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Abstract

This paper theoretically examines how import tariffs by a developed country (the North) and a
developing country (the South) affect innovation, foreign direct investment (FDI), wages, and welfare
using a North—South quality ladder model. We show that a Northern import tariff raises the relative
wage of Northern labor to Southern labor, but impedes innovation and FDI. Because of the decrease
in innovation and increased prices, this may worsen Northern welfare. By contrast, a Southern im-
port tariff raises the relative wage of Southern labor to Northern labor and promotes innovation and
FDI. As a result, it can improve Southern welfare. These results imply that the North has a weaker

incentive than the South to impose an import tariff, and this is consistent with actual experience.
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1 Introduction

Since the start of the Trump administration, the US government has largely adopted a protectionist policy
concerning some aspects of international trade. As evidence, Fajgelbaum et al. (2020, p. 9) reported that
in 2018, the US had increased average import tariffs on about $247 billion worth of Chinese products
from 3.0% to 15.5%. They also showed that, in the same year, China had increased the average tariff on
about $93 billion worth of US exports from 8.4% to 18.9% in retaliation. Regarding an explanation for
the initial US action, according to a presidential memorandum signed on March 22, 2018, the increased
tariffs by the USA targeting China were at least partly in response to allegedly insufficient protection by
China of the intellectual property of US companies. The question then naturally arises as to what effect
increased tariffs by a developed country such as the USA (hereafter, the North) and a developing country
such as China (hereafter, the South) have on innovation and international technology transfer, given that
intellectual property rights (IPR) are not well protected in the South.

In this paper, we theoretically investigate the effects of import tariffs on innovation, foreign direct
investment (FDI) from the North to the South, wages, and welfare using a North—South growth model
based on the quality ladder-type product-cycle model first developed by Grossman and Helpman (1991).
In our model, a higher-quality product invented in the North replaces the current product if innovation
occurs through successful R&D. The Northern inventor can then choose to produce in the North or
shift production to the South through FDI to employ its lower-wage labor. However, some of these
goods produced in the South are subject to imitation because of its imperfect protection of IPR. Unlike
Grossman and Helpman (1991), we also assume that each government imposes an ad valorem tariff on
imported goods.

We provide the following three main results. First, a unilateral increase in the Northern tariffimpedes
innovation and FDI, although it also raises the relative wage of Northern to Southern labor. In the
Northern market, the higher Northern tariff raises the duty-inclusive price of the goods produced in
the South. For Northern firms, this reduces the competition pressure from Southern firms, so that they
can enjoy higher profits through raising the price in the North. On the other hand, the Northern tariff
also reduces the Northern demand for the goods produced by FDI firms in the South through raising
the duty-inclusive price. As a result, the higher Northern tariff decreases the profits of the FDI firms.
Through both these effects, an increased Northern tariff depresses FDI from the North to the South. In
addition, it raises the Northern relative wage because more firms choose to produce in the North than

in the South. The higher Northern wage also leads to a higher cost of R&D in the North, and thus, an



increased Northern tariff impedes innovation.

Second, contrary to the effects of a Northern tariff, a unilateral increase in the Southern tariff raises
the Southern relative wage and promotes innovation and FDI. When the Southern tariff increases, North-
ern firms need to lower the pre-tariff price of the goods sold in the South to gain the Southern market.
This reduces the profits of Northern firms, such that a higher Southern tariff promotes FDI in the South.
The increased production transfer from the North to the South reduces the Northern relative wage and
thereby the cost of R&D in the North. Accordingly, the higher Southern tariff promotes innovation.

These two results imply that simultaneous tariff increases by the North and South decrease innovation
and FDI if the impact of the Northern tariff increase surpasses that of the Southern tariff. We show that
this is the case when the population is relatively large in the North and small in the South. Conversely,
if the relative population size of the North compared with the South is sufficiently small, the symmetric
tariff rate between the two countries that maximizes innovation and FDI is not zero, but strictly positive.

Third, we also show the effects of a unilateral tariff increase on the country’s own welfare as follows.
A unilateral tariff increase by the South improves the welfare of the South if the initial tariff rate is lower
than a certain positive level. This is because an increase in the Southern tariff promotes innovation and
increases cheaper imitated goods through increasing production transfer to the South. This result implies
that the welfare-maximizing tariff rate for the South is strictly positive. By contrast, a unilateral tariff
increase by the North tends to worsen the welfare of the North if the Southern tariff is lower and the
imitation rate in the South is higher. In fact, a tariff increase in the North exerts a positive effect on
the North’s welfare because it shifts production from the South to the North and raises the Northern
wage. However, if the Southern tariff is low and imitation is active in the South, production in the South
tends to be small because fewer Northern firms choose to undertake FDI. As a result, a lower Southern
tariff and active imitation weakens the positive effect of a Northern tariff increase on the Northern wage
through the production shift to the North. Thus, the total welfare effects of the Northern tariff tend to
be negative in this case because the negative effects from the decreased innovation and increased prices
tend to dominate the positive effect because of the increased income of the North.

The effects of trade cost have already been examined in a number of studies using quality ladder-type
growth models. Seminal studies include Dinopoulos and Segerstrom (1999a, 1999b) and Dinopoulos

and Syropoulos (1997). However, both of these studies assumed two structurally identical countries,

Using expanding variety as opposed to quality ladder-type growth models, Baldwin and Robert-Nicoud (2008), Dinopoulos
and Unel (2011), Gustafsson and Segerstrom (2010), Naito (2017), and Sampson (2016) also investigate the effects of trade

costs.



that is, a North—North setting. By contrast, we focus on the trade policy in two asymmetric countries: a
North that is innovative and a South that is the recipient of production transfer. Therefore, the analyses
are complementary. In addition, as summarized above, our results show that a tariff increase by a country
has differing effects depending on whether the country is the North or the South, which is not possible
in a North—North setting. Dinopoulos and Segerstrom (2007) constructed a North—South model where a
Southern firm can produce some state-of-the-art good through imitation, and considered how decreasing
trade cost affects both innovation and imitation. However, they assumed the trade cost to be symmetric
between both countries and thus, did not analyze either the case of asymmetric trade costs or the effect
of a unilateral tariff increase by just one country. By contrast, our model allows unequal tariff rates
between the North and the South so that we can readily investigate the effect of a unilateral tariff increase.
Grieben and Sener (2009) also examined the effects of Northern and Southern unilateral tariff reduction
in a North—South product-cycle model. However, they assumed imitation by Southern firms to be the
only channel for technology diffusion from the North to the South and did not consider FDI, much like
Dinopoulos and Segerstrom (2007).

Unlike these studies, we incorporate production transfer by Northern firms into the model. As pointed
out by Keller (2004), FDI is one of the major channels for technology diffusion across countries. More-
over, with so-called “tariff-jumping FDI”, tariffs are likely to affect the incentive for FDI and thus labor
demand: Our model captures this tariff effect not considered in Dinopoulos and Segerstrom (2007) and
Grieben and Sener (2009). In addition, unlike either of these previous studies, we examine the welfare
effects of a unilateral tariff increaseTo date, many theoretical studies, including Kennan and Riezman
(1988) and Syropoulos (2002), have concluded that the optimal tariff for a large country tends to be high.
However, as discussed by Naito (2019), in practice, we frequently observe the opposite: economically
larger countries tend to set lower tariffs. As discussed, our model shows that the Northern tariff worsens
the welfare of the North under a certain condition, while the Southern tariff improves the welfare of the
South if the initial tariff rate is set sufficiently low. Therefore, the results of the welfare analysis in this
paper are consistent with the actual tendencies shown between country size and the optimal tariff.

The remainder of the paper is structured as follows. Section 2 develops the North—South quality

2For example, Belderbos and Sleuwaegen (1998), Chen and Moore (2010), and Ghodsi (2020) empirically showed that
tariffs imposed by a host country exert a significantly positive effect on FDI to that country, which is consistent with the

tariff-jumping motive.
3A number of studies have examined the welfare effects of changes in unilateral tariffs in a two-country general equilibrium

model, e.g., Gros (1987), Opp (2010), Felbermayr, Jung, and Larch (2013). However, these employ static as opposed to growth

models.



ladder model with tariff and Section 3 derives the market equilibrium path. Section 4 presents the com-

parative statics and Section 5 provides the welfare analysis. Section 6 concludes.

2 The model

We introduce FDI into the two-country quality ladder model developed by Grossman and Helpman
(1991). Consider an economy consisting of two countries, the North and the South, déhated
S, respectively. We assume perfect capital mobility between the countries so that their interest rates
equalize. With a fixed number (measure) of identical householdg; (8} denote the number of house-
holds in countryi € {N,S}. A member of each household supplies one unit of labor inelastically at
each time point. Assume that the member size of each household is unity at the initial time and grows
at a constant rate;, (> 0), such that the quantity of labor supplied in countrgit timet¢ is given by
L;(0)ert = L;(t). We select Southern labor as the numeraire and normalize the Southern wage to be
unity at every time point.

