p — n), the sign of which is
ambiguous.

Third, we evaluate the welfare effect through promoting FDI. Given (47), a riseimereases: r
at each point in time from periodl Therefore, the FDI-promoting effect is clearly nonnegative.

Fourth, we evaluate the welfare effect through raising marginal cost. By using (35), (41), (42), (44),
and (45), we obtain(1/ws)(dws,/dB) = (1/8) + (z5/2) — (ys/y) + [(y — 2A)(~z5)/(zy)]e”* =
ALy — ul(p/m) — 1) LsHB + ul(p/n) — 1} Al + BLs)™ + [(y — 2A) (—25)/(2y)]e”". The
first term on the RHS of this equation represents the long-run effeab on the sign of which is
ambiguous. The sign of the second term is positive. Therefore, the sigw©f/dg is ambigu-
ous. The welfare effect through raising marginal cost is giveryBye~(*~"(—dlog wg,/d3)dt =
—(1/ws) 57 e~ P~ dwg,/dB)dt = —1/[(p — n)Ws](dWs/dB). The sign of this effect is ambigu-
ous.

Finally, we can derive the welfare effect through reducing competition simply as foIIQW&*P—”)t
(—npye/B)dt = —np/[B(p — n)] < 0. We have used, = np because the changeiin-, following a

marginal increase i@ is infinitesimal. Thus, the competition-reducing effect is negative.
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Appendix C: The Conditions for 0 < np < land/ > 0

In this appendix, we show that we can guarariteenr < 1 when(\ — 1)Lg < Ly + pay holds, and
that/ > 0 wheng > (3., holds. Moreover, we show that> 3, if (A —1)(Ly + Lg) > pan.

First, we consider a parameter condition to exclude the equilibrium in which all firms possessing
patents move to the South. If patent protection is sufficiently strong in the South, thatis sififficiently
high (or close ta\), all firms that succeed in innovation may choose to become multinationals and shift
their production to the South. In this case, no firm engages in production in the North, so that the
proportion of multinationalsy -, is equal to unity. In order to exclude such an extreme case, we assume
that(\ — 1)Lg < Ly + pan. Once we assume that the values of the parameters satisfy this inequality,
np is less than unity even under the strictest patent protection in the South\j from (17).

By contrast, when patent protection is sufficiently weak in the South, that is, @igsufficiently
low, no firm can conduct R&DJ = 0). Specifically, from (18), innovation ratetakes a value of zero

if and only if:

B < Bmin=2""(1 = ALn/Ls) + v/272(1 = ALn/Ls)? + A(Ly + pan)/Ls.

Furthermore, if3,,;, > A, no firm conducts R&D even under the strictest patent protection in the
South. In order to exclude such an extreme case, we assume that the values of the parameters satisfy
(A=1)(Ly + Lg) > pan. Once we assume that the values of the parameters satisfy this ineguality,

is positive, at least undgt = A from (18).
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Appendix D: Proof of Footnote 24

In this appendix, we prove the assertion in footnote 24. It is sufficient for the proof to shol;thatis
higher than;(3) for any 3 € [1, Biin] if ay < (A —1)(Ly + Lg)?/ {[(A+ 1)(Ly + Ls) + ALs] p}.

To verify this, we first compute the welfare of each consumer when there is no innovation; that is,
Ui(B) for B € [1, Bnin]. If I = 0, thennp; = 1 — ALywg; holds from (9). Substituting this equation
into (8), we obtainug = 1/(ALy +3Ls) andnp = BLg/(ALx +[Ls) for 3 € [1, Bnin]. This implies
thatwy = A/[B(ALy + BLs)] for 3 € [1, Bmin) because (11) holds evenlif = 0. By substitutingwg

andwy into (20) and (21), we have:

C(B—1)(ALy + BLs) + ALy

AN VA

)

(1-¢)(B—1)(ALn + BLs) + BLg

E = — —
8 BLs(\Ly + BLs) ’

for 5 € [1, Bmin]. Thus, from these equations and (25), we can compité) for 5 € [1, Bnin] as

follows:

