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1. Introduction

Endogenous growth theory is now more than ten years old. Nonetheless, our understanding of the
relationship between globalization, economic growth and income distribution remains incompl ete.
Empirical studies on the determinants of economic growth that rely on cross-country growth regressions
either treat each country as a closed economy or introduce ad hoc variables correlated with economic
openness. These studies have found that globalization has a small and rather insignificant effect on long-
run growth.! In contrast, earlier research on endogenous growth analyzed the effects of globalization on
long-run growth in various contexts. Perhaps the most dominant channel through which the introduction
of trade affects (positively) the level of long-run growth [e.g., Rivera Batiz and Romer (19914a)] has been
the size of markets. By expanding the size of each country’s market, international trade raises the
profitability of R&D in all trading partners, thus accel erating the introduction of new products and
resulting in faster global long-run growth. This seemingly obvious insight has given researchers the
impetus to explore how market size affects long-run growth [e.g., Grossman and Helpman (1991, Chapter
5)] and to explore the effects of globalization for countries with identical factor endowments, [e.g.,
RiveraBatiz and Romer (1991a,b)].

The dependence of long-run growth on market size in earlier endogenous growth models can be
traced to the property of scale effects which is a consequence of the assumption that the growth rate of
knowledge (i.e., technological progress) is directly proportional to the level of resources devoted to
R&D.? Jones (1995a) has argued that the scale effects property of earlier endogenous growth modelsis
inconsistent with post-war time-series evidence which shows an exponential increase in R& D resources
and amore-or-less constant rate of per-capita GDP growth in all major advanced countries. In addition,
the introduction of population growth in earlier endogenous growth models generates unbounded
(infinite) per-capitalong-run growth. Jones criticism and the desire to explicitly incorporate the rate of
population growth in R& D-based growth models have stimulated the devel opment of a new class of

models that generate growth without scale effects.> However, the theoretical literature on growth without
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scal e effects has focused either on the effects of trade liberalization in the case of structurally identical
economies, or more recently on the effects of globalization on growth and poverty in the context of
North-South models of trade and technology transfer.* Importantly, this small but expanding literature
has not addressed the question of how globalization affects economic growth, especialy when countries
differ in relative factor endowments. This paper complements the af orementioned literature by placing at
center stage the role of factor endowments and skill intensities in the determination of the dynamic
effects of globalization.

Therise of the anti-globalization movement has renewed the policy and academic debate on the
pros and cons of globalization. The role of trade liberalization, short term capital flows, multinational
corporations, global institutions, and the outsourcing of services and jobs to Chinaand India, on poverty
and income distribution within and across countries are central elements of this debate. Bhagwati,
(2004) and Stiglitz (2003) respectively provide influential overviews and analysis of globalization.
Given the policy importance of these issues and the inherent problems with the quality of international
data, there is a need to formally and systematically analyze the economic forces that govern the complex
effects of globalization. This paper constructs a two-country dynamic-general equilibrium model of
scale-invariant growth to investigate the dynamic effects of globalization.

In the model, the scal e-effects property is removed by the introduction of rent-protecting activities
(RPAS), asin the closed-economy model developed by Dinopoulos and Syropoulos (1991).° These are
activities undertaken by firms that produce state-of-the art quality products and aim to prolong their
temporary monopoly power by increasing the difficulty of R& D among challengers who try to discover
higher quality products. Examples of these activitiesinclude investment in trade secrecy, camouflage of
innovations through technological complexity, employment of legal teamsto litigate potential patent
infringements, and patent-blocking (i.e., building a patent fence around a major invention by patenting
several related secondary inventions without necessarily introducing the latter into the market).®

In the model, there are two countries, Home and Foreign, that may differ in size and or in (relative)
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factor abundance. In each country, there is a continuum of structurally identical industries producing
final consumption goods, and two factors of production, high-skilled labor and low-skilled labor, with
each factor being equal to afixed fraction of each economy’s population. The population in each country
grows at a common and exogenously given rate, equal to the growth rate of each factor of production.
There are three activities in each industry: manufacturing of final goods, rent-protecting activities
(RPAS), and R&D services. Production in each of these activities requires the employment of both
factors (though in different proportions when evaluated at the same factor prices) and exhibits constant
returnsto scale.” Thisframework allows usto use insights from the traditional Hechscher-Ohlin trade
model in our study of the dynamic effects of globalization. Asin the Grossman and Helpman (1991,
Chapter 4) version of the quality-ladders growth model, the quality of each final good can be improved
through endogenous innovation. The arrival of innovations in each industry is governed by a memoryless
Poisson process whose intensity depends on the ratio of R&D to RPAs. Thus, the present model views
innovation as the outcome of sequential and stochastic R& D contests (as opposed to R& D races among
challengers).

The analysis generates several novel insights. The market-equilibrium growth rate equals the ratio
of the unit-cost function of RPAs over the unit-cost function of R&D services. Sincethisratio playsa
role very similar to one played by the terms of trade (relative price of exportsin terms of imports) in
traditional trade theory, we christen this ratio an economy’s “terms-of-growth” (TOG). In thelong run,
the TOG remain constant over time and, owing to constant returns to scale, depends only on factor prices
and a parameter related to the effectiveness of RPAs. In other words, long-run growth turns out to be
proportional to the “ opportunity cost” of RPAs measured in units of R&D services (i.e., the “relative
price” of RPAS). A permanent increase in the relative wage of high-skilled labor raises the opportunity
cost of RPAs (and thus and the growth rate) if and only if high-skilled labor is used more intensively in
RPAsthanin R&D (Lemmal). Asaconsequence, any policy that causes relative wages to change

affects long-run growth through the familiar Stolper and Samuelson (1941) channel that links relative
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price changesto changesin factor rewards. In short, Lemma 1 provides aformal link between changesin
income distribution and long-run Schumpeterian growth through the intensity ranking of two conflicting
forces that determine the expected frequency of innovations: rent-protecting activities and R& D
investment.

