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In this paper, we discuss the effects of intellectual property rights (IPRs) on FDI and indigenous innovation and the overall effects
of IPR on the Southern and Northern countries. Our model predicts that tighter IPR is good for FDI and indigenous innovation;
however, the effects vary according to the initial resource endowment such as skill level and absorptive capacity. By a game theory
model, we also find that tighter IPR benefits both sides if the innovation is the common knowledge to both players, and it improves
indigenous innovation and welfare in a short term, but they will emerge in the long run.We also discuss the further direction to an
empirical study. Finally, we make the following conclusion: IPR is part of business environment, and tighter IPR in progress is
good for boosting welfare of both sides. It is time to build a better environment for IPR, but the cost of patent enforcement policy
and the trade barrier must be taken into account.

1. Introduction

Over the past four decades, there has been a global trend
toward stronger intellectual property rights (IPRs) protection,
especially after the enforcement of the Agreement on Trade-
Related Aspects of Intellectual Property Rights by the WTO.
During Donald Trump’s presidency, the IPR dispute between
China and the US becomes more tough, which has external
shock to trade and foreign direct investment to the two
countries and more countries. It also pushes China to ac-
celerate transition to have more input to R&D aimed to
establish its indigenous innovation system. In the eyes of
ordinary people, stronger IPR means better business envi-
ronment, as the improvement of business environment, more
foreign direct investment will be attracted by the better en-
vironment, so it may be a good thing. However, it also has
another side of the coin. For the developing countries,
stronger IPR protection means a higher learning cost, which
may also cut down the supply chain with developed countries.
What is the reality? Naturally, we have this question: does
tighter IPR policy increase foreign direct investment and thus
promote technological innovation of host country? -e an-
swer will give guidance to the policy-making of IPR

protection in a country, and it will have insights into the
comprehensive policy tools of FDI.

Vernon [1] originally pays attention to the product cycle
which assigned a central role to foreign direct investment
(FDI), and earlier literature mainly focused on effects of IPR
on innovation and diffusion in the perspective of closed
economy [2]. Afterwards, there are various attempts to build
the model related to long-term effects of IPR on the product
innovation, economic growth, and terms of trade in the
international product cycles, but the conclusions of these
studies are different, even are inverse. Helpman [3] finds that
the effects of tighter IPR depended on the channel of pro-
duction transfer crucially. Tighter IPR in South increased
product innovation rate, production transfer, and relative
wage if FDI is the channel of production transfer but has
opposite effects if production is transferred through imi-
tation. He made the conclusion that tighter IPR can be more
broadly interpreted as any incentive given by FDI. However,
imitation is exogenous in his model. Lai [4] builds a dynamic
general equilibriummodel of the international product cycle
and allows the level of FDI in the South to respond en-
dogenously to changes in the tightening of IPR protection in
developed countries, and the conclusion is in conflict with
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Helpman [3]. Based on Lai [4], Branstetter et al. [5] develop
an international product cycle model in which innovation,
imitation, and FDI are all endogenous. -ey got similar
results with Lai [4].

Glass and Saggi [6] provide a product cycle model in
which innovation and FDI are all endogenous. -ey dis-
tinguish imitation that targets the products of developed
firms from the products of Multinational Corporations
(MNCs), by supposing the costs of imitating are lower than
costs of indigenous innovation such as independent R&D.
-ey make the conclusion that tighter IPR protection keeps
MNCs safer from imitation, but no for the Northern firms.
Instead, they make the conclusion that, for the sake of
imitation difficulty, it generates resource wasting and imi-
tation disincentive effects which reduce both FDI and in-
novation. More resources absorbed in imitation leads to less
FDI and thus reduced innovation. Apparently, their finds are
converse with Lai ‘s [4].

Chen and Puttitanun [7] conducted a study of 64 Patent
Examiner Data Systems (PEDs) from 1975 to 2000. -ey
showed that innovations in the developing countries in-
crease with increasing IPR protection. Glass and Wu [8] try
to explore the underlying mechanism and theory about the
effects of IPR protection on FDI and innovation. In their
model, firms in developed countries carry on innovation to
improve the quality of existing products and may shift
production to developing countries through FDI later on.
Firms in developing countries then imitate the products of
MNCs. -ey conclude that the effects of IPR protection
depend on innovation types. Tighter IPR encourage FDI and
innovation when the innovation is based on variety, but
when innovation is based on quality improvements, it has an
opposite effect. Hence, tighter IPR, by reducing imitation,
may shift innovation away from a higher quality im-
provement in existing products toward developing new
products. -e overall effects on innovation and FDI are
vague.

Empirical methods are used in related topics gradually.
Yang et al. [9] consider the relationship between IPRs and
innovations of 42 countries over the period 1996–2007. It is
found IPR protection remains a significantly positive in-
fluence on innovations for high-income countries, but it has
no effect on fostering innovations for non-high-income
countries. Ezzeddine and Hammami [10] estimate a non-
linear threshold model applied to panel data on 10 emerging
countries for 1985–2015. -e results revealed a significant
influence of the threshold of the intellectual property rights
on innovation. In other words, there is an inverse-U rela-
tionship between the IPR and innovation. Latest papers talk
about the related topic with a special perspective. For ex-
ample, Dai et al. [11] discuss the stock market returns with
new technical indicators, which were found beneficial to the
IPR and had the implication of predictability of firm trend
correlated.

