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1 Introduction

The question that motivates this paper is the following: What are the effects for advanced countries
of China joining the world trading system? From 1949 to 1978, China’s communist regime prohib-
ited private enterprise and largely sealed the country off from international trade. But then in 1978,
Chinese policy took a surprising turn. Declaring that “to grow rich is glorious”, the communist
party opened the doors to internal private enterprise and to external trade. Because China is such a
large country (20 percent of the world population), China’s decision to join the world trading system
could potentially have large ramifications for advanced countries. We present a dynamic, general
equilibrium model of North-South trade with scale-invariant growth to shed light on this issue.

To model the effects for advanced countries of China joining the world trading system, we

adopt the approach illustrated in Figure 1. We think of the world economy as consisting of three
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Figure 1: The World Economy

regions: arOpen North consisting of developed countries that have “open” trade policies (United
States, France, Germany, Sweden, etc.pen South consisting of developing countries that have
“open” trade policies (South Korea, Taiwan, China today, etc.) a@tbsed South consisting of
developing countries that have “closed” trade policies (North Korea, Afghanistan, China under Mao,
etc.). Then China’s decision to join the world trading system is illustrated by the globalization arrow
in Figure 1. More generally, we defirgtobalization as countries moving from the Closed South to
the Open South by changing their trade polidies.

Although there are different degrees of openness in the real world (even North Korea does

'Globalization can take various forms. For example, it can be modelled as a reduction in trade barriers between
developed countries [as in Dinopoulos and Segerstrom (1999)] or as the international movement of resources (labor
migration and/or the formation of multinationals). This paper focuses on one particular form of globalization: developing
countries joining the world trading system.



export some military products, for example), for theoretical simplicity, we assume that countries in
the open regions (the Open North and the Open South) adopt free trade policies and countries in
the Closed South do not trade with the rest of the world. Since the Closed South does not interact
with the rest of the world (by assumption), we leave the Closed South unmodelled and present a
model of trade between the Open North and the Open South. This modelling choice is illustrated
by the rectangle in Figure 1. To simplify terminology, we will usually refer to the Open South as
simply “the South” and the Open North as simply “the North”. Then globalization corresponds to
an increase in the population size of the South.

In our dynamic general equilibrium model of North-South trade, Northern firms devote re-
sources to innovative R&D to discover higher quality products and Southern firms devote resources
to imitative R&D to copy state-of-the-art quality Northern products. Both innovation and imitation
rates are endogenously determined based on expected discounted profit maximization considera-
tions. The degree of wage inequality between Northern and Southern workers is also endogenously
determined based on labor market clearing considerations. We use the model to study the steady-
state equilibrium effects of globalization and stronger protection of intellectual praperty.

The implications of China’s entry into the world trading system is a topic of considerable current
public policy interest. The concerns that people have are clearly expressed in a recent artiele in

Economist (February 15-21, 2003):

“Businesses all over the world have seen China gobble up the toy industry, and they now
look on in horror as it does the same for shoes, fridges, microwaves and air conditioners.
This country of 1.3 billion people has an apparently inexhaustible supply of workers,
willing to work long hours for pitifully low pay...How can anybody compete against

this gigantic new workshop of the world?”

The model presented in this paper captures these considerations. It is a North-South trade model
where the location of industries changes over time. In each industry, new products are initially pro-
duced in the North by Northern quality leaders but then when copying occurs, production shifts to
the South. Along the model’s equilibrium path, countries like China are “gobbling up” microwaves,

fridges, air conditioners, etc., products that used to be produced in developed countries.

The terminology West-East may be more appropriate that North-South since China is located in the East. Neverthe-
less, we stick with the usual North-South terminology for describing trade between developed and developing countries.
Furthermore, by the South we do not mean all developing countries. Most technological imitation is done by newly
industrialized countries while the majority of developing countries engage in this activity only marginally (see Helpman,
1993).



While people in developed countries are concerned about China’s entry into the world trading

system, they also see potential benefits and these are clearly expressed in the same article:

“The focus, though, should not be on such obstacles, but on the great benefits of China’s
growth. Millions of consumers in other countries are gaining from the low prices and
high quality of Chinese goods. A billion Chinese are escaping the dire poverty of the

past. Businesses across the globe will profit from supplying a vast new market.”

The model presented in this paper also captures these benefits of globalization. In the model, the
profit flows earned by Northern quality leaders directly increase when these firms are able to sell
to a larger Southern market of consumers and Northern consumers directly benefit from copying
because product prices drop when production shifts from the “high wage” North to the “low wage”
South.

Because there are both pluses and minuses associated with China’s entry into the world trading
system, it is not obvious how China’s entry affects the wages earned by advanced country workers
and in particular the North-South wage gap. On the one hand, globalization (China’s entry) means
that there are more Southern workers copying Northern products and this should cut into both the
profits earned by Northern firms and the wages earned by Northern workers, reducing North-South
wage inequality. On the other hand, globalization (China’s entry) means that firms in the North have
alarger Southern market to sell to and this should push up Northern wages, increasing North-South
wage inequality. Both considerations are present in the model and we solve for how globaliza-
tion (China’s entry) affects the steady-state equilibrium wage gap between Northern and Southern
workers.

The main result in the paper is Theorem 1 about the effects of globalization. We show that
globalization (an increase in the population size of the South) has no effect on the long run innova-
tion rate in each industry but causes a temporary increase in the innovation rate along the transition
path from the old to the new steady-state equilibrium. In contrast, globalization causes the rate of
copying of Northern products to permanently increase. And this has important implications for the
wages of workers. We show that globalization unambiguously reduces the steady-state degree of
wage inequality between Northern and Southern worRekéternatively stated, globalization leads

to temporarily higher rates of economic growth in the South than in the North.

3In the static Ricardian model of North-South trade, an increase in the size of the South results in a deterioration in
the South’s terms of trade and hence increases North-South wage inequality.



The intuition behind the result that globalization reduces North-South wage inequality is as fol-
lows: Although globalization means that Northern firms have a larger Southern market to sell to, the
Northern relative wage is not pushed up because Southern firms also have a larger Southern market
to sell to. What matters in determining how the Northern relative wage changes is how globalization
affects the reward for innovatinglative to the reward for imitating. Since globalization increases
the rate of copying of Northern products by Southern firms, globalization unambiguously reduces
the reward to innovating relative to the reward for imitating. The relative wage of Northern workers
has to fall as a consequence to maintain full employment of labor in both regions.

The second main result in the paper is Theorem 2 about the effects of stronger intellectual prop-
erty rights (IPR) protection. We show that stronger IPR protection has no effect on the long run
innovation rate but causes a temporary decrease in the innovation rate along the transition path from
the old to the new steady-state equilibrium. Stronger IPR protection also causes the rate of copy-
ing of Northern products to permanently decrease and the North-South wage gap to permanently
increase. Thus stronger IPR protection has the opposite steady-state effects compared to global-
ization. Interestingly, at the same time that globalization has been occurring, developed countries
have been pushing for stronger IPR protection and this is reflected in the TRIPs (Trade Related
Intellectual Property Rights) agreement that was part of the Uruguay Round completed in 1994.
Given our model, stronger IPR protection can be interpreted as moderating the steady-state effects
of globalization.

Although China’s entry into the world trading system is the motivating example, the model
presented in this paper has broader applicability. In recent decades, many developing countries
have opened their economies to international trade. These developments are documented in a recent
paper by Wacziarg and Welch (2002). They use the Sachs-Warner (1995) criterion to categorize all
countries in the world as being either “open” or “closed” for each year between 1950 and 2000.
Wacziarg and Welch’s dates of trade liberalization (the years when specific countries switched from
being “closed” to being “open”) are shown for selected countries in Table 1. This table shows that
in recent decades, many developing countries (Mexico, Turkey, Poland, etc.) have become open,

effectively increasing the population size of the Open Séuth.

“The Sachs-Warner criterion for openness takes into account average tariff rates, non-tariff barriers and other means
that countries use to restrict international trade (monopoly export boards and foreign currency exchange restrictions).

SStarting from autarky, China has made considerable progress at opening up since 1978. Wacziarg and Welch (2002)
find that China is still “closed” as of the year 2000 but is getting close to satisfying the Sachs-Warner criterion for being
“open”.



