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1 Introduction

Since the Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS) was
signed in the Uruguay Round, developing countries that are members of the World Trade Orga-
nization (WTO) have been under pressure to adopt a set of minimum standards on intellectual
property rights (IPR). To comply with these international agreements, some developing coun-
tries have recently strengthened their IPR protection. For example, according to the indexes in
Park (2008), patent protection in Brazil, China, and India generally strengthened between 1990
and 2005 compared with before 1990.

This change toward strengthening IPR protection in developing countries is likely to have
a great impact on innovation and foreign direct investment (FDI) in these countries for several
reasons. For example, strengthening IPR protection in a developing country makes it difficult
for local firms to copy products developed by other firms and decreases the risk of technology
imitation in that country. Thus, strengthening IPR protection is likely to influence the decision
of a firm with advanced technology on whether to transfer production to a developing country.
In addition, a decrease in imitation changes the monopolistic rent that the inventor of a good
can earn, which is likely to influence R&D activities by firms in developed countries.

The present paper theoretically investigates the impact of strengthening IPR protection in
developing countries using a dynamic general equilibrium model with two countries: the North,
where new technology is invented, and the South, where new technology cannot be invented
but can be transferred from the North through FDI. From this analysis, we derive three results.
First, strengthening IPR protection in the South raises the wage in the South relative to that in
the North. Second, strengthening IPR protection increases innovation in the North and the flow
of FDI from the North to the South in both the long and the short run. Third, strengthening IPR
protection can improve the welfare of both Southern and Northern households if the initial IPR
protection in the South is sufficiently weak.

A number of theoretical studies on technology transfer have examined the influence of
strengthening IPR protection using North—South dynamic general equilibrium models where
the chosen channel for technology transfer is FDI. However, these studies are divided on the

results. For example, two of the most important studies in this field, Lai (1998) and Glass and



Saggi (2002), obtained contrasting results. Lai (1998), using a model of variety-expanding-
type innovation, concluded that strengthening IPR protection promotes both innovation and
FDI, whereas Glass and Saggi (2002), using a model of quality-improvement-type innovation,
suggested the opposite. In related work, Glass and Wu (2007) (hereafter G-W) introduced cost-
less imitation, as did Lai (1998), into a quality-improvement-type R&D model similar to that of
Glass and Saggi (2002), and examined how raising the probability of imitation affects innova-
tion and FDI. Their results showed that strengthening IPR protection impedes both innovation
and FDI. This finding lies contrary to Lai (1998) but is similar to that in Glass and Saggi (2002).
By comparing the settings and results in these papers, G-W (2007) surmised that we could at-
tribute the different results in Lai (1998) and Glass and Saggi (2002) to whether innovation is
quality improving or variety expanding.

In this paper, we show that this presumptionagcorrect using a quality-ladder-type model.
More specifically, the present paper extends G-W'’s (2007) model by introducing selected indus-
trial policies into the model.e., subsidies for R&D and FDI, in order to reexamine the effect
of strengthening IPR protection. Our model also includes the case of “inefficient followers”
from their paper as a particular case where both of these subsidies are zero. In terms of results,
our model shows that the unique interior steady state becomes necessarily unstable if both sub-
sidies are zero. That is, there is no equilibrium path converging to the interior steady state in
the case of zero subsidies. In that case, following a policy change, the economy must move
toward a “corner-solution equilibrium” in which some endogenous variables are zero. Thus, we
cannot apply comparative statics of the steady state to the evaluation of the influence of a policy
change. This result implies that the conclusion on IPR protection in G-W'’s (2007) inefficient
followers case, which is based on comparative static analysis, must be reexamined. At the same
time, our model also shows that the unique steady state can become stable if the subsidy rates
for R&D and FDI are higher than some critical level. Therefore, given the initial condition,
there is a unique equilibrium path converging to the steady state and we can conduct adequate
comparative statics. Our model shows that if the interior steady state is stable, strengthening
IPR protection necessarifgromotesboth innovation and FDI. This central conclusion is the

opposite of the result in G-W (2007) and the same as that of the variety-expanding-type model



in Lai (1998)! Thus, our result proposes a counterexample to G-W’s (2007) conjecture that
whether strengthening IPR protection promotes innovation and FDI depends on the type of in-
novation? Further, in contrast with G-W (2007), by examining the dynamics in addition to
the comparative statics, we show that innovation and FDI both increase, even in the short run,
following the strengthening of IPR protectidn.

Moreover, we investigate the welfare effects of strengthening IPR protection, which is the
more important issue. Indeed, many earlier studies in this area, including Lai (1998), Glass
and Saggi (2002), and G-W (2007), did not explore the welfare effects because they focused on
the effects on innovation and FDI. However, we cannot draw conclusions about the desirability
of IPR policies based only on their effects on innovation and FDI. Our welfare analysis shows
that strengthening IPR protection in the South entails simultaneous dynamic and static effects
on welfare. The former dynamic effect arises from promoting innovation. An increase in in-
novation then enables households to consume higher-quality goods over time and raises their
welfare. But strengthening IPR protection also accounts for static effects through changing the
number of imitated goods and the income of households. As the imitated goods are produced

competitively by imitators, they are sold at a lower price than the other goods produced mo-

L Our result is also similar to that of Gustafsson and Segerstrom (2011) who constructed a variety-expanding-
type innovation model. Gustafsson and Segerstrom (2011) concluded that strengthening IPR protection in the
South generates a temporary increase in innovation and a permanent increase in the rate of technology transfer to
the South within multinational firms (Theorem 2). Meanwhile, contrary to our findings, Mondal and Gupta (2008)
showed that strengthening IPR protectiorpedesnnovation and FDI in the variety-expansion-type innovation
model. However, Mondal and Gupta (2008) employed a model including an endogenous rate of imitation in the

South, unlike Lai (1998), Gustafsson and Segerstrom (2011), and the present analysis.
2Dinopoulos and Segerstrom (2010) also concluded that the strengthening of IPR protection promotes inno-

vation and FDI in the quality-improvement-type innovation model. Dinopoulos and Segerstrom (2010) used
a scale-invariant North—South model, similar to Dinopoulos and Segerstrom (2007), which in turn was based
on Segerstrom (1998) and Li (2003), whereas our model includes scale effects. In addition, Dinopoulos and
Segerstrom (2010) assumed that Northern firms must invest in adaptive R&D in order to shift production to their

Southern affiliates.
3Most North—South innovation models tend to have a complicated dynamic structure and so cannot analytically

examine the transition of the equilibrium paths. The exceptions are Helpman (1993), Arnold (2002) (which is
based on Helpman (1993)), and Tanaka, Iwaisako, and Futagami (2007). These studies analyzed the transition of

the equilibrium path by employing a relatively simple dynamic structure in their models.
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nopolistically under the patents. Therefore, strengthening IPR protection may reduce welfare
through decreasing imitation and cheaper goods. Further, it may also affect welfare through
changing the wages and the values of shares owned by households. To properly evaluate the
desirability of IPR policies, we then need to compare the sizes of the dynamic effects with those
of the static effects.

In this paper, we show that the dynamic effects outweigh the static effects if the initial IPR
protection is sufficiently weak. Thus, stronger protection of IPR improves the welfare of the
South in that case. In addition, we illustrate a sufficient condition under which it can improve
the welfare of the North. Further, although our basic model assumes that imitation and FDI
are costless processes, we also discuss the welfare effects in an extended model where they are
assumed to be costly processes. Our numerical analysis shows that the welfare effects of the
extended model are likely to be remarkably different from those of the basic model: that is,
strengthening IPR protection decreases innovation and thereby reduces the welfare of the South
if imitation and FDI are costly processes.

Although most of the studies in this particular area of the literature did not conduct a welfare
analysis, there are some exceptions. For example, Helpman (1993), Grinols and Lin (2006), and
lwaisako et al. (2011) examined the welfare effect of IPR using a growth nMiddethe sem-
inal study on IPR protection in the dynamic North—-South model, Helpman (1993) conducted

a welfare analysis using a variety-expanding innovation model and analytically showed that

4In addition to these studies, Grossman and Lai (2004) conducted a welfare analysis analytically by using a
model where R&D activities are undertaken in both the North and the South. They obtained an interesting result
in that the level of patent protection that maximizes welfare in the South tends to be weaker than the level that
maximizes welfare in the North. However, to obtain this result, they specified the utility function in quasilinear
form and assumed no knowledge spillover in the R&D process. In addition, they assumed the “obsolescence”
of goods; that is, a newly developed good provides utility to consumers for only a finite length of time. These
assumptions imply no growth of utility in their model. Therefore, we cannot simply compare their results with that
from a growth model (including the present paper).

Furthermore, Lin (2010) conducted a welfare analysis in an extended North—South model. In his model, a
middle country can imitate the goods invented in the North and shift production to the South through FDI. Lin
(2010) also assumed that the goods for which production may shift might be imitated by Southern local firms.
However, the purpose of his paper was to evaluate not the welfare change of strengthening IPR protection in the

South but rather that of tightening South-bound FDI in the middle country.
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stronger IPR protection necessarily harms welfare in the South. In contrast, Grinols and Lin
(2006) showed that stronger IPR protection may improve welfare in the South by introducing a
group of goods consumed only in the South into the Helpman (1993) model. In this extended
model, stronger IPR protection in the South enhances innovation more intensively in the group
of goods consumed only in the South than in the group of goods consumed in both the North
and the South, and thus may increase welfare in the South.

The result that stronger IPR protection in the South can increase welfare in the South ap-
pears to be similar to the results of Grinols and Lin (2006) and the present paper. However,
the situations and reasons given vary quite markedly. The most important difference is that
our model includes FDI. Thus, in the situation where Northern firms can shift production to
the South through FDI, stronger IPR protection promotes FDI and thus enhances inndvation.
As mentioned, if the dynamic gain from enhancing innovation outweighs the static loss from
reducing the proportion of production in the imitated goods sectors, stronger IPR protection
improves welfare in the South. In addition, the dynamic structure in Grinols and Lin’s (2006)
model is complex because their model is more general than that of Helpman (1993), and thus
Grinols and Lin (2006) were obliged to conduct their welfare analysis numerically. In contrast,
the dynamic structure of the present paper is sufficiently simple that we can conduct the welfare
analysis analytically.

Similarly to our conclusion, lwaisako et al. (2011) also showed the possibility that strength-
ening patent protection in the South can improve welfare in the South by using a quality-
improvement-type innovation model. However, the instrument of IPR protection examined in
that analysis differs from the present paper. In general, IPR authorities can control the protec-
tion of patents using two instruments: patent breadth and patent length. Patent length refers to
the duration for which a patentee can sell the patented product monopolistically, whereas patent
breadth refers to the scope of the products that patentees can prevent firms without patents
from producing and selling. lwaisako et al. (2011) focused on the effects of broadening patent

breadth. In the present paper, we assume that IPR authorities can control the probability that

5By introducing FDI into Helpman’s (1993) model, Lai (1998) showed that strengthening IPR protection can
enhance innovation in the North—South variety-expanding innovation model. However, Lai (1998) did not examine

the welfare effects.



invented goods are imitated, that is, the expected duration of IPR. Therefore, in this study we
focus on the effects of extending patent length rather than patent breadth. Hence, this study and
Iwaisako et al. (2011) complement each other in that the welfare effects of strengthening IPR
protection in the South are examined more complétely.

The remainder of the paper is structured as follows. Section 2 describes the model. In
Section 3, we derive the equilibrium path of this model. In Sections 4 and 5, we show that
strengthening IPR protection promotes both innovation and FDI. Section 6 shows that strength-
ening IPR protection can improve welfare. In Section 7, we discuss the welfare effects in the
generalized case of the initial distribution of assets and the FDI subsidy rate, and the welfare
effects of subsidy policies. Section 8 examines the welfare effects in the model where imitation

and FDI are costly processes. Section 9 provides some concluding remarks.

2 The Model

Our model has the same basic structure as that of G-W (2007), which is a version of the North—
South quality-ladder model developed by Grossman and Helpman (1991, ChCa8kider an
economy consisting of two countries, the North and the South, dedot@od S, respectively.

The population size of countrye {NN, S} is constant and given b¥;. Each agent supplies

one unit of labor inelastically at each point in times [0, co) at a wage ofw;(¢). We choose

Using a closed-economy framework, Iwaisako and Futagami (2003) and Palokangas (2011) both examined
the welfare effects of patent length and breadth. The welfare effects of other patent instruments, for example,
leading and lagging patent breadths, blocking patents, and the division rule governing profits between basic and
applied researchers, have also been examined using a closed-economy framework by Li (2001), O’Donoghue and

Zweimiller (2004), Chu (2009) and Chu and Furukawa (2012).
’Our model is based on the “fully endogenous” rather than the “semi-endogenous” theory of growth. In this

regard, the fully endogenous growth model has often been criticized because of the “problem” of scale effects.
However, some studies have shown that fully endogenous growth theory can fit the empirical evidence. For exam-
ple, Ha and Howitt (2007) argued that fully endogenous theory is more consistent than semi-endogenous theory
with long-run data. Further, Aghion and Howitt (2006, p. 98) stated that “... there is no evidence pointing to the
absence of a scale effect at the world level or in small closed economies”. Because the debate remains open as
to whether endogenous theory or semi-endogenous theory is more appropriate, we adopt an endogenous growth
model. This generally has the benefit of a simpler dynamic structure than the semi-endogenous growth model, so

we can obtain clearer results, particularly for welfare analysis.
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Southern labor as the numeraire and normalize the Southernwggeto one at any point in
time ¢. We letw(¢) denote the relative wage of the North to the Soutlt) = wy (t) /ws(t) =
wn (t).

