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1 Introduction

From 1949 to 1978, China’s communist regime prohibited 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 then later to external trade. Because China is such a large country (20 percent of the
world population), it's decision to join the world trading system is a topic of considerable public
policy interest. The concerns that people have are clearly expressed in an articlérBoonomist

magazine (February 15-21, 2003):

“Businesses all over the world have seen China gobble up the toy industry, and they now
look onin 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?”

In the same article though, potential benefits of China’s entry into the world trading system are also

expressed:

“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.”

This paper presents a conceptual framework for thinking about these issues: a dynamic gen-
eral equilibrium model of North-South trade and economic growth. In the model, both innovation
and imitation rates are endogenously determined as well as the degree of wage inequality between
Northern and Southern workers. Northern firms devote resources 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. In each industry, new products are initially produced in the North
by Northern quality leaders but then when copying occurs, production shifts to the South. Along
the model’'s equilibrium path, Southern (developing) countries like China are “gobbling up” mi-
crowaves, fridges, air conditioners, etc., products that used to be produced in Northern (developed)
countries. The model also captures the potential benefits of China’s entry into the world trading sys-

tem. The profit flows earned by Northern quality leaders increase when these firms are able to sell



to a larger Southern market of consumers and Northern consumers benefit from copying because
product prices drop when production shifts from the “high wage” North to the “low wage” South.

Many models of North-South trade and economic growth have already been developed, includ-
ing Segerstrom, Anant and Dinopoulos (1990), Grossman and Helpman (1991a,b), Lai (1998), Yang
and Maskus (2001), and Glass and Saggi (260&).the question naturally arises: why do we need
another model of North-South trade and economic growth? For thinking about issues like China’s
entry into the world trading system, why not just use a model that has already been developed? Our
decision to develop a new analytical framework is based on the following two considerations.

First, all of the above-mentioned North-South trade models have clearly counterfactual impli-
cations for economic growth. For example, these model all imply that any increase in the size of
the South permanently increases the economic growth rate in the North. Since 1950, the South
has increased dramatically in size, both due to population growth and to developing countries like
China opening up to international trade. But as Jones (1995a) has pointed out, there has not been
any upward trend in the economic growth rates of advanced countries since 1950. Furthermore, the
counterfactual growth implications of these models are clearly linked to assumptions about R&D.
All of these models imply that the Northern economic growth rate is proportional to the Northern
R&D employment level. If Northern R&D employment doubles, the Northern economic growth
rate should also double. Since 1950, R&D employment has more than doubled in the US and other
advanced countries without generating any upward trend in economic growth rates.

Second, all of the above-mentioned papers focus on the steady-state equilibrium properties of
North-South trade models and do not study the welfare implications. Blite@Economist quo-
tations illustrate, people are interested not only in knowing about the equilibrium implications of
changes in the economic environment, they are also interested in knowing about the welfare impli-
cations. For example, do people benefit from China’s decision to join the world trading system? Do
people benefit when trade costs between the North and the South fall?

In this paper, we present a model of North-South trade that avoids both of these drawbacks. To

rule out the counterfactual growth implications of earlier North-South trade models, we assume that

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).

2For asurvey of the literature on North-South trade and economic growth, see Chui, Levine, Murshed and Pearlman
(2002).



innovating becomes more difficult as products improve in quality and become more complex. This
assumption was first employed by Li (2003) to study economic growth in a closed-economy setting
but has not been used before to study North-South tPaflee model is suitable for analyzing both

the equilibrium and welfare implications of changes in the economic environment. To illustrate the
model’s potential, we explore the implications of three aspects of “globalization”: increases in the
size of the South (i.e., countries like China joining the world trading system), stronger intellectual
property protection (i.e., the TRIPs agreement that was part of the Uruguay Round), and lower trade
costs.

Focusingon trade costs first, we show that a decrease in trade costs between the North and the
South has no effect on either the rate of copying of Northern products or the Northern innovation
rate. When trade costs fall, Northern firms earn higher profits from exporting to the South but their
profits fall from selling their products in the North because the Northern market becomes more
competitive. Overall profits do not change, so lower trade costs do not affect the incentives to either
innovate or imitate. However they do lead to a reallocation of resources within both regions since
firms respond by producing less for the domestic market and exporting more. For firms in the larger
Northern market, the first consideration is more important for labor demand and lower trade costs
lead to a permanent decrease in the relative wage of Northern workers. Thus lower trade costs
contribute to reducing North-South income inequality.

Turning to the welfare implications, we show that lower trade costs unambiguously benefit con-
sumers in both regions. Even though the relative wage of Northern workers falls, this effect of lower
trade costs is more than offset by the fact that consumers face lower prices for both domestically
produced and imported products.

When it comes to an increase in the size of the South, we show that this leads to a permanent
increase in the rate of copying of Northern products and a temporary increase in the Northern inno-
vation rate. When there are more Southern workers, the faster rate of technology transfer that results
means that more production jobs move from the high-wage North to the low-wage South. There is
a reallocation of resources within the North away from production employment and towards R&D
employment. The increase in the size of the South also leads to a permanent decrease in the relative
wageof Northern workers. Interestingly, both lower trade costs and increases in the size of the

South are associated with decreasing North-South income inequality, consistent with the evidence

30ther closed-economy R&D-driven endogenous growth models that do not have the counterfactual “scale effect”
property include Jones (1995b), Kortum (1997), Young (1998), Dinopoulos and Thompson (1998), Segerstrom (1998),
and Howitt (1999). For a survey of this literature, see Dinopoulos and Thompson (1999).



reported in Jones (1997) and Sala-i-Martin (2002).

When it comes to the welfare implications of an increase in the size of the South, things are
more complicated (than for lower trade costs) because both rates of innovation and imitation are
affected. Northern consumers are hurt by the fall in their wage and interest income but on the other
hand, they benefit from being able to buy higher quality products at lower prices. The overall effect
on Northern consumer welfare of an increase in the size of the South is ambiguous. In contrast
with the author ofThe Economist quotes, who concluded that the benefits for advanced countries
of China joining the world trading system exceed the costs, we find no presumption that Northern
consumers benefit in the long run from a larger South. We do find though that Southern consumers
unambiguously benefit. Due to an increase in the size of the South, Southern consumers are able to
buy higher quality products at lower prices and they also benefit from the increase in the Southern
relative wage.

Finally, in comparison with an increase in the size of the South, stronger intellectual prop-
erty protection has the exact opposite steady-state equilibrium and long-run welfare implications.
Stronger intellectual property protection leads to a permanent decrease in the rate of copying of
Northern products and a temporary decrease in the Northern innovation rate. Fewer production jobs
move to the South and there is a reallocation of resources within the North away from R&D em-
ployment. Stronger intellectual property protection also leads to a permanent increase in the relative
wage of Northern workers. Northern consumers benefit from the increase in their wage and interest
income but on the other hand, they are hurt by the slower rate of technological change, leaving the
overall effect on the welfare of Northern consumers ambiguous. We do find though that Southern
consumers are unambiguously made worse off by stronger intellectual property protection. They
are hurt both by the slower rate of technological change and the decrease in the Southern relative
wage

The rest of the paper is organized as follows: In section 2, the dynamic general equilibrium
model of North-South trade and economic growth is presented. Section 3 studies the steady-state
equilibrium properties of the model and Section 4 studies the corresponding welfare implications.

Section 5 concludes.