Table 1: Dates of Trade Liberalization

Country Year Country Year
United States before 1950Phillipines 1988
United Kingdom before 1950 Turkey 1989
Switzerland before 1950 Hungary 1990
Sweden 1960 Poland 1990
Japan 1964 Czech Republic 1991
Chile 1976 India after 2000
Mexico 1986 China after 2000

This paper is related to the literature on North-South trade and technological change. The semi-
nal paper in this literature is Krugman (1979), who developed a simple model of North-South trade
and technological change, albeit with an exogenous rate of innovation in the North and an exoge-
nous rate of technology transfer to the South. Models with costly innovation and costless technology
transfer have been developed by Segerstrom, Anant and Dinopoulos (1990), Helpman (1993), Lai
(1998) and Gancia (2003). More closely related to this paper are the models with both costly in-
novation and costly technology transfer by Grossman and Helpman (1991a,b), Yang and Maskus
(2001) and Glass and Saggi (2002).

One drawback of the above-mentioned literature that this paper improves upon concerns the
issue of scale effects. In an important critique of endogenous growth theory, Jones (1995a) pointed
out that all of the first-generation R&D-driven endogenous growth models [including all of the
above-mentioned North-South trade models except Krugman (1979), where innovation is exoge-
nous] have a counterfactual scale effect property, hamely, that larger economies grow faster. In
response to this critique, a variety of second-generation R&D-driven endogenous growth models
have been developed that do not have the scale effect property, including Jones (1995b), Kortum
(1997), Young (1998), Dinopoulos and Thompson (1998), Segerstrom (1998), Howitt (1999) and
Li (2002)¢ But little progress has been made at developing models of North-South trade without
the scale effect property. This paper shows how the Li (2002) closed economy framework can be
extended to allow for North-South trade. Scale effects are removed by assuming that innovating
becomes more difficult as products improve in quality and become more complex.

A second drawback of the above-mentioned literature that this paper improves upon concerns

the issue of tractability. Models of North-South trade with costly innovation and costly technology

®For asurvey of this literature, see Dinopoulos and Thompson (1999).



transfer tend to be very complicated and hard to solve. A good example is provided by Grossman
and Helpman (1991a). When they solve their model for a steady-state equilibrium, they obtain a
non-linear system of four equations in four unknowns. To derive comparative steady-state results,
Grossman and Helpman totally differentiate this four equation system and then try to sign the de-
terminants of the resulting 4 by 4 matrices: algebraically painful calculations. This paper presents
a model that builds on Grossman and Helpman (1991a) but is considerably more tractable. Solving
for a steady-state equilibrium reduces to solving a two equation system: an upward sloping curve
describing the North and a downward-sloping curve describing the South (see Figure 3). Compara-
tive steady-state results are obtained graphically based on how these two curves shift in response to
parameter changes.

Recently, two other models of North-South trade with scale-invariant growth have been devel-
oped. Sener (2003) presents a model where scale effects are removed by assuming that successful
innovators engage in rent protection activities to deter the innovation and imitation efforts of their
rivals [building on the earlier closed economy model by Dinopoulos and Syropoulos (2001)]. Par-
ello (2004) presents a model where scale effects are removed by assuming that R&D difficulty
increases over time based either on cumulative R&D effort [as in Segerstrom (1998)] or on the size
of the market [as in Dinopoulos and Thompson (1999)]. Both of these models are very complicated,
with long appendixes containing the comparative steady-state calculations and thus suffer from the
second drawback mentioned above.

In the related literature, several papers have studied the steady-state effects of globalization
and/or stronger IPR protection. In contrast to our Theorem 1, Grossman and Helpman (1991a) and
Glass and Saggi (2002) find that increasing the size of the South (globalization) has no effect on
North-South wage inequality and Sener (2003) finds that globalization actually increases North-
South wage inequality. Grossman and Helpman (1991b) obtain results similar to our Theorem 1
in their North-South trade model based on expansion in the variety of products (instead of quality-
upgrading). They find that increasing the size of the South (globalization) increases the rates of
innovation and imitation and decreases North-South wage inequality. The only difference is that
Grossman and Helpman (1991b) find that the increase in the rate of innovation is permanent (instead
of temporary in our model). When it comes to results about IPR protection, Segerstrom, et. al.
(1990), Lai (1998), and Yang and Maskus (2001) find that stronger IPR protection increases the
steady-state innovation rate. Parello (2004) finds the effect to be ambiguous: stronger IPR protection

increases the steady-state innovation rate if and only if the Northern human capital stock is relatively



low. Helpman (1993) obtains another type of inbetween result: stronger IPR protection increases
the short-run innovation rate but decreases the long-run (or steady-state) innovation rate. Consistent
with our Theorem 2, Glass and Saggi (2002) and Sener (2003) find that stronger IPR protection
unambiguously decreases the rate of innovation. However in these two models, the decrease in the
innovation rate is permanent whereas in our model, the decrease is temporary. Glass and Saggi
(2002) find that stronger IPR protection has no effect on North-South wage inequality whereas,
consistent with our Theorem 2, Sener (2003) find that stronger IPR protection increases North-
South wage inequality.

The rest of the paper is organized as follows: In section 2, the dynamic general equilibrium
model of North-South trade with scale-invariant growth is presented and four steady-state equi-
librium conditions are derived. In section 3, we show that the model has a unique steady-state
equilibrium and the two main results in the paper are derived: the steady-state equilibrium effects of
globalization (Theorem 1) and stronger IPR protection (Theorem 2). In sections 2 and 3, we study
a model where imitation is the only mode of technology transfer between the North and the South.
Section 4 explores what happens when there is a second mode of technology transfer: foreign di-
rect investment (FDI). That is, we allow firms in the high-wage North to do R&D with the aim of
learning how to move their production to the low-wage South. We find that a small country within
the South can raise the wage rate of its workers above those prevailing in the rest of the South by

adopting a more FDI-friendly policy. Section 5 offers some concluding comments.

2 The Model

2.1 Overview

We congder a model where there is free trade between two regions: the North and the South. The
North and the South are distinguished by their abilities to conduct R&D. Workers in the North are
assumed to be capable of conducting both innovative and imitative R&D whereas workers in the
South can only conduct imitative R&D. We focus on steady-state equilibria in which all innovative
activity takes place in the North and all imitative activity takes place in the South. Innovation takes
the form of improvements in the quality of products and in each industry, product quality potentially
can be improved an infinite number of times. Imitation takes the form of copying state-of-the-art

quality products. In each industry, production shifts back and forth between the North and the South



ove time resulting in product-cycle trade. Both innovation and imitation rates are endogenously
determined as well as the degree of wage inequality between Northern and Southern workers.

The model builds on an earlier model of North-South trade by Grossman and Helpman (1991a).
There are three significant differences between the two models. First, instead of assuming zero pop-
ulation growth, we assume that there is positive population growth in the world economy. Second,
instead of assuming Cobb-Douglas consumer preferences, we assume CES consumer preferences
and restrict attention to the case where the elasticity of substitution exceeds one (products are gross
substitutes). Third, instead of assuming time-invariant R&D technologies, we assume that as the
quality of products increases over time and products become more complex, both innovating and
imitating become more difficult. Because of these differences in assumptions, our model has sig-
nificantly different properties. For example, whereas Grossman and Helpman (1991a) show that
increasing the size of the South has no effect on the Northern relative wage (in the main case that
they study), we find that the Northern relative wage unambiguously falls when the size of the South

is increased (globalization reduces North-South wage inequality).

2.2 Industry Structure

In both the North and the South, there is a continuum of industries indexédb{, 1]. In each
industry#, firms are distinguished by the quality of the products they produce. Higher values of
the index;j denote higher quality products arids restricted to taking on integer values. At time

t = 0, the state-of-the-art quality product in each industry is= 0, that is,some firm in each
industry knows how to produce a= 0 quality product and no firm knows how to produce 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 igj, the next winner of an innovative R&D race becomes the sole producef efla
quality product. Thus, over time, products improve as innovations push each industry up its “quality

ladder.”

2.3 Workers and Consumers

In both the North and the South, there is a fixed measure of households that provide labor services in
exchange for wage payments. Each individual member of a household lives forever and is endowed

with one unit of labor, which is inelastically supplied. The size of each household, measured by



the number of its members, grows exponentially at a fixed#wate0, the population growth rate.
In contrast, Grossman and Helpman (1991a) assume that there is no population grewth).(
Normalizing the initial size of each household to unity, the number of household members at time t
is given bye™. Let Ly (t) = Lye™ denote the supply of labor in the North at timdet Lg(t) =
Lse™ denote the supply of labor in the South at titend letL(t) = Ly(t) + Lg(t) denote the
supply of labor in the North and South combined at tim&hen, within the context of the present
model, globalization corresponds to an increase in the constantterm

Households in both the North and the South share identical preferences. Each household is

modeled as a dynastic family that maximizes discounted lifetime utility

UE/ e (Pt Inu(t) dt (1)
0
wherep > n is the constant subjective discount rate and
) (e-1)/o Y o/le=D)
u(t) = / {Z 5ﬂ'd(j,e,t)] a6 @)
0 -
J

is the utility per person at time Equation (2) is a quality-augmented Dixit-Stiglitz consumption
index; d(j,0,t) denotes the quantity demanded (or consumed) per person ofuality product
produced in industry at timet, palmameters > 1 is the constant elasticity of substitution between
products across industries, ahd- 1 is an innovation size parameter. Becadi5es increasing iry,
(2) captures in a simple way the idea that consumers prefer higher quality products. Whereas Gross-
man and Helpman (1991a) restrict attention to the Cobb-Douglas caseavheitewe aralyze the
CES case where > 1 and products produced in different industries are gross substitutes.

