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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 increases 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 and the R&D subsidy rate is not too high.

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 increasing the probability of imitation affects
innovation and FDI. Their results showed that strengthening IPR protection impedes both in-
novation 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 attribute the different results in Lai (1998) and Glass and Saggi (2002) to whether
innovation is variety expanding or quality improving.

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, i.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 is necessarily unstable if both subsidies
are zero. Hence, 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. This resultimplies
that the conclusion on IPR protection in G-W’s (2007) inefficient followers’ case needs to be
reexamined because we cannot apply comparative statics of the steady state to the evaluation of
a policy change. To address this issue, we prove that the unique steady state can be stable and
comparative statics are applicable if the subsidy rates are higher than some critical level. Our
model shows that if the interior steady state is stable, strengthening IPR protection necessarily
promotesboth 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 innovation.

As a more important topic, we also explore the welfare effects of strengthening IPR pro-
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tection. Many earlier studies in this area, including Lai (1998), Glass and Saggi (2002), and
G-W (2007), did not analyze the welfare effects because they focused on the effects on inno-
vation 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 strength-
ening IPR protection in the South entails simultaneous dynamic and static effects on welfare.
The former dynamic effect arises from promoting innovation. An increase in innovation then
enables households to consume higher-quality goods over time and increases 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 imitator firms produce the imitated goods
competitively, they sell at a lower price than the other goods produced monopolistically under
the patents. Therefore, strengthening IPR protection may reduce welfare through decreasing
imitation and the number of cheaper goods. In addition, it may affect welfare through changing
the wages and the values of shares owned by households. To evaluate the desirability of IPR
policies, we then need to compare the sizes of the dynamic effects with those of the static ef-
fects. In this paper, we show that the dynamic effects outweigh the static effects if the initial
IPR protection is sufficiently weak and the rate of R&D subsidy is not too high. This implies
that stronger protection of IPR can improve the welfare of the South and the North.

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

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, Ch Th2)main

1Our model is based on the “fully endogenous” rather than the “semi-endogenous” theory of growth. The fully

endogenous growth model has often been criticized because of the “problem” of scale effects. However, Ha and
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difference between our model and G-W (2007) is the existence of two subsidies, one for R&D
and the other for FDI. Consider an economy consisting of two countries, the North and the
South, denoted by andS, respectively. The population size of countrg { N, S} is constant
and given byL,;. Each agent supplies one unit of labor inelastically at each point in#ime
[0,00) at a wage ofw;(t). We choose Southern labor as the numeraire and normaljze
to one at any point in time. We letw(¢) denote the relative wage of the North to the South:
w(t) = 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 takes place in industias a result of successful R&D efforts by a firm.
We assume that different generations of a good have different “qualities”. The quality of good

j of generationn is provided byg,,(j) = \™.

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

logu;(t) = /0 log [Z Qm(j)ﬂfi,m(ja 75)] dj, (2)

wherez; ,,,(j, t) denotes consumption by consumers living in countsf/generatiorm of good

j attimet. The representative consumer in country { N, S} maximizes his or her lifetime

Howitt (2007), for example, have argued that fully endogenous theory is more consistent than semi-endogenous
theory with the 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 debate remains
as to whether endogenous 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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utility (1) under the following budget constraint:
/ - I T(s)dsEi(t)dt _ Ai(o) + / e I T(s)dswi(t)dt . / e Il r(s)dsTi(t)dt7
0 0 0
wherer(t) is the interest rate that consumers in both countries face at firh€0) is the initial
asset holdings of a consumer in countrgnd7;(¢) is a lump-sum tax levied by the government
of countryi. The termFE;(t) represents the flow of expenditure by a consumer in country

i € {N, S} attimet, namely:

Ez<t) = /0 [me(ja t)xi,m(jv t)] d],

wherep,, (7, t) is the price of generatiom of good; at timet.

We can solve this consumer’s utility maximization problem 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:

LL’i,m(j, t) _ Ez (t)/pm(]a t) for m = m(]a t)v (3)

0 otherwise.
Second, intertemporal utility maximization requires thatt)/E;(t) = r(t) — p. Therefore,
aggregate world expenditurg(t) = LyFEn(t) + LsFEs(t), also changes over time according

to the following condition:

= = () —p. (4)

2.2 Production

In this model, we can classify firms into two types: “leaders”, which are firms that developed
the current latest generation of each good, and “followers”, which are firms other than the
leaders. These firms are located 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 gotite firm can patent

that generation of good in the North and monopolistically sell the patented good until it is
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imitated. Hereafter, we refer to the leader producing a latest-generation good in the North as a
“Northern leader”.

A Northern leader can become a “multinational” firm by shifting production to the South
through FDI. By becoming a multinational firm, the firm can employ cheaper Southern labor
for production. However, a multinational firm faces the risk of imitation by Southern followers
because IPR protection is not perfect in the South. Once imitation takes place in ingdlsay
process for making the current latest generation of godcompletely revealed and perfect
competition prevails in the industry until the next generation is developed. The imitated good
is sold atws(t) = 1 in both countries and the multinational firm loses its monopoly rents. We
assume that follower firms cannot copy a good produced in the North by the Northern leader.

As in Grossman and Helpman (1991), a monopolistic leader (which refers to a leader whose
good has not yet been imitated) can maximize profits by pricing its good at the upper limit of
the prices such that rival firms are unable to operate. As described in Section 2.3, we focus on
the case where innovation takes place only in industries in which the current latest generation
has already been copied. In this case, the strongest rivals of each monopolistic leader are the
Southern followers that have the ability to produce the second-highest quality of each good,
which could cut the price to the marginal cost(¢) = 1. Because a monopolistic leader needs
to set the lowest quality-adjusted price to eliminate rivals from its market, the optimal price for
each Northern leader and multinational firm is the marginal cost of the rivals multiplied by the
degree of advantage in quality:= X - wg(¢) = A. This price setting and the demand function
imply that the sales of a monopolistic leader &'¢&)/\. Therefore, the flow of profits for a

Northern leader is:

vl = 0= wn@) 52 = (1- 22 50 ©
Likewise, the flow of profits for a multinational firm is:
r(0) = (1 se) = ws0) 5 = (1+-50) (1= 5 ) B ©

wheresp > 0 is the rate of FDI subsidy. That is, the Southern government pays each multina-
tional firm 100 x s percent of profits as “FDI subsidie$"Note thats is assumed to be zero
in G-W’s (2007) model.

2In reality, we can consider that the governments of some developing countries provide a “subsidy” in the form
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2.3 R&D and FDI

We make the same two assumptions as G-W (2007) to focus on the case where no R&D is
undertaken in industries where a Northern leader or a multinational firm produces a good. First,
the labor input required for one unit of R&D by followers is sufficiently larger than that for
the leader of the industry. This first assumption ensures that only leaders undertake R&D.
G-W (2007) referred to this situation as the case of “inefficient followers” because 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 imitatetdnder these two assumptions, only the leader
firm that made the previous innovation for the good undertakes R&D after the good has been
imitated.

As in Grossman and Helpman (1991), we assume that the success or failure of R&D fol-
lows a Poisson process: specifically, if the leader firm of indugtgvotesa iy (t)dt units
of Northern labor for a time interval of lengtft to research on goog, it succeeds in devel-
oping the next generation of gogdvith probability . (¢)dt. We refer touy (¢) as “innovation
intensity”. A leader firm whose good has been imitated choogég to maximize expected
net gains from R&D. If a firm succeeds in innovation by R&D, it obtaiRgt), which denotes
the market value of a Northern leader. Meanwhile, R&D castst)axey(t)dt for the wage
payments. Thus, the expected net gains from R&D[akgt) — (1 — sg)wn(t)an]en(t)dt,
wheresyr € [0,1) denotes the rate of R&D subsidy. That is, the Northern government bears
100 x si percent of the R&D cost as subsidies. Note that G-W’s (2007) model corresponds to
the case oz = 0 in our model. Because R&D activities have to be of positive but finite size,

the following zero-profit condition on R&D must be satisfied:
oy (t) = (1 — sp)w(t)an. (7)

Following G-W (2007), we assume that a Northern leader can become a multinational firm
instantaneously without cost. Under this assumption, a Northern leader firm must be indifferent

as to whether it becomes a multinational firm or continues production only in the North. Thus,

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.
3In equilibrium, this assumption is satisfied if the quality increment by innovatipis, sufficiently large.
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the following equality must hold at each point of time:

on(t) = ve(l), (8)

wherevr(t) is the market value of a multinational firm whose good has not yet been imitated.
Arbitrage between assets requires that a stock of a leader firm yields the same expected rate
of return as the risk-free interest ratd¢). Thus, in equilibrium, the following no-arbitrage

condition between the risk-free asset and the stock of a Northern leader is satisfied:
r(t)un(t) = mn(t) + on (1), 9)

where the right-hand side is the return from holding the stock of a Northern leader and is equal
to the sum of dividends and capital gains. Meanwhile, the shareholders of a multinational firm
face the risk of imitation. If imitation takes place in industiythe multinational firm in the
industry loses its monopoly rents. Following Lai (1998) and G-W (2007), we assume that every
multinational firm is equally exposed to the risk of imitation at an exogenousifate 0) that
depends on IPR protection in the South. Thus, the shareholders of a multinational firm suffer a
capital loss of amountr(¢) at rateM. This implies that the following no-arbitrage condition

between the risk-free asset and the stock of a multinational firm is satisfied in equilibrium:
r(t)op(t) = mp(t) + 0p(t) — Mor(t), (10)

where the right-hand side is the return from holding multinational firm stock.