There is a continuum of goods, indexeddye [0, 1], produced in the North or the South. One unit
of good output requires one unit of labor input. Each good is classified by a countable infinite number of
“generations” = 0,1, 2,---. We normalize the generation number at the initial time to be zero for all
goods. If innovation occurs in industy, a one-step new generation of gaods developed. Therefore,
generatiory of goodw can be produced after thi¢h innovation in industrye. As described in Section
2.3, innovation occurs because of successful R&D efforts by a Northern firm. Different generations of a
good possess different “qualities”. The quality of generajiofigoodw is ¢(j,w) = M, where the rate
of quality increase between any two consecutive generatiofs, 1), is identical for all goods.

We assume that the government of each country imposes an ad valorem tariff on imported goods. The
tariff rate of countryi is 7; (> 0), which is common to all imported goods. The government transfers all
of the tariff revenues to the households of its country as a lump sum and runs a balanced budget at each

time point.

2.1 Households

Each household in countiymaximizes the following lifetime utility:

Ui—/ e~ (P=9L)t Jog v, (t)dt,
0



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

time t. We specify the instantaneous utility function as:

1
logu(t) = [ oz | Y ali )G t)| d (1)
J

whered;(j,w, t) denotes the per capita consumption of gaodf generatiory at time¢. The intertem-
poral budget constraint of each household in counisygiven by

/ e fg r(s)ds—i—thEi(t)dt _ AZ(O) +/ e fot r(s)ds—i—thwi(t)dt +/ e fg r(s)ds—O—thTi(t)dt, (2)

0 0 0
wherer(t) is the interest ratef;(t) and A4;(0) denote consumption expenditure per capita and initial
asset holdings per capita, respectivelyt) andT;(t) denote wages and a lump-sum transfer per capita
by the government, respectively.
We solve this utility maximization problem in two stages. First, for each product, a household

chooses a single generatidiw, t) that carries the lowest quality-adjusted prigg, w, t)/q(j,w). This

implies the following static demand function:

d(] w t) _ Ei(t)/p(j,w,t) forj = J(w,t), (3)
o 0 otherwise.

Second, the household chooses a time pattern of expenditure to maximize its lifetime utility. Such

intertemporal utility maximization requires that

=r(t) — p. 4)

2.2 Production

The firm that developed the current latest generation of go@uereafter, the “leader” firm in industry

w) can produce it monopolistically under IPR protection if the firm chooses to operate in the North.
A leader firm can become a “multinational” firm by shifting production to the South. Following Lai
(1998), Glass and Wu (2007), and Tanaka and Iwaisako (2014), we assume that a Northern firm can
transfer production to the South instantaneously without cost. The multinational firm enjoys a lower
labor cost for production, but faces the risk of imitation because the South does not sufficiently enforce
IPR protection. If goodv is imitated at timet, the leader firm in industry cannot earn profits for time

t because perfect competition with copied goods prevails in the industry at that time. For simplicity, we
assume that whether a good is under imitation is determined independently at each time point. More

specifically, if a leader firm chooses to produce a good in the South, Southern firms imitate that good
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at some constant probability. € [0,1) at any time poinf. Therefore, under the law of large numbers,
m x 100 percent of all multinational firms are imitated at any time point. We interpret this imitation
probabilitym as the degree of IPR protection; highermplies weaker IPR enforcement in the South.

Next, we consider how the price and quantity supplied of each good are determined. Each good is
produced by either (i) the leader firm in the North monopolistically; (ii) the multinational firm in the
South monopolistically; or (jii) imitators in the South under perfect competftidfrom the demand
function (3), a leader firm can maximize profits by selling at the upper limit of the price such that rival
firms that could produce an old generation in the same product line cannot operate. For a leader firm, the

optimal price in the Northern and Southern markets can be different because of tariffs.

2.2.1 Northern firms

First, we consider what level of price a leader firm producing in the North charges in the Northern market.
We assume that any firm can freely produce generations older than the currently latest in each product
line because of expired patefitsn this case, leader firms do not undertake R&D because they cannot
take more than a one-step quality lead over the nearest follower firms in the same product line. Thus, the
potential strongest rivals for a Northern leader firm are the follower firms that can produce the current
second to newest generation of the same good. A follower firm could cut the (pre-tariff) price down to its
marginal cost, which would be (¢) if produced in the North ands(¢) = 1 if produced in the South.
This implies that the lowest possible duty-inclusive price of a follower’s good imported from the South
to the North isl 4+ 7. Therefore, the optimal price for a Northern leader firm in the Northern market is
Amin{wy(t),1 4 75} because it needs to set the lowest quality-adjusted price to sell the good.

In this paper, we focus on the case where the tariff rate in the North is low enough to $atisfy <
wy(t) (see footnote 5). Under this assumption, a Northern leader firm prices its googvét) =

A(1 + 7w) in the North. The demand for a Northern leader’s good by Northern consumers is

enx(t) = SROEAD, ®)

4Grossman and Lai (2004) adopt a similar assumption.
SWe focus on the case where a leader firm does not divide the location of production between the North and the South.

In equilibrium, this is satisfied if and only ify < [wx(¢) — 1]/X. The proof is provided in Appendix C available from the

authors upon request.
®Even without this assumption, leader firms do not undertake R&D, and our results do not changewat &) ik (1—m)A

and there is no advantage over follower firms in the R&D process. The proof is provided in Appendix C, which is available

from the authors upon request.



The Northern leader’s profits from the sale in the North are given by

En(t)Ln(t)

TN (t) = [AM1+ 7n) — wn ()] MNLtry)

(6)

In a similar way, we derive the price a leader firm producing in the North charges in the Southern
market. As we focus on the case where the Northern wage is not lower than the Southern wage, a
follower firm could set a lower (duty-inclusive) price in the Southern market when it produced in the
South than when it produced in the North. To set the lowest quality-adjusted price in the Southern market,
a Northern leader firm needs to choos#udy-inclusiveprice not higher than because the marginal cost
of the follower firm that produced in the South would be equabtdt) = 1. Therefore, the optimal
pre-tariff price that a Northern leader firm charges Southern consumekssig) = \/(1 + 75). As the

duty-inclusive price is\, the demand for a Northern leader’'s good by Southern consumers is

Eg(t)Ls(t
es(t) = 2L, (7)
The Northern leader’s profits from the sale in the South are givén by
[ Eg(t)Ls(t)
mNs(t) = [1 g wN(t)} — (8)
Adding (6) and (8), we obtain the total profits of a Northern leader firm as follows:
_ B wy(t) 1 B wn(t)
(0 = |1 5 v + | o - 50 szt )

2.2.2 Multinationals

Next, we consider what level of price a multinational firm charges Northern consumers. For the same
reason as in the decision by a Northern leader firm, a multinational firm needs to chihdgdreclusive

price not higher than min{wy (¢), 1 + 7 } in the North to set the lowest quality-adjusted price. Under
the assumption that + 7 < wy(¢), the optimalpre-tariff price in the North isppy(t) = X for

a multinational firm. Because the duty-inclusive price\{d + 7n), the demand for an unimitated

multinational’s good by Northern consumers is

En(t)Ln(t)
N () = 0 ) (10)
The unimitated multinational’s profits from sale in the North are given by
En(t)Ln(t)
=A\—-1) — =, 11
men(t) = (A =1) A1+ 7n) (11)

"If 1 +7s > A/wn (t), a Northern leader firm could not earn positive profits by selling the good in the South. In this case,

no Northern leader firm would supply the good in the South, thatis;(t) = 0. However, we rule out this case.
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We derive the price a multinational firm charges Southern consumers in a similar way. Just as we
considered the pricing of a Northern leader firm, a follower firm could set a lower (duty-inclusive) price
in the South when it produces in the South. To set the lowest quality-adjusted price, a multinational firm
needs to choose a price not higher than the South because the marginal cost wouldét) = 1 if a
follower firm produced in the South. Therefore, the optimal price in the Southern magkes (is) = A

for a multinational firm. The demand for an unimitated multinational’s good by Southern consumers is

Es(t)Ls(t)

rps(t) = \ (12)
The unimitated multinational’s profits from sale in the South are given by
Eg(t)Lg(t
wrs(t) = (r - 1) ZSWEs), (13)
Consequently, from (11) and (13), the total profits of a multinational firm are
1\ [En(t)Ln(t)
=(1-2) | /=2 + Es(t)L . 14
mel) = (1-3 ) | 24220 4 paosto 19

2.2.3 Imitated goods

If a good is imitated at time, any firm in the South can produce and export the latest-generation good at
that time. In the Southern market, the price of the good falls¢¢) = 1, which is equal to the marginal

cost of imitators. The demand for an imitated good by Southern consumers then becomes
rms(t) = Es(t)Ls(?). (15)

In the Northern market, an imitated good is imported from the South and sald-aty after tariff®
Therefore, the demand for an imitated good by Northern consumers is

En(t)Ln(t) '

16
1+ 7N (16)

zyn(t) =

2.3 Ré&D and FDI

Following Grossman and Helpman (1991), we assume an R&D process as follows: if a firm devotes
anX (t)I units of Northern labor for a time interval of length to research good, it succeeds in
developing the next generation of goadwith probability Idt, whereay is a parameter and (t)

represents the difficulty of R&D. As in Dinopoulos and Segerstrom (1999a), Dinopoulos and Thompson

8Under the assumption that+ 7n < wx (t), a leader firm whose good is imitated cannot earn profits, irrespective of

whether it is produced in the North or the South.



