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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 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 overcomes the latter negative one, and introducing 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.
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1 Introduction

Recently, many developing countries have been pressed to strengthen intellectual property rights (IPR)
protection. An agreement on Trade-Related Aspects of Intellectual Property Rights (the TRIPs agree-
ment) claims that all World Trade Organization (WTO) member countries should adopt a set of minimum
standards on IPR, including patents, copyrights, etc., and strengthening IPR protection is often a require-
ment for developing countries to enter the WTO. However, most developing countries seem to be afraid
that stronger domestic protection of IPR may damage their economies. Some empirical studies show that
strengthening IPR protection in developing countries tends to cause an income transfer from developing
countries that have only a few or no patents to developed countries, which have many’pHimneser,

in order to judge whether strengthening IPR protection in developing countries is beneficial or harmful
in reality, it is important to examine how strengthening IPR protection in developing countries affects
their welfare, not their income. Is strengthening IPR protection in developing countries really harmful to
their welfare?

The present paper examines how strengthening patent protection in a developing country affects its
welfare, considering all the effects through changes of 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). Generally,
there are some modes of technology transfers 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. FDI is one of the most important modes of such technology transfer and accounts for
the largest share of all modes of technology transfer in most developing countries, including China and
Brazil.

The present analysis obtains the following two main results. First, the model shows that strengthen-
ing 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 en-

IMcCalman (2001) estimated income transfers brought about by patent harmonization as a result of the TRIPs agreement.
His result implies that only a few developed countries, including the United States (US) could benefit from cross-country
income transfers by strengthening patent protection, whereas all other countries actually lose some of their income as a result;
for instance, the net transfer from Brazil amounts to 28% of GDP. Moreover, Yang and Maskus (2001a) and Park and Lippoldt
(2005) examined how US 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.



hancement of FDI further promotes innovation in the North because it reduces the labor demand of the
production sectors in the North and directs more labor resources to research and development (R&D).
On the other hand, an increase in multinationals resulting from the strengthening of patent protection
causes an increase in labor demand in the South and thus 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 with only a few patents.

In our model, strengthening patent protection in the South affects welfare through three channels,
as follows. The first channel ihrough enhancing innovationstrengthening patent protection pro-
motes innovation and consequently raises welfare. The second chatimeligh the change in nominal
spending as mentioned above, strengthening patent protection raises the wage rate in the South and thus
increases the nominal spending of Southern consumers, which raises welfare in the South. Meanwhile,
strengthening patent protection lowers the wage rate in the North and thus decreases the nominal spend-
ing of Northern consumers, which reduces welfare in the North. The third charthebiggh changing
prices of goodsthe sign of this effect is indeterminate because strengthening patent protection affects the
prices of goods positively and negatively. In more detail, the third channel can be decomposed into the
following three effects. First, there is a welfare effect that occurshf@ugh promoting FDI strength-
ening patent protection lowers the prices of some goods by increasing the proportion of goods produced
by multinationals 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 occurs (brough raising the wage in the Soutstrengthening patent protection raises
the wage rate in the South and enables production firms to charge higher prices for their goods because it
raises the marginal cost of rival firms, which consequently reduces welfare. The last effect is the welfare
effect that occurs (dhrough reducing competitiorstrengthening patent protection allows the multina-
tionals to charge higher prices for their goods because it reduces competition with non-patentees, which
reduces welfare. As a result of this analysis, we show that the positive welfare effects can overcome the

negative welfare effects.



In the theoretical literature on technology transfer, a number of earlier studies have examined how
strengthening IPR protection affects innovation and FDI. Such studies include Helpman (1993), Lai
(1998), Glass and Saggi (2002), Glass and Wu (2007), and Mondal and Gupta{2868&gver, with
the exception of Helpman (1993), none of the above studies has conducted welfare analyses, mainly
because the equilibrium paths in their models are complicated.

One of the few studies dealing with the welfare effect of IPR protection in developing countries is
Helpman (1993), which consisted of two welfare analyses: first, a welfare analysis in a North—South
model where the only mode of technology transfer is illegal imitation; and second, a welfare analysis in
a model where the means of technology transfer is FDI. The former analysis examined how lowering the
probability of imitation by Southern firms of Northern products—which is caused 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 because of the hampering of innovation. The latter analysis,
which is more relevant to the present paper in that it deals with FDI, showed a similar result to the first
analysis 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 this pessimistic result shown in 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 the 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 results of the present
paper imply 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 must briefly note the setting of patent protection in the present paper. There are two instruments of
patent policies: patent length and patent breadth. Patent length refers to the duration for which a patentee
can sell the patented product monopolistically, whereas patent breadth refers to the scope of products

that patentees can prevent firms without patents from producing and selling. The present paper focuses

2As well as FDI, licensing can play an important role in technology transfer in the development process, as has occurred
in Korea, Taiwan, and Japan, for example. Some studies have constructed North—-South growth models where the mode of

technology transfer is not FDI but licensing; see, for example, Yang and Maskus (2001b) and Tanaka et al. (2007, 2008).
3Extending the model of Helpman (1993), Grinols and Lin (2006) analyzed the welfare effects of strengthening patent

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

analysis. In addition, in contrast to the present model, their model does not include FDI.
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on the effects of extending patent breadth to evaluate analytically the welfare effect of the stronger patent
protection in the South. In contrast to the present paper and other studies that use the imitation rate as
a parameter of IPR protection, Dinopoulos and Kottaridi (2008) focused their analysis on the effect of
changing patent lengthThey analyzed the effects of patent harmonization, whereby the South’s patent
protection was strengthened to the same level as 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, they did not evaluate the welfare effects of strengthening patent protection because of
the complexity of the model with a finite patent lengtin contrast, by keeping the model as simple as
possible, we can examine welfare on the equilibrium path fully and obtain clearer results on the welfare
effects of strengthening patent protection through the change in patent breadth.

The rest of the paper is structured as follows. Section 2 describes 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. Section 5 provides concluding remarks.

2 The Model

We develop a dynamic general equilibrium model such that FDI is introduced into a quality-ladder model,
in contrast to Lai (1998), where FDI is introduced into a variety-expansion model. Our model has the
same basic structure as Grossman and Helpman (1991, Ch. 12).

Consider an economy consisting of two countries, North and South, which are denalédubg
S, respectively. The population size of counirg {N, S} is given byL; and each agent supplies one
unit of his or her labor inelastically at each point of 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 countable infinite
number of “generationsf = 0, 1, - - - and each generation progresses one step ahead if innovation occurs
in the industry. Therefore, productof generatiory can be produced after thj¢h innovation in industry

w. As described later, innovation occurs as a result of successful R&D efforts by firms. We assume that

“Most of the existing studies dealing with patent protection, such as Kwan and Lai (2003), have used the imitation rate as a

parameter of patent protection.
5In the theoretical analysis of patent length, the dynamic property of the equilibrium paths tends to become rather compli-

cated. For example, Futagami and Iwaisako (2007) investigated analytically the characteristics of the equilibrium paths of the
economy with a finite patent length and showed that, even if the production structure is a dikiftgoe, the equilibrium

paths exhibit oscillations.



products of different generations have different “qualities” from each other, and the quality of product
w of generatiory is provided byg;(w) = A, where the increment of quality between generagi@nd
j+ 1, X > 1, is identical for all products. We choose our units appropriately so that the generation

number is zero and the quality is equal to unity for all goods at timeD.