2.4 Type of Industry

In this model, we classify every industry into the following three categories: (i) “type-N" indus-

tries where the Northern leader firm monopolistically produces the good; (ii) “type-F” industries

where the multinational firm monopolistically produces the good; and (iii) “type-S” industries

where Southern imitator firms produce the good under perfect competition. We represent the

measure (number) of industries belonging to each categony/0s), nr(t), andng(t), respec-

tively. The sum of the measure of all industries is equal to one, sath@j+nr(t)+ns(t) = 1.
Hereafter, we focus only on the equilibrium such that all industries in the same category

are symmetric. In this equilibrium, innovation intensity(¢) takes a common value in every
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type-S industry. Because all innovation takes place in type-S industries, the measure of indus-
tries in which innovation takes place in a time interval of lengths given by.(t)dt, where

1(t) = tn(t)ng(t) is the “aggregate rate of innovation” in the economy as a whole. These in-
dustries change the state from type-S to type-N in this time interval by successful innovation.
Meanwhile, the measure of type-F industries in which imitation takes pladeis(t)dt. These
industries change the state from type-F to type-S in this time interval by successful imitation.

Therefore, the value ofs(t) changes over time with the following equation of motion:
ns(t) = Mnp(t) — u(t). (11)

The values ofiy(t) andng(t) are determined at each point in time betw@eand1 — ns(t)

depending on the Northern leader firms’ location choices.

2.5 Labor Market

Multinational and imitator firms employ Southern labor in the production of goods. Therefore,

the labor market-clearing condition in the South is:

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

a,NL(t) + TL]\&f)@ = 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 govern-
ment 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 constraints
must be satisfied in both countries; (1 — 1/)) E(t)np(t) = LsTs(t) andsgrw(t)ane(t) =

LyTy(t), where the left-hand sides are the total payments of subsidies by both governments
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and the right-hand sides are the tax revenues. The governments determine t&xXatisnch

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 all types (type-N, type-F, and type-S) of industry at any time. Hereatfter, let variables
with an upper bar, e.gF, 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 particti{ay,andw(t)
respectively take the following constant values fortall the equilibrium:

anA(1 = sg)[p + MA = psp(A — 1)]

b= (15— 1) ’ ¢

p+ MX\—psp(A—1)
p+ M '

(15)

w =

We assume that is greater than because is sufficiently small such thaty < M/p. As the
values ofE(t) andw(t) are constant;(t), vx(t), andvg(t) also become constant for albn
the equilibrium path. Equation (4) implies thdt) = p for all .

In the steady state of the modek (), nx(t), nr(t), andc(t) also take constant values. The

steady-state values of(t), ny(t), andng(t) are given by:

Fo — (ZNM/\QLS + E2 — )\(LN + Ls)E (16)
5 [axMX — (A—1)E|JE

_ MLs+ ALy — E)
_ 3 17
T NM2 — (A 1B (17

_ )\[G,NM)\(E — Ls) — LN (/\ — 1)]
= lanMN — (A~ VEE (18)
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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 af;(¢) as follows:
1 E
t(t)=—<Ly+Ls——[1+(A—1ng(t)] ¢ - (19)
an A
Howeverns(t), ny(t), np(t), and(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:

. axnMMNLs+ E?2 — XLy + Lg)E
iste) = DAL T B IV EEIB ), (20)

whereF is given by (14) angh = MA— (A—1)E/(anx)\) = MA— (1 —sg)[p+ M\ — psp(A—
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. We solve the linear differential equation (20) as:

ns(t) s + (ns(0) —ng)e for pp # 0, (21)
s(t) = o ,
nS(O) + anMX Ls+ai;E)\(LN+LS)E t for = 0’

whereng(0) denotes the initial value ais(t). Becauseis(t) is not jumpable, (21) implies

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

never take the value of the interior steady state given by (16), except in the special case where
ng(0) = ng. Likewise,ng(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 unstahlasfnegative. We summarize this result

as follows.

Proposition 1. Suppose that there exists a unique steady state in which g, 7y, andz are

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

Proposition 1 shows that the key to the stability of the steady state is the sjgrbefng
the coefficient of the equation of motionof(¢). Intuitively, we can interpret what determines
the value of, and the stability of the steady state by equation (11). Other things being equal,
an increase img reduces the inflow intas (the first term in (11)) because it reduces the

targets of imitationju, by the Southern labor constraint. This first effect is represented by
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the first term in the definition ofi. Meanwhile, other things being equal, an increasegdn
also reduces the outflow fromy (the second term in (11)) because it reducésThis second
effect is represented by the second term in the definitign d¢ffthe former effect outweighs the
latter, .« becomes positive. In this case, a changedrdecelerates over time and the economy
asymptotically approaches the steady state. If the latter effect outweighs the foimeegmes
negative. In this case, a changeiigaccelerates over time and the economy moves away from
the steady state.

We hereafter assume that> 0 so that the interior steady state is attainabMeanwhile,

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

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 implies that the economy in the case of the inefficient followers in G-W
(2007), which corresponds to the specific casepf= sp = 0 in our model, does not tend
to the interior steady state, except when it begins in the steady state by chance. In particular,
when the government changes a policy, such as IPR protection, the economy without subsidies
no longer moves toward the new interior steady state, even if it were originally in the interior
steady state. Rather, it moves toward the “corner-solution equilibrium” such that the values of
some endogenous variables are zero over fifRer this reason, iz = 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 this case, we should not evaluate the influence of

a policy using analysis of the comparative statics. Thus, the conclusion on IPR protection

4 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 increasg imust reduce:s + nr by sharply decreasingg. Thus,
an increase img increases the measure of industries producing in the Negth+= 1 — (ng + nr), and thereby

decreases the labor devoted to R&D in terms of the labor constraint in the North. This isdebseases withg.
5 If \ is sufficiently large, this condition is not very 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= 0.037, ay = 123.5,
andsr = 0.2. In this case, the interior steady state exists and is stabledb < sr < 0.487, which does not

appear a very narrow range.
®More specifically, ifns(0) is greater thamg, 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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policy in G-W's (2007) inefficient followers’ case should be reexamined because it draws on

comparative statics.

4 Long-Run Effects of Strengthening IPR Protection

In this section, we examine the influence of strengthening IPR protection on the steady-state
values of the endogenous variables. Because we can interpret the strengthening of IPR protec-
tion in the South as a decrease in the imitation fdtewve carry out the comparative statics with

respect tal/.

4.1 The Effect on the Relative Wage

Using the comparative statics, we can find that strengthening IPR protection (a decr&Bse in
increases the wage in the South relative to the Ndrthy(¢). Differentiatingw given by (15)
with respect taV/, we have:

ow  (1+sp)(A—1)p

OM — (p+ M)? = 0.

The reason why stronger IPR protection increases the Southern relative wage is as follows.
To start with, the no-arbitrage condition (10) implies that the market value of a multinational
firm must equal the sum of the present value of its instantaneous profit flow, that is,

7r/(p + M). This relation shows that, other things being equal, strengthening IPR protection
(a decrease /) increases directly. This is because the decrease in the risk of imitation
enables a multinational firm to earn instantaneous prefit$or a longer time on average by
extending the expected period of monopoly. The largethen provides the Northern leader
firms with greater incentive to transfer production to the South. Therefore, other things being
equal, the demand for Southern labor to produce a good would increase because more North-
ern leader firms would choose to convert to multinational firms. In equilibrium, the Northern
(relative) wageov unambiguously falls to increase the incentive for production in the North. We

summarize this result as follows.

Proposition 2. Strengthening IPR protection in the South increases the wage in the South rela-

tive to that in the North.
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4.2 The Effect on Innovation

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

? G-W (2007) concluded theglaxingIPR protection (an increase i) 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 where the interior steady state becomes stable. In
fact, differentiating (19) with respect tt/ and evaluating the steady-state value, we can prove

the following proposition.

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 the labor inputs into R&D and production by the Northern leaders must be equal to the
constant Northern labor supply. Accordingly, the lower the labor input into production by the
Northern leaders, the more abundant the labor input into R&D. In our model, strengthening IPR
protection decreases the labor input for production by Northern leaders through the following
channels. The first channel is through a decrease in aggregate spéndyglifferentiating
given by (14) with respect td/, the effect of strengthening IPR protection (a decreas@)n

on £ proves to be negative as follows:

aE - (IN/\2(1—SR) ~0
oM (I+sp)(A=1) " 7

Because the decrease in aggregate spenginmgduces the demand for goods produced by
Northern leaders, each Northern leader decreases the labor input for production. The second
channel is through a decrease in the measure of type-N industries. In our model, the measure
of type-N industries:y increases with the rate of imitatial/; that is, strengthening IPR pro-
tection decreases the number of Northern patent holders that choose to operate in the North. By
differentiating (18) with respect td/, we can verify this as follows:

ony 1 e MALs (A—1)ay] OF
8_M_p{(A 1)np+{ =t . i > 0. (22)
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The fewer leaders operating in the North mean less use of Northern labor for production. Be-
cause both these effects decrease the labor input for production, strengthening IPR protection
in the South increases the labor input for R&D and thereby promotes innovation.

Note that the conclusion of Proposition 3 is completely opposite to that of the inefficient
followers’ case in G-W (2007). Why does the result of our model differ from that of G-W
(2007)? The main reason is the stability of the steady state in the model. Recall that we restrict
the parameter ranges so that the steady state becomes stable. As discussed in Section 3, at
least,. must be positive if the steady state is stable. Becausepositive, we find that y
increases with the rate of imitatiol from (22). As a result, we can draw the conclusion
that strengthening IPR protection unambiguously decreases the labor input for production in
the North. However, in G-W's (2007) model, the steady state is unstable and the value of
is negative. Therefore, from (22),y must be decreasing with the rate of imitatidh. This
means that the strengthening of IPR protection in their model necessarily increases the number
of leader firms operating in the North (see also equation 29 in G-W, 2007). Because the sign
of the abovementioned second channel lies opposite to that of our model, strengthening IPR
protection can increase the labor input for production in the North. In fact, the negative effect
of the latter channel outweighs the positive effect of the former, so that strengthening IPR
protection decreases the labor input for R&D and the aggregate rate of innovation in G-W’s
(2007) model.