For each household, the discounted utility maximization problem can be solved in three steps.
The first step is to solve the within-industry static optimization problem

rgg;zafdu, 0,t) subjectto " p(j,0,t)d(j, 0,t) = c(6,1)
J J

wheref andt are fixed,p(j, 0,t) is the price of thej quality product produced in industy at

time ¢, andc(6, t) is the individual consumer’s expenditure in indudirgit timet¢. The soldion to

this problem is to only buy the product with the lowest quality-adjusted pri¢#) /67. When two
products have the same quality-adjusted price so consumers are indifferent, we restrict attention to
equilibria where consumers only buy the higher quality product.

The second step is to solve the across-industry static optimization problem

1 0.4 (c—-1)/c . 1
max / (5940, 1)] d6 subject to / p(6,1)d(8, ) df = c(t)
: 0 0
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wheret is fixed,d(6, t) is the individual’s quantity demanded of the product with the lowest quality-
adjusted price in industrg at timet, j(0,t) is the quality index of the product with the lowest
quality-adjusted price in industyat timet, p(6, t) is the price of this product, andt) is the con-
sumer’s expenditure at time Solving this optimal control problem yields the individual consumer’s

demand function

(9, 1) = 40 Dp(6, ) 7l
Jo a(0,t)p(0,t)1=7db

for the product in industry at timet with the lowest quality adjusted price, whey@), t) =

(3)

§(e=1i0:1) is an alternative measure of product quality. The quantity demanded for all other prod-
ucts is zero.

The third step is to solve the dynamic optimization problem by maximizing discounted utility
(1) given (2), (3), and the intertemporal budget constrdift) = w(t) + r(t)A(t) — c(t) — nA(t),
whereA(t) is the individual’s assets at timtew(t) is the individual’s wage rate at timeandr(¢) is
the market interest rate at timmeThe solution to this optimal control problem yields the well-known

differential equation

which implies that in a steady-state equilibrium where individual consumer expendisurenstant

over time, the market interest ratemust be equal to the subjective discount rate

2.4 Product Markets

In each industry, active firms engage in Bertrand price competition. Firms can choose to exit their
industries at any point in time and shut down their production facilities (that is, become inactive).
Firms enter industries in the North by discovering the next higher-quality product and firms enter
industries in the South by imitating state-of-the-art quality prod(cts.

Labor markets are perfectly competitive in both regions.w.gtandwg denote the equilibrium
wage rates in the North and South, respectively. Labor is the only factor of production and manu-
facturing of output is characterized by constant returns to scale. In each industry, one unit of labor
produces one unit of output independently of its quality level or geographic location. Thus, each
active firm in the North has a constant marginal cost equalaand each active firm in the South

has a constant marginal cost equalttg. We restrict attention to analyzing the model’s properties

’Kind (2003) has developed a North-South trade model where Southern firms choose whether to conduct imitative
R&D, innovative R&D or specialize in agricultural production.

10



whenwy > wg > wy/d. The first inequality guarantees that production shifts from the North to
the South when a Southern firm imitates and the second inequality guarantees that production shifts
back to the North when a Northern firm innovates.

Consider first the situation faced by a Northern firm that wins an innovative R&D race. This firm
becomes the only firm that knows how to manufacture the highest-quality product in its industry.
The firm’s closest competitor is the producer one step below in the industry’s quality ladder (the
previous quality leader). That firm can reside in the North (if the product one step below in the
quality ladder has not been copied) or in the South (if that product has been copied). In a static
Bertrand price equilibrium, the new quality leader either charges the unconstrained monopoly price
or engages in limit pricing (charging a price just low enough so that the previous quality leader gets
no consumers, as in Grossman and Helpman (1991a)). Which of these two cases occurs depends
on whether the innovation is drastic or non-drastic 1 is large or small). In either case, the
previous quality leader gets no consumers and is indifferent between remaining active or exiting the
industry (the previous quality leader would strictly prefer exiting if there were any costs associated
with maintaining unused production facilities). We solve the model for a steady-state equilibrium
where following each innovation, the previous quality leader immediately exits the industry, as in
Howitt (1999). In the case of a drastic innovation, the new quality leader immediately charges
the unconstrained monopoly price and continues to do so. In the case of a hon-drastic innovation,
the new quality leader adopts a type of trigger strategy: it charges the limit price initially and
immediately reverts to charging the unconstrained monopoly price once it learns that the previous
quality leader has exited the market. Since the previous quality leader exits the market immediately
in equilibrium (it is profit-maximizing to do so), except for the point in time when innovation occurs,

a Northern firm that innovates charges the unconstrained monopoly price and earns monopoly profits
from selling to both Northern and Southern consunfers.

Omitting the arguments of functions for notational simplicity, a Northern quality leader’s profits
are given byry = (py — wn)(dny Ly + dsLg) wherepy is the Northern firm’s pricedyy is the
guantity demanded by the representative consumer in the Nortid aigithe quantity demanded
by the representative consumer in the South. Maximiziggwith respect tay and taking into

account that equation (3) determines bath and dg yields the unconstrained monopoly price

8The question arises, what if a firm that has exited an industry chooses to reenter? Then at best (when innovation
is non-drastic), the new entrant earns positive profits for a point in time before the current quality leader reverts to limit
pricing. Thus if there are positive costs of reentering, however small, it will not be profitable to reenter. We assume that
this is the case.

11



pn = [0/(0 — 1)]wy, which is the standard monopoly markup of price over marginal cost.

Similar considerations apply to Southern firms that win imitative R&D races. In the absence of
multinational activities, these Southern quality leaders enjoy a cost advantage over their Northern
competitors sincevy > wg. Under the assumption of Bertrand price competition, each winner
of an imitative R&D race has the ability to undercut the previous Northern quality leader and take
away all of its consumers. Consequently, it is a profit-maximizing choice for Northern firms whose
products have been copied to immediately exit and we solve for a steady-state equilibrium where
this occurs. Thus, each Southern quality leader maximizes the flow of global monopolypsofits
(ps —ws)(dnLy + dsLg) by charging the unconstrained monopoly prige= [0/(c — 1)]ws.

Before deriving an expression for the value of monopoly profits, it is helpful to introduce some
additional notation. Lety(t) denote consumption expenditure of the representative Northern
consumer at time and letcg(¢) denote consumption expenditure of the representative Southern
consumer at timeé. Then gbbal consumption expenditure is given BYt) = cy(¢)Ln(t) +
cs(t)Lg(t). Taking into account that y(t) = Lye™ andLs(t) = Lge™, global consumption
expenditure can be written alternatively B$t) = ¢(t)L(t) wherec(t) = cn(t) Ly /(Ly + Lg) +
cs(t)Ls/(Ly + Ls) is global per-capita consumption expendit@irglso, letQ(t) = [ q(0,t) df

denote the average quality level across all industries at#iniken (3) implies that

Q()py’e(t)

yn(t) = 5)
fol Q(97 t)p(ev t)ligde
is the per-capita global demand for a Northern product with average q@Alityand
t)pge(t
s(t) = - AP el ©

a6, 0p(6,0) - do
is the per-capita global demand for a Southern product with average gQétity

Equation (3) implies that a Northern quality leader in industrgt time ¢ earns the flow of

monopoly profits
q(0,)py" E(t)
Jo a6, t)p(6,t)1-7do"

Using the above-mentioned notation, the profits of a Northern quality leader can be written more

mn(0,t) = (pn — wn)

simply as

— 400 (OLE). 7)

m(6,8) = [a— 1] Q)

SStrictly speaking¢ is per-capita consumption expenditure in the open part of the global economy since it does not
include consumption expenditure in the Closed South.

12



The profits earned by a Northern quality leader are an increasing function of the profit Bdgin
the relative quality of the firm’s produc%%, and the narket sizeyy L. Smilarly, a Southern

quality leader in industry at timet earns the flow of monopoly profits

q(0,t)pg” E(t)
Jo a(0,t)p(6,t)1—odo’

Using the above-mentioned notation, the profits of a Southern quality leader can be written more

m5(0,t) = (ps — ws)

simply as

ms(0,) = [ 5] A usoo. ®

The profits earned by a Southern quality leader are an increasing function of the profit figrgin

the relative quality of the firm’s produ%%t), and themarket sizeyg L.