UN (6) = BLN
BLs
ALy + Lg

3 1{log C(B—1)(ALy + BLs) + ALy

+ (log)\—logﬁ) —log)\},

Us(B) = * {log (1-¢)(B - 1)(2LLZ + ALg) + ALs

BLg > }
+——"—— (logA —lo —log A} .
w1 L (08 ~log ) —log
Next, we derive the welfare of each consumer whea \; that is,U;(\). Substituting (15) and (16)

into (20) and (21) yields the equilibrium values of each consumer’s spending fvhen:

1 Cpan
Ey = 1), 49
N LN+Ls+paN(LN ) (49)
1 (1—C)pan }
Eq = +1]. 50
s Ly + Lg + payn { Lg (50)

Therefore, substituting (16)—(18) and (49) into (25) yields:

1 flogh [A—1L L
UN()\):{Og [ 5 N S—i]—klog(%—kl)—log)\}.
pl p an N
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Likewise, from (16)—(18), (25), and (50), we obtain:

1 [logA [A=1L L
P p an
(B

Next, we comparé/;(3) with U;()\). By subtracting/ )from Un(A), we have:
- 1 (logA [A—1L L
UN()\)—UN(/g)_{Og [ N S—p]+1 <Cp+1)

p p A an A Ly
L C(B=1)(Ly+BLs)+ ALy  PLg o }
log Bn Now 1 ALs (log A —log ﬁ) . (51)

Note that the sum of the second and third terms in (51) satisfies the following inequality:

Cpay ¢(B—1)(ALy + BLg) + ALn
( In + 1> log BLN

(panf + BLn
¢(B—1)(ALy + BLs) + ALy
> log [0 ~ DALy + BLs)G/A] + GLy
- C(B—=1)(A\Ly + BLs) + ALy
=log 3 — log A,

= log

where the inequality on the third line uses the fact that > (3—1)(\Ly+3Ls)/A must hold because
(B = DILy + (B/AN)Ls]/ (Ban) — (p/B) < 0for B < Bpin from (18). ThusUn(A) — Un(5) must
satisfy the following inequality for ang € [1, Bmin]:

N A

—i] +log 5 — log A

p A an
BLs —}
5 (logA—1o
N + oLs 1987 718 7)
1 A—1Ly+ Lg 1 BLS :|
— Zd(logn) |2 2ENTES o g PSS
p{( g ){ N pay A ALn+/Ls

= BLs
Hlog ) <1 Y +ﬂLs>}

where the last inequality uses the condition that< (A—1)(Lx+Lgs)?/ {[(A+ 1)(Lyx + Ls) + ALs] p}-

> 0,

Therefore, the welfare of each Northern consumer is higher Wwhem than when there is no innovation
if ay < (A —1)(Lx + Ls)?/ {{(A+ 1)(Ln + Ls) + ALs] p}.

We can also show thdfs()\) — Us(3) is positive if the condition is satisfied. Subtractitig(3)
from Ug()\) yields:

Us(3) - Us(F) = 1{log)\ [A—lLNJrLS_p] +log[(l—g)pa]\/+l]

P P A an A LS
o (-9 -1)(\Ly +BLs) +BLs  PBLs 1
log Ls Now & ALs (log A —log 6)} . (52)
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The sum of the second and third terms in (52) satisfies the following inequality:

log [(1 —LC;PGN n 1] ~log (1= - 1)(%21;1 + BLs) + BLs
(1 —¢)panp + BLs
(1=¢)(B—1)(ALn + BLs) + BLs
[(1—=¢)(B—1)(ALny + BLs)B/A] + BLs
(1—=¢)(B—1)(ALn + BLs) + BLs
> log 3 — log A,

= log

> log

where the first inequality uses the fact thaty > (3 — 1)(ALy + BLg)/A must hold becausg? —

DLy + (3/NLs]/ (Ban) — (/) < 00r B < Bonin from (18). Thusls(A) — Us(5) must satisfy

the following inequality for any3 € [1, Brninl:

A an

__ BLs
ALy + BLgs

A—1Ly+Ls 1 BLs

- p{(logk)[ N pany N _ALNMLS]

> BLs
Hlog ) (1 Y +ﬁLs)}

_ 1 (logA [A—1Ln+L _
Us(\) — Us(B) > p{oi [ N+ S—i]%—logﬁ—log)\

(log A — log 5)}

> 0,

where the last inequality uses the condition that< (A—1)(Lx+Ls)?/ {[(A+ 1)(Ly + Ls) + ALs] p}.
Thus, the welfare of each Southern consumer is higher when\ than when there is no innovation, if
an < (A —=1)(Ly + Lg)?/{[(A+ 1)(Lx + Lg) + A\Ls] p}.