The result of Proposition 3 is similar to that obtained with variety-expanding-type innova-
tion models including an exogenous process of imitation in the South, such as in Lai (1998).
However, our result is contrary to Mondal and Gupta (2008) who employed a variety-expanding-
type innovation model including an endogenous process of imitation in the South, unlike Lai
(1998) and the present paper. Mondal and Gupta (2008) showed that strengthening IPR protec-

tion impedes innovation.
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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 fove have:

onp R (1 —np)A\+np OF

We summarize this result as the following proposition.

Proposition 4. Strengthening IPR protection in the South increases FDI in the long run.

By using the equation of motion afs(¢), we obtain an interpretation of Proposition 4. From
(11), the value ofir 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 rate
M while increasing the aggregate rate of innovatipit necessarily 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’ case. G-W (2007) concluded that a decreas inecessarily decreaseg. How-
ever, our model shows that a decreaséddmecessarilyncreases: from (23) 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 in the two models. Recall that under G-W'’s
(2007) setting, strengthening IPR protection decreases the aggregate rate of innovation because
the value ofu is negative, unlike in our model. Asz is equal tor/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, whereas the latter has a negative
effect on the value of. in their model. Because the latter indirect effect is sufficient to out-
weigh the former direct effect in their model, strengthening IPR protection decreasékmote
that this conclusion in G-W (2007) crucially depends on the resultitisincreasing 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 changgfion n also arises from the lack
of stability of the steady state.

The result of Proposition 4 accords with that in some of the literature. Lai (1998) and

Gustafsson and Segerstrom (2011), who assumed variety-expanding type of innovation, also
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concluded that strengthening IPR protection in the South increases technology transfer to the
South within multinational firms. Dinopoulos and Segerstrom (2010) obtained the same result
by using a quality-improvement-type innovation model that exhibits scale-invariant growth such
as Segerstrom (1998), Li (2003), and Dinopoulos and Segerstrom (2007). However, there are
a few exceptions, including Glass and Saggi (2002) and Mondal and Gupta (2008), both of
which assumed an endogenous process of imitation. Contrary to our findings, they showed that

strengthening IPR protection in the South impedes FDI.

5 Short-Run Effects of Strengthening IPR Protection

In Section 4, we concluded that strengthening IPR protection positively affects the aggregate
rate of innovation and FDI in the long run by comparing the steady-state values before and after
the policy change. 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 modél.

Suppose that the economy is initially in the steady state and the Southern government
strengthens IPR protection at the initial time. We define the short-run effects of strengthen-
ing IPR protection as the magnitudesaft)/0M andong(t)/0M for anyt € [0,00). Note
thatou(t)/OM andong(t)/OM are not necessarily equal&o/0M anddnr/OM because our
model includes the transitional process to the steady stat.(¢f/0M andonp(t)/OM are
negative for alt € [0, o), we can conclude that innovation and FDI are promoteahgpoint
in time after strengthening IPR protection. On this short-run effect, we can prove the following

proposition.

Proposition 5. Suppose that the economy is initially in the steady state. Then, strengthening

’Most North—South innovation models tend to have a complicated dynamic structure and so are unable to
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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IPR protection in the South increases innovation and FDI for all [0, o).
Proof. See Appendix C. O

Proposition 5 shows thak.(t)/0M < 0 andong(t)/0M < 0 for all t. It therefore implies
that both innovation and FDI necessarily increase, even on the transitional path, after strength-
ening IPR protection. That is, 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 regarding

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 short run. However, we should judge a policy’s desirability by how
it affects welfare. In this section, we examine the welfare effects of IPR protection with the
results obtained in Section 5. By considering the short-run welfare effect, we can examine how
a marginal increase i/, that is, relaxing IPR protection in the South, 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 countrgt timet as fol-
lows: logu;(t) = (log\) fol m(j,t)dj + fol log x;(j,t)dj, wherex;(j,t) denotes the quantity
demanded for the current latest generation of gpad timet. The first term in this equa-
tion represents the welfare brought by the qualities of all goods consumed. Betguse
equals the current state-of-the-art generation number of gaidimet, folm(j, t)dj in the
first term is equal to the aggregate number of innovations brought in the interval frond time
to time¢. Thus, the first term can be replaced withg \) fot (7)dr. This means that welfare
positively depends on the aggregate rate of innovati@n, The second term in the instanta-
neous utility function represents the welfare brought by the quantities of all goods consumed.
Substituting (3) into the second term, we can rewrite the terto@®;(t) — fol log p(7,t)dj,
which means that welfare depends positively on total spendihg), and negatively on the

prices of the state-of-the-art googs;, t). The price of type-S goods is equal to one because of
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competition, whereas the price of the goods other than typex$:is1) because the monopo-
listic leaders supply them. Therefore, the part of welfare that depends on the prices reduces to
[ logp(j,t)dj = ns(t)log1 + (1 — ns(t))log A = (1 — ng(t))log A, which depends on the
measure of type-S industries. An increase in the measure of type-S industries lowers the prices
of goods and improves the welfare of consumers. Considering these results, we can rewrite

instantaneous utility as:

t
log u;(t) = (log )\)/ u(1)dT +log E;i(t) — (1 — ng(t)) log A.
0
By differentiating the lifetime utility function with respect t&/, we obtain the change of

welfare from the marginal increase id as follows:

oU; > o) ! 11 0F;
7 — —pt 1 Y -t %
EIT; /0 e (og)\)aM (/o L(T)dT) at  + S E 00
h d - -
innovation-impeding effect nominal-spending effect
) (ambiguous)
&0 _ 8n5(t)
pt
+/0 e " (log \) M dt . (24)

competition effect
(ambiguous)

Equation (24) 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. As shown in
Proposition 5, a marginal increase in the imitation rate necessarily reduces the aggregate rate
of innovation for allt. We refer to the welfare effect through this channel asitinevation-
impeding effectln the remainder of the analysis, we assume that the economy is initially in the
steady state, namelys(0) = ng. Under this assumption, we derive the innovation-impeding

effect from the results in Appendix C as follows:

/0 e log )\)aiM ( /0 t L(T)dr) dt

B ] ot 1 _ . 0F
= logd) {pQ(va p) OM — anrp(p+ p) L= 1)l W} <0 &)

which is necessarily negative because an increasé induces and increases’.

Second, relaxing IPR protection may affect nominal spending and welfare. We refer to this
effect as thenominal-spending effecOnly these nominal-spending effects differ between the

South and the North.
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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 improves welfare. We refer to this
welfare effect as theompetition effectUsing the results of the analysis of the short-run effect
in Appendix C, we can compute the competition effect as follows:

o Ons(t) i Ong
Pt (log \) —22dt = (log \) —— —=. 26
/0 e (logA) — (log )p(,o—i—u)a]\/[ (26)

The sign of the competition effect is indeterminate because the signg© M is ambiguous.

6.1 The Effect on Welfare in the South

We now examine whether strengthening IPR protection in the South can increase 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 fotr#~BI(), in order to make the results of

the welfare analysis clearéBased on these assumptions, the intertemporal budget constraint
for a Southern consumer is reducedde = 1, because the Southern wage is normalized to
one and no tax is levied on Southern consumers. As the nominal spending in the/Sgush,
independent of\/, the nominal-spending effect is absent in the South in this case. Therefore,
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 then increases the welfare of Southern consumérs-ifpsr/[A(1 —

SR)].

Proof. See Appendix D. ]

8 In Appendix G, we briefly explore what happens when these assumptions are relaxed. If the Southern house-
holds 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 becomes more
complex than is analyzed in Section 6.1 because it depends also on the nominal spending effect. Further, through
the change in the value of the assets, a tax levied in the trading partner affects income and spending in both coun-
tries. Thus, the welfare effect of the North also becomes more complex than that analyzed in Section 6.2. However,
our numerical analysis in Appendix G indicates that the results for welfare do not change if both the subsidy rate

for FDI and the share of assets held by Southern households are sufficiently small.
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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 through reducing
prices but decreases welfare by impeding innovatio®ne of the reasons why innovation
decreases is that an increasexjnreduces the labor input for R&D (see also footnote 4). The
effect of reducing R&D through the increaserig intensifies as\/ is larger,sy is smaller, and
A is larger. In addition, the innovation-impeding effect worsens if the subjective discount rate
pis small. This is because the slowdown in quality improvement in the future is evaluated as a
heavier loss ip is small. 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 given the assumptions, strengthening (relaxing)
IPR protection improves (harms) welfare in the South.

Proposition 6 implies a desirable IPR policy in the South. Until now, earlier studies exam-
ined 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 South
if M is sufficiently high andsy is so low as to satisfy the inequality given in Propositiof? 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

condition!

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

the South through both decreasing those goods with a lower price and impeding innovation.
10 1f IPR protection is initially strong and/ is sufficiently low so as not to satisfy the inequality given in

Proposition 6, the effect of strengthening IPR protection is indeterminate. In Appendix H, we provide a numer-
ical 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 Stk donsiderably large, and

vice versa. Thus, the policy recommendation for the South may depend on the R&D subsidy policy of its trading

partner, namely, the North. The authors appreciate the comment of an anonymous referee regarding this point.
1 The condition given in Proposition 6 is not so restrictive. For example, if wey set0.05, A = 4, and

sgr = 0.3 as in footnote 5, the condition is satisfied wheh> 0.0054.