2.1 Consumers

Consumers living in country € { N, S} have the following lifetime utility:

Ui:/ e Pt log u; 4dt, Q)
0

wherep is a common subjective discount rate doglu; ; represents instantaneous utility at time/Ne

specify the instantaneous utility function as:
1 .
log u; s = / log g gj(w)d 4 (w) | dw, (2
0 -
J

whered§7t(w) denotes the individual's consumption of gaowf generationyj at timet.® The represen-
tative consumer maximizes his or her lifetime utility (1) under the following budget constraint:

/000 e b "SdsEi,tdt = Ao+ /000 e ho T“"dswiytdt, 3)
wherer, is the interest rate that consumers in both countries face attifig 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, namely:
1
Ei; = /0 > pjsw)d) () | dw,
J

wherep; .(w) is the price of produat of generatiory at timet.
This consumer’s utility maximization problem can be solved in two stages. In the first stage, the
consumer allocates his or her spendifig to maximizelog u; ¢, given prices at time¢. To solve this

static problem, the consumer allots identical expenditure shares to all products. Then, for each product,

8In this model, we implicitly assume that the product with a quality level that lies between the latest generation and the
second-latest generation can be potentially produced and consumed as well as the latest-generation product. However, as
mentioned below in subsection 2.2, owing to the pricing behavior of the firms that possess the patent on the latest-generation
product, only the product of the latest generation is produced and consumed in each goods sector. Thus, we describe the
instantaneous utility as (2) as consumers cannot consume a product with a level of quality that lies between the latest generation

and the second-latest generation.



the consumer chooses the single generafioa J;(w) that carries the lowest quality-adjusted price

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

. E; t(w) forj = Jy(w),

@y (w) = it/ Pjt(w) j=Ji(w)
0 otherwise.

In the second stage, the consumer chooses the time pattern of spending to maximize his or her lifetime

utility (1). This intertemporal utility maximization requires thﬁy,t/Ei,t = r, — p. By taking the

aggregate spending as the numeraire, we normaljize En Ly + Eg;Ls = 1 for all t so that the

interest rate; always corresponds to the subjective discount pelte

2.2 Production

We assume that each economy has a single primary production factor—labor. The amounts of total labor
supplied in the North and the South are constant and givehpyand Lg, respectively. As in most
related studies, we assume that labor is not mobile 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 with the typical setting adopted by,
for example, Grossman and Helpman (1991), we assume that firms in coun{riy, S} other than the
inventor of the latest-generation product have the technological capacity to make the product of a quality
that lies between the latest generation and the second-latest generation by imitating the product without
undertaking R&D efforts if and only if the inventor is located in countrilowever, the existence of the
patent legally guards the inventor from imitation. Thus, as mentioned below, the highest quality that the
other firms can produce depends on the degree of patent protection in the country.

In the present paper, we consider that the inventor of a latest-generation product can select the lo-
cation of production, i.e., it 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 can shift production
from the North to the South instantaneously without any cost if the firm chooses to undertaféf FDI.

the firm elects to shift production to the South, the firm can use Southern labor, which is cheaper than

"This normalization is a convenient method for examining the dynamic behavior of the economy. See Grossman and

Helpman (1991, Ch. 12).
8We can extend the model to include the cost of FDI. However, the results remain almost unchanged.



Northern labor, which allows the firm to obtain higher profits at each point of time. However, a firm that
chooses to undertake FDI is faced with more intense competition from potential rivals than is a patentee
located in the North 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 any
transportation costs or tariffs.

Before considering how the patentees decide whether to undertake FDI, we must consider how gov-
ernments protect patents in the North and the South. Generally, there are two instruments influencing
the degree of patent protection. One is the patent length, which represents how long the patentee can
produce and sell the product exclusively. The other is the patent breadth, which refers to the scope
of products that the patentee can prevent other firms from producing and selling. In the quality-ladder
model, products of different qualities within the same product line are perfectly substitutable, and thus
patent breadth represents the degree of quality that the government permits other producers t8 produce.
In reality, 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?

In the present paper, we consider the patent breadth as follows. When the state-of-the-art quality of
productw is given byg;(w), firms other than the patentee of the state-of-the-art quality cannot legally
produce product with a higher quality thaw; (w)/3;, whereg; € [1, A]. Then,3; can be interpreted as
representing the patent breadth in couritrin this setting, a highes; implies a broader patent breadth:
if 8; is equal to\, then patent protection in countiys at its maximum; if3; is equal to one, then patent

protection in country is nonexistent!

®Strictly 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; whereas 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 that we use in the present
paper corresponds to lagging breadth. O’Donoghue and Zweimuller (2004) examined how a change of leading breadth affects
innovation and welfare in a closed economy. On the other hand, similarly to the present paper, Li (2001) analyzed the effect on

innovation of changing lagging breadth in a quality-ladder model. However, he focused on the analysis of a closed economy.
19Judd (1985), Iwaisako and Futagami (2003), and Futagami and Iwaisako (2007) examined how changing patent length

affects social welfare. As shown by Futagami and Iwaisako (2007), the equilibrium paths under finite patent length become

more complicated.
we can consider a patent breadth that is broader haHowever,8; > A means that the patent of the state-of-the-art

quality excludes even the production of the good of the second-latest generation on the same product line, that is, the product
invented by the previous innovator. Such a broad patent breadth seems to be somewhat unrealistic. Thus, we assume that the

patent breadth3; = ), is the strictest patent protection in our analysis.



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 with the patent of a state-of-the-art
good is such that the other firms cannot earn any positive profit by entering the market for the good.
That is, the leader firm chooses to adopt a limit pricing strategy. To put it concretely, the patentee of the
latest generation of product, the quality of which is equal ta/, adopts a pricing strategy such that
the quality-adjusted price of the good is not higher than the quality-adjusted price charged by the other
producers. If the patentee is operating in couritrthe other producers can legally produce product
with quality A’ /3; at most. Therefore, if the patentee charges a pritet satisfiep/N < p'/(N /),
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 by 5; M C, whereM C denotes the marginal cost of the
other firms. This implies that a broader patent breadth enables the patentee to charge a higher price; in
particular, whens; takes the highest valug, the patentee can raise the price\f C, whereas whe;
takes the lowest valué, the patentee must lower the price to the level of marginal ost.

Under the patent breadth policy mentioned above, we derive the optimal pricing strategy and the
profit of the patent holders producing in the North and the South, respectively. In the rest of the paper,
we refer to the patent holder firms producing in the North and the patent holder firms shifting production
to the South as “Northern leaders” and “multinationals”, respectively. First, let us consider the pricing
behaviors of Northern leaders. We assume that patent protection is strictest in the North; that is, the
patent breadth is broadegty = A, in the North. Then, the Northern firms other than the patent holder
of the latest-generation productare prohibited from producing produgct above the quality level of
the second-latest generation product. Therefore, the strongest potential rival of the patent holder of the
latest-generation product is necessarily the patent holder of the second-latest-generation product that
chooses to operate in the South. Letting denote the wage in the South, the marginal cost of the
strongest rival is equal tag. Thus, patentees of the latest-generation products that decide to produce
their good in the North set their prices pg; = Awg as a result of the optimal strategy. Thereby, the
instantaneous profit of Northern leaders becomes:

1 wN
WN_()\wS_wN)TW_l_TU)S’ (4)

20riginally, Gilbert and Shapiro (1990) assumed that the patent authority could raise the profit yielded by the patentee by
widening the patent breadth and, hence, they identified the size of the profit flow with the extent of the patent breadth. Similarly,
Goh and Olivier (2002) assumed that the patent authority could indirectly raise the legal marginal cost of producing a patented

good illegally by widening patent breadth, and they identified the extent of this legal cost with the extent of the patent breadth.
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wherewy denotes the wage of Northern labor.

