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ABSTRACT

This paper develops a North-South product-cycle model with innovation and foreign direct investment
(FDD to analyze the influences from strengthening intellectual property rights (IPR) protection.
Innovation occurs in the North while imitation happens in the South. Southern firms can imitate either
goods produced in the North or goods produced by multinationals in the South. We find that if the
target of strengthening IPR protection is Northern-produced goods, then such a policy change reduces
the innovation rate and raises the North-South relative wage in the long run. However, the effects on
the long-run innovation rate and the North-South relative wage reverse if its target is Southern-
produced goods by multinationals. As for the pattern of production, strengthening IPR protection
raises the long-run extents of FDI and Southern production imitating goods produced by
multinationals while reducing the long-run extents of Northern production and Southern production
imitating goods produced in the North, regardless of the target of stronger IPR protection. In addition
to examining the long-run effects of strengthening IPR protection, we also analyze its effects during
the transitional dynamics. The quantitative analysis indicates that the two strengthening-IPR-
protection policies cause welfare losses for both Northern and Southern consumers if we consider the

accumulated effects during the transitional dynamics.
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1. INTRODUCTION

The approval of the Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPs)
under the Uruguay Round of negotiations based on the framework of the General Agreement on
Tariffs and Trade (GATT) has caused considerable discussion on the effects from the strengthening
of intellectual property rights (IPR) protection for both developed and developing countries. Since
then, studies have increased concerning the effects of strengthening IPR protection for both developed
and developing countries.

International production through foreign direct investment (FDI) is quite common nowadays due
to technological progress, which improves transportation and telecommunications. The availability of
FDI allows firms to choose to produce goods domestically or abroad, meaning strengthening IPR
protection in one country causes cross-country influences due to the adjustment of the production
pattern for firms in response to this policy change. It is commonly believed that such a policy can
benefit both developed and developing countries. For developed countries, stronger IPR protection
encourages innovation owing to the mitigation of imitation risk. Developing countries can benefit from
stronger IPR protection by attracting firms to produce in those countries. Increases in FDI activities
also have the added virtues of reducing the relative wage between the developed and the developing
countries and bringing cutting-edge technologies to the developing countries. Firms, at the same time,
can reduce production cost by shifting production from developed countries to developing countries.
However, some people argue against stronger IPR protection, since it is doubtful whether it actually
increases the rate of innovation and reduces the relative wage between developed and developing
countries at the same time. Moreover, they doubt whether both Northern and Southern consumers can
benefit from strengthening IPR protection.

Several studies have examined the effects of changes in IPR protection on innovation in
developed countries and pattern of production based on an R&D model with FDI. The early study of
Helpman (1993) develops a model where innovation occurs in developed countries and imitation
happens in developing countries to examine the effects of IPR protection when firms can undertake
production in developing countries through FDI. In his study, the innovation rate is assumed to be
exogenous; as a result, this study does not analyze the impact of the strengthening of IPR protection on
innovation. Due to dissatisfaction with the exogenous innovation rate, the Helpman (1993) model
subsequently undergoes various modifications in several studies where the innovation rate is
endogenously determined in order to examine the effects of IPR protection on innovation.

Based on a model where innovation raises the varieties of goods, Lai (1998) shows that both the
innovation rate and FDI will increase with strengthening IPR protection. However, based on a quality-
improvement (product-cycle) model with costly imitation, Glass and Saggi (2002) find the reverse

effects of stronger IPR protection on the rate of innovation and the extent of FDI due to labor wastage
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and imitation tax effects if imitation is costly. Since R&D activities require high-skilled labor, Parello
(2008) and Chen (2015b, 2018) introduce human capital into an R&D model and endogenize the skill
choice of Northerners when examining the effects of strengthening IPR protection on innovation and
wage inequality in developed countries. Changes in IPR protection affect not only the pattern of
production, but also the demand of Northern skilled (unskilled) labor, which will in turn affect the
wage inequality in developed countries.

In this study we develop a dynamic quality-improvement general-equilibrium model.! Our
model is made up of a North country (a developed country) in which innovation occurs and a South
country (a developing country) in which imitation happens. Innovation targets all types of goods and
improves their quality. Northern workers can work either in the R&D sector or in the production sector.
Northern firms choose either to carry out the entire production of the goods in the North or act as
multinational firms and produce goods in the South through FDI. Southern firms could imitate goods
produced in the North or goods produced by multinationals in the South at different (exogenous) rates.
Once Southern firms succeed at imitation, they are able to use the state-of-the-art technologies to
produce the highest quality products. We assume that the rate of imitation for goods produced by
multinationals in the South is higher than the rate of imitation for goods produced in the North due to
two reasons. First, developed countries usually have more comprehensive and complete IPR
protection than developing countries; second, it is easier for Southern firms to imitate domestic goods
(i.e. goods produced by multinationals in the South) than foreign goods (i.e. goods produced in the
North). Therefore, multinational firms can make products in the South at lower costs by taking
advantage of the lower Southern wage rate, but they face a higher risk of imitation by Southern firms.

We assume that the Northern standard of IPR protection determines the imitation rate of goods
produced in the North while the Southern standard of IPR protection decides the imitation rate of
goods produced by multinationals in the South.> Therefore, depending on the target of IPR protection,
strengthening such protection is represented by a decrease in the rate of imitation for Northern-
produced goods or Southern-produced goods by multinationals. Our assumption that Southern firms
could imitate Northern-produced goods and Southern-produced goods by multinationals at different
rates allows us to analyze the influences of strengthening IPR protection for different targets of IPR
protection. Two scenarios of IPR protection policies are considered, with the first of these scenarios

involving IPR protection targeting Northern-produced goods. We find that increasing the Northern

' The product-cycle model is originally considered by Vernon (1966) and subsequently developed by

Segerstrom, Anant and Dinopoulos (1990), Grossman and Helpman (1991a, 1991b, 1991¢c, 1991d), and Aghion
and Howitt (2009).

2 The Northern and Southern standards of IPR protection are also considered in Lin (2019). However, in his
study the Northern IPR standard determines the imitation rate of goods consumed exclusively in the North,
whereas the Southern IPR standard determines the imitation rate of goods consumed exclusively in the South.
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standard of IPR protection raises the North-South relative wage and reduces the rate of innovation in
the long run. As regards the pattern of production, such a policy change will cause an increase in the
long-run extents of FDI and Southern production imitating Southern-produced goods by
multinationals, along with corresponding reductions in the long-run extents of Northern production
and Southern production imitating Northern-produced goods.

We show that welfare for Northern (Southern) consumers is positively correlated with the rate of
innovation and consumers’ expenditure in the North (South) and negatively correlated with the price
factor. Due to the model’s complexity, we are not able to analytically determine the effects of stronger
IPR protection on welfare for Northern (Southern) consumers. We thus conduct a numerical analysis
to evaluate the effects of stronger IPR protection on welfare. Following Grossman and Helpman
(1991), we first consider the effects of stronger IPR protection on the long-run (steady-state) welfare.
Although such a policy change raises the steady-state Northern (Southern) expenditure, which is
beneficial to Northern (Southern) welfare, it reduces the steady-state rate of innovation and raises the
steady-state price factor, both harmful to Northern (Southern) welfare. We find overall that such a
policy change generates welfare losses for both Northerners and Southerners.

Because our numerical analysis indicates that the speed of convergence is slow, changes in IPR
protection would affect economic variables for sustained periods of time so that their accumulated
effects during the transition from one equilibrium to another may therefore cause potentially large
impacts on welfare during the transition. We then take changes during the transitional dynamics into
consideration and re-examine welfare changes. We show that when considering welfare changes
during the transitional dynamics, strengthening the Northern standard of IPR protection will also cause
welfare losses for both Northerners and Southerners, but with much larger orders when comparing
changes in steady-state welfare.?

In the second scenario we consider the effects caused by strengthening the Southern standard of
IPR protection. In this scenario, strengthening the Southern standard of IPR protection is represented
by a reduction in the imitation risk for Southern-produced goods by multinationals. Since such a policy
motivates Northern firms to shift their production from the North to the South through FDI, the long-
run extent of FDI will increase. Furthermore, the demand for Northern labor will decrease while the
demand for Southern labor will increase, leading to a decrease in the North-South relative wage in the
long run. Because more Northern workers are released from the production sector and become

available for employment in the R&D sector, the long-run rate of innovation will increase. As regards

3 Our quantitative analysis suggests that regarding steady-state welfare, a decrease in the imitation rate for

Northern-produced goods from 5% to 4.75% (a 5% decrease) will respectively cause decreases in the steady-state
welfare for Northerners and Southerners by 1.21% and 18.41% in consumption equivalence. If we take
transitional dynamics into account, such a policy change will generate welfare losses in the order of 62.44% for
Northerners and 62.49% for Southerners in consumption equivalence.
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the pattern of production, the strengthening of IPR protection will cause reductions in the long-run
extents of Northern production and Southern production imitating Northern-produced goods.
However, the change in the long-run extent of Southern production imitating Southern-produced
goods by multinationals is ambiguous.

Concerning steady-state welfare, our numerical analysis indicates that although strengthening
IPR protection on goods produced in the South raises the steady-state innovation rate, which is
beneficial to welfare, it also raises the steady-state price factor, which is harmful to welfare. The
steady-state Northern consumers’ expenditure will decrease while the steady-state Southern
consumers’ expenditure will increase. We find that there will be welfare gains for both Northern and
Southern consumers. However, if we take the transitional dynamics into account, then the results of
welfare reverse and such a policy change will generate welfare losses for both Northern and Southern
consumers.® This finding highlights the tradeoffs involved for economic performance induced by
strengthening IPR protection, especially innovation and welfare. Moreover, when examining the
effects of stronger IPR protection on welfare, the results would be misleading if we only consider its
effects at the steady state and do not take the transitional dynamics into consideration.

Our findings cast doubt on the common belief that strengthening IPR protection could raise the
rate of innovation and FDI activities as well as benefit consumers both in developed and developing
countries. We show that strengthening IPR protection may not necessarily raise the rate of innovation
and that the target of stronger IPR protection plays an important role when determining the effects of
IPR protection on the rate of innovation. While increasing the Northern standard of IPR protection
reduces the innovation rate, increasing the Southern standard of IPR protection raises it. But both
policies raise the extent of FDI. Our findings about the long-run effects of stronger IPR protection on
innovation and FDI activities are different from those found by Lai (1998) and Glass and Saggi (2002).
Regarding welfare, both policies generate welfare losses for Northern and Southern consumers if we
consider the accumulated effects during the transitional dynamics.