—-21-



6.2 The Effect on Welfare in the North

Next, we analyze the welfare effect in the North. Unlike the South, nominal spending in the
North, Ey, depends onV/. ¢FromEgs = 1 andE = LyEy + LgEs, the nominal spending

of a Northern household is derived &%, = (E — Lg)/Ly. Anincrease inM then increases
aggregate expenditur® but does not chang&s, so it must increase the expenditure of a
Northern householdEy. Thus, the total welfare effect of a change in IPR protection in the
North 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

by the following proposition.

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

(log \)Ls A—1

tection in the South increases the welfare of Northern consumersdf1— |1+ -~ =205 | s—H0-

Proof. See Appendix E. ]

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 competitiof’efieet.
condition tends to be satisfied ifs is relatively small. This is because the nominal spending
effect in the North is weak in that ca&Meanwhile, the effect of on the condition is rather
complex. First, an increase intensifies the innovation-impeding effect because a quality
improvement is highly valued by households in the case of a larggecond, it also changes
the innovation-impeding effect through influencify A change inE affects the demand for
goods and thereby the labor input for 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\ affects income and spending in the North through changing the wage and the

12 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 sufficientmtihecessary. Even if the condition given in Proposition 7 is not

satisfied, the welfare of the North may improve.
13 The nominal spending effect in the North is proportionatét& . Therefore, it decreases with the nominal

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

E. In consequence, a smdlk implies that the nominal spending effect in the North is weak.

- 22—



value of share holdings. Finally, it also intensifies the competition effect becaissequal

to the ratio of the price of monopolistic goods to that of competitive goods. Because these ef-
fects simultaneously arise from the change jiow the welfare effect of IPR depends siis
ambiguous.

As shown in the proof, the condition in Proposition 7 is stricter than that in Proposition
6.14 Thus, when the inequality given in Proposition 7 holds, strengthening IPR protection in the
South improves 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 and the rate of R&D subsidy is so low as to satisfy the inequality

in Proposition 7.

6.3 Comparison with the Literature

Although most of the studies in this field did not conduct a welfare analysis, there are some
exceptions. For example, Helpman (1993), Grinols and Lin (2006), and Iwaisako et al. (2011)
examined the welfare effect of IPR using a growth model. In the seminal study on IPR protec-
tion in the dynamic North—South model, Helpman (1993) conducted a welfare analysis using a
variety-expanding innovation model. He showed that stronger IPR protection necessarily harms
welfare in the South. Helpman (1993) constructed a model including the choice of multination-
alization in addition to a model where the only mode of technology transfer is imitation. How-
ever, in his model, imitation does not affect multinationalization directly because he assumed a
multinational firm equals a Northern firm in the risk of imitation. To correct this shortcoming,
some additional research was subsequently undertaken.

In contrast, Grinols and Lin (2006) showed that stronger IPR protection may improve wel-

fare in the South by introducing a group of goods consumed only in the South into Helpman’s

14 From (24) and the definition df(t), Uy /OM = (0Us/OM)+(1/p)(1/En)(0EN/OM)anddEy /OM =
(1/Lyx)(OE/OM) > 0if Es = 1. Thus, there may be a case where stronger IPR protection is favorable for
Southern consumers and unfavorable for 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 the decrease in the North’s welfare is larger (smaller) than the magnitude of
increase in the South’s welfare. This is becafi&g /0M is equal to the sum of the innovation-impeding effect

and the competition effect ifs = 1.
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(1993) imitation model. Although our results on the welfare of the South appear similar to
those of Grinols and Lin (2006), the assumption concerning the channel of technology transfer
differs. In brief, our model includes FDI, whereas Grinols and Lin (2006) focused on technol-
ogy transfer through the direct imitation of Northern goods. In addition, we obtain the welfare
results analytically, unlike Grinols and Lin (2006) who employed a numerical method.

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 length and patent breadth. Patent length refers to
the duration for which a patentee can sell the patented product monopolistically, whereas patent
breadth refers to the scope of the products that patentees can prevent firms without patents
from producing and selling. Iwaisako et al. (2011) focused on the effects of broadening patent
breadth. In the present paper, we assume that IPR authorities can control the probability of im-
itation, which is associated with the expected duration of IPR. Therefore, this paper focuses on
the effects of extending patent length rather than patent breadth. Hence, our study and Iwaisako
et al. (2011) complement each other in that the welfare effects of strengthening IPR protection
in the South are examined more complefély.

By using a model where R&D activities are undertaken in both the North and the South,
Grossman and Lai (2004) also conducted a welfare analysis. They concluded that the level
of patent protection that maximizes welfare in the South tends to be weaker than in the North.
However, to obtain this result, they specified the utility function in quasilinear form and assumed
no knowledge spillovers 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.

15Using 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).
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Furthermore, Lin (2010) conducted a welfare analysis in an extended North—South model
composed of three countries. In his model, the middle country’s firms can imitate the goods
invented in the North and thereafter shift production to the South through FDI. Lin (2010)
also assumed that Southern local firms might imitate the goods where production is shifted
to the South. 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.

7 Discussion

7.1 The Welfare Effects of Subsidy Policies

Using the same method as in Section 6, we can also investigate the welfare effects of a change in
the subsidy policies. Details of the analysis are given in Appendix I. We summarize the results
as follows. First, 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 imitated goods. Second, a marginal increase in the
R&D subsidy and the introduction of the FDI subsidy improve the welfare of the North if the

condition given in Proposition 7 is satisfied. Finally, introduction of the FDI subsidy improves

if MALgs(M+p)(log M)
‘any(A=1)p(p+p)(p+MA)

third results are satisfied is also that the effect through promoting innovation is sufficiently large

the welfare of the South — 1 > 0. The reason why the second and the

if the conditions are satisfied.

7.2 Costly Imitation and FDI

In previous sections, we assumed that imitation is costless. However, imitation of high-technology
goods involves large costs in the real world. In addition, FDI also involves nonnegligible
cost. For instance, affiliates in developing countries often conduct R&D for the absorption
of parent-firm technology, as mentioned in Dinopoulos and Segerstrom (2010) and Gustafsson
and Segerstrom (2011). In this section, we introduce a few results on the effects of strength-

ening IPR protection in the South in an extended model where imitation and FDI are a costly
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process, as in Glass and Saggi (2002). The model is described in Appendix F and its analysis is
in Appendix J.

The costly-imitation model shows that strengthening IPR protection (an increase in the im-
itation cost) tends teeduceinnovation in the North. There are some changes from the ba-
sic model and thus we cannot strictly compare the results of the costly-imitation model with
those of the costless-imitation model. Nonetheless, the result is opposite to that obtained in the
costless-imitation modéf. Moreover, it is similar to the results in Mondal and Gupta (2008)
using an expanding-variety model with a costly-imitation process. Thus, also in the costly-
imitation models, the claim in G-W (2007) that whether strengthening IPR protection pro-
motes innovation or not depends on whether innovation is of the variety-expansion or quality-
improving type is not correct. This difference in results suggests that the effects of strengthening
IPR protection may then depend on whether imitation is costless or costly.

The numerical results of the costly-imitation model show that the relation between the
strength of IPR protection and the welfare of Southern consumers is ambiguous. Stronger IPR
protection reduces welfare under a lower innovation cost, whereas it increases the welfare un-
der higher innovation cost. When the innovation cost is lower, innovation is larger, and thus the
negative welfare effect through impeding innovation also tends to be large enough to dominate

the other positive welfare effects and vice vetsa.

8 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.

We find that strengthening IPR protection promotes innovation and FDI in both the long and

16 We surmise the reason for this result in the costly-imitation model is as follows. In the costly-imitation model,
strengthening IPR protection increases the cost of imitation, and thus wastes Southern labor and crowds out FDI.

The decrease in FDI then increases the production sectors in the North and consequently reduces the innovation.
17In the costly-imitation model, we consider only the effects on the steady state and obtain the results only

numerically because of the intractability of the model. To investigate the welfare effects under costly imitation
more precisely, we would need to examine the short-run welfare effects as in the analysis of the costless-imitation

model.
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short run. This finding contrasts with the result in G-W (2007) but is identical to that in Lai
(1998), who employed a variety-expansion-type North—South model. This result is thus impor-
tant not only in the sense that it reverses the results of the comparative statics in G-W’s (2007)
model, but also because it shows that the type of innovation, whether as a quality improvement
or a variety expansion, doestplay a key role in determining the effects of strengthening IPR
protection on innovation and FDI. Accordingly, hereafter we must examine 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 dominates
the other effects if the initial protection of IPR in the South is sufficiently weak and the rate
of R&D subsidy is not too high. Thus, strengthening IPR protection can increase welfare in
both the South and the North. This is important because most related studies did not 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, we assumed costless imitation for tractability. In practice, imitating
products involving high-level technology can entail large costs. Thus, we need also to examine
the welfare effects of strengthening IPR protection in the case where imitation is costly. By
limiting the analysis to the steady state, Section 7.2 and Appendix J examined the effects nu-
merically. This suggests it is necessary hereafter 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. This
is far beyond the scope of the present paper and thus remains as future work.