In this economy, there is a continuum of goods, indexed ky [0, 1], that are produced
in the North or the South. One unit of good output requires one unit of labor input. Each
good is classified by a number of “generations™ 0, 1, 2, - - - . We normalize the generation
number of every good to be zero at tithe: 0. A one-step newer generation of gopbdecomes
available if innovation occurs in industryas a result of successful R&D efforts by a firm. We
assume that different generations of a good have different “qualities”. The quality ofjgufod

generationm is provided byg,,(j) = A™.

2.1 Consumers

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

Ui:/ e " log u;(t)dt, Q)
0

wherep is a common subjective discount rate dngu;(t) represents instantaneous utility at

time¢. We specify the instantaneous utility function as:

10g ul(t) :/0 lOg [Z Qm(j)xz,mUv t)] dj, (2)

wherez; ., (7, t) denotes consumption by consumers living in countsfgenerationn of good
j attimet. The representative consumer in country { N, S} maximizes his or her lifetime
utility (1) under the following budget constraint:

/ e Jor s Byt = A,(0) + / e~ Jo TNy (1) dt — / e~ Jo TN () it

0 0 0

wherer(t) is the interest rate that consumers in both countries face at fir€0) is the initial
asset holdings of a consumer in countrgnd7;(¢) is a lump-sum tax levied by the government
of countryi. The termE;(t) represents the flow of expenditure by a consumer in country

i € {N,S} at timet, namely:

Ez(t> - /0 [me(jv t)xi,m(jv t)] d],
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wherep,,(j,t) is the price of generatiom of good; at timet.

This consumer’s utility maximization problem can be solved in two stages. First, for each
product, the consumer chooses the single generaitipint) that carries the lowest quality-
adjusted price,,(j,t)/qm(j). This implies the following static demand function:

Tim (j, t) _ Ez (t)/pm(ja t) for m = ﬁ”L(j, t)? (3)

0 otherwise.
Second, intertemporal utility maximization requires thatt)/F;(t) = r(t) — p. Therefore,
aggregate expenditure of the worlf{t) = LyEN(t) + LsFEs(t), also changes over time

according to the following condition:

B r(t) — p. (4)

2.2 Production

Firms can be classified into “leaders”, which have developed the current latest generation of
each good, and “followers”, which are firms other than leaders. They are also grouped in terms
of location, that is, whether the firm is in the North or the South. Regardless of location, a firm
can freely sell its good in both countries without incurring any transportation costs or tariffs. We
assume that only Northern firms have the ability to undertake R&D and bring about innovation.
If a Northern firm succeeds in developing a newer generation of gahe firm can patent that
generation of good in the North and monopolistically sell the patented good. Hereafter, we
refer to the firm producing a latest-generation good in the North as a “Northern leader”.

A Northern leader can become a “multinational” by shifting production to the South through
FDI. For simplicity, and following G-W (2007), we assume that becoming a multinational is
costless; that is, a Northern leader can shift production from the North to the South instanta-
neously without incurring any costs. If a Northern leader becomes a multinational, the firm can
then obtain higher profits at each point in time by employing the relatively cheaper Southern
labor. However, a multinational faces risks of imitation by Southern follower firms because

IPR protection is not perfect in the SowtiOnce imitation occurs in industry, the process for

8We exclude the possibility that Northern follower firms imitate a patented product by assuming perfect pro-
tection of IPR in the North.



making the current latest generation of ggod completely revealed and perfect competition
prevails in the industry. Then, the good is sold at the marginal cost of the multinational and
Southern imitators, that isys(t) = 1, in both countries. Therefore, the multinational firm
loses its monopoly rents. Following G-W (2007), we assume that every multinational is equally
exposed to the risk of imitation at an exogenous rdtéhat depends on IPR protection in the
South and other factors such as technology of imitation this setting, a smallei/ reflects
stronger IPR protection in the South. We assume that it is technologically or economically
impractical for follower firms to copy the state-of-the-art goods produced in the North.

To maximize profits, each leader firm whose good has not yet been imitated sets its price
at the upper limit to exclude rival firms from the market. As described below, we assume that
innovation is targeted only at industries in which the current latest generation has already been
copied and that the Southern wage is less than the Northern wage in equilibrium. In this case, the
strongest rivals of each leader firm whose good has not yet been imitated are always Southern
followers that have the ability to produce the second highest quality of each prddasta
leader firm can exclude rival firms by setting the lowest quality-adjusted price on its product,
the optimal price for each Northern leader and multinationabis: A - wg(t) = A. From the
demand function of consumers, each Northern leader earns the following flow of profits:

i) = 0 - o) 5 = (1= 22 ) ©)

Next, we consider the profits of multinationals. We assume that the Southern government
can “subsidize” the production of multinationals to promote FDI. Suppose that the Southern
government pays each multinationd@0 x s percent §» > 0) of the profits as FDI “subsi-

dies”!! Note thatsy = 0 in G-W’s (2007) model. As the marginal cost of a multinational is

9The assumption of exogenous imitation following technology transfer to developing countries is also found in

Lai (1998).
0we assume that leader firms do not have an incentive to further research their own products until the products

are copied, by properly choosing the parameters. Under this assumption, the quality gap between leaders and their

closest rivals never exceeds one step.
n reality, we can consider that the governments of some developing countries provide a “subsidy” in the form

of tax incentives, including partial exemption from corporate taxes, to the FDI of multinational firms. See, for
example, UNCTAD (2001) for a broad survey of the tax incentives governments in developing countries use to

promote FDI.



wg(t) = 1, the profits of a multinational are given by:

E(t) 1

mr(t) = (1+sp)(A — wg(t))T = (14 sp) (1 - X) E(t). (6)

2.3 R&D and FDI

For simplicity, we assume that R&D activities are not targeted at the goods Northern leaders or
multinationals produce through the following two assumptions. First, the labor input required
for one unit of R&D by followers of a industry is sufficiently large relative to the labor input
required for one unit of R&D by the leader of the industry. This is because a leader firm is
likely to enjoy a cost advantage in R&D relative to other firms because of its earlier experi-
ence in innovation to design the current-generation product. This first assumption ensures that
R&D is undertaken only by leaders. G-W (2007) called this situation the case with “inefficient
followers” as the R&D productivity of followers is relatively low. Second, no leader has an
incentive to further research its own good until the good has been imitatddder these two
assumptions, only the leader firm that made the previous innovation for the good undertakes the
innovation of each good after the good has been imitated.

Following Grossman and Helpman (1991), we assume that the success or failure of R&D
follows a Poisson process: if the leader firm of indugtdevotesuy ¢y (¢)dt units of Northern
labor for a time interval of lengtht to research on googl it succeeds in developing the next
generation of good with probability. (t)dt. We refer ta () as “innovation intensity”. If the
leader firm whose good has been imitated succeeds in developing the next generation;jof good
the firm can obtaimy (¢), which denotes the value of a Northern leader firm whose good has not
yet been imitated® Meanwhile, R&D costsuy (t)ayex (t)dt for the wage payments in a given
time interval. We assume that the Northern government biéérs sy percent () < sz < 1)
of the R&D cost as subsidies on R&D activities to promote innovation. G-W'’s (2007) model
corresponds to the case ©f = 0 in our model. A leader firm whose good has been imitated

chooses its innovation intensity; (¢) to maximize the difference between the expected gains

21n equilibrium, this assumption is satisfied if the degree of quality improvement by innovatisrsufficiently

large.
13 We implicitly use a result that the value of a leader firm whose good has already been imitated becomes zero.

Proof of the result is given in Appendix J.
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and the costs of R&D. Because R&D activities in equilibrium have to be of positive but finite
size, the expected gain from R&D must not exceed the cost of R&D. Thus, the following zero-

profit condition on R&D must be satisfied in the equilibrium wheyét) > 0:
un(t) = (1 — sp)w(t)an. (7)

Once a Northern firm succeeds in inventing the new generation of a good, the firm can
become a multinational by shifting production to the South without ¥o8hus, in equilibrium
where both Northern leader firms and multinationals exist, the following equality must hold at
each pointin time:

un(t) = vp(t), (8)
wherevr(t) is the value of a multinational whose good has not yet been imitated.

We assume that the shareholders of a leader firm hold a diversified portfolio composed of
shares of different firms. Under this assumption, arbitrage between assets ensures that a stock
yields the same expected rate of return as the risk-free interest-fate;The shareholders of
a Northern leader firm earn dividends (¢)dt and capital gaingy (¢)dt over an infinitesimal

time interval of lengthit. Thus, in equilibrium, the following no-arbitrage condition hotds:
r(t)on(t) = mn(t) + on(t). (9)

Meanwhile, shareholders of a multinational earn divideng& )dt and capital gaing(t)dt

over an infinitesimal time interval of lengift. The multinational is exposed to the risks of
imitation by Southern firms at the constant rafe If imitation occurs in industryj, the leader

firm of the industry loses its monopolistic position. Thus, its shareholders are faced with a cap-
ital loss of amounbx(t) with probability M dt in the time interval. This implies the following

no-arbitrage condition between the shares of a multinational and the risk-free asset:

1The earlier studies of FDI such as Lai (1998) and G-W (2007) made a similar assumption. In order to compare

the results of the present study with them clearly, we keep the assumption. On the other hand, some recent studies
of FDI such as Dinopoulos and Segerstrom (2010) and Gustafsson and Segerstrom (2011) considered the cost of

FDI and examined how strengthening IPR protection in the South affects innovation and FDI.
SMore strictly, we should take into account the Northern leader’s gain from the choice of becoming a multina-

tional; however, the gain is always zero from (8) because it is giveny) — vy (¢). Hence, even if we consider

the choice of FDI by the Northern leader firm explicitly, the no-arbitrage condition is the same as (9).
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2.4 Type of Industry

In this model, every industry in the market is classified into one of the following three categories:
(i) “type-N" industries where the Northern leader firm monopolistically produces the good in the
North; (i) “type-F” industries where the multinational firm monopolistically produces the good

in the South; (iii) “type-S” industries where Southern imitators produce the good under perfect
competition. We represent the measure (number) of industries belonging to each category by
ny(t), np(t), andng(t), respectively. The sum of the measure of all industries is equal to one,
so thatny(t) + np(t) + ng(t) = 1.

Hereafter, we focus only on a symmetric equilibrium such that all industries in the same
category are symmetric. In the symmetric equilibrium, all leader firms whose products have
already been copied behave identically, so that innovation intengity takes a common value
in every type-S industry. For that reason, in the entire economy, the measure of industries in
which innovation occurs in a time interval of length from timet is given by.x (t)ng(t)dt.
Therefore, we pay attention to the “aggregate rate of innovation” define by ¢« (t)ns(t)
rather than innovation intensity itself because we are more interested in the “amounts” of inno-
vation in the entire economy than its intensity in a particular industry.

The measures of products belonging to each category can change over time. The values of
ny(t) andnp(t) are jumpable immediately betweérand1 — ng(t) depending on the result
of the Northern firms’ location choices at each point in time. Meanwhile, the valug (@
is historically given and not jumpable because it is determined by an accumulation of past
imitation and innovation. In an infinitesimal time interval of length M nr(t)dt type-F goods
are newly imitated, whereas leader firms succeed in developing newer generatigtig/(of
type-S goods. Therefore, the valuergf(t) changes over time with the following equation of
motion:

ns(t) = Mng(t) — uo(t). (11)

-12 -



2.5 Labor Market

Southern labor is employed by multinationals and imitators for the production of goods. There-

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

TLF(t)@ + ns(t)E<t) = LS. (12)

Northern labor is devoted to R&D and production. Each leader firm whose good has been
imitated undertakes R&D with intensity, (¢), so that the labor demand for R&D is given by

anty(t)ng(t). Therefore, the labor market-clearing condition in the North is:

CLNL(t) -+ nN(t)@ = LN. (13)

2.6 Government Budget Constraints

In this economy, the Northern and Southern governments subsidize R&D activities and multi-
national production, respectively. For simplicity, suppose that at each point in time each gov-
ernment runs a balanced budget where it finances its total subsidy payments with lump-sum
taxes levied on each country’s consumers. To achieve a balanced budget, the following bud-
get constraints must be satisfied in both countries(1 — 1/\) E(t)nr(t) = LsTs(t) and
spw(t)ant(t) = LyTy(t), where the left-hand sides are the total payments of subsidies by
both governments and the right-hand sides are tax revenues. The governments determine taxa-

tion 7;(¢) such that these budget constraints are satisfied.