(2000), Sener and Zhao (2009), and others, we assume that the growthXdte fequal to the growth
rate of the total labor supplyy,, so that the model is free from the scale effé€or a finite size of R&D
activities in equilibrium, the expected gain from R&D must not exceed the cost of R&D. Thus, letting

vy (t) denote the stock market value of a Northern leader firm, we have:
un(t) <wn(t)anX(t) with equality if 1(¢t) > 0, (17)

wherel(t) denotes the innovation rate at timevhich is assumed to be the same in every industry in the
symmetric equilibrium.

Once a Northern firm succeeds in inventing a new-generation good, it can become a multinational
firm by shifting production to the South without cost. Therefore, as long as both Northern leaders and
multinational firms exist in equilibrium, the market values of a Northern leader and a multinational firm

must be equal; that is, the following equality must hold at each time point:
on(t) = vr(t), (18)

wherevr(t) denotes the stock market value of a multinational firm.

Next, we consider the no-arbitrage conditions between the stocks of a leader firm and the risk-free
asset. Assuming that the shareholders of a firm hold a well-diversified portfolio, the expected return
from the stocks of a leader firm must be equal to the return from the risk-free asset. The shareholders
of a Northern leader firm then earn dividends(¢)dt and capital gainsy (t)dt over a time interval of
lengthdt. Atthe same time, the Northern leader firm loses its monopolistic rent through the development
of a new generation of the same good by another firm at the innovatiodi(tatever the time interval.

Thus, the shareholders are faced with a capital lossy@f) with probability 7(¢)dt. These imply that

the no-arbitrage condition with respect to the stocks of a Northern leader #tm is
r(t)on(t) =y (t) + on(t) — I(t)vn(t). (19)

A multinational firm earns profitgz(¢) if its good is not produced by imitators at time This event
occurs with probabilityl — m at each time point. Meanwhile, because of imitation, the multinational
firm cannot earn any profits at timevith probabilitym. Thus, the expected dividends that shareholders

of a multinational firm obtain at timeis (1 — m)7r(¢). In addition, over a time interval of lengtft,

®0ur model can thus be interpreted as an extension of “first-generation” fully endogenous growth models such as Grossman

and Helpman (1991) because it becomes one if we assdftie= 1 andgr, = 0 for all ¢.
101f a Northern leader firm transfers production to the South and becomes a multinational firm, it can obtain the value

vr(t) — vn(t). However, from (18), this is zero in equilibrium.
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the shareholders obtain capital gaingt)dt, and are faced with a capital loss@f(t) with probability
I(t)dt given the loss of monopolistic rent through the development of a new generation of the same good
by another firm. Thus, the no-arbitrage condition between the stocks of a multinational firm and the
risk-free asset is

r(t)or(t) = (1 — m)mp(t) + or(t) — I(t)op(t). (20)

2.4 Labor markets

In the North, labor is devoted to production and R&D activities. Letting(t) € (0,1) represent

the number (measure) of industries in which the Northern leader firms produce state-of-the-art goods,
the aggregate labor demand for production in the North is givenbit)(znn(t) + xns(t)). The
aggregate labor demand for R&D activities is givendyX (¢)I(t) because firms undertaking R&D
target all industries. From (5) and (7), the labor market-clearing condition in the North is

() En(t)Ln(t) | Es(t)Ls()
N A1+ 7n) A

In the South, multinational firms and imitators demand labor for production. We defitle¢ =

+an X (B)I(t) = Ly(b). (21)

1 — nn(t), which is the number of industries where the goods are produced in the South. The goods
produced in the South are imitated at probabitityat each time point. From the law of large numbers,

the goods are produced by the multinational firms monopolisticallylir- m)ng(t) industries and
produced by Southern imitators inng(t) industries. The aggregate labor demand of multinationals is

(1 —m)ng(t)(xpn(t) + zrs(t)) and that of Southern imitatorsisng (¢)(xan (t) + xars(t)). From

(10), (12), (15), and (16), the labor market-clearing condition in the South becomes

En(t)Ln(t) Es(t)LS(t)} + mns(?) [EN(t)LN(t)

A1+ 7n) A [ Es(t)Ls(t)| = Ls(t). (22)

(1 —m)ns(t)

2.5 Government budget constraints

The Northern government imposes the tariff on imports from the South by the multinational firms and
the Southern imitators. In the Northern market, the sales of the good supplied by a multinational
firm areppy (t)zpn(t) = En(t)Ln(t)/(1 + 7n) and the sales of the good supplied by the South-
ern imitators arery/n(t) = En(t)Ly(t)/(1 + 7). Thus, the Northern tariff revenue is given by
ns(t)TnEn(t)Ln(t)/(1 + 7v). As the Northern government transfers all tariff revenue to Northern
households, it determines the lump-sum transfer per cdjifa) to satisfy the following budget con-

straint at each time point:
En(t)Ln(t)

TN(t)LN(t) = ns(t)TN 1 T ™

10



The Southern government imposes the tariff on imports from the North by the Northern leader firms.
The sales of a Northern leader firm in the Southern markepagét)zns(t) = Es(t)Ls(t)/(1 + 75),
which implies that the Southern tariff revenue is giverniby(t)7s Es(t) Ls(t) /(1 + 7s). Therefore, the
Southern government determinEg(t) to satisfy the following budget constraint:

Bs(t)Ls(t)

23
1+ 7g (23)

Tg(t)LS (t) =ny (t)TS

3 The equilibrium

In this section, we discuss the market equilibrium. To simplify notation, we define world aggregate
expenditure a€/(t) = En(t)Ln(t) + Es(t)Ls(t) and the share of Northern aggregate expenditure to
world aggregate expenditute= En (t) Ly (t)/E(t). On the equilibrium pathp becomes constant over
time because Northern expenditurg (¢) and Southern expenditufés(t) always grow at the same rate
given the Euler equation (4). By usidg(¢) and¢, the labor market equilibrium conditions (21) and (22)

are rewritten as

nn(t) <1 j’TN 1o ¢> Ef) FanX(OI() = Ly (b), 24)
(1 —m+mA)ngs(t) (1 +¢7'N +1-— qﬁ) E){t) = Lg(t). (25)

In this model, there is no state variable, except population size and R&D difficulty, whose growth
rates are exogenous and constant. Consequently, as shown in Appendix A, this model does not have a
transitional process and the economy jumps to the steady state immediately at the initial time. In the
steady statef;(¢), I(t), ny(t), ns(t), andwy(t) are constant over time. We therefore omit the time
index of these variables hereafter. Asis constant, the interest ratét) is also constant and equal to
all the time from (4).

For analytical tractability, we focus on the case where the Southern households initially have no
assets. Then, from (2) and (23), the budget constraint of a Southern household is

TS
1—|—Ts’

Eg=14+nyEg (26)

where the left-hand side (LHS) is expenditure per capita, the first term on the right-hand side (RHS) is
wage income, and the second term on the RHS is the per capita lump-sum transfer from the Southern

government’s tariff revenue. Because = (1 — ¢)E(t)/Ls(t) by the definition ofE(t) and ¢, the
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budget constraint (26) can be rewrittenlas ¢ = (1 + 75)Ls(t)/[(1 + Tsng)E(t)]. Substituting (25)

into this equation to eliminat&(t), we obtaing as a decreasing function af as follows:

¢ A 1+ 79ng
B — —1]. 27
1—9¢ (1+7v) 1—m+mA(1+75)ng 27)

This equation implies that an increasenig has two effects on the share of Southern aggregate expen-

diture to world aggregate expenditufie— ¢, through the budget constraint of a Southern household.
First, as shown in (25), an increaserig raises the Southern wage compared with the world aggregate
expenditurel /E(t), because it expands the demand for Southern labor. The increased wage income has
a positive effect on — ¢. Second, an increaseiiry reduces the transfer payment to Southern households
because it decreases the tariff revenue of the Southern government. The decreased transfer payment has
a negative effect ot — ¢. Nevertheless, the first effect necessarily dominates the second, gpithat
decreasing witlh g, as shown in (27).