Since previous studies of R&D have demonstrated that the stability of the steady-state
equilibrium of an R&D model is sensitive to the model setting, we also examine the stability of the
steady-state equilibrium under each scenario in this paper.’ As summarized in Table 1, in addition to
the target of imitation, which is the focus of this paper, the target of innovation is also the focus in the
literature of IPR protection. Glass and Wu (2007) introduce costless imitation into a product-cycle
model and find that the target of innovation matters when analyzing the effects of stronger IPR

protection on innovation rate and FDI. They show that stronger IPR protection will reduce both

4 Our quantitative analysis suggests that regarding steady-state welfare, a decrease in the imitation rate for

Northern-produced goods by multinationals from 25% to 23.75% (a 5% decrease) will respectively cause increases
in the steady-state welfare for Northerners and Southerners by 52.48% and 28.69% in consumption equivalence.
If we take transitional dynamics into account, such a policy change will generate welfare losses in the order of
56.09% for Northerners and 55.19% for Southerners in consumption equivalence.

> An early study that examines the stability of the steady-state equilibrium in an R&D model can be found in
Tanaka, Iwaisako and Futagami (2007). In their study, they consider a product-cycle model with international
transfer of technology through licensing.



innovation intensity and the extent of FDI in a model with inefficient followers where innovation targets
only imitated products; however, stronger IPR protection will cause reverse effects on the innovation
rate and the extent of FDI in a model with efficient followers where innovation targets all types of
products.

Tanaka and Iwaisako (2014) find that the steady-state equilibrium is not attainable in a product-
cycle model with inefficient followers and then introduce government subsidies for R&D and FDI and
show that the steady state will become achievable if the subsidy rates are sufficiently high.
Furthermore, if the interior steady state is stable, then stronger IPR protection promotes both
innovation rate and FDI, which are opposite to the results found by Glass and Wu (2007), indicating
that the effects of strengthening IPR protection are also sensitive to the model setting. By modifying
our model to allow imitation targeting only Southern-produced goods by multinationals, our model
can be returned to the model of Glass and Wu (2007) with efficient followers. We show that the
economy will attain a stable steady-state equilibrium. Thus, our finding suggests that allowing
innovation to target all types of goods (efficient followers) is another way to obtain a stable steady-
state equilibrium. However, one should be careful when drawing results based on a product-cycle
model with inefficient followers.

The remainder of this paper is organized as follows. In the next section, we develop a product-
cycle model with innovation and FDI, derive the steady-state equilibrium, and analyze the stability
condition of the steady-state equilibrium. Section 3 derives the steady state and also analyzes its
stability property. Section 4 examines the effects of increasing the Northern (Southern) standard of
IPR protection on key variables and the social welfare for Northern and Southern consumers under
each type of IPR protection. A numerical analysis is also provided in this section. The final section

concludes.

2. THE MODEL

We develop a product-cycle model composed of a developed Northern country () and a developing
Southern country (S). There is no population growth in both countries and there are L; (k = {N,S})
agents in country k. In every period, each agent in country k is endowed with one unit of time, and
she spends all of the time at work to earn the wage w; (t). We normalize the Southern wage rate
(wg(t)) to 1. This implies that the North-South relative wage, which is measured by the ratio of the

Northern wage rate to the Southern wage rate, is equal to wy (¢t).
2.1. Consumers

There is a continuum of products z € [0,1] available at different quality levels (j). Each quality level
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j’ is better than quality level ‘j — 1’ by A times, where the size of the quality increment A is



constant and 1 < A < 2.° All products begin at time ¢t = 0 with a quality level j = 0 and a base
quality A° = 1. Therefore, each product of quality j provides quality xj(z) = M.

Let qij(z,t) denote consumption in country k for quality level j of product z at time t. For
the representative consumer in country k, the total expenditure (Ej (t)) for all products with different

quality levels under price py;(z,t) is:

1
B© = | IZ P (2 D45 (2,0 | &
J

Let A, (0) and W, (0) respectively denote the value of assets that the household holds and the sum
of the discount wage income of the household at time t = 0 in country k. The cumulative interest
rate, up to time 7, is given by R(t) = fot r(t)dt, where r(t) is the instantaneous real interest rate at

time t. The intertemporal budget constraint is:
f E(t)e ROdt < 4,(0) + W, (0). (2)
0

Consumers care about both the quantity and quality of goods. The instantaneous utility faced by

a representative consumer in country k is:

1

log ij(z)qkj(z, t)|dz. 3)

J

logug (t) = f
0

Let p represent the subjective discount factor. The lifetime utility of the representative consumer in

country k is:

0

U,(0) = f e Ptlog u,(t) dt. (4)
0

The consumer’s problem is solved by three steps. First, when considering the within-industry
static optimization problem, consumers are willing to pay A for a single quality-level improvement

pj(z,t)
xj(z)

in a product; that is, consumers choose the quality that gives the lowest adjusted price, . Second,

consumers choose an expenditure across all products that is the same, because the elasticity of
substitution between any two products is constant at unity. Let E(t) = Ey(t)Ly + Es(t)Ls represent
global expenditure. This results in a demand function for product z of quality j attime t in country
k equal to qy(z,t) = Ex(t)/pj(z t). Finally, consumers maximize lifetime utility subject to the
inter-temporal budget constraint to allocate lifetime wealth across time. This leads to the optimal

expenditure path for the representative consumer in each country:

®  The assumption of 1 < A < 2 is in line with empirical findings that a markup over the marginal/average

cost is positive, but less than 100%.
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2.2. Producers

Innovation occurs only in the North. Northern firms hire Northern workers for R&D. Let vy (t)
represent the expected discounted value of a Northern firm that has successfully improved a product
by one higher quality level. Let ¢r(z,t) denote the rate of innovation. A Northern firm in industry
z will achieve one level of quality improvement in the final product with a probability ¢y (z, t)dt
for a time interval dt. In order to achieve this, agrpr(z, t)dt units of labor are required at a cost of
wy (t)agdr(z, t)dt. To generate a finite rate of innovation, the expected gains from innovation cannot

exceed the costs:
vy (t) < agwy (),

with equality being achieved when innovation occurs with positive intensity:

vn() = agwy(t) & ¢r(z,t) > 0. (6)

We assume that one unit of labor is required to produce one unit of the final product in the North
or in the South. The cost of firms producing one unit of goods in the North is then wy, and the cost of
firms completing one unit of production in the South is wg = 1. After succeeding at innovating a
higher-level quality product, a Northern firm can hire Northern workers to produce goods in the North
or undertake its production in the South through FDI, lowering its costs by hiring Southern workers.
Let vgp(z,t) represent capital gains from undertaking production in the South through FDIL
Following Glass and Wu (2007) and Tanaka and Iwaisako (2014), we assume that FDI does not incur

any cost. A Northern firm will feel then indifferent between producing in the North or in the South if:

vp(t) = vy (1) (7

Old technologies in which the designs have been improved are available internationally, so that
Southern firms are able to produce final goods by using old technologies. Firms face Bertrand
competition. Northern firms, which produce through the use of state-of-the-art technologies possessing
one quality-level lead over their closest rivals will charge the price p(t) = A in order to just prevent
their closest rivals from earning positive profits.

Let Iy(t) and IIg(t) denote the instantaneous profits for Northern production and FDI,
respectively. The instantaneous profits for Northern production are:

E(t)
My(t) = =~ [ = wx (©)]. (8)

The instantaneous profits for multinational firms are:



E(t)
e () = —— 1-1). 9)

Southern firms can imitate either Northern-produced goods at a rate of ¢gy or Southern-
produced goods by multinationals at a rate of ¢gp. After succeeding at imitating a higher-level quality
product, a Southern firm is able to capture the entire industry market by setting a price at 1 that is
lower than A. Because of the following two reasons, we assume that the imitation rate of goods
produced in the North is smaller than that of goods produced in the South; that is, ¢y < Pgr. First,
it is easier for Southern firms to imitate Southern-produced (domestic) goods than Northern-produced
(foreign) goods. Second, developed countries usually have stricter IPR protection than developing
countries, so that goods produced in the North are more protective. This implies that multinational
firms can earn higher profits by charging the price p(t) = A and hiring Southern workers for
production; however, they also face a higher rate of imitation. Depending on its target, strengthening
IPR protection is represented by a decrease in ¢sy or ¢gp.

The no-arbitrage condition that determines vy (t) is:

_ Uy (8) + Iy (t) — [Pr(E) + Psn]vn ()
vy (1) .

Equation (10) equates the real interest rate to the asset return per unit of asset for Northern production.

r(t) (10)

The asset return includes (i) any potential capital gains (v (t)); (ii) profits from successful innovation
(Iy(t)); (iii) the expected capital loss from creative destruction (—¢g(t)vy(t)); and (iv) the
expected capital loss from imitation (—¢eyvy (1)).
The no-arbitrage condition that determines vp(t) is:
_0p(®) + p () — [$r(0) + dsp]vr(t)
vp(t) .

Equation (11) equates the real interest rate to the asset return per unit of asset for multinational firms.

r(t) (11)

The asset return is the sum of (i) any potential capital gains (Vz(t)); (ii) profits from successful
imitation (IT;(t)); (iii) the expected capital loss from creative destruction (—¢@g(t)vg(t)); and (iv)

the expected capital loss from imitation (—¢spve(t)).
2.3. Type of industry

Let ny(t), ng(t), ngy(t), and ngp(t) respectively denote the extent of Northern production (the
proportion of products produced completely in the North), the extent of FDI (the proportion of the
goods for which production is carried out through FDI), the extent (proportion) of Southern production
imitating Northern-produced goods, and the extent (proportion) of Southern-produced goods by
multinationals. The extent of Southern production by imitation is thus defined as ng(t) = ngy(t) +

ngg(t). The sum of these product measures equals one:
ny(t) + np(t) + nen(t) + nsp(t) = 1. (12)
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The law of motion of ngy(t) is governed by the following equation:
Ny (t) = Gsyny(t) — Pr(t)nsy (0). (13)

Equation (13) indicates that the change in the extent of Southern production imitating Northern-
produced goods equals the flows going into Southern production imitating Northern-produced goods
minus the flows coming out of it due to innovation.

Similarly, the change in the extent of Southern production imitating goods produced by
multinationals equals the flows going into Southern production imitating goods produced by
multinationals in the South minus the flows coming out of it due to innovation. This implies that the

law of motion of ngr(t) is governed by the following equation:

nsp(t) = Pspnp(t) — Pr(Onsr(t). (14)
Combining (13) and (14), we derive the law of motion for the extent of Southern production by
imitation as:
ns(t) = Psynn(t) + Gsrne(t) — Pr(t)ns(t). (15)

2.4. Labor market

Northern firms hire Northern workers for innovation and production. The labor-market-clearing

condition for Northern labor is therefore:

E()
agpr(t) + nN(t)T = Ly. (16)

Multinational firms and Southern firms hire Southern workers for production. The labor-market-
clearing condition for Southern labor is therefore:

E@®)

[ne () + A(nse (1) + sy ()] —— = Ls. (17)

2.5. Welfare

Using qy;(z,t) = Ex(t)/p;(z,t), we express the instantaneous utility as:

1 1
loguy (t) = logE,(t) —f logp;(z,t)dz + log(ﬂ)f xj(z)dz.
0 0

Because the expected number of innovations arriving in period ¢ is t¢g(t), the instantaneous utility

becomes:’

1
loguy (t) = logE,(t) — f logp;(z,t)dj + tdpg(t)log().
0

7 See Grossman and Helpman (1991d) for more details.
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Since consumers pay the price of A for goods produced by Northern firms in the North and by
multinationals in the South and pay the price of 1 for goods produced by Southern firms, the price
factor is:®

P = J, logp; (. )dj
= [ny(t) + np(t)]logd + ng(t)logl = [1 — ng(t)]logA.
Note that the price factor positively depends on the extent of Northern production and the extent of
FDI, but negatively depends on the extent of Southern production. Therefore, the instantaneous utility

can be written as:

loguy (t) = logE (t) — (1 - ns(t))log/l + tpr(t)logA. (18)
Substituting (18) into (4), we then derive the lifetime utility of consumers which represents welfare

for consumers living in country k.