-ese models are very suggestive and provide lots of
valuable theoretic insights, but it is assumed that the effi-
ciency of Southern labor in innovation is somuch lower than
that of Northern labor; in equilibrium, only Northern firms
do innovate, which is contrary to the real case between

China and America. Meanwhile, increased intellectual
property rights (IPRs) protection is occurred in the South,
and the imitation cost from Northern countries is much
higher than before.

In fact, while imitation is prominent in the Southern
countries, empirical evidence shows considerable innovative
activities by the Southern firms. It is particularly important
to consider innovation by the Southern firms when con-
sidering FDI in newly industrialized countries or in rela-
tively technologically advanced developing countries. In
different contexts, the importance of innovation in the less
developed countries is acknowledged (Muniagurria and
Singh [12]). However, these works are empirical and policy
analysis and lack theoretic study on Southern indigenous
innovation.

Based on previous literature, we build an extended
North-South product cycle model in which Northern in-
novation and FDI, imitation, and Southern indigenous in-
novation are all endogenous. We contribute to the literature
by introducing the theme in three critical ways: firstly, we
introduce Southern indigenous innovation based on existing
endogenous literature (by Grossman and Helpman [13];
Aghion and Howitt [14]; Glass and Saggi [6]; Branstetter
et al. [5]; and Glass and Wu [8]). We distinguish it from
Northern innovation, which is similar to imitative inno-
vation caused by a spillover effect (not illegal despite of some
grey areas), and it creates the product with a higher quality
and lower cost than MNCs may do. We differentiate it from
imitation too, which is an illegal activity, and produce the
product with a lower quality and lower cost than MNCs do
[15, 16]. Secondly, we introduce constraint of skilled labor
and the indigenous innovation in the South. -e Southern
innovative and absorptive capacity depends on its resource
base, including the availability of skilled labor and a suitable
level of organizational know-how [3]. On the contrary,
MNCs use the technologies developed in the North, which
are skill-complementary and designed to be used by skilled
labor [9, 10, 17, 18]. Hence, Southern imitators, Southern
indigenous innovators, and MNCs will compete with a
higher profit, which generates strategic behaviors between
the North and the South. Zhuang and Zou [18] use the
similar framework, and they focus on the North-South
intellectual property rights conflict related with market
structure. -irdly, we introduce game theory to discover the
nature of innovation and to discuss the effects of tighter IPR
on the strategic behavior between the North and the South.

-e remainder of the paper is organized as follows.
Section 2 presents an extended endogenous product cycle
model to reveal how technology flows are accompanied by
FDI. Section 3 investigates the effects of tighter IPR given
supply constraint of skilled labor in developing countries.
Section 4 has the game theory analysis. Section 5 has the
discussion of how to have empirical study. Section 6 draws
the conclusions.

2. The Model

-ere are two regions (North and South) in the world, and
free trade is allowed. A Northern firm or a Southern firm
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develops a product by incurring an upfront innovation cost.
It then earns the opportunity to make a stream of future
profits. It is assumed that the efficiency of Southern labor in
innovation is lower than that of Northern labor; in equi-
librium, Northern firms do R&D, and Southern firms do
indigenous innovation. -ere is infinite patent life in the
North and South, and the patent law enforcement is perfect
in North but imperfect in South. -erefore, imitation only
occurs in the South, not in the North. It is assumed that
imitation cost is lower than innovation cost.

Labor is the only factor of production, and labor en-
dowment in region i is Li(i � N, S). We assume that one
labor supplies one unit inelastic labor service. It is used for
R&D and production in North or for indigenous innovation,
imitation, and production in South. We assume that MNCs
need skilled labor. Skilled labor is abundant in North and is
scarce in South. At any time, a number of differentiated
products (denoted by n) have been developed by the North
and the South. Each innovation takes the form of the in-
troduction of a new differentiated product in the economy
by a firm. In equilibrium, Northern firms will transfer
production toward South through FDI, a process which is
called “multinationalization”. Since wage is lower in de-
veloping countries, firms in developed countries will stop
production once the internationalization of the production
has been finished.

2.1. Consumers. -e specification of consumer utilities
follows Grossman and Helpman [13]. Consumers choose
from a continuum of products j ∈ [0, 1], assume preferences
are identical in the two regions, and the representative
consumer from country i ∈ [N, S] has additively separable
intertemporal preference given by choosing expenditure
E(τ) to maximize lifetime utility at time t:

U � 
∞

t
e

− ρ(ι− t)log u(τ)dτ, ρ> 0, (1)

subject to intertemporal budget constraint


∞

t
e

− r(ι− t)
E(τ)dτ � 

∞

t
e

− r(τ− t)
I(τ)dτ + A(t), ∀t,

(2)

where ρ is the common subjective discount factor, r is the
nominal interest rate, I(τ) is the instantaneous income, and
A(t) is the current value of assets. -e instantaneous utility
u(τ) is defined by

u � 
1

0
x(j)

αdj 

1/α

, (3)

where x(j) denotes the consumption of good j and n the
number of goods available and 0< α< 1.