Next, to analyze the equilibrium, we describe two key equations with respéetrtdn . We derive
the first equation from the labor market-clearing conditions in the two countries. Combining (24) and
(25), we have the following equation:

v <1 _ 1) L s (28)
anX(t) ng 1—m+mAanyX(t)

As X (t) grows at the same rate dsy(¢) and Ls(t), the relation betweeng and I satisfying (28)

is depicted as an upward sloping curve in Figure 1. We refer to this asGhmurvegiven the labor
constraint. It shows the combinations wf and I that are consistent with equilibrium in the labor
markets of the two countries.

The LC curve is upward sloping because the innovation Fadatisfying the labor constraints in-
creases witwg for two reasons. First, ass increases, the number of industries producing in the North,
ny, contracts, and thus, labor demand for production decreases in the North. Second, an inergase in
reduces the quantity of labor demanded by the Northern leader(tisftl + 7v) + 1 — ¢|(E(¢)/)).

This second effect results from the increase in the Southern wage compared with the world aggregate
expenditurel/E(t), in the Southern labor market, as shown in (25). A higher Southern wage increases
the marginal cost of a follower firm when produced in the South, so that the Northern leader firms raise
the relative price of their goods to the world aggregate expenditure and thereby decrease production.
Because the abovementioned two effects reduce the labor inputs for production in the North, the North-
ern labor resources available for R&D increase. This is why an innovatior/ reg@sistent with the

equilibrium in the labor markets increases wiitf.
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Figure 1: The equilibrium

The second equation with respectitg and I is derived from the free-entry condition in R&D.
Becauser(t) = wyay X (t) andog(t) /vp(t) = X (t)/X (t) from (17) and (18), substituting (14) and
(20) into the former yields

(1—m)(1—1) (1+¢;N +1- qb) E(t)

X(t)
p+I—Y@

=wyanX (). (29)

The LHS of (29) represents the expected gain from R&D that is equal to the present value of expected
profits discounted by the interest rate, the hazard rate of monopolistic rent due to another firm’s innova-
tion, and the capital gain. The RHS of (29) then represents the cost of R&D.

The Northern wage (compared with the Southern wage), which affects the cost of R&D, is de-
termined by the condition on FDI. When production is carried out in both countries continuously,
on(t)/un(t) = vp(t)/vr(t) must be satisfied because (18) holds at each time point. Therefore, from
(19) and (20), the profits of a Northern leader firm and a multinational firm must satisfy) =
(1 —m)mp(t) in equilibrium. Substituting (9), (14), and (27) into this equation, we obtain the Northern
wage as a decreasing functiomof:

1+ 7n(1 = ns)
1+ m9ng

wy =781 —m)(A—1)+ (1 —m+mM). (30)

The reason why the Northern wage is decreasing wijhcan be explained as follows. For both
a Northern leader firm and a multinational firm, profits per unit consumption expenditure in the local

market (the North for a Northern leader firm and the South for a multinational firm) are higher than those
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in the other market because the firms can differentiate their prices in the two mdrk&ssshown in
(27), anincrease ing raises the share of Southern aggregate expenditure to world aggregate expenditure,
1 — ¢, and therefore increases the profits of a multinational firm compared with a Northern leader firm.
Because this increases the incentive for a production transfer to the South, to restore equilibrium, the
Northern wage must decline so that the incentive for production in the North can increase.
Combining (25) and (29), we have the following equation:
Cmisnisy

X(t)
p+r1i—xm

= NSWNAN- (31)

From (30), the RHS of (31) is increasing witly and tends to zero ags — 0.12 Therefore, the relation
betweenng and! satisfying (30) and (31) is negative and asymptotes to the vertical axis, as depicted
in Figure 1. We refer to this as tHe&D curve which shows the combinations efs and [ that are
consistent with an incentive to carry out R&D.

The R&D curve is downward sloping because the innovation Fatensistent with an incentive for
R&D decreases withig. In the Southern labor market, an increase inpushes up the Southern wage
when compared with world aggregate expendituiyd(¢). This decreases the demand for multinational
firms’ goods through increasing their prices compared with aggregate expenditure. As a result, it de-
creases the profits of multinational firms and thereby the expected gain by R&D. This effect appears as
ng on the RHS of (31). Meanwhile, an increaseinalso reduces the cost of R&D through lowering the
Northern wagev, as shown by (30). However, the decrease in the expected gain necessarily dominates
the decrease in the cost. Thereforepgsncreases, the innovation rafemust be lower in terms of the
incentive for R&D.

The intersection of the LC and R&D curves provides the equilibrium valueg @hd/. As depicted
in Figure 1, the LC and R&D curves intersect only once if the R&D curve lies below the LC curve around
the upper limit ofng. Then, there exists a unique interior equilibrium such thatind I are positive.
Depending on the equilibrium value 0f, (25), (27), and (30) determine the equilibrium value€of),

¢, andwy, respectively.

HEquations (6), (8), (11), and (13) show that the profits per unit consumption expenditure of a Northern leader firm are
1 — wn(t)/[A(1 + 7n)] in the North andl/(1 + 7s) — wn(¢)/X in the South, while those of a multinational firm are

(1 -1/A)/(1+ 7~) inthe North and. — 1/X in the South.
12For the proof that the RHS is increasing with, see (53) in Appendix B. A detailed derivation is also provided in Appendix

C, which is available from the authors upon request.
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4 Comparative statics

In this section, we conduct comparative statics using Figure 1.

4.1 A unilateral tariff increase

We first consider the effects of a unilateral tariff increase by the North. Giygran increase iy
raiseswy, as shown in (30). This is because the Northern tariff affects the incentive for FDI. For
Northern leader firms, an increaserif reduces competition pressure in the Northern market because it
raises the lowest price that the follower firms in the South could charge after the tariff. This enables the
Northern leader firms to raise the price in the Northern market, which increases their profits. Meanwhile,
the higher Northern tariff pushes up the duty-inclusive price of goods produced by multinational firms.
Accordingly, it reduces the demand for the goods and consequently, the profits of multinational firms.
Because the increased profits of a Northern leader firm and the decreased profits of a multinational firm
decrease the incentive for FDI, the relative wage of Northern to Southern labor must become higher to
restore equilibrium.

Given that the higher Northern wage leads to a higher cost of R&D, an increagenegatively
affects the incentive for R&D and the innovation rdtéor a givenng from the R&D equilibrium con-
dition (31). This means that an increaserjn shifts the R&D curve downward. However, the LC curve
(28) does not change because the Northern leader firm, the multinational firm, and an imitator change
the labor input proportionately in response to the tariff increase, as shown in (24) and (25). As a result,
an increased Northern tariff lowers batly and/, as in Figure 2. In addition, from (30), it raises the
relative wage of Northern labor to Southern labor through both the direct effect discussed above and an

indirect effect through the decreasenip. These results are summarized as follows.

Proposition 1. A unilateral tariff increase by the North reduces innovation and FDI from the North to

the South, although it also raises the relative wage of Northern to Southern labor.

Next, we analyze the effects of a unilateral tariff increase by the South. As the Southern tariff
increases, the Northern leader firms need to lower their pre-tariff export prices to the jpautiaiven
ng, this reduces the Northern leaders’ profits, and consequently, increases the incentive for FDI. As
shown in (30), the Northern wagey must decrease to restore equilibriumrgsncreases. Because the
decreased Northern wage reduces the cost of R&D, a highpositively affects the incentive for R&D
and innovation ratd for a givenng from the R&D equilibrium condition (31). Therefore, the R&D

curve shifts upward. However, the LC curve does not change because an increasie@s not affect
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Figure 2: The effect of a unilateral tariff increase by the North

the labor input for production. As a result, a tariff increase by the South increasesa datfd 7, as
in Figure 3. In addition, equation (30) shows that it reduegsthrough both the direct effect and the

indirect effect through the increasenn.

Proposition 2. A unilateral tariff increase by the South promotes innovation and FDI from the North to

the South. Moreover, it raises the relative wage of Southern to Northern labor.

With a North—South innovation-imitation model not including FDI, Grieben and Sener (2009) con-
cluded that a unilateral reduction of the Southern (Northern) import tariff has no effect on innovation
in their basic model, but decreases (increases) innovation rate in their extended model with a perfectly
competitive low-tech sector in the South. Our results for Propositions 1 and 2 on innovation are similar

to the results of their extended model, but different to those of their basic model.