2.5 Innovation and Imitation

Labor is the only factor of production used by firms that engage in either innovative or imitative
R&D activities. When a Northern firmi in industry 8 at timet¢ hires ¢; workers to do innova-
tive R&D, this firm is successful in discovering the next higher-quality product with instantaneous

probability (or Poisson arrival rate)
¢
— LA 9
vq(6,1) ©)

wherey > 0 is a Northern R&D productivity parameter. The presence of the tgfmnt) in (9)

i

captures the idea that as products improve in quality and become more complex, innovating becomes
more difficult.
Firms in the South can do imitative R&D to copy products developed in the North. When a
Southern firmi in industry# at timet hires?; workers to do imitative R&D, this firm is successful
in discovering how to produce the state-of-the-art quality product in indéstigh instantaneous
probability (or Poisson arrival rate)
¢

= Bq(0,t)’ (10)

where > 0 is a Southern R&D productivity parameter. A higher valtiean be interpreted as
stricter enforcement of intellectual property rights. The presence of theg@r) in (10) captures
the idea that as products improve in quality and become more complex, imitating also becomes

more difficult?

OMansfield, Schwartz and Wagner (1981) have found that imitation costs are substantial, of the order of 65 percent
of innovation costs. They also found that patents rarely hinder imitation but typically make it more expensive, which is
consistent with our interpretation Gf
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The returns to both innovative and imitative R&D are assumed to be independently distributed
across firms, industries, and over time. Consequently, the instantaneous probability that some North-
ern firm innovates in an industry is given By= >", I; and the instantaneous probability that some
Southern firm imitates in an industry is given 6y= ", C;.

The innovative and imitative R&D technologies (9) and (10) differ from those assumed in Gross-
man and Helpman (1991a) due to the presence of the R&D difficulty #€6t), which is intro-
duced to remove the property of scale efféétall of the first generation R&D-driven endogenous
growth models, including Grossman and Helpman (1991a), have the scale effect property that large
economies exhibit faster per-capita income growth. However, Jones (1995a) has argued persua-
sively that the scale effect property is inconsistent with time series evidence for several advanced
countries. This paper follows Segerstrom (1998), who showed that scale effects can be removed
from quality ladders models by assuming increasing R&D difficulty. The precise form of increasing
R&D difficulty that is assumed is due to Li (2002).

The equilibrium pattern of innovation and imitation is illustrated in Figure 2. At each point in

C >
I Industries With. | ndustries with
Northern Quality Southern Quality
Leaders <|— Leaders

Figure 2: The pattern of innovation and imitation

time, a measureny of industries have Northern quality leaders and a measuyef industries

have Southern quality leaders. All state-of-the-art quality products are either produced in the North
by Northern quality leaders or produced in the South by Southern quality leadets; $ong = 1.
Northern firms do innovative R&D in all industries and Southern firms do imitative R&D imtRe
industries where production is currently in the North. No imitative R&D occurs imthéndustries
because it is not profitable to imitate in these industries. If a Southern firm were successful in
copying a product produced by a Southern quality leader, Bertrand price competition would drive

profits of both firms down to zero. When Southern firms are successful in copying the products

if we had made the same assumptions about R&D as in Grossman and Helpman (1991a), hamély,y and
C; = {;/8, our model would not have a steady-state equilibrium. Instead positive population growth would imply
exploding rates of economic growth over time. The assumption of increasing R&D difficulty is needed to slow down the
North-South economy so there exists a steady-state equilibrium with a constant rate of economic growth.
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of Northern quality leaders, production shifts to the South where labor costs are lower>(

wg). On the other hand, when Northern firms are successful in innovating imthandustries

with Southern quality leaders, then production shifts back to the North. When Northern firms are
successful in innovating in the y industries with Northern quality leaders, then production stays in

the North. Thus, many products experience cycles, as Vernon (1966) has argued. These products are
initially discovered in developed countries and exported to developing countries. As the techniques
of production become more standardized, production shifts to developing countries due to lower
labor costs. These older products are then exported back to developed countries.

We solve the model for a steady-state equilibrium where the innovation and imitation/rate (
andC) do not vary across industries or over time. Simeg is constant over time in a steady-state
equilibrium, the flow into theny-industry state must equal the flow out of they-industry state,
thatis,myC = mgl. Usingmy + mg = 1, it follows immediately that

I C

=7 and  mg= Tk (11)

mn

The measure of industries with Northern quality leaders is an increasing function of the rate
of innovation/ and a decreasing function of the rate of imitat@n The conerse is true for the

measure of industries with Southern quality leadegs

2.6 R&D Optimization

We assume that all firms maximize expected discounted profits and that there is free entry into in-
novative R&D races in the North. Since all Northern firms have access to the same linear innovative
R&D technology (9), Northern quality leaders (the incumbents) do not engage in R&D activities.
Instead all innovative R&D in the North is done by other firms (the challengers) and the identity
of the quality leader in an industry changes every time innovation occurs. Northern quality leaders
have less to gain by innovating since they are already earning monopoly profits and with challengers
entering innovative R&D races until their expected discounted profits equal zero, it is not profitable
for Northern quality leaders to do any innovative R&D.
Consider now the incentives that a Northern challenger fin@s to engage in innovative R&D

in industryd at timet. The expected benefit from engaging in innovative R&D;id, t)I;dt, where

12The property that only industry followers engage in innovative R&D is a common property of endogenous growth
models. One can avoid this outcome and obtain that industry leaders invest in innovative R&D by assuming that industry
leaders have some R&D cost advantages, as in Segerstrom (2002).
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vr(6,t) is the expected discounted profits or reward for innovating laidis firm i's probability

of innovating during the infinitesimal time intervét. The expected cost of engaging in innovative
R&D is equal tow ¢;dt, wherel; is firmi's innovative R&D employment. Equation (9) implies that
the expected cost can be rewrittenasl;vq(0, t)dt. Thus, since expected benefit equals expected

cost in a steady-state equilibrium with free entry into innovative R&D races, it follows that

As the quality of products increases over time, innovating becomes more difficult and the reward
for innovating must correspondingly increase to induce innovative effort by Northern firms.

We assume that there is also free entry into all imitative R&D races in the South. Consider
next the incentives that a Southern fifrhas to engage in imitative R&D in industfyat timet
(where there is a Northern quality leader). The expected benefit from engaging in imitative R&D
isvc(0,t)Cidt, whereve (0, t) is the expected discounted profits or reward for imitating @pnét
is firm i's probability of imitating during the infinitesimal time intervdt. The epected cost of
engaging in imitative R&D is equal tawgl;dt, where/; is firm i’s imitative R&D employment.
Equation (10) implies that the expected cost can be rewrittens@$3q(0, t)dt. Thus, since ex-
pected benefit equals expected cost in a steady-state equilibrium with free entry into imitative R&D

races, it follows that
UC(evt) = wSﬁQ<97t) (13)

As the quality of products increases over time, copying also becomes more difficult and the reward

for copying must correspondingly increase to induce imitative effort by Southern firms.

2.7 The Stock Market

There is a stock market that channels consumer savings to Northern and Southern firms that engage
in R&D and helps households to diversify the risk of holding stocks issued by these firms. We can
calculate directly the rewards for innovating and imitating by solving for the stock market values of
Northern and Southern quality leaders.