Under the above assumptions, the consumer’s optimi-
zation problem can be reduced to a two-stage problem,
where the agent solves a dynamic optimization problem
of allocating E(t) overtime and then solves a static opti-
mization problem of choosing the various x(j) subject to a
budget constraint of E(t) at time t. Given expenditure E, the

standard solution to the static optimization problem gives
the following:

x(j) � p(j)
− ε E

P
1− ε, (4)

where ε � 1/(1 − α) is the elasticity of substitution between
any two goods and ε> 1. p(j) denotes the price of good j and
P a price index such that

P � 
1

0
p (j)

1− ε
d(j) 

1/(1− ε)

. (5)

Solving the two-stage procedure, the optimal spending
rule is given by ( _E/E) � r − ρ. Aggregate expenditure of all
consumers in country i, which satisfies
E(τ) � EN(τ) + ES(τ), is

E(τ) � 
1

0
  p(j)xi(j)dj. (6)

Following Grossman and Helpman [13], if E(t) is
normalized by E(t) � 1 for all t, then we have r(t) � ρ in
steady state.

2.2. ProductMarket. -ere are four types of firms: Northern
firms (N), Northern multinationals (M), Southern imita-
tors SM, and Southern indigenous innovator SI. Denote
firms by J, J � N, M, SM, SI. Northern firms can either
produce in the North or in the South. A firm needs one unit
labor force to produce a unit output in the North, whereas
θ≥ 1 units labor service per unit output are needed in the
South, due to the costs of coordinating decisions over larger
distances and operating in relatively unfamiliar environ-
ment, as well as Southern skilled labor premium, based on
ownership advantages derived from technological assets and
brands value [17, 19]. -e four types of firms interact as
shown in Figure 1.

-ere are n goods in the world at time t, and nS and nN

are produced in the South and in the North, respectively.
-erefore, n � nS + nN. Let nS � nSM + nSI + nM, nSM are
products imitated by Southern imitators, nSI are products
innovated by Southern indigenous innovators, and nM are
products produced in the South by multinationals.

Given the demand function in (4), wage rates in the
North and the South are denoted by wN and wNwS, re-
spectively. It is easy to show that prices of Northern firms are
mark-ups over their marginal costs caused by market power:

p
N

�
w

N

α
,

p
M

�
θw

S

α
.

(7)

Southern imitators can only produce those goods that
they have been imitated successfully, and a firm needs one
unit labor force to produce a unit output. We assume that a
Southern firm has imitation toward multinationals only.
Actually, Northern firms can possibly have their products
imitated, but the risk of imitation they face is lower than that
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of multinationals [6]. A successful Southern imitator en-
gages in price competition with the MNC and charges its
optimal monopoly price:

p
S

� θw
S
. (8)

If Southern indigenous innovators get success, they will
compete with MNCs by setting price. Similarly, we assume
that indigenous innovation targets only MNCs. Actually, the
price of Southern imitator can be held on when it lies below
the marginal cost of multinational firm, which satisfies

p
SM

�
w

S

α
. (9)

We have wSM/α< θwSM, θα> 1.
Meanwhile, Northern firms can possibly have their

products innovated by Southern firms, but the cost is much
bigger, and in equilibrium, we have

p
SI

�
w

S

α
. (10)

Obviously, we have wS/α>wSθ, θα< 1.
Let xJ denote the output level of firm xJ, where

J � N, M, SM, SI. -e variables xN, xSM, xSI, and xM are
determined by demand function (4) when the prices of the n

goods are known. From equation (4), we have

x(i)

x(j)
�

p
− ε
i

p
− ε
j

. (11)

From (7), (8), and (10), we then have

x
SM

x
M

� α− ε
, (12)

x
M

x
N

�
θwS

wN
 

− ε

, (13)

x
SI

x
M

� θε. (14)

Hence, the profit flows of a Northern firm, an MNC, a
Southern imitator, and a Southern indigenous innovator are
as follows:

πN
� p

N
− w

N
 x

N
�

(1 − α)w
N

x
N

α
, (15)

πM
� p

M
− w

S
 x

M
�
θ(1 − α)w

S
x

M

α
, (16)

πSM � θw
S

− w
S

 x
SM

� (θ − 1)w
S
x
SM

, (17)

πSI �
w

S

α − w
S

 x
SI

�
(1 − α)w

S
x
SI

α
. (18)

2.3. Innovation and FDI. Innovation needs skilled labor.
Skilled labor accumulation results in interaction between
human capital and innovation of General Purpose Tech-
nology [3, 20, 21] in developed countries. For simplicity, we
assume sophisticated labor supply is increasing overtime:

hN � L
N

− 1 − sN( L
N

e
− βNt

, (19)

where sN is the initial share of skilled labor in developed
countries and parameter βN > 0 measures the rate of skill
formation.