2 The Model

2.1 Overview

We oonsider a model where there is trade between two regions: North and South. The North and
the South are distinguished by their R&D capabilities. Workers in the North are capable of conduct-
ing both innovative and imitative R&D whereas workers in the South can only conduct imitative
R&D. We focus on the steady-state equilibrium properties of the model where all innovative activ-
ity takes place in the high-wage North and all imitative activity takes place in the low-wage South.
Innovation takes the form of improvements in the quality of products and imitation takes the form
of copying state-of-the-art quality products. In each industry where production is currently in the
South, production shifts to the North when a Northern firm innovates and in each industry where
production is currently in the North, production shifts to the South when a Southern firm imitates.
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)
but differs in several important respects. First, to avoid the counterfactual growth implications of the
earlier literature, we assume that innovating becomes more difficult as products improve in quality,
building on Li (2003). Second, we assume that consumer preferences are CES (instead of Cobb-
Douglas). Third, we assume that the rate of population growth is positive (instead of zero). Finally,

we allow for positive trade costs between the North and the South.

2.2 Industry Structure

There is a continuum of industries indexedéby [0, 1]. In each industry, firms are distinguished

by the quality of the products they produce. Higher values of the inddsnote higher quality
products and is restricted to taking on integer values. At time= 0, the state-of-the-art quality
product in each industry ig = 0, that is, some firm in each industry knows how to produce a
j = 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 industryhie next winner of

an innovative R&D race becomes the sole producer pftal 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 mate 0, the population growth
rate. 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 tihdet
Ls(t) = Lge™ denote the supply of labor in the South at timand letL(t) = Ly(t) + Ls(t)
denote the supply of labor in the North and South combined at#ime

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

modeled as a dynastic family that maximizes discounted lifetime utility
U= / e (Pt Inu(t) dt (1)
0

wherep > n is the constant subjective discount rate and

) (e-1)/e Yo/l
u(t) = / [Z 57d(j, 6, t)} do )
0 -
J

is the utility per person at timé Equation (2) is a quality-augmented CES consumption index;
d(j,0,t) denotes the quantity demanded (or consumed) per persop @diaity product produced
in industry@ at timet, parametewr > 1 is the constant elasticity of substitution between products
across industries, antl > 1 is an innovation size parameter. Becadéds increasing inj, (2)
captures in a simple way the idea that consumers prefer higher quality products.

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

Iggicgjaid(j, 6,t) subject to;p(jﬁ, t)d(5,0,t) = c(6,1)

wheref andt are fixed,p(j, 0,t) is the price of thej quality product produced in industey at
time ¢, andc(6, t) is the individual consumer’s expenditure in indugirgt 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
Lros (0=1)/0 . 1
max /O [500d(0,1)| d6 subject to /O p(0,1)d(0, ) dO = c(t)
wheret is fixed,d(0, 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 tinie Solving this optimal control problem yields the individual consumer’s

demand function

a(6,1) = LO-DpO.1)7cll)
Jo a(0,t)p(0,t)1—odo

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

()

§(e=1i(01) js 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) — ¢(t) — nA(t),
whereA(t) is the individual's assets at tintew(¢) is the individual's wage rate at timeandr (¢) is
the market interest rate at timeThe solution to this optimal control problem yields the well-known

differential equation
—<=r(t)—p. (4)

Individual consumer expendituregrows over time if and only if the market interest rate r exceeds
the subjective discount rate

Let wy andwg denote the equilibrium wage rates in the North and South, respectively. Like-
wise, letcy andcg denote the representative consumer’s expenditure in the North and South, re-
spectively. We solve the model for a steady-state equilibrium wherewg, ¢y andcg are all
constant over time. Then (4) implies that the steady-state market interest rate is also constant over

time and given by (¢) = p.

2.4 Product Markets

In each industry, firms compete in prices and maximize profits. Labor is the only factor of produc-
tion and manufacturing of output is characterized by constant returns to scale. Labor markets are
perfectly competitive in both regions. For each firm that knows how to produce a product, one unit

of labor produces one unit of output independently of its quality level or location of production.



Thus, each firm in the North has a constant marginal cost equej;tand each firm in the South
has a constant marginal cost equalit¢. There are also trade costs separating the two regions that
take the “iceberg” formr > 1 units of a good must be produced and exported in order to have one
unit arriving at destination. This applies to goods produced in both the North and the*South.

Taking into account the trade costs, production only completely shifts from the North to the
South when a Southern firm imitatesuify > 7wg. Likewise, production only completely shifts
from the South to the North when a Northern firm innovatesuify < dws. We solvethe model
for a steady-state equilibrium where both inequalities hold, that is, the Northern relativamage
wy/wg satisfiesr < w < §/7.

At each point in time, a firm can choose to shut down its manufacturing facilities and once it
has done so, this decision can only be reversed by incurring a positive entry cost. Furthermore,
each firm that fails to attract any consumers (has zero sales) incurs a positive cost of maintaining its
unused manufacturing facilities, in addition to the constant marginal cost of production mentioned
above. Thus firms that are not able to attract any consumers (because of the low relative quality of
their products) choose to shut down their manufacturing facilities in equilibrium and do not play any
role in determining market prices, as in Segerstrom (2005). If production is currently in the South
and a Northern firm innovates, the Southern firm immediately shuts down. Likewise, if production
is currently in the North and a Southern firm imitates, the Northern firm immediately shuts down.

In the presence of trade costs, Northern consumers face different prices than Southern con-
sumers and we need to take this into account. Using (3), the Northern consumer’s demand for a

domestically produced good is

Q(9> t)pN(ea t)_UCN

and the Northern consumer’s demand for an imported good (exported by the South) is
dy(o,0) = 10500 Ten ©

Py (t) ’
where a star denotes exports and subscripts denote production location. In equations (5) and (6),
the Northern price index i€y (t) = [, q(0,t)pn(0,1)'=7d0 + [, a(0,)p%(6,t)' ~7d6, where

my is the set of industries with Northern productiong is the set of industries with Southern

4Anderson and Wincoop (2004) report that the international component of trade barriers including transport costs
and border barriers but not local distribution costs is estimated in the range of 40-80 percent of the final price paid by
consumers in industrialized countries. Obstfeld and Rogoff (2000) focus on trade costs as the common cause of several
“puzzles” in international macroeconomics.



production. Similarly, the Southern consumer’s demand for a domestically produced good is

q(0,t)ps(6,t) 7cg

p— 7
and the Southern consumer’s demand for an imported good (exported by the North) is

Ps(t) 7
where the Southern price index®(t) = |, - ¢(6,t)px (0,8)'=7d0 + [, (0, t)ps(6,t)'~7df.
Consider now the profit-maximization decision of a Northern quality leader in indéstrfime
t. Omitting the arguments of functions, export profits are giverry= pidyLs — wnTdy Ls.
The firm suppliesiy Ls units to Southern consumers but has to produ€g Lgs units and pay
its workers the Northern wage ratey for each unit produced. Maximizingy, with respect tej,
yields the profit-maximizing export prigg; = -~ wx, which is the standard monopoly markup of
price over marginal cost. Domestic profits are givemﬁy: pndy Ly — wydyLy. Maximizing
7 With respect topd; yields the profit-maximizing domestic prigey = ~Z7wy. Taking into
account both domestic and export profits, the total profit ftonw— wﬂv + 7 of a Northern quality

leader is

7TN(67 t) - Q(

H,t)p]_VUwN {CNLN(t) TI_UCSLs(t)} ©)

o—1 Py (t) Ps(t)
Similar considerations apply to the calculation of Southern profits. For a Southern quality leader,

export profits are given by = psds Ly — wstds L. The firm suppliesic Ly units to Northern

consumers but has to producés Ly units and pays its workers the Southern wage taefor

each unit produced. Maximizingg with respect tg yields the profit-maximizing export price

ps = ZLws. Domestic profits are given by? = pgdsLg — wsdgLg. Maximizing 7¢ with

respect tg yields the profit-maximizing domestic prige; = ~“;wg. Taking into account both

domestic and export profits, the total profit flaw = =& + 7% of a Southern quality leader is

pg ws {TlUCNLN(t) csLs(t) } : (10)

ms(0,t) = q(0,1)>— Px(t) Ps(t)