Second, let us consider the pricing behaviors of multinationals. If the patent protection is strong
enough in the South as well as in the North, then the optimal price for multinationals in the geuth,
is the same as that of Northern firms: = Awg. However, the patent breadth may be narrower in the
South than in the North. Suppose that the patent breadth in the Sotakes a value of € [1, \]. That
is, Southern firms other than the multinationals are permitted to produce the product with a &fyaity
when the state-of-the-art quality that the multinationals produces is givev.b¥hen, multinationals
are obliged to cut their prices for = fws(< Awg), which is lower tharpy except in the case of
maximum patent protection. Note that the price that multinationals can charge depends on the extent
of the patent breadth in the South, as in Goh and Olivier (2002). If the Southern government extends
the patent breadth, the other Southern firms can produce only lower quality products. In consequence,
multinationals can charge a higher price when the patent breadth is extended, that is, when the patent

protection becomes stricter in the South. From the pricing rule, the profit flow of multinationals is given

by:
Tp = (ﬂwg—ws)L :1_l (>7N). (5)

Pws B
As this equation shows, the high@iis, the larger is the profit flow to the multinationals. Consequently,
the stronger is the patent protection in the South, then the stronger is the incentive to shift production to

the South.

2.3 R&D and FDI

Next, we consider the behaviors of R&D firms. Following Grossman and Helpman (1991), we assume
an R&D process as follows: if a Northern firm devotes! 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. 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:

vy < wygany  With equality wheneverl; > 0, (6)

wherel; denotes the innovation rate in the entire economy at timdich is common to every industry.
Once a Northern firm succeeds in inventing a new-generation good, the firm can become a multina-

tional by shifting production to the South without any cost. Therefore, as long as both Northern leader



firms and multinationals exist in equilibrium, the market values are equal for the Northern leader firms

and the multinational firms; that is, the following equality holds at each point of time:

UNt = VRt (7)

wherevr; denotes the market value of the multinationals.

Finally, we turn our attention to the no-arbitrage conditions. Shareholders of a Northern leader firm
earn dividendsrydt and capital gainsydt over a time interval of lengtlit. Moreover, the Northern
leader firm is exposed to the risks of being leapfrogged by development of the next-generation good
by another Northern firm at the innovation rdteover the time interval. Thus, shareholders are faced
with a capital loss of amounty with a probabilityl;dt. Therefore, we obtain the no-arbitrage condition
between the stocks of the patentee of a state-of-the-art product in the Northern market and a riskless asset
as follows??

TtUNt = TNt + ON — LiUN - (8)

Next, shareholders of a multinational earn dividendgt and capital gainsxdt over a time interval of
lengthdt. The multinational is also exposed to the risks of being leapfrogged by a Northern firm at the
innovation ratel;. Thus, its shareholders are faced with a capital loss of amgumiith a probability

I:dt. Then, the no-arbitrage condition between the stocks of a multinational and a riskless asset is:

riUpy = T +Upt — Livpy. 9)

2.4 Labor Market

First, we consider the labor market in the South. Southern labor is demanded for production by multi-
nationals that have patents for the state-of-the-art products. We Jedenote the measure of industries

in which multinationals produce the state-of-the-art products. As each multinational detiagds ;)

units of Southern labor, the aggregate labor demand of the multinationals is givep/BySws ).
Therefore, the labor market clearing condition in the South becomes:

nEg
5w5,t

= Lg. (10)

Next, we consider the labor market in the North. Northern labor is devoted not only to production but also

to R&D activities. Lettingny ; represent the measure of industries in which Northern firms produce the

131f the Northern firm shifts production to the South and becomes a multinational, the gain is gigenbyvn . ); however,
this is zero from (7). Hence, even if we consider the choice of FDI by the Northern firms, the no-arbitrage condition remains

unchanged.
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state-of-the-art quality products, the labor demand for production in the North is giver bY Aws ¢).
In addition, because R&D firms target all of the goods, the labor demand for R&D activities is given by
anIi(nps + nny). Noting thatn g, + ny ¢ = 1, the labor market clearing condition in the North is:

NNt

wst

3 Market Equilibrium Paths

In this section, we derive the equilibrium path of the economies. In subsection 3.1, we show how the
measure of firms that elect to undertake Fbt,, the wage rate in the Southys ;, and the innovation
rate, I, are determined when the market value of firmg,(= vr.), is given. Then, in subsection 3.2,

we show how the equilibrium value efy; is determined and, consequently, how innovation and FDI

are determined in the market equilibrium.

3.1 The Determination of FDI and Innovation for Given Market Values of Firms

First, the labor market equilibrium in the South, (10), determines the wage rate in the Sgutlas
follows:

_ NFEy
wg,t = ﬂLS (12)

This shows that, as more multinationals produce in the South, the labor demand in the South becomes

larger, and thus the wage rate in the South rises.
Next, we consider the equilibrium determination of FDI. As (7) holds at each point of time, we obtain

U /vre = Nt /UN . Substituting the no-arbitrage conditions (8) and (9) into this equation yields:
TF = TNt (13)

From (7), the market values are equal between the Northern leaders and the multinationals at each point
of time and, therefore, we let denote the market value of firms, thatig,= vy = vg, in the rest
of the paper. As long as the innovation rate is positive, (6) holds with equality, thakis,= v;/an.

Substituting this and (12) into (4), the profit of the Northern leader is given by:
B Ut

TNt = 1-— fLS .
A aNnEt

(14)

Substituting (5) and (14) into (13), we obtain the equilibrium measure of multinationals as follows:
2

npet = LLSW, (15)
Aan
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Figure 1: The determination of the measure of multinationals

whenw; is given. The mechanism by which the measure of multinationals is determined is illustrated in
Figure 1. The profit of the multinationalsr, does not depend anr; and, therefore, is represented by

the horizontal line. On the other hand, the profit of the Northern leadey, is an increasing function

of ng,; and is represented by an upward curve in Figure 1. The reason for this is because an increase in
the measure of multinationals raises the wage rate in the South, as shown in (12). Arise in the wage rate
in the South causes a rise in the marginal cost of the nearest rivals of the Northern leaders. It enables the
Northern leaders to raise the prices of their gogds;(= Aws;), which in turn raises their profit flow,

7N, The equilibrium measure of the multinationalss, is determined by the intersection of the two
curves.

By using this figure, we find that strengthening patent protection—that is, a rise-affects the
determination of.x; in the following two ways. First, strengthening patent protection raises the profit
flow of the multinationals and shifts the- line upward. Second, strengthening patent protection reduces
the labor demand in the South and lowers the wage in the South, as shown in (12). A fall in the wage
in the South causes a fall in the marginal cost of the nearest rival of the Northern leaders and, thus, the
Northern leaders have to lower the prices of their goods. As a result, strengthening patent protection
shifts thery curve downward. Because both of these effects rajsg strengthening patent protection
in the North promotes multinationalization.