Following Grossman and Helpman [22], we assume the
rate of invention per unit time _n is given by

_n �
hNKN

aN

, (20)

where aN is the parameter of innovation productivity, hN is
the Northern skilled labor used in innovation, and KN is the
accumulative knowledge stock used in innovation, where
KN � n, reflecting the spillover effect of past innovation on
current innovation. We therefore define g � (hN/aN).

In the North, labor is allocated to innovation and
production:

aNg + nNx
N ≤L

N
. (21)

-e accumulation of skilled labor in the South results in
interaction among Southern human capital investment,
imitation, and FDI activities [23]. Similarly, we have

hS � L
S

− 1 − s ns( ( L
S
e

− βSt
, (22)

where s(nS) ∈ (0, 1) is the initial share of skilled labor in
South and it is called cross-product skill transfer coefficient,
which decreases with the increasing technical level of the
product. Parameter βS > 0 measures the rate of skill
formation.

We assume Southern indigenous innovators target
MNCs’ products only. Similarly, we define the rate of in-
vention per unit time _nSI is given by

_nSI �
hSIKS

aI

, (23)

Adaptation for FDI 

Imitation 
targeting 

Northern firms 

Competition 
targeting 

multinationals 

Northern
firm N

Northern 
multinationals M

Southern imitators
SM 

Southern indigenous
innovators SI

Innovation 

Figure 1: Four types of firm composition.
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where aI < aN is the parameter of indigenous innovation
productivity, hSI is the Southern skilled labor used in in-
novation, and KS is the accumulative knowledge stock used
in innovation, where KS � nS. We therefore define as
follows:

gS �
_nSI

nM

�
nShSI

nMaI

. (24)

Imitation is assumed to be costly, and the costs of im-
itation are averagely around 65% of innovation costs [24].
We further assume imitation needs skilled labor. Given the
scarcity of skilled labor in South, the rate of imitation per
unit time _nSM is given by

_nSM �
hSMKS

aM

, (25)

where aM < aI is the parameter of imitation productivity,
hSM < hSI is the Southern skilled labor used in imitation, and
KS is an accumulative stock of knowledge used in imitation,
where KS � nS. -us, the imitation rate μ is

μ �
_nSM

nM

�
nShSM

nMaM

. (26)

MNCs use skill-biased technologies developed in the
North, whose production is hence constrained by supply of
skilled labor in South. We make distinction between two
types of FDI and define the rate of horizontal FDI and the
rate of vertical FDI as follows:

ϕ1 �
nMp

M
x

M

nSp
S
x

S
,

ϕ2 �
_nM

nN

.

(27)

Accordingly, Southern resources constraints are
aI _nSI

nS

+
aM _nSM

nS

+ θnMx
M

+ nSIx
SI

+ nSMx
SM ≤ L

S
, (28)

hSI + hSM + hM ≤ hS, (29)

where hM is the Southern skilled labor used by MNCs.
Southern labor is allocated to indigenous innovation, imi-
tation, production of MNCs, and production of Southern
firm. Southern skilled labor is therefore competitively used
by MNCs, indigenous innovators, and imitators.

2.4. Steady State System. Following Helpman [3], Lai [4],
and Branstetter et al. [5], we study a steady state equilibrium
in which r � ρ is satisfied, and all product categories grow at
the same rate g. We thus have

gN ≡
_n

n
�

_nN

nN

�
_nSI

nSI
�

_nSM

nSM
�

_nM

nM

�
_nS

nS

. (30)

Combining (21), (24), and (26), we have

nM

nN

�
ϕ2

gN

,

nS

nN

�
ϕ2 gN + gS + μ( 

g
2
N

,

(31)

nSI

nM

�
gS

gN

,

nSM

nM

�
μ

gN

,

n

nN

� 1 +
ϕ2 gN + gS + μ( 

g
2
N

.

(32)

A successful innovator can produce either in the North
or South. It is cheaper to produce in the South, while there is
risk of imitation. -e lifetime value of a successful innovator
who chooses to produce in the North is

v
N

�
πN

ρ + gN( 
. (33)

If he chooses to be a MNC, its lifetime value is

v
M

�
πM

ρ + gN + gS + μ( 
. (34)

Because all Northern firms are free to become a MNC,
we must have

v
N

� v
M

. (35)

Similarly, the lifetime value of a Southern imitator is

v
SM

�
πSM

ρ + gN + gS( 
. (36)

-e lifetime value of a Southern indigenous innovator is

v
SI

�
πSI

ρ + gN + μ( 
. (37)

Because all Southern firms are free to imitation or in-
digenous innovation, we must have

v
SM

� v
SI

. (38)

Freedom of innovation implies that the value of a
Northern firm must be exactly the cost of innovation:

v
N

�
w

N
aN

n
⟺

πN

ρ + gN( 
�

w
N

aN

n
. (39)

Freedom of indigenous innovation implies that the value
of a Southern firm must be exactly the cost of innovation:

v
SI

�
w

S
aI

nS

⟺
πSI

ρ + gN + μ( 
�

w
S
aI

nS

. (40)