Equations (9) and (10) have similar properties. In both the North and the South, profits are
increasing in product quality(d,¢), Northern consumer expenditueg Ly (¢t) and Southern con-
sumer expenditures Ls(t). Since 7177 decreases as increases, higher trade costs cut into the
profits that firms earn from exporting. For Northern firms, higher trade costs cut into the profits that
they earn from selling to Southern consumers and for Southern firms, higher trade costs cut into the

profits that they earn from selling to Northern consumers.

9



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 firm 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)

l;
749,
wherevy > 0 is a Northern R&D productivity parameter. As in Li (2003), the presence of the term

(11)

%

q(0,t) in (11) 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 indéstrigh instantaneous
probability (or Poisson arrival rate)
l;

= Bq(6,t)’ (12)

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 (12) captures
the idea that as products improve in quality and become more complex, imitating also becomes
more difficult®

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 equilibrium pattern of innovation and imitation is illustrated in Figure 1. Northern firms
do innovative R&D in all industries and Southern firms do imitative R&D in the measuyeof
industries where production is currently in the North. No imitative R&D occurs in the measgre

of industries where production is currently in the South because it is not profitable to imitate in these

SEvidence that innovating is becoming more difficult is provided by data on patenting. Kortum (1993, 1997) docu-
ments a decreasing patent-per-researcher ratio in a large set of countries. Looking at industry data, Kortum (1993) finds
that the patenting per unit of real R&D ratio has declined in all 20 industries for which data could be obtained. Also, Jones
(2005) finds evidence of an increasing knowledge burden over time that leads researchers to choose narrower expertise
and to compensate for their reduced individual capacities by working in larger teams.

5Mansfield, 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

10



Industries with
Northern Quality
Leaders

Industries with
Southern Quality
Leaders

Figure 1: The pattern of innovation and imitation

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.

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 then y-industry state must equal the flow out of they-industry state,
thatis,myC = mgl. Usingmy + mg = 1, it follows immediately that

1 C

=7 c and  mg= ¢ (13)

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 imitati@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 (11), 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.

"We letrny 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.

8The property that only industry followers engage in innovative R&D is a common property of R&D-driven endoge-
nous growth models. One can avoid this outcome and obtain that industry leaders invest in innovative R&D by assuming

11



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
vr(6,t) is the expected discounted profits or reward for innovating luidis firm i’s probability
of innovating during the infinitesimal time intervéd. The expected cost of engaging in innovative
R&D is equal towy/;dt, where ¢; is firm ¢'s innovative R&D employment. Equation (11) implies
that the expected cost can be rewrittemasl;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
UI(97 t) = 'LUN’YQ(0> t) (14)

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 the
incentives that a Southern firithas to engage in imitative R&D in industtyat timet (where there
is a Northern quality leader). The expected benefit from engaging in imitative R&EX& t)C;dt,
whereuvq (0, t) is the expected discounted profits or reward for imitating @t is firm i's prob-
ability of imitating during the infinitesimal time intervalt. The expected cost of engaging in
imitative R&D is equal towg/;dt, where ¢; is firm i's imitative R&D employment. Equation (12)
implies that the expected cost can be rewrittenvgs’;3q(0, t)dt. Thus, since expected benefit
equals expected cost in a steady-state equilibrium with free entry into imitative R&D races, it fol-

lows that
’1)0(9,75) = ’LUSﬁQ(@,t) (15)

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.

We assme that 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

that industry leaders have some R&D cost advantages, as in Aghion et al (2001) and Segerstrom (2005).

12



quality leader must be the same as the return from an equal-sized investment in a riskless bond and

we obtain the following no-arbitrage condition:

an(0,8)  0r(6,1)
000 6,0

—I—-C=p.

This equation states that the dividend rate from the stock of a Northern quality I%ﬁdpkus

the capital gains rat% minus the instantaneous probabilities of experiencing total capital losses
due to further innovatiod and imitationC' equals the market interest rateSince the quality level
q(0,t) is constant during an innovative R&D race and only jumps up when the race ends (innovation
occurs), it follows that; (6, ¢) is constant during an innovative R&D race aﬁd: 0. Thus, for

the steady-state equilibrium reward for innovating is

wn (0,1t
U[(G,t) = F)-{—g—F)C'

(16)

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 probaBiliti/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) _
vol0,0) o) LT

Settingoc = 0 and solving for the steady-state equilibrium reward for imitating yields

ms(0,t)

ve(6,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).
Let Q(t) = f01 q(0,t) do denote the average quality level across industries at tiaued let

zn(t) = Q(t)/Ly(t) denote average quality relative to the size of the North. We solve for a
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steady-state equilibrium wherey is constant over time. As product quality improves over time
andQ(t) increases, innovating becomes more difficult. On the other hand, as the North increases
in size over time and. (¢) increases, there are more resources that can be devoted to innovating.
Thusz y is a natural measure of “relative R&D difficulty”: R&D difficulty relative to the size of the
Northern economy.

We are now ready to state an innovative R&D condition that must be satisfied if Northern firms
are making profit-maximizing innovative R&D choices. Equations (9), (14) and (16) together imply

that

N 7 t _ 7 t
gjzl {CNLN—pQN( 2) —|—7‘1 JCSLS—}%((Q)}
p+I1+C

Equation (18) has a natural economic interpretation. The left-hand side is related to the benefit

= yrnLy. (18)

(expected discounted profits) from innovating and the right-hand side is related to the cost of inno-
vating. The benefit from innovating increases whgnor cg increase ( individual consumers buy
more), whenL y or Lg increase (there are more consumers to sell to), whdacreases (future
profits are discounted less), and wheor C decrease (the Northern quality leader is less threat-
ened by further innovation or imitation). The cost of innovating increases whRdny increases
(innovative R&D becomes relatively more difficult).

Likewise, we can state an imitative R&D condition that must be satisfied if Southern firms are
making profit-maximizing imitative R&D choices. Equations (10), (15) and (17) together imply
that

i i v I + esLs By
p+1

Equation (19) also has a natural economic interpretation. The left-hand side is related to the benefit

} = BrnLn. (19)

(expected discounted profits) from imitating and the right-hand side is related to the cost of imi-
tating. The benefit from imitating increases whepn or cg increases (individual consumers buy
more), whenLy or Lg increase (there are more consumers to sell to), whdacreases (future
profits are discounted less), and whiedecrease (the Southern quality leader is less threatened by
further innovation). The cost of imitating increases wharl y increases (imitative R&D becomes

relatively more difficult).