At the same time that the measure of the multinationals is determined, the wage rate in the South is

12



determined as follows:

g
)\CLN Vt, (16)

where we use (12) and (15). According to this equation, strengthening patent protection (higher

ws;t =

raises the wage rate in the South. This is because tighter patent protection increases the measure of
multinationals, as shown in (15). An increase in the measure of multinationals raises labor demand for
production in the South. Although the stronger patent protection in the South has a negative effect on the
Southern wage as a result of the decrease in the labor demand by each multinational, the positive effect
occurring through the increase in the measure of multinationals overcomes this negative effect. Thus,
stronger patent protection raises the wage in the South.

Finally, we consider the determination of the innovation réte,The wage rate in the South deter-
mines the price of a good produced by the Northern leadaryas= \ws: = Bvi/an by using (16).
Then, the quantity and the labor demand of this good is givemby= 1/pn; = an/Bv:. Substituting
this and (15) into the Northern labor market clearing condition (11), we obtain the innovation rate as

follows:
_ L+ (B/NLs 1
anN 501&’

whenw; is given. This equation shows that, given strengthening patent protection (an increasg)in

I (17)

raises the innovation rate. The reason for this is as follows: as mentioned above, strengthening patent
protection raises the profit flow of the multinationals and reduces that of the Northern leaders. These
effects induce more firms to shift production to the South. In addition, strengthening patent protection
raises the wage in the South and the good price, which allows the Northern leaders to charge higher prices
and, consequently, reduces the labor demand of each good se¢iorBecause of these two effects,
stronger patent protection in the South decreases the total demand for labor in the Northern production
of goods,(1 — ng)x . This leads to an increase in the labor devoted to R&D in the North, so that the

equilibrium innovation rate rises.

3.2 The Equilibrium Path of FDI and Innovation

So far, we have derived the equilibrium valueswgf, andI; for a given value ot;. Finally, using these
values, we derive the equilibrium dynamics of the market value of a fismSubstituting (17) into (8)
or (9), we obtain the equilibrium dynamics af as follows:

. [Ln+(B/NLs
Vs = T

+p ’Ut—l.
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This differential equation has the unique steady statehich is given by:

v Ly + (B/N)Ls + pan’ (18)

This unique steady stateis unstable, thus; diverges to positive or negative infinity if; takes any
value except. Then, the equilibrium value af must immediately jump te at the initial point of time,
because; is jumpable. Becausg becomes constant over time, we can show that the other variables are
also constant over time; that is, the present North—South economy has no transitional dynamics and has
tractable features that enable an examination of the effects of policies. Notedda¢nds negatively on
0, as shown in (18). This is because strengthening patent protection causes capital losses to rise, owing
to leapfrogging by other firms, which occurs as a result of the promotion of innovation.

By substituting the equilibrium value afinto (15) and (17), we can derive the equilibrium values of
nr, andl; as follows:

(8*/))Ls

M TN ¥ (B/NLs + pan’
B—1Ln+(B/ANLs p

I; = .
g ay g
Differentiating these with respect fdyields:
dnpy _ (B/A)Ls [2 B (B/A)Ls >0, (19)
dp Ly + pan + (B/\)Ls Ly + pan + (B/)\)Ls
dl, 1 (Ln Lg
e = >0. 20
a8 ﬁ?(w“’)*m” (20)

From (19) and (20), we can show that both; andI; are increasing functions gf. Because both
the measure of the multinationals and the innovation rate depend positivelyasnshown in (15) and
(17), a rise ing has negative effects on FDI and innovation through the decrease lHiowever, the
direct positive effects of a rise il, shown in (15) and (17), overcome these indirect negative effects.
Consequently, strengthening patent protection in the South necessarily promotes FDI and innovation in
the North.

Although we implicitly assume that the equilibrium is an interior solution in the above analysis, we
must also consider the case of a corner solution where either= 1 or I; = 0 holds!* First, we
consider the equilibrium where all firms possessing patents move to the South. If the patent protection

is sufficiently strong in the South, that is,dfis sufficiently high (or close ta), all firms that succeed

1An equilibrium with no multinationalsr{x,; = 0) is not possible because the Southern labor market cannot clear.
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in invention 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 measure of multinatienalsis equal to one.
In order to exclude such an extreme case, we assuméXhall)Ls < Ly + pay. If the values of the
parameters satisfy this inequalityr, is less than one even under the strictest patent protection in the
South Bs = \).

By contrast, when the patent protection is sufficiently weak in the South, thaissufficiently low,

no firm may conduct R&D {; = 0). Specifically, innovation intensity; takes a value of zero if:

B < Bmin = 271(1 —ALn/Lg) + \/2_2(1 — ALN/Lg)? + XN LN + pan)/Lg.

As there is no innovation, the Northern labor market equilibrium (11) becdinesir)/(Aws) = Ly.
As there are both Northern leaders and multinationals in this case, (13) continues to hold. Using these
relations and the Southern labor market equilibrium, we obtain the equilibrium values of the measure
of multinationals and the Southern and the Northern wage rates as follows: 5Lg/(ALyx + (Ls),
wg = (ALy + BLs)~!, andwy = \/[B(A\Ly + BLg)]. 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 sdtisfy1)(Ly + Lg) > pan.

Taking into account the possibility of the corner solution such that 0, we obtain the equilibrium

values ofn g, andl; as follows:

(6*/\)Ls Lo
ngp = Ly + (B8/X)Ls + pan T Bimin < < A, 1)
)\LN—}—IBLS’ I = M = Pmin,
B-1Ly+(B/NLs p 5 <5
1= p an J6] =M =75 22)

wherenp andI are the equilibrium values ofr; andl;, respectively. In the rest of the paper, the
variables without subscript “t” represent the values at the equilibrium.
From (21) and (22), we can summarize the results about the effects of strengthening patent protection

on innovation and FDI in the following proposition:

Proposition 1 Suppose that parameters are in the region where innovation is positive, tatis}, i, .

Then, strengthening patent protection promotes both innovation and FDI.
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The result that strengthening patent protection in the South enhances FDI accords with the results of
empirical studies; for instance, Lee and Mansfield (1996) estimated the relation between the volume of
FDI flows and the strength of IPR protection and found that they are positively corrétated.

Moreover, we can derive the equilibrium wage raigs andwy ; as follows:

B/ .
wg = Ly —i—l(ﬁ/)\)Ls + pan | (23)
Mo~ + BLs’ if 1 <8< Bnin,
! it B < 3 < A
wy — d LN JAr/(ﬁﬂ/A)Ls +pay T (24)

We can summarize the results about the wage rate in the South and that in the North in the following

proposition:

Proposition 2 Suppose that parameters are in the region where innovation is positive, tatis}, i, .
Then, strengthening patent protection raises the wage rate in the South and lowers the wage rate in the

North.

The reason for the results is as follows: an increase in the measure of multinationals, induced by
strengthening patent protection in the South, raises the demand for labor in the South, and consequently
raises the wage in the South. On the other hand, strengthening patent protection enhances innovation and
therefore reduces the value of the Northern firms and multinationals. From the zero profit condition 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.

