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This paper develops a model of North–South trade with multinational firms and economic growth in order to
analyze formally the effects of stronger intellectual property rights (IPR) protection in developing countries.
In the model, Northern firms invent new higher-quality products, multinational firms transfer manufacturing
operations to the South and the Southern firms imitate products produced by multinational firms. It is shown
that stronger IPR protection in the South (i.e., the adoption and implementation of the TRIPs agreement)
leads to a permanent increase in the rate of technology transfer to the South within multinational firms, a
permanent increase in R&D employment by Southern affiliates of Northern multinationals, a permanent
decrease in the North–South wage gap, and a temporary increase in the Northern innovation rate.
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1. Introduction

The purpose of the present paper is to develop a model of North–
South trade withmultinational firms and economic growth in order to
analyze formally the effects of stronger intellectual property rights
(IPR) protection in developing countries. The Trade-Related Intellec-
tual Property (TRIPs) agreement, which was signed as part of the
Uruguay round of multilateral trade negotiations in 1994, calls for the
establishment of minimum standards of IPR protection by all World
Trade Organization (WTO) members by 2006. The burden of policy
adjustment, however, has fallen on the shoulders of developing
countries because developed countries already have higher levels of
IPR protection (Maskus, 2000). As a result, an intense debate has
arisen about the effects of stronger IPR protection in developing
countries.2

Advocates of stronger IPR protection argue that this reform
promotes innovation in the global economy and benefits developing
countries by fostering more rapid economic growth. They also claim
that a strengthening of IPR accelerates the transfer of technology from
developed countries (the North) to developing countries (the South),
a further channel through which developing countries benefit.
Opponents of stronger IPR protection counter that this reform leads
to neither faster economic growth nor faster international technology
transfer, but mainly results in the transfer of rents to multinational
corporate patent holders headquartered in the world's most advanced
countries especially the US.3

Recently, new evidence has become available that is directly
relevant to this public policy debate. Taking advantage of considerably
richer data than had been used by prior researchers, Branstetter et al.
(2006) examined how technology transfer within US-based multi-
national firms has changed in response to a series of IPR reforms
undertaken by sixteen countries over the 1982–1999 period.4 They
find that royalty payments for the use of intangible assets made by
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affiliates to parent firms, which reflect the value of technology
transfer, increase in the wake of stronger patent regimes. R&D
spending by affiliates–usually viewed as a complement to technology
imports from parent firms–also increases after IPR reform. The
increases in affiliate royalties and R&D are concentrated among
affiliates of firms that make extensive use of the US patent system
prior to reforms and are therefore likely to value reforms the most. For
these patent-intensive firms, there is a 34% increase in affiliate royalty
payments and a 23% increase in affiliate R&D spending. Branstetter
et al. (2006) conclude that improvements in IPR protection result in
significant increases in technology transfer from US-based multi-
nationals to their affiliates in reforming countries.5

This evidence represents a challenge to the existing theoretical
literature on trade between the North and the South. In North–South
trade models with multinational firms, stronger IPR protection in
the South leads to an unambiguously lower rate of technology
transfer in Glass and Saggi (2002), Sener (2006), and Glass and Wu
(2007), the exact opposite of what Branstetter et al. (2006) find
empirically.6 The observed increase in the rate of technology
transfer that results from stronger IPR protection is consistent
with the implications of North–South trade models developed by
Helpman (1993), Lai (1998), and Branstetter et al. (2007). However
these papers all assume that international technology transfer
within multinational firms is costless and thus cannot account for
the observed increase in R&D spending by foreign affiliates of US
multinationals. In these papers there is no R&D spending by
affiliates, while several empirical studies have documented that
R&D conducted by affiliates in developing countries is focused on
the absorption of parent-firm technology and on its modification for
local markets (Kuemmerle, 1999).

In this paper, we present a dynamic general equilibrium North–
South trade model that is consistent with the above-mentioned
empirical evidence. In the model, Northern firms engage in innovative
R&D to develop new higher-quality products and once successful, they
engage in adaptive R&D to learn how to transfer their manufacturing
production from the high-wage North to the low-wage South. The
profit flows earned by firms jump up when they are successful in
transferring their production to the South and each production
transfer is associated with a royalty payment from the foreign affiliate
to its parent for the use of the parent firm's technology. When firms
are successful in transferring their production to the South, they also
become exposed to a positive rate of imitation by Southern firms.
Stronger IPR protection in the South is modeled as a reduction in the
rate at which Southern firms imitate the products that North-based
multinational firms produce in the South.

The model has unique steady-state equilibrium with a constant
rate of innovation and a constant rate of technology transfer in each
industry. The steady-state rate of innovation does not depend on the
scale of the economy and thus this model is not subject to the Jones
(1995a) critique of early endogenous growthmodels.7 Scale effects are
ruled out by assuming that innovating becomes more difficult as
products improve in quality and become more complex, as in

Segerstrom (1998) and Li (2003).8 Consequently, economic growth
is semi-endogenous (policy choices do not affect the long-run
economic growth rate) and because of this property, the model is
particularly tractable.

We find that stronger IPR protection in the South (i.e., the adoption
and implementation of the TRIPs agreement) leads to a permanent
increase in the rate of technology transfer to the South within
multinational firms and a permanent increase in adaptive R&D
spending in the South by multinational firms. These two effects are
connected because the increase in adaptive R&D spending is what
drives the increase in the rate of technology transfer within
multinational firms. Thus the model is consistent with the two main
empirical findings in Branstetter et al. (2006, 2007), that patent
reform is associated with increased royalty payments from foreign
affiliates to their parent firms in the North and increased R&D
spending by these foreign affiliates. Furthermore, we find that
stronger IPR protection in the South leads to a temporary increase in
the Northern innovation rate and a permanent decrease in the North–
South wage gap. Thus this paper provides support for the argument
that patent reform in developing countries promotes innovation in the
global economy and also sheds light on why several developing
countries have been growing faster than typical developed countries.
Along the transition path leading to a new steady-state equilibrium
with stronger IPR protection, the North–South wage gap can only
permanently decrease if real wages grow faster in the South than in
the North.

In addition to analyzing the equilibrium effects of stronger IPR
protection, we also study the long-runwelfare effects. In North–South
trade models where patent reform permanently increases the
economic growth rate (i.e., Lai, 1998; Branstetter et al., 2007; Glass
and Wu, 2007), consumers must eventually be better off than they
would have been without patent reform. Likewise, in North–South
trade models where patent reform permanently decreases the
economic growth rate (i.e., Glass and Saggi, 2002; Sener, 2006),
consumers must eventually be worse off. In our model, by contrast,
the long-run welfare effects are not unambiguous because patent
reform does not permanently change the economic growth rate
(growth is semi-endogenous). However, most of the long-run effects
go in the direction of benefiting Southern consumers. When IPR
protection is strengthened in the South, Southern consumers benefit
from the faster rate of innovation, the faster rate of technology
transfer, and the decrease in the North–South wage gap. The only
consideration that goes against Southern consumers is that stronger
IPR protection leads to less manufacturing production being trans-
ferred within the South frommultinational firms with higher prices to
Southern firms with lower prices. Thus this paper yields a generally
optimistic picture concerning the long-run welfare effects of stronger
IPR protection in developing countries.

In recent decades, structural changes in the global economy have
significantly increased the effective size of the South. China's entry
into theworld trading system has augmented the Southern labor force
by 760 million workers, the collapse of communism has added
260millionworkers, and recently India has added another 440million
workers (Venables, 2006). As a final exercise, we explore the effects of
increasing the initial size of the South and compare these effects with
the corresponding effects of patent reform.We find that increasing the

5 In a companion paper, Branstetter et al. (2007) introduce endogenous imitation of
foreign affiliates in Lai's (1998) model of North-South trade with multinationals and
increasing varieties and provide further evidence that US-based multinationals expand
their activities in developing countries that have established stronger IPR protection.

6 In addition, Parello (2008) finds that stronger IPR protection in the South has
ambiguous effects on the rate of technology transfer within multinational firms.

7 Jones (1995a) points out that since the 1950s the number of scientists and
engineers in advanced countries has increased more than fivefold without generating
any significant and persistent upward trend in the growth rate of total factor
productivity (TFP). This evidence contradicts one of the main properties of early
endogenous growth models, according to which an economy with a larger population
(larger scale) should exhibit higher long-run TFP growth. With the exception of Sener
(2006) and Parello (forthcoming), all of the above-mentioned North-South trade
models have the counterfactual scale effect property.

8 The Jones critique has stimulated the development of two classes of scale-free
endogenous growth models. On the one hand, Jones (1995b), Kortum (1997),
Segerstrom (1998) and Li (2003) have developed “semi-endogenous” growth models
where the long-run TFP growth rate is proportional to the rate of population growth
and is invariant to changes in policy-related parameters. On the other hand, Young
(1998), Aghion and Howitt (1998, chapter 12), Dinopoulos and Thompson (1998),
Peretto (1998), Howitt (1999) and Segerstrom (2000) have developed “fully-
endogenous” growth models where long-run TFP growth is affected by policy-related
parameters. See Dinopoulos and Thompson (1999), Jones (1999) and Dinopoulos and
Sener (2007) for overviews of this literature.
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initial size of the South has almost the same steady-state equilibrium
effects: there is a permanent increase in the rate of technology
transfer to the Southwithinmultinational firms, a permanent increase
in adaptive R&D spending in the South by multinational firms, and a
temporary increase in the Northern innovation rate. The only
difference is that Southern market expansion has no effect on the
North–South wage gap, whereas patent reform reduces the North–
South wage gap. An increase in the initial size of the South
unambiguously increases long-run Southern consumer welfare.

The rest of the paper is structured as follows: Section 2 offers an
overview of the related literature. The model is presented in Section 3
and then solved for the unique steady-state equilibrium in Section 4.
The equilibrium effects of stronger IPR protection are derived in
Section 5 and the corresponding long-run welfare effects are derived
in Section 6. Section 7 offers some concluding remarks and avenues
for further research. Some algebraic derivations are relegated to
Appendix A and the effects of Southern market expansion are
contained in Appendix B.

2. Related literature

We begin by discussing papers in that earlier literature that focus
on multinationals as the main mode of international technology
transfer but obtain different findings about the effects of stronger IPR
protection in the South.

Compared with the present paper, Glass and Wu (2007) find
opposite effects of stronger IPR protection on innovation and foreign
direct investment (FDI). Their model is similar to ours in many
respects but they find that lowering the exogenous imitation rate
causes a decline in the rates of FDI and innovation. The key difference
is that, while we assume that there is free entry into innovative R&D
races and all firms have access to the same technology, Glass and Wu
assume that industry leaders are sufficiently more productive at
innovating than follower firms so that all innovating R&D is done by
industry leaders. Glass and Wu's assumption has strong implications
because industry leaders engage in innovative R&D when they have
the most to gain by innovating, namely, after their products have been
imitated and they are not earning economic profits. In their model, no
innovative R&D takes place in industries where Northern multi-
national firms produce: innovative R&D targets industries where
products are produced by Southern firms under perfect competition.

In the steady-state equilibrium that Glass andWu (2007) solve for,
imitation must occur before further innovation, FDI must occur before
imitation, and innovationmust occur before FDI. Because the expected
inflow of product lines into each of these three states must be
balanced by the corresponding outflow, the model has the implication
that the aggregate rates of innovation, FDI and imitation must be
identical, so any policy that reduces the rate of imitation (such as
stronger IPR protection) must also reduce the aggregate rates of
innovation and FDI. This implication is not supported by the evidence
reported in Branstetter et al. (2006). By contrast, in our model,
because every industry is targeted by innovative R&D, the aggregate
rates of innovation, FDI, and imitation are not identical and are
allowed to move in different directions in response to policy changes.