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 incentives for FDI and thereby change
the effects of strengthening IPR protection on FDI and innovation. By extending the present
model, we would also be able to 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). Itis also well worth examining how the presence of a 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
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scale effects, one direction for future research would be to remove the scale effects from the
model. However, if we extended the model in this direction, the dynamic structure of the
model would be too complex to obtain clear analytical results, obliging us to rely on numerical
analysis. Although 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:
oy (t) = vp(t) = (1 — sg)w(t)ay. (27)

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

relation leads to the following equality:
Tr(t) — 7 (t) = Mor(t), (28)

where the left-hand side represents the “benefit” of becoming a multinational firm for a Northern
leader firm, 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 firm for a Northern leader
firm, which corresponds to the risk of losing its monopolistic rents through imitation at each
point in time. Substituting (5), (6), and (27) into (28), we have the following relation between
E(t) andw(t):

anMA(1 — sg)w(t)

Et) = se(A—1) +w(t) — 1’

(29)

which implies that:

E(t)  sp(A—1)—1 ()
Et)  sr(A=1)4+wlt)—1 w(t)

(30)

Noting thatw(t) /w(t) = 0n(t)/vn(t) from (7), we obtain the following equality by substituting
(5), (7), and (29) into (9):

0t i)
wt) ~on()

MO\ — w(ti) a1

srA—=1)+w(t) -1
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wherer(¢) can be computed from (4), (30), and (31) as:

CseA - D) — 1 [se(h— 1) — JMO — w(t))
r(t) = wi(t) P e — 1) +w(t) —1] (32)

Substituting (32) into (31), we can derive the equation of motiom @ as follows:

w(t) = (p+ Mw(t) + psp(A — 1) — (p+ MA). (33)

The only endogenous variable in this equationuig), which is a jumpable variable. Thus,
(33) implies thatw(t) must jump to its steady-state value immediately; otherwige) would
never reach the steady-state value because the coefficierit ol strictly positive. From the

differential equation, the steady-state valueudf) is given by:

p+ MN—psp(A—1)
p+M '

w =

As w(t) takes a constant value at all times, we can show B{a}, r(t), vnx(t), andvg(t)
must also be constant over time. From (28)¢) must immediately jump to the following

steady-state value:

anA(l = sg)[p + MA — psp(A — 1)]

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

E =

addition, (27) shows thaty(¢) andvg(t) must also take the following constant value of the

steady state for att

(1 —sp)an[p+ MA — psp(A —1)]
p+M '

Uy = Up =

Meanwhile, we can show that the valueswaf(t), nr(t), and.(t) are determined depending

on the value of the only state variable in the modelt). By rewriting (12), we have:

nelt) = (% = ns(0) 34
Furthermore, substituting (34) intoy (¢) + np(t) + ng(t) = 1 yields:
ny(t)=1-— % + (A= 1)ng(t). (35)

Using (13) and (35), we can compuig) as follows:

(1) = - {LN+L5 -

an

>| =

14 (A— 1>ns<t>1} . (36)

— 29—



By using the above results, we find that the motiom gft) in this model is determined by
only the values ohis(t) itself and some exogenous variables. Substituting (34) and (36) into

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

\—1)E
CLN)\

CLNM)\QLS + E2 - )\(LN + Ls)E

s(t) = an\E a {M)\ B

] ns(t). (37)

Becauseis(t) as well as the other variables must be constant in the steady state, the steady-state

value ofng(t) can be computed from (37) as follows:

Fo — aNM/\2L5+E2 —)\(LN+L5)E (38)
5 [ayMX2 — (A= 1)E|JE

Then, substituting (38) into (34) and (35) yields the steady-state values(of andn y (t):

AMLs + ALy — E]
ayMXN2 — (A —1)E’

np =

)\[GNM)\(E — Ls) — LN ()\ — 1)]
laxMX2 — (A\—1)E|E

ny =

Appendix B Proof of Proposition 3

In this appendix, we prove Proposition 3. It is sufficient for the proof to show—é%ak 0.

Differentiating (19) with respect td/, we have:

ar 1 _Ong _OE
517 =~ |~ DBy + 1+ 0= Dasl S )

Where‘gl]\j can be computed from (16) as follows:

8ﬁ5 - ﬁF 1 _ CLNM)\QLS 8E
a_M_I_’_@N/\,M [1—1—(/\—1)715— 72 :|6M (40)
Substituting (40) into (39) yields:
o 1 _ (A= 1E _ ayMMLg] OF
ayMXN — (A —-1)E _ ,0E
1 _ A—1_\ OF
— _GN)\N [(A—l)EnF—i—M)\ (1— 3 np> 8M]
< 0,
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where the second equality uses the Southern labor market-clearing conﬁigti@n,%s — ”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:

38&](\? _ _aiA {(A - 1)5827\5&) +1+ (A= 1)n5(t)]§—]\E4} , (41)

Note thatag—sj\p is not necessarily equal %(75 By differentiating (21) with respect td/, we
can computézs¥) as follows:

8ns(t)
oM

oM

— te_“t(ns(()) — ﬁg)% (42)

(1—e™) oM

If the economy is initially in the steady state amgl(0) = ng, the second term in (42) is equal
to zero. Thus, substituting (21), (39), and (42) into (41) and applyif@) = ns, we obtain

the following relation:

ou(t) B 1 _ _ut Oong . 0FE
I = —aN)\{()\—l)E(l—e )aM+[1+(A—1)nS]aM
ns(0)=ng
or 1 OF
— f— _I’Lt - _ M _Mt_
(1—e )a aNA[l + (A —1)ngle 5
< 0,

where the inequality holds becaugé; <0 andg—]@ > 0.
Next, we prove thaf’%é” < Oforallt € [0,00) if ng(0) = ng. Differentiating (34) with
respect tal/ and substituting (42) ands(0) = ng into the derivative, we have:

onp(t) _ (_58_]5 B 8ng(t))

oM E20M oM
_Eﬁ _ ( _ e—ut)%
E?20M oM
aﬂ — e*ut&@
oM E? OM

ns(0)=ns

= (1—e*)

< 0,
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where the third equality uses the relation tl%af = A (—%g—ﬁ — ?—ﬁ) and the inequality
usesZie < () and2Z > 0.
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 (24) andEs = 1, oLs

is equal to the sum of the innovation-impeding effect and the competition effect. The sign of
the competition effect depends on thal%@jl.
If gﬁ—]\j < 0, the competition effect is nonpositive. Because the innovation-impeding effect is

. % . Pig
negative 727 < 0 necessarily holds i3 < 0.

If gi]\j > 0, the competition effect is positive. Then, substituting (25), (26), and (39) into

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

oUs n A-DHE ons 1 . g OF
8M—(10g)\){ p(,O—l—,u)[ -y 1 BN aN/\p2[1+()\ 1)n5]aM .

(A\-1E
aN)\p

From this relation, even ifg%s > 0, imposing > 1 guarantees that the innovation-
impeding effect outweighs the competition effect, nam%ﬂ{y < 0. Using (14) antsp = 0,

<A*1A>E > 1 can be reduced to/ > £
aNAp (1=sr)

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 thdfx <  if (E-Lslloed) o

anA(p+h) ) anA(p+h) i

Becausdry = EZ£S , the nominal spending effectin the North is given;l?yiTs)g—ﬁ. Sub-
stituting this equation, (25), and (26) into (24), the total welfare effect in the North is reduced
to:

GUN B (10 )\) { 1% or _ 1 |:(E — LS)(IOg )\) B 1:| @

oM SV P+ ) OM ~ p(E — Ls)(log\) | an(p + ) oM

~ (A=Dhng oE U 8n5}
anAp(p+ ) OM — p(p+p) OM |
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The sign of the competition effect depends on tha@%f.

If 925 < 0, the competition effect is nonpositive. Froﬁﬁﬁ% > 1, the second term

in the curly brackets on the right-hand side is negative. Thus, the total welfare effect is negative

£ On
if 7 < 0.

On the other hand, i% > (, the competition effect is positive. Then, from (39), we can

rewrite the total welfare effect as follows:

8UN o 12 ()\ — 1>E 6ﬁ5 1% _ 8E
o~ e A>{ ~plp+ 1) { axdp 1] M~ aa (o LT Unsl g
1 {(E—LS)(log)\) B 1} OE (A —1)ng aE}
p(E — Ls)(log A) [ anA(p+ p) OM  anp(p+p)OM S

Because\ is greater than one,— 1 is greater thatbg A necessarily. This implies thé&;%; >

(E—Ls)(log \)
anA(p+u)

are negative, and we can confiffg < 0 even if2% > 0.

> 1. Therefore, the first and third terms in the curly brackets on the right-hand side

Appendix F  The Costly-Imitation Model

In this appendix, we present an extended model where imitation and FDI are costly. An analysis
of the extended model is given in Appendix J. We describe only the parts that are changed in
the extended model. For simplicity, we assume that the R&D and FDI subsidies are equal to
zero, thatissp = sp = 0.

Following Glass and Saggi (2002), we assume that multinational firms{{eed) units
of Southern labor to produce one unit of goods, whereas Southern imitator firms need only one
unit of Southern labor. In this case, the marginal cost for the multinational firqysaishough
their optimal price is the same as in the original mogel(t) = A. Thus, the profits of a
multinational firm change tap(¢) = (1 — %) E(t). On the other hand, to maximize profits,
Southern imitator firms charge a price so that the multinational firms cannot earn a positive
profit; ps(t) = (. Therefore, the profits of a Southern imitator becarp&) = (1 - %) E(t).

In this model, we assume that imitation activities require labor inputs in contrast with the
original model. If a Southern follower firm devoteg M (t)dt units of Southern labor to copy
the current latest generation of gopdhat the multinational firm produces, the firm succeeds

in imitating the good with probabilityV/(¢)dt. Under this setting, we can interpret stronger

—33-



IPR protection in the South as an increase,jn Given the value of,,,, a Southern follower

firm attempting to copy a good choosk&t) optimally. Therefore, “imitation intensityM (t)

is endogenously determined in this extended model, whereas 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,. (43)

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

asset is:
r(t)vs(t) = ms(t) + vs(t) — en(t)vs(t). (44)

As another extension, we assume that FDI is also costly and requires labor inputs in this
extended model, whereas 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 devotes . (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 equilibrium condition of FDI changes from (8) to
un(t) + ap = vp(t). (45)

Next, we consider the labor market-equilibrium conditions. In contrast with the origi-
nal model, a multinational firm needsunits of labor for the production of one unit of the
good. This implies that the aggregate labor demand of the multinational firms changes to
nr(t)(E(t)/2)¢. The aggregate labor demand of the imitator firms also changeg o (¢) /¢
because the price set by the imitator firmg is this model. In addition, Southern labor is de-
voted to both imitation activities and FDI. Therefore, the labor market-clearing condition in the

South changes from (12) to

E(?)
B

20}
¢

The labor market-clearing condition in the North is the same as (13).

aptp(t)ny(t) + amM(t)np(t) + np(t) ¢+ ng(t) = Lg. (46)
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Finally, we describe the law of motion governing the measures of the industries belonging to
each category. In an infinitesimal time interval of lendthleader firms succeed in developing
a newer generation ofy(t)ngs(t)dt goods and transferring production f(t)ny(t)dt type-N
goods to the South. Moreover, the imitator firms succeed in copyitgn (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(t)np(t) — o), (47)
where.(t) = tn(t)ng(t). Meanwhile, the law of motion aiy () is given by:

nn(t) = u(t) — er(t)nn(t). (48)

Appendix G 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
appendix, 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 analytically.