3 Market Equilibrium Path

In this section, we characterize the equilibrium path of the economy. The detailed derivation of
the results in this section is given in Appendix A. In the following parts of the paper, we focus
only on the interior equilibrium in which the aggregate rate of innovation is strictly positive and
there are continuously all types (type-N, type-F, and type-S) of industry. Hereatfter, let variables
with an upper bare.g, E, denote the steady-state values of the corresponding variables.

On the equilibrium path of this model, some endogenous variables become constant by

jumping to their steady-state values immediately at the initial time. In partichlgn, and
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w(t), respectively, take the following constant values for afl the equilibrium:

anA(1—sgr)[p+ MX — psp(A —1)]

E= (1+sp)(A—1) ’

(14)

p+ MX\—psp(A—1)

W =
p+M

(15)

We assume that is greater than because is sufficiently small such thaty < M/p. As the
values of E(t) andw(t) are constant;(¢), vny(t), andvg(t) also become constant for albn
the equilibrium path.

Furthermore, in the steady state of the modelit), ny(¢), nrp(t), and.(t) also take con-
stant values. The steady-state valuesgft), ny(t) andng(t) are given by:

o anMXN?Lg+ E? — \(Ly + Ls)E (16)
5 [axMX2 — (A—1)E|JE

MLs+ ALy — E)
CLNM)\2 — ()\ — 1)E”

np = (17)

_ )\[CLNM)\(E — Ls) — LNE(A — 1)]
= lanMN — (N~ VE|E (18)

These values must be positive if there is an interior steady state in the model. The aggregate
rate of innovation(t) is determined by the value afs(¢) as follows:
1 E
an A
Howeverns(t), ny(t), nrp(t), andu(t) cannot jump to their steady-state values immediately
at the initial time becauses(t) is a state variable whose value is historically given, ard),
nr(t), L(t) are determined depending on the value oft). The equation of motion ofg(t) is:

CLNM)\QLS + E2 — /\(LN + L5>E

ns(t) = anME — uns(t), (20)

whereF is given by (14) angh = MA— (A—1)E/(ax)\) = MA— (1 —sg)[p+ M\ — psp(\—

1)]/(1+ sp) is the speed of convergence to (divergence from) the steady state @f (1. < 0).
Note that this equation of motion is a linear functiongf(t) and depends only on the values

of ng(t) itself and the exogenous variables. Linear differential equation (20) is solved as:

ns(t) = ns + (ns(0) — ng)e ™ for 1 # 0, 21)
S - 2 2 i
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whereng(0) denotes the initial value afs(t). Becauseis(t) is not jumpable, (21) implies

that . must be strictly positive so that the steady state can be attained; otheryisecan

never take the value of the interior steady state given by (16), except in the special case where
ng(0) = ng. Likewise,np(t) andny(t) approach the steady-state values of (17) and (18) over
time if and only if, > 0 because the values of both variables dependygt). In this sense, the
interior steady state of the model becomes unstablésiegative'® This result is summarized

as follows.

Proposition 1. Suppose that there exists a unique steady state in which, ny, andz are

all positive. Then the economy approaches the steady state over time if and,oigypdsitive.

Proposition 1 shows that the key to the stability of the steady state is the sigthafis the
coefficient of the equation of motion afs(¢). Intuitively, we can interpret what determines the
value ofy and the stability of the steady state by equation (11). Other things being equal, as
increases, the inflow intag (the first term of (11)) decreases because targets of imitation,
decrease from the Southern labor constraint. This first effect is represented by the first term in
the definition ofu. Meanwhile, other things being equal,xasincreases, the outflow fromg
(the second term of (11)) also decreases becagiserease¥’ This second effect is represented
by the second term in the definition pf If the former effect outweighs the latter,becomes
positive. In this case, a changer decelerates over time and the economy asymptotically
approaches the steady state. If the latter effect outweighs the fornbecomes negative. In
this case, a change ins accelerates over time and the economy goes away from the steady
State.

We hereafter assume that> 0 so that the interior steady state is attaindBl&eanwhile,

by the definition ofu, we can immediately prove the following corollary.

18f 14 is zero, either the interior steady state of the model does not exist or any valyebaicomes a steady

State.
17 This is shown in equation (19). Because a type-S industry employs more labor than a type-F industry, the labor

constraint in the South requires that an increasesimust decreaseg + nr by sharply decreasingz. Thus, an
increase img increases the measure of industries in the North= 1 — (ns + nr), and thereby decreases labor

devoted to R&D in terms of the labor constraint in the North. This is why a decreasedecreases
18 |f X is sufficiently large, this condition is not so restrictive. For instance, following Glass and Saggi (2002),

we usep = 0.05, A = 4, Ly = 3, andLg = 6 as a numerical example. We further 8ét= 0.045, ay = 92, and

sr = 0.15. In this case, the interior steady state exists and is stablédf < sr < 0.406, which does not seem

- 15—



Corollary. Suppose that the rates of the subsidies on R&D and FDI are equal to zgre:

sr = 0. Then, the interior steady state of the model is unstable.

This corollary suggests that the economy in the case of the inefficient followers in G-W
(2007), which corresponds to the specific casepf= sr = 0 in our model, can never reach
the interior steady state, except when it begins in the steady state by chance. In particular,
when the government changes its policy, including IPR protection, the economy in the case
of sg = s = 0 no longer moves toward the new interior steady state, even if the economy
was in the interior steady state at the initial time. This is because no convergence path to the
new steady state exists after the policy change. In such a case, the economy moves toward the
“corner-solution equilibrium” such that the values of some endogenous variables are zero over
time!® For this reason, ik = s = 0, a comparison of the interior steady states before and
after a given policy change does not enable an accurate judgment on the effect of that policy.
In that case, we should not evaluate the influence of a policy using analysis of the comparative
statics. Thus, we should reexamine the conclusion on IPR protection policy in G-W’s (2007)

inefficient followers case as it draws on comparative statics.

4 Long-run Effects of Strengthening IPR Protection

In this section, we examine the influences of strengthening IPR protection on the steady-state
values of the endogenous variables. Because the strengthening of IPR protection in this model
can be expressed as the decrease in the imitationWatere carry out a comparative statics

with respect ta\/.

4.1 The Effect on the Relative Wage

Using the comparative statics, we can find that strengthening IPR protection (a decr&Bse in

raises the wage in the South relative to the Notthy(t). Differentiatingw given by (15) with

SO Narrow.
®More specifically, ifngs(0) is greater thams, thenng(t) gradually increases and either innovation or FDI

becomes zero at finite time. s (0) is smaller tharis, thenng(t) gradually decreases and eithgy(t) or ny (t)

becomes zero at finite time.
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respect ta/, we have:

ow  (I+sp)(A—=1)p
= (e

From (7) and (8), the reason why stronger IPR protection raises the Southern relative wage can
be interpreted by examining how it affectsv. The no-arbitrage condition (10) implies that

the market value of a multinational must equal the sum of the present value of its profit flow, that
is,vr = mr/(p+ M), in the steady state. This relation shows that strengthening IPR protection
(a decrease in/) influencesl/vp through two channels. First, it decreasgs directly
because the decrease in imitation risks by stronger IPR protection enables a multinational firm
to earn profitst for a longer time on average by extending the expected period of monopoly.
Second, stronger IPR protection increas¢s. through the decrease in profit flow-. From

(6), 7 depends on expenditufe positively. By differentiating given by (14) with respect to

M, the effect of strengthening IPR protection (a decreasd)ron £ proves to be negative as

follows:

8E - CLN/\2(1—SR)

OM — (1+sp)(A—1) = 0. (22)

Therefore, strengthening IPR protection decreases the profit flow of a multinational. Although
the former and latter effects work against each other, the latter necessarily outweighs the former.
Thus, the stronger IPR protection unambiguously raises the wage of the South relative to the

North (1/w(t)). This result is summarized as follows.

Proposition 2. Strengthening IPR protection in the South raises the wage in the South relative
to the North.

4.2 The Effect on Innovation

How does strengthening IPR protection affect the “long-run” aggregate rate of innovatiGn

W (2007) concluded thatlaxing IPR protection (an increase in imitation intensity) increases

the aggregate rate of innovation in the case of inefficient followers. However, our model shows
that this conclusion is not true in the parameter ranges, such that the interior steady state be-
comes stable. In fact, differentiating (19) with respect\foand evaluating the steady-state

value, we can prove the following proposition.
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Proposition 3. Strengthening IPR protection in the South increases the long-run aggregate rate

of innovation.
Proof. See Appendix B. O

How does stronger IPR protection promote innovation in our model? Intuitively, it is useful
to recall the Northern labor market-clearing condition (13). This condition requires that the sum
of labor input into R&D and production by Northern leaders must be equal to the constant quan-
tity of Northern labor supply. Accordingly, the lower the labor input to production by Northern
leaders, the more abundant the labor input to R&D. In our model, strengthening IPR protection
decreases the labor input to production by Northern leaders through the following channels.
The first channel is through a decrease in aggregate speAdidg mentioned in section 4.1,
strengthening IPR protection has a negative effect on aggregate spéndBgcause the de-
crease in aggregate spendifgreduces the demand for goods produced by Northern leaders,
each Northern leader decreases the labor input to production. The second channel is through a
decrease in the measure of type-N industries. In our model, the measure of type-N industries
ny increases with the rate of imitatialy’; that is, strengthening IPR protection decreases the
number of Northern patent holders that choose to operate in the North. By differentiating (18)

with respect tal/, we can verify this as follows:

ony 1 ~ MMLs (A—1)ay]| OF
oM _,LL{(A 1)TLF+{ 2 + A M > 0.

The fewer leaders operating in the North mean that less Northern labor is used for produc-

(23)

tion. Because both of those effects decrease the labor input to production, strengthening IPR
protection in the South increases the labor input to R&D and promotes innovation.

Note that the conclusion of Proposition 3 is completely opposite to that of the inefficient
followers case in G-W (2007P. Why does the result of our model differ from that of G-W
(2007)? The main reason is the stability of the steady state of the model. Recall that we
restrict the parameter ranges so that the steady state of the model becomes stable. As discussed
in section 3, at least must be positive if the steady state is stable. Becaugsepositive,

we find thatny increases with the rate of imitatial/ from (23). As a result, we can draw

20 As discussed in introduction, the result of Proposition 3 is similar to those obtained with models in which

innovation is modeled as expansion of product varieties, such as Lai (1998).
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the conclusion that strengthening IPR protection unambiguously decreases the labor input to
production in the North. However, in G-W'’s (2007) model, the steady state is unstable and the
value ofy is negative. Therefore, from (23),y must be decreasing with the rate of imitation

M. This means that the strengthening of IPR protection in their model necessarily increases
the number of leader firms operating in the NorthBecause the sign of the abovementioned
second channel lies opposite to that of our model, strengthening IPR protection can increase
the labor input to production in the North. In fact, the negative effect of the second channel
outweighs the positive effect of the first, so that strengthening IPR protection decreases the

labor input to R&D and the aggregate rate of innovation in G-W’s (2007) model.

4.3 The Effect on FDI

Strengthening IPR protection in the South increases the measure of type-F industries as well as

the aggregate rate of innovation. By differentiating (17) with respegf fave have:

onp 1.  (—np)X+napdE
L -\ ) 24
oM 1 e anA oM <0 (24)

This result can be summarized as the following proposition.
Proposition 4. Strengthening IPR protection in the South increases FDI in the long run.

By using the equation of motion ofs(¢), we can obtain an interpretation of Proposition
4. From (11), the value of - is given by the ratio of the aggregate rate of innovation to the
imitation rate,z/M, in the steady state. Because strengthening IPR protection decreases the
imitation rateM while increasing the aggregate rate of innovatiohnecessarily increases the
measure of type-F industries-.

The result of Proposition 4 is also contrary to the conclusion of G-W’s (2007) inefficient
followers casé? G-W (2007) concluded that a decreasélinnecessarily decreasgs. How-
ever, our model shows that a decreasédmecessarilyncreasesir from (24) because is
positive. The difference in the result of our model and that of G-W (2007) is also attributable

to the difference in the stability of the steady states of the two models. Recall that under G-W's

21See also equation (29) in G-W (2007, p. 402).
22 Note that the result of Proposition 4 is similar to that of Lai (1998) and Gustafsson and Segerstrom (2011),

who assumed variety-expanding type of innovation.
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(2007) setting, strengthening IPR protection decreases the aggregate rate of innovation because
the value ofu is negative, unlike in our model. As- is equal tar/M in both models, strength-

ening IPR protection influences- through two channels: the first is a direct effect through the
decrease in the imitation rate, and the second is an indirect effect through the decrease in the
aggregate rate of innovation. The former has a positive effect while the latter has a negative
effect on the value ofi in their model. Because the latter indirect effect is sufficient to out-
weigh the former direct effect in their model, strengthening IPR protection decreaséiote

that this conclusion in G-W (2007) crucially depends on the resultitigincreasing with\/

under their setting. The reason whis increasing with\/ is the instability of the steady state

of their model. Thus, their result on the effect of a chang&fion 7 also arises from the lack

of stability of the steady state.