4 Welfare Analysis

In the previous section, we show that strengthening patent protection raises the relative wage in the South.
However, the most important concern for the Southern government is the domestic consumers’ welfare:

if strengthening patent protection in the South improves the South’s welfare, the Southern government

will be eager to carry the policy into action. If not, it has an incentive to relax patent protection. Thus, in

this section, we examine the welfare effects of strengthening patent protection in the South.

15S0me theoretical studies obtained a similar result to ours: Vishwasrao (1994) and Zigic (1998) showed that weaker protec-
tion of patents in the South may lead to reductions in technology transfers in a partial equilibrium; and Lai (1998) showed this

tendency in a dynamic general equilibrium.
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First, we derive the aggregate spending of the representative consumer living in doarty, S}.
As mentioned in subsection 2.1, because we take the total spending as the numeraireythatligor
all ¢, the interest rate is equal to the subjective discount rate; p. Then, the per capita spending of
a consumer living in each country is constant over time from the intertemporal utility maximization of
each consumer. Therefore, we Igtdenote the spending of a consumer in countiecause spending
levels and the wage rate in each country are constant over time, the intertemporal budget constraint (3)
is reduced to:

E; = pAio + w;, i€ {N,S}. (25)

Multiplying both sides of these budget constraints by the population and adding them, wepxgAtginL v+
AsoLs) + wnLn +wgLg = 1, where we usé’, = En;Ly + Es:Ls = 1. Letting Ay denote the

total initial asset holdings, that isly = Ax oLy + AsoLs, we can derive the value ofy as follows:

Ay = 1—(wNLN+w5Ls)_ (26)
p

Because country’s share of asset holdings must be given as the initial conditions, wg ¢et[0, 1]
denote the share of the asset holdings by Northern consumers, that id; o Ly /Ao. Substituting (26)

into (25), we can derive the equilibrium valuesiof; and E's as follows:

By =55 4 (1= Quw, @7)
Bs = (1- Q)= o+ us, (29)

Next, we rewrite the instantaneous utility as follows:

1
logu;; = /log)\‘]t(”)di(w)dw
0

1 1
= (log)\) /0 Ji(w)dw + /0 log di(w)dw. (29)

Because the latest generation of a product is always set at the lowest quality-adjusted price in the product
line, J;(w) corresponds to the generation number of the latest generation of proddi¢tus, the first

term of (29) is equal tdog X times the total number of innovations obtained in all industries by time

In the present model, the rate of innovation is constant over time and thus we can rewrite this term easily

as follows:

1
(log )\)/0 Ji(w)dw = (log A\)It. (30)
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The second term of (29) can be rewritten as follows:

1
/ log dj(w)dw = nplogdy, + (1 — np)logdy .
0

whered., , andd’; , denote the demand for the good produced by multinationals and the Northern leaders,

respectively. Moreover, usir‘nijqlt = E;/pr = E;/(Bws) andd’]'\,,t = E;/pn = E;/(Awg), we obtain:

1
/ log d(w)dw = log E; — logws — (log B)np — (log \)(1 — np). (31)
0

From (1) and (29) - (31), the welfare of each consumer in couifteyN, S) is given by:

1 [log A
Ui(8) = -
) [p

I +log E; — logws — (log B)ng — (log A\)(1 —np)|, (32)
p

whereU;(3) denotes the welfare of each consumer in couitmhen the patent breadth in the South is
equal tos. 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
the patent breadth in the South. The difference between the welfare levels of a Northern individual and a
Southern individual is only the difference in nominal spendifig,

In order to examine whether extending patent breadth in the South raises welfare, we differentiate

(32) with respect to breadth. The derivative ofJ;(/3) is given by:

du;(8) 1{ log A dI +idEi
dp p p ap E; dj
N—_—— N—_——
innovation-enhancing effect nominal spending effect
(+) (+)or ()
dnp 1 dwg 1
log A — 1 — —-— —= .
] (og—log) "2 o 5 G |} @3
~~ —— S~——
FDI-promoting effect marginal cost effect competition-reducing effect
(+) ) )

As shown on the right-hand side (RHS) of (33), extending patent breadth in the South affects the welfare
of both countries through the following three channels. The first channel is the welfare effect that occurs
through enhancing innovatigmwhich is indicated by the first term on the RHS of (33). As shown in
Proposition 1, extending patent breadth promotes innovation and raises welfare. We refer to this effect
as theinnovation-enhancing effecthis effect has a positive influence on the welfare of both countries.
The second channel is the welfare effect that octlursugh the change in nominal spendjnghich

is indicated by the second term on the RHS of (33). As shown later, extending 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 as timminal spending effecThe last channel is the welfare
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effect that occurshrough changing the prices of gogdshich is indicated by the three terms in square
brackets on the RHS of (33).

The sign of the sum of the three terms is indeterminate because extending 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 1. Because patent
breadth is narrower in the South than in the North, the price of the goods that multinationals produce
(Bw®) is cheaper than the price of the goods that the Northern leaders produc (This means that
extending patent breadth improves the welfares of both countries through a rise in the proportion of FDI
firms, nr. We refer to this positive welfare effect as thBI-promoting effecgtwhich is indicated by the
first term in the square brackets. Second, from (23), extending patent breadth raises the wage rate in the
South. This causes a rise in the marginal cost of followers, which allows the Northern leaders and the
multinationals to charge higher prices and thus reduces the welfare of both countries. We refer to this
negative effect as thmarginal cost effe¢twhich is indicated by the second term in the square brackets.
Finally, extending patent breadth in the South enables the multinationals to raise the price of their goods
directly, which reduces welfare. This is because extending patent breadth permits the Southern firms
other than the multinationals to produce only goods of lower quality. This means that the multinationals
can out-compete the other firms even if the multinationals charge a higher price for their goods. For this
reason, extending 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, asahmpetition-reducing effeclf the positive
welfare effects outweigh the negative welfare effects, we can show that strengthening patent protection
in the South raises welfare. As shown in the subsequent subsections, whether this is the case depends on

the values of the parameters.

4.1 The Effect on the South’'s Welfare

First, we explore the effect of strengthening patent protection on the South’s welfare and derive the
values of the parameters that cause the strictest patent protection to maximize the welfare of Southern
consumers. In the rest of this subsection, we focus our analysis on the case where consumers in the
South have no assets at the initial point of time, thaf is, 1, as a benchmark case. In the final part, we
analyze the generalized case whérg 1.

From (28), we obtair’s = wg when{ = 1 and thus theaominal spending effeeind themarginal

cost effegtwhich are shown by the second and fourth terms on the RHS of (33), respectively, cancel each
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other. Then, the derivative &fs(/3) becomes a simpler form as follows:

dwUs(B) _ 1y log A dI
ag p p dp
innovation-enhancing effect
(+)
dnp 1
+ (log A — log 3) a5 —Bnp ] (34)
——
FDI-promoting effect competition-reducing effect
(+) )

As discussed in Appendix A, we can show that theovation-enhancing effectvhich is indicated

by the first term on the RHS in (34), necessarily overcomestimepetition-reducing effectvhich is
indicated by the third term of the equation, for gll€ [5,.in, A] if and only if the parameters satisfy

(log MA"2(Ly + ALs + pay)(pan)~' > Ls (Ly + Ls + pax)~". Therefore, we can guarantee that

the strictest patent protection maximizes welfare in the South if and only if that inequality holds because
the second term on the RHS in (34) is necessarily nonnegative and becomes zerd whenWe can

summarize the results of the welfare analysis as foll&fws:

Proposition 3 Suppose that consumers in the South have no assets at the initial point of time, that is,
¢ = 1. Then, the strictest patent protection in the South (= A\) maximizes the welfare of con-
sumers in the South if and only if the parameters satiBfy \)\~2(Ly + ALs + pan)(pay)™t >
Ls(Ly+ Ls+ paN)_l.