Similarly, freedom of imitation means
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v
SM

�
w

S
aM

nS

⟺
πSM

ρ + gN + gS( 
�

w
S
aM

nS

. (41)

We now examine North-South relative wage. Since
vN � vM, we have

πM

πN
� 1 +

gS + μ( 

ρ + gN( 
. (42)

From the definition of profit, we also have

πM

πN
�

θwS

wN
 

1− ε

. (43)

Combining (42) and (43), we have

w
N

w
S

� θ 1 +
gS + μ( 

ρ + gN( 
 

1/(ε− 1)

. (44)

In the steady state, from (21), (31), and (32), we have the
equilibrium condition of labor market clearing in the North:

aNgN +
g
2
N

g
2
N + ϕ2 gN + gS + μ( 

aNα ρ + gN( 

(1 − α)
� L

N
. (45)

In the steady state, from (28), (29), (31), and (32), we
have the equilibrium condition of labor market clearing in
the South:

gN aIgS + aMμ(  +
θaMgN ρ + gN + gS( 

(θ − 1)α− ε +
αaIgS ρ + gN + μ( 

(1 − α)

+
aMμ ρ + gN + gS( 

(θ − 1)
� L

S
gN + gS + μ( ,

(46)

hSI + hSM + hM � hS. (47)

Based on (13), (14), (31), (32), (39), and (40), we find the
fourth equilibrium condition:

ϕ2 gN + gS + μ( 

g
2
N + ϕ2 gN + gS + μ( 

aN ρ + gN( 

aI ρ + gN + μ( 
θ 1 +

gS + μ( 

ρ + gN( 
 

ε/(ε− 1)

� 1.

(48)

Similarly, from (40), (41), (17), and (18), we find the fifth
equilibrium condition:

(1 − α)θεαε− 1
aM

(θ − 1)aI

ρ + gN + gS( 

ρ + gN + μ( 
� 1. (49)

Equations (45)–(49) define the steady state equilibrium
of the model in terms of five endogenous variables: the rate
of Northern innovation, the rate of Southern indigenous
innovation, the imitation rate, FDI, and the supply of skilled
labor in South.

3. The Effects of IPR Protection with
Indigenous FDI

To examine the effects of IPR protection, we use an increase
in the cost of imitation aM(1 + κ) or the cost of indigenous
innovation aI(1 + κ) as a measurement of the degree of IPR
protection. A higher κ ∈ [0,∞] represents a higher degree of
IPR protection.

Different from the assumption of exogenous initial
imitation rate [3], this paper is to provide a product cycle
model in which innovation, imitation, and FDI are en-
dogenous. By equation (25), we will find that the rates of
imitation depend on Southern skill levels hS and imitation
productivity parameter aM. Given aM, initial rate of imi-
tation is low when hS is low, and vice versa. Furthermore,
indigenous innovation costs more skilled labor than that of
imitation, and vertical FDI activities cost more skilled labor
than that of horizontal FDI activities. -is means the imi-
tation rate not only depends on Southern skill level but also
depends on the strategic behavior among imitators, indig-
enous innovators, and MNCs.

From (26), we have μ ∈ [0, hS/aM). Two cases deserve
considering. (i) In the steady state, if skill level in developing
countries satisfies 0< hS ≤ hc

S, then there exists a critical
value of imitation rate μc, and a low range of imitation rates
0< μ<min(μc, hS/aM). (ii) If skill level in developing
countries is so enough that hS > hc

S, and if μc < hS/aM, there
exists a high range of imitation rate μc < μ< hS/aM.

3.1. IPR Protection. Given weak IPR protection, will a
Southern firm choose imitation or indigenous innovation? If
the Southern firm chooses imitation, the successful imitator
engages in Bertrand price competition with the MNCs
whose product has been copied [22]. -e question is now
whether the Southern firm chooses indigenous innovation?

If a firm in developing country chooses and succeeds in
indigenous innovation, given strategies of MNCs, it pro-
duces a product of higher quality and lower cost than MNCs
can do. Because of free ride problem (all Southern firms can
costless produce the indigenous innovated product), the
economy will return to the steady state defined above. Given
market demand of the product, price of the product will go
down from pM � w′

S/α to pM � w′
S/α. From (40), we can

find that the expected return of the indigenous innovator
deteriorates

(θ − 1)w′
S
x
SM

ρ + gN + μ( 
�

w′
S
aI

nS

<
w′

S
aI 1 + hSI( 

nS

, (50)

where w′
S >wS representing skill premium and hSI > 0 is the

amount of skilled labor used in indigenous innovation.
Obviously, the cost of indigenous innovator cannot be re-
covered, and thus, rational Southern firm always choose
imitation under weak IPR protection.
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Proposition 1. Under weak IPR protection, there is no in-
digenous innovation, and imitation is Southern firm’s
dominant strategy.