5 Short-run Effects of Strengthening IPR Protection

In section 4, by comparing the steady-state values before and after the strengthening of IPR
protection, we concluded that the policy change positively affects the aggregate rate of innova-
tion and FDI in the long run. However, it is also important to explore how strengthening IPR
protection influences the aggregate rate of innovation and FDI on the transitional path to the
new steady state. Unlike many existing studies in this literature, we can investigate this, so to
speak, “short-run” effect of strengthening IPR protection because the transitional dynamics are
explicitly analyzed in our model.

Suppose that the economy is initially in the steady state and the Southern government
strengthens IPR protection at the initial time. Then, we define the short-run effects of strength-
ening IPR protection as the magnitudesdoft)/0M and ong(t)/OM for anyt € [0, c0),
respectively. Note thad.(t)/0M andong(t)/OM are not necessarily equal tb/0M and
Onp/OM because our model includes the transitional process to the steady state) /0 M
andong(t)/OM are negative for alt € [0, c0), we can conclude that innovation and FDI are
promoted a@ny point in time after strengthening IPR protection. On this short-run effect of

strengthening IPR protection, we can prove the following proposition.
Proposition 5. Suppose that the economy is initially in the steady state. Then, strengthening

—-20-



IPR protection in the South increases innovation and FDI for all [0, o).

Proof. See Appendix C. O

Proposition 5 shows th@t.(¢) /OM < 0 andong(t)/0M < 0 for all ¢. It therefore implies
that both innovation and FDI necessarily increase even on the transitional path after strengthen-
ing IPR protection. That s, strengthening IPR protection promotes innovation and FDI not only
in the long run, but also in the short run. Proposition 5 shows that the result of the short-run
analysis is the same as that of the long-run analysis. Thus, it reinforces our conclusion on the

effect of IPR protection.

6 Welfare Analysis

In sections 4 and 5, we showed that strengthening IPR protection enhances innovation and FDI
in both the long and the short run. However, we should judge a policy’s desirability by how
it affects welfare. In this section, by using the results derived in the analysis of the short-run
effect, we examine the welfare effects of strengthening IPR protection. By taking the short-run
welfare effect into consideration, we can examine how a marginal increase in the imitation rate,
M, that is, relaxing IPR protection in the South, marginally affects welfare.

To conduct the welfare analysis, we first consider the instantaneous utility function. Sub-
stituting (3) into (2), we obtain the utility level of a consumer in countrie {N,S}) at
time ¢ as follows: log u;(t) = (log\) fo m(j,t)dj + fo log z;(j,t)dj, wherex;(j,t) denotes
the demand for state-of-the-art quality in indusjrat timet. This shows that instantaneous
utility depends on the highest qualities consumable at the time and the quantities consumed
of all goods. The first term represents the welfare brought by the qualities of all industry
goods. Heref0 t)dj is equal to the aggregate number of innovations brought in the in-
terval from time0 to time ¢ becausen(y, t) is equal to the state-of-the-art generation number
of good; at timet¢. Thus, it can be replaced Wltfb 7)dr. This means that welfare pos-
itively depends on the aggregate rate of innovation. The second term represents the welfare
brought by the quantities of all industry goods. Substituting (3) into the second term, we can
rewrite it aslog F;(t fo log p(j,t)dj, which means that welfare depends positively on to-

tal spending F; (¢ ), and negatively on the prices of the state-of-the-art gopds¢). Further,
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the part of welfare that depends on the prices in all industries is reducgldldigp(j, t)dj =
ns(t)log 1+ (1—ng(t))log A = (1 —ngs(t))log A, which depends on the measure of type-S in-
dustries. The reason is as follows. In type-S industries, where Southern firms supply the goods
competitively, the price goes down to one, whereas the price(is 1) in the other types of

good industries, where either the Northern firms or the multinationals supply the goods monop-
olistically. Thus, an increase in type-S industries decreases the prices of goods and improves
the welfare of consumers. Considering these results, the instantaneous utility can be rewritten

as.
log s (1) = (log ) /0 J(r)dr + log Ex(t) — (1 — ns(t)) log A.

By differentiating the lifetime utility function with respect ta/, we can obtain the change

of welfare from the marginal increase M as follows:

oU; > o) ! 11 0F;
1 — 7pt 1 _ - 7
EIT; /0 e (og)\)aM (/0 L(T)dT) . + S E 00
. ~ 7 N, s’
innovation-impeding effect nominal-spending effect
) (ambiguous)
o _ 8ns(t)
pt
+/0 e " (log\) I dt. (25)

competition effect
(ambiguous)

Equation (25) shows that the total welfare effect of relaxing IPR protection (an increasg in
can be decomposed into the following three parts.

First, relaxing IPR protection impedes innovation and thus reduces welfare. We refer to this
welfare effect as thexnovation-impeding effecin the remainder of the analysis, we suppose
that the economy is initially in the steady state where the imitation raté,isamelyng(0) =
ng. As shown in Proposition 5, the marginal change in the aggregate rate of innovation from a
marginal increase in the imitation rate is necessarily negative for @lie welfare effect arising

from the innovation-impeding effect can be derived from the results in Appendix C as follows:

/0 " et (log A)aiM ( /0 t me) dt

(o ] o 1 D
_OgA){pQ(anu)@M anAp(p + 1) L+ (A= Dns)

or
oM

} <0, (26)
which is necessarily negative because an increasdé ieduces and raised.
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Second, relaxing IPR protection may affect nominal spending and welfare. We refer to this
effect as thenominal-spending effecAs discussed below, only the welfare effects arising from
nominal spending differ between the South and the North.

Finally, relaxing IPR protection affects the measure of type-S industrigs). An increase
in the measure of type-S industries, where the price is lower because type-S goods are com-
petitively supplied by Southern firms, raises welfare. We refer to this welfare effect as the
competition effectUsing the results of the analysis of the short-run effect in Appendix C, we

can calculate the welfare effect arising from the competition effect as follows:

o _ 8715(25) 1% 87‘L5
P (log \) —=—2dt = (log \) ———— —. 27
/0 ™" (logA) =+ (log >p(,0—|—,u)3M (27)
However, the sign obng/0M is ambiguous and thus the sign of the competition effect is

indeterminate.

6.1 The Effect on Welfare in the South

First, we examine whether strengthening IPR protection in the South can raise welfare in the
South. In sections 6.1 and 6.2, we focus on the case where Southern households initially possess
no assets. Further, we assume no subsidy for EPI= 0, in order to make the results of

the welfare analysis clearer. In section 7.1, we will briefly explore what happens when these
assumptions are relaxed. Based on those assumptions, the intertemporal budget constraint for
a Southern consumer is reducedHg = 1, because the Southern wage is normalized to one
and no tax is levied on Southern consumers. As the nominal spending in the Egultis,
independent of\/, the nominal-spending effect is absent in the South in this case. Therefore,
we can show that strengthening IPR protection in the South improves the welfare of the South

if the condition stated in the following proposition is satisfied.

Proposition 6. Suppose that the economy is initially in the steady state. Strengthening IPR

protection in the South increases the welfare of Southern consumérssifpsg/[A(1 — sg)].
Proof. See Appendix D. ]

The interpretation of the condition in Proposition 6 is somewhat complex. If relaxing IPR

protection increases the measure of type-S industries, it increases welfare by reducing prices
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but decreases welfare by impeding innovatidrOne of the reason why innovation decreases

is that an increase ing reduces labor input to R&B* The effect of reducing R&D through

the increase img intensifies as\/ is larger,sr is smaller, and\ is larger. In addition, the
innovation-impeding effect worsens if the subjective discount patesmall. This is because

the slowdown of quality improvement in the future is evaluated as a heavier lpss gmall.

Thus, if the parameters satisfy the condition given in Proposition 6, the innovation-impeding
effect becomes large enough to dominate the competition effect. Because the nominal spending
effect is equal to zero by the assumptions, strengthening (relaxing) IPR protection improves
(harms) welfare in the South.

Proposition 6 introduces an important implication for IPR policy in the South. For the most
part, this is because most earlier studies examined only whether strengthening IPR protection
enhances innovation and FDI and not whether it could improve welfare. In contrast, we can
evaluate the welfare effect of strengthening IPR protection analytically because of the tractable
dynamic structure of the present model. The result of the analysis shows that strengthening IPR
protection improves welfare in the SouthMf is sufficiently high as to satisfy the inequality
given in Proposition 6° In other words, we can conclude that strengthening IPR protection is
a desirable policy change for the South as long as the initial protection of IPR is so weak in the

South as to satisfy the conditich.

23f relaxing IPR protection decreases the measure of type-S industries, it unambiguously decreases welfare in

the South through both decreasing the goods with a lower price and impeding innovation.
24The reason why an increaserig necessarily decreases labor input to R&D is discussed in footnote 17.
25 |f IPR protection is initially strong and/ is sufficiently low as not to satisfy the inequality given in Proposi-

tion 6, the effect of strengthening IPR protection is indeterminate. In Appendix G, we provide a numerical analysis
of the case where the condition of Proposition 6 is not satisfied. According to the analysis, further strengthening
IPR under strong protection tends to worsen the welfare of the Sosithisfconsiderably large. The reason is that

an increase iz tends to weaken the innovation-impeding effect of relaxing IPR and intensify the competition
effect. If sy is sufficiently low, however, further strengthening IPR even under strong protection tends to improve
the welfare of the South. Thus, the policy recommendation for the South may depend on the R&D subsidy policy
of its trading partner, namely, the North. It was pointed out by an anonymous referee and the authors appreciate

the comment.
26 The condition given in Proposition 6 is not so restrictive. For example, if we set0.05, A = 4, and

sgr = 0.3 as in footnote 18, the condition is satisfied whdhn> 0.0054.
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6.2 The Effect on Welfare in the North

Next, to examine the possibility of a welfare improvement in both countries through the strength-
ening of IPR protection in the South, we also analyze the welfare effect in the North. However,

unlike the South, nominal spending in the North,, depends onV/. From Es = 1 and

E = LyEy + LgEg, the nominal spending of a Northern household is derived as=

(E — Ls)/Ly. Anincrease inV/ then raises aggregate expenditéréut does not changgs,

so it must increase the expenditure of a Northern houseligld,Thus, the total welfare effect

of a change in IPR protection is more complex than in the South. Nevertheless, by imposing a
certain condition, we can show that strengthening IPR protection in the South improves welfare

in the North as shown in the following proposition.

Proposition 7. Suppose that the economy is initially in the steady state. Strengthening IPR pro-

(log\)Ls A1

tection in the South increases the welfare of Northern consumessif1— |1 + aNAGTA | AiTloEnt

Proof. See Appendix E. O]

If the condition provided in Proposition 7 is satisfied, the innovation-impeding effect be-
comes large enough to dominate the nominal spending effect and the competitiod’efleet.
condition tends to be satisfied ifs is relatively small. This is because the nominal spending
effect in the North is weak in that cag&Meanwhile, the effect of on the condition is rather
complex. First, an increase xintensifies the innovation-impeding effect because a quality
improvement is highly valued by households in the case of larg&econd, it also changes the
innovation-impeding effect through influenciig A change inZ affects demand for goods and
thereby labor input to production. It therefore changes the allocation of labor resources between

production and R&D, which affects the aggregate rate of innovation. Third, an increase in

27 According to our numerical analysis, the condition given in Proposition 7 turns out to be comparatively
restrictive. However it does not mean that stronger IPR protection tends to decrease the welfare of Northern
consumers because the condition is a sufficienhbtihe necessary one. Even if the condition given in Proposition

7 is not satisfied, the welfare of the North may improve.
28 The nominal spending effect in the North is proportionaté &y . Therefore, it decreases with the nominal

spending of a Northern householdy,. As the nominal spending of a Southern household is fixed to one, small
size of population in the South leads to large spending in the North for a given value of total spending in the world,

E. In consequence, smdlls implies that the nominal spending effect in the North is weak.
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affects income and spending in the North through changing the wage and the value of shares
holding. Fourth, it also intensifies the competition effect becauseequal to the ratio of the

price of monopolistic goods to that of competitive goods. Because these effects simultaneously
arise from the change ik, how the welfare effect of IPR depends sdis ambiguous.

As shown in the proof, the condition in Proposition 7 is stricter than that in Proposifidn 6.
Thus, when the inequality given in Proposition 7 holds, we can guarantee that strengthening
IPR protection in the South can improve welfare in both the South and the North. This means
that strengthening IPR protection in the South is a Pareto-improving policy as long as the initial

protection of IPR is sufficiently weak in the South as to satisfy the inequality in Proposition 7.

7 Discussion

7.1 Generalization of Initial Distribution of Assets and FDI Subsidy Rate

In sections 6.1 and 6.2, we assumed no asset holding by the South and no FDI subsidy. In this
section, we briefly discuss how the welfare results change if these assumptions are relaxed. To
assess the consequences of the generalization, we draw on a numerical example because it is
difficult to compute the welfare effect analyticaffy.