We first 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 because’(t) is constant on the equilibrium path.

Thus, E;(t) also takes a constant valiég on the equilibrium path because of the intertemporal
utility maximization. Considering these, the intertemporal budget constraint can be expressed

as:
Bs = pAs(0) +1=p [ e Ts(0)it (49)
0

EN = pAN(O) +w — p/ e_ptTN(t)dt. (50)
0

By using the government budget constraints, (19), (21), and (34), the third terms of (49) and
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(50) are given by:

> > 1-1/NE
p/ e P Te(t)dt = ,0/ e_ptunp(t)dt
0 0

Lg
. pSF(l—l/A>E/OO —pt LS
= LS ; e A E ns(t) dt
SF<)\—1)E LS

_ L_Sb—ﬁs—ms(m—ﬁs) . }

P+
p/ e Ty(t)dt = p/ e_"twdt)dt
0 0

Ly
— o0 1 E
_ pstCLN/ e_pt_{LN+LS__[1+()\—1)n5(t)]}dt
Ly 0 an A
sni E_(O-1E gy A= LB
= 2 |Ly+Ls— <~ - —"ng— U N+ ) |
T { N+ hs— e O = ey

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 = LsEg+ LyEN
= pA(O) + LS + ’LDLN — pLs/ e_ptTg(t)dt — pLN/ e_ptTN(t)dt,
0 0

or equivalently,
1- 1

A(0)=~-FE — ~(Ls+wLy) + Ls/ e P'Ts(t)dt + LN/ e P'Ty(t)dt.
p p 0 0

Because countrys share of asset holdings must be given as an initial condition, wedel0, 1]
denote the share of assets held by Southern households, that ids(0) Ls/A(0). This means
that A5(0) = 0 A(0)/Ls andAx(0) = (1 — 0)A(0)/Lx. Substituting these into (49) and (50),

we have:

A0 o
ES = pg ( ) +1- p/ e_ptTg(t)dt
Ls 0
-z [E — (Ls +@Ly) + pLs / e MT(8)dt + pLy / e”tTN(t)dt}
S 0 0

+1—p / e " Ts(t)dt
0

= l—sp(l—0)(A—1)+ o ZSLS - % {(1 — sp)Ly — spLs + SiE]
AT DB - o)] [+ (s ne ] 6
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1-0)A e
Ex = pw + W —,0/ eiptTN(t)dt
Ly 0
1-— _ o0 o0
- L [E— (Ls + wLx) + pLs / Ty ($)dt + pLy / eptTN(t)dt}
N 0 0
+w — p/ e "I (t)dt
0
L E—L ow spE
= SF<1—O'>()\—1)L—;—|—(1—O') LN S—{—L—N|:(1—SR)LN—SRL5+RT:|

+(/\ - 1)E [Jst

In T sp(l— 0)} {ﬁs + (ng(0) — ng) (52)

p+ u} ‘
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 Sections 6.1

and 6.2. The derivatives of equations (51) and (52) with respett toe:

8E5 g SRE ()\ - 1)O'SRET_IS ow
s} = -2 |(1—sp)Ly —sgl -
IM |,y { Ls [< sr)ly = srls + =3 } s oM
ng(0)=ng
o ospw A—1 rosgpw ~ oF
+{Ls_ Ms  Ls = _SF(l_U)]nS}aM
(A—1)E rosgw i Ong
—_ _ 1—
Ls [ v ol ‘7)] ot oM’

(‘3EN g SRE ()\ - 1)0’8RE7_15 ow
Ey = 1% (1= sp) Ly — spl
OM |, ) {LN {( sy = sels+ =3 }+ Mon oM
ng g

l—0 ospw MN—1 [osgpw ~ oF
—sn(1 — —
+{ In ALy I s 0)]”5} oM

(A —1)E [osgw w Ong

—op(l— o) s

L. e U)}erMaM

Using these, we compute the nominal spending effect in the generalized case. The innovation-
impeding effect and the competition effect are as in the text.

Figure 1 illustrates the welfare effects of relaxing IPR for each valug @indo. Following
Glass and Saggi (2002), we get= 0.05, A = 4, Ly = 3, andLg = 6 in Figure 1. We further
setM = 0.037, ay = 123.5, andsr = 0.45. Under these parameter values, it is required that
0 < sp < 0.24 to ensure the existence and the stability of the steady state. The sign of the
welfare effect is unchanged from the casespf= o = 0 if s ando are sufficiently small.

In this example, the effect on the welfare of the Sadth,/OM is negative for any» ando.
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Figure 1: The welfare effect under positive FDI subsidy and positive asset holdings of the South

Thus, strengthening IPR protection in this case increases the welfare of 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 Noflty,/OM depends oz ando. If the FDI

subsidy rate and the asset holdings of the South are sufficiently &ige, 0 M can be positive:
strengthening IPR protection in the South can harm the North. However, if they are sufficiently
small,0Ux/0M is negative, such that strengthening IPR protection in the South still benefits

the North.

Appendix H Welfare Effects in the Case of Initially Strong
IPR

In this appendix, we explore whether further strengthening IPR under strong protection is ben-
eficial to the South. To do this, we examine the sigr%[@‘ in the case where the condition of
Proposition 6 is not satisfied, by using two numerical examples. In the examples, \ve- et

Ls = 6,andLy = 3 as in footnote 5, 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 2
and 3 show the value c%% for eachM in the two cases. We spt= (0.12 andsr = 0.83 in

case 1 (Figure 2), while = 0.05 andsg = 0.65 in case 2 (Figure 3). To ensure the existence

and the stability of the steady state, it is required tha097 < M < 0.0196 in case 1 and

0.009 < M < 0.0116 in case 2. Note that both cases do not satisfy the condition provided in
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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 2 shows that the sign% turns positive in case 1 ¥/ is sufficiently
small. This implies that there is the optimal level of IPR protection inside the interval.of
However, Figure 3 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
appears 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
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0.0196 0.0184 0.0172 0.016 0.0148 0.0136 0.0124 0.0112 0.01

M

Figure 2: 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
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-200

-300 /
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/
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0.0116 0.0112 0.0108 0.0104 0.01 0.0096 0.0092

M

Figure 3: 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 | 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= [Temtosn g ([ ae L LZE [T o 2, (s
0 0 0

833 SR 1Y E; asR SR
oU; >~ 0 ! 11 0F; >~ Ons(t)

= PE(] — —— PE(1 —2dt. (54
Don /0 e " (log )\)aSF (/0 L(T)dT) dt + 2 F s —|—/0 e " (log \) Doy dt. (54)

An interpretation of the three terms of (53) and (54) is the same as that of (24). The first terms
represent the positive welfare effect through promoting innovation. An increase in the subsi-
dies stimulates R&D, so that it can improve welfare by speeding up the quality improvement.
The second terms represent the welfare effect through the effect on 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 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 competitive goods. An
increase in the subsidies changes the measure of type-S industries because it affects the aggre-
gate 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 cheaper goods.

To compute the value of each term, we first carry out comparative statics. Differentiating
(14) with respect tar andsy, we have:

OF E

=— 0 55
883 1—SR< ’ ( )

oFE ANM +p)E
Bsr O tsmp+ Mr—sr—1)p - (56)

Using equation (16), we can compyfe and 5™ as follows:

ons _ 1 _ ayMMNLg] OE
=5 = 1+ (A= 1)iig — —— 57
aSR CLN)\,U, |i * ( )ns E? 85}3’ ( )
ons _ 1 _ ayMXNLg] OE
— = 14+ (A—=1)ng — = 58
83F CLN/\/J |: + ( )ns E2 aSF, ( )
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which are analogous to (40). Therefore, we can compute the long-run effect of the subsidy

policies on the aggregate rate of innovation:

ai—; = _(INL)\ {(A - 1)E% + 1+ (A= 1)@%}
= —aNlAu {(A;Vi)E [1 + (A= Diig — &Nﬂg%s} gi
+CLNM)\2a—N§\)\ “DE o Dﬁs]%}
> 0, (59)
a% = _G/NL)\ {(A - 1)5% + [T+ (A~ 1)7—15]%}
= —aNlAM {(Aa_NlA)E [1 + (A= 1)ns — aNAéfLS} gi

+CLNM)\2 — ()\ — 1)E
G,N)\
M ng\ OF
= _——— 1 _ 0 —_— —
< nF A ) &SF
> 0, (60)