If the South strengthens IPR protection, what happens to
the strategies of Southern firm and MNCs? First, we discuss
the effects of tighter IPR on imitation. We introduce IPR
protection into (46), other things equal, let the rate of in-
digenous innovation be equal to zero, and we compute

zμ
zκ

�
gNμθ + θgNα

ε
gN + ρ(  + μρ  gN + μ( 

(1 + κ)gN θαερ + θαεgN − θgN − ρ( 
, (51)

where the value of numerator is positive. Sign of equation
(51) depends on sign of δ � θαερ + θαεgN − θgN − ρ. Ob-
viously, the degree of market power (measured by 1/α [14])
plays a crucial role here. We can find out a α∗ � [(ρ + θgN)/
θ(ρ + gN)]ε, 0< α< 1, satisfying δ � 0. -erefore, if 1/α< 1/
α∗, then δ > 0, zμ/zκ> 0; if 1/α> 1/α∗, then δ < 0,zμ/zκ< 0.

-us, imitators’ strategies depend on market structure. In
the limit, we have

lim
κ⟶∞

zμ
zκ

� 0. (52)

Proposition 2. Under tighter IPR protection, imitators’
strategies depend on the degree of market power. If 1/α< 1/α∗,
then zμ/zκ> 0; if 1/α> 1/α∗, then zμ/zκ< 0.

-en, we discuss the effects of tighter IPR on indigenous
innovation. Similarly, we introduce IPR protection into (46),
other things equal, and we compute

zgS

zκ
�
Δ gN + gS + μ( 

(1 + κ)Ω
, (53)

where

Δ � gN aIgS + aMμ(  +
aM gN + gS + ρ(  θgNα

ε
+ μ( 

θ − 1
+
αaIgS ρ + gN + μ( 

1 − α
> 0,

Ω � gNaMμ − g
2
NaI − gNaIμ +

aM(ρ − μ) θgNα
ε

+ μ( (

θ − 1
−
αaI ρ + gN + μ(  gN + μ( 

1 − α
.

(54)

Obviously, the value of numerator is positive. Sign of
equation (53) depends on sign of the denominator. In the
limit, let μ � 0, then we have zgS/zκ> 0; i.e., if there is no
imitation, tighter IPR will incentive indigenous innovation.
If μ> 0 and μ≥ ρ, we have zgS/zκ< 0. -us, there will be a
critical imitation rate, if IPR protection is not so tight. And
beyond this critical value, imitation will retard indigenous
innovation. -erefore, appropriate degree of IPR protection
is a necessary condition of indigenous innovation; i.e., there
exists a low bound κ > 0, satisfying equation (53), and
zgS/zκ> 0. In the limit, we have

lim
κ⟶∞

zgS

zκ
� 0. (55)

Obviously, we have κ < κ<∞.

Proposition 3. Appropriate degree of IPR protection is a
necessary condition of indigenous innovation; i.e., there exists
a low bound κ > 0, satisfying κ < κ<∞ and zgS/zκ> 0.

3.2. Foreign Direct Investment. -e multinational firms are
profit-oriented, so they are sensitive to the perceived strength of
IPR protection. Such protections may induce foreign firms to
produce and sell technologically advanced goods in the
reforming southern country. Surveys ofmultinationalmanagers
suggest that technology transfer within multinational firm is
sensitive to the perceived strengthening of IPR protection.

-ere are various reasons to suspect that the impact of IPR
protection on FDI such as industry characteristics and host-
country conditions is to be considered. -e relevance of these

factors can be derived from the OLI framework or “eclectic”
paradigm, developed byDunning [25, 26], according to which
FDI is driven by the interplay between ownership, locations,
and internalization motives. As industry characteristics,
Maskus [27, 28] supposes that IPR protection is more im-
portant for FDI in industries with considerable intellectual
property-related ownership advantages than for FDI in ser-
vices, as well as in low-tech and standardized manufacturing.
Likewise, host-country resource endowment conditions can
be expected to shape the relationship between IPR protection
and FDI. For example, the sensitivity of FDI to IPR protection
is supposed to depend on the host countries’ capacity for local
imitation. On the one hand, IPR protection can be expected to
induce more FDI in host countries with some imitative ca-
pacity. On the other hand, the effect of IPR protection on FDI
may turn negative if imitative capacity goes hand in hand with
particularly strong IPR protection, since licensing becomes
more attractive.

FDI flows are the fraction of all product cycles occurred
through imitation times the frequency of product cycles.
Although the IPR is tighter, the rate of innovation increases,
and a smaller fraction of international technology transfer
will happen, which means the flows of FDI to developing
countries will increase. In other words, it may harm the
technology transfer, but the establishment of sophisticated
market economy will make things better to increase FDI.

zϕ
zk

�
β

1 − (w/λ)(1 − η)

zη
zk

� −
λ
w

zβ
zk

�
λ
w

β
D
> 0. (56)

-at is to say, FDI increases with a stronger IPR pro-
tection as well as technological innovation in developing
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country. FDI and imitation both serve as channels of in-
ternational technology transfer although IPR protection
crowds out some imitation activities, but it will optimize
market competition environment, which will offset the
decline accompanied by the imitation in host country.
However, the business environment improvement will bring
in more FDI, which will promote FDI finally. At the same
time, when a firm transfers sensitive technology to a branch
by FDI, usually it has to improve labor skills of local workers
connected with key elements of its technology. Some of these
elements may have been deliberately withheld from the
firm’s patents, but there is still a risk that the local employees
will leave for another job to a local manufacturer, even
taking sensitive technology with them to imitate. -is is also
accompanied by the process of spillover effect. By combining
the patented and unpatented parts of technology, it will
bring about the implication of these techniques. However, it
will be trapped in the low-level imitation. -at is to say, in a
weak IPR environment, the multinational firms hardly have
any restriction to the new parties. In the context of a stronger
IPR environment with good patent protection, the firm can
prevent the infringing firm from using the patented com-
ponents of its technology. In addition, numerous patent
reforms examined below explicitly included new protection
of trade secrets or strengthened existing protection.