Lemma 1 provides anovel insight on the long-run effects of one dimension of stronger intellectual
property protection. Inthe model, this effect can be captured by exogenously changing a parameter that
captures the effectiveness of RPAs. In aglobal regime with stronger intellectual property protection,
incumbent firms are able to slow down the rate of creative destruction by being more effective in limiting
the knowledge spillovers to challengers for any given relative wage level. The model implies that higher
protection of intellectual property shifts resources from investment related activities — such as R&D and
RPAs — to manufacturing of final consumption goods and therefore benefits the factor of production used
intensively in manufacturing (say, less-skilled labor). In addition, under reasonable restrictions on
intensities and abundance, Proposition 2 establishes that stronger intellectual right protection reduces
long-run growth and innovation. This result complements similar findings in Sener (2003) and
Dinopoulos and Segerstrom (2004) which have analyzed the implications of stronger intellectual property
protection in the context of North-South models of scale-invariant growth with endogenous imitation. In
these models, increasing the difficulty of copying Northern products by Southern firms resultsin slower
growth. Conseguently, contrary to the popular notion, dynamic trade theory suggests that agreements
like TRIPs (Trade-Related-Intellectual-Property Rights) might have an adverse effect on dynamic R&D
competition, innovation and growth.

Armed with Lemma 1, we then put the model to work to analyze the growth effects of introducing
trade between two countries that initially differ only in size captured by their level of population. A
move from autarky to free trade generates inter-sectoral trade as each country contains a fraction of
quality leaders producing the state-of-the-art quality product and enjoying global (temporary) monopoly

power at each instant in time. Each country’s share of global monopolistsis proportional to its size.
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However, in the absence of scale effects, a move from autarky to free trade does not affect the relative
wage of high-skilled labor and on long-run growth (Proposition 3). In this case, globalization simply
redistributes per-capita resources within manufacturing of final consumption goods in each country, but
does not affect per-capita resources devoted to R&D and RPAs. In other words, in the model of growth
without scale effects considered here, a move from autarky to free trade among similar countries does not
affect long-run economic growth. We think that this result remains valid in other models of scale-
invariant growth and clarifies the main insight obtained by Dinopoul os and Segerstrom (1999b) where
reciprocal tariff reductions affect the level of scale-invariant growth and the relative wage by changing
the relative price of innovation (i.e., the TOG).

We also analyze the move from autarky to the integrated world equilibrium (i.e., the equilibrium
that would emergeif, in addition to free trade in goods, all factors of production were also internationally
mobile). Since the three activities (RPAs, R& D and manufacturing) correspond to different vertical
stages of production and there is no outside-good sector, trade in goods is not sufficient to replicate the
integrated world equilibrium. In the presence of differencesin skill abundance across the two countries,
the integrated world equilibrium generates arich and realistic pattern of global production. Suppose the
production of RPAsis more high-skilled labor intensive than the production of R& D services, with
manufacturing being the least skilled labor intensive activity. In this case, as the skill abundance of say
Home increases relative to the skill abundance of Foreign, the integrated world equilibrium can be
maintained, first, through the formation of Home multinational s that establish manufacturing facilitiesin
Foreign to serve each domestic market (horizontal DFI) or to serve the world market (vertical DFI). The
same equilibrium is consistent with outsourcing of manufacturing production and jobs from Home to
Foreign. However, as the skill abundance differential between Home and Foreign increases, in addition
to multinational s and/or manufacturing outsourcing, Home engages in outsourcing R&D services (i.e.,
exporting high-tech jobs) to Foreign.

We then examine the effects of globalization which we identify with a move from autarky to the
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integrated-world equilibrium under the assumptions that the distribution of national factor endowments
lies within the factor price equalization set and Home is skill abundant. Under the assumption on the
ranking of skill intensities across activities mentioned earlier, Home has a lower relative wage than
Foreign under autarky dueto its skill abundance and experiences alower long-run growth rate than
Foreign (Proposition 3). In this case, globalization causes the relative wage of skilled labor to be
equalized across the two countries and long-run growth rates to converge to acommon level. Asa
result, the high-skilled abundant country’ s growth rate rises while the low-skilled abundant country’s
growth rate falls. Exactly the oppositeistrue if the production of R&D is more high-skilled labor
intensive than the production of RPAs (Proposition 5).

Section 2 of the paper devel ops the two-country model. Section 3 analyzes the properties of the
steady-state integrated-world equilibrium. Section 4 examines the effects of globalization on long-run

growth. Finally, Section 5 summarizes our findings and identifies several avenues for future research.

2. TheMode
We build a two-country dynamic general-equilibrium model of scale-invariant growth that focuses on the
effects of globalization on long-run growth and wages. We model the innovation process as a contest
between each incumbent global quality leader and challengers. This standsin contrast to traditional
quality-ladders growth models which view the discovery of new products as an R&D race among
challengers. In the present model, each incumbent quality leader can prolong the expected duration of its
globa monopoly by engaging in rent-protection activities that reduce the instantaneous probability of
further innovation. At the same time, however, challengersin both countries engage in R&D to discover
the next higher-quality product that would replace the global quality leader.

In order to simplify the analysis, we assume that al firmsin the global economy know how to
produce al productsthat are at least one step below the state-of-the-art quality product in each industry.

This assumption prevents the incumbent monopolist from engaging in further R& D and maintains the
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inertia-incumbency hypothesis [see Arrow (1962)] which is a standard assumption in most quality-
ladders growth models. In other words, incumbent monopolists engage only in RPAs and challengers
perform only R&D.2 It should be noted that the mode! abstracts from issues of international technology
transfer and international knowledge spillovers.’