°In Segerstrom (1998) and Li (2003), 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. Steger (2003) calibrates the Segerstrom
(1998) model and studies the speed of convergence to the steady-state. 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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2.7 Quality Dynamics

By definition, the average quality of products at timme

Q(t) :/1q(e,t) d&:/l N0 dg
0 0

where)\ = §°~! > 1. We can calculate how)(t) ewolves over time in a steady-state equilibrium.
Sincej(60,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 derivatie)aé
. T .
Q(t) = / (NODH O] 1 dg = (A = 1)IQ(H).
0

The growth rate of average product qua@yis proportional to the innovation rafein each indus-
try. It follows that the measure of relative R&D difficultyyy = Q(t)/Lx(t) can only be constant

over time if % = (A — 1)1 = n, from which it follows that the steady-state innovation rate is

(20)

Thus, the steady-state innovation rate depends only on the population growthaiadethe R&D
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 produafg(¢) can be broken up into two parts

1
Q) = [ a0.0d0 = Qu()) +Qs() = [ ae.0ya0+ [ q0,0)d.
my mg
where( y denotes the aggregate quality of Northern products@ndienotes the aggregate qual-
ity of Southern products. We can calculate h@x and Qs ewlve over time in a steady-state
equilibrium. Referring back to Figure 1, the time derivativelf is
Qs= | NOcdo— [ NOII1do=CQn - IQs
my mg

and the time derivative af v is

Qn = )\j((”t)“.fdef/

mg mn

— I)\Qs — CQn + (A= 1)IQy.

NODC dh + / [Aj("’t)“ - )\j("’t)} Id6

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

Solving

Qs _o9v _;_Ov 95 )

Qs Qs QN QN

yields Ct9s — A\T9s9xy which simplifies toZ = . It follows that

A c
=y icf® and Q)= s

Combining (13) with (21) yields% = %Ss(t) The average quality of products produced in

Qn(t)

Q). (21)

the NortthN—(t) is somewhat higher than the average quality of products produced in the South

N
Qs gsince shifts in production from the South to the North are always associated with increases in

mg

product quality (innovation).

2.8 Labor Markets

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.

Full employment of labor in the North holds at timevhen the supply of labof x(¢) equals
the demand for labor in manufacturing plus the demand for labor in R&D. In indéstvith a
Northern industry leader, manufacturing employmewaii$6, t) Ly (t) +7d 5 (0, t) Ls(t). Thus, the
total demand for manufacturing labor in the Northfjs [dn(0,t)Ln(t) + 7dy(0,t)Ls(t)] dO.
Likewise, Northern R&D employment in industeyis >, ¢; = vIq(0,t) and total Northern R&D
employment isfo1 ~vIq(0,t)d0 = vIQ(t). Substituting using (5), (8) and (21) yields the Northern

full employment condition

Y = Q) 1—o 7 Q) A
1‘EJZV{CNLNPN(7&)+T CSLSPs(w}AHC””N’ (22)

The two terms on the right-hand-side of (22) are the shares of Northern labor in production and R&D
activities, respectively. The Northern production employment share increases wh&nor cs L g
increase (aggregate consumer expenditure is higher in the North or South)(arf +C') increases
(more products are produced in the North). The Northern R&D employment share increases when
I increases (there is a higher innovation rate}gtL y increases (innovating becomes relatively
more difficult).

Similar calculations apply for the Southern labor market. Full employment of labor in the South

holds at time when the supply of labak s (¢) equals the demand for labor in manufacturing plus the
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demand for labor in R&D. In industrywith a Southern industry leader, manufacturing employment
is ds(0,t)Ls(t) + Td5(0,t)Ln(t). Thus, the total demand for manufacturing labor in the South
is [, [ds(0,t)Ls(t) + 7d5(0,t) Ly (t)] df. Likewise, Southern R&D employment in industfy

is 3>, ¢; = BCq(0,t) and total Southern R&D employment j§ 3Cq(0,t)df = BCQN(1).
Substituting using (6), (7) and (21) yields the Southern full employment condition

Ps’ [ 1o, 7 Q) = Q(t)} C M anLy
=7 Lnprs +esl ety 23
Is {T CN NPN(t) +cg SPg(t) )\I+C+ﬁc)\1+(] Ts (23)

The two terms on the right-hand-side of (23) are the shares of Southern labor in production and

R&D activities, respectively. The Southern production employment share increases whgror
csLg increase (aggregate consumer expenditure is higher in the North or Souf)(xf + CO)
increases (there are more products produced in the South). The Southern R&D employment share
increases when' increases (there is a higher rate of copying)/(\I + C) increases (there are
more Northern products to copy) ok Ly increases (imitating becomes relatively more difficult).

The full employment conditions can be greatly simplified by incorporating information about
R&D optimization. Consider the North first. Equation (18) implies t@at 1) (p+1+C)yxn Ly =

o {CNEN% T Tl—acsis%g)}. Substituting this into (22) yields
A

M+ C
which we will call theNorthern steady-state condition. It is aNorthern full employment condition

1=~an [(0—1)(P+I+C) +I} , (24)

that takes into account the implications of profit-maximizing R&D behavior by Northern firms.
Similarly for the South, equation (19) implies thag” {TlfacNEN 1_%(8) + Csfzs%} —

(o0 —1)(p+ I)BzyLy. Substituting this into (23) yields

zyLy C A ]

1=p

D+
7 SRR v R e v ans

which we will call theSouthern steady-state condition. It is aSouthern full employment condition

(25)

that takes into account the implications of profit-maximizing R&D behavior by Southern firms.
The Northern and Southern steady-state conditions are illustrated in Figure 2 and are labeled
“North” and “South,” respectively. The Northern steady-state condition is upward-slopjmg;irC')
space with a positive v intercept, while the Southern steady-state condition is downward-sloping
in (zx,C) space with no intercept$. These two curves have a unique intersection at pdiand

thus the steady-state equilibrium valuesc@f andC' are uniquely determined.

1%To determine the slope of the Northern steady-state condition, we use the resulitthat< and the assumption
p > nto obtain% [”j}ﬂj’cc} = (A}’;g)z, < 0. To determine the slope of the Southern steady-state condition, we use
the fact that, |

e} _ by
>\I+C] — (M I+0)2 > 0.
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Figure 2: The steady-state equilibrium

In Figure 2, the vertical axis measures the rate of technology transfer from the North to the
South since any increase in the rate of copyihis associated with faster technology transfer. For
the horizontal axis, it is useful to think of it as measuring the rate of technological change in the
North although this is not exactly true. Movements to the right on the horizontal axis are associated
with temporary increases in the Northern innovation fagad permanent increases in the relative
size of the Northern R&D sector.

Why is the Northern steady-state condition upward-sloping? The intuition behind this upward-
slope is rather involved but important for understanding the model: When the rate of capying
increases, 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
North (my = 14%0 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 (18), an increasedhmust be matched by a corresponding increase in
cy and/oreg, holding all other variables fixed]. Northern 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 assumptiompthat: (the

real interest rate is higher that the population growth rate), the first effect unambiguously dominates,
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so aggregate Northern production employment falls when the rate of copying goes up. To maintain
full employment of Northern labor, the fall in Northern production employment must be matched
by a correspond increase in Northern R&D employment. This impliesithahust 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 innovation fate y"5. Thus, to satisfy both Northern profit-
maximization and full employment conditions, any increase in the rate of copy{mdich reduces
Northern production employment) must be matched by an increase in relative R&D diffigulty
(which raises Northern R&D employment).