Glass and Saggi (2002) analyze a richer model than Glass and Wu
(2007) with costly imitation and costly FDI, but they make the same
simplifying assumptions about innovative R&D. As they state on page
392, “For simplicity, we do not allow Northern innovation to target
other Northern firms by making the necessary assumptions for such
innovation to fail to earn the market rate of return”. When Glass and
Saggi solve their model, they find that there are two types of
equilibrium outcomes with FDI. In the case where there is imitation of
multinationals by Southern firms but not imitation of Northern firms,
they obtain the same results as in Glass and Wu (2007) and for the
same reasons. Since the steady-state rates of imitation, FDI, and
innovation must be identical, and stronger IPR protection must lower

the rate of imitation, it reduces the aggregate rates of innovation and
FDI. In the case where there is imitation of both multinationals and
Northern firms, Glass and Saggi's model is more complicated but it
continues to be true that stronger IPR protection leads to lower rates
of imitation, innovation and FDI due to the innovative R&D targeting
assumption.

In Dinopoulos and Segerstrom (2007), we develop a North–South
trade model with costly innovation and imitation but no FDI. Instead
of international technology transfer being 100% driven by FDI, in this
companion paper we study the polar opposite case where 100% of
technology transfer occurs through imitation (Southern firms copying
the products of Northern firms). Whereas the present paper finds that
an increase in IPR protection leads to a permanent decrease in the
North–South wage gap and a temporary increase in the Northern
innovation rate, Dinopoulos and Segerstrom (2007) find that an
increase in IPR protection leads to a permanent increase in the North–
South wage gap and a temporary decrease in the Northern innovation
rate. Thus one could argue that even in quality-ladders growth
models, the mode of international technology transfer makes a big
difference. When technology transfer occurs through imitation of
Northern products, stronger IPR protection slows the rate of
technology transfer because it leads to a lower imitation rate of
Northern products. This means that more production remains in the
North, and the “excess” production increases the demand for Northern
labor and the North–South wage gap. Northern firms respond to the
higher costs of R&D by decreasing their R&D investment, and this
leads to a decline in the rate of innovation. This global reallocation of
resources is the exact opposite of what we find in the present paper
where technology transfer occurs through FDI.

We view Dinopoulos and Segerstrom (2007) and this paper as
complementing each other because both modes of technology
transfer are important. In the real world, technology transfer from
North to South occurs both within firms (FDI by multinational firms)
and also across firms (imitation). In a more general model that
combines elements of both papers, we conjecture that the effects of
stronger IPR protection would depend on how important each mode
of technology transfer is. If the share of technology transfer due to FDI
is relatively high, we expect that the results of the present paper
would apply: stronger IPR protection leading to a lower North–South
wage gap and more innovation. If the share of technology transfer due
to imitation of Northern products is relatively high, we expect that the
results in Dinopoulos and Segerstrom (2007) would apply: stronger
IPR protection leading to a higher North–South wage gap and less
innovation. This conjecture is consistent with Lai's (1998) analysis in a
model of growth through variety accumulation and deserves to be
investigated formally in future research.

A paper by Sener (2006) has taken a step in this direction. He
presents a quality ladders growth model where there is costly
innovation, costly FDI, costly imitation of products produced in the
North, and costly imitation of products produced by Northern firms
located in the South. Unlike the simplifying R&D targeting assumption
of Glass and Saggi (2002) and Glass and Wu (2007), Sener allows
firms engaging in innovative R&D to target all Northern industries.
Unfortunately, Sener's model is too complicated to solve analytically
and, when he solves it numerically, he only studies a benchmark
parameterizationwhere the imitation rate of products produced in the
North is roughly twice as high as the imitation rate of products
produced by Northern multinationals in South. In this case, roughly
50% of technology transfer is due to imitation. Sener reports that
stronger IPR protection leads to a higher North–South wage gap and
less innovation, the same result as in Dinopoulos and Segerstrom
(2007). He also finds that stronger IPR protection leads to less FDI.9

We conjecture that if he had studied cases where imitation of foreign

9 See Sener (2006, Tables 2a, 2b) where he reports a decline in ϕ.
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affiliates is more important than imitation of Northern firms and FDI is
the dominant mode of technology transfer, he would have confirmed
the results of the present paper. An important benefit of studying
polar extreme cases is that one can obtain analytical (as opposed to
numerical) solutions that are robust to parameter choices and thus
arrive at clear economic insights.

In all aforementioned papers that focused on the nexus of IPR
protection and FDI, innovation takes the form of increasing product
quality. Helpman (1993), Lai (1998) and Branstetter et al. (2007) have
developed North–South trade models where innovation takes the
form of increasing product variety. In Helpman's (1993) model of FDI,
both innovation and imitation rates are exogenously given and
costless FDI results in the equalization of wages between Northern
and Southern workers. In Lai (1998) and Branstetter et al. (2007), the
presence of endogenous innovation together with imitation only of
foreign affiliates generates a positive North–South wage gap. In these
models, stronger IPR protection in the South leads to more FDI, more
innovation, and a lower North–Southwage gap, just like in the present
paper. One substantial difference between the present paper and the
papers by Lai (1998) and Branstetter et al. (2007) is that they assume
that FDI is costless, so their models cannot account for the observed
increase in R&D spending by foreign affiliates in response to patent
reform. Aside for the issue of R&D spending, we are not surprised that
they obtain the same results as in the present paper: all our results in
Theorem 2 continue to hold in the special case of costless FDI (α=0).

While all of the above-mentioned models of North–South trade
treat stronger IPR protection as a reduction in the rate of imitation
(either of Northern firms or foreign affiliates), there is a strand of
literature that abstracts from FDI as the dominant mode of interna-
tional technology transfer and explores other approaches to modeling
of IPR protection. Yang and Maskus (2001) model stronger IPR
protection as a policy that facilitates the process of technology
licensing from North to South. They find that stronger IPR protection
raises the economic return to licensing and accelerates the rate of
long-run growth. Stronger IPR protection has an ambiguous effect on
the demand for Northern labor and the North–South wage gap. If
licensing shifts a sufficiently large fraction of production fromNorth to
South, the North–South wage gap declines. Dinopoulos and Kottaridi
(2008) model stronger IPR protection as an increase in the duration of
so-called “utility” patents which are granted to Southern imitators.
They find that stronger IPR protection reduces the North–South wage
gap and increases the long-run rates of innovation and growth.
Dinopoulos et al. (2008) model stronger IPR protection as an increase
in the length of global patents granted to Northern firms. They find
that longer global patents have an ambiguous effect on the rate of
innovation and the North–South wage gap. The ambiguity stems from
the nature of knowledge spillovers and the fraction of industries with
active patents. Gancia and Bonfiglioli (2007) model stronger IPR
protection as an exogenous fraction of profits earned by successful
Southern imitators that is repatriated to Northern firms. They find that
stronger IPR protection benefits open economies more than closed
economies by shifting the direction of technical change and innova-
tion in the North's favor.

Having reviewed the related literature, we conclude that neither the
nature of innovation (increasing quality or expanding variety) nor the
removal of scale effects seems to be important in driving our results. For
example, whilewe study the casewhere innovations are improvements
in product quality and scale effects are not present, Lai (1998) and
Branstetter et al. (2007) obtain closely related results using models
where innovations increase the number of product varieties and scale
effects are present. However, the mode of technology transfer
(imitation versus FDI) is crucial in determining the impact of stronger
IPR protection, as the comparison of the present paper with Dinopoulos
and Segerstrom (2007) reveals. Also, our assumption that there is free
entry into innovative R&D races (with all firms having access to the
same R&D technology) plays an important role in driving our results, as

the comparison of the present paper with Glass andWu (2007) or Glass
and Saggi (2002) reveals. Their pessimistic findings about the effects of
stronger IPR protection are not supported by recent evidence on the
behavior of US-based multinationals (Branstetter et al., 2006). In
contrast, the results of our paper are consistent with this evidence and
offer an optimistic view of the TRIPs agreement including its long-run
welfare implications.

3. The model

3.1. Overview

We consider a global economy consisting of two regions: a high-
wage North and a low-wage South. Labor is the only factor of pro-
duction and grows at an exogenous rate over time in both regions. It is
employed in three distinct activities, manufacturing of final consump-
tion goods, innovative R&D, and adaptive R&D. All innovative R&D is
done in the North and all adaptive R&D is done in the South. There is
free trade between the two regions.

In this global economy, firms can hire Northern workers to engage
in innovative R&D with the goal of learning how to produce higher-
quality products. A successful firm earns global monopoly profits from
producing and selling the state-of-the-art quality product in its
industry. We call such a firm a Northern quality leader because all
production is located in the North. A Northern quality leader can hire
Southern workers to engage in adaptive R&D with the aim to
transferring its manufacturing operations to the low-wage South.
When successful in adaptive R&D, a firm earns even higher global
monopoly profits because of the lower wage-costs in the South. We
call such a firm a foreign affiliate because production takes place in the
South but a fraction of its profits is repatriated back to its Northern
stockholders. Adaptive R&D can be interpreted as an index of FDI
(foreign direct investment) because it represents the cost that
Northern quality leaders incur to transfer their technology to foreign
affiliates, and, even when financed by Southern savings, Northern
quality leaders control the amount of adaptive R&D in order to
maximize their global profits. In what follows, we will use the time
index to denote variables and functions that grow over time in the
steady-state equilibrium. When the context is clear, we will omit time
arguments from variables that are constant over time in the steady-
state equilibrium.

3.2. Households

The global economy is populated by a fixed measure of identical
households that aremodeled as dynastic families. The typical member
of a household lives forever and is endowed with one unit of labor,
which is supplied inelastically. The size of each household grows
exponentially at a fixed rate gLN0, which equals the world population
growth rate.10 Assuming that the initial size of each household is unity,
the size of each household at time t is egLt . Let L̄N and L̄S denote
the initial number of households in the North and the South
respectively, and let L̄= L̄N+ L̄S be the initial number of households
in the world. Then

P
LN tð Þ= P

LNegLt denotes the Northern labor supply
at time t, LS tð Þ= P

LSegLt denotes the Southern labor supply, and
L tð Þ= P

LegLt = LN tð Þ+ LN tð Þ denotes the global labor supply.
There is a continuum of industries indexed by θ 2 [0,1] producing

final consumption goods. In each industry θ, firms are distinguished
by the quality of the products they produce. Higher values of the index
j denote higher quality products, and j is restricted to taking on integer
values. At time t=0, the state-of-the-art quality product in each
industry is j=0, that is, some firm in each industry knows how to
produce a j=0 quality product and no firm knows how to produce

10 Helpman (1993), Lai (1998), Glass and Saggi (2002), and Glass and Wu (2007)
among others have analyzed the case of gL=0.
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any higher quality product. To learn how to produce higher quality
products, Northern firms in each industry participate in innovative
R&D races. In general, when the state-of-the-art quality product in an
industry is j, the next winner of an innovative R&D race becomes the
sole producer of a j+1 quality product.