For clarity of exposition, we adopt the following notational conventions. Superscripts identify
countries; in particular, superscripts “h” and “f” identify functions and variables of the “Home” and
“Foreign” countries, respectively. Functions and variables without superscripts are associated with the
global economy. Subscriptsidentify activities and firms within an industry. The time argument indicates
that avariableis growing in the steady-state equilibrium; its absence means that the particular variable

remains constant over time.

2.1 The Knowledge-Creation Process

Each of the two economiesis populated by a continuum of structurally identical industries indexed by
0€[0,1]. Ineachindustry 0 there are global, sequential and stochastic R& D contests that result in the
discovery of higher-quality final products. At timet, each challenger k that islocated in country je{h,f}
targeting a quality leader in country me{h,f} engagesin R&D inindustry 6 that |eadsto the discovery

of the next higher-quality product with instantaneous probability Ii(e,t) , Where

Yi(0.)
D™@O,t)

1L(0,1) - (1)
with Yli(e,t) denoting the level of R&D services, and D ™(6,t) being afunction that captures the
difficulty of conducting R&D inindustry 6 at timet. Aswill be explained shortly, this function captures
the level of rent protection activities (RPAS)

Under the standard assumption (routinely adopted in quality-ladders growth models), that the

returnsto R& D investment are independently distributed across challengers, countries, industries and



over time, the industry-wide probability of innovation in each country j is obtained from (1) by summing

the levels of R& D services across all challengersin that country

Y (0,1)

1(e,t) = ,
D™(6,1)

2
where Y(0,t) = XY i(e,t) . The arrival of innovations in each industry follows a memoryless Poisson
process with intensity |(0,t) = ZjY J(0,t)/D™(®,t) which equals the global rate of innovation in atypical
industry. Anincreasein the rate of innovation resultsin faster long-run economic growth.

We assume that the difficulty of conducting R&D in (1) and (2) [i.e., D™(0,t)] is proportional to

the level of RPAs undertaken by atypical quality leader located in country me{h,f}; that is,

D™(6,t) = X ™M(6,1), (©)

where X ™(0,t) isthelevel of RPAs produced by an incumbent global quality leader located in country
m. Parameter & captures the effectiveness (or productivity) of RPAsin increasing the difficulty of
conducting R&D. We can think of & as a parameter capturing the efficiency of institutions that
safeguard intellectual property.

Equations (2) and (3) reveal that the instantaneous probability of discovering the next higher-
quality good is homogeneous of degree zero in R&D and RPAs. Moreover, if an incumbent monopolist
does not engage in RPAS, the discovery of the next higher-quality product occurs instantaneously since
1(0,t) - « inthiscase. Inaddition, for any finite level of R&D services, the innovation process stops if

X ™(6,1) - oo

2.2 Production Technology
There are three distinct activitiesin each industry: manufacturing of final products, rent-protecting

services, and R&D services. Each activity is produced under constant returns to scale and employs two
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factors of production, high-skilled and low-skilled labor. Let w,i and ij respectively denote the wages
of high-skilled and low-skilled labor in country j. Moreover, denote with Z)(9,t), X/ (6,t), and Y (6,t)
the output of manufactures, RPAs and R& D services produced in country j, respectively. The technology

for each of the three activities can be described by the following cost functions:

o, (w), w/)Zi(6,t) (4)
a, (W, w!)X1(6,1) (5)
a, (W, w)Yi,1), (6)

where o, (W,j_| ,le_) is the unit-cost function associated with activity i=2Z,X,Y. Thisfunction isincreasing,
concave, homogeneous of degree onein its arguments, and has positive cross-partial derivatives. Note
that the absence of a superscript in the unit cost functionsimplies that they are the same across countries,

industries and goods of different quality levels.*

2.3 Population and Households

Let NI(t) be country j’s population at timet. We assume that each country’s population is growing at a
common, constant, exogenously given rate g, = Nj(t)/NJ(t) > 0, and that it is partitioned into high and
low-skilled workers. In order to keep the analysis as simple as possible, we assume that each worker
supplies one unit of labor and that a (fixed) fraction s'€(0,1) of country j’s population consists of high-
skilled workers with the remaining population fraction consisting of low-skilled workers. Consequently,
country j's endowment of high-skilled labor is HI(t) = sINI(t), whereas its endowment of low-skilled

labor is LI(t) = (1-s')N!(t). Over time, both endowments grow exponentially at the rate g, ; that is,

Ho Lo Ny _
Hi® L N

Oy » (7)



where N(t) = N"(t) + Nf(t) isthe world population at time t.**

In each country j thereis a continuum of identical households of measure Né . Each household
consists of infinitely-lived members and is modeled as a dynastic family whose size grows over time at
an exogenous rate g,,. Country j’s population, as well as the number of each household's members, at
timetis NI(t) = N(")eth where Né istheinitial population. All households within a country are
identical but countries may differ in the fraction of high-skilled workers. Each household in country j

maximizes the discounted utility
U= Nojfweg“‘te"" logu(t)dt, (8)
0

where p > 0 isthe subjective discount rate, p - g, > 0 isthe effective discount rate, and log u(t) isthe

per-capita utility at timet, defined as

logu(t) = fol log [ %2(i,0,1)]d0 . 9)

Z(i,0,t) isthe quantity consumed of agood of quality i (i.e., aproduct that has experienced i quality
improvements) and produced in industry 6€[0,1] attimet. Parameter A > 1 measures the size of quality
improvements (i.e., the magnitude of innovations).

At each instant in time each household allocates income to maximize (9) taking product prices as

given. The solution to this maximization problem yields a Cobb-Douglas demand function

cIONI(®)

Zi@i,0,1) - _
p'(t)

(10)
where cl(t) iscountry j's per-capita consumption expenditure and p'(t) is the relevant market price for
each good. Because within each industry goods adjusted for quality are by assumption identical [see

(9], only the good with the lowest quality-adjusted price is consumed, since thereis no demand for any
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other good.*? The global demand for a particular product is given by aggregating (9) across all
consumersin the global economy to obtain Z(i,0,t) = Z"(i,0,t) + Z'(i,0,1) .