4.2 Tariff increases by both countries

In the former section, we concluded that a tariff increase by the South promotes innovation and FDI.
Nevertheless, this does not necessarily imply that such a policy change is favorable. This is because a
tariff increase by the South may result in a retaliatory tariff by the North, which has a negative effect on
innovation and FDI. Next, we discuss the effects of simultaneous tariff increases by the North and South.

In Section 4.2, we assume that the initial tariff rate in the North is not higher than that in the South; that
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Figure 3: The effect of a unilateral tariff increase by the South

is, v = 7 andrg = 7 + 7 wherer > 0 and7 > 0.13 Under this setting, we analyze the effects of an
increase inr.

We interpret the effects of tariff increases by both countries as the combined effects of unilateral
tariff increases by the North and South. Similarly to a unilateral tariff increase, neither the Northern nor
Southern tariffs affect the LC curve from (28). Meanwhile, (31) shows that the tariff increases by both
countries affect the R&D curve only through the changein If an increase in raiseswy for a given
value ofng, it moves the R&D curve downward and vice versa. Partially differentiating (30) with respect

to 7, we have

own _ A —2ng[(1 —m+mA) — (1 —m)(\ — 1)7g]
or ng=given (1+ 7sns)?
(1—=m)A—1)72n% + (s — 7v) (1 — m + mA)ng(1 — ng)
* 1+ 7sn5)? e

This equation shows that givery, an increase im raiseswy if (i) 7g > (1—m+m\)/[(1—m)(A—1)];

or (i) 7s < (1—=m+mA)/[(L=m)(A—1)] andng < A/{2[(1—=m+mA) — (1 —=m)(A—1)7s]} = ng.
Consequently, if the R&D and LC curves intersect at a valuesdbwer thanng, an increase im moves

the R&D curve downward around the intersection of the two curves, and the equilibrium to the lower
left along the LC curve. This implies, in that case, that simultaneous tariff increases by both countries

reduce the equilibrium values éfandng. This is the case if the following condition is satisfied.

131 fact, according to the World Bank Open Data (https://data.worldbank.org/), the weighted mean tariff rate applied in 2017

was 4.28% in “low & middle income” countries, which was higher than the 2.02% in “high income” countries.
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Proposition 3. Suppose that the initial tariff rate in the North is not higher than that in the Sotghg
Tg. Then, simultaneous tariff increases by the North and South to the same degree reduce innovation and

FDIif Ly (t)/[anX(t)] +p— X(t)/X(t) > Ls(t)/[(1 —m +mNayX (t)].
Proof. See Appendix B. O

Proposition 3 implies that the tariff increases by both countries tend to be detrimental to innovation
and FDI if the share of population size is relatively large in the North and small in the South. In such a
case, the negative effects of an increase in the Northern tariff tend to dominate the positive effects of an
increase in the Southern tariff. However, the negative effects on innovation and FDI are quantitatively
smaller than for a unilateral tariff increase by the North. This is because the increase in the Southern
tariff works towards alleviating the negative effects.

Using the proof of Proposition 3, we also have the following result.

Corollary. Suppose that the initial tariff rate is zero in the North and South: = 79 = 0. Then,
simultaneous tariff increases by the North and South to the same degree reduce innovation and FDI if

and only if L (t)/[an X (t)] + p — X (t)/ X (t) > Lg(t)/[(1 — m 4+ mX)an X (1)].
Proof. See Appendix B. O

Unlike Proposition 3, the condition in this corollary is necessary and sufficient for the result, as it
implies a symmetric tariff rate between the two countries that maximizes innovation and FDI is not zero,
but strictly positive if the condition is not satisfied. Furthermore, the condition is more restrictive when
m is small through strong IPR protection in the South. This is because a smatkesults in a larger
equilibrium value ofng, as discussed in Section 4.3. Ag is large, the simultaneous tariff increases by
both countries tend to redueey from (32) and move the R&D curve upward around the equilibrium,

which increases innovation and FDI.

4.3 Achange in IPR protection in the South

Next, we analyze how the imitation rate influences innovation and FDI to consider the effects of
strengthening IPR protection in the South.

Equation (28) shows that a decreaserirrotates the LC curve counterclockwise around the point
(1, Ln(t)/anX (t)) ontheng-I plane. Givemg, a lower imitation rate decreases the number of imitated
goods with larger production volumes, and thus decreases labor demand in the South. The smaller labor

demand lowers the wage of the South compared with the world aggregate expenditife, in the
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Figure 4: The effect of a decrease in the imitation rate

Southern labor market. Because this pushes down the marginal cost of follower firms if they produce
in the South, the Northern leader firms set a lower price and expand production, which increases labor
demand in the North. As a result, for a given valuexgf a lower imitation rate decreases the quantity
of labor available for R&D in the North and negatively affects the innovationkate

Equations (30) and (31) imply that a decreasenirshifts the R&D curve upward for two reasons.
First, a lower imitation rate increases the return from successful R&D. This is because it increases the
expected profits of a multinational firm through (i) raising the probability of earning profits and (ii)
reducing the marginal cost of production (the wage of the South) compared with the world aggregate
expenditurel / E(t). Second, a lower imitation rate has a negative effect on the Northernwagend
thereby the cost of R&D. This is because it stimulates production transfer to the South through increasing
the expected profits of a multinational firm. Partially differentiating (30) with respeet t@rifies this

effect:

owpn

1 +TN(1 — ns)
om

=A—=-1)|—
( ) ™+ 14 79ng

ng=given

>0, (33)

where the inequality holds because < 1/(1 + Tgng) must be satisfied to ensure nonnegative profits

of Northern leader firms in the Southern market, as shown in Appendix B. Through the abovementioned
effects, a lowern positively affects the incentive for R&D and the innovation ratior a given value

of ng. In equation (31), the first effect is represented by a decreasedn the LHS, while the second
effect is represented by a decreasejin on the RHS, both of which show that a lowermust increase

1, givenng.
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Figure 4 depicts the effects of a decreaseniion the equilibrium. The intersection of the LC and
R&D curves moves from point E to point E’. Figure 4 shows that a lomennambiguously increases
the equilibrium value ohg. Because (30) shows thaty is decreasing witlng, a decreasedh low-
erswy through both the direct effect represented by (33) and the indirect effect by the increase in
Meanwhile, Figure 4 does not indicate whether a loweincreases the equilibrium value 6fbecause
it includes both the negative effect through tightening the labor constraint in the North and the posi-
tive effect through improving the incentive for R&D. On this point, we conclude as follows using total

differentiation.

Proposition 4. A decrease in the imitation rate through strengthening IPR protection in the South (i)
promotes innovation, (ii) increases FDI, and (iii) decreases the relative wage of Northern to Southern

labor.
Proof. See Appendix B. O

Note that Proposition 4 holds regardless of whether the tariff in both countries is zero or positive, and
implies that tariffs do not qualitatively change the effects of strengthening IPR protection in the South
on innovation and FDI. In addition, the result for Proposition 4 is consistent with those for Gustafsson
and Segerstrom (2011), Lai (1998), and Tanaka and Iwaisako (2014) using North—South innovation—FDI

models with exogenous imitation not including tariffs.

5 Welfare analysis

In this section, we examine how unilateral tariff increases by the North and South impact their own
welfare. To this end, we first derive the instantaneous utility of a household in each country. From (1),
the instantaneous utility can be decomposed into two parts, utility from quality and utility from quantity,

as follows:
1 1
logu;(t) = / log A7) duw + / log d;(w, t)dw, (34)
0 0

whereJ(w, t) is the generation number of the state-of-the-art quality of goed time¢, andd;(w, t)
denotes the demand for that good. Hereafter, wiegef)(¢) andlog D; denote the first and second terms

of (34), respectively. The growth rate €(¢) is given by

dlog Q(t)

7 = (log M\)I. (35)
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Meanwhile, substituting (3) and the prices ihtg D; yields the utility from quantity as follows:
1
logDy = / log dn(w, t)dw
0
E
N + mng log

N
A1+ 7n) A1+ 7n) 1+ 7N
= log Eny —log(l+ 7n) — (1 — mng) log A, (36)

= nylog + (1 —m)nglog

1
logDg = /logdg(w,t)dw
0

) FE
= ny logTS + (1 —m)ng logTS + mng log Eg

= log Es — (1 — mng) log A. (37)

By rewriting (22), the Northern expenditure in (36) is expressed as

Ls(t) A 1
EN:(1+TN)LN(t) (1—m—|—m)\nS_ES)' (38)

The Southern expenditure in (37) and (38) is derived from (26) as follows:

1 B 1+ 719
1_nN1-7Ers 1+ 7sng

Substituting (35) into (34), we have the lifetime utility of a household in coun&ry

Es = (39)

o
Up = / e~ (P90 og u,(t)dt
0

= / e~ (P=9L)t [log Q(0) + (log \) It + log D;] dt
0

- [log Q(0) +
p— 9L p

wherelog D; is given by (36) - (39). From this lifetime utility, we next derive the welfare change from a

tariff increase in each country.