Each household is modeled as a dynastic family that maximizes
discounted lifetime utility

Uu∫
∞

0
e− ρ −gLð Þt lnu tð Þdt ð1Þ

where ρNgL is the constant subjective discount rate and

u tð Þ= ∫
1

0
∑

j
δ jd j; θ; tð Þ

" # σ − 1ð Þ=σ
dθ

8<
:

9=
;

σ= σ − 1ð Þ

ð2Þ

is the per-capita utility at time t. Eq. (2) is a standard quality-augmented
Dixit–Stiglitz utility function, where d(j,θ,t) is the per-capita quantity
demanded of a j quality product in industry θ at time t, parameter δN1
captures the size of the quality increment generated by each inno-
vation and parameter σN1 is the constant elasticity of substitution.
The assumption σN1 implies that products across industries are gross
substitutes.

Following Dinopoulos and Segerstrom (2007), we solve the
consumer problem in three steps. The first step is to solve the
within-industry static optimization problem. Letting p(j,θ,t) denote
the price of the j quality product in industry θ at time t, each
household allocates its budget within each industry by buying the
product with the lowest quality-adjusted price p(j,θ,t)/δj. If two
products have the same quality-adjusted price, we assume that
consumers buy only the higher-quality product. The second step is to
solve the across-industry static optimization problem

max
d :ð Þ
∫

1

0
δj θ;tð Þd θ; tð Þ
h i σ − 1ð Þ=σ

dθ subject to ∫
1

0
p θ; tð Þd θ; tð Þdθ= c tð Þ;

where j(θ,t) is the quality index of the product with the lowest
quality-adjusted price in industry θ at time t, p(θ,t) is the price of this
product, d(θ,t) is the corresponding quantity demanded, and c is the
individual consumer's expenditure at time t. Solving this static
optimization problem using standard optimal control techniques
yields the individual consumer's demand function

d θ; tð Þ= q θ; tð Þp θ; tð Þ−σ c

P tð Þ1 − σ ð3Þ

for the product with the lowest quality-adjusted price in industry θ at
time t, where q(θ,t)=δ j(θ,t)(σ−1) is an alternative measure of product
quality, and P(t) is a quality-adjusted price index defined by

P tð Þu ∫
1

0
q θ; tð Þp θ; tð Þ1 − σdθ

2
4

3
5
1= 1 − σð Þ

: ð4Þ

The quantity demanded for each of the remaining products in each
industry is zero.

The third and final step is to determine the allocation of consumer
income between consumption and savings that are used to finance
various R&D investments. Substituting Eq. (3) into Eq. (2) and inserting
the resultingexpression intoEq. (1), onecanexpress theper-capita utility
u(t) as a function of per-capita consumer expenditure c. Maximizing the
resulting expression for Eq. (1) subject to the standard intertemporal
budget constraint yields the well-known differential equation
:
c
c
= r− ρ; ð5Þ

where r(t) is the market interest rate at time t. Eq. (5) implies that in a
steady-state equilibrium with constant per-capita consumption

expenditure c, the market interest rate r must be equal to the subjec-
tive discount rate ρ.

3.3. Product markets

We begin the analysis of product markets by describing manu-
facturing production. In each industry, we assume that one unit of
labor produces one unit of output regardless of the quality level or the
geographic location of production. Thus, in any industry where
manufacturing operations are located in the North, the Northern
quality leader faces constant marginal and average cost equal to the
Northern wage rate wN. Likewise, in any industry where manufactur-
ing production takes place in the South, the foreign affiliate has
constant unit-production cost equal to the Southern wage rate wS.

We solve the model for a steady-state equilibriumwhere the wage
rateswN andwS are both constant over time. We also restrict attention
to the range of parameter values that generate the following
inequalities in the steady-state equilibrium: wNNwSNwN/δ. The first
inequality implies that the North has a higher wage rate than the
South and the unit production cost of a foreign affiliate is lower than
that of a Northern quality leader. Then manufacturing production
shifts to the South when a Northern industry leader is successful in
adaptive R&D. The second inequality implies that the quality
improvement is sufficiently large so that a typical Northern quality
leader has lower quality-adjusted unit production costs than a foreign
affiliate producing a product one step below in the quality ladder. As a
result, Northern quality leaders can drive foreign affiliates producing
lower quality products out of business even though the latter have a
wage-based cost advantage.

We assume that firms are price setters in each industry. To
understand what this assumption implies, consider a Northern firm
that wins an R&D race and becomes the only firm in the world that
knows how to produce the state-of-the-art quality product in its
industry. This firm faces a competitor that can produce a product with
quality one step below, with manufacturing production located in
either the North or the South depending on the past history of that
industry. It is profit-maximizing for the new quality leader to either
engage in limit pricing (as in Grossman and Helpman, 1991) or charge
the unconstrained monopoly price. In either case, the closest
competition cannot compete and is priced out of business. We restrict
attention to equilibrium behavior where the closest competitor
chooses to immediately exit the market and then the new quality
leader charges the unconstrained monopoly price, as in Howitt
(1999).11

A Northern quality leader earns the flow of global profits πN(t)=
(pN−wN)[dN(t)LN(t)+dS(t)LS(t)], where pN is the price charged, dN
(t) is the per-capita quantity demanded by Northern consumers and
dS(t) is the per-capita quantity demanded by Southern consumers. At
each instant in time, each Northern quality leader maximizes the flow
of global monopoly profits with respect to pN taking into account Eq.
(3) which is used to determine dN(t) and dS(t). It is straightforward to
verify that the unconstrained monopoly price is pN=[σ /(σ−1)]wN,
that is, each Northern quality leader charges the standard monopoly
markup of price over marginal cost. Likewise, after a Northern
quality leader has succeeded in transferring its production to its
foreign affiliate, the foreign affiliate earns a flow of global monopoly
profits πF(t)=(pF−wS)[dN(t)LN(t)+dS(t)LS(t)], where pF is the price

11 In the case of drastic innovations (δN1 is sufficiently large), the new quality leader
charges the unconstrained monopoly price and drives the incumbent quality-leader
out of business. In the case of non-drastic innovations (δN1 is small), the new quality
leader charges the limit price initially and immediately reverts to the unconstrained
monopoly price once it learns that the incumbent firm has gone out of business. In the
presence of positive costs of reentering the market, the above mentioned trigger
strategy allows each new quality leader to charge the unconstrained monopoly price
except for an instance in time when innovation occurs.
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charged. By charging the unconstrained monopoly price pF=[σ /
(σ−1)]wS, each foreign affiliate maximizes the flow of global profits.

Each foreign affiliate faces the risk that its technology becomes
public knowledge. Following Helpman (1993) and Lai (1998), we
model this risk by assuming that, at each instant in time, there is an
exogenous instantaneous probability Ī S that a foreign affiliate's
product is copied by a competitive fringe of Southern firms. All copied
products are produced in the South at a price pS=wS. A reduction
in the rate of copying Ī S will be later interpreted as a strength-
ening of IPR protection in the South.12 The above analysis implies that
pNNpFNpS, that is, as a product shifts from being produced by a
Northern quality leader to its foreign affiliate and then to a Southern
firm, the equilibrium price of the product declines. This price pattern
is consistent with Vernon's (1966) description of the product life
cycle, in which multinational firms play a central role.

Thenext step in theanalysis is toderiveexpressions for theequilibrium
values of global monopoly profits. We first introduce additional notation
which simplifies the exposition. Denote with E(t)=cNLN(t)+cSLS(t)
global consumption expenditure and let c=[cNL̄N+cSL̄S]/ L̄ denote per-
capita global consumption expenditure. In addition, denote with Q
(t)≡∫0

1q(θ,t)dθ the average quality level across all industries at time t.
Using Eq. (3), one can then define per-capita global demand for a product
with average quality Q(t) produced by a Northern quality leader

yN =Q tð Þp−σ
N

c

P tð Þ1 − σ ; ð6Þ

by a foreign affiliate

yF =Q tð Þp−σ
F

c

P tð Þ1 − σ ; ð7Þ

and by Southern firms

yS =Q tð Þp−σ
S

c

P tð Þ1 − σ : ð8Þ

We solve the model for a steady-state equilibriumwhere yN, yF and
yS are all constant over time. We can then write the flow of global
monopoly profits earned by a Northern quality leader as

πN θ; tð Þ= wN

σ − 1ð Þ
q θ; tð Þ
Q tð Þ yNL tð Þ: ð9Þ

Eq. (9) states that the flowof global profits earned by a Northern quality
leader increases in its per-unit profit margin wN/(σ−1), its relative
quality q(θ,t)/Q(t), and the global demand for its product yNL(t). Similar
considerations apply to the flow of global monopoly profits earned by a
foreign affiliate, which can be expressed as

πF θ; tð Þ= wS

σ − 1ð Þ
q θ; tð Þ
Q tð Þ yFL tð Þ: ð10Þ

A foreign affiliate has marginal cost wS and a typical market size
yF L(t).13 Southern firms producing copied products under perfect
competition earn zero economic profits.

3.4. Innovation, adaptation and imitation

The flow of monopoly profits provides an incentive for Northern
firms to engage in innovative R&D aimed at discovering new higher-
quality products. Northern quality leaders can increase the flow of
monopoly profits by transferring their manufacturing facilities to the
South, but to do so their foreign affiliates must engage in adaptive
R&D, as in Glass and Saggi (2002). Both types of investment activities
are costly and involve uncertain returns.

If a Northern firm i in industry θ at time t hires ℓNi(θ,t) Northern
workers to engage in innovative R&D, then it is successful in discovering
the next higher-quality product in industry θ with instantaneous
probability

INi θ; tð Þ= ‘Ni θ; tð Þ
γq θ; tð Þ ; ð11Þ

where γN0 is an innovative-R&D productivity parameter. The term q(θ,
t) captures the notion that the productivity of R&D labor declines as the
complexity of each product (measured by its quality level) increases.
Following Segerstrom (1998) and in particular Li (2003), we assume
increasing R&D difficulty to remove the counterfactual scale effect
growth property that is shared by all early endogenous growth models.
This assumption generates semi-endogenous growth.

The returns to innovative R&D are independently distributed across
firms, industries and over time. Therefore, the industry-wide instanta-
neous probability of innovation (or the intensity of the Poisson process
that governs the arrival of innovations) is IN(θ,t)=∑iINi(θ,t). If the
foreign affiliate of a Northern quality leader in industry θ at time t hires
ℓF(θ,t) Southernworkers to engage in adaptive R&D, then the Northern
firm is successful in shifting its production to the foreign affiliate with
instantaneous probability

IF θ; tð Þ= ‘F θ; tð Þ
αq θ; tð Þ ; ð12Þ

where αN0 is an adaptive R&D productivity parameter. Thus a
Northern quality leader is more likely to be successful in transferring
its manufacturing production to the South when it employs more
adaptive-R&D workers. The term q(θ,t) captures the notion that it is
more difficult to transfer the production of more complex products.14

Our modeling of adaptive R&D attempts to capture the substantial
resource costs and inherent uncertainty associated with international
technology transfer, including the training of foreignworkers, learning
about local customs, culture and regulations, etc. Fors (1997) reports
that in a sample of Swedish multinationals, the average amount of
R&D performed abroad was about 25% of total R&D expenditure per
firm. Norback (2001) uses regression analysis to establish that
Swedish multinationals that have established R&D labs in a foreign
country are more likely to transfer technology and production to such
a country.