Maximizing (8) subject to the standard inter-temporal budget constraint and taking into account
(10) generates the standard differential equation that governs the evolution of per-capita consumption

expenditure

(40}

== = () - p, (11)
c(t)

where ri(t) isthe instantaneous market interest rate that prevailsin country j at timet. Equation (11)
implies that a constant per-capita consumption expenditure is optimal when the instantaneous interest

rate in each country equal s the consumer’ s subjective discount rate p.

2.4 Innovation Contests
At each instant in time, atypical industry is served by a quality leader, the only global producer of the
state-of-the-art quality product. This producer is targeted by challengers from both countries who engage
in R& D to discover the next higher-quality product and replace the incumbent technology leader. The
latter enjoys temporary global monopoly power and spends resources on rent protection activities (RPAS)
in order to prolong its market position. We assume that firms compete in prices in product markets, each
incumbent quality leader chooses the level of RPAs optimally to maximize expected discounted profits
and so does each challenger when choosing the level of R&D. Challengers enter each innovation contest
until expected discounted profits associated with R& D are driven down to zero.

Since the arrival of innovations in each industry is governed by a Poisson process with intensity
I (Y,X), we can model the strategic interactions between atypical incumbent and its challengersas a
differential game for Poisson jump processes. In Dinopoulos and Syropoul os (2001) we formally solve

thisgame. In this paper, we provide an informal and intuitive derivation of the equilibrium conditions
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that closely follows the methodology employed by quality-ladders growth models.
At each instant in time, a global quality leader located in country j produces the state-of-the-art

quality product and earns a flow of profits

ORI ( [P ) - aw) ,wb}M) -~ a, i, wHXI), 1)
ke{h,f} pX(t)
where the summation denotes the flow of monopoly profitsin country k. The last termin (12) captures
the cost of RPAs aquality leader incurs at timet. Expression (12) assumes that both the manufacturing
of final goods and the production of RPAsislocated in country j. Section 4 relaxes this assumption.
The argument 6, which indexes a particular industry, is omitted for notational simplicity because all
industries are structurally identical. Following Dinopoulos and Segerstrom (1999), we assume that all
firmsin the world know how to produce products that are one or more steps below the highest-quality
available good in each industry’ s quality ladder prevents the incumbent monopolist from engaging in
R& D to discover the next higher-quality product. Therefore, as mentioned above, each incumbent
quality leader engagesin RPAs, and each challenger investsin R&D.

Thereisaglobal stock market that supplies consumer savingsto firms engaged in R&D. Since
there is a continuum of structurally identical industries, each consumer can diversify completely the
industry-specific risk associated with the discovery of new products. In addition, each investor can hold
aportfolio of foreign and domestic bonds. Thisimpliesthat the market interestsrate, r(t), isthe samein
both countries and is equal to the rate of return offered by a completely diversified portfolio. At each
instant in time, each challenger issues securities promising to pay the flow of global monopoly profits
(divided by the number of shares) if the firm wins the innovation contest and zero otherwise. The money
earned from the sale of these securitiesis equal to the wage bill of workers engaged in R&D. At each
instant in time, there are two types of securitiesin the stock market. Those which issued by challengers
and those issued by winners of an R&D contest.
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Consider now the stock-market valuation of temporary monopoly profits. Let V I(t) denote the
expected global discounted profits of a successful innovator located in country j, and let 1(t) bethe
industry’ s global rate of innovation, which equals the instantaneous probability of discovering a higher-
quality product. Because I(t) istheindustry’s hazard rate, a shareholder faces a capital loss equal to
V I(t) if further innovation occurs. This event occurs with instantaneous probability I(t)dt. In addition,
over atime interval dt, the shareholder receives adividend =/(t) dt and the value of the quality leader’s
stock appreciates by dv(t) = [0V //ot] dt = \'/j(t) dt if the incumbent quality leader is not replaced. The
survival probability isgiven by 1 - I(t)dt. The absence of profitable arbitrage opportunities means that
the expected rate of return on a stock issued by a successful innovator must equal to the market interest

rate; that is,

m[l— gt » 2O g - VO Oy g
VI(t) Vi(t) VI(t)

Taking limits as dt approaches zero and solving for V (t) yields the following expression for the value of

innovation in a particular industry:

Vi(t) - () , (13)
r+1 - VvV@®/vig

where the flow of economic profits 7)(t) isdefined by (12) and | = Y (t)/8X](t) isthe hazard rate (i.e.,
the risk of default) associated with atypical industry whose production islocated in country j.
L et us consider now the economic problem of atypical challenger k located in country je{h,f}

targeting a quality leader from country me{h,f}. Challenge k’s expected discounted profits are

Y(0)
D"™(t)

Vi)

dt - a, (W), w)Yiodt,
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where Ilidt = [Yi(t)/D M(t)] dt isthe instantaneous probability of discovering the next higher-quality
good, V I(t) isthe reward to R&D, and the last term is the cost of R& D services over an infinitesimal
period of time. Free entry into each R&D contest drives each challenger’ s expected discounted profits

down to zero thereby resulting in the following zero-profit condition:

A L/ (xY(wH,wﬂ . (14)

Equation (14) states that the price of innovation adjusted for the difficulty of conducting R&D, whichis
proportional to the level of rent-protection activities, equals the unit cost of conducting R&D.