14 (A - 1)”5]%}

where the second equalities in both equationsuuseM )\ — (A — 1)E/(ay ) and the inequal-

ities hold from0 < nr < 1, (55), and (56). By differentiating (17) with respectsg andsp,

we have:
8ﬁF:_(1—ﬁp))\+ﬁF6E>07 and %_F:_(l—ﬁp))\+ﬁF6E>07
0sp AN A 0sp 0sp AN 0sr

both of which are similar to equation (23).
Next, we analyze the dynamic effects of the change in the subsidies. Differentiating (19)

with respect tasz andsy yields:

du(t) 1 _Ons(t) OF
85&1%) = _GN)\ (A— 1)E%€2) +[1+(A— 1)ns(t)]@ ; (61)
ou(t 1 _Ong(t OF
aSF = _aN)\ ()\ — 1)EW + [1 + ()\ - 1)”5@)]% ) (62)

which correspond to (41). Differentiating (21) with respect tcands, and applying:s(0) =
ng to them, we have:

3n5(t)
aSR

8837

=(1-e™) (63)
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Ons(t) . Ong
=1 —-e")5—. 64
Osp ( c >3sF (64)
Thus, substituting these, (21), (59), and (60) into (61) and (62), we obtain the following relation:
Ou(t) 1 _ LY _ OE
= —— {(A=-1DE(l—-e"™Z= 411 — 1)iig|=—
Jsp ns(0)=ng anA {(A JE(1—e >853-+[ 0 )"S]asR}
or 1 oL
= Py A N _ = —ut
(1—e )883 aN)\[l + (A= 1)ngle Don
> 0,
ou(t) 1 _ . Ong . OFE
— = —— {(A=-1DEl—-e"™== 411 — 1)iig]—
aﬁ’m@#% GNA{Q JE( ¢ )8wf+[+(A mg@w}
ot 1 oE
= et T _ — —put 2
(1—e )83F aN)\[l + (A —1)ngle Dor
> 0,

where the inequalities hold from (55), (56), (59), and (60).
Using the above results, we can compute the welfare effects of the subsidy policies. First,

the welfare effects through promoting innovation are:

o0 6 t
—rt(] /\—</ d)dt
/Oe (o) o ([ 1t
1 OF

0 t or
- —pt _eHT\ — Nl BT 2
(log )\)/O e /0 {(1 e )833 14 (A= 1)ngle 5 }det
1

anA SR
or

e p )
‘“g”{w(pmasR a0 R

/O e log /\)% ( /0 t L<T)d7) dt

° ! or 1 oE
— —pt P o — NpoleHT 2
(log \) /0 e /0 {(1 e )asF . 14+ (A —1)nsle Don } drdt
or 1

(o 1% _
=1 g)\){pQ(/H_M) Osp  anp(p+ )

Second, differentiating (51) and (52) with respectstpand s, and applyingng(0) = nsg,

[+ (A — 1)fig] STER} >0, (65)

[+ (A — 1)fig] a—E} > 0. (66)

83F

o =0, andsp = 0, we get:

0I5

=0
aSR ’
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033 LN aSR
OEs A—-1E _ (A —1)Enp
= ——(A—1)+ L gy =
aSF sp=0 ( )+ LS s )\LS ’
OF L A—1)E 1 OF (A—1)En 1 OF
x| _p_pks _A-DEL 1 0B (- DEae 1 0F
aSF sp=0 LN LN LNaSF )\LN LNaSF

Thus, in the case af = 0 andsyr = 0, the welfare effects through nominal spending are given

by:

%ELN%EIZ ~uE . Ls) s (%8)
T TR e
/1) ELN %E;v -7 L = (A — 1A>EnF N gEF | (70)

Third, from (63) and (64), the welfare effects through changing the proportion of competitive

goods are:
< 8n5(t) 7] Oong
Pt (log A dt = (log \ —_—, 71
/0 e " (log A) Dor (log )p(,o+u)8sR (71)
R 8715(25) o] Oong
Pt (log A dt = (log \) ———mM888—=. 72
/0 e " (log M) Bor (log )p(,o+u)8sF (72)

Using equation (57), we obtain the sum of the welfare effects through promoting innovation

and through changing the proportion of competitive goods:

o0 ) t o0 Ong(t)
—rt(] A—(/ d)dt+/ =t (log ) — dt
/0 e " (log >asR OL(T)T e (log \) Don

L or 1 _ . 0F i Ong }
= (log A - 1+(A—1 +
(log ) { p*(p+ 1) Osp  anAp(p + 1) L )7s] dsg  p(p+p) Osr
SV NP+ dsn plp+p) B® Osg
>0, (73)

where the inequality holds from (55) and (59). Thus, from (53), (67), and (73), an increase in

the R&D subsidy necessarily improves the welfare of the South.
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Meanwhile, an increase in the R&D subsidy can improve the welfare of the North if the

condition in Proposition 7 holds, proved as follows. Substituting (65), (68), and (71) into (53),

we have:
8UN . (10 )\) { 1% or _ 1 |:(E — Ls)(lOg )\) _ :| @
Dsn NV P+ 1) dsn  p(E — Ls)(log\) | ax(p + ) Dsn
(A —1)ig OE " 8n5}
- -+ . 74
anAp(p+p) Osg — plp+ 1) Osg (74)

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

tion 7 holds. Thus, (55), (59), and (74) imply that the total welfare effect of increasing the R&D
subsidy is positive ing‘—g > 0. Next, substituting (59) into (74), we have:

OUn i [()\ - 1)FE } Ong o _ . OE
= (log )3 — -1 — 14+ (XA=1ng| =—
0sR (log ){ plp+u) | anAp Osgp  an\p*(p+ p) 1+ J7is] Osr
) 1 {(E—LS)(log)\) B } OE  (A—Djmg 6E}
p(E — Lg)(log\) | anA(p+ i) Isp an p(p+p) OspJ’
Because(zgi)f (EG‘NL;'(LTE)A) > 1 as discussed in Appendix E, this equation shows that the

total welfare effect of increasing the R&D subsidy is positive eve@%}f < 0.
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 similar logic to the proof of the effect of

the R&D subsidy. More specifically, substituting (66), (70), and (72) into (54) yields:

W = oan |t 2 LS [ELelloed) ) 08
Osp p*(p+p)dsp  p(E— Ls)(log\) | anA(p+ p) OsF
~ (A=Dns 0FE i 8ﬁ5} 1 (A — 1)EﬁF. 75)
ax p(p+ ) dsp  plp+p)dsp | ' p(E — Lg) )

Thus, (56), (60), and (75) 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
(60) into (75), we have:

Uy 5 o A-DE ] 0ns ] 1 @

Osp ( g)\){ plp+p) [ anAp 1} Osp  anAp*(p + 1) 1+ (= 1)ns] Osp
1 [(E—Ls)(log)\) B } OF (A= 1)ns GE}

p(E — Ls)(log A) [ anA(p+ 1) dsp  anAp(p + ) Osp

1 (A—1)Eng

—+ —
p(E — Ls) )\
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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@@ﬁk 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
(58), (66), (69), and (72) into (54), we obtain:

oUg i o 1 MMNLg OF ()\ — 1)EﬁF
— = (log A — = — : 76
Osp (log ) pPp+p)0sp  plp+p) E? Osp pALs (76)
Further, substituting (60) into (76) yields:
oUs _ M(logM)(1 —7ip) oE _ M(log Mg oE ~ MALs(log M) oL (A= 1)Eng
Osp anp*(p+p)  Osp anAp*(p+p) Osp plp+ p)E? Osp pALs
_ M(ogN(1 —nr) OF _ MALs(log M) OF
anp*(p+p)  Osp plp+p)E? Osp
(A= DEnp [ MALs(M +p)(logh) -

pALs  lan(A = 1)p(p+ p)(p+ MA) ’
where the second equality uses (56) apd= 0. Becausegs—i < 0 from (56), equation (77)

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

MXLg(M4p)(logh)
an O Dpiprmpram — 1> 0-

Appendix J Analysis of the Costly-Imitation Model

In this appendix, we show the derivations of the equations that characterize the steady-state
equilibrium of the costly-imitation model in detail, and examine the effects of strengthening
IPR protection in the South. Because the model with costly imitation and FDI is more complex
than the costless-imitation model, we focus only on the steady state. Hereafter, we let variables

without time “t” denote the steady-state values of the variables.

Steady State

Using the Euler equation yields:= p. Combining the equilibrium condition of R&D and the

no-arbitrage condition (9) yields:

pway = <1 — %) E. (78)
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Combining the equilibrium condition of imitation (43) and the no-arbitrage condition (44), we

LN:(I—E)E—p. (79)

From (7) and (45), 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 waN g 80
p(l—ﬂwa]v+ap (80)
Using the laws of motion (47) and (48) yields:
Mnp = tpny = tyng = L. (81)

Finally, from (13), (46), and (81), the labor market-equilibrium conditions in the North and the

South in the steady state are given by:

1
ant + nNEX = Ly, (82)
¢ 1
(ap+am)L+nFEX+nSEZ = Lg. (83)

Hereafter, we describe the steady-state equilibrium using only two varialaled;v. First,
we derivengE andnrE as functions of andw. ¢From (78), we can expregsas a function
of w as follows:

_ pwan

E= . (84)

From (79) and (84), we get = (1 — %) 15 - é(w, a,,). BecauseigE = (%)L from
(81), we obtain:
(85)

Next, from (80) and (84), we getl = (1 —§) —L—— 3 = m(w). BecauseipE = (L),

from (81), we have:
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LN curve

0
Figure 4. The steady state in the costly-imitation and FDI model

Substituting (85) and (86) into (82) and (83), we obtain the following system of two equations

in two unknowng¢, w):

pwan
A—w LN

L= . . . , (87)
5 [awtam + ] — an
Lg
L= ¢ 1 11 (88)
ap T Om T X5 T ¢ Hwam)

We refer to the curves that satisfy (87) and (88) as the LN curve and the LS curve, respectively.
These are both upward sloping, as shown in Figure 4. We assume that these curves intersect

once.