Since there is a continuum of industries and the returns to engaging in R&D races are inde-
pendently distributed across firms and industries, each investor can completely diversify away risk
by holding a diversified portfolio of stocks. Thus, the return from holding the stock of a Northern

quality leader must be the same as the return from an equal-sized investment in a riskless bond and
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we obtain the following no-arbitrage condition:

7TN(9,t) ’[)[(9,15)
’U[(Q,t) ’U[(H,t)

—I-C=nr (14)

Equation (14) states that the dividend rate from the stock of a Northern quality I%I%q@us the
capital gains rat% minus the instantaneous probabilities of experiencing total capital losses due to
further innovation/ and imitationC' equals the market interest rate

We let Southern labor be the numeraire good4sp= 1 for all t) and solve for a steady-state
equilibrium where the Northern wagey is also constant over time. Since the quality lex@l t) is
constant during an innovative R&D race and only jumps up when the race ends (innovation occurs),
(12) implies that; (0, t) is constant during an innovative R&D race a%gd: 0. Also (4) implies
that the market interest rateequals the subjective discount raten a steady-state equilibrium
where individual consumer expenditure is constant over time. Thus, solving (14) for the steady-

state equilibrium reward for innovating yields

. WN(evt)
vr(0,t) = I+ C

(15)

The profits earned by each Northern quality leadgiare appropriately discounted using the market

interest ratep, the instantaneous probabilityof being driven out of business by Northern firms

which develop higher quality products and the instantaneous probafilil/being driven out of

business by Southern firms which copy the Northern firm’s product (and have lower wage costs).
The stock market value of a Southern quality leader can be similarly calculated. The corre-

sponding no-arbitrage condition is

ws(6,t)  0c(6,t)
ve(0,t)  ve(d,t)

and solving for the steady-state equilibrium reward for imitating yields

—I=m (16)

_ ms(0,t)

ve(0,t) = ol (17)

The profits earned by each Southern quality leadeaire appropriately discounted using the market
interest rate and the instantaneous probabilityf being driven out of business by Northern firms
which develop higher quality products. A Southern quality leader does not have to worry about its
product being copied by another Southern firm since there is no reward for copying already copied
products (if copying resulted in two Southern quality leaders in an industry, then under Bertrand
price competition, the market price would fall down to marginal cost and both profits and the reward

for copying would equal zero).
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2.8 Steady-State R&D Conditions

First, we solve for a steady-state R&D condition that must be satisfied if Northern firms are making

profit-maximizing innovative R&D choices. Equations (7), (12) and (15) together imply that

ooy 98y () L (1)

p+I1+C

UI(Hat) = = wN'YQ(Hat)' (18)

Let zn(t) = Q(t)/Ly(t) be a measure of relative R&D difficulty. We sole for a steady-
state equilibrium where bothy andyy are constants over timé. Then L(t)/Q(t) = (Lx +
Ls)/(znyLy) and (18) simplifies to

7 _

;/_; (—f][v:c[:s) =~yaznLn, (19)
which is thesteady-state innovative R&D condition. Equation (19) has a natural economic inter-
pretation. The left-hand side is related to the benefit (expected discounted profits) from innovating
and the right-hand side is related to the cost of innovating. The benefit from innovating increases
whenyy increases (the average consumer buys more), ihewor Lg increase (there are more
consumers to sell to), whemdecreases (future profits are discounted less), and WioerC' de-
crease (the Northern quality leader is less threatened by further innovation or imitation). The cost
of innovating increases whety Ly increases (innovative R&D becomes relatively more difficult).

Second, we solve for a steady-state R&D condition that must be satisfied if Southern firms are

making profit-maximizing imitative R&D choices. Equations (8), (13) and (17) together imply that
s 10 ys (1) L(1)

= wsfq(0,1) (20)

Solving for a steady-state equilibrium whereis also constant over time, (20) simplifies to
s (Ly + Lg) =
o—1
I L 21
PE; prnLy, (21)
which is thesteady-state imitative R&D condition. Equation (21) also has a natural economic in-
terpretation. The left-hand side is related to the benefit (expected discounted profits) from imitating

and the right-hand side is related to the cost of imitating. The benefit from imitating increases when

13As product quality improves over time aiq@ increases, innovating becomes more difficult. On the other hand, as
the North increases in size over time abg increases, there are more resources that can be devoted to innovating. Thus
xn = @Q/Ly is a natural measure of relative R&D difficulty.

¥n Segerstrom (1998) and Li (2002), it is shown in a closed economy setting that, regardless of initial conditions,
relative R&D difficulty necessarily converges to a constant value over time. In this paper, we focus on the steady-state
properties of the model and do not try to characterize the transition path leading to the steady-state.
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yg increases (the average consumer buys more), Wheor Lg increase (there are more consumers
to sell to), wherp decreases (future profits are discounted less), and Wheorease (the Southern
quality leader is less threatened by further innovation). The cost of imitating increases ywhan

increases (imitative R&D becomes relatively more difficult).

2.9 Quality Dynamics
By definition, the average quality of products at tirrie

Q(t) :/1q(0,t) dez/l MO qg
0 0

where) = §°~! > 1. We can calculate how)(t) ewolves over time in a steady-state equilibrium.
Sincej(0,t) jumps up toj (A, t) + 1 when innovation occurs in industfy and tke innovation rate

I is constant across industries and over time, we obtain that the time derivatMe)aé
. e .
Ot) = / (VOO NON] Tdp = (A~ DIQ(1). 22)
0

The growth rate of average product qua%yis proportional to the innovation rafein each indus-
try. Equation (22) implies that the measure of relative R&D difficulty = Q(t)/Lx(t) can only
be constant over time % = (A — 1)I = n, from which it follows that the steady-state innovation

rate is
n

A—1
Thus, the steady-state innovation rate depends only on the population growthamadethe R&D

I= (23)

difficulty parameten, as in Segerstrom (1998). In a steady-state equilibrium, individual researchers
are becoming less productive and firms compensate for this by increasing the number of employed
researchers over time. This compensation is only feasible for firms in general if there is positive
population growth, so positive population growth is needed to sustain technological change in the
long run.

The average quality of produafy(¢) can be broken up into two parts

1
Qt) = /O 2(6,1)d6 = Qn(t) + Qs(t) = /m a(0.0d0+ [ q(0.0)ds,

whereQ@ y (t) is a measure of product quality in the North apg(¢) is a measure of product quality

in the Southt> We can also calculate ho® v (¢) and Q¢(t) ewlve over time in a steady-state

BwWe letm v denote both the measure of industries with Northern quality leaders and the set of industries with Northern
quality leaders. Likewise, we let.s denote both the measure of industries with Southern quality leaders and the set of
industries with Southern quality leaders. In the integrals, andm s have the second interpretation.
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equilibrium. Referring back to Figure 2, the time derivativef is

Qs= | N@cdo— | NOD1do=CQn - IQs

my mg

and the time derivative ap y is

Oy = )\j((”t)“_fde—/ )\j((”t)C’d9+/ (@D 0D 1 dg
mn

mg mn

— I\Qs—CQy + (A= 1)IQy.

It follows that the growth rates af) y and Qs are constant over time only if they are identical.

Solving )
Qs QN _ QN o Qs _ _
05— C—S I= On I)\—N C+(A—-1)I

yields = = . It follows that
Vi C
On(t) =7 a0¢®  and - Qs(t) = 7 Q(). (24)

The average quality of products produced in the N(%# is somewhat higher than the average
quality of products produced in the Sou@jl% since shifts in production from the South to the

North are always associated with increases in product quality (innovation).

2.10 The Northern Labor Market

We assume that workers can move freely and instantaneously across firms and activities in each
region. Consequently, at each instant in time full employment of labor prevails in each region and
wages adjust instantaneously to equalize labor demand and supply. It follows from (3) that in a
Northern industry, production employment is

q(0, t)py” E(t) q(0,1)
L q(0,t)p(0, 1)\~ odg ~ Q(t) wL(E)

(8, t)L(t) =
Thus total Northern production employment is

_ ynL(t) - A
[ aw.pwa =5 /mN 40080 = ynL(t) 5

In industryé at timet, Northern R&D employment i, ¢; = vIq(6,t). Thus, total Northern R&D

employment is

[ tae. 8 = 1000
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Putting things together, full employment of Northern labor implies that

Lyn(t) = yn L(2) +71Q(t).

Al
M+ C
Dividing both sides of this equation by (¢) yields thesteady-state Northern labor condition

EN‘FES A

= Izy. 25
In )\I+C+’7$N (25)

I1=yn

Equation (25) has a natural economic interpretation. The two terms on the right-hand-side are the
shares of Northern labor in production and R&D activities, respectively. The Northern production
employment share increases whgpincreases (the average consumer buys more of each Northern
product),(Ly + Lg)/Ly increases (there are relatively more Southern consumekd)/QAI + C')
increases (there are more products produced in the North). The Northern R&D employment share
increases whef increases (there is a higher innovation rate} grincreases (innovating becomes

relatively more difficult).

2.11 The Southern Labor Market

Similar calculations apply for the Southern labor market. It follows from (3) that in a Southern
industry#, production employment is

d(0,4)L(t) = q0,)ps E(t)  q(6,1)

g0, t)p(0,6)1-0de Q) ysL(t).

Thus total Southern production employment is

' _ ysL(?) B C
[ aw L =150 /ms a(6,)8 = ysL(t) 1

In industry @ at timet, Southern R&D employment i§", ¢; = 5Cq(6,t). Thus, total Southern

R&D employment is
[ seate. s = soQu (o).
my
Putting things together, full employment of Southern labor implies that

c A
VRGNS VNG

Ls(t) = ysL(t) Q(1).