We proceed with analyzing the maximization problem of a successful quality leader located in
country me{h,f} and facing challengers from both countries. This firm chooses the price of its product
and the level of RPAsto maximize its expected discounted profitsin (13). When maximizing (13) the
global quality leader behavesin a Nash fashion taking each challenger’ s actions and the growth rate of
expected discounted profits as given. The assumptions that goods within an industry are identical (when
adjusted for quality) and Bertrand price competition in product markets means that each quality leader
engagesin limit pricing. In addition, the absence of trade barriers and the assumption that the technology
of all products with lower quality than the state-of-the-art product in each industry is public knowledge
imply that the quality leader charges asingle price, which is A times the lowest manufacturing cost
between the two countries (i.e., the lowest possible price of the product one step below in the quality

ladder); that is,

p = Amin{a Wy, w), o (W, W)} .

Maximizing (12) with respect to the level of RPAs, X M(t), yields the following equilibrium condition:
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V) oW W)

D7) 51 (15)

Equation (15) relates the rate of innovation to the relative price of rent protection. To seethis
imagine that RPAs are produced under perfect competition so that their market price equals the unit cost
a, . Then, the left-hand-side of (15) is proportional to the relative price of innovation, measured by the
expected discounted profits adjusted for the difficulty of R&D. Equation (14) impliesthat the relative
price of innovation equals the unit costs of R&D. Consequently, combining these two profit-mazing
conditions and solving for the rate of innovation yields | = a,/3a, . Thisissimply the dual of (2) and
provides one of the main insights of the paper; that is, the rate of innovation is proportional to the relative
price of RPAs and depends on relative factor prices. Thus, the removal of scale effectsin this model sets
comparative-advantage considerations (captured by relative prices) at center stage of scale invariant

endogenous growth theory.

2.5 Labor Markets

We assume that the market for each type of labor clearsinstantaneously. In order to derive the full-
employment conditions for high- and low-skilled labor, we must cal culate the steady-state distribution of
Home and Foreign quality leaders across the continuum of industries. Denote with " the steady-state
fraction (measure) of industries with a Home quality leader and with B (= 1 - ") the fraction of
industries with a Foreign quality leader. Since each industry istargeted by both Home and Foreign
challengers, with instantaneous probability | "dt =[Y "(t)/D '(t)]dt a Home challenger discovers a higher
quality product and an industry with a Foreign leader is transformed into an industry with a Home leader.
Since there are B industries with Foreign quality leaders, the flow of industries that are transformed into
Home-quality-leader industriesis equal to p'1"dt = (1-p" 1 "dt. Thisflow must be equal to the flow of
industries with Home quality leaders that are transformed into industries with Foreign quality leaders

" fdt = (1-p"1'dt, and therefore ' = 11/1 for j=h, f.
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Using Shephard’ s Lemma, we may let (pi(W,L ,wﬂ) = da,/ aw,j4 denote the unit-labor requirement for
high-skilled labor employed in activity i = Z,X,Y. Country j’s full-employment condition for high-skilled
labor is derived as follows. The supply of high-skilled labor in country j equals s'NJ(t). The demand
for high-skilled labor has three components. First, there are p/ quality leadersin country j and each of
them supplies the global market with Z(t) = [c"N"(t) + c'NT(t)]/p units of final output. Each unit of
output requires @, units of high-skilled labor. Therefore the demand for manufacturing labor in country
jis PZ(t)e,. Second, the demand for high-skilled labor in rent-protecting activitiesis ' X !(t) ¢, .. There
are B quality leaders located in country j, each of which produces X I(t) units of RPAs, and each unit of
which requires ¢, amount of high-skilled labor. Third, the demand for high-skilled labor in R&D in
eachindustry j is Y!(t)¢, . All industries are targeted by challengers, each industry produces Y I(t) units
of R&D services, and ¢,, isthe amount of high-skilled labor required for the production of one unit of
R& D services. Because each economy has a continuum of structurally identical industries of measure
one and all industries are targeted by challengers everywhere, it follows that the demand for high-skilled
labor in each industry equals the economy-wide demand for R&D servicesin country j. Consequently

the full-employment condition for high-skilled labor in country j (= h, f) is

sINI(Y) = Bzt o, (Wi, W) + BXI®) o W), w)) + Yit)e, (w),w)). (16)

Using Shephard’ s Lemma again, denote with \yi(w,j4 ,wﬂ) = da,/ awﬂ the amount of low-skilled
labor required for the production of one unit of output in activity i = X,Y,Z. Calculations similar to the

derivation of (16) generate the following full-employment condition for low-skilled labor in country j:

QA-SHNIR) = FZE)w, Wl W) + BXIO) wewl,w)) + Yy, (wh,w/). (17)

The above four full-employment conditions hold at each instant in time under the assumption that thereis

no multinational production and/or outsourcing of RPAs and R& D across the two countries. We relax
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this assumption later in Section 4. Equations (16) and (17) complete the description of the model.

3. Steady-State Integrated-World Equilibrium

In this section we establish the existence of a unique steady-state equilibrium for the integrated-world
economy. By an integrated-world-economy equilibrium we mean the resource allocation that would arise
when goods, services and factors of production are all perfectly mobile across activities and countries. In
other words, we will treat the world as a closed economy. In this equilibrium, factor prices are equalized
across the two countries and are constant over time, i.e., w}, =w,, and w/ =w, for j = hf. In addition,
all per-capita variables are constant over time aswell. For example, ¢/ = 0 and therefore (11) implies
r(t) = p; the per-capitalevel of RPAs, x) = XJ/NI(t), isaso timeinvariant. This property together with
(14) imply that the levels of RPAs and the reward to innovation grow at the constant rate of population
growth [i.e., X ()/X(t) = V! (t)/Vi(t) = N'(t)/Ni(t) - g,]. Factor-price equalization implies that the

equilibrium price of final consumption goods can be written as

p = Aay(w,,w). (18)

Equation (14) impliesthat V "(t)/X "(t) = V(t)/X (t) which means that the level of RPAs does not
differ acrossindustries. Substituting (18) into (12) yields the following expression for the flow of

monopoly profits
wp X0 = LN + INOT - o (W)X (19)