3. STEADY-STATE EQUILIBRUM AND SOCIAL WELFARE

We assume that the Northern standard of IPR protection determines the imitation rate of goods
produced in the North, while the Southern standard of IPR protection decides the imitation rate of
goods produced by multinationals in the South. This section first derives the steady-state equilibrium

and examines its stability and then calculates the steady-state social welfare.
3.1. The steady-state equilibrium

We use variables with an upper bar to denote the steady-state values of the corresponding variables.

. Ex(t) _ _ .
Since ) r(t) — p, we then have:
E(t)
—=1(t)—p. 19
B =T~ (19
At the steady state, % = vn(t) = Vp(t) =0 and r(t) = p. The no-arbitrage conditions of
(10) and (11) can then be expressed as:
_ My
N=————, (20)
p+o,+ dsy
n
Tp=—— o (21)
p+o,+ dsp
Substituting (6) and (8) into (20) gives us:
E_ _ — _
I(l —wy) = (p + by + dsn)agWy. (22)

8  See Tanaka and Iwaisako (2014).
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Substituting (6), (7), and (9) into (21) yields:

E _
I(/l —1) =(p+ ¢y + dsp)agwy. (23)

At the steady-state equilibrium, the flows going into Southern production equal the flows coming out

of it - that is, 7ig(t) = 0. Thus, (15) indicates:

bsniy + Pspip = ERT_IS- (24)

The steady-state equilibrium is characterized by (12), (16), (17), and (22)-(24) with six variables
{WN, E, Ay, g, T, ER}? We are now ready to calculate the steady state. Combining (22) and (23), we
express the steady-state Northern wage (Wy) as a function of the steady-state rate of innovation (ER):
p+ ER + Apsr — (A — Dpsn

p+ ER + Psr .

Combining (22) and (25), we express the steady-state global expenditure (E) as a function of ER:

_ Aag|Apgr — (A —1 +tp+¢
E(bp; bsw» bsr) = A (A_i"bs” Pt bul

(25)

wy = WN(ER; bsn, bsF) =

Appendix A shows that besides Wy and E, variables {fiy, 7y, fig} also can be expressed as
functions of ER ) that iS, 7'_lN = ﬁN(aR;¢SN'¢SF) , 7'_11;' = ﬁF(aR;¢SN'¢SF) , and ﬁs =
ﬁS(ER; dsn, dsr). Using 12), we replace (ngy + ngr) by (1 —ny — ) in the market-clearing

condition for Southern labor (equation(17)) and derive:

f@R: bsn, bsr) = Ls, (26)

where f(aR; Psw, Psr) = [/1(1 - ﬁN(aR; Psn ¢5F)) % 1)7_1F($R; bsn. ¢5F)] E@R@;N‘d)s—” .

Equation (26) is used to implicitly solve for ER. Appendix A also shows that if ﬁ < ¢sp, then
af(aRi(ESNv(pSF)
¢y

(0,1), the solution of 51.‘, will exist if f(0; sy, Psr) < Ls < f(1; sy, Psp).'* Therefore, there

> 0, indicating that f (ER; ¢sn, sp) 1s an increasing function in aR. Since ER €

will exist a unique solution of ER if the following two conditions hold.
Condition (P1) % < Pgn.

Condition (P2) f(0; psy, Ppsr) < Ls < f(1; sy, Psr)-

9 See Appendix A for details of calculation.

10 Note that

[Apsr—(A-1D¢psnl[Aarpsr—(A-1)Lyl+plar .
[0 sy, pop) = = p Rt and f(L ows sr) =

[Apsr-(A-1)¢psy+1]lar(1+Adsp)—(A-1)(Ly—ar)]+par(1+ApsF)
A-1)(1+¢sF) ’
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Once one derives the solution of ER, the remaining variables {wy, E, Ay, g, g} can be solved
accordingly. Note that at the steady-state equilibrium, the flows going into ngy(t) and ngr(t) equal

the flows coming out of them - that is, 7y (t) = ngp(t) = 0. Thus, (13) and (14) indicate:

bsniy = aRﬁSN’ (27)

bspip = $Rﬁsp- (28)

Using (27) and (28), we respectively derive 7igy and nigr as gy = PNV and Ngp = bsry,
R R

3.2. Stability of the steady-state equilibrium

In the following analysis we derive the dynamical system, which characterizes the dynamic behavior
of the economy, and then examine the stability of the steady-state equilibrium.!! Appendix B shows
that E(t) can be expressed as a function of wy(t). Moreover, we present that ¢ (t), ny(t), and
ng(t) can be expressed as functions of wy(t)and ng(t); that is, E(t) = E(wy(t)), ¢r(t) =
Pr(wy(8),ns()) . ny(t) =ny(wy(),ns(t)) , and ng(t) = np(wy(t),ns(t)) . During the
transitional dynamics, the real interest rate r(t) changes over time, and its dynamic behavior can be

characterized by the following function in wy (t)and ng(t):
r(t) = r(wy(t),ns(t))

[(¢SF dsn) (A —wy (1))
wy(t) — 1

WN(t) — Ppr(wy (1), nen (t), nsp (b)) — sy + p(wy () — 1))

(29)
From the no-arbitrage condition that determines wvy(t) (equation (10)), we derive the

relationship between r(t) and vy(t) as:

Un(t) r(t) — (Psr — Psn)(A — wy (D)
vy (t) wy(t) — 1

+ Pr(t) + Psn-

wn(t) UN(t)
wy(®)  vn(D)'

Equation (6) indicates that Next we use (6) and (10) to derive the law of motion of

wy(t) as:
Wy (t) = (p + dspIwy (t) + Wy (t) — Dpr(wy (1), ns(t)) — Adsp + psy(A—1) —p.  (30)
Equation (15) indicates that the law of motion of ng(t) is governed by the following equation:
fis(t) = psyry (W (£, 15 (1)) + dspne(wy (£), ns5(1)) — pr(wy (£), ns(t))ns (). (3D

The dynamical system of the economy is represented by (30) and (31) in {wy(t), ng(t) }.
Linearizing (30) and (31) at the steady state yields:

11" See Appendix B for details of calculation.
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[WN (t)]

_[di1 diz WN(t)_WN]
ng(t) '

B [d21 dzz] ng(t) — g

d12

ere ) = (i o

] is the Jacobian matrix of this dynamical system evaluated at the steady-state

—  _ . — ( - N1+(A-1D)n —
values of (wy,7g) with dq; = p + ¢R + bsr — Psr—dsnIIH )nS], dip = (Psp — psn)Wy (A —

Wy—1

L ( - )1+ (A-1D)ng]n —_
1) , dy= " >+ Psr—$sn1+ -1 ns]ns and  dy; = —A(Psp — Psy) — Py — bsy —

RWN (WN_l)2 ’

(psr—psn)wWn(A-1)7g
wy—1 ’

Let 1, and 1, represent the two eigenvalues calculated from the Jacobian matrix (/). Because
ng(t) is a state variable and wy (t) is a jump variable, then the steady-state equilibrium is stable if
one eigenvalue is negative and one eigenvalue is positive, implying that the determinant of the
Jacobian matrix is negative. This requires that 1,1, = Det(J) = dy1d,, — dq2dy; < 0, which

generates the following condition.

.pe _ _ (psF—dsn)Ls NN _ (1 _
Condition (P3) (1— 1) {pn5+aR[p+$R+ a ¢sp—m—1)¢sm} > (2= D[Py, + Adsr — (A — Dsn].

We thus have the following proposition.

Proposition 1. There exists a unique non-trivial steady state that is a saddle point if conditions (P1)-

(P3) hold.

We hereafter assume that conditions (P1)-(P3) are satisfied in the rest of the paper. Let 1, and
1, respectively represent the negative and positive eigenvalues. The paths for wy (t) and ng(t) are

characterized by:

wy () = wy + (wy (0) —wy)e™t, (32)
ng(t) = g + % (1n5(0) — 7ig), (33)

where wy(0) and ng(0) are the initial values of wy (t) and ng(t).

3.3. Steady-state social welfare

This section derives steady-state social welfare in the North and in the South. The steady-state price
factor equals P = (1 — fig)logA, indicating that the average price is determined by the steady-state
value of the extent of Southern production (7). Because at the steady state the innovation rate is
constant, the expected number of innovations arriving in period ¢ is ERt. Equation (18) indicates that

the instantaneous utility at the steady state is:
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log Ty (t) = logEy, — (1 — ig)logA + ¢ tlogA.

From (4), we derive the steady-state lifetime utility representing steady-state social welfare as:

_ 1 _ _ Pr
U (0) = B logE, — (1 —ng)logd + 7109/1 . (34)

4. EFFECTS OF STRENGTHENING IPR PROTECTION

We are now ready to examine the long-run and short-run effects of strengthening IPR protection on
key macroeconomic variables and social welfare for Northern and Southern consumers under two

scenarios, depending on the target of IPR protection.
4.1. Strengthening the Northern standard of IPR protection

We first examine the long-run effects of strengthening the Northern standard of IPR protection.'”
Such a policy change is represented by a decrease in ¢gy. Note that (26) is used to derive the long-
run rate of innovation. In Appendix C, we totally differentiate (26) with respect to aR and ¢gy and
dop

find that
ind that —=" -

> 0, indicating that such a strengthening policy induces a decrease in the rate of

innovation. Strengthening the Northern standard of IPR protection reduces imitation risk of Northern-

produced goods, thereby motivating Northern firms to produce in the North. We find that there is an
increase in the long-run sale of Northern-produced goods (my %), implying that Northern labor

employed by the production sector will increase, which crowds out labor employed in the R&D sector

in the long run. As a result, the long-run rate of innovation will decrease.

Proposition 2. Strengthening the Northern standard of IPR protection reduces the rate of innovation

in the long run.
Proof. See Appendix C.