5.1 Welfare effect of a Northern tariff increase

By differentiating the Northern household’s lifetime utility with respect-tg we obtain the Northern

welfare change from a marginal increase in its tariff rate as follows:

8UN . 1 log)\ ol L@EN . 1
oTN p— 9L p— 9L OTN En Oty 147N
—_—— ———— ———

innovation-impeding effect  income effect price-raising effect

S) *) ©)

ong
+ (log )\)mﬂ } )

competition-weakening effect

(40)

21



Equation (40) shows that the total welfare effect of a Northern tariff increase (an increagg ¢an

be decomposed into the following four parts. First, the increased Northern tariff impedes innovation,
as shown in Proposition 1, and thus reduces welfare. We refer to this welfare effectimsavetion-
impeding effect Second, the increased Northern tariff increases Northern income as we later demon-
strate. We refer to this welfare effect as theome effectThird, the Northern tariff increase raises prices

in the North and thus reduces welfare. We refer to this welfare effect guiteeraising effectFinally,

the Northern tariff increase impedes FDI and consequently decreases the number of goods produced by
the Southern imitatorsing. The price of the imitated goods is lower than that of the goods produced by
Northern and multinational firms, so that a decrease in the number of the imitated goods reduces welfare.

We refer to this welfare effect as tlkempetition-weakening effect

0N
The sum of the income effect and price-raising effect is equakte “]g,LN %TVN. From (38) and

(39), differentiatingE/y /(1 + ) with respect tary yields

E
17y Ls(t) A

OTN L) | 1—m+m

TS 1 Ong

+ (Esng)? >0, (41)

1+ 75| ng? oty
where the inequality holds becausg(1 — m + mA) > 1, Egng = (1 + 7s)ns/(1 + 7sng) < 1, and
ong /0ty < 0 from Proposition 1. As the price-raising effect is necessarily negative, this means that the
income effect is necessarily positive. This is because the increased Northern tariff raises Northern tariff
revenue, the Northern wage, as shown in Proposition 1, and the value of the holding stocks proportionate
to the Northern wage from (17) and (18).

Although both positive and negative welfare effects exist, the total welfare effect is negative un-
der a certain parameter condition because the sum of the innovation-impeding and price-raising effects

surpasses the positive income effect. This result is summarized as follows.

. logh [ Ln(t X(t Y . -
Proposition 5. If p_% #X((z) +p-— % > 1 (1 + 1), a unilateral tariff increase by the
North worsens the North’s welfare.

Proof. See Appendix B. O

Note that the condition in Proposition 5 does not depend on the valug ak it implies that the
welfare-maximizing tariff rate for the North is zero if the condition is satisfied.

From the condition in Proposition 5, the welfare effect tends to be negative when Northern labor is
larger, the imitation rate in the South is higher, and the Southern tariff rate is lower. A tariff increase by
the North has a positive effect on the North’s welfare because it shifts production from the South to the

North and raises the Northern wage. However, this positive welfare effect is weak under large Northern
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labor, a high imitation rate in the South, and a low Southern tariff rate because the number of industries
producing in the South is relatively smaller in these cases. That is why the total welfare effects of the

Northern tariff tend to be negative.

5.2 Welfare effect of a Southern tariff increase

Next, by differentiating the Southern household’s lifetime utility with respecttave obtain the South-
ern welfare change from a marginal increase in its tariff rate as follows:

U 1 log A Ol 1 0Eg
70 el 4+ ===
0ts  p—ygL p— gL 0ts Eg 0t1g

—_——— ——

(log )\)mO;mTj .(42)

innovation-enhancing effect income effect  competition-strengthening effect
+) (+) or (-) +

Equation (42) shows that the total welfare effect of a Southern tariff increase (an increagecan
be decomposed into the following three parts. First, the Southern tariff increase enhances innovation,
as shown in Proposition 2, and thus raises welfare. We refer to this welfare effectiaadkation-
enhancing effectSecond, the Southern tariff increase may increase or decrease Southern expenditure
because it affects the transfer payment from the tariff revenue of the Southern government. We refer
to this effect as théncome effect From equation (39), if the elasticity ofy with respect torg is
lower thanl/(1 + 75), a higher Southern tariff increases tariff revenue, and thus has a positive effect
on Southern income and welfatt Finally, the Southern tariff increase promotes FDI and increases the
number of the goods produced by Southern imitaiorss. The increase in imitated goods improves
welfare because they are cheaper than the goods produced by Northern leaders and multinationals. We
refer to this welfare effect as tlmwmpetition-strengthening effect

As shown in Appendix B, under a certain parameter condition, the positive welfare effects surpass
the negative part of the income effect, which is the negative effect on the tariff revenue from the decrease
in Northern firms. Accordingly, the total welfare effect of an increase in the Southern tariff is positive in

that case, as in the following proposition.

log A Ls(t) log A Ls(®) i
o Tomrroyanxm T 108 A)m+ | 25 s @y — 1| 75 > 0, a unilateral

tariff increase by the South improves the South’s welfare.

Proposition 6. If

Proof. See Appendix B. O

YDifferentiating (39) with respect tos, we have

3ES_(ES)2"N{ 1 _<_L53"N)]

drs ~ 1+7s 1+ 715 ny O0Ts

Therefore9Es /075 > 0if —(7s5/nn)(Onn/07s) < 1/(1 + 75).
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e - . , ; Lg(t)
Proposition 6 shows that a tariff increase by the South improves the South’s welp%g% (fl_m+an)aNX(t) >

1. Even if 252 (kmf;fgljvx(t) < 1, it improves the South’s welfare as long as the Southern tariff is
1
, log A Ls(t) log A Ls(t)
so small as to satisfyg < |2~ (1_m+an)aNX(t) + (log A)m} [1 - A (1_m+an)aNX(t) (> 0).

That is, the condition in Proposition 6 is necessarily satisfietkifs zero and this implies that the
welfare-maximizing tariff rate for the South is strictly positive. Thus, the result shows that, in contrast to
the North, the South has a stronger incentive to raise tariffs.

The results of the welfare analysis in this section have implications for the optimal tariff literature.
Many theoretical studies have concluded that larger countries tend to set higher tariffs, but the opposite
is actually observet® As discussed, our model shows that the optimal tariff for the North may be zero,
whereas that for the South is necessarily positive. The difference is due to the dissimilar effects of tariffs
in the two countries on innovation, FDI, and prices. In contrast to extant theoretical studies, our welfare

analysis can then explain the observation that larger countries tend to set lower tariffs.

6 Concluding remarks

Using a North—South quality ladder model, this paper investigated how import tariffs affect innovation,
FDI, and welfare under imperfect IPR protection in a developing country. The conclusion is that a
unilateral tariff increase by a developed country reduces innovation and FDI, while that by a developing
country promotes innovation and FDI. In addition, because of the decrease in innovation, a unilateral
tariff increase by the developed country tends to worsen its welfare if the country is large, the tariff
rate of the developing country is low, and the protection of IPR in the developing country is weak. By
contrast, a unilateral tariff increase by the developing country improves its welfare if the initial tariff rate

is sufficiently low, which implies that the optimal tariff rate for the developing country is strictly positive.
The effects of simultaneous tariff increases by both countries then depend on the relative country size and
the degree of IPR protection in the developing country: they tend to reduce innovation and FDI when the
relative size of the developed country to the developing country is large and the protection of IPR in the
developing country is weak. In addition, we showed that strengthening IPR protection in a developing
country promotes innovation and FDI even when tariffs are imposed, which is the same as in the case of
free trade.

Possible directions of further research include extensions to address the following issues. First, we

5The exception is Naito (2019), who obtained a result consistent with the actual tendency using a two-country growth
model. However, the engine of growth in that model is not R&D, but rather capital accumulation by both countries, noris it a

North—South model.
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assumed that the process of FDI is costless for analytical tractability. This could be justified if production
startup costs are small or at least similar between the two countries. However, it would be useful to ex-
amine whether our results continue to hold, even with a cost of FDI. Second, we assumed harmonization
in the patent system, such as breadth of coverage, between the developed and developing countries. To
investigate the effects of tariffs when the breadth of patent coverage differs between the two countries
would also be interestintf. Third, we did not consider the differences between skilled and unskilled
labor. In reality, the R&D sector is likely to require more skilled labor than the production sector. To
examine how a tariff increase affects innovation, FDI, and wage gap in such a setup would also be im-
portant. Moreover, we could explore how increases in skilled and unskilled labor affect innovation and
skill premium, as in Chu, Cozzi, and Furukawa (2015), or endogenize skill acquisition, as in Dinopoulos
and Segerstrom (1999a) and Cozzi and Impullitti (2010). Fourth, we ruled out R&D activities by the
developing country in inventing a new product. In fact, R&D spending has recently increased in a few
emerging countries such as China. International trade between a developed country and a “developing”
country that undertakes both imitation and R&D may then be an intermediate case between North—South
trade and North—North trade. It may be interesting to investigate how tariffs affect innovation and tech-
nology transfer in this case. As all of these extensions are worth examining, but beyond the scope of this

paper, we defer them to future research.