The intuition behind the downward slope of the Southern steady-state condition is also rather in-
volved: When the rate of copying decreases, there are two steady-state effects in the South. First,
a slower ate of copying” means that more industries move to the North and this contributes to low-
ering production employment in the South§ = -~ decreases). Second, a slower rate of copying

+C
C directly contributes to lowering R&D employment in the South\(C' = L. decreases). Of

I+C

course, both Southern production and R&D employment cannot simultaneously 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 copyihgust be matched by an increase in relative
R&D difficulty xn so more Southern R&D labor is needed to maintain any given imitation rate.
From (19), we can also see that an increasepnis associated with an increasedg and/orcg
(holding all other variables fixed) and hence, with an increase in 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 conditions, any decrease in the rate of cofy(which reduces

both Southern production and R&D employment) must be matched by an increase in relative R&D

difficulty zx (which raises both Southern production and R&D employment).

2.9 The Market Value of Firms

Let Vy denote the total market value of all Northern firms at time 0 and letVy denote the total
market value of all Southern firms at time= 0. To olve the model, we need to determine what
these market values are in steady-state equilibrium.

First, consider how the price indexes evolve over time. Using (21), we obtairPih@) =

S @0, )(p)'77d0 + [, a0, 8)(pE)'77d0 = (F25) 7o Q) + (G5 350 Q).
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Thus the Northern price indeRRy () increases over time with product qual@(t) and Py (t)/Q(t)

is constant over time. The same holds for the Southern price ideigx) = (274N )1 -7 AI’\jlccg(t)Jr

o—1

("“’—5)1‘”%@(7&) increases over time with product quali{(t) and Ps(t)/Q(t) is constant over
time.

Next consider the profit flows earned by a typical Northern firm. During the lifetime of the firm,
q(6,1) is constantpy = 2“4 is constant sincevy is constantPy (t)/Q(t) and Ps(t)/Q(t) are
constants, ancg% = (A—=1)I =mn,soPy(t)/Ly(t) and Ps(t)/Ls(t) are also constants over
time. Thus, itimmediately follows from (9) that the firm’s profit flow (6, t) is constant over time.

Consequently, the market value of a Northern fﬁ%% does not change over the course of the

an(6,t)
ptI1C —

lifetime of a Northern firm. Using this informatio\y = [, wnvq(0,0)d0 = wnyQn(0).

firm’s lifetime and

wnyq(6,t) holds not just at the time of innovation but during the entire

Substituting using (21) an@(0) = x L, We obtain that the market value of all Northern firms at

t=20is
VN = ! L (26)
N —wN’YM+Cl’N N-
Using similar reasoning, (10), (15) and (17) imply that the market value of all Southern firms at
t=20is
Vs = wgf ¢ L (27)
§ T WSPT otV

Other things being equal, the market value of firms in a region is higher when workers earn higher
wages and when innovating is relatively more difficult. This is because profit flows are proportional

to wages and increasing in product quality [see (9) and (10)].

2.10 Consumer Expenditures

Having determined the market value of firms, we are in a position to solve for consumer expendi-
tures. LetAy(¢) denote the financial assets of the representative Northern consumer. The intertem-

poral budget constraint of the representative Northern cons;AiNét) = wn + pAn(t) — en —

nAn(t) can be rewritten ag 8 = wAVN‘é;V + p — n. Since the growth rate ofi(¢) must be

constant over time in any steady-state equilibrium, the intertemporal budget constraint implies that

An(t) must be constant over time and
CN :wN+(,0—n)AN. (28)

The representative Northern consumer’s expendityrés wage incomeoy plus interest income

on financial asset§ — n) Ay, appropriately adjusted to take into account the splitting of financial
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assets that results from population growth. Using similar reasoning, we obtain that the representative

Southern consumer’s expenditure is
cs =ws + (p—n)Ag, (29)

whereAg is the financial assets of the representative Southern consumer.
To pin down exactly what consumer expenditures are, we need to specify who owns the firms.
For simplicity, we assume that Northern consumers own the Northern firms and Southern consumers
own the Suthern firms, that isdy = VN/EN andAg = VS/ES. This assmption is consistent
with the Feldstein and Horioka (1980) finding that domestic savings finance domestic firms. Then,
taking into account (26) and (27), (28) and (29) determifendcs. Of more interest for solving
the model, the ratio of Northern to Southern consumer expendityre: (cy Ly)/(csLg) is
" f:jN + (p - n)V%J«”N?N
Ls+(p— n)ﬁ%xNLN

N = (30)

Note thatp is a well-defined function of the relative wage= TU—JSV only, since everything else in

the bracketed expression is determined in steady-state equilibrium.

2.11 The relative Wage

To determine the steady-state equilibrium value of the relative wagee dvide the imitative R&D

condition (19) by the innovative R&D condition (18) to obtain

o[ 1. 7 Q@ = Q
Ps [Tl CNLNPN(@) +05LSPS((2)} _ Blp+1)
o eIty + T oesksigy| 0T ITO)

Substituting forpy, ps, Py (t) and Ps(t) yields thesteady-state wage equation

(r7 "ot ) E +w T (o) Blp+T)
1+$Nw1—a%+m ’y(p—i—[—i—C)

w

(31)

Since%N does not depend an and is completely pinned down by previous steady-state equilibrium
calculations, the denominator on the LHS of the wage equation (31) is decreasingrid the
numerator is increasing . Hence, the LHS of the wage equation is increasing.ifrurthermore,
the LHS converges to zero asconverges to zero and the LHS converges to infinitw @a®nverges

to infinity. Thus, the wage equation (31) uniquely determines
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The model’s steady-state equilibrium is uniquely determined by the Northern condition (24), the
Southern condition (25) and the wage condition (31). These equations unigely determine steady-
state equilibrium values afy, C' andw. Of course, to verify that we really have found a steady-state

equilibrium, we always need to check thalies in the wage intervat < w < g

2.12 Steady-State Utility Paths

We turn now to solving for the steady-state utility paths of representative consumers in the North
and South, respectively.

For the typical Northern consumer, (2) implies that utility at tifrrie

o/(c—1)
ax®={ [ a0.0""ay0,00 a0+ [ g0 ao. 00 a)
my

mg
Substituting using (5) and (6) yieldsy (t) = ¢y P (t)'/(=1. Further substituting for steady-state

¢y and Py (t), we obtain an expression for steady-state utility of the typical Northern consumer:

1
N N (E)U_l C o—1
M+C T A+ C ’

Fallowing the same procedure for the typical Southern consumer yields

un(t) = [1 +(p— n)'vﬂ)f szv] d ; ! {Q(t)

1+ (p—mn)p

C .’L‘NEN oc—1 _ Vi C ﬁ
us(t) = ]}

l1—0o
M+C Ls | o {Q(t)[(“”) N+C  MiC

In both the North and the South, consumer utility grows over time entirely because of growth

in the quality Q(t) of products. Furthermore, becausg = L?V% is constant in steady-state

equilibrium and the growth rate @ is n, there is a common steady-state rate of economic growth

g given by |
an(t)  us() 1 QF)  n
un(®)  us(t) o—-1Q(F) o—1 (32)

N = chv(z) constant also implies th&(0) = zy Ly, from which it follows that the steady-state