Equation (25) indicates that this policy change affects the long-run North-South relative wage
directly or indirectly through its effect on the long-run rate of innovation. Strengthening the Northern
standard of IPR protection reduces imitation risk of Northern-produced goods, thereby motivating
Northern firms to produce in the North. The no-arbitrage condition (20) implies that the market value

of a Northern firm equals the sum of the present value of its instantaneous profit flow; that is, vy =

12 Appendix C provides the details of calculation for the effects of strengthening Northern IPR standard on

endogenous variables.
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Iy

Py Therefore, a lower ¢gy ceteris paribus raises Vy, increasing the motivation of Northern
R SN

production, raising the demand for Northern labor, and causing an increase in the North-South relative

wage in the long run (the direct effect). Concerning the indirect effect, (25) implies that % <0,
R

meaning that a decrease in the long-run innovation rate will cause an increase in the long-run North-
South relative wage (the indirect effect). Note that both the direct effect and the indirect effect show
that the North-South relative wage will increase with such a strengthening policy.

We then decompose the effects of stronger IPR protection on the long-run sale of Northern-
produced goods by separately analyzing its effects on the extent of Northern production and global
expenditure. Although such strengthening reduces the imitation risk for Northern-produced goods and
motivates firms to produce in the North, the increased North-South relative wage motivates firms to
shift their production bases to the South. Appendix C shows that:

iy _ ! (A—Day— @A —1+7y) 19,
ddsy ER + sy + A(psr — Psy) +p " Y \dosn )|

This implies that strengthening the Northern standard of IPR protection will cause an overall decrease

in the long-run extent of Northern production if such a strengthening policy causes a small change in

dopg ) < G-Diy

innovation rate such that ( —.
d(l)s]\] 1—1+TLN

Regarding the effect of strengthening the Northern standard of IPR protection on global

expenditure in the long run, Appendix C shows that:

dE dag [(deg\
d¢5N‘A—1Kd¢5N) ¢ 1)]'

Note that if the change in the innovation rate induced by such a policy change is small enough, like

( dd(li}:v ) < 5{1__113:1’: , then ( dddiljv ) < A—1, implying that diiN < 0. This strengthening policy will

thus raise global expenditure in the long run. We now have our next proposition.

Proposition 3. Strengthening the Northern standard of IPR protection leads to an increase in the long-
run North-South relative wage. Moreover, if such a strengthening policy does not cause a large change

in the long-run rate of innovation, then the long-run global expenditure will increase.
Proof. See Appendix C.

A decrease in the long-run extent of Northern production implies that Northern firms shift
production to the South, indicating that there is an increase in the long-run extent of FDI. Since such

a strengthening policy reduces the motivation for Southern firms to imitate Northern-produced goods,
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the long-run extent of Southern production imitating Northern-produced goods will decrease while
the long-run extent of Southern production imitating Southern-produced goods by multinationals will

increase. We summarize the results of the production pattern in the following proposition.

Proposition 4. Strengthening the Northern standard of IPR protection decreases the extent of Northern
production and the extent of Southern production imitating Northern-produced goods while raising
the extent of FDI and the extent of Southern production imitating Southern-produced goods by
multinationals in the long run, provided that such a policy change does not cause a large change in the

long-run rate of innovation.
Proof. See Appendix C.

Since a theoretical analysis may not be able to provide clear results of the effects on some
endogenous variables and welfare, we next conduct a numerical analysis. For the benchmark model,
we assign the discount factor p = 0.01 to generate a 1% real interest rate at the steady state. The
one-stage quality improvement is set at A = 1.35 to match the Northern markup of 35%." We
assign the Northern population to 0.9 and the Southern population to 1.35 so that the North-South
relative wage is about 1.2."* Equation (16) indicates that the labor requirement for innovative R&D
(ar@gr) cannot be much larger than the Northern population in order to generate a positive value of
ny. Thus, the labor intensity for innovative R&D (ag) is set at 1.5 in order to generate a positive value
of ny. We set ¢gy to 0.05 and ¢gr to 0.25, but we allow their values to vary in order to examine
their impacts."

Based on our parameterization, the North-South relative wage equals 1.20 and global expenditure
equals 2.44 at the steady state. The resultant steady-state rate of innovation is 0.09. The respective
extents of Northern production, FDI, Southern production imitating Northern-produced goods, and
Sothern production imitating Southern-produced goods by multinationals are 42.23%, 9.29%, 23.08%,
and 25.40% at the steady state. Table 2 presents the benchmark values and also summarizes the effects
of strengthening IPR protection on the key macroeconomic variables and welfare. Under our
parameterization, there are one positive eigenvalue and one negative eigenvalue (7, < 0 and 7, >

0) in all numerical cases, indicating that the steady-state equilibrium is stable in all these cases.

13 The parameter A is set to 1.35 in Dinopoulos and Segerstrom (1999) and 1.3 in Cozzi and Impullitti (2016).

Cozzi and Impullitti (2016) mention that the data show that the ratio of skilled wage to unskilled wage equals
1.28. In our model, since innovation occurs only in the North, then Northern labor can be considered as skilled
labor and Southern labor can be considered as unskilled labor.

15 Ideally, the data of Ty, Ty, Tigy, and Tigr can be used to calibrate parameter values of Ly, Ls, ¢sy, and
¢sr. Unfortunately, such data are not available. In Appendix F, we summarize studies conducting numerical
analysis based on a product-cycle model. Their calibration results are also given in Appendix F. Appendix F
indicates that there is a wide variety of parameter values. Moreover, these parameter values generate very
different results for the production pattern.
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<Table 2 is inserted about here>

In order to analyze the effects of strengthening the Northern standard of IPR protection, we let
¢sy decrease by 5% from 5% to 4.75% (that is, 5% * 0.95 = 4.75). We find that a decrease in ¢y
by 5% raises the long-run North-South relative wage rate by 0.23% and long-run global expenditure
by 0.10%. The long-run rate of innovation decreases by 0.48%. The extent of Northern production
decreases by 0.02%, while the extent of FDI increases by 2.70% in the long run, resulting in a decrease
in the extent of Southern production imitating Northern-produced goods by 4.56% and an increase in
the extent of Southern production imitating Southern-produced goods by multinationals by 3.19% in
the long run. As a result, the steady-state extent of Southern production decreases by 0.50%.

Ever since the study of Grossman and Helpman (1991), the literature has focused on examining
the effects of IPR protection on the steady-state welfare.'® Regarding changes to the steady-state
welfare for Northerners and Southerners in response to such a policy change, we differentiate (34)

with respect to ¢;, i = SF,SN, and obtain:!’

AU, (0) 1|1 (dE\ (d7s logA (dé,
g » [ﬁ(d@) (g s+ T(d¢i)

Equation (35) indicates that strengthening the Northern standard of IPR protection affects the

. (35)

Northern (Southern) welfare through consumers’ expenditure in the North (South), the average price,
and innovation rate. An increase in Northern (Southern) consumers’ expenditure means that Northern
(Southern) consumers consume more goods, while an increase in the rate of innovation allows
consumers to enjoy a better quality of products. These two effects are beneficial to Northern (Southern)
consumers. However, a higher price factor reduces consumers’ purchasing power and is harmful to
the welfare of Northern (Southern) consumers.

A decrease in ¢gy by 5% raises the steady-state price factor by 0.47%. The decrease in the
steady-state rate of innovation and the increase in the steady-state price factor hurt the steady-state
welfare for both Northerners and Southerners. However, the increase in the steady-state Northern
(Southern) consumers’ expenditure by 0.17% (0.04%) benefits Northern (Southern) welfare.!® We
evaluate the welfare gains/losses as the percentage change in consumption necessary to equate the
initial levels of welfare to what they would be following a policy change. Our numerical results show

that under our parameterization, such a policy change will generate a 1.21% steady-state welfare loss

16 Grossman and Helpman (1991) consider a closed economy and show that it must jump immediately to the

steady state in response to a policy change. Therefore, there is no need to consider welfare changes during the
transitional dynamics.

17 In this analysis, we consider welfare at the steady-state equilibrium and do not consider welfare changes
during the transitional dynamics.

8 We explain how strengthening the Northern standard of IIPR protection on the Northern and Southern
consumers’ expenditures in the next paragraph.
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in consumption equivalence for Northerners and a 18.41% steady-state welfare loss in consumption
equivalence for Southerners.

Tanaka and Iwaisako (2014) examine how welfare changes in response to strengthening IPR
protection during the transitional dynamics. As shown in Table 2, the absolute value of the negative
eigenvalue (174) is not large, indicating that the speed of convergence is slow (see (32) and (33)). Since
such strengthening policy affects economic variables for sustained periods of time, we need to
consider their accumulated effects on welfare during the transition from one equilibrium to another.
Assuming that the economy is initially at the steady state and the strengthening policy is implemented
at t =0, Figure 1 presents the transitional dynamics of the North-South wage gap, the rate of
innovation, global expenditure, and the pattern of production. It depicts both temporary (short-run)
and permanent (long-run) effects of the strengthening policy on economic performance. It shows that
the North-South relative wage jumps upward right after the policy change, then decreases, and
converges to the new steady state. Conversely, the innovation rate jumps downward after the policy
change, then increases and converges to the new steady state. Regarding the pattern of production, the
extents of Northern and Southern production decrease over time while the extent of FDI increases

over time.
<Figure 1 is inserted about here>

Equation (18) indicates that strengthening IPR protection affects the instantaneous utility through
the consumers’ expenditure, the extent of Southern production (or the price factor), and the innovation
rate. Following Tanaka and Iwaisalo (2014), we assume that Southern consumers initially possess no
assets. With this assumption and along with the normalization of the Southern wage rate to 1, the

intertemporal budget constraint implies that the initial Southern consumer’s expenditure is Es(0) =

Es(t)
Es(t)

1. Equation (5) indicates the dynamic behavior of Eg(t) follows = r(t) — p. Note that the

transitional dynamics of the real interest rate are characterized by (29). From the definition of global

expenditure, we derive the transitional dynamics of Northern consumers’ expenditure as Ey(t) =

E(t)-LsEs(t) . .. . . .
%. Figure 2 presents the transitional dynamics of the real interest rate, the price factor, the
N

Northern consumers’ expenditure, and the Southern consumers’ expenditure. It indicates that the price
factor, the Northern consumers’ expenditure, and the Southern consumers’ expenditure all increase over

time.
<Figure 2 is inserted about here>

We find that there are welfare losses for both Northerners and Southerners if we consider the

accumulated effects during transitional dynamics caused by strengthening the Northern standard of IPR
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protection. Our quantitative analysis suggests that such losses are in the order of 62.44% for Northerners
and 62.49% for Southerners in consumption equivalence. These results demonstrate that if we do not
consider the transitional dynamics, then we would underestimate welfare losses caused by an increase

in the Northern standard of IPR protection.
4.2. Strengthening the Southern standard of IPR protection

We next turn to examine the long-run effects of strengthening the Southern standard of IPR
protection.’ Such a policy change is represented by a decrease in ¢gr. In Appendix D, we totally

dop
d¢sr

differentiate (26) with respect to ER and ¢gr and find that < 0, indicating that such a

strengthening policy will cause an increase in the rate of innovation. Increasing the Southern standard
of IPR protection reduces the imitation risk for Southern-produced goods by multinationals, thereby

motivating Northern firms to shift production to the South. We find that there is a decrease in the long-

run sale of Northern-produced goods (1 %), meaning that Northern labor employed by the production

sector will decrease in the long run. With more labor released from the production sector in the North,

employment in the R&D sector increases, resulting in a rise in the rate of innovation in the long run.