Figure 1 shows the welfare effects of relaxing IPR for each value of the FDI subsidyrate

29 From (25) and the definition df(t), dUx /OM = (0Us/OM)+(1/p)(1/EN)(OEN/OM) andoEy /OM =
(1/Lx)(0E/OM) > 0if Es = 1. Thus, there may be a case in which stronger IPR protection is favorable to
Southern consumers and unfavorable to Northern consumers. In this case, if the nominal spending effect to welfare
in the North is sufficiently large (small) relative to the sum of the innovation-impeding effect and the competition
effect, the magnitude of decrease in the North’s welfare is larger (smaller) than the magnitude of increase in
the South’s welfare. This is becau8&/s/0M is equal to the sum of the innovation-impeding effect and the

competition effect ifEg = 1.
30)f the Southern households have some assets and the FDI subsidy rate is positive, the nominal spending of a

Southern household is not equal to one. This implies that the effect of relaxing IPR protection on the welfare of
the South depends also on the nominal spending effect and becomes more complex than is analyzed in section 6.1.
Further, through the change in the value of the assets, tax levied in the trading partner affects income and spending
of both countries. Thus, the welfare effect of the North also becomes more complex than is analyzed in section

6.2. The derivation of the nominal spending of both countries in the generalized case is given in Appendix F.

— 26—



U Uy
oM : g 0 oM

L -1000 = = o . L 500
075 SIS TIE < 075
05 < 05

s O & 025 O
02 < 02
0.15 ™~ ’ 0.15
01 -/ 0.1 — A
0.05 o 0.05 '
SF 0 SF 0

Figure 1: The welfare effect under positive FDI subsidy and positive asset holdings of the South

and the ratio of the Southern asset holdings to the whole, which is denoted khe sign of

the welfare effect is unchanged from the casef= ¢ = 0 if s ando are sufficiently small.

In this example, the effect on the welfare of the Sadth,/0M is negative for any ando.

Thus, strengthening IPR protection in this case increases the welfare of the Southern consumers
even if the FDI subsidy and the asset holdings of the South are positive. On the other hand,
the sign of the effect on the welfare of the Noétt/y/OM depends o ando. If the FDI

subsidy rate and the asset holdings of the South are sufficiently &lrge’/0 M can be positive:
strengthening IPR protection in the South can harm the North. However, if they are sufficiently

small,0Uy /OM is negative: strengthening IPR protection in the South still benefits the North.

7.2 The Welfare Effects of Subsidy Policies

In this section, we briefly explore the welfare effects of a change in the subsidy policies by
using the same method as in section 6. In the following analysis, we assume that the economy
is initially on the steady state. We further assume that both the initial asset holding of Southern
households and the initial rate of the FDI subsidy are zero, thatis; 0 at the initial time.
Differentiating the lifetime utility function with respect tg; andsy, we have:
gi]; = /000 e " (log A)% (/Ot L(T)dT) dt + %Eizgi + /000 e " (log \) agi}(:)dt, (28)
31Following Glass and Saggi (2002), we get= 0.05, A = 4, Ly = 3, andLg = 6 in figure 1. We further set

M = 0.037, ay = 123.5, andsg = 0.45. Under these parameter values, it is required that s < 0.24 to

ensure the existence and the stability of the steady state.
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ggj = /000 e " (log )\)% (/Ot L(T)dT) dt + %E%gii + /000 e " (log \) agis) dt. (29)
An interpretation of the three terms of (28) and (29) are the same as that of (25). The first terms
represent the positive welfare effect through promoting innovation. An increase in the subsidies
stimulates R&D, so that it can improve welfare by speeding up the quality improvement. The
second terms represent the welfare effect through affecting the nominal spending. An increase
in the subsidies changes the profitability of R&D and FDI, which influences the firms’ decision
on R&D and the location choices. Thus, it affects the spending of the both countries through the
change in the wages and the value of the shares of the leader firms. The third terms represent
the welfare effect through changing the proportion of the competitive goods. An increase in
the subsidies changes the measure of type-S industries because it affects the aggregate rate of
innovation, which is equal to the outflow from type-S industries, and FDI, which determines
the inflow into type-S industries. It therefore influences welfare through the change in the
proportion of the cheaper goods.

The welfare analysis of increasing the subsidies can be summarized as f3lIivst, a
marginal increase in the R&D subsidy necessarily improves the welfare of the South. This
is because the effect through promoting innovation necessarily outweighs the effect through
changing the proportion of the imitated goods. Second, a marginal increase in the R&D subsidy
and an introduction of the FDI subsidy improve the welfare of the North if the condition given

in Proposition 7 is satisfied. Finally, an introduction of the FDI subsidy improves the welfare of

e MALg(M+p)(log)) .
the South if-—~=5 55 — 1 > 0. The reason why the second and the third results are
satisfied is also that the effect through promoting innovation dominates the other two welfare

effects if the conditions are satisfied.

8 Extension: Costly Imitation and FDI

In the previous sections, we assumed that imitation is costless. However, imitation of goods
with high-technology involves large costs in the real world. Thus, in this section, we extend the
basic model to the model where imitation and FDI are costly as in Glass and Saggi (2002) and

examine whether the changes affect the results or not.

327 detailed derivation of the analysis in this section is given in Appendix H.
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8.1 The Extended Model

We describe only the parts that we change in the extended model. For simplicity, we assume
that the R&D subsidy and the FDI subsidy are equal to zero, thatis; sp = 0.

Following Glass and Saggi (2002), we assume that multinationals ¢(eed.) units of
Southern labor to produce one unit of goods, while Southern imitators need only one unit of
Southern labor. In that case, the marginal cost of multinationglsakhough the optimal price
for them is the same as in the original model(t) = A. Thus, the profits of a multinational
change torp(t) = (1 — %) E(t). On the other hand, to maximize profits, Southern imitators
charge the price so that multinationals cannot earn a positive prgfit; = . Therefore, the
profits of a Southern imitator become(t) = (1 - %) E(t).

In this section, we assume that imitation activities are costly and require labor inputs in con-
trast with the original model. If a Southern follower firm devotgsV/ (t)dt units of Southern
labor to copy the current latest generation of ggatiat the multinational produces, the firm
succeeds in imitating the good with probability(¢)dt. Therefore, “imitation intensity’M (t)
is endogenously determined in this extended model, while the imitation rate is constant and
exogenous in the original model. Letting(¢) denote the value of a Southern imitator firm, the

equilibrium condition of imitation is given by
vs(t) = ap,. (30)

The shareholders of a Southern imitator firm earn dividends)dt and capital gainss(¢)dt,
and face a capital loss of amount(¢) with probability . (¢)dt over a time intervalit. There-
fore, the no-arbitrage condition between the shares of a Southern imitator and the risk-free asset

is
r(tvs(t) = ms(t) + 0s(t) — en(t)vs(t). (31)

As another extension, we assume that FDI is also costly and requires labor inputs in this
extended model, while we abstract the FDI cost in the original model. More concretely, we
assume that the success or failure of FDI also follows a Poisson process: if a Northern leader
devotesa i (t)dt units of Southern labor to adaptation of technology, it succeeds in shifting

production of its good to the South with probability(t)dt. Under this assumption, the equi-
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librium condition of FDI changes from (8) to
UN(t) +ap = UF(t) (32)

Next, we consider the labor market-equilibrium conditions. In contrast with the original
model, a multinational needs units of labor for production of one unit of the good. This
implies that the aggregate labor demand of the multinationals changes$td £ (¢)/A)(. The
aggregate labor demand of the imitators also changes ) F(t)/( because the price set by
the imitators i in this model. In addition, Southern labor is devoted to both imitation activities
and FDI. Therefore, the labor market-clearing condition in the South changes from (12) to

aptp(t)ny(t) + an M (t)np(t) + np(t)@g + nﬂt)@ = Ls. (33)
In contrast, the labor market-clearing condition in the North is the same as (13).

Finally, we describe the law of motion of the measure of the industries belonging to each
category. In an infinitesimal time interval of length leader firms succeed in developing newer
generation of v (t)ng(t)dt goods and transferring production@f(t)ny (t)dt type-N goods to
the South. Moreover, imitators succeed in copyMt)n(t)dt type-F goods in the same time
interval. Therefore, the measure of the industries where the Southern imitator monopolistically

produces the good changes over time with the following law of motion:
ns(t) = M@)np(t) — i), (34)
where(t) = tn(t)ns(t). Meanwhile, the law of motion of y (¢) is given by

() = t) = it (2). (35)

8.2 The Market Equilibrium

The model with costly imitation and FDI is more complex than the costless-imitation model.
Because of the complexity of the model, we are forced to focus only on the steady state. In
this section, we let variables without timé’‘denote the steady-state values of the variables.
Using the Euler equation yields= p. Combining the equilibrium condition of R&D and the

no-arbitrage condition (9) yields

pway = <1 — %) E. (36)
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Combining the equilibrium condition of imitation (30) and the no-arbitrage condition (31), we

LN:(I—E)E—p. (37)

From (7) and (32), the following equality is satisfied in the equilibrium(t) + ar = vp(t) =

get

w(t)ay. Because this equality implies that (t) = g (t) for all ¢, substituting (9) and (10) into
the relation leads to the following equalityy(t) — 7y (t) = M (t)vg(t) + r(t)ag. Thus, in the

steady state, we get

_ <
M= A WIN ) 38
p(l—ﬂwa]v+ap (38)
Using the laws of motion (34) and (35) yields
Mnp = tpny = tyng = L. (39)

Finally, from (13), (33), and (39), the labor market-equilibrium conditions in the North and the

South in the steady state are given by

1
aNL—I—nNEZ = LN, (40)
¢ 1
(aF—I—am)L—I—nFEX—i—nSEZ = Lg. (42)

Hereafter, we describe the steady-state equilibrium by using only two variatdesl,w.
First, we derivensF andnypE as functions of. andw. From (36), we can expreds as a

function ofw as follows:

(42)

From (37) and (42), we gef = (1 — %) e
(39), we obtain

3 = ¢(w, a,,). BecausersE = (£), from
LN

ngll = o, an) (43)

Next, from (38) and (42), we géf = (1 — %) waea % = m(w). BecauserpF = (£ )t
from (39), we have

WE_m@) (44)
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LN curve

0
Figure 2: The steady state in the costly imitation and FDI model

Substituting (43) and (44) into (40) and (41), we get the following system of two equations in

two unknowns(s, w):

pwan
A—w LN

L= . . . , (45)
5 [awtam + ] — an
Lg
L= ¢ 1 11 (46)
ap T Om T X5 T ¢ Hwam)

We refer to the curves that satisfy (45) and (46) as LN curve and LS curve, respectively. They
are both upward sloping as shown in Figure 2. Hereafter, we assume that these curves intersect

once as in Figure 2.

8.3 Effects of Strengthening IPR protection

By conducting the comparative statics of the steady state, we can show that strengthening IPR
protection in the South by raising the imitation cost decreases the long-run aggregate rate of
innovation if A > (2.3 This case is depicted in Figure 2.

By using the results of the positive analysis, we conduct the welfare analysis in the steady
state. In the same way as in section 6, we can derive the instantaneous utility. Only the part of
welfare that depends on the prices in all industries changfélmgp(j, t)dj = ng(t)log +
(1 —ng(t))logA = —ng(t)(log A — log () + log A, which depends on the measure of type-S

33The proof is given in Appendix |.
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industries. The instantaneous utility can be rewritten as:

logu;(t) = (log \) /Ot ((1)dt +log E;(t) +ng(t)(log A — log ¢) — log .

Therefore, we can get the lifetime utility in the steady state as follows:
1 [log A
Ui — — |: Og
pL P
We assume that the Southern households can possess only the stocks of the imitation firms

t+log E; + ng(log A —log ¢) — log A| .

and the Northern households cannot possess them. This assumption implies that the budget
constraint of the Southern householdfg™s = sk 4 ygng. Using (30) andus = 1, we
can rewrite the budget constraint & = 1 + p%. By differentiating the lifetime utility

function with respect ta,,, we can obtain the change of welfare by the marginal increase in

as follows:
ouU, 1 log\ 0 s 0
oa, p p Oan, 1+ ZFmng o,
. T N = ~- -
innovation-impeding effect nominal-spending effect
) (ambiguous)

on
+ (log A — log () aa—s}

m
. /

competition effect
(ambiguous)

This equation shows that the total welfare effect of strengthening IPR protection (an increase
in a,,) can be decomposed into the following three parts. First, strengthening IPR protection
reduces aggregate innovation and thus reduces welfare. We refer to this welfare effect as the
innovation-impeding effectn contrast with the costless-imitation case, strengthening IPR pro-
tection through increasing the imitation cost reduces the aggregate innovation, at least on the
steady state. Second, strengthening IPR protection affects nominal spending and welfare. We
refer to this effect as theominal-spending effecAn increase in the imitation cost raises the
stock value of an imitation firm, however, the sign @is/0a,, is ambiguous and thus the
sign of the nominal-spending effect is indeterminate. Finally, strengthening IPR protection af-
fects the measure of type-S industrieg(?). An increase in the measure of type-S industries,
where the price is lower because type-S goods are supplied by Southern firms with the lower
marginal cost, raises welfare. We refer to this welfare effect asahgetition effectThe sign

of Ong/da,, is ambiguous and thus the sign of the competition effect is indeterminate.
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Figure 3: The effects of an increase in imitation cost
The horizontal axes represany,. The vertical axes represent aggregate innovatiomeasure of imitated sectors
ng, and the utility of the Southern consuniég, respectively. The parameter values are 4, ( = 1.6, p = 0.05,
Ly =3,Ls = 6,ay = 50, andar = 5. In this case, the growth rate of the utility, that is,(log \)¢, is around

0.02.