4. Game Theory Analysis

In a North-South framework, we build a two-period game
theory model. For simplicity, suppose there is one firm in the
North which targets becoming an international firm by FDI
such as greenfield investment. In the first period, the
Northern firm makes decision on how much R&D expen-
diture is input. -e expenditure depends on the net profit
received by R&D, which satisfies

q(e) · π2 +[1 − q(e)]π1 − e, (57)

where e is the R&D expenditure and q(e) is the success
probability of innovation, which is the common knowledge
to both sides. -e Northern firm will choose e to make its
payoff maximization. -e first-order condition of the above
formula is

q′(e) π2 − π1(  � 1. (58)

Meanwhile, the Northern firm would choose to have the
FDI for higher profit, which holds

q(e) · π2 +[1 − q(e)] · π1 − e> π1. (59)

Because the Northern firm has a fixed cost F in the first
period, the total payoff of it will be π1 − F in this period. And
the payoff of the Northern firm in the two periods is

π1 − F + q(e) · π2 +[1 − q(e)] · π1 − e. (60)

Now the stronger IPR is introduced in the South.
Suppose the IPR system is not perfect. We make the as-
sumption that the Southern firm can imitate Northern firm
technology without any cost in the first period, but the
Southern local court has the possibility c to detect the

behavior to have a penalty to the Southern firm. If not
detected, it will continue to the imitation of the technology.
So the reservation payoffs in the second period is either 0 or
(1 − c)π1′. -e intensity of FDI by the Northern firm de-
pends on payoff got by it in the second period subgame. As
soon as IRP is enforced, the Northern firm payoff is as
follows:

q(e) · π2 +[1 − q(e)] · cπ1 +(1 − c) π1 − π1′(   − e. (61)

-e first-order condition of the above formula is

q′(e) · π2 − cπ1 +(1 − c) π1 − π1′(    � 1. (62)

In fact, c can be used as an index to measure the strength
of IPR. -e higher the c is, the stronger the IPR regime is.

We can find that the total payoff in two periods of
Northern firm is a strictly concave function of the R&D
expenditure e, given the potential leading characters of the
R&D which satisfies the condition q(e). Suppose F � 0, and
the total payoff is to maximize at the expenditure value of the
following formula:

π1 + q(e(c)) · π2 +[1 − q(e(c))] · π1 − e(c). (63)

It is given by the condition

q′(e) · π2 − π1(  � 1. (64)

-e condition (64) gives the level of R&D investment, as
well as condition (62) gives the actual R&D investment in the
subgame undertaken by the Northern firm. Suppose c � 1,
and the two coincide. -at is to say, the maximal payoff
obtained by Northern firm is reached only when there is a
strongest IPR regime and corresponds to the higher inno-
vation rate (Figure 2). So the tighter IPR will increase in-
novation in the Southern sides as well as a greater payoff of
Northern firm. -is is why nearly worldwide countries and
regions are making effort to improve their business envi-
ronment.-e optimal choice for the Southern government is
to choose c � 1 in theory, but such a tighter IPR policy will
crowd Southern firms out of imitation, which cannot offset
the flow of FDI. So the progress in the policy should be
dynamic and in pace to reach the ultimate goal.

5. Empirical Study on IPR and
Technological Innovation

-e multinational firms are profit-oriented, so they are
sensitive to the perceived strength of IPR protection. Such
protections may induce foreign firms to produce and sell
technologically advanced goods in the reforming southern
country. Surveys of multinational managers suggest that
technology transfer within multinational firm is sensitive to
the perceived strengthening of IPR protection.

When a firm transfers sensitive technology to an affiliate,
it generally has to instruct local engineers and other local
skilled workers concerning key elements of its technology.
Some of these elements may have been deliberately withheld
from the firm’s patents, in the United States and in the
foreign country, in order to prevent other parties from being
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able to copy its technology simply by reading its patents.
When it transfers this knowledge to local employee, there is a
risk that these employees will defect to a local manufacturer,
taking sensitive technology with them. -ese employees are
able to combine the patented and unpatented elements of the
firms’ technology, effectively competing with it in the local
market.

In a weak IPR environment, the multinational firm has
little recourse. In the context of a stronger IPR environment
with good patent protection, the firm can prevent the in-
fringing firm from using the patented components of its
technology. In addition, a number of the patent reforms
examined below explicitly included new protection of trade
secrets or strengthened existing protection.