9

utility of the typical Northern consumer at time= 0 is

1

by c—1 = A w\°" b C o1

un(0) = {H(p_”wﬂ+c”] - {xNLN [)\I+C+ (?) M+ C } (33)
and the steady-state utility of the typical Southern consumer atitiné is
— 1
C zxyLy|o-1 - 1—o i C :| }ﬁ
=1 — — L .
us(0) = |1+ e =B E T, ] o {mN N{(W) MN+C N[+ C
(34)
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Equations (33) and (34) will prove useful for studying the long-run welfare effects of policy
changes. Taking as given that the economy always converges over time to its steady-state equi-
librium, whenever there is a change in the economic environment (for example, trade costs fall),
this leads to convergence to a new steady-state equilibrium. Since the old and the new steady-state
equilibrium paths involve the same rate of economic growth, we just have to compare utility levels
at timet = 0 in the old and new steady-states to determine whether the change makes consumers
better off in the long run. lf.x(0) is higher in the steady-state equilibrium with lower trade costs,
this means that eventually the typical Northern consumer will be happier on the new equilibrium
path with lower trade costs than on the old equilibrium path with higher trade costs.

This completes the description of the model’s steady-state equilibrium.

3 Seady-State Equilibrium Properties

In this section, we study the steady-state equilibrium properties of the model. To illustrate the
model’s potential, we study the implications of three aspects of “globalization”: increases in the
size of the South (i.e., countries like China joining the world trading system), stronger intellectual
property protection (i.e., the TRIPs agreement that was part of the Uruguay Round) and lower trade
costs (i.e., improvements in transportation technology or reductions in trade barriers). An increase
in the size of the South is capturing by increasing the sze of the South at time= 0.1 Stronger
intellectual property protection is captured by increasinghe parameter that governs how hard

it is for Southern firms to copy ideas developed in the Néfthower trade costs are captured by

decreasing-.

3.1 General Results

First, an increase in the size of the Sodth has no effect on the Northern steady-state condition
(24) but implies thatzy increases for giveld' in (25). Thus the Southern steady-state condition

shifts to the right in(zy, C') space and this is illustrated in Figure 3. Starting from the steady-

An increase in the relative size of the Souith can also be thought of as capturing the effects of a higher population
growth rate in the South. In the model, we have assumed a common population growth rate in both regions and this
assumption is necessary to obtain a steady-state equilibrium. However, in the real world, Southern population growth has
clearly exceeded Northern population growth in recent decades.

12This is how stronger intellectual property rights are modelled in Glass and Saggi (2002).
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North

Figure 3: The Steady-State Effects of Increasing the Size of the South

state equilibrium given by poind, an ingease inLg leads to a new steady-state equilibrium given
by point B. Thus, the increase ifhg leads to an increase in bothy andC. The measure of
relative R&D difficultyzy = L?V(g) can only permanently increase if the average quality of products
Q(t) temporarily grows at a faster than usual rate. This means that a permanent incregss in

associated with a temporary increase in the Northern innovatiod rate

Second, an increase ihhas no effect on the Northern steady-state condition (24) but implies
thatx y decreases for givefi in (25). Thus the Southern steady-state condition shifts to the left in
(zn, C) space and this is illustrated in Figure 4. Starting from the steady-state equilibrium given by
point A, an incrase ing leads to a new steady-state equilibrium given by péintThus stronger
intellectual property protection leads to a decrease in bgtlandC.

Finally, a decrease in has no effect on the Northern steady-state condition (24) and no effect
on the Southern steady-state condition (25). Thus, decreasiag no effect on eithery or C.

We have emblished

Theorem 1(i) A permanent increase in the size of the South (L s 1) leadsto a permanent increasein
the rate of copying of Northern products (C' 1) and atemporary increase in the Northern innovation

rate (zy 7). (ii) A permanent increase inintellectual property protection (3 T) leadsto a permanent
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South

Figure 4: The Steady-State Effects of Stronger Intellectual Property Protection

decreasein therate of copying of Northern products(C' |) and atemporary decreasein the Northern
innovation rate (x ]). (iii) A permanent decrease in trade costs (= |) leads to no change in the
rate of copying of Northern products (C' constant) and no change in the Northern innovation rate

(zn constant).

Interestingly, all three aspects of globalization have different steady-state equilibrium effects.
We discuss now the intuition underlying these effects.

An increase in the size of the South naturally leads to more copying of Northern products and
this faster rate of 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 Northern wage must adjust to
make it attractive for Northern firms to expand their R&D activities. In the short-run, an increase in
the size of the South causes the industry-level innovation/ retgump up and technological change
to accelerate, but the industry-level innovation rate gradually falls back to the original steady-state
level I = n/(X\ — 1) as R&D becomes relatively more difficult. In the long run, an increase in the
size of the South does not change the innovation rate but increases relative R&D diffigaiyd

the fraction of Northern labor employed in R&D activities.
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A increase in intellectual property protection naturally leads to less copying of Northern prod-
ucts. What is perhaps surprising is that it also slows technological change. In economic mod-
els, 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-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 labor 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 additional Northern workers to hire (at any given point
in time). Thus, the Northern wage must increase enough so that the increase in demand for North-
ern 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 Organization
(WTO), developing countries have been arguing that stronger intellectual property rights protec-
tion would simply generate substantial rents for Northern innovators at the expense of Southern
consumers and would not stimulate faster technological change (see Maskus, 2000). Theorem 1
provides support for this position taken by developing countries.

The result in Theorem 1 that is perhaps the most surprising is that lower trade costs between
the North and the South have no effect on the rate of technology transfer or rate of innovation. The
reason is that when trade costs fall, Northern firms make higher profits from exporting to the South
but their profits fall from selling their products locally in the North because the Northern market
becomes more competitive. Given the assumption of Dixit-Stiglitz consumer preferences, these two
opposing effects exactly cancel. Thus lower trade costs do not change either the profits earned from
innovating or the profits earned from imitating. Consequently, there is no change in@itinary .

Baldwin and Forslid (2000) obtain the same type of result in the context of North-North trade.

While it is straightforward to obtain general results about how different aspects of globalization

affectC andz y, the same is not true for what happens to the relative wiaged consumer welfare.
The reason is that the wage condition (31) is quite complicated. One way to proceed is to study
the remaining properties of the model using computer simulations and this is certainly feasible.
However, in the interest of obtaining more analytical results, we focus in the rest of the paper on a
special case, namely, when there is costless trade ). To obtain further analytical results about

the effects of lowering trade costs, we focus on the marginal effects of moving towards costless
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trade.

3.2 The Costless Trade Special Case

When there is costless trade between the North and the Southl], the wage interval that must

be satisfied becomds< w < . Furthermore, the wage condition (31) simplifies considerably to

o — Pt
Yp+I+C)

(35)
Since the innovation rate is given by= "7, this wage equation implies that the relative wagis
a decreasing function of the rate of copying Otherthings being equal, when the rate of copying
increases, this decreases the reward for innovating relative to the reward for imitating and results in
a fall in the relative wage of Northern workers.

We will first establish conditions under which the model has a steady-state equilibrium when
there is costless trade, that is, when the wage intérvaky < ¢ is satisfied.

As we have already shown in Theorem 1, steady-€tdgean increasing function af s, holding
all other parameters fixed. Lét = f(Lg) denote this increasing function. Ifs = 0, then (24)
and (25) imply that only”' = 0 satisfies both conditions, $o= f(0).