Dividing both sides of this equation bys(¢) yields thesteady-state Southern labor condition

Ly+Ls C M znLy

ES M+ C +IBC)\[+C I:S (26)

I=ys
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Equation (26) has a similar economic interpretation. The two terms on the right-hand-side are the
shares of Southern labor in production and R&D activities, respectively. The Southern production
employment share increases whgnincreases (the average consumer buys more of each Southern
product),(Ly + Ls)/Ls increases (there are relatively more Northern consumeiSY gxI + C)
increases (there are more products produced in the South). The Southern R&D employment share
increases whe€' increases (there is a higher rate of copyind)/(\[+C') increases (there are more
Northern products to copy) ary Ly /Lg increases (imitating becomes relatively more difficult).

This completes the description of the model.

3 The Steady-State Equilibrium

3.1 Existence of the Steady-State Equilibrium

We solve the model for a balanced growth (or steady-state) equilibrium where all endogenous vari-
ables grow at constant (not necessarily the same) rates over time. In this balanced growth equilib-
rium, variables that are constant over time include per-capita consumption expenditunedcs,

global per-capita consumption expenditdrehe prices of productsy andpg, the wage rates for
laborwy andwg = 1, the quantities produced for the average consugeandyg, the market

interest rate" = p, the industry-level innovation rate= 1“5, the industry-level imitation raté’,

and the measure of relative R&D difficultyy = chv(g). Variables that grow over time at the rate
n include the populations of worketisy and Lg, aggregate consumer expenditutét), andthe
average quality of product9(t).

As we have shown, solving the model for a steady-state equilibrium reduces to solving a system
of four nonlinear equations [the innovative R&D condition (19), the imitative R&D condition (21),
the Northern labor condition (25) and the Southern labor condition (26)] in four unknawns [
C, yn andyg]. In this respect, the North-South trade model is similar to Grossman and Helpman
(1991a), who also obtain a system of four nonlinear equations in four unknowns (see their Ap-
pendix B). Grossman and Helpman proceed by totally differentiating the four equation system and
then using matrix methods to try to sign the comparative steady-state effects of parameter changes.
Fortunately, the North-South trade model in this paper is analytically more tractable. We can re-

duce the system of four equations in four unknowns to a system of two equations in two unknowns

and then solve for comparative steady-state effects of parameter changes using simple graphical
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techniques.
Solving the innovative R&D condition (19) for how much the average consumerjpuysid

then substituting into the Northern labor condition (25) yieldsNbethern steady-state condition

Al

+1 (27)

which is upward-sloping ifiz -, C') space with a positive v interceptt® The intuition behind this
upward slope is as follows: When the rate of copyin@ncreases, there are two steady-state effects
in the North. First, a faster rate of copying means that more industries move to the South and this
contributes to reducing production employment in the Natth/ (= IJ%C decreases). Second, when
Northern industry leaders are exposed to a faster rate of copying, they must earn higher profit flows
while in business for Northern firms to break even on their R&D investments [in (19), an increase
in C must be matched by a corresponding increasgyifholding all other variables fixed]. North-
ern industry leaders earn higher profit flows when consumers buy more of their products and these
higher sales are associated with increased production employment in individual Northern industries.
Given our assumption that> n (the real interest rate is higher that the population growth rate), the
first effect unambiguously dominates, so aggregate Northern production employment falls when the
rate of copying goes up. To maintain full employment of Northern labor, the fall in Northern produc-
tion employment must be matched by a correspond increase in Northern R&D employment. This
implies thatzy must increase (R&D becomes relatively more difficult) since only then are more
workers needed in the Northern R&D sector to maintain the steady-state innovatidn=aé- .
Thus, to satisfy both Northern profit-maximization and full employment conditions, any increase
in the rate of copying”' (which reduces Northern production employment) must be matched by an
increase in relative R&D difficulty: ;y (which raises Northern R&D employment).

Solving the imitative R&D condition (21) for how much the average consumerfugsd then

substituting into the Southern labor condition (26) yieldsS$hethern steady-state condition

I [ e n—S oM (28)

1=
b Ls M+C ' AN+ C

which is downward-sloping iy, C') space with no interceptd. The intuition behind this down-

ward sbpe is as follows: When the rate of copyitjdecreases, there are two steady-state effects

16To determine the slope of the Northern steady-state condition, we use the resilt-thaf< and the assumption

in 0 p+HI+C| __ n—p
p > nto obtain % [5HAC] = orreye <O

'"To determine the slope of the Southern steady-state condition, we use the fagt thaf-= | = 7257 > 0.
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in the South. First, a slower rate of copyingmeans that more industries move to the North and

_C_

7rc decreases). Sec-

this contributes to lowering production employment in the South (=
ond, a slower rate of copying' directly contributes to lowering R&D employment in the South
(mnyC = I{r—CC decreases). Of course, both Southern production and R&D employment cannot si-
multaneously decrease because there is a given supply of labor in the South at any point in time. To
maintain full employment of Southern labor, a decrease in the rate of copymgst be matched
by an increase in relative R&D difficulty 5 so more Southern R&D labor is needed to maintain
any given imitation rate. From (21), we can also see that an increasg iis associated with
an increase iys and Southern production employment. When R&D is relatively more difficult,
Southern industry leaders must earn higher profit flows while in business to break even on their
R&D investments. Thus, to satisfy both Southern profit-maximization and full employment con-
ditions, any decrease in the rate of copyifigwhich reduces both Southern production and R&D
employment) must be matched by an increase in relative R&D difficulty(which raises both
Southern production and R&D employment).

The Northern and Southern steady-state conditions are illustrated in Figure 3 and are labeled

“North” and “South,” respectively. These two curves have a unique intersection atpaimd thus

A

C
North

South

[
|

XN

Figure 3: The steady-state equilibrium

the steady-state valuesof; andC are uniquely determined.
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To verify that we have indeed found a steady-state equilibrium, we need to check that the re-
maining endogenous variables are completely determined and satisfy previously specified proper-

ties. Given the steady-state valuescaf andC', (19) determinegy and (21) determinegs. Given

zy andLy(t) = Lye™, the definition of relative R&D difficulty: y = L?V(z) determines the time
path ofQ(t). To olve for the steady-state North relative wage= wy = ”;‘;—1;’, we first divide (19)

by (21) to obtain anutual R& D condition

yn(p+1) v

ys(p+1+C) B
Equations (5) and (6) together with the priges = _Zywy andps = -Z7wgs imply that% =

w™?. Thus, the mutual R&D condition can be rewritten as

aY _ p+1
B p+I+C (29)

and this equation determinesgivenC'. To sole for ¢, we firstnote that

1
/0 a(0,)p(0,1)1-7d0 = pl-TQu(t) + p5 Qs (t).

It follows then from (5), (6) and (24) that

JNE
YN = 1—-0c )\ -0 C
PN x+c TPs xirc

and
pg’c
Ys = 95 a1 ¢ C
PN x+c TPs xitc

Thus,¢ is determined givelt’, w andyy (or ys). Also bothyy andyg are constant over time as

was earlier claimed?® Thus, we have indeed solved for a steady-state equilibrium.

The mutual R&D condition (29) has important implications. It implies that the North-South
wagegapw is directly related topﬁl%fc, which is the reward for innovatinggl ative to the reward
for imitating. Other things being equal, a decrease in the rate of cogyitghich increases the
reward for innovating relative to the reward for imitating) is associated with an increase in the

North-South wage gap.

18Although steady-state average consumer expenditiseuniquely determined, the model says nothing about the
representative consumer’s expenditure in the North or Seutlv(cs). These values depends on who owns the firms that
are earning monopoly profits. Since the same steady-state equilibrium emerges regardless of the ownership distribution
of assets between the North and the South, we have left the ownership distribution unspecified.
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3.2 Main Properties of the Steady-State Equilibrium

Weare now in a position to state and answer the main question in the paper: what are the steady-state
effects of globalization (China’s entry into the world trading system)? Does globalization increase
wage inequality between the North and the South or does globalization have the opposite effect of
contributing to convergence in wages between Northern and Southern workers? Also, does global-
ization stimulate technological progress or does globalization induce a productivity slowdown?