Appendix A Dynamics of the model

In this appendix, we show that this model does not have transitional dynamics.
Rewriting the Southern labor market-clearing condition (25) and applyig) = 1 — ny(t), we

obtain

Note that$ must be constant on the equilibrium path becaliggt) and E5(t) grow at the same rate
from (4). Adding both sides of this equation to those of (24) and rewriting, we have the following
equilibrium innovation rate:

L Ls(t) . E()
It = anX (t) * (I—m+mAanX(t) anh <1 + 7N - ¢> X(t) (44)

18|waisako, Tanaka, and Futagami (2010) considered this situation and examined how extending patent breadth in the South

affects innovation and FDI with no tariff.
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For both a Northern leader firm and a multinational firm to exist at each time point, (18) must be
satisfied over time. Differentiating both sides of (18) with respetyieldsoy (t) = v (). Substituting
this and (18) into (19) and (20), we hawe;(t) = (1 — m)7p(t). Therefore, from (9), (14), and the
definitions ofp and E(t), we obtain

- os + | e - 0] a-epw = -m (1-5) [P+ (- o)

Rewriting this equation, we have the Northern wage (compared with the Southern wage) as follows.

Ao+ 12
¢( _'_(1;_2) _(1_m)()‘_1)
1+7N

Hence, the Northern wage must be constant over time on the equilibrium path beédawsamstant. As

wy(t) =

the Northern wagev is constant, (17) and (18) imply that the market values of a Northern leader firm
and a multinational firmyy (¢) andvp(t), grow at the same rate a§(¢). Accordingly, from (9), (17),

and (19), the equilibrium interest rate is expressed as follows.

Substituting (44) into this equation, we have

1 ( N 1—¢> E(t)  X(t) Ln(t) Ls(t)

wwan T 1) X0 T X)) T anxt)  G—mrmnanx@m P

r(t) =

Next, we compute the equation of motion with respectFi@)/ X (¢). Taking the logarithm of

E(t)/X (t) and differentiating it with respect toyields

[E(t)/X(t)] E®t) X(@)

E(t)/X(t) E@®)  X(t)
En(t) EN()Ln(t) | Ln(t) En(t)Ln(t)
En(t)  E(t) Ly(t)  E(t)

Es(t) Es(t)Ls(t) | Ls(t) Es(t)Ls(t)  X(t)
(t)

Es(t) E(t) Ls(t) E(t) X
= [r(t) = p+gil (EN%)(?)N )} Es (Et)é)s ) ) X
X(t)
X(t)

= r(t)—p+gr— (46)

where the second and fourth equalities use the definitioBi(6f and the third equality uses the Euler

equation (4). Substituting (45) into (46), we obtain

E@/X@0) 1 V6N B L) Ls)
(¢ Ty Ts> X()  anX(®)  G—mmnanx@ P9 @40

E(t)/X(t) WNAN
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As X (t)/X(t) = g1, Ly (t)/X (t) andLg(t)/ X (t) are constant. Thus, (47) has a unique interior steady
state that is unstable. In the equilibriuda(t)/X (t) must jump to this steady-state value at the initial
time point and then become constant becaliég /X (t) is jumpable. Otherwise, either (43) or (44)
would be violated at a certain finite time point. This result implies i{at = p for all ¢ from (46).
Then, E;(t) must be constant over time from the Euler equation (4). Also, (25) and (44) showstttat
ny(t), andI(t) must be constant over time becausg), X (¢), Ly (t), andLg(t) grow at the same rate
on the equilibrium path.

Therefore, we conclude that the equilibrium path of this model does not have a transitional process

and immediately jumps to the steady state.

Appendix B Proofs

Proof of Proposition 3

For the proof, it is sufficient to show that the LC curve is above the R&D curig &#iecause the former

is upward sloping and the latter is downward sloping. From (28), the LC curve is given by

o Iwl) (1 L Lst)
anX(t) (ns 1) I—m+mlanyX(t) = f(ns).
Substituting (30) into (31), we have the R&D curve as follows:
;o (1-—m)A-1) Lsg(t) 1 | X()
 1-m+m)\ anX(t) nswy X(t)
_ (A=m)(A-1) Ls(t) 1+ 7gng
1—m+mA anyX(t) ng{tnA—7n[(1—=m+m\) — (1 —m)(A—1)rs]nsg+ (1 —m+mA)}
X(t)
-1~ %

= h(ng).
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Therefore, the following inequality holds from the definitiongy:

f(hs) — h(hsg)
_ Lny(t) ( 1 _1> 1 Ls(t)
anX(t) ng 1—m+mAanX(t)
(@A =m)(A-1) Ls(t) 1+ 7575 i _X()
1—m+mr anX(t) ns[(tvA/2) + (L—m+mN]  ~~ X(2)
_ L@ X
“anXx® T X@
B 1 Ls(t) (Mng)l(tn/2) +1] — [(twA/2) + (1 —m+mA)] + (1 —m)(A — 1)7g
1—m+mlanyX(t) (TNA/2) + (1 —m+mA)
_ L) X
TanX@ T X
B 1 Ls(t) (tnA/2)+ (1 —m+mA) — (1 —m)(A\—1)(7n + 7nTs + T5)
1—m+mianX(t) (TNA/2) + (1 — m + mA)

SanX®) T PTXW  1-mimranX()

This inequality shows that, if.x (t)/[an X (t)] + p — X(t)/ X (t) > Ls(t)/[(1 — m +mN)an X (t)],

thenf(ng) > h(ng) and thus the LC curve is above the R&D curveigt

Proof of Corollary

As discussed in the main text, the condition under which the simultaneous tariff increases reduce innova-

tion and FDI is equivalent to the condition to satiéwa/aT\ > 0. Equation (32) implies that

ng=given

underrs = 7y =0, 8wN/8T\n > Oifand only ifng < A/[2(1 —m+m\)] = ng. Because (48)

s=given
holds with equality ifr¢ = 7iv = 0, the LC curve is above the R&D curverag and the equilibrium value

of ng is lower thamg if and only if Ly (t) /[an X (t)]+p— X (t) /X (t) > Ls(t)/[(1—m+mN)ay X (t)].

Proof of Proposition 4

The proofs on (ii) and (iii) are provided in the text and Figure 4. In this appendix, we show (i).
For the proof, we first show that parameters need to satj&fy + rsng) > 7. In the equilibrium,

the profit a Northern leader firm can obtain from a sale in the South must be nonnegative. Therefore,
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from (8) and (30), the following condition must be satisfied:

A A 1+ 75(1 —ng)

1+TS—U)N = 1+TS—7'N(1—m)()\—1)— TR— (1 —m+mA)
B (1 — m)()\ — 1)(1 =+ Ts) — 7'5)\(1 — ns) TN(l — ns> Cma+m
N (14 75)(1 + Tsmg) — N =m(A—1) - 1+ 79ng (1 +ma)

+ 78 (1 —m +mA)

— -m- ) (
0.

1—ng TSA
- - 7 _
1+ 79ng N 1+79ng |14+ 75

Vv

For this condition to be satisfied, we need to assume

1
- > . 49
1+TSTLS_TN (49)

Next, combining (28) and (31) yields

(L—=m)A=1) Ls(t)
1—m+mA anX(t)

_ XM v 1 Lstt) | 1 Ls(t)
TNV TR T anX (@) I—mtmaanX(®) | T T-m+mranX(@) [

Totally differentiating this equation, we have

{(1—7”)()\—1) Ls(t) 1 Owy [(1—”1)()\—1) Ls(t) 1 Ls(t) ]1}dn
I—m+m\ anX(t)wy Ong l—m+mh ayX(t)  L—m+mravX(t) S
{(1—m)(/\—1) Lg(t) La’u}N A—1 LS(t)
I—m+m\ anX({#t)wy Om (1 —m+mA)?anyX(t)

[wn (1 —ng) + )\]} dm = 0. (50)

From (30), we obtain

owpn 1 +7'N(1 nS)

i S, — — e e

om A=1) [ i 14 79ng 290, &L

owpn TA]+TS(1+7'N)

_ 1— 1 < 2

Ong (14 7sng)? (o memd) <0 2

dwy 1+ 7n(1 —ng) — 7nns(l + Tsng)
1—m+mA) +7x(1 — —1

s ns + wy (1 + 79m5)? (L=m+mA) +7n(1—m)(A—1) >0, (53)

where the first and the third inequalities use (49). Therefore, (50), (51), and (53) imply that

dns __(L=mQ = Dap B + it oy (L —ns) + 2]
dm (L= m)(A = b (Grng +wy ) + 22
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Differentiating (28) with respect to:, we obtain

ﬂ 1 Lg(t) 1 dn5+n (1 - ng) A—1
dm — 1—-m+mlanyX(t) (ng)? | dm s T m + mA
A-1 Ls(t) 1

I-m+mA an X (t) (ng)?