Effects of Stronger IPR Protection on Innovation

Next, we prove that an increase dr),, which is interpreted as strengthening IPR protection

in the South, reduces the aggregate rate of innovation in the costly-imitation model. We let
N (w, a,,) and¥®(w, a,,) denote the right-hand sides of (87) and (88). Totally differentiating
(87) and (88), we get:

oL ‘IJN

Oam . a
A R (89)
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where

1 —wN
1 -

A:

v, = W) angpi = 2% {en) for ; = {N,S}. By differentiating ¥ (w, a,,) and

U9 (w, a,,) With respect tav respectively, we obtain:

L AL I | - St - S N G U S
w ow - 1 l+l B " 1 2 )\ ¢2 w m2mw
Gra) o (2o
- T T e )
(COESEIEE
s O3 (w,apy) Lg ¢ 1 1 1
\ij: Ow = - c1 1 2 X oM +€ _¢2¢w
<6L +ap + E+Z$>
B Lg ¢ 1-
B ¢1 112()\m+C¢)7
(am+ap+xg+za>
where¢, = 2, m, = 2, ¢ = ‘g—g andm = 2. By differentiating V" (v, a,,) and
U (w, a,,) with respect taz,, respectively, we obtain:
VA L L 1 1
@gzw _ x —Lw 2_(?%)
A
(4 -]
E
E_ Ly 1-
- 1 1>\ 1 QXQS(“
(4 -]
OV (w, ay,) Lg 1 1
S y YYm
WGZT T c1,11) 1+Z _(/52%
(am—i-ap—i-xﬁ#—zg)
L 1
= - & 2(1+Z¢a>7
(am +ar + 5§24 +11)

whereg, = 22 andg, = ‘¢‘§“.
Suppose the LN and LS curves intersect only once. Then the LN curve intersects the LS

curve from below, as in Figure 4. Thug) > ¥° and detl = —¥? + ¥ > (. Applying
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Cremer’s rule to (89), we get:

ot 1

ov L NS SN
Do, ~ deta (Ve YutVaVL).

Substituting®?, and ¥’ into (—wN U5 + w2 TL) yields:

E_,
—UNES S — » N Ls ZiF,
1 (5+2) —an] (em+ar+$L+18)
where
(¢ 1. 1, N 1 0E
F o= qﬁa(/\m+g¢ L+ 2o (m+9) e
NP ¢ 1.\ 1 0FE
- S o)1+ L) (124 ) 22
[%(/\ c T T 2% ) I8 G
From the definitions ofs(w, a,,,) andm(w) above equations (85) and (86), = ‘j;“ > 0,
b= ¢ > 0andsm = 2% > 0. In addition, from (84)2Z > 0. Therefore, if§ — ¢<0,F<0

and thusag—; < 0. This case is depicted in Figure 4.

Welfare Analysis

Finally, we conduct the welfare analysis in the steady state by using the results of the positive
analysis. In the same manner as in Section 6, we can derive the instantaneous utility. Only
the part of welfare that depends on the prices chang§($lt@gp(j, t)dj = ng(t)log ¢ + (1 —
ns(t))log A = —ng(t)(log A — log ¢) + log A\. We can rewrite the instantaneous utility as:

t
logu;(t) = (log \) / L(1)dr + log E;(t) + ng(t)(log A — log ¢) — log .
0
Therefore, we obtain the lifetime utility in the steady state as follows:

U — 1 [10g)\
plL p

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

We assume that Southern households possess only the stocks of the imitation firms, which the
Northern households cannot. This assumption implies that the budget constraint of the Southern

households isESpﬁ = “’S—pLS + vgng. Using (43) andws = 1, we can rewrite the budget
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constraint afis = 1 + p*=™s. By differentiating the lifetime utility function with respect to
Lg

a,,, we obtain the change of welfare by the marginal increasg,ins follows:

0Us 1 log A\ Ot L—ps ong
daw p o da, T g\ T ",
- - - - ~ d v -~
innovation-impeding effect nominal-spending effect
) (ambiguous)
8n5
log A —1 — .
o~ 100 ) 92

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 aggregate innovation, at least in the steady
state. Second, strengthening IPR protection affects nominal spending and welfare. We refer
to this as thenominal-spending effectAn increase in the imitation cost increases the stock
value of an imitation firm; however, the sign 6fis/da,, is ambiguous and thus the sign of
the nominal-spending effect is indeterminate. Finally, strengthening IPR protection affects the
measure of type-S industriesg(t). 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, increases welfare. We refer to this welfare effect asdnepetition effect The sign of
Ong/0da,, is ambiguous and thus the sign of the competition effect is indeterminate.

Our numerical results indicate that strengthening IPR protection increases the measure of
type-S industriespg; therefore, both the nominal-spending effect and the competition effect
are positive. The numerical results show that with higher innovation cost, strengthening IPR
protection increases the welfare, whereas it reduces the welfare with lower innovation cost.
For instance, if we set the parameter value of the innovation cest 123.5, which is the
same as in the numerical examples of the text, the negative innovation-impeding effect out-
weighs those two positive effects, so that the welfare of the South increases,wils shown
in the upper panels of Figure 5. However, if we ggt at the lower value, 50, the negative

innovation-impeding effect overwhelms those two positive effects, and thus the welfare of the

—-51 -



0. 00305 0.135

0.003 0 13 -2L.2
0. 00295 ) -21.4
[ 0:0028 0.125 U -21.6
0. 00285 S o1 S

-21.8

0. 0028 0.115
0. 00275 0.11 -22

112 114 116 118 120 122 112 114 116 118 120 122 112 114 116 118 120 122

0.016 0.148 -15.33
0.0158 8' i:i -15.34
[ o.0156 nS 0. 142 Ug-15.35
0. 0154 0.14 -15.36
0.138 -15.37

0.0152 0.136

457746 47 48 49 50 45 46 47 48 49 50 45 46 47 48 49 50

Figure 5: The effects of an increase in imitation cost
The horizontal axes represeny,. The vertical axes represent aggregate innovatiomeasure of imitated sectors
ng, and the utility of the Southern consuniés, respectively. The parameter values are 4, ( = 1.6, p = 0.05,
Ly =3, Ls = 6,andar = 5. The upper three panels are the numerical resultsyas- 123.5, and the lower

three panels are those @ = 50.

South decreases with),,, as shown in the lower panels of Figure 5. We interpret the result for
the welfare effect somewhat differently from that obtained in the costless-imitation model. In
the basic model where imitation is costless, strengthening IPR protection in the South increases
welfare if the positive welfare effect through promoting innovation outweighs the negative wel-
fare effects. On the other hand, in the model where imitation is costly, strengthening IPR
protection impedes innovation. However, if the other positive welfare effects overwhelm the
negative effect on innovation, strengthening IPR protection in the South increases the welfare

of Southern consumers.
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Appendix K Notes on some results in the text

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

Derivation of the result of (22)

In this note, we derive the result of (22). By differentiating (18) with respedt/tave have

ony
oM

anA2(E — Lg)layMX2 — (A — 1)E|E — anA2Ejay MA*(E — Lg) — ALy E(X — 1)]
[an MA2 — (A — 1)E|2E?
anMXN2 = ALy(A—1)  [anMN2 =2\ — 1)E]jayMMN2(E — Lg) — ALyE(A —1)] | 0E
{ lanMN —(A—1)E|E [an M2 — (A — 1)E]2E2 } oM

—aN)\2(E — Ls)()\ — 1)E2 + aN)\?’()\ — 1)LNE2
lan MN2 — (A — 1) B2 2

anMN —ALy(A—1)  [axMA2 — (A — 1)E][ayMX2(E — Lg) — \LNE(\ — 1)]
{ lanMX2 — (\— )E|E [axM)2 — (A — 1)E2E?

+

(A—=1)ElayM)(E — Lg) = A\LyE(A —1)]| 9E
[anMX2 — (A —1)E]2E2 } M

aN)\2()\ — 1)[LS + )\LN — E]
[anMN2 — (A — 1)E]2
+ { (ZN]\/[)\QLS ()\ - I)E[CLNMA2(E - LS) - )\LNE(A - 1)} } 6E
[

anMM2 — (A —1)E|E? i lay M2 — (X — 1)E]2E? oM

A —Dnag N {MALS (A — l)nN} OF

1 uk? aN Al oM

1 _ MMALg ()\—1)_1\{ OF

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 (23)

In this note, we derive the result of (23). 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
o [)\nF * anA GM]
1. (I—np)A+ap 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 (25)

In this note, we derive the result of (25). Usi%@ ’ﬂs(0)=ﬁs derived in Appendix C, we obtain

o0 a t
e P (log \) =— (/ L(T d’i’) dt
| e tomngiz ([ o
> K 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 —_ Mt
(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 1 or 1[0 1+(\—1)ng0F 1 1
_(logA){p23M+u[8M+ anA 8M} <p+u_p>}
1 or 1 . 0F
= (log A - 1+ (A= 1)ngl —
(log >{p2(p+u) oM aNAp(eru)[ * )7s) 3M}

< 0,

where the inequality uses (22) and the result of Proposition 3.
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Derivation of the result of (40)

In this note, we derive the result of (40). By differentiating (16) with respedt/tave have

ong . aNkst[aNMA2 — ()\ - 1)E]E - QN)\QE[G,NMAQLS +E? — )\(LN + Ls)E]
oM [ayMA2 — (A —1)E]2E2
2E — A(Ly + Lg) [an MA2 = 2(\ — 1)E]jayMMNLs + E2 — ALy + Ls)E]\ 0E
{ layMN2 — (A\—1)E]E [ay M2 — (A — 1)E]2E2 } oM

aN)\2L5E2 — aN)\2E(E2 — /\LNE)
[anMA2 — (X — 1)E2E?

{ 2E — A(Ly + Lg) [anMA2 — (A — 1)E]jay MA2Ls + E? — (L + Ls)E]
[

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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