All the numerical results that we conducted indicate that strengthening IPR protection re-
duces the welfare of Southern consumers. One of the numerical examples is shown in Figure 3.
The numerical results show that the signoefs/da,, is positive; therefore, both the nominal-
spending effect and the competition effect are positive. However, the negative innovation-
impeding effect outweighs those two positive effects, so that the welfare of the South decreases
with a,,.

The result on the welfare effect is reverse to that obtained in the costless-imitation model.
In the basic model where imitation is costless, strengthening IPR protection in the South can
raise the welfare. In contrast, in the case where imitation is costly, strengthening IPR protection
in the South is likely to reduce the welfare of Southern consumers. The difference of the results
implies that the effects of strengthening IPR protection may depend on whether imitation is
costless or costly. However, because of the intractability of the model, we consider only the
effects on the steady state and obtain the results only numerically in the costly-imitation model
of this section. On the other hand, in the costless-imitation model analyzed in section 6, we
consider not only the effects on the steady state but also the effects on the transition, and obtain
the results analytically. To investigate how the effects of strengthening IPR protection depend
on whether imitation is costless or costly, it would be required to examine the welfare effect

including the short-run effects as in the analysis of the costless-imitation model.
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9 Concluding Remarks

This paper examined the effects of strengthening IPR protection in developing countries using
a simple North—South quality-ladder-type R&D model where FDI is determined endogenously.
As a result of the analysis, we find that strengthening IPR protection promotes innovation and
FDI in both the long and the short run. This finding contrasts with the result in G-W (2007) but
is identical to that in Lai (1998), who used a variety-expansion-type North—South model. This
result is thus important not only in the sense that it reverses the result of the comparative statics
in G-W'’s (2007) model, but also because it shows that the type of innovation, whether a quality
improvement or a variety expansion, daest play a key role in determining the effects of
strengthening IPR protection on innovation and FDI. Accordingly, hereafter we must examine
more carefully which aspects determine the effects of IPR protection on innovation and FDI.

As a central issue, we analytically examined the welfare effect of strengthening IPR pro-
tection. We showed that the positive welfare effect through promoting innovation outweighs
the negative welfare effect through reducing the number of imitated goods sectors if the initial
protection of IPR in the South is sufficiently weak. Thus, strengthening IPR protection can raise
welfare in both the South and the North. This is important because most related studies failed
to conduct a welfare analysis and so could not possibly evaluate the policy of strengthening
IPR protection from the viewpoint of welfare. Hence, the result of the present paper provides
valuable information about desirable IPR policies in developing countries.

In the basic model where imitation is costless, we showed that strengthening IPR protection
in the South can raise welfare. However, imitating products involving high-level technology
entails large costs in the real world, and thus, we must examine the welfare effects of strength-
ening IPR protection also in the case where imitation is costly. By limiting the analysis to the
steady-state analysis, Section 8 examined the effects numerically and obtained a contrary result
to that in the costless-imitation model: namely, strengthening IPR protection in the South re-
duces the welfare of Southern consumers. It would then be necessary to examine not only the
welfare effect in the steady state but also that in the short-run, as in the analysis of the costless-
imitation model. However, this is far beyond the scope of the present paper and thus remains as

future work.
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The present paper also assumes no cost of trade, such as in the form of tariffs. However,
the presence of a trade cost would certainly affect the incentive for FDI and thereby change
the effects of strengthening IPR protection on FDI and innovation. Introducing trade cost
into the present model, we could analyze the effects of a change in trade cost as in Grieben
(2005), Dinopoulos and Segerstrom (2007), Grieben and Sener (2009), and Dinopoulos and
Unel (2011). It is well worth examining how the presence of trade cost would change the
effects of strengthening IPR protection on FDI, innovation, and welfare.

Finally, as we examined the welfare effects of strengthening IPR in a model that exhibits
scale effects, one direction for future research may be to remove the scale effects from the
model. However, if we were to extend the model in this direction, the dynamic structure of the
model would become more complex and we would be unable to obtain clear analytical results.
Thus, we would be obliged to rely on numerical analy$iglthough this extension is beyond

the scope of the present paper, it would be well worth conducting in the future.

Appendix A Derivation of the Equilibrium Path

In this appendix, we derive the equilibrium path of the economy. From (7) and (8), the following

equality is satisfied in the equilibrium:
un(t) = vp(t) = (1 — sp)w(t)an. 47)

Because this equality implies that () = og(t) for all ¢, substituting (9) and (10) into the

relation leads to the following equality:
Tr(t) — () = Mop(t), (48)

where the left-hand side represents the “benefit” of becoming a multinational for a Northern
leader, which can be measured by the increment in profits at each point in time, and the right-

hand side represents the “cost” of becoming a multinational for a Northern leader, which cor-

34waisako et al. (2011) examined the welfare effects of strengthening patent protection analytically in a model
with and without scale effects. However, this was possible because of the tractable dynamic structure of the model
chosen, such that focusing on the effects of changing patent breadth made the dynamic structure simpler. A version

of the present model without scale effects would necessarily have a more complex dynamic structure.
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responds to the risk of losing its monopolistic rent through imitation at each point in time.
Substituting (5), (6), and (47) into (48), we have the following relation betwegnandw(t):

anMMA(1 — sp)w(t)

E(t) = se(A— 1) +w(t) — 1’

(49)

which implies that:

BEt)  se(M-1) -1 ()
E®t)  sp(A—=1)+w(t) -1 w(t)

Noting thatw(t) /w(t) = on(t)/vn(t) from (7), we obtain the following equality by substituting
(5), (7), and (49) into (9):

(50)

w(t)  on(t) (h) M\ —w(t))
w(t)  un(t) ®) sp(A—1) +w(t) — 1’ (1)
wherer(t) can be computed from (4), (50), and (51) as:
_srA =D 4w) -1 [sp(A—1) — 1M (A —w(?))
rt) = w(®) P OO =)+ wt) —1] (52)
Substituting (52) into (51), we can derive the equation of motiom @§ as follows:
w(t) = (p+ M)w(t) + psp(A—1) = (p+ MN). (53)

The only endogenous variable in this equationuig), which is a jumpable variable. Thus,
(53) implies thatw(¢) must jump to its steady-state value immediately; otherwi&g would
never reach the steady-state value because the coefficierit o strictly positive. From the
differential equation, the steady-state valueudf) is given by:

p+ MN—psp(A—1)

w = .
p+ M

As w(t) takes a constant value at all times, we can show Ba}, »(t), vx(t), andvg(t)
must also be constant over time. From (48)¢) must immediately jump to the following
steady-state value:

axA(l = sg)lp+ MA— psp(A — 1)]
(1 + SF)(A — 1)

Therefore,r(t) = p is satisfied for alt because(t)/E(t) = r(t) — p = 0 at any time. In

E =

addition, (47) shows thaty(t) andvg(t) must also take the following constant value of the
steady state for att

(1 —sr)an[p+ MA — psp(A —1)]
p+ M

UN = VUp =
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Meanwhile, we can show that the valuesrof(t), nr(t), and.(t) are determined by de-

pending on the value of the only state variable in the modelf). By rewriting (12), we

have:
nrlt) =2 (5 - ns(0). (54)
Furthermore, substituting (54) intox (¢) + nx () + ns(t) = 1 yields:
nn(t) =1 — A—és + (A= Dns(b). (55)

Using (13) and (55), we can compuig) as follows:

1 E
ut) = — {LN +Ls——[1+(\— 1)n5(t)]} : (56)
an A
By using the above results, we find that the motiomgft) in this model is determined by
only the values ohs(t) itself and some exogenous variables. Substituting (54) and (56) into

(11), we have the following equation of motionof(¢):

(A—1)E
CZN>\

, anMMNLg+ E* — XLy + Lg)E
ng(t) = — > aN)\E( vt Ls) —{M)\—

] ns(t). (57)

Because:s(t) as well as the other variables must be constant in the steady state, the steady-state
value ofng(t) can be computed from (57) as follows:

Fo — CLNM/\2LS + E2 — )\(LN_+_LS)E (58)
5 [avMX2 — (A\—1)E]JE

Then, substituting (58) into (54) and (55) yields the steady-state values(of andny (t):

ALs + ALy — E]
ay M2 — (A — 1)E’

ngp =

)\[CLNM)\(E — Ls) — LN ()\ — 1)]
lanMX2 — (A\—1)E|JE

ny =

Appendix B Proof of Proposition 3

In this appendix, we prove Proposition 3. It is sufficient for the proof to showgﬁak 0.
Differentiating (19) with respect td/, we have:

o 1 _ Ong _ . OE
97 =~y | VE Gy L O Dl | 9
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wheregi]\j can be computed from (16) as follows:

8ﬁ5 - nr _ CLNM)\QLS 8E
a_M—7+CLN/\M [1+(A—1)n5— E2 8M (60)
Substituting (60) into (59) yields:
ot 1 = _ ()\ - 1>E _ CLNM)\2LS 8E
— = — —1)E NG A | —1)ig — _
oM AN\t {O\ JETp + anA { +( )i E? oM
axMM — (A - 1)E _ . 0F
1 _ A—1_\ 0E
- o an (12251, 22
< 0,

where the second equality uses the Southern labor market-clearing conx‘zlgtim,@Ei — ”TF
and the last inequality usés< nr < 1. Thus, we can confirm that stronger IPR protection

increases the long-run aggregate rate of innovation

Appendix C Proof of Proposition 5

In this appendix, we prove Proposition 5. We first show t%%i < Oforallt € [0,00) if

ns(0) = ng. Differentiating (19) with respect td/, we have:

%L](\? - _aiA {()\ - 1)Ea%y) +1+ (A= 1)ns(t)]§—]6} : (61)

Note thata%\f) is not necessarily equal &f:5. By differentiating (21) with respect ta/, we

can computézs!?) as follows:

8n5(t)
oM

— te*“t(ns(()) — T_Lg)aa—]/\z (62)

_ i Os
— _ N2
(1—e )GM
If the economy is initially in the steady state amgl0) = ng, the second term of (62) is equal
to zero. Thus, substituting (21), (59), and (62) into (61) and applyin@) = ns, we obtain

the following relation:

au(t) 1 _ o Os . OFE
ns(0)=ng
or 1 oOF
_ P A _ A —pt 7
(=50 ~ awalt T A= sl
< 0,
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where the inequality holds becaugg < 0 and 2Z > 0,
Next we prove tha%(t) < 0forallt € [0,00) if ng(0) = ng. Differentiating (54) with

respect tal/ and substituting (62) ands(0) = ng into the derivative, we have:

onp(t) _ _ﬁ@ _ Ong(t)
oM . E20M oM
ns(0)=ns B
— _Lsa_E —(1- ut> Ons
E20M oM
- _ut)aﬁp utﬁ OF
oM E?2 OM

where the third equality uses the relation t% = A <—%g—5 — ?—ﬁ) and the inequality

OE

oM > 0.

uses22t < 0 and
Thus, we have been able to show that strengthening IPR protection increases innovation and

FDIforall t € [0,00) if ng(0) = ng.

Appendix D  Proof of Proposition 6

In this appendix, we prove thdts < 0 holds when\/ > . From (25) andgs = 1, 9Ls

is equal to the sum of the innovation-impeding effect and the competition effect. The sign of

the competition effect depends on that%@f.

If glﬂj < 0, the competition effect is nonpositive. Because the innovation-impeding effect is

oUs

negative, 572

< 0 necessarily holds i#2s < 0.
If gﬁﬁ > (, the competition effect is positive. Then, substituting (26), (27), and (59) into

(25), we can obtain a simpler expression of the total welfare effect as follows:

s u [M-DE  Jans 1 0B
aM—(log)\){ ,0(,04-#){ v 1 DM aN)\pz[l—l—()\ 1)n5]aM .

From this relation, even i% > 0, imposing% > 1 guarantees that the innovation-

impeding effect outweighs the competition effect, nam%{y < 0. Using (14) andsz = 0,

(A-1E

MM\
o 1 can be reduced top < =55~

p+MAN"
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Appendix E  Proof of Proposition 7

In this appendix, we prove Proposition 7. If the inequality in Proposition 7 holds, we obtain

(E-Ls)(oed) 1 from (14). Therefore, we prove thafx <  if (E=Lslload) o

anA(pti) anA(p+u) .