Moreover, incorporating the above resultsinto (13) leads to the standard expression for the expected

discounted profits in each industry

V() - — O (20)
p T I - gN
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In the spirit of other quality-ladders growth models, we can derive a deterministic expression for
the instantaneous per-capita utility log u(t), which is the appropriate measure of real per-capitaincomein
the integrated equilibrium. Substituting per-capita demand for final consumption goods z! = ¢!/p, where

p isgiven by (18), into (9) yields®

logu(t) = log[c!/ra,] + tllogh. (21)

Subutility u(t) captures the appropriate quality-weighted (real) consumption index in quality
ladder growth models.'* The economy’s per-capitalong-run growth can be defined as the growth rate of

subutility u(t) in (21). Differentiating (21) with respect to time yields

a(t)

= —= =llogh. 22

9 - 7 D) g (22)
Because the quality increment A is a parameter capturing the size of innovations, long-run growth

can be affected only through changes in the rate of innovation | . One can obtain a simple expression for

the latter by combining (14) and (16) and using the linear homogeneity of unit input requirementsin

factor prices; that is,

Oy (W, W) Oy (0,1)

I = - ]
day, (W, W)  day,(w,1)

(23)

where o =w,,/w, istherelative wage of high-skilled labor.

Equation (23), which holds both out and in the steady-state equilibrium, provides several insights
on the channels that affect long-run growth. According to (23), the rate of innovation is proportional to
the ratio of two unit-cost functions a, (», 1)/a, (», 1). The numerator of thisratio is the unit-cost

function of rent-protecting activities and the denominator is the unit-cost function of R&D services. We
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christen thisratio the economy’s “terms of growth” (TOG) because it can be interpreted as the “relative
price” of rent-protecting activities” expressed in units of R&D services, and it plays arole which isvery
similar to the role of terms of trade in static models of international trade. An economy with higher TOG
experiences faster long-run economic growth.

Parameter 6 can be interpreted as a measure of intellectual property protection because higher
values of this parameter imply that incumbents can limit more easily the flows of knowledge spilloversto
challengers. For instance, stronger protection of intellectual property established by the TRIPs (Trade
Related Intellectual Property Rights) agreement in the Uruguay Round, implies that patent infringement
litigation becomes more effective for any given level of RPAs. What is the impact of stronger
intellectual rights protection on long-run growth? It is obvious from (23) that, for any given value of the
relative wage o, an increase in the productivity of RPAS, &, causes the long-run growth to fall.

Because we are interested in the effects of globalization on long-run growth, it is useful to establish
the precise mechanism by which a change in the relative wage of high-skilled labor affects the rate on

innovation and long-run growth. Differentiating (23) with respect to o yields

(24)

ol WxWY{&_&J W
X Y/ !

oo 0 (ay)z % 1% 3 (0“\()2

where h, = y,/ ¢, denotes the skill intensity (ratio of high-skilled to low-skilled labor) in activity i=X,Y,Z.
The Appendix provides the detailed derivation of (24). The following lemma summarizes the above

results:

Lemma 1l: (Long-Run Growth Channels) Anincreasein intellectual property rights protection
captured by the effectiveness of rent-protecting activities, 8, reduces the rate of innovation, |, for
any given value of the relative wage o = w,,/w, . Inthe absence of factor intensity reversals, an

increase in the relative wage of high-skilled labor o raises the economy’s terms of growth (TOG )
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and the rate of innovation, |, if and only if the production of rent-protecting activities uses high-

skilled labor more intensively than the production of R&D services (i.e,, iff h, > h,).*

Proof: See (23) and (24).

The intuition behind Lemma 1 is straightforward. An increase in the relative wage of high-skilled
labor raises the unit costs of both R&D and RPAs. However, anincreasein o causes the unit cost of the
activity that uses high-skilled labor intensively (i.e., has a higher share of unit costs associated with high-
skilled labor) to rise relatively more causing an increase in the TOG and the rate of innovation.

Lemma 1 hasinteresting implications for the empirics of long-run growth. For example, it provides
apossible explanation of why many variables have been correlated with long-run growth in cross-country
regressions [Barro and Sala-i-Martin (1995)]. According to Lemma 1, any variable that is correlated with
the relative wage, o, will also be correlated with the rates of innovation and long-run growth. However,
if factor intensity reversals do not arise and the technology of RPAs differs across countries, then these
correlations will be weak. Further, Lemma 1 introduces into the analysis the familiar Stol per-Samuelson
mechanism that links changes in relative wages to the rate of innovation (as opposed to Rybczynski type
of effectsthat relate changes in factor endowments with long-run growth, as emphasized in earlier
models of Schumpeterian growth.)®

Because the TOG depend on the relative wage of skilled labor, which is an endogenous variable
that is affected by virtually all parameters, we proceed to analyze the steady-state market equilibrium and
examine how relative factor abundance and country size affect the relative wage of high-skilled labor.
Factor price equalization implies that the unit-labor requirements and units cost of production do not
differ acrossthe two countries. Therefore, we can aggregate the supply and demand for high-skilled and
low-skilled labor of the world economy, respectively, and derive two (as opposed to four) full-

employment conditions for the steady-state integrated-world equilibrium.
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Let H(t) = s"N"(t) + sS"NT(t) and L(t) = (1-s")N"(t) + (1-s")N(t) be the world endowments of
high-skilled labor low-skilled labor, respectively, which grow at the rate of population growth g,,. Also,
let z = Z(t)/N(t), x = X(t)/N(1), y = Y()/N(t) be the per-capitaworld levels of final consumption good,
rent-protecting activities and R&D services, respectively. Equation (16) help obtain the per-capitafull

employment condition for high-skilled labor in the integrated-world equilibrium:

HO _

N(t) Z(Pz(WHvWL) + X(Px(WHvWL) + y(PY (WH!WL) . (25)