(1—m)(A— 1)k (%"Tgns+w]v) 4w
1-— 1-— —1
m@wN+1+( m)(A—1)

wy Om 1 —m+m\

(I—m)(A— 1)L8wN
1—m+m\A wy Ong

<0,

ng —ns(l —ng)

where the last inequality uses (51) - (53). Thus, a decreasetimough strengthening IPR protection in

the South increases the innovation rate.

Proof of Proposition 5

From (28), (38), (39), and (41), we have

ol - Lg(t) i ong (54)
oty (1 —m+mNanX(t) ng? orn’
E A T,
1+7n ‘91+]TVN _ _1-mimX 1+STS (ESnS)QnSL ong
Eyn OTN m — FEgng ng? 0TN
A 1
I—m4+mix <1 - 1+7‘sns> (Esns) 1 ans
pr— _— 57
71_m):’_m/\ — Egng 1152 oTn
1 dng
— _A 7 55
where
1
——(Fgng
A(ng) = ng + ng 1+;Sns( ) . (56)
T—m+mX Esns
We can show that the second term of (56) is an increasing functiog a6 follows:
0 ﬁ(ESnS) 1 TS 1 9(Esng) 1 0(Esng)
——log [ng—= = — = + +—
ong Ty — FEsng ns 1+7sns Esng Ong TomEmn Esng Ong
A
_ 1 N Tomtmh d(Esns)

> 0,

where the inequality holds becausg(1 — m + mA) > 1 > Egng andd(Egng)/0ng > 0 from (39).

Therefore,A(-) is an increasing function aoig. Becaused(ng) depends onpy only throughng and
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Eg, andong /0ty < 0 from Proposition 1,A(-) is a decreasing function ofy. From (28), (30) and
(31),ng equals

-1

Ly(t X(t
A QN]\;U)E) +p_X§t; +1— (l_m)()\_l)T (57)
1—m-+m\ Ls(t) l—m+mr °
(1—m+mN)an X (t)

ng"

atry = 0, sothathg < ng* andA(ng) < A(ng*) foranyry > 0.
Substituting (54) and (55) into (40) yields the Northern welfare change due to the marginal increase

in its tariff as follows:

oUN 1 log\ 901 1 O0EN 1 ong

= +—7—7+(logx\)m—

aTN P — gL p—gLaTN ENaTN 1+7‘N 87’]\7
1 1 9dng

= ) FnS7
p — g ns? Oty (ns)

where

log A Lg(t)

F(ng) p—gr (1 —m—+m\anX(t)

— A(ng) + m(log \)n. (58)

Next, we derive a sufficient condition that the first termfofng) surpasses the second terh(ing),

which ensure®Uy /0Ty < 0. To this end, we rewritel(ng) as follows:

i 1
——(Egng

A(ng) = |1+ 1+;Sns( )

L T—m+mX

i A

1—m+mX\ 115;'225 (Esns)

A
1-m+mA

ns
— Fgng

ns
— Egsng

N _ _147s
1—m+mA 1+7sng ns

r A _ _Tsng 14719 n
1—m+mA 1+7sng 1+7sng S ng

— 1fm/\+m)\(1 + TSnS)2 —7s(1+ TS)”S2 ng
_17m)3rm)\(1+7—5n5)2 - (1+TS)(1+7—5”S)”S ’

where the third equality uses (39). For amny > 0,

A(ng) < A(ns™)
= (1 + 7ons™)ng® — 75(1 + 75)ng*?
= (L + 7sns*)2 — (14 75) (1 4 Tsns*)ng*
ey (14 Tong™) ?ng*
=2 (1 + 7sms™)2 — (14 75)(1 + Tgng*)ng*
A (1+ 7ong*)ng*

_ N 1—m+4mA - -, (59)
1—m+m7(1 + 7sns*) — (1 + 75)ns

IN
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whereng* is given by (57). From (57), the denominator of the RHS of (59) is rewritten as follows:

A

—(1 ) —(1
1—m—i—m/\( + 79ns*) — (1 4+ 75)ng

Ls(t)

_ A {1 4 (I-m+mA)an X (t) }
1-— A 1-— A Ln(t X(t) Ls(t) 1-m)(A-1)
metm mem aNA;(((r)f) TP = X0 T Tonrmen X0 [1 - & mtmA S}
Ls(t)
A (I—m+mNay X (£)

1—m+4+mA _Ln@® _X@ Ls(t) (1-m)(A-1)
MEMA R TP~ X0 T T an X0 [1 ~ Tomgma TS}

—(1+7s)

Ly () _ X

A anX® TP T X

1—m+mA Ln@) _ X Ls(t) (1-m)(A-1)
e aN]\;((t) + TX(®) + (1- m-‘rnf)\)aNX(t) |:1 T T I-m4m) TS]

Ly(t) X(t)] [ Ls(t)
(

*

-1
an X (t) p_X(t) 1—m+m>\)aNX(t)] '

Substituting this into the RHS of (59), we obtain

Alng) < T (L + Tsns™)ns”

(1
= [y X (1) Ls(1)
ns [aNA)r((t) - T} |:(1fm+nﬁsw\)aNX(t)
A @ LS}E? X()
* —m-+mA)a
= Tt
anX() TP T X®

Ls(t)
A ) (1fm+nf)\)aNX( D)

Y (g
1—m+mr () X0
anX(® TP XD

-1

By applying this to (58), we have

Ls(t
log A Ls(t) A ) (1fm+n§§)31NX(t

— 1
p—gr (L —m+mNanX(t) 17m+m)\( +7s

v

)
F(ng) X0 +

m(log \)n%

Ly()
anxo +

Leto) X(t)]_ A

anX® " PTX@| T T m et mA

X(t)

Ls(t
= m+nf)(\))aNX(t) { log A

L (t) X0
anxm TP xm \PTIE

(14 Ts)} + m(log \)n%

Therefore, if;‘iggi [afvf\;((z) +p— Xgm > =25 (1 + 75), the sum of the innovation-impeding and

price-raising effects dominates the income effect, &Heds) > 0. Becausedng/dry < 0 from

Proposition 1, we conclude tha&k/y /87y < 0 for any 7y > 0 if ;O_ggz [afngég) +p— %] >

T (L+ 7s).
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Proof of Proposition 6

Differentiating (28) and (39) with respecttg, we derive the effect of the marginal increase in Southern

tariff as follows:

o s 1 ong
ors (1 —m+mNanX(t)ng? ors’

1+7¢ ny O1g

OEs (Es)*ny 1 Tg Ong
0Ts 1+ 7g '

Substituting these into (42) and rewriting, we obtain

oUg 1 B ong Esny 1 Tg Ong ong
-2 = - - = + (log \ym——=>
Oty p—gr |ns?2drs  1+715 \1+75 ny O1s Oty
1 B TS ong Esny }
= = % 4 (log A +
p—9gL {{RSQ 1+ 75ng (log )m] ors  (1+79)?

B 1 {B + Btgng + [(log \)m — 75]ns? + (log \)mtsns® Ong n Esny

60
p—9rL ns?(1 + 7sng) 075 (1+TS)2}’( )

whereB = [If’_ggAL (1_m+L7j§§ZlNX(t) > (0 and the second equality uses (39). If the coefficieritaf /07g

in (60) is positive )Ug/d7s > 0 becauséng/0ts > 0 from Proposition 2. A sufficient condition for

this is that the quadratic pait(ns) = B+Brsns+[(log \)m—7s|ns? is positive. (i) If (log \)m—7g >
0, thenG(ng) > 0forallng € (0, 1). (ii) If (logA\)m — 75 < 0, the quadratic functiod-(-) is concave.
Therefore, ifG(1) > 0, thenG(ng) is positive for allng € (0, 1) becaus&z(0) > 0. The condition for
G(1) > 0is rewritten asB + (log \)m + (B — 1)1 > 0.

In conclusionpUg/d7s > 0if B+ (log\)m + (B — 1)75 > 0.
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