As can be seen easily, when the Northern laligy, is larger, the condition in Proposition 3 tends
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 can strengthening patent protection
raise the welfare of Southern consumers in such a case? More abundant labor in the North intensifies the
promotion of the innovation effect of strengthening patent protectidp/3, which is indicated by the
LHS of the condition in Proposition 3. In addition, the factor decreases the proportion of multination-

als,nr, and, consequently, weakens tempetition-reducing effect strengthening patent protection,

181n Propositions 3-5, we suppose that the degree of patent protection in the South is not weaker than the level of protection
below which Northern R&D activities cease, that i, [Gmin, A]. For some values of parameters, a low valugsdhat
prevents innovation could maximize welfare. However, if the cost of innovation is sufficiently low, such a case is impossible.
For instance, assumingy < (A — 1)(Lx + Ls)? [(A 4+ 1)(Ly + Ls) + ALs] " p~!, we can show that any low value 6f
that prevents innovation will not maximize the welfare of the Southern consumer nor that of the Northern consumer. The proof

is available on request.
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dnp /dj, which is indicated by the RHS of the condition in Proposition 3. Thus, more abundant labor in
the North intensifies the positive welfare effect of strengthening patent protection.

In addition, as proved in Appendix A, the condition in Proposition 3 necessarily holds irrespective
of the size of labor in the North, as long &g /ay is so large thaf.g/ay > A [(log \)(2A — 1)] ! p.
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. The reasonis as
follows. More abundant labor in the South and higher productivity of R&d intensify the promotion of the
innovation effect of strengthening patent protectidh/d3, while they also increase the proportion of
multinationals,nr, and consequently, intensify tlmempetition-reducing effedf strengthening patent
protection. Thus, more abundant labor in the South and higher productivity of R&D have two opposing
effects on welfare. However, ifs/ay is so large as to satisfiis/ay > A[(log \)(2A — 1)] ! p, the
former positive effect overcomes the latter negative one.

The result obtained in Proposition 3 is important in the following two aspects. First, it seems to
be widely recognized that stronger patent protection lowers welfare in the South. However, our result
contrasts with this intuitive recognition and shows that, far from being harmful, stronger patent protec-
tion is beneficial to the South. In other words, this paper provides a rationale for strengthening patent
protection, which is a policy implemented in reality in many developing countries.

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, where the only mode of technology transfer was
illegal imitation, and in an exogenous innovation model, where FDI was the mode of technology transfer.
Helpman concluded that stronger IPR protection in the South necessarily damaged welfare in the South
in both models. We obtain some important implications from our results that contrast with the results
of Helpman’s two models. First, comparing our model and Helpman’s result from his model where
imitation is the only mode of technology transfer, we can infer that the effect of strengthening IPR
protection on the South’s welfare depends on what the main mode of technology transfer is: when the
main mode of technology transfer is FDI, strengthening IPR protection is likely to raise the South’s
welfare. Second, by comparing our model and Helpman’s result from his model that includes FDI,
we can show that taking tHanovation-enhancing effeatto account may reverse the sign of the total
welfare effect from strengthening IPR protection: endogenizing innovation in the model is essential to

an appropriate assessment of the welfare effect of strengthening IPR protection.
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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 extending patent breadth is independent of the
initial distribution of assets;, by examining thenominal spending effeend themarginal cost effect
From (23), (24), and (27} n /ws becomes:

En < paN> A

=1+ =,

ws Ly ) B

and the effect of extending patent breadth@eg( E /wg) is given by:

1 dEy 1 dws 1
i - =—_ <. 35
Ey 43 ws d3 B (35)

This shows that the effect of extending patent breadt&griwg, that is, the sum of therominal spend-

ing effectand themarginal cost effecis independent of the initial distribution of assefs, Because
the innovation rate/, and the measure of multinationalsy, are independent af, the magnitudes
of the innovation-enhancing effecthe FDI-promoting effectand thecompetition-reducing effectre

determined without regard t©. Thus, we find that the effect on the North’'s welfaté]y (5)/dp, is

independent of.
Using (33) and (35), we find the effect of strengthening patent protection on the North’s welfare as
follows:
Wn(B) _ 1y log \ dI 1
dp p p dg B
~—— ~~
innovation-enhancing effect nominal spending effect(-)
(+) and marginal cost effect (-)
an 1
1 -1 —_— —= .
+ (log A — log 3) a3 5F ]
N——
FDI-promoting effect competition-reducing effect
) ¢

If we verify that this is positive, we can show that strengthening patent protection in the South necessarily
raises the North’s welfare. As shown in Appendixd/x(3)/dg is positive for allg € [Gmin, A] as
long as the parameters satisfy an inequality. We can summarize the results of the analysis of the North’s

welfare as the following proposition:

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

in the North if the parameters satisfyy > [A/(log A) — 1] pan.
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The condition in Proposition 4 is stricter than the condition imposed in ProposittorHgnce, we
can show that strengthening patent protection in the case wherel 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 resource in the North is abundant enough to satisfy the condition, or as long as the productivity
of R&D is sufficiently high to satisfy the condition, then harmonizing the Southern standard of patent
protection with the Northern one by strengthening patent protection in the South is a Pareto-improving
policy.

With respect to the effect on the welfare of consumers in the North, the results of the present paper
agree with that 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 small. Meanwhile, our endogenous innovation model implies
that maximum patent protection in developing countries is globally optimal for the consumers in the
North if the labor resource of the North is sufficiently large and the productivity of R&D is sufficiently
high. This result implies that Helpman’s conclusion on the welfare of the North will not change even
if one takes into account thenovation-enhancing effeof strengthening IPR protection. In that sense,

the result obtained in Proposition 4 complements Helpman’s conclusion on the welfare of the North.

4.3 The Generalization of the Initial Distribution of Assets

Finally, in order to generalize the result obtained in Proposition 3, we show that the strictest patent
protection can maximize the welfare of consumers in the South even in the case(wtete When

¢ # 1, thenominal spending effe@nd themarginal cost effectio not cancel each other out and we
have to consider these welfare effects of strengthening patent protection. From (23) arfis(283,

becomes:

Eg Apan
— =14+(1-{)—,

and the effect of strengthening patent protectiona@iEs /wg) is given by:

1 dEs 1 dws 1-¢ 1
Bs dB ws dB  BLs/Oan) +1-¢5 - (36)

By substitutingL y = [\/(log \) — 1]pax into the inequality in Proposition 3, we can confirm that the inequality holds

necessarily ifLy = [A/(log A) — 1]pan. Thus, the inequality in Proposition 3 holds wheneligr > [A/(log A\) — 1]pan,
because the LHS of the inequality of the condition in Proposition 3 is an increasing funcfionafid the RHS is a decreasing
function of L. That is, if the parameters satisfy the inequality in Proposition 4, then the parameters also satisfy the inequality

in Proposition 3.
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This means that when the initial asset level of the Southern consumer is larger, that i§) is larger,

the negative effect of strengthening patent protectionogFEs/ws) becomes larger. Therefore, the

total effect of strengthening patent protection on the welfare of the Southern consumer is more likely to
be negative as the initial asset level of the Southern consumer is larger. However, as shown in Appendix
C, we can show that the strictest patent protection maximizes the welfare of the Southern consumer for
any( € [0, 1] if the parameters satisfy the condition given in Proposition 4. Combining this result with

the result that we obtained in Proposition 4, we can obtain the following proposition.