We have confirmed that when the valuetis so low that no R&D is undertaken, consumer welfare

is not maximized ifay < (A — 1)(Ly + Ls)?/{[(A+ 1)(Ly + Lg) + ALg] p}.
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Appendix E: The Sufficient Condition of Lg for Proposition 3

In this appendix, we show that the condition given in Proposition 3 holds irrespectilig; off Lg

satisfiesLs > Apay/[(log A)(2A — 1)]. From (17) and (19), we can show theth) = <82 4L —

np _ logA |1 (Ly Ls | _ Ls i i i i
=, |:>\2 (aN +p) + MN] InTTotpay IS anincreasing function dfLy /an) + p. Because

we focus on the equilibrium in whichy < 1, it follows that(Ly /an)+p > (A—1)Lg/an necessarily
holds. Therefore, iff(A\) > 0 when(Ly/an) + p = (A — 1)Lg/an, thenf()) is necessarily positive
for any value of(Ly/an) + p. Substituting(Ly /any) + p = (A — 1)Lg/an into f(\), we find that

f(A) > 0holds if Lg > Apan/ [(log A)(2A — 1)].
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Appendix F: Analysis of the Effects of an R&D Subsidy

In this appendix, we analyze how an R&D subsidy influences the welfare effect of strengthening patent
protection in the South. To do this, we modify our model by incorporating the following three assump-
tions, as stated in the text. First, the Northern government subsidizes entreprensis<yr percent

of R&D costs, wherep € [0,1). Second, the subsidies are financed by a lump-sum tax levied on North-
ern consumers. Third, the Northern government runs a balanced budget at each point in time. Taxation

by the government changes the intertemporal budget constraint of the consumers in casifibtiows:

o0 t o0 t o0 t
/ e~ fo TSdsEi,tdt — A@O + / e~ fo TSdswi7tdt _ / e fo TSdSTi,tdt, (53)
0 0 0

whereT;; is the amount of tax levied in countryat timet. Note thatTs; is equal to zero because
Southern consumers are not taxed. To achieve the balanced budget, the Northern government must

equalize its revenue and expenditure:
LNTNt = spwnanly, (54)

where the LHS represents tax revenues and the RHS represents the subsidy payment, which is equal to
sg times the wage paid to workers engaging in R&D.

The subsidy influences the profitability of R&D because it decreases the costs of R&D for en-
trepreneurs. As a result, the following condition, which is a generalized version of (4), must be satisfied

in equilibrium to ensure nonpositive profit in the R&D process:
unt < (1 —sp)wnian  With equality if 7, > 0, (55)

where the LHS represents the expected gain from R&D and the RHS represents the cost of R&D.
Because the zero-profit condition in the R&D sector is influenced by the subsidy, the values of the

endogenous variables also depend on the subsidy rate. Hereafter, we focus on the equilibrium, in which

the innovation rate/;, and production in the Nortmyx; = 1 — npy, are strictly positive. From the

zero-profit condition (55), the Northern wage is equaktQ; = v./[(1 — sg)an]. Substituting this

expression, (11), (12), antly; = 1 — np, into (9) yields:

_ Ly + (B/A)Ls 1-— SR

I
t . Bor (56)
From (3), (7), and (56), the dynamic equation fgiis:
L AL
o= | T BNLs TSRy (57)
an p
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Becausey; is a jump variable, equation (57) shows thatmust jump at the initial time period to the

following steady-state value:

(B — sr)an
v = . 58
By + (B/)Ls + pan] ©9
Therefore, from (11), (12), (55) and (56), the other endogenous variables immediately jump to their

steady-state values, as is the case whenr- 0. The steady-state valuesofy;, andwg; are:

B —sr
(1 —sr)B[LN + (B/N)Ls + pan]’

(59)

WN =

(B—sr)/A

(1 —sg)[Ln + (B/A)Ls + pan]’ (60)

wg =

which reduce respectively to (15) and (16%j = 0. Furthermore, by substituting (58) and (60) into

(12) and (56), we have the steady-state valuesgfand;:

(B —sr)(B/A)Ls
(1 =sgr)[LN + (B/A)Ls + pan]’