BecauseEy = ELIfS, the nominal-spending effect in the North is given %%.
Substituting this equation, (26), and (27) into (25), the total welfare effect in the North is re-
duced to:

WUy (Io )\){ o o 1 {(E—LS)(log/\) B } 8_E’

oM & p?(p+p)OM  p(E — Ls)(log \) anA(p+ p) oM

B ()\ — 1)7_15 oOF o] 87_15}
anAp(p+ ) OM — p(p+ ) OM |

The sign of the competition effect depends on tha@fgf
If 228 < 0, the competition effect is nonpositive. Fro%% > 1, the second term
in the curly brackets on the right-hand side is negative. Thus, the total welfare effect is negative
£ 0n
if Sy < 0.
On the other hand, i% > 0, the competition effect is positive. Then, from (59), we can

rewrite the total welfare effect as follows:

Uy _ B ol (A — 1)E B ong B i - @
o~ e A>{ p(p + 1) { anAp 1} oM~ ai(p o LA Ul gy
_ _ 1 |:(E — Ls)(log )\) _ :| 8E _ ()\ — 1)7_15 8E }
p(E — Lg)(log\) | anA(p+ u) OM  anip(p+p)OM I

- i S E - (E=Ls)(log))
Because\ > 1, A—1 > log A holds necessarily. Thus we can show t% > S
1. Therefore, the first and third terms in the curly brackets on the right-hand side are negative,

and we can guarantég¥ < 0 even if4% > 0.

Appendix F Nominal Spending in the Generalized Case

In this appendix, we compute the nominal spending of households in the generalized case such
that the Southern households have some assets and the FDI subsidy rate is positive. As discussed
in section 3 and Appendix A;(t) = p for all t becausé?(t) is constant on the equilibrium path.

Thus, E;(t) also takes a constant valiig on the equilibrium path because of the intertemporal
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utility maximization. Taking those into account, the intertemporal budget constraint can be

expressed as:
Bo=pAs0)+1-p [ e Ta(0)it (63)
0

EN = pAN(O) +w — p/ e_ptTN(t)dt. (64)
0

By using the government budget constraints, (19), (21), and (54), the third terms of (63) and
(64) are given by:

> > 1-1/NE
p/ e "Ts(t)dt = p/ e*ptunzr(t)dt
0 0

Ls
Lg o g 7
SF<)\ — 1)E LS _ _ P
- 2B IS s 0) —
Ts 7~ s — (ns(0) ns)er” :
p/ e "Ty(t)dt = p/ e’pt—SRwaNL(t)dt
0 0 Ly

pspwan [ 1 E

= e Pr—Ly+Lg— — [1 + ()\ — 1)715(15)] dt
Ly 0 an A

SRW E (A-1E_ (A =1)pE
S O A Al et ~ i)

Ly { VRS TR x e (sl0) = i) Alp+ 1)

The values of4;(0) are computed as follows. Letting(0) = Ax(0)Ly + As(0) Ls denote the
total initial asset holdings of the world, we obtain the following equation by summing up the

spending of every household:

E = LsFEg+ LyEy

= ,OA(O) + LS + ’LDLN — pLs/ e_pth<t)dt — pLN/ e_ptTN(t)dt,
0 0

or equivalently,

1. 1 o0 50
A(0) = ;E - ;(Ls +wLy) + Ls/ e P Ts(t)dt + LN/ e Ty (t)dt.
0 0

Because countrys share of asset holdings must be given as an initial condition, wedelD, 1]

denote the share of assets held by Southern households, that ids(0) Ls/A(0). This means
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that As(0) = 0 A(0)/Ls andAx(0) = (1 — 0)A(0)/ L. Substituting these into (63) and (64),

we have:
A o0
ES = pg (O) +1-— ,0/ €_ptTS(t)dt
Ls 0
= B e atny 4ors [Tt oty [ et
s 0 0
+1— p/ e ""Ts(t)dt
0
E—-L Iy E
= l—sp(l—0)A=1)+0 s 20 (1—8R)LN—SRLS"‘8R
Lg Lg A
()\ — 1)E OSRW _ _
o [ er= )] s+ (ns(0) —ns) L] (69)
1— o)A >
Eyx = pw +w — p/ e_ptTN(t)dt
Ly 0

1 _ -~ o0 [e.e]
= 0 lE — (Ls +wLy) + pLs / e P"Ts(t)dt + pLy / e"’tTN(t)dt}
0 0

Ly

+w — p/ e_ptTN(t)dt
0

= e == D72 4 -0 E T T s - sl +
PO 1= 0)] [as 4 (@) - n) 2] (69)

Note thatEs = 1 andEy = (E — Lg) /Ly are satisfied it = 0 (households in the South have
no asset) andr = 0 (the FDI subsidy is zero), which is the same as analyzed in section 6.1 and

section 6.2. The derivatives of equations (65) and (66) with respédt &oe:

0L
oM

B o spE (A —1osgBEng ) Ow
= { Ts {(1 SR)LN sprLg + \ :| \Ls }8M

o ospw A —1 fosgw _ OF
Z _ ~sn(] — 7=
* {LS ‘s  Ls - o) "S} oM

_(A-DE [JSREJ
Lg A

ns(0)=ns

on
—sp(1—0)] —pﬁm—ﬂj,
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8EN o SRE ()\ — 1)JSREﬁ5 ow
eV = < — |(1 —sg)Ly — sgrL

8A17mmﬁﬂs {LN’P sr)Ly — spLs + 3 ]# \on B
1—0c osgpw A—1[osgw _ OF
" { Ly * ALNn * Ly [ ' se(l = 0)} ns} oM

(A= 1E [osgpw o Ong

_ 1 — . 7S

L. e se-0)] ot oM

Appendix G Welfare Effects in the Case of Initially Strong
IPR

In this appendix, we explore whether further strengthening IPR under strong protection is bene-
ficial to the South or not. To do this, we examine the sig%’]ﬁfin the case where the condition
of Proposition 6 is not satisfied, by using two numerical examples. In the examples, we set
A=4,Ls = 6,andLy = 3 as in footnote 18, and sety = 400. Following the setting
in section 6.1, we assume that the FDI subsidy is zero and the Southern households have no
asset. Figures 4 and 5 shows the valué;—[ﬁf for eachM in two cases. We set = 0.12 and
sg = 0.83in case 1 (figure 4), while = 0.05 andsi = 0.65 in case 2 (figure 5). To ensure the
existence and the stability of the steady state, it is requiredtb@d7 < M < 0.0196 in case 1
and0.009 < M < 0.0116 in case 2. Note that both cases do not satisfy the condition provided
in Proposition 6: that is, IPR protection in the South is relatively strong.

According to the examples, the welfare effect of strengthening IPR is indeterminate if IPR
is initially strong. Figure 4 shows that the sign% turns positive in case 1 if/ is sufficiently
small. This implies that there is the optimal level of IPR protection inside the interval .of
However, figure 5 shows that the sign % remains negative for any value éf in case
2. Thus, unlike case 1, maximum IPR protection is beneficial to the South. Suppose, for
example, that the initial imitation rate i = 0.01. Then the welfare effect of strengthening
IPR protection differs between case 1 and case 2. In case 1, a further strengthening of IPR is
unfavorable to the South, whereas, in case 2, it is favorable to the South. Roughly speaking, it
seems that further strengthening IPR under strong protection tends to worsen the welfare of the

South ifsy is considerably large.
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Welfare effect (%)
20 oM

'60 T T T T T T T T
0.0196 0.0184 0.0172 0.016 0.0148 0.0136 0.0124 0.0112 0.01

M

Figure 4: Imitation rate and the effects of strengthening IPR on the welfare of the South: The
case ofp = 0.12 andsg = 0.83. It is required thaD.0097 < M < 0.0196 to ensure the

existence and the stability of the steady state.

Welfare effect (a&)
0 oM

-100

-200

-300 /
-400 /
/

-500 T T T T T T
0.0116 0.0112 0.0108 0.0104 0.01 0.0096 0.0092

M

Figure 5: Imitation rate and the effects of strengthening IPR on the welfare of the South: The
case ofp = 0.05 andsg = 0.65. Itis required tha0.009 < M < 0.0116 to ensure the existence

and the stability of the steady state.
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Appendix H Welfare Effects of the Subsidy Policies

In this appendix, we show the welfare effects of the subsidy policies for R&D and FDI. Differ-

entiating the lifetime utility function with respect t; andsz, we have:

: o] t . o]
o= [ emtosn g ([ ar L LZE [T oy 2, e
0 0 0

Jsgr SR p E; Osg SR

oU; o 0 ! 11 0FE; > Ong(t)
i_ —pt Y it —pt
Don /0 e " (log \) Do (/0 L(T)dT) dt + S D5 —|—/0 e " (log \) Do dt. (68)

To compute the value of each term, we first carry out a comparative statics. Differentiating (14)
with respect tasp andsy, we have:
OF E
= — <0, 69
aSR 1-— SR ( )

oFE ANM +p)E
sy~ (st MA—srh— Dl = (70)

Using equation (16), we can compyfes and 5= as follows:

ons _ 1 _ ayMMNLg] OE
. 1 — 1)fig — — 71
0Sp AN\ [ +( )i B2 Osp’ (71)
877LS . 1 _ CLNMAZLS 8E
Dsp  awi [1+()\—1)”S_ 22 ]681:7 (72)

which are analogous to (60). Therefore, we can compute the long-run effect of the subsidy

policies on the aggregate rate of innovation:

% _ —QNLA {(A - 1)5%‘ . 1)7—15](%}
_ _aNlAM {(Aa_NlA)E {1 (A= 1)ig — aNMEfLS} gi
Jra]VJW:_N(AA — 1>E[l + (A — 1)n5]g—i}
= o (e )
> 0, (73)
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ot 1 _Ong _ _OFE
1 (/\ - 1)E _ CLNM)\2LS 8E
= — 1 —1 — —
ANl { anA [ +( Jns E?2 0sp
CLNM)\2 - ()\ - ].)E _ 8E
M _nip\ OF
= —m <1—71F+T)%
> 0, (74)

where the second equalities of both equationsuseM A — (A — 1) E/(ay\) and the inequal-
ities hold from0 < nr < 1, (69), and (70). By differentiating (17) with respectsg andsp,

we have:
onp (1 —np)\+np OF onp (1 —np)\+np OF
= —_— d —_— o —
aSR aN)\,u 633 - 07 an 88}7 CLN)\,M aSF - O’

both of which are similar to equation (24).
Next, we analyze the dynamic effects of the change in the subsidies. Differentiating (19)

with respect tosp andsy yields:

T {“ s R 1>ns<t>]§s—i} , (75)
20— {0 s - vnsto 2} (76)

which correspond to (61). Differentiating (21) with respect tcandsy, and applyingis(0) =

ng to them, we have:

Ons(t) _ oy _ —unO0is

aSR - (1 e >83R7 (77)
8%5@) _ —ut Oong

D5 (1—e )aSF. (78)

Thus, substituting these, (21), (73), and (74) into (75) and (76), we obtain the following relation:

gl = ! D ey OTs _,OF
05k |usio)=ns AN {(A DE(—e >83R + {1+ (A= 1)as] JSg
o _ 1 OF
= 1 A B B _u OF
S )853 aNA[l%_(A Dnse Dsn
> 0,
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ou(t) _ _L{(A_l)E(l—e_”t)?+[1+()\—1)”5]@}

8SF ng(0)=ng (ZN)\ SF 88}7

or 1 OF
— — _/J't R — — 7) _/J‘t_
(1—e >8SF aN/\[l + (A —1)ngle on

> 0,

where the inequalities hold from (69), (70), (73), and (74).

Using the above results, we can compute the welfare effects of subsidy policies. First, the

welfare effects through promoting innovation are:

/Oooe pt(log/\)afR (/t o(r )dT) dt

3 1 oE
(log \) (1 —e#7) - —]1 A — Dngle ™ —— » drdt
(log / /{ ‘ 553 CLN)\[ * JRsle 831—2} !
1

_,OF
= {log ) {p 2(p+ ) 383 aNAp(p Ty LA D) @} - (79)
/Oooe P(log \) 8ap (/ (T)dT) dt
= (log \) / / { e ") é - aNL)\[l + (A — 1>nS]€_M§TEF} drdt
1 1 . OF
= (log \) {p o1 1) 881: v 14+ (A= 1)ng] E} > 0. (80)

Second, differentiating (65) and (66) with respectstpand s, and applyingns(0) = ng,

o =0, andsr = 0, we get:

0Fs
i p—|
8SR ’
OEy 1 OF
833 LN aSR
OEg A—1E _ (A —1)Enp
— =—-A\-1)+—"—ng=—"—"—"-"—
63F sp=0 ( )+ LS s )\LS ’
OEyN Ls (\—1E_ 1 OE (A—1)Enp 1 OF
=A\-1)— - — — = .
aSF sp=0 ( )LN LN ms + LNaSF )\LN I LNaSF
Thus, in the case of = 0 andsp = 0, the welfare effects through the nominal spending are
given by:
1 1 0Fg
-————=0 81
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1 1 0Ey 1 OF

- S , 82
pEN Osg  p(E— Lg)Osg (82)
liaEs :_()\—1)E771F7 (83)
p Es Osp pALs

1 1 0Ex 1 (A\—1)Enp OFE

i - . 4

pEN 03F p(E — Ls) A * 83F (8 )

Third, from (77) and (78), the welfare effects through changing the proportion of competitive

goods are given by:

o 8”3(75) ] Ong
Pt (log \ dt = (log A — 85
/0 e " (log A) Dsr (log )p(p+u)asR, (85)
o _ 8ns(t) 1% 8ﬁ5
Pt (log A dt = (log A —_—. 86
/0 e " (log A) Dor (log )p<p+u)aSF (86)

Using equation (71), we obtain the sum of the welfare effects through promoting innovation

and through changing the proportion of competitive goods:

0 o /[ 0 Ons(t)
(1 A—(/ d)dt+/ P (log \) 2 dt
e tonng ([ atmar)are [T e oy T

o or 1 _ . 0F i ang}
= (log A — 1+(A—1 +
(log ) {pQ(p + 1) 0sr  anAp(p+ 1) [+ (= 1)l Osr ~ p(p+ ) Osk
no o 1 MALs OF }
= (log \ — —
(log ){p2(p+u) dsp  plp+p) E? Osgr
>0, (87)

where the inequality holds from (69) and (73). Thus, from (67), (81), and (87), an increase in
the R&D subsidy necessarily improves the welfare of the South.