Similarly, (17) yields the per-capita full-employment condition for low-skilled labor:

% = 2y (Wi, W)+ Xy (Wi, W)+ Yy (W, W) (26)

The integrated-world equilibrium can be established by combining (25) and (26) and expressing
the per-capitalevels z, x and y as functions of the relative wage of high-skilled labor. Let
o,(w) = w,¢,/0; bethe share of high-skilled labor in the unit cost of activity i =Z, X, Y. Inthe
Appendix we provide the algebraic details on the derivation of following equation that determines the

equilibrium relative wage of high-skilled labor ® as afunction of the model’ s parameters:

day, (m)
e + (P N gN) Gz((D) + ox((D) + oy((D)
HE 1 ro1 x(©) (27)
L(t) O ) ) da, () 1 1 1
_ﬁ (P-9y (@) [1-0,(0)] + [1-ocy(w)] +[ GY(CO)]_

The left-hand-side of (27) is the world economy’ s relative supply of high-skilled labor (i.e., the
world’ s skill abundance). Because both H(t) and L(t) grow at the rate of population growth, the world

economy’ s skill abundance remains constant over time. The right-hand-side of (27) isthe relative

21



demand for high-skilled labor. We will focus on the standard case in which the right-hand-side of (27) is
adecreasing function of the relative wage of high-skilled labor, which essentially requires the relative
demand for high-skilled labor to be downward-sloping. It iseasy to identify sufficient conditions that
ensure this. For example, if RPAs are more intensive in high-skilled labor as compared to R&D, then it
is sufficient to assume that the elasticity of substitution between high-skilled and low-skilled labor in
production of each of the three activities is greater or equal to unity. The latter assumption ensures that
each per-unit cost share of high-skilled labor isa non-increasing function of the relative wage of high-
skilled labor. If the skill intensity of RPAsislower than that of R& D, then a sufficient condition for a
downward-sloping relative demand for high-skilled labor is that the elasticity of factor substitutionin
manufacturing of final goods must be sufficiently greater than one and that the elasticities of factor
substitution in the other two activities must be equal or greater than unity. From now on, we assume that

these conditions are satisfied. These ideas can be summarized as follows;

Proposition 1: Theintegrated world economy has a unique steady-state equilibrium such that
a) therateof innovation, |, per capita consumption expenditure, ¢, the relative wage of high-
skilled labor, o, per-capita RPAS, X, and per-capita R&D investment, y, are all constant
over time and bounded;

b)  long-run Schumpeterian growth, g,;, is endogenous and does not exhibit scale effects.

The endogeneity of long-run growth has been established by Lemma 1, since any policy change
that affects the relative wage of high-skilled labor (i.e., an R&D subsidy, a relative wage subsidy, atariff)
has a permanent impact on the TOG, the rate of innovation and long-run growth. Fig. 1 illustrates the
steady-state integrated world equilibrium by plotting the relative supply and relative demand curves for
high-skilled labor. The relative supply curve, RS, corresponds to the left-hand-side of (27) and isthe

vertical linein the figure. The relative demand for high-skilled labor RD corresponds to the right-hand-
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side of (27) and is the negatively-sloped curve. The unique intersection between the two curves at point
E determines the steady-state value of the relative wage o*. Once the equilibrium relative wage is
determined, the rest of the endogenous variables are determined as well.

Also notice that, in the absence of population growth (i.e., g, = 0), the integrated-world economy
experiences positive and endogenous long-run growth. In contrast, a class of Schumpeterian growth
models [e.g., Jones (1995b) and Segerstrom (1998), among others] yield zero long-run growth if the
economy’ s population is not growing. Consequently, the present model represents a novel generalization
of earlier endogenous-growth models.

We proceed with analyzing the effect of various parameter changes on the rate of innovation, long-
run growth and wages. In order to structure the discussion and exposition, for the remaining analysis we
will assume a particular ranking of skill intensity across all three activities: rent protection activitiesis
the activity with the highest skill intensity followed by R&D, which in turn exceeds the skill intensity of
manufacturing. In other words, without loss of generality, we will assumethat h, > h, > h,. The
reader can easily modify the results of the analysisto alternative assumptions regarding the intensity
ranking across activities. We will also assume that there are no factor-intensity reversals, namely that the
above skill intensity ranking holds for all values of admissible factor prices (i.e., for al values of o).

Equation (23) and Fig. 1 can be used to perform standard comparative statics exercises. For
example, an increase in the growth rate of population, g,,, or a decline in the subjective discount rate, p,
rai ses the demand of high-skilled labor, for any given value of the relative wage, o, if and only if
manufacturing isthe least high-skilled labor intensive activity [i.e., iff (o, - o,) + (o, -05,) > 0 which
follows from the assumption h, > h, > h,]. Inthis case, an economy with faster population growth, or
lower interest rates, enjoys a higher wage of high-skilled labor and a higher rate of long- run growth if
and only if rent-protecting activities use high-skilled labor more intensively than R&D services (see
Lemmal). Inother words, the growth effect of achange in the rate of population growth is governed by

factor intensity rankings across activities. Consequently, changesin the rate of population growth have
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an ambiguous effect on long-run growth. This prediction is consistent with cross-country growth
regressions reported in Dinopoul os and Thompson (2000), where the correlation between per-capita
long-run growth and population growth is not statistically significant.