From the wage equation (35), sin€ds an increasing function di 5, w is a decreasing function
of Lg. It follows thatw < ¢ is satisfied for allLg > 0 if w < § whenLg = 0. Howewer, (35)
implies thatw = (3/~)'/? whenLg = 0 andC = 0. Thusw = (3/v)'/? < & holds whenLg = 0
if and only if 3 < v0“. We will assume that this inequality holds.

Sincew is a decreasing function dis, 1 < w is satisfied ifLg is not too large. Solving (35)
for w, 1 < wis satisfied if and only it”' = f(Ls) < C whereC = (p + I)(% — 1). Alternatively
stated,] < w is satisfiedfiandonly if Ls < f~1(C). We assura tha v < 3 holds to guarantee
thatC > 0andf~1(C) > 0.

We have eblished

Theorem 2Giventhat 5 € (,v6°] and 7 = 1 hold, the model hasa unique steady state equilibrium
if Lg < fﬁl(é)

Theorem 2 establishes the existence of a unique steady-state equilibrium under costless trade if
the initial size of the Souttl g is not too large. When the South becomes sufficiently large relative
to the North s > f~1(C)), then factor price equalization results & 1) and the model ceases to

be a model of North-South trade.
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Consider next the steady-state equilibrium effects of different aspects of globalization on the
relative wagew. Since an increase ifhg increase<’, (35) implies thatw falls. In constrast, since

an increase i decreaseé’, (35) implies thato rises. We have established

Theorem 3When there is costless trade, a permanent increase in the size of the South (L 1) leads
to a permanent decrease in the Northern relative wage (w = & |), while a permanent increasein

ws

intellectual property protection (3 1) leads to a permanent increase in the Northern relative wage

(w = ﬁ—’; .

The intuition behind these steady-state effects is quite intuitive. An increase in the size of the
SouthLg leads to a faster rate of copyidgof Northern products by Southern firms. Consequently,
with more production jobs moving from the high-wage North to the low-wage South, to restore full
employment of labor in the North, the Northern relative wageust fall enough so that the loss
of Northern production employment is fully offset by an increase in Northern R&D employment.
For stronger intellectual property protection, we just run this intuition in the opposite direction. An
increase in the intellectual property protectifrieads to a slower rate of copying of Northern
products by Southern firms. Consequently, fewer production jobs move from the high-wage North
to the low-wage South, increasing the demand for Northern labor. The Northern relativawwage
must rise enough so that the gain in Northern production employment is fully offset by a loss in
Northern R&D employment.

Solving for the steady-state equilibrium effect of lower trade costsm the Northern relative
wagew involves more work. Since a changerimas no effect od, C' andx y, the LHS d thewage
equation (31) can be viewed as a function of jusindw. Let g(7,w) denote this function. We
proceed by totally differentiating the wage equation (31) with respectdadr and then using the

implicit function theorem. Evaluating the derivativesrat 1 and using the fact that(1, w) = w?,

this yields
d(rw)|  _(e-VA-¢n) ,  dglnw)| _ .
or =1 1+ ¢N ’ ow =1 ’
and
dg(T,w)
dwol o oy (o= Dién = Dw (36)
ar |y~ Palr) ol +on)
W lr=1

Increasing trade costson the margin starting from costless trade increases the relative wage

w if ¢y > 1 and decreases the relative wagdf ¢ < 1. The conditionpy > 1 means that
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aggregate Northern consumer expenditure is larger that aggregate Southern consumer expenditure
(Lnen > Lgcg), or the Northern market is larger than the Southern market (in terms of purchasing
power).

We are mainly interesting in the result going in the reverse direction, which can be stated as:

Theorem 4 In the neighborhood of costless trade, a permanent decrease in the trade costs (7 )
leads to a permanent decrease in the Northern relative wage (w = ﬁ—g 1) if the Northern market
islarger than the Southern market (¢ > 1), and has the opposite effect on the Northern relative

wage (w = g—f; 1) if the Northern market is smaller than the Southern market (¢n < 1).

When trade costs decrease on the margin, there is no effect on the innovation/ratee
copying rateC' or relative R&D difficulty zy. Referring back to (24) and (25), the relative size of

the Northern R&D sectotz 5 I does not change and the relative size of the Southern R&D sector

ﬁf‘%iNC/\}iC does not change either. But the reduction in trade costs does lead to a reallocation
of resources in both the North and the South. Firms respond by exporting more, employing more
workers to produce goods for the export market and employ fewer workers to produce goods for
the domestic market. Lower trade costs mean that firms face stiffer competition in their domestic
markets since the prices charged by other firms fall. For firms in the larger market, this stiffer
domestic competition is more important in lowering labor demand than the increase in exporting is
in raising labor demand. Thus lower trade costs tend to depress the relative wage of workers in the
larger market.

In the real world, the North is clearly larger than the South when it comes to aggregate income
and purchasing power. Thus we interpret Theorem 4 as implying that lower trade costs permanently
reduce the Northern relative wage An increase in the size of the South also lowers the relative
wage, while an increase in intellectual property protection raises the relative wage. Thus, two of the
three aspects of globalization that we have studied in this paper lower the relative wage of Northern
workers.

Has wage inequality in fact decreased between Northern and South workers during the past
several decades of globalization? 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 results depend critically
on how income inequality is measured. For example, if income inequality is measured by GDP
per capita across countries, then global income inequality has increased considerably since 1980.

Pritchett (1997) reports that during the period 1980-1994, the mean per annum growth rate of GDP
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per capita was 1.5% for 17 advanced capitalist countries and only 0.34% for 28 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 population, 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.

Another piece of evidence is provided by Wacziarg and Welch (2002). They ask the question, do
countries tend to experience faster or slower economic growth rates following trade liberalization?
Wacziarg and Welch find that trade-centered reform (countries switching 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 exclusively 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 a declining wage gap between the
North and the Soutk?

Some other models of North-South trade and economic growth have recently been developed
that do not have the counterfactual growth implications mentioned in the introduction. Building
on an earlier version of this paper, Gustafsson (2004) has developed a North-South trade model
where innovations increase product variety (instead of product quality) and scale effects are ruled
out by using the same R&D technology as in Jones (1995b). Sener (2006) has developed a North-
South trade 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 closed economy model by Dinopoulos and Syropoulos (2006). Also of interest, Parello

(2004) has developed a North-South trade model where scale effects are removed by assuming

3The 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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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)]. None of these papers
look at the welfare implications of changes in the economic environment or study the effects of
lower trade costs. Gustafsson (2004) shows that the results derived in this paper about the effects
of a larger South and stronger intellectual property rights also hold when innovations are variety-
increasing. In contrast, Sener (2006) finds that a larger South increases North-South wage inequality
and stronger intellectual property protection permanently decreases the innovation rate. Parello
(2004) just studies the effects of stronger intellectual property protection and finds that this increases
the innovation rate if and only if the Northern human capital stock is relatively low.

In this paper and all of the above-mentioned papers, all technology transfer takes the form of
Southern firms copying Northern products. We have also written a companion paper, Dinopoulos
and Segerstrom (2005), which studies the polar opposite case where all technology transfer is done
by the Northern firms themselves. Northern firms engage in adaptive R&D to learn how to produce
their products in the lower-wage South. In the environment with foreign direct investment and
multinational firms, most of the results derived in the present paper continue to hold but there are
some differences. In particular, an increase in the size of the South no longer has the steady-state
effect of decreasing the Northern relative wage when all technology transfer is done by the Northern

firms themselves.