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

the parameters satisfyyy > [\/(log A) — 1] pan.

Proposition 5 shows that as long as labor resource in the North is abundant enough to satisfy the
condition, or as long as the productivity of innovation is high enough to satisfy the condition, then
harmonizing the Southern standard of patent protection with the Northern one by strengthening patent
protection in the South is a Pareto-improving policy irrespective of the distribution of assets between the
North and the South. In Proposition 3, we suppose that the consumer in the South has no assets initially.
As seen in (28), holding no assets initially means that no assets are held at each point of time, and the
result of the proposition seems to be dependent on the restriction of the distribution of assets. However,
if the inequality in Proposition 5 holds, we can show that the strictest patent protection in the South is
optimal, regardless of the distribution of assets among countries. That is, even if the consumer in the
South holds some assets, the strictest patent protection in the South can maximize the welfare of each

consumer in the South.

5 Conclusion

The present paper constructs a North—South quality-ladder model, where FDI is the main channel of
technology transfer, and conducts not only a positive analysis but also a welfare analysis. Despite the
fact that welfare analysis is the most important factor for assessing policies, few previous theoretical
studies on IPR protection in developing countries have conducted such an analysis, mainly because
the equilibrium paths are so complex that they cannot evaluate the welfare effect of strengthening IPR
protection. However, by focusing the analysis on patent breadth, the present paper examines analytically

how strengthening patent protection in the South affects welfare in the South. As a result of the analysis,
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we have shown that strengthening patent protection can raise welfare not only in the North but also in
the South.

This result stands in contrast to Helpman (1993), the pioneering study that 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 analysis differed markedly from Helpman'’s result in this respect. Thus,

our result provides a theoretical basis for strengthening patent protection in the South.

Appendix A: Proof of Proposition 3

In this appendix, we prove Proposition 3 by showing tidg(\)/(d3) > 0 if and only if the parameters
satisfy(log \)A2(Ly 4+ ALs + pay)(pan) ™' > Lg (Ly + Ls + pax)~". Additionally, we prove that
(log MA"2(Ly + ALs + pan)(pay) ™' > Ls (Ly + Lg + pax)~" holds necessarily if the parameters
satisfyLg > A(log \)(2A — 1)] ! pany.

Substituting the derivatives df andn r into (33), we obtain the following equality in the range of
B € [Bmin, \:

dUs(ﬁ) _ 1 log)\ 1 LN LS
s p{ p [52<w+”>+m}

innovation-enhancing effect (+)

(B/A)Ls (B/A)Ls
+(log A —log §) Ly + pan + (B/M\)Ls [2 - Ly +pay + (B/N)Ls

FDI-promoting effect (+)
_ (B/A)Ls
Ly + pan + (B/A)Ls '
competition-reducing effect (-)

(37)

We definef () as the sum of the first term and the third term in the curly bracket of (37):

o logAdl 1
fB) = Tﬁ_EnF
B 1ogx[1 (LN+ >+ LS]_ (B/A)Ls
= o 1#@\ay ") T xan]| T Ly +pan + (B/NLs

If f(5) is positive, then the RHS of (37) is also positive because the second term is always nonnegative.
As itis straightforward to show that(3) < 0, itis ensured thaf () > 0forall 5 € [Bpin, A if f(N) >
0. Because the second term in the RHS of (37) is always nonnegative, this implied/that) /dj is

nonnegative for alB € [5,.in, A], that is, the strictest patent protectigix(= ) maximizes the welfare
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of the consumer in the South ff\) > 0. On the other hand, if(\) < 0, the strictest patent protection

(Bs = A) does not maximize the welfare of the consumer in the South, because the second term in the
RHS of (37) is zero whe = )\, and consequently§Us(\)/dj is negative. As a result, the strictest
patent protection{s = \) maximizes the welfare of the consumer in the South if and onjy X) > 0.

By the definition,f () is given by:

log\ [ Ly LS> Lg
A) = — +p+rA— | — . 38
JA) pA? (GN P an Ly + pan + Lg (38)

Rewriting f(\) > 0, we obtain the condition in Proposition@og \)A\~2(Ly +ALs+pay)(pay) ™t >
Ls(Ly + Ls + pay) ™.

Finally we show that the condition given in Proposition 3 holds irrespective of the size of labor in
the North if [abor in the South satisfids; > A[(log A)(2A — 1)]~!pax. Note thatf()) is an increasing
function of (L /an + p). Because we focus our analysis on the equilibrium where< 1, Ly /ay +
p > (A—1)Lg/an necessarily holds. Therefore,fif\) > 0whenLy/any +p = (A—1)Lg/an, then
f(X) is necessarily positive. Substitutidgy /ay + p = (A — 1)Lg/ay into (38) yields the following

inequality:

Ls > PaN -

(log V) (21 — 1)

Appendix B: Proof of Proposition 4

In this appendix, we prove Proposition 4 by showing ¥ (3)/d is positive for any value of €
[Bmin, A] If the parameters satisfyy > [A/(log A) — 1] pan.
Using f () that is defined in Appendix A, we can rewrid&/ y (3)/d as follows:

dUn(B) 1 [loghdl 1 dnp 1
s p[ p dﬂ‘ﬁ”log”logmdﬂ_ﬁw}
1 1 dnp
— p[f(ﬁ)—ﬂ—i—(log)\—logﬁ)dﬁ} (39)

The last term on the RHS of (39) is necessarily positive and #s(3)/d3 > 0 if f(8) — 371 is

positive. By the definition off (), we find that the following relation must hold:

1 log A [(LN+p> 1 LS} (8/\)Ls 1

fB) =5 = o | \ax " Ly +pay + (B/NLs B

10g)‘[<LN+ > 1 Ls}_ (B/NLs 1
p P) 3 " Xan]  Ly+pan B

an
1 2 log A 1

= ~|Ly+pay+ 5L - . 40
B [ N AN S] [PaNﬂ LN+P<1N] (40)
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If we assume thaty > [A/(log A) — 1] pay, then the parameters satisfy the following relation for all
geLAL

log A 1
panB Ly +pan —

Therefore, from (39) and (40), we can conclude #idk (5)/ds > 0 for any value of5 € [Gin, A] if
the parameters satisfyy > [\/(log A) — 1] pan.

Appendix C: Proof of Proposition 5

In this appendix, we prove Proposition 5, which states that the strictest patent protection in the South
maximizes the welfare of consumers both in the South and in the North for any initial asset distribution
if Ly > [A/(log\) — 1] pay is satisfied. Because the proof on the welfare of the Northern consumer
is given in Appendix B, it is sufficient for the proof to show th#its(3)/dg > 0 for any values of
B € [Bmin, Al @nd¢ € [0, 1] if the parameters satistyy > [A/(log \) — 1] pay.