All firms maximize expected discounted profits and there is free
entry into each innovative R&D race. Consider first the incentive
of Northern challenger firm i to engage in innovative R&D in industry
θ at time t. The expected benefit from engaging in innovative R&D is
vN(θ,t)INi(θ,t)dt, where vN(θ,t) is the expected discounted profits that
the Northern firm would earn from innovating (i.e., the market value
of being a Northern quality leader) and INi(θ,t)dt is the firm's
probability of innovating during the infinitesimal time interval dt.
During this time interval, firm i also incurs the innovative R&D cost
wNℓNi(θ,t)dt=wNINi(θ,t)γq(θ,t)dt using Eq. (11). Free entry into each

12 This interpretation can be justified as follows: assume that once a product is
produced in the South, its technology can be imitated instantaneously and without any
costs by Southern firms in the absence of Southern IPR protection. Further assume that
with instantaneous probability Ī S the Southern government refrains from perfect IPR
protection (allows “illegal” imitation) in each industry. Then Ī S captures the flow of
products manufactured by foreign affiliates that do not obtain effective IPR protection.
13 Due to special assumptions about product market competition, Northern quality
leaders and foreign affiliates earn identical profit flows in Parello (2008). In this paper,
profit flows always jump up when a Northern quality leader succeeds in transferring
its production to a foreign affiliate.

14 This assumption differentiates the present model from earlier North-South trade
models with FDI, in particular, Helpman (1993), Lai (1998), Glass and Saggi (2002),
and Glass and Wu (2007).

18 E. Dinopoulos, P. Segerstrom / Journal of Development Economics 92 (2010) 13–27



Author's personal copy

R&D race implies that the expected benefit from innovative R&Dmust
be equal to the corresponding R&D cost. This yields the following zero-
profit condition for innovative R&D:

vN θ; tð Þ=wNγq θ; tð Þ: ð13Þ

Next consider the incentives that the foreign affiliate of a Northern
quality leader has to engage in adaptive R&D in industry θ at time t. If
successful, the expected discounted profit flow earned by the firm
increases by [vF(θ,t)−vN(θ,t)], where vF(θ,t) is themarket value of the
foreign affiliate after R&D success. Thus, the expected benefit from
engaging in adaptive R&D is [vF(θ,t)−vN(θ,t)]IF(θ,t)dt, where IF(θ,t)dt
is the multinational firm's probability of successfully transferring its
production to the low-wage South during the infinitesimal time
interval dt. The corresponding cost of conducting adaptive R&D during
this time interval is wSℓF(θ,t)dt=wSαIF(θ,t)q(θ,t)dt using Eq. (12).
Because the net benefit of adaptive R&D is linear in IF(θ,t), the foreign
affiliate engages in a positive amount of adaptive R&D if and only if the
following equilibrium condition holds:

vF θ; tð Þ−vN θ; tð Þ=wSαq θ; tð Þ: ð14Þ

Multinational firms already earn positive global profit flows, and
this needs to be taken into account when evaluating their incentives
to engage in adaptive R&D. Eq. (14) implies that what matters for
adaptive R&D is not the expected discounted profits a firm could earn
from moving its production to the South vF but the gain in expected
discounted profits vF−vN. When technology transfer occurs, each
foreign affiliate pays its parent firm the royalty payment vN for the use
of its technology in the South, since the adaptive R&D accounts for the
increment in the firm's value vF−vN which is less that the foreign
affiliate's market value vF. Since foreign affiliates transfer a fraction of
their profits as royalty payments to Northern stockholders for the use
of Northern technology, a fraction of the operating profits from
affiliates are repatriated to the North. We solve themodel for a steady-
state equilibrium where both IN and IF are constant over time and do
not vary across industries.

3.5. The stock market

Consumer savings finance all types of R&D investments through a
global stock market. At each instant in time there are two types
of firms that have positive stock-market value: Northern quality
leaders (who produce in the North) and foreign affiliates (who
produce in the South). Although it is not important for the equi-
librium analysis, for the welfare analysis we need to specify exactly
who finances R&D and consequently ends up owning the firms. We
will analyze the case in which all innovative R&D is financed by
Northern consumers and all adaptive R&D is financed by Southern
consumers.15 This assumption determines the distribution of
financial assets between North and South and it is consistent with
the Feldstein and Horioka (1980) finding that domestic savings
finance domestic investment.

Since the returns to R&D investments are independent across firms
and over time, consumers can completely diversify the idiosyncratic
risk by holding a diversified portfolio of stocks. At each instant in time,
the rate of return from holding any of the above-mentioned stocks
must be the same as the rate of return from holding a risk-free bond:
the market interest rate r.

Using the no-profitable arbitrage condition we can derive expres-
sions for the stock-market valuation of each type of firm. The relevant
no-arbitrage condition for holding a stock issued by an incumbent
Northern quality leader is

πN−wSαqIF
vN

+ IN
0−vN
vN

� �
+ IF

vF−vN
vN

� �
= r;

where industry arguments of functions have been omitted. The LHS
of the above equation equals the expected rate of return on a stock
issued by Northern quality leader and the RHS equals the market
interest rate r. By investing in the stock, the investor receives the
dividend (πN−wSαqIF) /vN. However, with instantaneous probabil-
ity IN, a higher quality product is discovered, the incumbent
Northern quality leader goes out of business and the investor
suffers a total capital loss. In addition, with instantaneous prob-
ability IF, the firm is successful in transferring its production to the
South and the investor reaps the additional capital gain [vF−vN] /vN.
Since the quality level in an industry jumps up only at the end of the
R&D race when innovation occurs, the free-entry condition (13)
implies that vN is constant during an R&D race and there is no capital
gain from just staying in business.

The equilibrium condition (14) implies that the capital gain
associated with successful adaptive R&D is exactly offset by the cost
of hiring Southern workers to engage in adaptive R&D. It follows from
the no-arbitrage condition that the stock market value of a Northern
quality leader is

vN =
πN

r+ IN
: ð15Þ

The stock-market valuation of a Northern quality leader equals the
flow of its global monopoly profits πN discounted by the market
interest rate r plus the probability of default, which is captured by the
Poisson arrival rate of further innovation IN.

Similar considerations apply to calculating the stock-market
valuation of a multinational firm that produces in the South vF. The
no-arbitrage condition in this case can be written as

πF

vF
+ IN

0−vF
vF

� �
+

P
IS

0−vF
vF

� �
= r:

By buying a stock of a multinational firm that produces in the South,
an investor receives the dividend πF/vF. However, this investor faces
two types of risk: First, with instantaneous probability IN a higher
quality product is discovered by a Northern challenger, the multi-
national firm is driven out of business by the new Northern quality
leader, and the investor suffers a total capital loss. Second, with an
exogenous instantaneous probability Ī S a Southern firm copies the
foreign affiliate's product, perfect competition prevails in the market,
economic profits are driven down to zero and the investor suffers a
total capital loss. The equilibrium conditions (13) and (14) together
imply that the market value of a foreign affiliate vF is constant during
an R&D race (the time interval between to consecutive innovations)
because the quality level does not change, and therefore there is no
capital gain associated with a foreign affiliate staying in business.
Consequently, the no-arbitrage condition for a multinational firm that
produces in the South simplifies to

vF =
πF

r+ IN +
P
IS:

ð16Þ

The stock-market valuation of the firm equals the flow of its global
monopoly profits πF(t) discounted by the market interest rate r plus
the probability of default, which is captured by the Poisson arrival rates

15 An alternative asset distribution arises if one assumes that Southern consumers do
not save. In this case, Northern savings finance both types of R&D, all profits of foreign
affiliates are repatriated to Northern stockholders, and per-capita consumption of a
typical Southern consumer equals her wage income (see Eq. (39)). Theorems 2 and 3
hold in this case as well.
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of further innovation by Northern firms and imitation by Southern
firms (IN + ĪS).

3.6. Industry composition and quality dynamics

At each instant in time, there are three categories of industries in
the global economy. There is a set (measure) of industries nN where
production is done in the North by Northern quality leaders; a set of
industries nF where production is done in the South by foreign
affiliates of multinational firms; and a set of industries nS where
production is done in the South by Southern firms. As illustrated in
Fig. 1, each industry can switch randomly across these three categories
with transition probabilities that depend on the Poisson arrival rates
associated with innovation, adaptation and imitation.

The measure of all industries equals unity by construction, 1=nN+
nF+nS, and therefore the measure of industries in each category
must be constant in any steady-state equilibrium. This implies that
the flow of industries into the Northern quality leaders category
must be equal to the flow out of this category, that is, nN IF=nF IN+
nSIN=(1−nN)IN. Similarly, the flow of industries into the nS-
category must equal the flow of industries out of the nS-category,
that is, nF ĪS=nSIN. Together with the requirement that the set of all
industries has a unit measure, these flow equations imply that

nN =
IN

IN + IF
; nF =

IN

IN +
P
IS

� � IF
IN + IFð Þ ; nS =

P
IS

IN +
P
IS

� � IF
IN + IFð Þ :

ð17Þ

According to Eq. (17), an increase in the rate of innovation IN increases
the set of industries with Northern quality leaders and decreases the
set of industries with imitated products. Similarly, an increase in the
rate of adaptation IF increases the set of industries with production by
foreign affiliates and the set of industries with production by Southern
firms, but decreases the set of industries with production by Northern
quality leaders. Finally, an increase in the rate of imitation by Southern
firms ĪS increases the set of industries with imitated products and
reduces the set of industries where foreign affiliates produce in the
South.

By definition, the average quality of products at time t is given by

Q tð Þu∫
1

0
q θ; tð Þdt=∫

1

0
λj θ;tð Þdθ; ð18Þ

where λ=δσ−1N1 is a parameter that is positively related to the inno-
vation size δ and can be interpreted as an alternativemeasure of product
quality. The average quality can bedecomposed in three parts,Q(t)=QN

(t)+QF(t)+QS(t), where QN tð Þu∫nN q θ; tð Þdθ is the a measure of
product quality for all products manufactured by Northern quality
leaders, QF tð Þu∫nF q θ; tð Þdθ is a measure of product quality for products
manufactured by foreign affiliates and QS tð Þu∫nSq θ; tð Þdθ is a measure
of product quality for products manufactured by Southern firms.

In order to solve the model we need to calculate the allocation of
labor across various industry categories and activities, and therefore
we need to determine how the components of average quality evolve

over time. Appendix A derives the following steady-state expressions
for the three shares of the average quality:

QN tð Þ
Q tð Þ =

λ IN
λ IN + IF

;
QF tð Þ
Q tð Þ =

λ IN
λ IN +

P
IS

� � IF
λ IN + IFð Þ

QS tð Þ
Q tð Þ =

P
IS

λIN +
P
IS

� � IF
λIN + IFð Þ :

ð19Þ

Eq. (19) states that QN(t), QF(t) and QS(t) grow at the same rate over
time as the average product quality Q(t). Notice also the similarities
between the corresponding expressions in Eqs. (17) and (19). The only
difference is that the right-hand-side of each expression in Eq. (17)
depends on IN, whereas the right-hand-side of expressions in Eq. (19)
depends on λIN. The reason for this difference is that manufacturing
only shifts from South to North when innovation occurs and the
quality level of each product increases by a multiple of λ. In contrast,
when adaptation or imitation occurs, the quality of each product
remains the same.