Proposition 5. Strengthening the Southern standard of IPR protection raises the rate of innovation in

the long run.
Proof. See Appendix D.

We use (25) to examine the direct and indirect effects of such a strengthening policy on the long-
run North-South relative wage. Increasing the Southern standard of IPR protection reduces imitation
risk for Southern-produced goods by multinationals, thereby motivating Northern firms to shift
production to the South. The no-arbitrage condition (21) indicates that the market value of
multinationals equals the sum of the present value of the instantaneous profit flow; that is, vy =

1, . . . - . . o .
ﬁ. A lower ¢gp ceteris paribus raises Vg, increasing the motivation of Northern firms to
R SF
produce in the South. This will reduce the demand for Northern labor and increase the demand for
Southern labor, causing a reduction in the North-South relative wage in the long run (the direct effect).
Concerning the indirect effect, (25) implies that an increase in the long-run innovation rate will reduce
the long-run North-South relative wage (the indirect effect). Therefore, the North-South relative wage

will decrease in the long run.

1 Appendix D provides the details of calculation for the effects of strengthening the Southern standard of IPR

protection.
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We also show in Appendix D that:

B UG5 b oy + 2sr — o)) - S
dbsr (A= 1) (P +psp) U & o0 TS T ap J

Therefore, if Lg < % [A(psp — dsn) + dsr], then d‘f

> 0. Therefore, such a strengthening
SF

policy will raise global expenditure in the long run if the Southern population is sufficiently small.

We thus have the next proposition.

Proposition 6. Strengthening the Southern standard of IPR protection results in a decrease in the long-
run North-South relative wage. Moreover, such a strengthening policy will reduce global expenditure

in the long run, provided that Southern population is sufficiently small.
Proof. See Appendix D.

d(:” > 0 in Appendix D, implying that
F

S.

Concerning the pattern of production, we show that

such a policy change results in a reduction in the long-run extent of Northern production. Since
Northern firms shift production to the South, the extent of FDI increases. We then use the steady-state
condition for the extent of Sothern production imitating Northern-produced goods (equation (27)) to
determine the change of extent of Southern production imitating Northern-produced goods. With a
decrease in the long-run extent of Northern production, the flows going into Southern production
imitating Northern-produced goods decrease. At the same time, an increase in the long-run rate of
innovation spurs the flows going out of Southern production imitating Northern-produced goods.
Therefore, the steady-state extent of Sothern production imitating Northern-produced goods must
decrease in order to raise the flows going out of Southern production imitating Northern-produced
goods so as to restore the steady-state condition.

Although an increase in the Southern standard of IPR protection reduces the motivation of
Southern firms to imitate Southern-produced goods by multinationals, the released Southern labor
from the sector of Sothern production imitating Northern-produced goods raises the extent of Southern
production imitating Southern-produced goods by multinationals. As a result, there is an ambiguous
change in the extent of Southern production imitating Southern-produced goods by multinationals.

We summarize the results of this production pattern in the following proposition.

Proposition 7. Increasing the Southern standard of IPR protection causes the extent of Northern
production and the extent of Southern production imitating Northern-produced goods to decrease and
the extent of FDI to increase in the long run. However, the change in the long-run extent of Southern

production imitating Southern-produced goods by multinationals is ambiguous.
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Proof. See Appendix D.

In order to examine the effects of strengthening the Southern standard of IPR protection, we let
¢sr decrease by 5% from 25% to 23.75% (that is, 25% * 0.95 = 23.75%) and examine its effects
on macroeconomic performance and welfare. Table 2 presents the results.”’ A decrease in ¢gp by
5% in the Southern standard of IPR protection reduces the North-South relative wage by 1.14% and
the global expenditure by 0.49% while raising the rate of innovation by 16.17% in the long run. The
extent of Northern production decreases by 2.43% and the extent of FDI increases by 31.09% in the
long run. Moreover, the extent of Southern production imitating Northern-produced goods decreases
by 16.01% and the extent of Southern production imitating Southern-produced goods by
multinationals increases by 7.21% in the long run. As a consequence, the extent of Southern
production decrease by 3.85%.

Although the increase in the steady-state rate of innovation benefits the steady-state welfare for
both Northerners and Southerners, the rise in the steady-state price factor by 3.62% reduces the steady-
state welfare for both Northerners and Southerners. The steady-state Northern consumers’ expenditure
decreases by 1.63%, while the steady-state Southern consumers’ expenditure increases by 0.34%.
There are overall increases in the steady-state Northern and Southern welfare of 52.48% and 28.69%
in consumption equivalence, respectively.

Figure 3 presents the transitional dynamics of the North-South wage gap, the rate of innovation,
global expenditure, and the pattern of production after the strengthening policy of the Southern
standard of IPR protection is implemented. It shows that the North-South relative wage jumps
downward right after the policy change, then decreases, and converges to the new steady state. The
innovation rate jumps upward after the policy change, then increases, and converges to the new steady
state. Regarding the pattern of production, the extents of Northern and Southern production decrease

over time while the extent of FDI increases over time.
<Figure 3 is inserted about here>

Concerning welfare changes during the transitional dynamics, we present the transitional
dynamics of the real interest rate, the price factor, the Northern consumers’ expenditure, and the
Southern consumers’ expenditure in response to an increase in the Southern standard of IPR protection
in Figure 4. It indicates that the price factor and the Southern consumers’ expenditure increase over time.
The Northern consumers’ expenditure jumps downward right after the policy change and then increases

over time. In contrast to the changes of steady-state welfare, there are welfare losses for both Northerners

20 Because ¢gp is larger than ¢gy under our parametrization, then a 5% decrease of ¢gp will cause larger

impacts on endogenous variables than a 5% decrease of ¢gy.
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and Southerners if we consider the accumulated effects caused by strengthening the Southern standard
of IPR protection during the transitional dynamics. Our quantitative analysis suggests that such losses
are in the order of 56.09% for Northerners and 55.19% for Southerners in consumption equivalence.
Comparing results in our two scenarios under two IPR protection policies, we find that when examining
the effects of stronger IPR protection on welfare, we should consider the accumulated effects caused by
stronger IPR protection during the transitional dynamics. If we only consider changes in the steady state
and ignore the accumulated effects during the transitional dynamics, the conclusions would be

misleading or wrong.
<Figure 4 is inserted about here>

Comparing the effects caused by these two IPR protection policies, we find that the target of
strengthening IPR protection matters when concerning its effects on the North-South relative wage
and the rate of innovation. While increasing the Northern standard of IPR protection raises the North-
South relative wage and reduces the rate of innovation, strengthening the Southern standard of IPR
protection causes the opposite effects on these two variables.?! Concerning the production pattern,
our findings indicate that the strengthening of IPR protection leads to decreases in the extent of
Northern production and the extent of Southern production imitating Northern-produced goods while
raising the extent of FDI and the extent of Southern production imitating Southern-produced goods
by multinationals, regardless of the targets of IPR protection. Table 3 summarizes the results found in

Sections 4.1 and 4.2.

<Table 3 is inserted about here>

4.3. Discussion

We summarize the related studies that examine the influences of stronger IPR protection in a product-
cycle model with FDI or outsourcing in Table 1. One important feature of this paper is that Southern
firms can imitate either Northern-produced goods or Southern-produced goods by multinationals at
different rates. The spirit of this feature is similar to the study of Glass and Saggi (2002). However,
our model differs from their model in many ways. For example, the settings of imitation and the cost
of FDI activities in this paper are all different from theirs.?> More importantly, we assume that

imitation rates are exogenous, so that we are able to separately analyze the effects of strengthening

2 For studies finding that strengthening IPR protection raises the rate of innovation, see Glass and Wu (2007),
Tanaka and Iwaisako (2014), and Chen (2015b). For studies finding that strengthening IPR protection reduces
the rate of innovation, see Glass and Saggi (2001) and Chen (2015c).

22 While we assume that imitation is costless and Northern firms can become multinational firms without any
cost in this paper, they assume that imitation and FDI activities are costly. We also investigate the stability of
the steady-state equilibrium and examine welfare changes in responses to changes of IPR protection whereas
they do not conduct such an analysis.
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IPR protection when its target is Northern-produced goods or Southern-produced goods by
multinationals. However, they assume that the rate imitation is endogenous and that stronger IPR
protection is represented by an increase in labor units used for imitation activities. As a result, stronger
IPR protection raises both labor units required for imitation under their setting of the model and affects
the rates of imitation for both Northern-produced goods and Southern-produced goods by
multinationals at the same time. Therefore, they are not able to separate the effects caused by
strengthening IPR protection on different targets. Because our model setting is different from theirs
in many ways, the results herein are different from theirs. For example, they show that strengthening
IPR protection impedes both innovation rate and FDI while the North-South relative wage is immune
to such policy change. Depending on the target of stronger IPR protection, we show that such a policy
change may increase or decrease innovation rate and the North-South relative wage. Furthermore, the
extent of FDI will increase, regardless of the object of stronger IPR protection.

It is commonly known that the setting of an R&D model affects not only the impacts of
strengthening IPR protection on macroeconomic performance qualitatively, but also the stability
property of the steady-state equilibrium. Therefore, before analyzing the impacts of strengthening IPR
protection on the steady-state equilibrium, we should make sure that the steady-state equilibrium is
attainable. The analysis of Tanaka and Iwaisako (2014) introduces government subsidies on R&D and
FDI into the case of inefficient followers in Glass and Wu (2007) and shows that these subsidies on
R&D and FDI are important determinants for the stability of the steady-state equilibrium in a product-
cycle model where innovation targets only imitated goods. If the government does not subsidize R&D
and FDI, then the steady-state equilibrium is not attainable in Glass and Wu (2007); however, the
steady-state equilibrium will be stable if these subsidies of R&D and FDI are sufficiently large.

In Appendix E we consider a model where Southern firms only imitate Southern-produced goods
by multinationals by setting ¢gy = 0 and ngy = 0.2 This corresponds to the case of efficient

followers in Glass and Wu (2007). * We show that the steady state is determinant if

(A-1)¢psrLs

(TPt Ade) > (2 — A)(ER + A¢gr) . The numerical analysis indicates that

“-1) [PT_lSF +

under our parameterization in Section 4.1, the two eigenvalues of the Jacobian matrix for the
dynamical system represented in {wy (t), ngg(t)} are -0.3163 and 1.5551, implying that the steady-

state equilibrium is determinant since ngp(t) is a state variable and wy (t) is a jump variable. This

23 In this specific case, there is no need to consider the law of motion of ngy (equation (13)).

The Proposition 3 in Glass and Wu (1007) demonstrates that in this case, stronger IPR protection will
increase innovation rate and extent of FDI while at the same time reducing global expenditure, the North-South
relative wage, and the extent of Northern production. However, they do not analyze the stability property of the
steady-state equilibrium. In Appendix E, we complete their analysis by examining the stability property of the
steady-state equilibrium.