Using f(3) that is defined in Appendix A, we can rewri#&s(3)/dg for any¢ € [0, 1] as follows:

dUs(B) _ 1[logAdl (1 dEs 1 dws Cqogpy e L
i = ol B T\Es @ wgap ) TUBA RO gy g

_ 1 1 dEs 1 dus 1o g) IF

= _f(ﬁ)+ (Es i3 ws dD > + (log A — log ) dﬁ]
17 1 an:|

> — — —+ (log\ —lo — 1, 41
p_f(ﬁ) 3 (log g B) 3 (41)

where the last inequality holds becauge®’s — -9 is larger than—3~!, which can be shown

directly from (36). Note that the RHS of (41) is equaldo (3)/d3. Therefore, using the same proof
as in Appendix B, we can show thdt/s(3)/d3 > dUn(3)/d3 > 0 for any values of3 € [Gin, A
and¢ € [0, 1] if the parameters satisfyy > [A\/(log \) — 1] pan.
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Appendix D (Not Intended for Publication): Proof of the Assertion in Foot-
note 16

In this appendix, we prove the assertion in footnote 16. It is sufficient for the proof to sholy;thatis
higher tharlJ; (3) for any 3 € [1, Bmin] if any < (A=1)(Ly+Ls)? [(A+ 1)(Ly + Lg) + ALs] ' p~".

To verify this, we first compute the welfare of each consumer in the case of no innovation, that is,
U;(3) for 3 € [1, Bmin]. Substituting (23) and (24) into (27) and (28), we have:

((B—=1)(\Ly +BLs) + ALy

v = BLN(ALN + BLg)

(42)

and

Jo QB — )ALy + BLs) + BLs 43)

BLs(ALn + 3Lg)
for 3 € [1, Bmin). Thus, from (21) — (23), (32), and (42), we can compltg(3) for 3 € [1, Bimin] @s

follows:

Un(3) =

1 {log (8~ DALy + BLs) + ALy
BLN
BLs

IR - A
AL N + ,BLS

(log)\ — logﬁ) — log )\} .

Similarly, from (21)—(23), (32), and (43)Js(3) for 3 € [1, Bmin] can be derived as follows:

1 {10 (L= Q3= V0 + )
og _
p ALs
BLs
ALy + BLg

Us(B) =

(log/\ — logﬁ) — log )\} .

Next, we derive the welfare of each consumer in the case where\, that is,U;(\). By substituting
(23) and (24) into (27) and (28), the equilibrium values of each consumer’s spending in the case where

£ = X are given as follows:

1 ¢pan
Ey = +1 44
N LN+Ls+paN<LN ) (44)
and
1 (1 = Qpan }
Es = +1]. 45
s LN+LS+PCLN|: Lg (45)

Therefore, substituting (21)—(23) and (44) into (32) yields:

1 flogh [A—1L L
UN()\):{Og [ 5 N S—i]—klog(%—kl)—log)\}.
pl p an N




In a similar way, from (21)—(23), (32), and (45), we obtain:
1 (logh [A\=1Lyx+Ls p (1 —=<{)pan
== — Ll 4 log |[——E 11 -1 .
Us() p { P [ A an /\} s [ Ls ogA
Now, we comparéd/;(3) with U;(\) to confirm the assertion in footnote 16. By subtracting(3)
from Un (), we have:
- 1 (logA [A=1Ly+Ls p Cpan
— = = — L +log [ 2 41
v~ U(3) = {208 (A ECEE - o (2

C(B_l)(/\LN+BLS)+)\LN /BLS )
BLN " ALy + BLg (10gA—logB)}. (46)

Note that the sum of the second term and the third term in (46) satisfies the following inequality:

Cpan ¢(B—1)(ALx + BLg) + ALy
o ( Ly * 1> log BLN

—log

(panB+ BLn
¢(B—=1)(ALn + BLs) + ALy
¢A N3 —1)(ALy + BLs)B + BLN
C(B—1)(ALx + BLg) + ALx
=log B —log A,

= log

> log

where the inequality of the third line uses the relation that > A\~'(3 — 1)(ALx + BLs) must hold
becausd — 1)57 Ly + (B/\)Lslay' — pB~" < 0for 8 < Bin from (22). ThusUn () — Un ()

must satisfy the following inequality for any € [1, Bin):

- 1 (logA [A=1Ly+L -
Uv(A) —-Un(B) > = o8 N S_P +log 3 —log A
pL P A an A

BLg }
__P¥ (logA—1o
N + fL (o8t ~1oeh)
1 A—1Ly+Ls 1 BLg ]
= Zl(ogn) |22V TES 2 P8s
p{( & ){ N paw A Ay +pLs

= BLs
Hlog ) (1 BV +BLS>}

where the last inequality uses the condition that< (A—1)(Ly+Ls)? [(A+ 1)(Ly + Ls) + ALs] ' p~*.

> 0,

Therefore, we can conclude that the welfare of each Northern consumer in the casg whgiis higher
than the welfare in the case of no innovation,if < (A—1)(Ly+Ls)? [(A + 1)(Ly + Lg) + ALg] ' p~ L.
In the same way, we can show tiiag(\) — Us(3) is positive if the condition is satisfied. Subtracting

Us(B) from Ug(\), we obtain:

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

pL P A an A
(1-¢@B-1)(A\Ly +BLs) +BLs  BLs
BLs ALy + fBLg

—log (log A —log B) } . (47)



The sum of the second term and the third term in (47) satisfies the following inequality:

(1= ()pan
Lgs

(1-¢)(B— DALy + BLs) + BLs
BLs

log [ + 1] — log

(1 —¢)panB+ BLs
(1-¢)(B—1)(ALy + BLs) + BLs
(1—OANYB—1)ALy + BLg)3 + BLg

(1-¢)(B—1)(ALn + BLs) + BLg
> log B — log A,

= log

> log

where the first inequality uses the relation thaty > A\~'(3 — 1)(ALx + $Lgs) must hold because
(B— 1B MLy + (B/N) Lslay' — pB~+ < 0for B < Bin from (22). ThusUs()\) — Us(3) must
satisfy the following inequality for ang € [1, Byin):

. 1 (logA [A=1Ly+Ls p
Us(\) — U, - £
s -Us(h) > 1 {2 | AR EEDs g
__ BLs
ALy + BLg
A-1Ly+Ls 1 BLg

] +log 3 — log A

(log A — log g)}

— p{(logk)[ N pay A _ALN+BLS]

= BLs
Hlog ) (1 Ny +BLS>}

> 0,

where the last inequality uses the condition that< (A—1)(Ly+Lg)? [(A+ 1)(Ly + Ls) + ALs] " p~*.
That is, the welfare of each Southern consumer in the case whera is also higher than the welfare
in the case of no innovation, ify < (A — 1)(Ly 4 Lg)2 [(A+1)(Ly + Lg) + ALg] ' p~ L.

Thus, we have been able to confirm that when the valyEi®to low that no R&D is undertaken, this

does not maximize the welfare of each consumegif< (A—1)(Lx+Ls)? [(A + 1)(Ly + Lg) + ALs] ' p~ .