3.7. The Northern labor market

We assume that there is perfect labor mobility across activities in
both regions. Full employment of labor prevails at each instant in
time and wages adjust to equalize labor demand and supply.
Northern labor is employed in two activities: manufacturing of final
consumption goods and innovative R&D. A Northern quality leader
employs d(θ,t)L(t)=q(θ,t)yNL(t) / Q(t) workers in manufacturing
production, using Eqs. (3) and (6). Since the measure of Northern
quality leaders is nN, the demand for manufacturing labor is given
by ∫nN d θ; tð ÞL tð Þdθ= yN

L tð Þ
Q tð Þ∫nN q θ; tð Þdθ= yNL tð Þ QN tð Þ

Q tð Þ = yNL tð Þ λIN
λIN + IFð Þ.

All industries are targeted by Northern firms engaged in innovative R&D
and the aggregatedemand forNorthern researchers is givenby∫0

1γINq(θ,t)
dθ=γIN∫0

1q(θ,t)dθ=γINQ(t), where Eq. (11) has been used to derive the
demand for labor devoted to a particular industry ℓN=γINq(θ,t).

The Northern economy-wide demand for labor equals its supply
LN(t) and there is full employment when LN(t)=yN[λIN/(λIN+ IF)]L
(t)+γINQ(t). Dividing both sides of the full-employment condition by
LN(t) and using the expression

L tð Þ
Q tð Þ =

LN + LS
xNLN

ð20Þ

where xN≡Q(t)/LN(t), we obtain the per-capita Northern full-employ-
ment condition

1= yN
λIN

λIN + IFð Þ
LN + LS
� �

LN
+ γINxN : ð21Þ

The two terms on the RHS of the Northern full-employment condition
(21) correspond to the shares of Northern workers employed in
manufacturing production and in innovative R&D, respectively. The
share of Northern workers employed in manufacturing production
increases in the per-capita global demand for Northern products yN and
in the relative (per capita) size of the global market ( L̄S + L̄N)/ L̄N. The
share of Northern researchers increases in the average quality per
Northern worker xN≡Q(t)/LN(t).

Eq. (21) implies that in the steady-state equilibrium the average
quality per Northernworker xN≡Q(t)/LN(t) must be constant over time.
Hence, as product quality improves over time and Q(t) rises, innovating
becomes more difficult. In addition, as the Northern labor force LN(t)
grows, there are more resources that can be channeled to innovative
R&D. Thus xN constitutes a natural measure of “relative R&D difficulty”:
R&D difficulty relative to the size of the Northern economy. Conse-
quently, in Eq. (21) the share of Northern researchers increases in xN
because an increase in the average quality per Northern workerFig. 1. Industry composition.

20 E. Dinopoulos, P. Segerstrom / Journal of Development Economics 92 (2010) 13–27



Author's personal copy

increases average R&Ddifficulty and raises the demand for R&Dworkers
required to maintain a constant steady-state rate of innovation.

3.8. The Southern labor market

Similar considerations apply to the analysis of the Southern labor
market. At each instant in time, there is perfect labor mobility across
activities in the South. Southern workers can be employed in
manufacturing by foreign affiliates of multinational firms, they can
be hired by these foreign affiliates to engage in adaptive R&D, or they
can be hired by Southern firms to manufacture imitated products.

Each of nF foreign affiliates employs d(θ,t)L(t)=q(θ,t)yFL(t)/Q(t)
workers, using Eqs. (3) and (7) The manufacturing labor employed by
all foreign affiliates is given by

∫
nF

q θ; tð ÞyF L tð Þ
Q tð Þ dθ=

QF tð Þ
Q tð Þ yFL tð Þ= λIN

λIN +
P
IS

� � IF
λIN + IFð Þ yFL tð Þ:

The manufacturing employment of labor by all Southern firms
producing imitated products is

∫
nS
d θ; tð ÞL tð Þdθ= ySL tð ÞQS tð Þ

Q tð Þ = ySL tð Þ
P
IS

λIN +
P
IS

� � IF
λIN + IFð Þ ;

and the employment of Southern workers who are engaged in
adaptive R&D and are hired by nN foreign affiliates is

∫
nN
IFαq θ; tð Þdθ=αIFQN tð Þ= αIF λIN= λIN + IFð Þ½ �Q tð Þ:

Putting the above calculations together yields the Southern full-
employment condition

LS tð Þ= λIN
λIN +

P
IS

� � IF
λIN + IFð Þ yFL tð Þ+

P
IS

λIN +
P
IS

� � IF
λIN + IFð Þ ySL tð Þ+ αIF

λIN
λIN + IFð ÞQ tð Þ:

The Southern full-employment condition can be simplified by noting
that yS=[σ /(σ−1)]σyF, using Eqs. (7), (8) and the monopoly-pricing
expressions. Dividing the full-employment condition by LS(t)and
using Eq. (20) generates the per-capita Southern full-employment
condition:

1=
IF

λ IN + IFð Þ
LN + LS
� �

LS
yFΦ

P
IS

� �
+αλINxN

LN
LS

( )
; ð22Þ

where

Φ
P
IS

� �
u

λIN
λIN +

P
IS

� � +
σ

σ − 1ð Þ
� 	σ P

IS

λIN +
P
IS

� � ð23Þ

is an increasing function of the rate of imitation Ī S.
The two terms on the RHS of the Southern full-employment

condition (22) correspond to the shares of Southernworkers employed
in manufacturing production and in adaptive R&D, respectively. The
share of Southern manufacturing workers increases in the per-capita
demand for the products of foreign affiliates yF, the relative market size
of the North that Southern firms export their products to L̄N/L̄S, and the
rate of Southern imitation Ī S (faster Southern imitationmeans thatmore
products in the South are producedunder perfect competition at a lower
price and higher quantity, which raises the demand for Southern labor).
The share of Southern workers employed in adaptive R&D increases in
the rate of innovation IN (which increases the set of industries with
Northern quality leaders), and in the relative R&Ddifficulty viewed from
the South's perspective Q(t)/LS(t)=xNL̄N/L̄S (because an increase in
average product quality raises adaptive R&D difficulty and increases the

number of Southern R&Dworkers needed tomaintain a constant rate of
adaptation). This completes the description of the model.

4. The steady-state equilibrium

In this section, we solve the model for a steady-state (or balanced-
growth) equilibrium where the rates of innovation IN and adaptation
IF are constant over time, as well as the nominal wage rateswN andwS.
In any steady-state equilibrium, the shares of Northern manufacturing
and innovative-R&D labor must be constant over time. It immediately
follows from Eq. (21) that yN and xN must be constant over time.
Likewise, the shares of Southern labor devoted to foreign affiliate
production, Southern firm production and adaptive R&D must be
constant over time in any steady-state equilibrium. It immediately
follows from Eq. (22) that yF must be constant over time as well.

Referring back to Eqs. (4) and (19), we can derive the following
steady-state expression for the quality-adjusted price index

P tð Þ= p1 − σ
N

λIN
λIN + IFð Þ + p1 − σ

F
λIN

λIN + IS
� � IF

λIN + IFð Þ + p1−σ
S

IS
λIN + IS
� � IF

λIN + IFð Þ

" # 1
1 − σ

Q tð Þ 1
1 − σ :

ð24Þ

All terms in square brackets are constant over time. Consequently this
expression for P(t) together with Eq. (6) implies that per-capita
consumption expenditure c must be constant over time and from
Eq. (5) we obtain r(t)=ρ. In any steady-state equilibrium, it is optimal
for each consumer to choose a constant expenditure path over time.
Although nominal consumer expenditure is constant over time, real
consumer expenditure c/P(t) grows over time as the quality-adjusted
price index declines due to growth in average product quality Q(t).

The property that xN≡Q(t)/LN(t) is constant over time has important
implications for the rate of innovation IN. Referring back to the definition
of average qualityQ(t)≡∫0

1 q(θ,t)dθ=∫0
1λj(θ,t)dθ, we can calculate howQ

(t) evolvesover time.Whenanewproduct is discovered the index jumps
up from j(θ,t) to j(θ,t)+1 and this event occurs with instantaneous
probability IN. Thus the time derivative of average quality is

:
Q tð Þ=∫

1

0
λj θ;tð Þ + 1−λj θ;tð Þ

� �
INdθ= λ− 1ð ÞINQ tð Þ: ð25Þ

The growth rate of average quality Q̇/Q is proportional to the rate of
innovation IN and depends positively on the innovation size parameter λ.
Next, combining the definition of xN and Eq. (25), we obtain that the
growth rate of relative R&D difficulty is ẋN/xN=Q̇/Q− L̇N/LN=(λ−1)IN
−gL=0, fromwhich it follows that

IN =
gL

λ− 1
: ð26Þ

As in Segerstrom (1998), the steady-state rate of innovation IN is
completely determined by the world population growth rate gL
(or more generally, the world human capital growth rate16) and the
innovation-size parameter λ.

The economic intuition behind Eq. (26) is as follows. Along any
steady-state equilibrium path, there is a constant innovation rate IN
and rising product quality in every industry. But as product quality
rises, products become more complex and it gets harder for
researchers to find further improvements. Thus, to maintain a
constant innovation rate over time, firms need to continually increase
their R&D employment, compensating for the fact that R&D workers
are becoming less productive by increasing the number of R&D
workers. This can only be achieved at an economy-wide level if there
is positive population growth. The higher is the population growth

16 Using a closely-related model of R&D-driven growth, Arnold (1998) shows that the
property that public policy choices do not affect the steady-state economic growth rate
is preserved when the assumption of exogenous population growth is replaced by
endogenous human capital accumulation.

21E. Dinopoulos, P. Segerstrom / Journal of Development Economics 92 (2010) 13–27



Author's personal copy

rate gL, the higher is the innovation rate IN that can be sustained over
time. In addition, the higher is innovation size λ, the faster is the rate
at which innovations increase the R&D difficulty, and therefore the
lower is the innovation rate IN that can be sustained over time.

The equation that governs the evolution of relative R&D difficulty
x ̇N /xN=(λ−1)IN−gL has important implications for the transition of
the rate of innovation from one steady-state equilibrium to the next.
Any steady-state increase in the value of the relative R&D difficulty xN
must be associated with a temporary (transitional) increase in IN
above its steady-state value given by Eq. (26). In other words, an
increase in the steady-state value of xN is possible only if xṄ/xNN0, and
therefore only if IN(t)NgL/(λ−1) during the transition. Consequently
any parameter change that increases (decreases) the steady-state
value of the relative R&D difficulty xN generates a temporary
acceleration (deceleration) in the global rate of technological change.

The next step in the analysis is to solve for the steady-state
equilibrium value of the North–South wage gap measured by the
Northern relative wage ω≡wN /wS. Unlike in Helpman (1993), where
technology transfer to the Southwithinmultinationalfirms is costless and
results in factor price equalization ω=1, the presence of multinational
firms in our model does not suffice to eliminate the North–South wage
gap. Because adaptive R&D is costly in our model, Northernworkers earn
higher wages than Southern workers. It turns out that the incentives to
conduct innovative and adaptive R&D completely determine the steady-
state value of the North–South wage gapω≡wN/wS.

Substituting Eqs. (9) and (20) into Eq. (15) and the resulting
expression into Eq. (13) yields the steady-state innovative R&D condition:

yN LN + LS
� �

xNLN σ − 1ð Þ ρ+ INð Þ = γ: ð27Þ

The LHS of Eq. (27) is related to the benefit (expected-discounted profits)
from innovating and the RHS is related to the cost of innovation. The
benefit from innovating increases when yN increases (the average
consumer buysmore),when L̄Nor L̄S increases (there aremore consumers
to sell to), when xNL̄N decreases (firms in other industries sell lower-
quality products), when ρ decreases (future profits are discounted less),
andwhen IN decreases (eachNorthern quality leader is threatened less by
further innovation). The cost of innovating increases when γ increases (it
takes more R&D workers to generate any given innovation rate).