Meanwhile, an increase in the R&D subsidy can improve the welfare of the North if the
condition in Proposition 7 holds. This is proved as follows. Substituting (79), (82), and (85)

into (67), we have:

Uy _ (log)\){ W o 1 {(E—Ls)(log/\) B } oE
Osr p*(p+ 1) 0sp  p(E— Ls)(log\) | anA(p+ p) dsr
B (A—1)ng OF L 8%} | (88)
anAp(p+p) Osg — p(p + 1) Osp

As discussed in Appendix % > 1 is satisfied from (14) if the condition of Proposi-

tion 7 holds. Thus, (69), (73), and (88) imply that the total welfare effect of increasing the R&D
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subsidy is positive i% > 0. Next, substituting (73) into (88), we have:

Uy _ g f__# [A=DE_lors o O
Osp ( g)\){ p(p+ 1) [ anA\p 1] Osr  anAp*(p + ) 1+ (A= 1)ns] OSg
1 {(E—LS)(log)\) _1} OF  (A—1)ng aE}
p(E — Lg)(logA) [ anA(p+ p) Osr  anAp(p+p)Osg)

(A-1)E

Because (E*LS)(IOg )
< aNAp

anA(p+u)
total welfare effect of increasing the R&D subsidy is positive evﬁﬁf < 0.

>

> 1 as discussed in Appendix E, this equation shows that the

Next, we analyze the welfare effect of a marginal increase in the FDI subsidy from zero. To
explore the effect on the welfare of the North, we use a similar logic to the proof of the effect

of the R&D subsidy. More specifically, substituting (80), (84), and (86) into (68) yields:

Uy _ log \) { [ or 1 {(E — Ls)(log\) 1 OE
Osp pA(p+p)0sp p(E—Lg)(log)) | anA(p+ p) Osp
_ (A=Dng 0FE i 8715} 1 (N — 1)Eﬁp' (89)
anAp(p+p) Osp — plp+p)Osp ) p(E — Lg) A

Thus, (70), (74), and (89) imply that the welfare effect of a marginal increase in the FDI subsidy
from zero is positive ifg% > 0 and the condition in Proposition 7 holds. Further, substituting
(74) into (89), we have:

Uy — (o B o A=1FE B Ong B 1] D @

Osp ( g)\){ plp+ 1) [ anA\p 1] Osp anAp*(p + 1) 1+ (A= 1)ns] Osp
1 [(E—LS)(log)\) B 1} OE (A —1)ng aE}

p(E — Ls)(logA) [ anA(p+ p) Osp anAp(p+ 1) Osp

L 1 (A — 1)Eﬁp_
p(E — Ls) A
Given the condition in Proposition 7, this equation shows that the total welfare effect of a
marginal increase in the FDI subsidy from zero is positive ev%f < 0. Thus, the intro-
duction of the FDI subsidy improves the welfare of the North if the condition in Proposition 7
holds.

Finally, we analyze the effect of the FDI subsidy on the welfare of the South. Substituting
(72), (80), (83), and (86) into (68), we obtain:

oUs

ot 1 MMLg OF A —1)En
88}7

p2(p+p)dsp  plp+p) E? Osp pALs

(90)
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Further, substituting (74) into (90) yields:

oUs  M(log\)(1—np) 9B M(ogNar 0E  MALs(log)) 9E (A —1)Enp
Osr anp*(p+p)  Osp anAp*(p+p) dsk plp+ p)E? Osp pALs

M(log\)(1 —np) OE  MMLg(log\) OF
~ anpp+p) Osp plp+p)E? Osp
(A —1)Enp MALg(M + p)(log \)
pALs  Lan(A—=1)p(p+ p)(p+ MA)

where the second equality uses (70) apd= 0. Becausegs—i < 0 from (70), equation (91)

—1f, (91)

implies that the welfare effect of a marginal increase in the FDI subsidy from zero is positive if

MALs(M+p)(logA)
an O Dpiprmprarny — L > 0-

Appendix | The comparative statics in the costly imitation

model

In this appendix, we prove that an increase in imitation cost reduces aggregate innovation in the

costly imitation model.

We letU (w, a,,) and¥*(w, a,,) denote the RHSs of (45) and (46). Totally differentiating

(45) and (46), we get
O g
Al =1 ), (92)
Dam vy

1 —wN
A= :
1 -

and Wi, = 2w gndyi = 2lven) for ; = (N, S}. By differentiating®” (w, a,,) and

where

U9 (w, a,,) With respect tav respectively, we obtain
o~ = 08V (w, an) 198 E_ Ly 1(_1¢ 1 >
1 A

1

A




OV (w, ayy,) Lg (C( 1 ) 1( 1 ))
ps = il > (——mu | + = (— 50w
“’ o <am+CLF+§L+%i>2 ™) e
¢
A

L 1.
- (5 9).
(am +ar + $5 + 12)
whereg, = 2, m, = 9, § = i—g andm = 2. By differentiating V" (v, a,,) and
U (w, a,,) With respect tas,,, respectively, we obtain
\Iszﬁ\I/N(w,am) _ L Ly l(_l¢>
a — 2 2 7a
o RG]t
E
I St S
2)\ a

OV (w,am) B Lg
da,, n

=

Q Wnn
Ml

—

[\
VRS
[S—
+
TN
/T\
|~
Ne
~
~~

(am+ar+ $5+ 12

L 1~
- - il 2(1+Z¢a>7
(am +ar+ $5 + 12)

whereg, = 22 and¢, = e

Suppose that the LN and LS curves intersect only once. Then LN curve intersects LS curve

from below as in Figure 2. ThugY > ¥° and detl = —¥% + U > 0. Applying Cremer’s
rule to (92), we get

o1

_ L ONgS SN
90 = detd (Ve Yut aly).

Substituting®?, and ¥’ into (- U5 + w5 WL) yields

E
U e =

where




From the definitions of andm above equations (43) and (44), = =% > 0, ¢ = % > 0

¢2
andm = ™% > 0. In addition, from (42),3—5 > (. Therefore, if§ — % < 0, F' < 0 and thus
e}
e < 0.

Appendix J Notes on some results in the text

In this appendix, caluculations of some results in the text are explained in more detail.

Proof of the assertion in footnote 13

In this note, we show that the value of a leader firm whose good has already been imitated,
which is denoted by, (), always becomes zero. As we assume that the shareholders of a
leader firm hold a diversified portfolio composed of shares of different firms, arbitrage between
assets ensures that a stock yields the same expected rate of return as the risk-free interest rate,
r(t). This relation leads to the following no-arbitrage condition between the shares of a leader
firm whose good has been imitated and a risk-free asset:

r(t)on(t) = om(t) + Elv?f){{w(t) on(t) —vum(t) = (1 = sp)wn(t)an]}, (93)
where the first term on the right-hand side represents the capital gains through holding shares
and the second term on the right-hand side is the expected net gain from R&D by the leader
firm. Because R&D activities in equilibrium have to be of positive but finite size, the expected
gain from R&D must not exceed the cost of R&D. Thus, the following zero-profit condition
on R&D must be satisfied in equilibriumiy (t) < vy (t) + (1 — sg)wy(t)ay with equality if
tn(t) > 0. Then, from (93)u,,(t) must satisfy the equation of motiomy, (t) = r(¢t)vas(t).
This equation of motion implies that,(¢) must jump to zero immediately because) takes
a positive value independent of; (¢) in equilibrium andv, (¢) is jumpable. Otherwise;,(¢)

would be negative or tend to beco. Neither of them could be an equilibrium path.

Derivation of the result of (23)

In this note, we derive the result of (23). By differentiating (18) with respedt/tave have
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ony aN)\2(E_' — Ls)[CLNM)\2 — ()\ — 1)E]E — aN)\QE_’[aNM)\Q(E — Ls) — )\LNE()\ — 1)]

oM [an MA2 — (A — 1)E|2E?
anMXN2 = ALy(A—1)  [anMA2 =2\ — 1)E]jayMMN2(E — Lg) — ALyE(A —1)] | 0E
{ lanMN —(A—1)E|E [an M2 — (A — 1)E]2E2 } oM

—aN)\z(E’ — Ls)()\ — 1)E2 + aN)\3()\ — 1)LNE2
lan MA2 — (A — 1) EJPE2

{ aNM/\2 — )\LN()\ — 1) [a]\[]\f)\2 — ()\ — 1)E][GNM)\2(E — Ls) — )\LNE‘()\ — 1)]

lanMX2 — (A — )E|E [axM)2 — (A — 1)E2E?

(A= 1)E[ayMM)(E — Lg) — ALyE(A —1)] | 0E
[ay M2 — (A — 1)E|2E? } M

aN)\Q()\ — 1)[Ls + )\LN - E]
[anMN2 — (A — 1)E]2
+ { CLNM)\QLS ()\ — I)E[CLNMAQ(E - LS) — )\LNE(A — 1)} } 8E
[

anMM2 — (\ —1)E|E? * lay M2 — (A — 1)E]2E2 oM

. ()\ — 1)ﬁF n |:M>\LS ()\ — 1)71N:| gE

7 pE? anAi | OM

. l e MMLg ()\—1)_1\7 @
= M{()\ 1)TLF+|: 2B + A 8M}

> 0,

where the fourth equality uses (17), (18), and the definition, @nd the inequality uses (22).
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Derivation of the result of (24)

In this note, we derive the result of (24). By differentiating (17) with respedt/tave have

np _ anX(Ls+ ALy — E) B A AMA—=1)(Ls+ ALy — E)) OF
OM — [ayMM2—(\—1)E]? anMM2 — (A —1)E [anMM2 — (A —1)E]2 | OM
B _)\T_LF+ B 1 +(/\—1)77LF OF

I anp AN oM

_ 1{, _ A= (A—=1Dnpr OF
- [A"F+ an A 8M]
_ 1 B (1—-np)A+np OF
T [)\nF—'_ anA 8M]

< 0,

where the second equality uses (17) and the definitign ahd the inequality uses (22).

Derivation of the result of (26)

In this note, we derive the result of (26). Usi%@ ’ﬂs(0)=ﬁs derived in Appendix C, we obtain

00 a t
e P (log \) =— (/ L(T d’i’) dt
| e tomngiz ([ o
> ¢ o 1+ (A—=1ng OF
= —pt _ pTHT _ —uT
(log)\)/o e /0 {(1 e )8]\/[ Y e aM}det
> or or 1+ (\—1)ng OF I 1
— pt o _ ot _
(log)\)/o e {tx BT L?M—i_ Y 8M} ( Me +N)}dt

— (log A)/ L 2, { g 1+(A=Dns 8E} / (oot _ ) gt
0 0

oM o | OM anA oM
B 1o 1[0 14 (\—1)ng0F 1 1
_(logA){p23M+u[8M+ anA 8M} <p+u_p>}
1 ot 1 _ . OF
— (log A - 1+ (A — 1)ing] o=
toe { s = s U (- sl g |

< 0,

where the inequality uses (22) and the result of Proposition 3.
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Derivation of the result of (60)

In this note, we derive the result of (60). By differentiating (16) with respedt/tave have

ong . aNkst[aNMA2 — ()\ - 1)E]E - QN)\QE[G,NMAQLS +E? — )\(LN + Ls)E]
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[

ayMXN2 — (A —1)E|E lanMA2 — (A — 1)E2E?

+()\ — I)E[CLNMAQLS + E?%— MLy + Ls)E] @
lan MN2 — (A — 1) B2 oM

anA2(Lg + ALy — E)
 [anMM2 — (A —1)E]?
+ { E? —ayMXLg (A—1)E[anMXNLs + E*> — N(Ly + Lg)E]| 0E

[

anMN2 — (A~ DEE? lan M2 — (A — 1) B2 E? oM

. ﬁl E? —aNM)\QLS ()\7 1)7_15' @
1 an\uE? AN AL oM
n 1
B anAp

, _
{1 + (A= 1)iig — anMA"Ls LS} OF

E? oM’

where the fourth equality uses (16), (17), and the definition. of
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