(61)

ngp =

o Bl Ly +(8/NLs (1= sm)p 2)

B—sr an B— SR

which are equal to (17) and (18)4k = 0.
Next, we compute the equilibrium value of spenditg, From (53) and-; = p, E; satisfies the

following relationship:
E; = pAijog+w; —T; (63)

whereTs = 0 andTy = sgpwyanI /Ly, both of which are constant over time. Summing the spending

of all consumers yields:
E=ENLy + EsLs = pAg + (Lywy + Lswg) — LTy = 1, (64)

whereAy = AnoLn + AsoLgs, and the last equality holds because of the normalizationfhat 1

for all t. By substituting (64) into (63), we can represéhtas follows:

By = (2 4 (1= O — T),

1—(wy —Tn)L

N
65
s + Cws, (65)

Es=(1-)
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Whereg = AN,OLN/AO-
In this extended model, as in the original model, strengthening patent protection in the South af-
fects the welfare of the South through the five channels shown in (26). First, increasing patent breadth

increases welfare through enhancing innovation. The magnitude of this innovation-enhancing effect is

given by:
loghdl logA [ 1—-sr (Ly Ls (B8—sr)(B—1)+ B(1 —sgr)
P> dB P2 [(ﬁ —sR)? <aN * p) - Aay (B — sr)? =0 (66)

Note that the magnitude of the innovation-enhancing effect tends to be an inverted U-shaped function of

sg- This can be shown by partially differentiatiad /d 5 with respect tosp as follows:

I —sg[(28—1)Ls + MLy + pan)] + BLs + (2 — B)A(Ln + pan) (67)
dsrop Xan (3 — sg)3 '

Because’ < 23 — 1 and2 — 3 < 1, % is positive if and only ifsg is less than a critical value:

Sgp = [BLs + (2 — B)NLN + pan)]/[(28 —1)Ls + A(Ly + pan)]. ThereforedI/ds is increasing

with sg if sg < §gr, and is decreasing witky, if s > Sg.

Second, increasing patent breadth raises the welfare of the South through raising nominal spending.
Third, increasing patent breadth decreases welfare through raising the marginal cost of production. To
examine the magnitude of the sum of these two effects, it is useful to comytes. By substituting

(54), (59), (60), and (62) into (65), we obtain:

Bs (1= Opax

Therefore, differentiating the logarithm of (68) with respecbBtgields the sum of the nominal spending

(68)

effect and the marginal cost effect as follows:

1/ 1 dEg 1 dws) (1—-sg)(1—0)
p ( ) a [ﬁLs/()\paN) + (1 — SR)(l _ C)]ﬂp < 0. (69)

Equation (69) shows tha (%% — LS%S) is increasing withs

S

9 [1 <18Es16ws)] _ (1-¢)Ls/(Mpan)
dsp |p \Es 08 ws 0P [BLs/(Apan) + (1 = sr)(1 = O)?p

Fourth, increasing patent breadth raises welfare through promoting FDI. By differentiating (61) with

Eg dB  wg df

> 0. (70)

respect tqg3, we can derive the magnitude of the FDI-promoting effect:

(log A —log B) dnp (log A —log 3)(B/A)Ls _ (B/A)Ls + (sr/B)(Ln + pan)

P dg B (1 —sgr)[Ly + (B/X)Ls + pan]p Ly + (8/A)Ls + pan
0. (71)

Y
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By partially differentiatingdn - /d3 with respect tasz, we obtain:

Pnr (B/))Ls o BNLs + D)Ly +pax)] ) 7
05708 (L= sp)’[Ln + (B/NLs + pan] Ly + (B/NLs + pax |

Therefore, the FDI-promoting effect is increasing with

Fifth, increasing patent breadth lowers welfare through the competition-reducing effect. From (61),

the magnitude of the competition-reducing effect is given by:

ne _ (B-sn)(/NLs 73

“Bp (1—sg)[Ly+ (B/N)Ls + pan]p

This equation shows that the competition-reducing effect is decreasing prith

0 (_ne) __ (8-1)(1/NLs
aSR< ﬁp> B (1_8R)2[LN+(ﬁ/)\)LS+pCLN]p < 0. (74)

In summary, the effect of strengthening patent protection on welfare in the South is represented by

substituting (66), (69), (71), and (73) into (26).