Similar substitutions using Eqs. (10), (13), (14), (16) and (20) yield
the steady-state adaptive R&D condition:

yF LN + LS
� �

xNLN σ − 1ð Þ ρ+ IN + IS
� � − γω=α: ð28Þ

The LHS of Eq. (28) is related to the benefit a Northern firm obtains
from transferring its manufacturing operations to the low-wage South
and the RHS is related to the cost of doing so. The benefit from
transferring production to the South increases when yF increases (the
average consumer buys more of Southern-manufactured products),
when L̄N or L̄S increases (there are more consumers to sell to), when
xNL̄N decreases (firms in other industries sell lower-quality products),
when ρ decreases (future profits are discounted less), when γ de-
creases (the firm earns lower profits prior to transferring production
to the South), when IN decreases (the firm is less threatened
by further innovation), and when ĪS decreases (the firm is less
threatened by further imitation). The cost of transferring production
to the South increases when α increases (it takes more workers to
generate any given production-transfer rate.)

Combining the monopoly pricing conditions pN=[σ/(σ−1)]wN

and pF=[σ/(σ−1)]wS with Eqs. (6) and (7) yields yF=ωσyN. Solving
Eq. (27) for yN and then substituting into Eq. (28) using yF=ωσyN
yields the steady-state wage equation:

ρ+ INð Þ
ρ+ IN + IS
� �ωσ− ω=

α
γ
: ð29Þ

This equation uniquely determines the steady-state equilibrium value
of the Northern relative wage ω≡wN /wSN1.17

Eq. (29) reveals how the North–South wage gap depends on
innovative and adaptive R&D incentives. The long-run North–South
wage gap increases if α increases (it is costlier to transfer production
operations to the South because adaptive R&D workers are less
productive), if γ decreases (it is cheaper to develop better products in
the North because innovative R&Dworkers are more productive), or if
the rate of copying ĪS increases (there is weaker Southern IPR
protection). In other words, factors that encourage more production
by Northern quality leaders put upward pressure in the long-run
North–Southwage gap. A permanent increase in the rate of innovation
IN reduces the North–South wage gap because it increases the
profitability of a foreign affiliate producing in the South relative to a
Northern quality leader [which is proportional to (ρ+ IN)/(ρ+ IN+
ĪS)]. This in turn encourages the transfer of more production to the
South and reduces permanently the Northern relative wage.

Eqs. (26) and (29) determine the steady-state values of two
endogenous variables, the innovation rate IN and the Northern relative
wage ω. We continue the analysis by solving for the steady-state
values of the FDI intensity IF and the relative R&D difficulty xN. Solving
the innovative R&D condition (27) for yN and substituting into the
Northern per-capita full employment condition (21) yields the
Northern steady-state condition

1= γxN σ − 1ð Þ ρ+ INð Þ λIN
λIN + IFð Þ + IN


 �
; ð30Þ

which defines an upward-sloping curve in (xN, IF) space with a
positive xN intercept.

The intuition behind the positive slope of the Northern steady-
state condition is as follows. An increase in relative R&D difficulty xN
increases the demand for innovative-R&D labor (more researchers are
needed to maintain the steady-state innovation rate IN) and the
demand for Northern labor employed in manufacturing production
(stronger consumer demand for final products is required to justify
the stronger R&D effort triggered by higher relative R&D difficulty). In
contrast, an increase in the FDI intensity IF decreases Northern
manufacturing employment by shifting production to the South.
Consequently, to satisfy both Northern profit-maximization and full
employment conditions, any increase in relative R&D difficulty xN
must be matched by an increase in the FDI intensity IF.

Solving the adaptive-R&D condition (28) for yF and substituting
into the Southern full-employment condition (22) yields the Southern
steady-state condition

1= xN
LN
LS

IF
λIN + IFð Þ σ − 1ð Þ α+ γωð Þ ρ+ IN + IS

� �
Φ IS
� �

+αλIN
� 

; ð31Þ

where Ф( ĪS) is defined by (23). The Southern steady-state condition
defines a downward-sloping curve in (xN,IF) space with no intercepts.

The intuition behind the negative slope of the Southern steady-
state condition is as follows: an increase in the relative R&D difficulty
xN increases the demand for adaptive-R&D labor (more Southern
researchers are needed to maintain the steady-state FDI intensity IF)
and the demand for Southern production labor (stronger consumer
demand is needed to justify greater R&D effort). In contrast, a decrease
in IF reduces the demand for Southern manufacturing workers since
less production shifts to the South. Consequently, to satisfy the

17 Formally, let f(ω)≡ [(ρ+ IN)/(ρ+ IN+ ĪS)]ωσ−ω where IN is given by Eq. (26).
Then it i s s t ra ight forward to estab l ish the fol lowing propert ies :
f 1ð Þb0; limωY∞ f ωð Þ= +∞ ; and for all ωN1, d2f(ω) /d2ωN0. These properties imply
that the LHS of the wage equation is an increasing function of the relative wage ω in
the positive quadrant and that the wage Eq. (29) determines uniquely the steady-state
Northern relative wage ωN1 as a function of the model's parameters.
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Southern full-employment condition, any increase in the relative R&D
difficulty xN must be matched by a decrease in the FDI intensity IF.

The graphs of Northern and Southern steady-state equilibrium
conditions are illustrated in Fig. 2 and are labeled “North” and “South”.
Their intersection at point A determines the unique steady-state
values for FDI intensity IF and relative R&D difficulty xN. Although the
wage Eq. (29) determines the unique steady-state Northern relative
wage, we need to impose a restriction on the parameters of the model
to guarantee that ωbδ. Since the LHS of Eq. (29) is an increasing
function of the relative wage in the positive quadrant, requiring the
LHS of the wage equation evaluated at ω=δN1 to be strictly greater
than the RHS yields the following condition

αbγ δσ
ρ+ INð Þ

ρ+ IN +
P
IS

� � − δ

8<
:

9=
;; ð32Þ

where the steady-state rate of innovation is IN=gL/(λ−1). Condition
(32) is satisfied for sufficiently low values of parameter α, that is, if the
productivity of researchers engaged in adaptive R&D is not too low.
We have established.

Theorem 1. If adaptive R&D workers are sufficiently productive so that
Eq. (32) holds, then the model has unique steady-state equilibrium with
strictly positive rates of innovation IN, adaptation IF and a Northern
relative wage ω that satisfies δNωN1.

5. Steady-state equilibrium properties

Theorem 1 establishes the existence and uniqueness of steady-state
equilibrium in amodel of a growing global economywithmultinational
firms and international technology transfer. In doing so, it paves theway
for the analysis of themodel's comparative steady-state properties. This
section studies the equilibrium effects of strengthening Southern IPR
protection. Since the results are the same, we also report on the
implications of the South adopting friendlier FDI policies that reduce the
costs of international technology transfer within multinational firms.

The signing of the Trade-Related Intellectual Property Rights
(TRIPs) agreement by members of the WTO, which in effect calls for
the adoption of longer patent lengths and stricter enforcement of
patent policies by developing countries, has created a policy debate
regarding its effects on the global economy and in particular
developing countries. We address this policy debate by analyzing
the dynamic effects of a reduction in the exogenous rate of imitation
ĪS. As stated before, we interpret this parameter change as capturing
the effects of stronger IPR protection.18

We also consider the effects of a permanent reduction in parameter
α which is proportional to the unit-labor requirement for adaptive
R&D. We think of a decrease in α as capturing more FDI friendly
policies, making it less costly for multinational firms to transfer their
manufacturing operations to the low-wage South. For instance, Hill
(2005) reports that in the period 1991–2001 about 95% of the 1395
changes in FDI laws and regulations created a more favorable
environment for multinational firms. In addition, many countries
have encouraged more FDI by engaging in a number of bilateral
investment treaties designed to protect and promote investment
between countries. As of 2002, there were 2099 such bilateral
investment treaties in the world involving more than 160 countries.

A decrease in ĪS or α has no effect on the Northern steady-state
condition (30), but implies that xN increases for any given value of IF in
the Southern steady-state condition (31).19 Thus the graph of the
Southern steady-state condition shifts to the right in Fig. 2 (not
shown) generating a higher steady-state FDI intensity IF and a higher
steady-state value of relative R&D difficulty xN. The permanent
increase in xN is associated with a temporary increase in the
innovation rate above its steady-state value IN=gL/(λ−1). Finally,
the wage-Eq. (29) implies that a decrease in ĪS or α results in a
permanent reduction in the North–South wage gap ω. We have
derived the following theorem:

Theorem 2. The adoption of stronger IPR protection (ĪS↓) generates a
permanent increase in the rate of technology transfer to the South within
multinational firms (IF↑), a permanent decrease in the North–South
wage-gap (ω↓) and a temporary increase in the Northern innovation rate
(IN↑). The adoption of more FDI-friendly policies by the South (α↓)
generates the same steady-state equilibrium effects.

When faced with stronger IPR protection in the South (or lower
costs of transferring their intellectual property to the South), multi-
national firms find it more profitable to increase the adaptive R&D
spending of their foreign affiliates and transfer their manufacturing
production to the low-wage South more quickly (IF↑). The more rapid
technology transfer fromNorth to South in turn increases the demand
for Southern labor employed in adaptive R&D and decreases the
demand for production labor in the North. These two effects cause a
permanent decline in the Northern relative wage ω and make it more
attractive for firms to engage in innovative R&D in the North. Firms
respond by innovating more frequently, R&D difficulty rises at a faster
than usual rate, and this increase causes the innovation rate to
gradually slow down. The permanent increase in the relative R&D
difficulty xN is associated with a temporary increase in the rate of
innovation IN.

The effects of increased IPR protection summarized in Theorem 2
contrast with the results derived in the earlier literature. In particular,
Glass and Saggi (2002), Sener (2006), and Glass andWu (2007) study
the same issue but find that stronger IPR protection reduces the rates
of innovation and technology transfer. This paper presents the first
model that is consistent with the empirical evidence in Branstetter
et al. (2006) that multinational firms increase their R&D spending in
developing countries that offer stronger IPR protection and increase
their technology transfer to these reforming countries. The model
is also consistent with the evidence in Jones (1995a) on the absence
of scale effects in TFP growth and the evidence in Jones (1997) and
Sala-i-Martin (2006) on the decline in global income inequality.

6. Steady-state welfare analysis

The previous section established that, in a global growing economy
where multinational firms engage in technology transfer from

Fig. 2. The steady-state equilibrium.

18 This is not the only way to analyze the effects of stronger intellectual property
rights. For example, Grossman and Lai (2004) and Dinopoulos and Kottaridi (2008)
develop models with finite-length patents to study the dynamic effects of patent rights
protection. However, unlike the present paper, these studies abstract from multi-
national-firm considerations.

19 A reduction in ĪS lowers the RHS of the Southern steady state condition (31)
directly and through a reduction in Ф(Ī S) defined in Eq. (23).
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developed to developing countries, strengthening IPR protection in
developing countries increases the rates of innovation and growth,
accelerates the rate of technology transfer and improves the global
income distribution. But do these changes make people happier in
developing countries? Do they lead to globalization with a human
face? This section aims at providing insights concerning the welfare
implications of policy changes. It is beyond the scope of the paper to
assess whether or not discounted consumer utility increases at the
time of policy change. To do so, we would need to take into account
how consumer utility evolves along the entire transition path leading
to the new steady-state equilibrium. Instead, we pursue the more
modest objective of trying to determine the long-runwelfare effects of
policy changes. We ask the question: do these changes make
consumers in developing countries better off eventually? To answer
this question, it suffices to compare steady-state utility paths before
and after policies change.