Basic intuition suggests that if IPR regime shifts have a
material impact on true intellectual property protection,
then there should be an increase in the value of technology
flows from parents to affiliate following regime changes. It is
possible to test for this effect using regressions of the fol-
lowing form:

ln FDIit � 
c

αc lnXit + β ln IPRit + εit, (65)

where X are vectors of control variables, IPR is a measure of
the strength of IPR, and ε is an error term. Combining
factors we are concerned with, the empirical specification is
as follows:

ln FDIit � α1GDPit + α2OPENit + α3MANUit + +β ln IPRit + εit.

(66)

FDI denotes the FDI attracted by country i, and GDP
represents the gross domestic product of country i, which
reflects the economic development level of the country.
OPEN means the openness of the country, which an es-
sential part of business environment. MANU is the ratio of
manufacturing factor to the GDP. As FDI is highly con-
nected with manufacturing sector, it is adopted to measure
the industry structure of the host country. IPR is used to
measure the degree of intellectual property rights protection,
which is the key variable. Most previous studies adopted the
IPR index developed by Ginarte and Park [29], but the data
were out of date. Yang et al. [9] used alternative indices
surveyed by both IMD and WEF. -e data can provide
longitudinal and consistent measures of IPR strength by

questionnaire, and a higher value corresponds to a stronger
IPR protection. However, the indices of China are excluded.
Meanwhile, the tighter IPR protection is underwaymainly in
these years. So it hard to have enough data. With the ac-
cumulation of the data and the solution of the measure tool,
we can have further study on the correlation of IPR pro-
tection strength and FDI as well as technological innovation.
It is the direction of our next research.

6. Conclusion

We build an extended North-South product cycle model in
which innovation, imitation, and FDI are all endogenous.
We extend existingmodels and contribute to the literature in
three perspectives: first, we establish the skill accumulation
function in the South and introduce constraint of skilled
labor, and the imitation rate in the South is endogenous.
Second, we take into account market structure and discuss
the effects of tighter IPR in the framework of North-South’s
strategic action. -ird, we have the welfare analysis with
game theory.

It is found that, in the steady state, if the skill level is low
and satisfies hS1 < hS ≤ hS2, there exists a critical value of
imitation rate μc with a low range of 0< μi <min(μc, hS/aI).
In oligopoly market with vertical innovation, tighter IPR
protection hurts both regions. In monopolistic competition
market with horizontal innovation, tighter IPR protection
benefits both regions in the short run but hurts both in the
long run. -ese conclusions are similar to those in Helpman
[3], while the consideration of market structure makes a
difference.

We further show that, in the steady state, when Southern
skill level is high enough and satisfies hS > μcaI + hS2, and if
μc < hS/aI, there exists a high range of imitation rate
μc < μi < hS/aI. In oligopoly market with vertical innovation,
tighter IPR protection hurts both regions. In monopolistic
competition market with horizontal innovation, we prove
that there exists an optimal degree of IPR protection
κ < κ∗ < κ in the South, which may differentiate from that in
the North and also differ across Southern countries and
industries. Under this optimal degree of IPR protection,
tighter IPR protection can benefit both countries (regions).

Generally speaking, it is found that the effect of tighter
IPR protection on FDI is positive, which is consistent with
the substantial empirical results [30–37]. We developed a
North-South quality-ladder model, in which foreign direct
investment and imitation are the main channels of tech-
nology transfer. We then conducted not only a positive
analysis but also a welfare analysis on intellectual property
rights (IPR) protection in developing countries. We showed
that strengthening IPR protection can raise welfare not only
in developed countries but also in the developing countries.
So it will increase the aggregate social welfare. -e result is
contrary with that of Helpman [3], whose pioneering study
concludes that a stronger IPR protection in the South
necessarily damages welfare in the South. However, our
results differed markedly from Helpman’s in this respect.
-us, our result provides a theoretical basis for strength-
ening patent protection in developing countries. To

Northern

Southern

w

1r∗ r0

Figure 2: Welfare and IPR strength.
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simplification, we abstracted from two factors whose in-
corporation would make the model more realistic. It also has
insights into policy-making related to FDI and IPR pro-
tection. -at is to say, when having policy decision, the
following points much be taking into account.

Firstly, it is the cost of patent enforcement. In practice,
resources are required to enforce IPR protection. For in-
stance, the government must allocate sophisticated officials
to institutions applying laws dealing with patent infringe-
ments. Hence, increasing IPR protection requires more
regulation officials. Incorporating the costs associated with
patent protection might result in our finding that
strengthening patent protection improves developing
country welfare being subject to more stringent restrictions.

Secondly, it is trade barriers between developed and
developing countries. Trade barriers, in the form of tariffs,
for example, are expected to affect both the benefits and costs
of stronger patent protection in the South. For example, the
existence of tariffs might induce tariff-jumping FDI from the
developed country and might intensify the positive FDI-
promoting welfare effect of strengthening patent protection.
It is the reason why some American companies are still
determining to move to developed countries including
China under the background of trade policy during Trump
Government’s presidency.
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