An increase inLg (an increase in the size of the South) has no effect on the Northern steady-
state condition (27) but implies thaty increases for gived' in (28). Thus the Southern steady-

state condition shifts to the right ifwy, C') space and this is illustrated in Figure 4. Starting

A

C
North

Figure 4: The Steady-State Effects of Globalization

from the steady-state equilibrium given by poiif an incease inLg leads to a new steady-state

equilibrium given by pointB. Thus globalization leads to an increase in both andC. The

measure of relative R&D difficulty: y = chv(fz) can only permanently increase if the average quality

of products)(t) temporarily grows at a faster than usual rét@he increase in the rate of copying

1Although we do not analyze the equilibrium transition path from one steady-state to another in this paper, conver-
gence to a new steady-state equilibrium tends to be very slow in models of endogenous growth without scale effects.
For example, when Steger (2003) calibrates the Segerstrom (1998) model, he finds that it takes 38 years to go half the
distance to the steady-state and this rate is consistent with the majority of cross-country studies on the speed of conver-
gence (e.g., Barro and Sala-i-Martin, 1992). Thus, the “temporary” increase in the rate of technological change caused
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C means that production shifts to the South in the sense that the measure of industries with Southern

quality leadersng = HLC increases and the measure of industries with Northern quality leaders

my = 71 decreases. From the mutual R&D condition (29), the increaggimplies that wage

inequalityw decreases. We have established

Theorem 1Globalization (Ls 1) leads to a permanent increase in the rate of copying of Northern
products (C' 1), a short-run increase in the innovation rate (zx ), no change in the long-run
innovation rate (I = ™) and a permanent decrease in the degree of wage inequality between

Northern and Southern workers (w = %L”U—JSV 1.

The steady-state equilibrium effects of globalization are quite intuitive. Since globalization
represents an expansion in the size of the South and the South copies technologies developed in
the North, globalization naturally increases the rate of copyiraf Northern products. This faster
rate of technology transfer from the North to the South hurts Northern workers (in the sense that
the Northern relative wage falls) because the technology transfer means that production (and
jobs) move from the high wage North to the low wage South. With production jobs moving to the
South, more Northern workers become available for employment in the Northern R&D sector and
the lower Northern relative wage makes it more attractive for Northern firms to expand their R&D
activities. In the short-run, globalization causes the industry-level innovatiod tatgimp up and
technological change to accelerate, but the industry-level innovation rate gradually falls back to the
original steady-state levdl = n/(A — 1) as R&D becomes relatively more difficult. In the long
run, globalization does not change the innovation rate but increases relative R&D diffiguityd
the fraction of Northern labor employed in R&D activities.

Has wage inequality in fact decreased between Northern and South workers during the past sev-
eral decades of globalization, as Theorem 1 implies? There is a growing empirical literature that
looks at how income inequality has been changing over time for the world as a whole and the re-
sults depend critically on how income inequality is measédPeBor example, if income inequality
is measured by GDP per capita across countries, then global income inequality has increased con-
siderably since 1980. Pritchett (1997) reports that during the period 1980-1994, the mean per annum

growth rate of GDP per capita was 1.5% for 17 advanced capitalist countries and only 0.34% for 28

by globalization can be expected to last a long time.

201t is worth bearing in mind that Theorem 1 only implies that globalization decreases wage inequality between the
Open North and the Open South, not for the world as a whole.

27



less developed countries. But this way of measuring income inequality has been criticized because
it takes countries as its unit of analysis rather than people, so the 1.3 billion citizens of China count
for no more than do the 0.0004 billion citizens of Luxembourg. Jones (1997) shows that global
income inequality has in fact decreased if each country’s average income is weighted by its popu-
lation, mainly because of the good growth performance of the world’s two largest countries China
and India. And when within-country income inequality is also taken into account, Sala-i-Martin
(2002) still finds that global inequality has decreased substantially since 1980. Thus, the finding
of declining global income inequality reported in Jones (1997) and Sala-i-Martin (2002) provides
some support for Theorem 1.

Another piece of evidence that supports Theorem 1 is provided by Wacziarg and Welch (2002).
They ask the question, do countries tend to experience faster or slower economic growth rates fol-
lowing trade liberalization? Wacziarg and Welch find that trade-centered reform (countries switch-
ing from being “closed” to being “open” using the Sachs-Warner (1995) criterion) has on average
robust positive effects on economic growth rates within countries. For the typical country that
switches from being closed to being open, the growth rate of real per capita GDP increases by 1.4%
(see Table 13 in Wacziarg and Welch (2002) and the regression with both country and year fixed
effects). This estimate is both highly statistically significant and economically significant. It means
that for a typical country growing at an average annual rate of 1.1% before trade liberalization, its
average annual growth rate jumps up to 1.1%+1.4%=2.5% after trade liberalization. Since it is ex-
clusively developing countries that have become “open” in the last three decades and these countries
tend to grow faster as a result, the findings in Wacziarg and Welch (2002) are consistent with the
declining wage gap between the Open North and the Open South implied by Theétem 1.

The second main result in the paper concerns the effects of stronger intellectual property rights.
Stronger intellectual property rights can be interpreted as an increase in the imitative R&D param-
eter, since this increase means that it is harder for Southern firms to copy ideas developed in the
North [this is how stronger intellectual property rights are modelled in Glass and Saggi (2002)].
An increase in3 has no effect on the Northern steady-state condition (27) but implies: that-
creases for give in (28). Thus the Southern steady-state condition shifts to the 1éfijin C)
space and this is illustrated in Figure 5. Starting from the steady-state equilibrium given byl point

an increase i leads to a new steady-state equilibrium given by p#inThus stronger intellectual

2The empirical literature of trade and growth using cross sectional data has been heavily criticized in an influential
paper by Rodriguez and Rodrick (2000). However, Wacziarg and Welch (2002) use panel data and look at the within-
country growth effects of trade liberalization, something that had not been done in the earlier literature.
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South

Figure 5: The Steady-State Effects of Stronger Intellectual Property Protection

property protection leads to a decrease in bgthandC. The measure of relative R&D difficulty

TN = chv(fg) can only permanently decrease if the average quality of prodpgtstemporarily

grows at a slower than usual rate. The decrease in the rate of cagyimeans that production shifts

to the North in the sense that the measure of industries with Northern quality leagets HLC
increases and the measure of industries with Southern quality leagdets H% decreases. From

the mutual R&D condition (29), the decrease&irimplies that wage inequality increases. Thus,
stronger intellectual property protection serves to moderate the effects of globalization: stronger

intellectual property protection has the opposite steady-state effects. We have established

Theorem 2 Stronger intellectual property protection (3 1) leads to a permanent decrease in the
rate of copying of Northern products (C' |), a short-run decrease in the innovation rate (x |), no
change in the long-run innovation rate (I = y*;) and a permanent increase in the degree of wage

inequality between Northern and Southern workers (w = 15;_1; .

The surprising result in Theorem 2 is that stronger intellectual property protection slows tech-
nological change. In economic models, stronger patent enforcement often promotes innovative
activity. For example, Horowitz and Lai (1996) show in a closed economy setting that increasing

the patent length raises the rate-of-innovation except when the patent length exceeds the welfare-
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maximizing patent length. But in this North-South trade setting, the lower rate of copying that
stronger intellectual property protection generates has important implications for the Northern la-
bor market. The slower rate of technology transfer from the North to the South directly increases
the demand for Northern production workers (because fewer production jobs get transferred to the
South). However, since Northern workers were fully employed to begin with, there are no addi-
tional Northern workers to hire (at any given point in time). Thus, the Northern wage must increase
enough so that the increase in demand for Northern production workers is completely offset by a
decrease in demand for Northern R&D workers.

In negotiations about the protection of intellectual property rights at the World Trade Orga-
nization (WTO), developing countries have been arguing that stronger intellectual property rights
protection would simply generate substantial rents for Northern innovators at the expense of South-
ern consumers and would not stimulate faster technological change (see Maskus, 2000). Theorem

2 provides support for this position taken by developing countries.

4 Foreign Direct Investment

In the previous sections, we studied a model where imitation is the only mode of technology transfer
between the North and the South. This section explores what happens when there is a second mode
of technology transfer: foreign direct investment (FDI). That is, we allow firms in the high-wage
North to do R&D with the aim of learning how to move their production to the low-wage South.

In addition to the innovative and imitative R&D technologies given by (9) and (10), we now
assume that Northern industry leaders can do adaptive R&D to transfer their production to the
South [as in Glass and Saggi (2002)]. When a Northern industry leader in indwsttymet hires
¢ Southern workers to do adaptive R&D, this firm is successful in discovering how to produce its

product in the South with instantaneous probability (or Poisson arrival rate)

(30)

wherea > 0 is a FDI productivity parameter. The presence of the teftnt) in (30) captures the
idea that as products improve in quality and become more complex, transferring technology to the
South through FDI also becomes more difficult.

Firms that innovate in the North have marginal cest and Southern firms that imitate these

Northern products have marginal cast. We assumehiat when Northern firms transfer their
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technology to the South through FDI, these multinational firms have a higher marginal cost of
production pwg, where¢ > 1) than Southern firms. As emphasized in Markusen (1995) and Glass
and Saggi (2002), multinationals suffer from their lack of familiarity with the Southern economic
environment and have operating cost disadvantages relative to native firms.