Eq. (2) implies that the steady-state utility of a Northern consumer
at time t equals

uN tð Þ=f∫
nN
q θ; tð Þ1σdN θ; tð Þσ − 1

σ dθ+∫
nF
q θ; tð Þ1σdF θ; tð Þσ − 1

σ dθ

+∫
nS
q θ; tð Þ1σdS θ; tð Þσ − 1

σ dθg
σ − 1

σ

;

where the integrals represent the utility derived from the consump-
tion of goods produced by Northern-quality leaders, foreign affiliates
and Southern firms, respectively. Substituting using Eq. (3) and the
monopoly-pricing conditions yields the following expression for the
utility of a Northern consumer:

uN tð Þ= cN=P tð Þ; ð33Þ

where cN is per-capita consumption expenditure and P(t) is the
quality-adjusted price index defined in Eq. (4). Similar considerations
apply to the derivation of the utility of a typical Southern consumer:

uS tð Þ= cS=P tð Þ: ð34Þ

In the present model Northern and Southern consumers face the same
quality-adjusted price index but have different per-capita consump-
tion expenditures.

Using Eq. (24), settingwS=1 andwN=ω, we obtain P(t)=Q(t)1/(1−σ)

Ψ1/(1−σ), where

Wu
σωð Þ1 − σ

σ − 1ð Þ1 − σ
λIN

λIN + IFð Þ +
σð Þ1 − σ

σ − 1ð Þ1 − σ
λIN

λIN + IS
� � IF

λIN + IFð Þ

+
IS

λIN + IS
� � IF

λIN + IFð Þ

ð35Þ

is constant over time and captures the contributions of Northern quality
leaders, foreign affiliates and Southern imitators to P(t). The price index
declines over time due to the increase in average product quality Q(t).
Using the definition of relative R&D difficulty xN≡Q(t)/LN(t), the above
expression for the price index can be written as

P tð Þ= xNLN tð ÞWf g 1
1 − σ : ð36Þ

Per-capita consumption expenditures are constant over time in
any steady-state equilibrium, and therefore taking logs and differ-
entiating with respect to time uN(t) and uS(t) yields

gu
:uN
uN

=
:uS

uS
=

1
σ − 1ð Þ

:
Q tð Þ
Q tð Þ =

gL
σ − 1ð Þ ; ð37Þ

that is, there is a common steady-state rate of utility growth which is
proportional to the constant rate of population growth gL. The
constant rate of utility growth means that, for long-run welfare

comparisons, it is sufficient to compare the level of each consumer's
steady-state utility at time t=0 under different policies.

Assuming that innovative R&D done in the North is financed by
Northern savings and adaptive R&D done in the South is financed by
Southern savings, the following expressions for per-capita consump-
tion expenditures are derived in Appendix A:

cN =ω+ ρ−gLð ÞωγxN
λIN

λIN + IFð Þ +
λIN

λIN + IS
� � IF

λIN + IFð Þ

" #
; ð38Þ

cS =1+ ρ−gLð Þα λIN
λIN + IS
� � 1

σ − 1ð Þ α+ γωð Þ ρ+ IN + IS
� �

Φ IS
� �

+αλIN
� � :

ð39Þ

The first term on the RHS of these two equations is the wage-income
component of per-capita consumption expenditure, and the second
component corresponds to the value of steady-state asset-generated
income based on innovative and adaptive R&D investment. Policy
changes shift the steady-state utility paths of Northern and Southern
consumers by changing the levels of per-capita consumption
expenditures cN and cS, and the quality-adjusted price index P(t).

We are now in a position to analyze the long-run welfare effects
of stronger IPR protection (ĪS↓). Most of the long-run effects benefit
Southern consumers. Recall that, according to Theorem 2, the
adoption of stronger IPR protection by the South increases the rate
of technology transfer to the South within multinational firms (IF↑),
decreases permanently the North–South wage gap (ω↓), and
increases temporarily the rate of innovation (IN↑). Because Ф(ĪS)
declines as ĪS is reduced, Eq. (39) implies that per-capita expendi-
ture of a typical Southern consumer increases (cS↑) as a result of
stronger IPR protection. Two channels through which stronger IPR
protection benefits Southern consumers are by increasing their
asset-generated income (because stronger IPR protection results in
the establishment of more foreign affiliates) and by raising their
relative wage (because stronger IPR protection results in the
transfer of more production to the South). A third channel through
which stronger IPR protection benefits Southern consumers is by
temporarily increasing the rate of innovation, because an increase in
xN lowers P(t) holding Ψ fixed. Southern consumers benefit from
being able to buy higher-quality products earlier in time since
stronger IPR protection stimulates technological change. Two
remaining channels through which Southern consumers benefit
are captured by the property that Ψ increases as the relative wage
declines (ω↓) and as the intensity of FDI increases (IF↑) holding ĪS
fixed. Southern consumers benefit from being able to buy products
at lower prices when the relative wage of Northernworkers falls and
also when there is a shift in the composition of production from
higher-priced Northern firms to lower-priced foreign affiliates
located in the low-wage South.

The only channel through which stronger IPR protection hurts
Southern consumers is that Ψ decreases when ĪS decreases holding ω
and IF fixed:

AW

AIS
=

λINIF

λIN + IS
� �2

λIN + IFð Þ
1− σ

σ − 1

� �1 − σ

 �

N0:

Stronger IPR protection contributes towards shifting the composition
of production from lower-priced Southern firms to higher-priced
foreign affiliates. When IPR protection becomes stronger, less
manufacturing production is transferred within the South from
multinational firms with higher prices to Southern firms with lower
prices. We have established.

24 E. Dinopoulos, P. Segerstrom / Journal of Development Economics 92 (2010) 13–27



Author's personal copy

Theorem 3. Stronger IPR protection in the South contributes to
benefiting Southern consumers in the long run by increasing temporarily
the rate of innovation, by increasing permanently the rate of technology
transfer within multinational firms, and by increasing permanently the
relative wage of Southern workers. The only channel through which
stronger IPR protection in the South hurts Southern consumers in the long
run is that less manufacturing production is transferred within the South
from higher-priced foreign affiliates to lower-priced Southern firms.

Although the overall long-run welfare effect of stronger IPR
protection on Southern consumers is theoretically ambiguous, most
of the channels through which stronger IPR protection affects
Southern consumers are beneficial in nature. Our analysis supports a
rather positive assessment concerning the long-run welfare effects of
stronger IPR protection in developing countries.

7. Concluding remarks

In this paper, we have developed a model of North–South
product-cycle trade where multinational firms play a central role.
Higher-quality products are discovered in the high-wage North
through stochastic and sequential R&D races, and the winners of
these innovative R&D races then engage in adaptive R&D in order
to transfer their manufacturing operations to the low-wage South.
Once firms have succeeded in transferring their manufacturing
operations to the South, they face a risk that their technology
will be copied by Southern firms and their profits will vanish. The
model generates semi-endogenous growth because we assume
that innovating becomes more difficult as products improve in
quality and become more complex. Therefore, the model is not
subject to the Jones (1995a) critique of early endogenous growth
models.

The main focus of the paper is on analyzing the steady-state
equilibrium effects of stronger intellectual property rights (IPR)
protection. We find that stronger IPR protection in the South increases
permanently the rate of international technology transfer within
multinational firms and generates a temporary increase in the
Northern innovation rate. In addition, stronger IPR protection reduces
permanently the North–South wage gap. The steady-state equilibrium
effects of stronger IPR protection are consistent with the empirical
findings of Branstetter et al. (2006) on technology transfer within
multinationalfirms and the evidence in Jones (1997) and Sala-i-Martin
(2006) on the decline in global income inequality. Encouraged by these
results, we also analyze the long-run welfare effects of stronger IPR
protection. We find that stronger IPR protection in the South
contributes to benefiting Southern consumers in the long run by
increasing temporarily the rate of innovation, by increasing perma-
nently the rate of technology transfer within multinational firms, and
by increasing permanently the relative wage of Southernworkers. The
only channel throughwhich stronger IPR protection in the South hurts
Southern consumers is that less manufacturing production is trans-
ferred within the South from higher-priced foreign affiliates to lower-
priced Southern firms. Overall, this paper supports a rather positive
assessment concerning the long-run effects of stronger IPR protection
in developing countries, in contrast to several previous theoretical
studies. For example, Glass and Saggi (2002), Sener (2006), and Glass
and Wu (2007) all find that stronger IPR protection in the South leads
to a lower rate of international technology transfer within multi-
national firms.

The analysis could be extended in several dimensions. For instance,
the effects of commercial policies and trade costs could be
incorporated into the present model, and the assumption that only
the North can innovate could be relaxed. In addition, finite patents and
patent enforcement policies could be modeled following the lead of
Grossman and Lai (2004). These important issues represent interest-
ing directions for further research.
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Appendix A

Derivation of equations in Eq. (19)

The time derivative of QN is given by

:
QN tð Þ=∫

nN

λj θ;tð Þ + 1 −λj θ;tð Þ
h i

INdθ+∫
nF + nS

λj θ:tð Þ + 1INdθ−∫
nN

λj θ;tð ÞIFdθ

= λ− 1ð ÞINQN tð Þ+ λIN QF tð Þ+QS tð Þ½ �−IFQN tð Þ:

The time derivative of QF is given by

:
QF tð Þ=∫

nN
½λj θ;tð ÞIFdθ−∫

nF

λj θ:tð ÞINdθ−∫
nF
λj θ;tð ÞISdθ

= IFQN tð Þ−INQF tð Þ−ISQF tð Þ:

Finally, the time derivative of QS is given by

:
QS tð Þ=∫

nF
λj θ:tð ÞISdθ−∫

nS

λj θ;tð ÞINdθ= ISQF tð Þ−INQS tð Þ:

Let QFS(t)≡QF(t)+QS(t) be the average product quality of all
products manufactured in the South. Using the above derived
expressions yields Q̇ FS(t)= Q̇ F(t)+ Q̇ S(t)= IFQN(t) – INQFS(t). The
requirement that the industry composition be time invariant in any
steady-state equilibrium implies that the growth rates of average
quality and its components must be equal to each other and constant
over time. Setting Q̇N(t)/QN(t)= Q̇FS(t)/QFS(t) yields QFS(t)/QN(t)= IF/
λIN. Combining this equation with the identity Q(t)≡QN(t)+QFS(t)
generates the share of average quality accounted by the North QN(t)/Q
(t)=λIN/(λIN+ IF), which is the first equation in Eq. (19) and the
corresponding expression for the share of average quality associated
with firms producing in the South QFS(t)/Q(t)= IF /(λIN+ IF).

Setting Q̇F(t)/QF(t)= Q̇S(t)/QS(t) and substituting the correspond-
ing expressions for Q̇F(t) and Q̇S(t) yields QFS(t)/QN(t)=[IFQS(t)]/
[ ĪSQF(t)]. Combining this expression with QFS(t)/QN(t)= IF/λIN gen-
erates the following equation QS(t)/Q(t)=[QF(t) ĪS]/[Q(t)λIN]. Com-
bining this equation with the expression for the share of average
quality of all firms located in the South QFS(t)/Q(t)=[QF(t)/Q(t)]+[QS

(t)/Q(t)]= IF /(λIN+ IF), one can obtain the shares of average quality
associated with foreign affiliates and Southern firms, which are the
last two expressions in Eq. (19). Q.E.D.