4 Welfare Implications

In this section, we study the welfare implications of the model. We continue to study the impli-
cations of three aspects of globalization: increases in the size of the South, stronger intellectual
property protection and lower trade costs.

Consider first the welfare implications of lower trade costs. A changehias no steady-state
effect on/, C or xy. Hence, an immediate jump to the new steady-state equilibrium is feasible and
the long run welfare effects of a changerirare also the short run welfare effects. Equation (33)
implies that a change in only benefits the typical Northern consumer if it leads to an increase in
<. Likewise, (34) implies that a changeinonly benefits the typical Southern consumer if it leads

to a decrease 7. Using (36), we can differentiate both of these terms with respett f6his

31



yields

d[w/7] _(0—1)(¢N—1)w_w
I e o+ on) <!
and
d [wr] (o —=1)(¢n —Dw w
e e Y I

taking into account thap > 0. Thus, regardless of the value of;, an inacease in trade costs
7 makes the typical Northern consumer worse off and makes the typical Southern consumer worse

off. We are mainly interesting in the result going in the reverse direction, which can be stated as:

Theorem 51n the neighborhood of costless trade, a permanent decrease in the trade costs (7 |)
makes the typical Northern consumer better off (ux (0) T), and makesthetypical Southern consumer
better off (ug(0) 1).

Theorem 5 is surprising in light of the ambiguous effect of lower trade costs on the relative wage.
Even though lower trade costsan either increase or decrease the relative wagepending on the
value of¢ (Theorem 4), the proof of Theorem 5 shows that this wage effect is always dominated
by the effect on prices. Lower trade costs lead to lower prices for goods in both the North and the
South. Consumers benefit from lower prices and these price benefits always dominate the possibly
negative effects of lower trade costs on their wages.

Consider next the welfare implications of an increase in the size of the $guithen there is
costless trade. Things are more complicated now because an increase in the size of thg;South
has the steady-state effects of increasihgndzy, as well as decreasing. In what follows, we
setwg = 1 and treat the Southern wage as the numeraire.

Focusingfirst on the North and usingy (t) = ey Py (t)Y/(“~1), it proves to e convenient to

rewrite (33) asuy (0) = e Py (0)Y/(“—1) where the typical consumer’s expenditure is

N
CN = WN {1 + (p—n)*y)\I+Cch]
and the Northern price index is
o—1\1"7 _ —e M C
Pr(0) = ( - ) enLy [wN N+CO T )\I+C] '

From the Northern condition (24), since an increasé inraises bottC' andx , % decreases
unambiguously. It follows immediately that an increaselin lowers consumer expenditurg
because both the consumer’s wage incamgeand interest income (p — n)’y%x]v fall. It

also follows immediately that an increase fig raises the Northern price indeRy (0) because
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both the average quality of products increasg (1) and the aveage price level becomes more
favorable for consumersu(y ? 7L + 115 1) The overall effect on Northern consumer welfare
is ambiguous.

Focusing next on the South, we can use the same general procedure for determining the welfare
effects. Usingus(t) = c¢gPs(t)'/(~1, it proves to be convenient to rewrite (34) ag(0) =
csPs(0)'/(=1) where the typical consumer’s expenditure is

C xnyLy
M+ C Lg

cs=1+(p—n)p

and the Southern price inde®s(0) is the same as the Northern price index(0) since costless

trade prevails. From the Southern condition (25), an increagg; ihas no effect org\% "’“"NEEN.

It follows immediately that an increase Iy has no effect on consumer expenditagebut it does
raise the Southern price indé%(0) for the same reasons as in the North. The overall effect on

Southern consumer welfare is unambiguously positive. To summarize, we have established

Theorem 6 When there is costless trade, a permanent increase in the size of the South (Ls 1) has
an ambiguous effect on the long run welfare of the typical Northern consumer but unambiguously

makes the typical Southern consumer better off in thelong run (us(0) 7).

An increase in the size of the Soully results in a faster steady-state rate of copyingf
Northern products. This stimulates technological change in the North but also depresses the wages
of Northern workers. The overall effect on Northern welfare in the long run is ambiguous. On the
one hand, Northern consumers are hurt by the fall in their wage and interest income but on the other
hand, they benefit from being able to buy higher quality products at lower prices. For Southern
consumers, the long-run welfare effects of an increase in the size of the South are unambiguously
positive. Southern consumers are able to buy higher quality products at lower prices and there is no
change in their wage or interest income.

Consider finally the welfare implications of an increase in intellectual property prote@tion
when there is costless trade. Things are complicated in this case as well because an in¢rease in
has the steady-state effects of decreagingndzy, as well as increasingy. We setwg = 1 as
before.

From the Northern condition (24), since an increasg lowers bothC andz v, 57 increases
unambiguously. It follows immediately that an increas@ iraises Northern consumer expenditure

cn because both the consumer’s wage incameand interest incomey (p — n)'y%x]\r rise.
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It also follows immediately that an increasefnlowers the Northern price indeRy (0) because
both the average quality of products decreasg (|) and the aveage price level becomes less
favorable for consumersu(y ” L= + 115 1) The overall effect on Northern consumer welfare

is ambiguous.

From the Southern condition (25), an increaseihas no effect orﬁ%mﬁw. It follows
immediately that an increase jhhas no effect on Southern consumer expendityréut it does
lower the Southern price indeRs(0) for the same reasons as in the North. The overall effect on

Southern consumer welfare is unambiguously negative. To summarize, we have established

Theorem 7 When there is costless trade, a permanent increase in intellectual property protection
(6 1) has an ambiguous effect on the long run welfare of the typical Northern consumer but unam-

biguously makes the typical Southern consumer worse off in the long run (ug(0) ).

An increase in intellectual property protectiGmesults in a slower steady-state rate of copying
C of Northern products. This slows technological change in the North but also raises the wages
of Northern workers. The overall effect on Northern welfare in the long run is ambiguous. On the
one hand, Northern consumers benefit from the rise in their wage and interest income but on the
other hand, they are hurt from having to buy lower quality products at higher prices. For Southern
consumers, the long-run welfare effects of an increase in intellectual property protection are unam-
biguously negative. Southern consumers end up buying lower quality products at higher prices and

there is no change in their wage or interest income.

5 Conclusions

This paper develops a dynamic, general-equilibrium model of North-South trade and economic
growth. Both innovation and imitation rates are endogenously determined as well as the degree
of wage inequality between Northern and Southern workers. Northern firms devote resources 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. The model does not have the counterfactual
growth implications of earlier North-South trade models and can be used to study the long-run
welfare implications of changes in the economic environment. We have used the model to study
the equilibrium and welfare implications of three aspects of globalization: increases in the size of

the South (i.e., countries like China joining the world trading system), stronger intellectual property
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protection (i.e., the TRIPs agreement that was part of the Uruguay Round) and lower trade costs.
Because the theoretical framework developed in this paper is quite tractable, it could prove
useful for analyzing other issues. For example, the model only has one factor of production. By
extending the model to allow for two factors of production (low and high-skilled labor), one could
study how different aspects of globalization affect wage inequality within regions. The effects
of Northern and/or Southern tariffs, technology transfer by means of licensing agreements, and
international labor migration could also be studied using this framework. These are all possible

directions for further research.
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