The marginal effect of the R&D subsidy on the welfare effect of stronger patent protection is rather
complex and not necessarily monotonic. As shown in (67), the R&D subsidy increases the positive
innovation-enhancing effect forgy < §g, but decreases it forgp > $g. In addition, as shown in (70)
and (72), the R&D subsidy lessens the combined nominal spending and marginal cost effects, which
are negative, but also increases the positive FDI-promoting effect. However, the subsidy exacerbates the
negative competition-reducing effect, as shown in (74). The total marginal effect of the R&D subsidy is
given by the net effect of these changes.

According to our numerical analysis, whether the introduction of an R&D subsidy gives the South
an incentive to raise its patent protection to the maximum is ambiguous. For some parameter values,
the introduction of an R&D subsidy might increase the marginal welfare effect of strengthening patent
protection. For example, suppose that = 103, A = 14, Ly = 1, Lg = 12, p = 0.05, and
¢ = 0.6. Inthis case,deﬁ(A) < 0 and the South’s optimal patent breadth is less thénsp = 0 (Figure
1). However, becaus@;ljlf—a(g) - > 0 in this case, the Northern government can induce the South

to strengthen its patent protection indirectly by introducing an R&D subsidy. In fact, if the Northern

government subsidizes R&D by 10 percent of costs£ 0.1), the sign of%ﬁm becomes positive and

maximum patent protection becomes optimal for the South (Figure 2). By contragt=f 85, A = 2,

Ly =4,Ls=0.5,p=0.05 and¢ = 0.7, dUdSﬁ(A) < 0foranysg € [0,1) (see Figure 3). Therefore, in

this case, the strongest patent protection is suboptimal for the South no matter what the subsidy rate.
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Figure 1: Patent breadth and the welfare of the South: the case f 103, A\ =14, Ly =1,Lg = 12,
p =0.05,( = 0.6, sg = 0. Note that3,,;,, ~ 1.397 in this case.
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Figure 2: Patent breadth and the welfare of the South: the case f 103, A\ =14, Ly =1,Lg = 12,

p =0.05,( =0.6, sg = 0.1. Note thatG,,;, ~ 1.365 in this case.
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Figure 3: Subsidy rates and the marginal effects of changing patent breadth at the maximum patent
protectiond = X: the case oy =85, A =2, Ly =4, Lg = 0.5, p = 0.05, = 0.7. Itis required that

sr < 0.939fornp < 1.
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Appendix G: Proof of v < —n

In this appendix, we show that < —n. The characteristic equation of the Jacobian matfixof the

dynamic system (43) is given by the following quadratic equation:

F(z)=2° - [—,ui(ﬂ)z + y} x — (1 - ;) pL(3)zy = 0.

By the definition ofF’, we have:

F(—n)=n?+ [—ui(ﬁ)z + y} n— (1 — ;) pL(B)zy. (75)

From (38),.L(83)z = n + (uy/ () holds on the BGP. Substituting this and (40) into (75) yields:

o = s s o) o )

(n—=pBmn+(B-1) (n+;uy>} ;y
= —_(u—l)n+ﬁgluy} ;y

e (ren))
= —n——+(=+p—n)| zuy

L w % B

1
= —PohY
g

< 0.

This result proves that < —n because is the negative root of the quadratic equatiofx) = 0.
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Appendix H: Proof of Proposition 7

In this appendix, we prove Proposition 7 by deriving the parameter values at which the total welfare
effect is positive.

For that purpose, we first decompose the sum of the nominal spending effect and the marginal
cost effect into parts that can each be signed. Beclilise= Wy /A holds from (35), we obtain
(1/Wg) (dWg/dB) = (1/Wn) (dWn/dB) + (1/8). Using this and (48), we can rewrite the sum of the

nominal spending effect and the marginal cost effect for Northern households as follows:

/oo 6,(p7n)t<d10gEN B leng’t>dt
0

48 48
1 ldw 1 dwy) 1
=o-al ¢“< yds Wy w3> B —n) (76)

where0 < 1 — ¢n < 1 by the definition ofp;. Likewise, the corresponding expression for Southern

households is:

/oo e_(p_n)t(dlog Eg  dlog ws’t)dt
0

3 8
_ 1 ldy 1 dWn\ . 1
—p_na—¢@<—yﬂ3 - ﬂ3> (1= 69) 5 7)

where0 < 1 — ¢g < 1. The second terms on the RHS of (76) and (77) are negative. Meanwhile, we can

compute(1l/Wy) (dWx/d3) in the first terms on the RHS of (76) and (77) as follows:

2 N pon / T emmi 2Nt gy
WN dﬂ WN 0 dﬂ

= (p— n)y/ e~ (p—n)t [Zﬁ (1 — e”t) — % (yg — nge”t)} dt
0 Yy Yy

z

:%G_fhn)_w+%Apﬂl7
Z p—n—v Y Yy p—n-—v

where the second equality uses (35), (44) and (45). From this and (45), we have:

1 dyo 1 dWy 1 2ﬁ< p—n > ys 23, p—n
7 %79 [ty [ PN G V£ W
yds Wy dp y(yﬁ oh) z p—n—v y oy p—n-—v
-T2 (12
2y p—n—v
> 0,

where the inequality holds becauge- zA = —3(v + n)/u > 0 andv < 0. Consequently, the first
terms on the RHS of (76) and (77) are positive. This implies that the sum of the nominal spending effect

and the marginal cost effect is necessarily greater than or equdlA@ (p — n)].
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If the innovation-enhancing effect outweighs the sum of the competition-reducing effeltaid—
n)], the total welfare effect for Northern households is positive. This is because the FDI-promoting ef-
fect is nonnegative. Further, in this case, the total welfare effect for Southern households is also positive
from (34) and (77). Hence, a rise fthimproves welfare in both the North and the South if the following

inequality holds:

1 1 log A —z 1
o) () g g o
p—n p-—n-v I z Blp—n) Blp—n)
innovation-enhancing effect competition-reducing effect the negative part in the sum

of nominal spending effect
and marginal cost effect

Because-n — v > 0 as shown in Appendix G, (78) holds (fp%n - %) (%) (f") > ghEs +

1 . . - . .
r=ok This inequality can be rewritten as:
nlog A - ngp+1 < z )
p B \-z)

Substituting (37), (40), and (41) into the RHS of (79) yields:

()] Joor

whereQ(3) = %. Because&2(3) is an increasing function of, the RHS of (79) is an

increasing function of3. Therefore, if inequality (79) holds & = A, inequality (79) holds for all

(79)

(B/M)L

S
i) Q(p)

B+ (B—1)

B € (1, A]. Consequently, we can show that a risgsirmproves welfare in both the North and the South
if (79) holds atg = .

Substitutingd = X into (79) and then rewriting the resultant expression yields:
n log A

2N > O\ , (80)
A+ (A—=1) LsQ(N) p o

where we usd.(\) = Ly + Lg = 1. This implies that inequality (79) holds irrespectivelof if

ﬁlog)\
p M

> Q). (81)

If the parameters do not satisfy (81), we can rewrite (80) as follows:

~ A nlogA
L AT
S A=1p p

_Elog)\
p K

-] [a0y ]_1 RO (82)

The set of values df 5 that satisfies (82) becomes emptyijf/p, andy. do not satisfAn(log \)/ [(A — 1) p] >
uQ(N). However, assuming that is sufficiently low ensures thatn(log \)/ [(A — 1) p|] > uQ()\) be-

causeu2(\) = p + (1//1)4);(% is an increasing function of.

— 50 -



Thus, if\, n/p, andy satisfy (81), or ifL¢ satisfies (82), strengthening patent protection in the South
improves the welfare of Northern and Southern households.

The result shows that the inequality is more likely to hold the lowergs Why is this? From (46),
the smaller isLg, the weaker is the positive effect on innovation in the short run. This is because a
decrease ilLg lowers—zg/z from (40) and (41). Thus, the lower Isg, the weaker is the innovation-
enhancing effect. On the other hand, from (37) and (40), the smalleg,ishe lower is the measure
of multinationals,nr and, thus, the weaker is the competition-reducing effect. Despite the fact that
the smaller isLg, the weaker are the positive and negative welfare effects, the weakening of the latter
outweighs the weakening of the former. This can be verified by the fact that the RHS of (79) is an
increasing function ofg. Hence, the lower id g, the more the positive welfare effect outweighs the

negative welfare effect.
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