Derivation of Eqs. (38) and (39)

Following Dinopoulos and Segerstrom (2007), we begin by
deriving expressions for the steady-statemarket values of all Northern
quality leaders and foreign affiliates. The market value of a typical
Northern quality leader is vN(ω,t)=πN(ω,t)/(ρ+ IN)=ωγq(θ,t) and
the market value of a typical foreign affiliate is vF(ω,t)=πF(ω,t)/
(ρ+ IN+ ĪS)=(α+ωγ)q(θ,t). During the lifetime of a typical firm, the
flow of profits is constant over time because the relative wage is
constant and the quality level does not change. Therefore the two
zero-profit conditions hold not just at the time of innovation but
during the entire lifetime of a Northern quality leader or foreign
affiliate. In addition, these two zero-profit conditions can be combined
to generate vF(ω,t)−vN(ω,t)=αq(θ,t).

Let VN(t) and VS(t) denote the aggregate value of Northern and
Southern financial assets respectively. Then the steady-state value of
global assets is equal to the expected discounted profits of all multi-
national firms. We assume that Northern consumers finance
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innovative R&D, receive dividends equal to the flow of global profits
earned by Northern quality leaders, and continue to receive the same
flow of global profits from foreign affiliates. Southern consumers
finance adaptive R&D and receive dividends equal to the difference
between the foreign affiliate profits and the Northern quality-leader
profits. This reasoning implies that the steady-state value of aggregate
assets belonging to Northern consumers is equal to

VN tð Þ= ∫nN + nFωγq θ; tð Þdθ=ωγ QN tð Þ+QF tð Þ½ �

=ωγxNLN tð Þ λIN
λIN + IFð Þ +

λIN
λIN + IS
� � IF

λIN + IFð Þ

" #
;

ðA1Þ

where Eq. (19) and Q(t)=xNLN(t) have been used. Similarly, the
steady-state value of Southern assets is given by

VS tð Þ= ∫nFαq θ; tð Þdθ=αQF tð Þ=αxNLN tð Þ λIN
λIN + IS
� � IF

λIN + IFð Þ : ðA2Þ

The next step is to solve for per-capita consumer expenditures. Let
AN(t) denote the value of financial assets of the representative
Northern consumer. The intertemporal budget constraint of a typical
Northern consumer is given by A ̇N(t)=wN+ρAN(t)−cN−gLAN(t)
and implies that in the long-run AN(t) must be constant over time.
This means that steady-state Northern per-capita consumption
expenditure is

cN =wN + ρ−gLð ÞAN : ðA3Þ

Similar reasoning implies that the per-capita Southern consumption
expenditure is given by

cS =wS + ρ−gLð ÞAS: ðA4Þ

Substituting the definitions AN(t)=VN(t)/LN(t) and AS(t)=VS(t)/LS(t)
into Eqs. (A3) and (A4), and using Eqs. (A1) and (A2), generates Eqs.
(38) and (39). Q.E.D.

Appendix B

Long-run effects of Southern market expansion

This appendix analyzes the long-run impact of an increase in the
South's size measured by its initial population level L̄S, as in
Dinopoulos and Segerstrom (2007). This exercise is designed to
provide insights on the effects of developing countries joining the
world trading system: the entries of China and India into the world
trading system and the collapse of communism have increased the
labor force of developing countries by about 1460 millionworkers in a
relatively short period of time (Venables, 2006). This structural
change can be analyzed within the context of the present model by
considering the effect of an increase in the initial size of the South.

An increase in L̄S does not affect the Northern steady-state
condition (30) but shifts the Southern steady-state condition (31) to
the right in Fig. 2 (not shown). Consequently, an increase in L̄S raises
the adaptation rate IF and the relative R&D difficulty xN. Since L̄S does
not appear in the Northern relative wage Eq. (29), the long-run value
of ω≡wN/wS is not affected by an increase in South's market size. The
permanent increase in the relative R&D difficulty xN implies a
temporary increase in the innovation rate above its steady-state
value IN=gL/(λ−1). We have established:

Theorem 4. An increase in the size of the South (L̄S↑) generates a
permanent increase in the rate of technology transfer to the South within
multinational firms (IF↑), no long-run change in the North–Southwage gap
(ω↔) and a temporary increase in the Northern innovation rate (IN↑).

Two of the above-derived effects of a market-size increase are
quite intuitive: an expansion in the size of the South generates an
excess supply of Southern labor which raises the amount of labor
devoted to adaptive R&D. The increase in the size of the South also
means that there are more consumers to buy products manufactured
by Northern quality leaders. It becomes more profitable for Northern
firms to innovate and firms respond by innovating more frequently.
However, when firms innovate more frequently, R&D difficulty rises at
faster than usual rate and the increase in R&D difficulty serves to
gradually slow the economy's growth. The increase in profitability
leads to a permanent increase in relative R&D difficulty (xN↑), a
temporary increase in the Northern innovation rate IN but no change
in the permanent (or steady-state) innovation rate IN=gL/(λ−1).

The absence of any steady-state effect of increasing L̄S on the North–
South wage gap is surprising. This result follows directly from the
wage Eq. (29), but to understand it intuitively, it is helpful to rewrite
the equations that were used to derive Eq. (29) as πN θ;tð Þ=q θ;tð Þ

ρ + IN
= γω,

πF θ;tð Þ=q θ;tð Þ
ρ + IN + IS

= α+ γω, and πF θ;tð Þ
q θ;tð Þ =ωσ − 1 πN θ;tð Þ

q θ;tð Þ . This represents a system
of three equations in three unknowns πN θ; tð Þ

q θ; tð Þ ;
πF θ; tð Þ
q θ; tð Þ ; ω

� 	
which is

independent of parameter L̄S. It is easy to verify that this system
determines uniquely the steady-state value ofωwhich satisfies Eq. (29).
From these equations,we can see that there are three reasons forwhyan
increase in L̄S has no long-run effect on the wage gap ω.

First, it is obvious from the first two equations that an increase in L̄S
has no effect on the quality-adjusted profits offirms πN θ;tð Þ

q θ;tð Þ and πF θ;tð Þ
q θ;tð Þ

� �
.

When the size of the South L̄S increases, firms benefit from selling their
products to more consumers but, in the long-run, this is fully offset by
the increase in the average product quality of each firm's competitors
(L̄S↑⇒ xN≡Q(t)/LN(t)↑⇒Q(t)↑). Second, an increase in L̄S has no long-
run effect on the expected duration of quality-adjusted profits. Firms
earn quality-adjusted profits until they are driven out of business by
further innovation (IN), or until their products are copied by Southern
firms (ĪS). An increase in L̄S has no effect on the long-run innovation
rate IN=gL/(λ−1) as we have shown earlier, and the imitation rate ĪS
is exogenously given. While an increase in L̄S does contribute to
increasing the long-run technology transfer rate within multinational
firms IF and the profits of multinational firms jump up when they
transfer their production to their foreign affiliates, this capital gain
from successful adaptive R&D is exactly offset by the costs of adaptive
R&D, and has no effect on the expected discounted profits from
innovating (see Eqs. (15) and (16)). Third, an increase in L̄S has no
long-run effect on the quality-adjusted costs of R&D success (γω for
innovation and α for adaptation). Consequently, an increase in the size
of the South L̄S has no long-run effect on the North–South wage gap ω
because it has no long-run effect on the quality-adjusted profits of
firms, the expected duration of these profits or the quality-adjusted
costs of obtaining these profits. Adjusting for product quality, the R&D
incentives of firms are not affected by an increase in L̄S and it is these
R&D incentives that determine the long-run wage gap ω.

This result differs from the corresponding result obtained in our
earlier paper, Dinopoulos and Segerstrom (2007, Theorem 2), where
an increase in L̄Swas shown to permanently decrease the North–South
wage gap ω. In contrast to the present paper, where all technology
transfer takes the form of multinational firms transferring their own
production to their foreign affiliates located in the South, in our earlier
paper all technology transfer takes the form of Southern firms copying
endogenously Northern products. In our earlier paper, an increase in
the size of the South L̄S leads to a permanent increase in the rate of
copying (ĪS using the present paper's notation), and as a result,
Northern firms earn profits for a shorter expected period of time. The
expected discounted profits from innovating drop and this means
that the Northern relative wage ω must fall to make innovative R&D
profitable again.

To summarize, the effect of an increase in the size of the South L̄S
on the North–South wage gap ω depends on the mode of technology
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transfer. When technology transfer takes place within multinational
firms, an increase in L̄S has no long-run effect on ω because it has no
long-run effect on quality-adjusted incentives to innovate. In contrast,
when technology transfer takes the form of Southern firms copying
Northern products, an increase in L̄S hurts Northern firms and reduces
the incentives to innovate and the Northern relative wage ω.

Next, consider the steady-state welfare effects of a permanent
increase in the size of the South. Starting with the welfare of a typical
Southern consumer, recall that according to Theorem 4, this increase
generates a temporary increase in the Northern innovation rate (IN↑),
a permanent increase in the adaptation rate (IF↑), but has no effect on
the steady-state relative wage ω. These changes have no effect on
Southern per-capita consumption expenditure cS but unambiguously
increase Southern consumer utility uS(t) because the quality-adjusted
price index P(t) falls. Because [σω/(σ−1)]1−σb [σ/(σ−1)]1−σb1,
an increase in IF raisesΨ by puttingmore weight on the last two terms
of Eq. (35). It follows that an increase in L̄S lowers P(t) because both
xN and Ψ increase. Intuitively, Southern consumers unambiguously
benefit in the long run from an increase in the size of the South
because individual income is not affected and the quality-adjusted
product prices fall. Southern consumers benefit from the temporary
increase in the Northern innovation rate IN because this leads to a
permanent increase in the average quality of products that they buy.
Southern consumers also benefit from the permanent increase in the
adaptation rate IF because the prices that they pay fall when more
production gets transferred from the high-wage, high-price North to
the low-wage, low-price South.

Finally, consider the steady-state effect on Northern utility uN(t) of
a permanent increase in the size of the South (L̄S↑). This increase
causes the quality-adjusted price index P(t) to fall (for the same
reasons as above), but also affects Northern per-capita consumption
expenditure cN. The latter is increasing in xN but decreasing in IF for
strictly positive values of ĪS. Thus the overall long-run effect of an
increase in the size of the South on Northern consumer utility is
theoretically ambiguous. Intuitively, Northern consumers benefit from
the permanent increase in the adaptation rate IF because the prices
that they pay fall when more production gets transferred from the
high-wage North to the low-wage South. But the permanent increase
in the rate of technology transfer withinmultinational firms IF also has
negative implications for Northern consumers. It means that multi-
national firms earn their profit flows for a shorter expected time
duration when ĪS is strictly positive, since faster transfer of production
to foreign affiliates by multinational firms means more exposure to
the total capital loss that results from Southern imitation. However, if
ĪS=0, then cN is independent of IF and uN(t) is unambiguously
increasing in L̄S. Thus, by continuity, Northern consumers benefit in
the long run from an increase in the size of the South if the Southern
imitation rate ĪS is sufficiently small. We have established.

Theorem 5. A permanent increase in the market size of the South (L̄S↑)
makes Southern consumers better off in the long run andmakes Northern
consumers better off if the rate of imitation ĪS is sufficiently small.
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