%5 See Appendix E for the details of calculation.
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result demonstrates that allowing innovation to target all types of goods is another way to obtain a
stable steady-state equilibrium. Moreover, one should be more cautious with the results based on a

product-cycle model with inefficient followers.

5. CONCLUSION

This paper studies the effects of strengthening-IPR-protection policies on rate of innovation, the
North-South relative wage, and the pattern of production based on a product-cycle model with FDIL.
We also examine the changes of social welfare for Northern (Southern) consumers in response to the
strengthening of IPR protection.

We find that the target of strengthening IPR protection matters when concerning its effects on
the rate of innovation and the North-South relative wage, but the target of strengthening IPR protection
does not matter when concerning its effects on the production pattern. When the strengthening of IPR
protection is applied to goods produced in the North, such a policy raises the North-South relative
wage while reducing the rate of innovation. The extents of Northern production and Southern
production imitating Northern-produced goods decrease while the extents of FDI and Southern
production imitating Southern-produced goods by multinationals increase.

When the strengthening of IPR protection is applied to goods produced in the South by
multinationals, this policy generates the reverse effects on the North-South relative wage and the rate
of innovation, but it causes the same effects on the production pattern as when the strengthening of
IPR protection is applied on Northern-produced goods. In Tanaka and Iwaisako (2014), strengthening
IPR protection means that the risk of imitation of goods produced by multinationals decreases. In our
second scenario, we find that if the policy of stronger IPR protection is applied to Southern-produced
goods by multinationals, then such a policy will promote both innovation rate and FDI. These findings
are consistent with theirs.?

A few notes are worth discussing. First, the imitation risk is exogenous in the model, and we use
an exogenous reduction in imitation risk to represent the strengthening of IPR protection. However,
Southern firms can devote labor input to the imitation sector to increase the rate of imitation. It would
thus be interesting to endogenize the imitation risk and examine the effects of IPR protection. Second,
our paper focuses on a theoretical analysis of the long-run effects of stronger IPR protection. The
results shown herein provide a direction for empirical study, and it is important to know whether the

data support these results.

%6 The major difference between our second scenario and what Tanaka and Iwaisako (2014) present is that in

order to allow the economy to converge to a stable nontrivial steady-state equilibrium, we assume that innovation
targets all types of goods, whereas they assume that the government subsidizes R&D and FDI.
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Table I Related studies

Imitation targets only Imitation targets Northern-
Southern-produced goods produced goods and
by multinationals Southern-produced goods by

multinationals at different

rates
Innovation targets only 1. Glass and Wu (2007) Glass and Saggi (2002)
imitated goods (inefficient followers)
2. Tanaka and Iwaisako
(2014)
Innovation targets all types 1. Glass (2004) This paper
of goods 2. Glass and Wu (2007)

(efficient followers)

»

This paper
(psy=0and ngy = 0)

Notes: Glass (2004) develops a model with outsourcing to study the influences of stronger IPR
protection on the steady-state equilibrium. However, her study does now analyze the stability of the
steady-state equilibrium and the transitional dynamics.
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Table 2 Numerical results of the effects of strengthening IPR protection

Variables Equilibrium values ¢sy down by 5% ¢sr down by 5%
Panel A: Effects on key variables
Wy 1.1992 0.2286 -1.1388
E 2.4385 0.1038 -0.4947
bp 0.0915 -0.4782 16.1687
ny 0.4223 -0.0178 -2.4256
ng 0.0929 2.6953 31.0941
gy 0.2308 -4.5605 -16.0063
Ngp 0.2540 3.1887 7.2056
g 0.4848 -0.5011 -3.8468
Panel B: Welfare gain/loss in consumption equivalence (steady state)
Ey 1.2095 0.1654 -1.6266
Es 1.0000 0.0447 0.3448
P 0.1546 0.4715 3.6197
welfare(North) 278.0658 -1.2128 52.4789
welfare(South) 259.0484 -18.4121 28.6911
Panel C:  Welfare gain/loss in consumption equivalence (transitional dynamics)
welfare(North) 278.0658 -62.4414 -56.0889
welfare(South) 259.0484 -62.4905 -55.1872
Panel D:  Stability property (eigenvalues)
M -0.3093 -0.3096 -0.3117
12 1.6282 1.6245 1.6272

Notes: All figures in the columns of ¢gsy down by 5% and ¢gr down by 5% in Panels A, B, and C refer to the percentage changes in the key variables from
their equilibrium values as a result of changes in IPR protection policies.
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Table 3 The effects of strengthening IPR protection

Strengthening IPR Strengthening IPR
protection on Northern- protection on Southern-
produced goods produced goods by
multinationals
$sn ¢sr
Wy ™ N
E ™ N2
ny N N
ng ™ T
Y N N
Ngg T N/A
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APPENDIX A

The steady-state equilibrium

In this appendix, we derive the steady-state equilibrium. We use variables with an upper bar to denote

the steady-state values of the corresponding variables. In Appendix B we show that % =vy(t) =

Vp(t) =0 and r(t) = p in the long run. The no-arbitrage conditions of (10) and (11) can then be

expressed as:

_ My
vy =—, (AD)
p+ o+ dsy
7]
Vg = - (A2)
p+ ¢y + dsk
Substituting (6) and (8) into (A1) gives us:
E_ _ — _
I(A —Wy) = (p + ¢y + Psw)arWy. (A3)
Substituting (6), (7), and (9) into (A2) yields:
E — _
E(/l —1) = (p + Py + Psp)arWy. (A%)

At the steady-state equilibrium, the flows going into ngy(t) and ngr(t) equal the flows

coming out of them - that is, ngy(t) = ngp(t) = 0. Thus, (13) and (14) indicate:
Psniiy = b pTis. (AS)
bsiip = Ppisr. (A6)
The steady-state equilibrium is characterized by (12), (16), (17), and (A3)-(A6) with seven variables
{WN, E, Ay, MF, gy, s, ER}. Moreover, the extent of Southern production at the steady state can be
derived as ng = ngy + Ngp.
Combining (A3) and (A4) yields:

A=Wy p+dp+dsy

— . (A7)
A=1  p+p+dsr
Using (A7), we can express Wy as a function of aR; that is:
_ = p+ by + Apsy — (A — D)sy
Wy = Wy (Pg; Psns bsr) = E : (A8)
p+ oyt dsp
with aWN(gRibSN’quF) _ _(/1_11(¢SF_¢SN) <0 . OWN(PpiPsN.DsF) _ —_(/1—1) ’ and
0dp (p+dp+dsr)? 0¢sn p+optdsk

OWN (PribsnPsr) _ (A=1)(p+Pg+dsn)
opsk (p+dp+osr)?

> (. Note that (A8) indicates that wy > 1.
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Combining (A4) and (A8), the steady-state global expenditure (E) can be expressed as a function
of ER:
Aag|Apsy — (A — Dpsy +p + ER]

E@R; bsn, Psr) = 1—1 (A9)
... OE(Ppidsn.dsr) Aag OE(ppipsn.Psr) _ OE(dpidsn.Psr) _ A%ag
with —"@R = >0, S P Aag < 0, and obsr = > 0.

Substituting (A9) into (16), we derive the steady-state extent of Northern production (1) as a
function of ER:
A(Ly — aRER) _ A-=D(Ly — aR$R)
E(ERZ bsn, Psr) - ap[Apsy — (A —Dpsy +p + ER]

ony (P riPsn.PsF) yl - — — | (OE($gidsn.dsF)
—R W =2 arE(¢g; Osn: bsp) + (Ly — ardy) (—R S ) <0
6¢R E 6¢R

Ny (ERJ bsn, Psr) = , (A10)

with

2

TN (Prbsn.PsF) _
0¢sr

onN (Pridsn.PsF) __ A(Ln-ardg) (aE(ERF(pSN»d’SF)) >0

— s and
0psn E? dpsn

_ ALn-ardg) (0E(Pgidsn.dsF) <0
E? dpsk ’

Substituting (A10) into (AS), we derive the steady-state extent of Southern production imitating

Northern-produced goods (ngy) as a function of ER:

bsny (ERi bsn, bsr)

fisn (Pp; Psnr bsr) = (A11)
bp
. N (Pridsn.bsr) _ dsn [ aﬁN($RF¢SN:¢SF)) = ] N (Pridsn.dsF)
Wlth aaR - $R2 [¢R( agR nN < 0 5 —a¢SN =
Psn <aﬁN($R;¢SNﬂ¢SF)) > 0, and onN (P riPsn.PsF) — sn (aﬁN(aRi‘PSNI‘PSF)) <0.
br d¢sn 0¢sr (o3 0psF

Combining (12), (A6), and (A11) allows us to express the steady-state extent of FDI (np) as a

function of aR:

ER - (ER + ¢5N)5N($Ri bsn, Psr)

ﬁF@R: Gy, Psp) = = (A12)
bp t+ bse
with aﬁF@’éﬁ:’v'm = [1 — T (B bws bsr) — B + bow) (%) -
g (Pg; s, Pse)| > 0 : aﬁp@gﬁff’d’”) = — o [ﬁN (Pri Psn, Psr) + (bp +
bsn) (W)] <0 , and aﬁp(ag(,’;ii]v,(pgp) = T +1 bor [HF(ER; bsn, Psr) + ($R +
den) (aﬁN<$§;t;iN.¢sp)>].

Substituting (A10)-(A12) into (12), we derive the steady-state extent of Southern production
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imitating Southern-produced goods by multinationals (1gz) as a function of ER:
ﬁSF(ER; bsn, bsp) =1 —ny (ERJ s, bsr) — ﬁF@R: bsn, bsr) — ﬁSN(ER; s, bsr)-
(A13)
Using (12), we replace (figy + figg) by (1 — iy — i) and re-write (17) as:
f(ER: Psn, ¢SF) = Lg, (A14)

where f@R; sy, Psr) = [’1(1 - ﬁN(aR; Gsn, bsp)) — (A — 1)7711«"(5122 ¢SN:¢SF)] E@R@;N’%F) :

The steady-state equilibrium is represented by (A14), which we use to implicitly solve for ER.

[Apsp—(A-1D)¢psnllAarpsr—(A-1DLy]+pAagre
Note that f(0; psn, Psp) = = (/1}_?1)5;” = 25 and (1 sy, fsp) =

[Apsr—(A-1)¢psy+1][apA(1+Psp)—(A-1)Ly]+par(1+AdsF)
A-1D)(+osk)

_ of (ER; bsn, Psr)

. Moreover, using (A14), we derive:

&1 5%,
_ [A (aﬁN@R; ipSN,quF)) fa-1) <aﬁF@R; ibm,qbg)) E
3 ) TREL
+ [A(1 —7Ay) — (A — D)7g] (OE (@g; Dsn, Psr)
A aaR
_ $R + sy + A(psp — Psn) (aﬁN($Ri Psn» ¢5F)) E 4 np (C”E(ERJ Psn» ¢SF)>
ER + ¢SF 6513 A A aaR

ag(1—ny —ng)
A= 1)(¢x + dsF)

of (Pribsn.PsF)
=

R

{Apsr(2 =D + ¢ + (A — D[ — Dpsy — pl}.