Given this operating cost difference between multinationals and Southern firms, Southern firms
gain from copying the products of multinationals. We assume that with instantaneous probability or
Poisson arrival raté’, amultinational firm’s product is copied by a Southern firm. For simplicity,
we assume thaP is exogenous and interprétas a public policy choice that captures the degree to
which the South provides intellectual property rights (IPR) protection for multinationals (higgher
means weaker IPR protection).

To keep the analysis of FDI as simple as possible, we suppose initiallyRhsithigh enough
so that no FDI takes place'(= 0), that is, all technology transfer to the South occurs through
imitation and we obtain exactly the equilibrium analyzed in the previous section. Then we consider
what happens when a small country within the South deviates by adopting a more FDI-friendly
policy: a degree of IPR protection that is sufficiently strong to attract FDI. W&1tedlenote the
public policy choice of the small country and IBY > 0 denote the intensity of adaptive R&D
directed at the small country by the Northern industry leader in the typical industry (more generally,
all variables associated with the small country will be denoted with an asterisk). When0, we
need to specify where production moves when a multinational firm’s product is copied. We assume
that imitation within the South always occurs locally, so when a multinational firm in the small
country has its product copied, production stays in the small country. The steady-state equilibrium
pattern with innovation, imitation and FDI is illustrated in Figure 6.

When the small country is successful in attracting FBf (> 0), the reward for transferring
technology to the small country must equal the corresponding adaptive R&D cost on the margin,
that is,

vi(0,1) = vr(0,1) = waq(0,t), (31)

wherev}, is the expected discounted profit of a multinational firm that produces in the small country
andwy is the wage rate in the small country. Since Northern leaders are already earning the expected
discounted profiv;, their incentives to engage in adaptive R&D depend on how much these profits
increase when they are successful in transferring production to the small cagjntry(;). Using

the same reasoning as in section 2, the value of being a multinational operating in the small country
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Figure 6: The pattern of innovation, imitation and foreign direct investment
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Substituting this expression back into (31) and using (12), we obtain a steady-state FDI condition

for the small country

PYr L(t) w
o—1Q(t) _ N 32
oI+ Ty (32)

Since the rest of the South relies exclusively on imitation to obtain Northern technology, the
steady-state imitative R&D condition (21) continues to hold and can be rewritten as

s L)
o—1

(t
p+ 1

O

= 0. (33)

Taking into account tha%is = (ﬁ)_o = (“¢wg) = (%>_U and letting Southern labor be

Ps I Ws wg

the numeraireys = 1), equations (32) and (33) can be combined to yield the steady-state mutual

R&D condition
B p+1
o Lp+ 1+ P*

Since the endogenous variablésafidw ) are pinned down by the steady-state equilibrium calcu-

= (w)" " (ywn + awy). (34)

lations in section 3, the mutual R&D condition implies that there is a downward-sloping relationship

betweenP* andwy.
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Equation (34) contains the main result in our analysis of FDI. The way to interpret this equation
is as follows: Suppose we start off with a homogeneous Sdats (P*) which imitates Northern
technology but does not attract FOT' (> 0 and ' = 0). Then let the small country within the
South deviates by adopting a more FDI-friendly policy. As this small country gradually reftices
below P, eventually a critical value ofP* is reached at which the small country begins to attract
FDI (F* > 0). At this critical value of P*, the wage rate in the small country is the same as the
wagerate in the rest of the Soutw§ = 1) and equation (34) begins to be satisfied. From then
on, equation (34) implies that d%* is gradually reduced below the critical value, the wage rate in
the small countrywy gradually rises anabg > 1 holds. By adopting a more FDI-friendly policy,

a degree of IPR protection for multinationals that is sufficiently strong to attract FDI, the small
country can raise its wage rat€; above the wage rate that prevails in the rest of the South.

In the appendix, we show that the wage ratg > 1 that satisfies (34) also clears the labor

market in the small country. Thus, we have established

Theorem 3When a small country within the South deviates by offering stronger 1PR protection for
multinationals (P* < P) and asa result is able to attract FDI (F* > F' = 0), this country is able
to raise the steady-state equilibrium wage rate for its workers above the wage rate that prevailsin
the rest of the South (w3 > 1). Furthermore, the stronger is the IPR protection for multinationals,

the higher is the steady-state equilibrium relative wage rate for the small country (P* |= w§ T).

The intuition behind Theorem 3 is as follows. Southern firms have more to gain by imitating
Northern products than Northern firms gain from transferring their production to the South, since
Northern firms are already earning monopoly profits from producing in the North. Thus, when the
small country attracts FDI, it must be that FDI is superior to imitation as a mode of technology
transfer’? It follows that the small country can support a higher wage rate than the rest of the South
because it is using a better mode of technology transfer. Furthermore, increasing the IPR protection
for multinationals on the margin increases the reward for doing adaptive R&D by Northern industry
leaders. These firms then hire more R&D workers in the small country where they are trying to
transfer their technology and this bids up the wage rate for workers in the small country.

Theorem 3 helps to explain why developing countries have been switching to adopting more
FDI-friendly public policies in recent decades. The share of FDI inflows going to developing coun-

tries has been gradually increasing over time and in 2002, FDI into China reached an estimated $53

Z2An inspection of (34) reveals that the small country can attract FDI only<if 3.
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billion, making it the world’s top destination country for FDI (s&be Economist, September 6,
2003, pp. 59). Developing countries have come to realize that they can raise their wages relative to
the rest of the South by adopting more FDI-friendly policies.

In the literature of North-South trade with costly innovation and costly technology transfer, our
Theorem 3 appears to be a new result. The only other paper that studied the implications of FDI,
Glass and Saggi (2002), does not consider the case where public policies differ across countries

within the South.

5 Conclusions

This paper develops a dynamic, general-equilibrium model of North-South trade with scale-invariant
growth. In each industry, both the innovation rate by Northern firms and the imitation rate by South-
ern firms are endogenously determined. The model is utilized to analyze the effects of globalization
and stronger IPR protection on wage inequality (between Northern and Southern workers) and the
rate of global technological change.

We show that globalization (measured by an increase in the population size of the Open South)
leads to a faster imitation rate by Southern firms, faster technological change in the short run, and
less wage inequality between Northern and Southern workers. Stronger IPR protection has the
opposite effects. These findings imply that TRIPs agreements might serve as one device which
mitigates the effects of globalization due to the entrance of China and other developing countries
into the open trading system.

Because the theoretical framework developed in this paper is quite tractable, it could prove use-
ful for analyzing the effects of several other dimensions of globalization. The effects of Northern
and/or Southern tariffs, technology transfer by means of licensing agreements, and international
labor migration could all be studied using this framework, as well as further analysis of FDI as
a node of technology transfer. It may also be fruitful to do welfare analysis using the theoretical
framework. This would yield results about optimal policies that could be used to provide policy rec-
ommendations for managing North-South international linkages. These are all possible directions

for further research.
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Appendix: Proof of Theorem 3

To verify that the steady-state equilibrium with* < P andw > 1 really does exist, we just have
to check that when the mutual R&D condition (34) is satisfied, the wageuratelears the labor
market in the small country.

To show ths, we first note that withvg > 1, it is no longer profitable for firms to do imi-
tative R&D in the small country. Firms that do imitative R&D in the rest of the South are just
breaking even [see (20)] and since the small country has higher wage costs, firms in the small
country lose money from doing imitative R&D. Thus the small country relies exclusively on FDI
to obtain technology from the North. Lét(t) = Le™ denote the supply of labor in the small
country at timet. Using the same reasoning as in section 2, total production employment by multi-
nationals in the small country |3§m q(g t) yFL( )do = yFQF( ), total production employ-
ment by Southern firms in the small countryﬁg Q(t)) ySL( )dh = ggi)ySQP( ), total R&D
employment |sme aF*q(0,t)dd = aF*Qn(t), and the full employment of labor condition is
Lg(t) = %y;Qp(t) + %y%QP@) + aF*Qn(t). Quality dynamics calculations yield that
Qv = s QW) Qr(t) = seer Q) adQp(t) = s i Q)-

Because the country is “small” by assumption, its population size and R&D intensity are infinitesi-

mally small relative to the rest of the world, that isi; ~ 0 and F’* ~ 0. Taking into account that
v = (pw%) 7 ys andyl = (w§) 7 ys, the steady-state full employment of labor condition for

the small country can be written as

i {(mg > /\?iLC Y; YP* (w5 )\IySJrLC’ )\I]jr*P* )\I/\Jrl C“TNEN} -
Now the steady-state equilibrium calculations in section 3 pin dowh, ys andx . The muual
R&D condition (34) then determines the equilibrium valuewgfgiven the public policy choicé™*.
Thus, the full employment of labor condition (35) ends up determining the equilibrium value of the

ratio F* /L%
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