If ﬁ < ¢gsp, then >0 and f(ER; dsn, Psr) is an increasing function in ER. Since

aR € (0,1), then the solution of ER exists if f(0; sy, Psr) < Ls < f(1; psn, Psr). We consider

the following conditions.

Condition (P1) -2 < ggy.

Condition (P2) f(0; sy, Psr) < Ls < f(1; sy, Psr)-

Under conditions (P1) and (P2), there exists a unique solution of ER. Once one derives the solution

of ER, the remaining endogenous variables can be solved accordingly by using (A8)-(A12).

APPENDIX B

The dynamical system and stability of the steady-state equilibrium
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In this appendix we derive the dynamical system of the economy and examine the stability of the

steady-state equilibrium. Variables with an upper bar are used to denote the steady-state values of the

corresponding variables. Since ?‘Eg = r(t) — p, we thus have:
k
E() _ E®)
—= =r(t) —p. B1
B~ Eo(D) r®)—p (B1)
Equation (7) indicates that vg(t) = vy (t). Using (10) and (11), we have:
() — Iy (t) = (Psr — Psnw)vn(t). (B2)

Substituting (8) and (9) into (B2) gives:

A(psr — Psn)vn (t).

EO == -1

(B3)

Substituting (6) into (B3) allows us to express E(t) as a function of wy (t):

A(psr — dsn)agwy (t)
wy(t) — 1 '

E(t) = E(wy(t)) = (B4)

Using (17) and (B4), we derive ng(t) as a function of wy(t) and ng(t):
ng(t) = np(wy (1), ns(t))

_ /1[ Ls(wy(®) — 1)
A psr — dsn)agwy (t)

_ /1[ Ls(wy(®) — 1)
A(psr — dsn)agwy (t)

Combining (12) and (B5), we express ny(t) as a function of wy(t) and ng(t):
ny(t) = ny(wy (), ns(t)) = 1 = np(wy(t), ns(t)) — ns(t). (B6)
Substituting (B4) and (B6) into (16) yields:
Pr(t) = Pr(wn (D), ns(t))

1 L (Psr — Psn)arwy(t)
=—|Ly -

ag wy(t) —1

— ngy(t) — ngp (t)]

- ns(t)]. (BS)

ny Wy (8), ns(6)) |- (B7)

Using (B4), we derive:
E®) -1  wy(®)
E®t)  wy(®) — 1wy (t)

(B8)

Combining (8) and (10), we have:
_o@® N E@) (A —wy ()

O R Ry s e CHORT ) (B9)
Using (B4) to replace E(t) in (B9) gives:
vn(t) (bsr — Psn) (A —wy (1))
=T O S T 9e(0 + B (B10)
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Equation (6) indicates that N _ WNO Next we re-write (B10) as:
vn(t)  wn(t)

wy(t) _ (Psr — Psn) (A —wy (1))
wy(t) r(®) - Wy (6) — 1 + Pr(t) + Psn- (B11)

Substituting (B11) into (B8), we have:

E(t) _ (Psr — Psn) (A —wy (1))

FD e IO T e T O Fda] (B12)
Combining (B1), (B7), and (B12), we express r(t) as a function of wy(t) and ng(t)

r(t) = r(wy(t), ns(t))

A —
e D g (0,15(0) — i + (i (©) ~ D]

WN ®)
(B13)

Substituting (B7) and (B13) into (B11) gives:

wy (1) = (p + psp)wy (b)) + (wy () — Ddpr(wy (), ns(t)) — Apsr + psn(A—1) —p
(B14)

Substituting (BS), (B6), and (B7) into (15) yields:
(B15)

ns(t) = psnny Wy (£), ns(t)) + dspnp(Wy (8), ns(t)) — pr(wy (1), ns(t))ns(t)
The dynamical system is represented by (B14) and (B15) in {wy(t), ng(t)}. Linearizing (B14)

and (B15) at the steady state yields:
[WN ®)
ns(t)

] is the Jacobian matrix of this dynamical system evaluated at the steady-state

ol | vy

e =[G} G

(¢SF_¢SN)[1+(A_1)ﬁS] d12 = (¢SF - ¢5N)WN(/1 -

values of (Wy,7tg) with di; = p + aR + ¢sp — —
N
L (Ppsr—dsn)[1+(A-1) 77 —

D . dy= aRWSNZ + =5 SéVWN_l)z ==, and  dy; = —Adsr — Psn) — bp — Psn —

(psr—Psn)Wn(A- 1)"5
WN 1
Let 1, and 7, represent the two eigenvalues calculated from the Jacobian matrix (J). The

determinant of the Jacobian matrix is derived as:
—(P + ¢, + /1¢SF)
Det(J) = dy1dy — dy2dpy = 1 i 1 0

1
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oy _ (A-1)(¢sr—Psn)Ls (7 — N[~ — (] _
where 0 = (A= 1) fpris + —OUBardste {2 2)[, +2¢sr — (L~ Dibsn]

Because ng(t) is a state variable and wy (t) is a jump variable, then the steady-state equilibrium is
stable if there are one negative eigenvalue and one positive eigenvalue of the Jacobian matrix (J). The
steady-state equilibrium is stable if one eigenvalue is positive and the other eigenvalue is negative,
implying that the determinant of the Jacobian matrix is negative. This requires that 1,1, = Det(J) =

dy1d5, — dq2d51 < 0. Thus, the steady state determinacy requires the following condition.

e _ _ (psr—Psn)Ls _ - _ _
Condition (P3) (A —1) {pns + aR[p+$R+/1¢sp—(l—1)¢5N]} >02-21) [Pr + Absp — (4 — Dpgn].

APPENDIX C
Proof of Propositions 2-4
To study how a decrease in ¢gy affects ER, we totally differentiate (A14) with respect to aR and

¢sy and derive:

daR EZ
= -—=, Cl
s & D
where &; is defined in Appendix A and:
£, = af@R: bsn, bsr)
’ Isn
aﬁN(ERi bsn> bsr) aﬁF@R: dsn, bse) \ | E
=—|1 +(A-1 —
[( I9sn ) ( )( 99 )A
+ [nr + A(1 —ny — 7p)] OE(ER; sy, Psr)
A Opsn
a _ — _
= ER+—R¢SF{nN [0 = A = Dpsn] = (bp + Asp) (1 = i)},
If condition (P1) holds, then & > 0 and &, < 0, indicating that ddi'jv > 0.
From (AS), we derive:
dwy 0wy (ERi bsn, Psp) 0wy (ERi sy, Psr) dER
= + — <0. C2
désn dpsy 0d, ddsn 2
From (A10), we derive:
dny aﬁN(aR;d)SN:(pSF) 4 aﬁN(aR;il)SN'(pSF) d% ©3)

dpsy s 0, dosn’
Substituting (C1) into (C3) yields:
day _ 1 [ <aﬁN($R:¢5N,¢SF)> ; (aﬁN@R;¢SN,¢SF))]
1 — 62 —

dpsn B Z Osn 0,
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1
- ER + psn + Apsr — Psn) +p

(C4)

= 1)nN—(,1—1+nN)< ¢R>.
¢SN

Since dd(;pR > 0, then (C4) indicates that
N

A-Dny
¢SN > 0 if and only if ( 7 ¢SN) <1 y . This means that

adecrease in ¢gy will raise ny if it does not cause a large increase in ¢, and vice versa.
Using (A9), we derive:

dE aE(¢R, ¢SN' ¢SF) aE(d)R! (I)SN’ ¢SF) d¢R

dpsy dOpsn ap R ddsy
Aag d¢R
=— -A-1.
— K o] G-D (c5)
. A- . dE o (do A-1)n
Since ;_ Diy (A — 1), (C5) indicates that oo <0 if (d¢s}:v> < ;_11:;:]'

From (A12), we derive:
dng anF(¢RJ¢SNJ¢SF) anF(¢Rr¢SNJ¢SF) dqu

dpsy 0psn G R dpsn
1 ® dny (ER ; sny Dsr)
=——/|ny—(1- —n + (¢, + ¢ .
bp + Psr v ) (d¢ ) (65 + 9sn) ( dpsy
(Co)
dd)R (l 1)nN . (A—l)ﬁN ﬁN
If ( " ¢SN) < i , then (C6) indicates that - < 0 since FREVC N vt

Using (A11), we have:

dngy _ Ongy (6R2¢5N'¢5F) N aﬁszv(aRi¢5N'¢5F) d$R
dpsy dpsy OER désy

1 — _ diy (P s Dsn,
=?{ﬁ1v [qu Psn ( d(f’?) + (¢R¢5N)( Tu'Pni b ¢SF)>}. €7)
R

dpsy
Using (A5), we derive ¢gy = nSN¢R. If (d¢R) <;A_11::N, then we derive (I)SN(dd)R) <
- N

ny dpsn dpsn
A-Dasy =+ - . . df
?4.55:‘1)12 < ¢y, implying that d¢2\" > 0.
From (A13), we have:
dn dn dn dn
SF:_< N)_( F)_( SN). (C8)
dosy dsny dosy/  \dosy
. . diig diigy\ . .
Using (C6) and (C7) to substitute (d ¢SN) and (d ¢SN) into (C8) gives:

d?TlSF _ _ ¢SF($R + d)SN) ( dﬁN )
dosn (ER + ¢SF)$R dosy
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1 — 2 _ _ — _ dER
B — ¢SF¢R71N [pp (1 —7y —7ip) — (Pg + Psp)PsnTin] ddsn ||
(g + bsp)Pp SN

(€9

Using (A5) to replace ¢y in (C9) by T_lszvaR yields:

diigp 1 I
dsv ($y + 95)b {¢SF(¢R "’SN)( )+ fer + (0L~ = )
_ _ A,
= (¢g + Psp)fisy] Aoy [ (C10)

If (ddqi}:v) < ;/1 113"11\\11 then we derive ¢gpnny > (¢R + Psp)Nigy (d¢ ) implying that & d¢ - F <
0.
O
APPENDIX D

Proof of Propositions 5-7
To study how a decrease in ¢gr affects $R, we totally differentiate (A14) with respect to ER and
¢sr and derive:
i3
ﬂ - _ 5_3’ (D1)
dosp 1

where &; is given in Appendix A and:

£ = af($Ri bsn> bsr)
- dbsr

__ [A (aﬁN(ERi bsn» ¢5F)) +(-1) (aﬁp@R: ¢SN'¢SF))]§

0¢sr 0k
n [A(1 —ny) — (A — D)ng] (’)E‘(ER; bsny Psr)
A 0bsk

— ony @R: bsn, Psr) — E
-] _ J— A - - =
z [P + Psn + A(Psr — Psn)] ( dsr ) +( 1)nF} 2@, + bsr)

| [ + 20— 7ty —7p)] <6E<¢R. b ¢5F)>

A dpsr

TN (P p:Psn.PsF) <0 and OE(bpibsn.Psr)

Since
0psr 0¢sr

> 0, then &3 > 0. If condition (P1) holds, then &; >

dopg
d¢sr

0. Thus, we have <0
From (AS8), we derive:

42



dwy _ E)WN@R: bsn, bsr) n aWN(aRZ_fi’SN:(I’SF) dER >
dsp sk 0, dsr
From (A9), we derive:
dE _ OE"(ER; bsn) Psr) N OE@R: bsn, bsr) dER
ddsre 0¢sr 6$R dosr
Substituting (D1) into (D3) yields:
dE _ 1 GE@R; bsn, bsr) GE(ER; bsn Psr)
dose 5_1[ ! ( Opsr ) 5 < aaR )]
_ laz%{/l[% + psy + Apsr — Psn)] — [ER + ¢sn + Apsr — dsy) + pl[ng + A(1 —ny —np)]}
A -1)¢& (ER + ¢5F)

0. (D2)

(D3)

Using (A9) and (17), we respectively replace [ER + sy + A(Psr — Psy) + p] by ODE ond

lClR

[nF + A(1 —ny —ngp)] by % and derive:

dE _ Far {20, + don + s — )]—(A_DLS}
dbsr  (A— D& (P + s U & SETSN ar
Mapg (A —1)Lg
> — AA(Psp — dsy) + - _
ARG ¢SF){ Ase = o) + dsr] =~ |
dE Aag

Therefore, >0 if Ly < ey [A(psr — Psn) + bsr].

SF

From (A10), we derive:

dny aﬁN(aR;quNquSF) N aﬁN(aR;quN'quF) dER

dpsr 0¢sr OER dosr (4)
Substituting (D1) into (D4) yields:
dny _ 1 ony (ERi bsn, Psr) ¢ aﬁN@R: bsn, bsr)
dpse & | 0¢sr ’ GER
-1
S Aiyé; — (A=1+7
$1ldy + dsy + Adsp — Psn) + p] wés = € Tan)ss)
_ aghy (ERi sk, dsn) (D5)
51(51; + ¢SF)[$R + oy + Alpsr — dsw) + p]’
where hy (ERZ bsny Psr) = [ER + sy + Apsp — Psn) + pl[Any + (A — Dng](1 —ny) +
[A(1 = Tiy) — (A — DAR)]A(P, + ¢s) > 0. Therefore, we have ;;‘; > 0.
From (A12), we derive:
dng _ aﬁF(ERi bsny Psr) 4 0ﬁp($R: bsny Psr) d$R
dsk 0¢sr GER ddsre
_ 1 — ony (ERJ bsn, bsr) _ _ d$R
——$R+¢SF (¢R+¢SN)( 3bsr )+nF_(1_nN_nF)<d¢SF> <0.
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From (A11), we derive:

digy aﬁSN@R: bsn, Psr) N 07_151\/(51& bsn) Psr) dER

dpsp 0¢sr OER ddsr
_ 1 0Ty (51;; bsn> bsr) B 0figy @R: s, bsr)
$1 ! 0¢sr ; 6$R
_ 1{ bsn <aﬁN($R;¢SNv¢SF)> bsn [(aﬁN(aRi(PSN'(PSF)) ﬁNI }
=71 = $1 — = —=|$3¢:
& b sk br 0, br
(D6)
Since ;(:; > 0, (D5) indicates that &; (W) > & (%ﬁ‘:mm). Thus, we have
dnsy

dbsr > 0. Since an increase in ¢gp raises 1y and ngy while reducing np and ngp =1 —ny —
SF

ng — Ngy, the change of ngp is ambiguous.

O

APPENDIX E

A model where imitation targets only Southern-produced goods by multinationals
In this appendix, we consider a model where imitation targets only goods produced through FDI. Since
Southern firms only imitate goods produced in the South through FDI, it implies that ¢y = 0 and

ngy = 0. Moreover, there is no need to consider (13). We use variables with an upper bar to represent

Ex()

the steady-state values of the corresponding variables. Since = r(t) — p, we thus have:

Eg(t)
E(t)  Ep(t)
HOREAG R -
Equation (7) indicates that vg(t) = vy (t). Using (10) and (11), we have:
e (t) =y (t) = pspvn (D). (E2)
Substituting (8) and (9) into (E2) gives:
_ Apspvn(t)
Substituting (6) into (E3) allows us to express E(t) as a function of wy (t):
_ _ Apspagwy (1)
E(t) = Ewy(0) == o8 (E4)
Using (17) and (E4), we derive ng(t) as a function of wy(t) and ngp(t):
L t)—1
np(t) = nF(WN(t):nSF(t)) =1 M — ngp(t)]. (E5)

Apspagwy (t)
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Combining (12) and (ES), we express ny(t) as a function of wy(t) and ngg(t):

ny(t) = ny(wy(t), nsp(t)) = 1 — np(wy(8), ngp(t)) — ngr(t).

Substituting (E4) and (E6) into (16) yields:
dr() = pr(wy(t), ngp(t))

_ i _ pspagwy (t)
a |™  wy(®) -1

ny(wy (), ngr (D) |-
Using (E4), we derive:
EX) -1 wy(®

E@®)  wy(t) —1wy(t)

Combining (8) and (10), we have:
vy (1) + E(®)(A —wy(1))

ro) = vy (6) Avy (t) ~ 4=
Using (E4) to replace E(t) in (E9) gives:
vn(t) Pr()(A - Wzv(t))
NG BN O B R
Equation (6) indicates that vz Eg xz Eg Thus, we re-write (E10) as:
wy(t) Pr()(A - Wzv(t))
o) r(t) — W (0) = + ¢r(t).
Substituting (E11) into (E8), we have:
E(t) ¢sr(4 — N( )
E@) WN(Q-—1[ O == - 'F¢R(”]

(E6)

(E7)

(E8)

(E9)

(E10)

(E11)

(E12)

Combining (E1), (E7), and (E12), we express r(t) as a function of wy(t) and ngp(t):

r(t) = r(wy (1), ngp (1))

1 [¢SF(’1 —wy (1))
Cwy(@®O L wy(®) -1

Substituting (E7) and (E13) into (E11) gives:

~ br(wn (O 155 (©)) + Py () = D]

wy(t) = (p + ¢psp)wy () + (wy(t) — g (WN(t)'nSF(t)) — Apsp —

Substituting (ES), (E6), and (E7) into (15) yields:

Nsr(t) = dspnp(Wy (t), nsp(t)) — dr(wWy (t), nsp (£))ngr (t).

The dynamical system is represented by (E14) and (E15) in {wy (t), ngr(t)}. Linearizing (E14)

and (E15) at the steady state yields the following Jacobian matrix (J):

[W’N(t)] _ [un u12] wy () — WN]

ngp()] a1 Uzl ngp(t) — fige )’
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Py $sr[1+(A-Dnsr] — L
where Uy =p+ ¢y + dsp — c— L Uy =¢sgpwy(A—1) , up = aRWSNZ +
$sr[1+(A-Dnsr]iisk _ = _ $srwn(A-Dis
1) vand Uy = —Adsp —pp —— o

Let n; and 7, represent the two eigenvalues calculated from the Jacobian matrix of this
dynamical system evaluated at the steady-state values of (Wy, igr). Because ngr(t) is a state variable
and wy(t) isajump variable, the steady-state equilibrium is therefore stable if there are one negative
eigenvalue and one positive eigenvalue. The steady-state equilibrium is then stable if the determinant
of the Jacobian matrix (Det(J)) is negative; that is, 1n3n, = Det(J) < 0. The determinant of the

Jacobian matrix is derived as:
Det(J) = ugqUay — UspUpg

_ —(p + b + A9sr)
B A—1

(A — DpsplLs
ag(p + ER + Apsr)

{(A -1 [PﬁSF + ] -2- /U(ER + A¢SF)}-

(A-1¢srLs ] >@2-

Therefore, the steady-state determi i that /1—1[_+ =
erefore, the steady-state determinacy requires that ( ) [phise an (oD AP

) (ER + Apsk).

APPENDIX F (Not Intended for Publication)

Literature for calibration

For the benchmark model, we assign the discount factor p = 0.01 to generate a 1% real interest rate
at the steady state. The one-stage quality improvement is set at A = 1.35 to match the Northern
markup of 35%. The Northern population is assigned to 0.9 and the Southern population is assigned
to 1.35 so that the North-South relative wage is about 1.2. We set the labor intensity for R&D (ay) to
1.5. Ideally, the data of ny, np, ngy, and nger can be used to set the parameter values of Ly, Lg,
¢sn, and @gg. Unfortunately, such data are not available.

We survey the literature and look for studies that conduct numerical analysis based on a product-
cycle model. These studies include Glass (1999), Glass and Saggi (2001, 2002), Glass (2004), Tanaka,
Iwaisako, and Futagami (2007), and Tanaka and Iwaisako (2014). Table F1 summarizes the parameter
values used in these studies. As shown in Table F1, there is a wide variety of parameter values.
Unfortunately, all these studies do not explain why these parameter values are assigned.

Table F2 also indicates that these parameter values generate very different results for ny, ng,
and ng. As shown in Table F2 in this report, the numerical results of ny, ng, and ng vary a lot in
previous studies. It seems that there is no consensus on what the reasonable values for ny, ng, and

ng should be.
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Table F1 Summary of parameter values used in the related literature

p A ag arlap bs Ls Ly
Glass (1999) 4% | 3 2 N/A endogenized | 2
Glass and Saggi (2001) 1 2 2 1 N/A 1 17
A -
Glass and Saggi (2002) 0.05 | 4 3 0.2 endogenized | 6
Glass (2004) 1 3 1 0 0.5 1 2
12
Tanaka , Iwaisako, and 0.05 1.5 7 3.5 N/A 2 1
Futagami (2007)
Tanaka and Iwaisako (2014) | 0.05 | 4 1235 |0 0.037 6 3

Notes: 1. The parameters a, and ap respectively represent the labor resources required for outsourcing and
FDI. 2. The parameter (variable) ¢s represents the rate of imitation. Imitation risk is not a concern in Glass and
Saggi (2001) and Tanaka et al. (2007). The imitation rate ¢ is exogenously given at 0.5 in Glass (2004) and
at 0.037 in Tanaka and Iwaisako (2014) while it is endogenously determined in Glass (1999) and Glass and
Saggi (2002).

Table F2 Summary of results in the related literature

Wy Ny ng ng

Glass (1999) 1.3 72% 20% 8%
Glass and Saggi (2001) | 1.5 not reported not reported not reported
Glass and Saggi (2002) | 1.5 22.1% 32.3% 45.6%
Glass (2004) 2.17 66.8% 18.1% 15.1%
Tanaka , Iwaisako, and | not reported not reported not reported not reported
Futagami (2007)
Tanaka and Iwaisako not reported not reported not reported not reported
(2014)

Note: The focus of Tanaka et al. (2007) and Tanaka and Iwaisako (2014) is on welfare, and they do not report

the values of wy, ny, ng, and ng.
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