What are the general-equilibrium steady-state effects of stronger intellectual property protection,
captured by anincreasein 6, on long-run growth and income distribution? Anincreasein & reducesthe
relative demand for high-skilled labor in Fig. 1 if manufacturing isthe least high-skilled labor intensive
activity and lowers the relative wage of high-skilled labor. The Appendix of the paper establishes that, as
long as the relative demand of skilled labor is sufficiently steep, or if rent-protection activities are more
skilled -labor intensive than R&D, an increase in intellectual property protection reduces the rate of
innovation and long-run growth. This result is consistent with similar theoretical findingsin dynamic
North-South models devel oped by Dinopoulos and Segerstrom (2004) and Sener (2003). In these
models, Northern products are copied endogenously by Southern firms, and stronger intellectual property
ismodeled as an increase in the difficulty of imitation. Both of these studies find that stronger
intellectual property protection reduces temporary or permanently the rate of economic growth and
widens the North-South wage gap. Consequently, this model suggests that agreements like TRIPs will be
supported by owners of factors that are used intensively in manufacturing and opposed by owners of
factors used intensively in investment activities. In addition, unlike the popular perception, the TRIPs
agreement might not necessarily promote long-run growth and innovation.

The following proposition describes the effects of stronger intellectual property protection:

Proposition 2: Stronger intellectual property protection, captured by parameter, &, benefits the factor
of production used more intensively in manufacturing of final consumption goods (i.e., lower-
skilled labor). A global economy with stronger-intellectual property protection experiences slower
long-run growth and innovation if rent-protection activities are sufficiently more skilled-labor

intensive than R&D (if h, > h, ), if the elasticity of factor substitution in each activity is equal to
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unity, or if the economy’s skill abundance (h = H(t)/L(t)) is sufficiently high.

Proof: See the Appendix.

It isalso straight forward to analyze the effects of an increase in factor abundance H(t)/L(t) on long-run
growth and wages with the help of Fig. 1. Aneconomy with higher skill abundance is characterized by
lower relative wage of skilled-labor (thisis a purely supply effect), but the effects of a higher relative
wage of skilled labor on growth are ambiguous and depend on the skill intensity ranking between RPAs

and R&D. The following proposition summarizes the effects of higher factor abundance:

Proposition 3: An economy with higher skilled-labor abundance, H(t)/L(t), has a lower relative wage
of high-skilled labor, ®, and experiences lower long-run growth if and only if the skill intensity of

rent-protecting activities exceedsthe skill intensity of R&D (i.e., iff h, > h, ).

Proof: It follows from Fig. 1 and Lemma 1.

Proposition 3 states that an economy experiences faster long-run growth, if R&D uses its abundant
factor more intensively than RPAs. Thisis so because the opportunity cost of R&D servicesis “cheaper”

than that of RPAsin economies with higher relative skill abundance.

4. Globalization, Comparative Advantage and L ong-Run Growth

This section analyzes the effects of a move from autarky (closed economy) to the steady-state integrated
world equilibrium by considering two distinct cases. First, we consider the case of two countries that are
identical in all respects except the sizes of their population. Second, we examine the growth and income
distribution effects of globalization in the more general case where Home and Foreign have different

proportions of high-skilled workers. For specificity (but no loss of generality) we assume that Homeis
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high-skilled labor abundant. We also assume that the per-capita distribution of world factor endowments
across the two countries lies within the “factor-price-equalization set” (to be defined below). This
assumption simply means that trade will bring about (productivity-adjusted) factor price equalization .
This case allows us to highlight the interaction between differencesin activity-specific skill intensities
and differencesin factor proportions across the two countries. The phrase “amove from autarky to the
integrated-world equilibrium” is used loosely to imply a comparison between two structurally identical
economies with one economy in autarkic steady-state and the other in the integrated-world steady-stage
equilibrium. In other words, we abstract from analyzing the transitional dynamics from autarky to free
trade. Finadly, it should be noted that when countries differ in factor abundance, trade in consumption
goodsis not sufficient to equalize the relative wage of skilled |abor between the two counties. In
addition to intra-sectoral trade, the model generates multinationals and outsourcing of manufacturing
and/or services.

The first case can beillustrated with the help of Fig. 1. By assumption, s" =s’ =sbut N" = N,
therefore, the relative supply of high-skilled labor in each country coincides with that of the integrated
world economy; that is, H(t)/L(t) = HI(t)/LI(t) = s/(1- ). Since (27) describes both the autarky and
integrated-world equilibria, each country’s relative supply curve will coincide with RSin Fig. 1. Further,
as can be seenin (27), both countries grow at the same rate and have the same autarkic relative wage,

", regardless of their exact differencesin population-size. A move from autarky to the integrated world
equilibrium does not affect the rate of innovation and long-run growth in either of the two countries.

Nonetheless, globalization generates intra-sectoral trade between the two countries even if it does
not change their growth rates. Thisis so because afraction p/ = N/(t)/N(t) of industries are popul ated by
country j's quality leaders enjoying temporary global monopoly power and serving consumers in both
Home and Foreign. In the absence of multinational enterprises, each industry experiences random shifts
in the location of production, and resources devoted to exports and imports in each country grow at the

rate of population growth.
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Proposition 4: Assume that Home and Foreign differ only in size measured by the level of population.
A move from autarky to trade generates intra-sectoral trade, but does not have any effects on the

relative wage of high-skilled labor, o, or long-run growth, g, .

Proof: It followsfrom Fig. 1 and Lemma 1.

Proposition 4 highlights the difference between this model and earlier models of endogenous
growth with scale effects that have analyzed the impact of globalization in the context of two structurally
identical economies[e.g., Rivera-Batiz and Romer (1991a)]. The older models generate a positive effect
of trade on long-run growth which is based on the existence of scale effects. Here the growth scale
effects are removed by introducing rent-protecting activities and the introduction of trade does not affect
factor prices and endogenous long-run growth.

To seetheintuition for this result more clearly consider the case of two structurally identical
economies, asin Rivera-Batiz and Romer (1991a), or asin Dinopoul os and Segerstrom (1999b) where
N (t) = N'(t) and s"=s'. Inthis case, amove from autarky to free trade results in each country having
quality leadersin fifty percent of all industries. Thereis aresource reallocation from import competing
to exporting industries in each country, but since in the integrated equilibrium the number of consumers
served by each quality leader is twice as large as the number of consumers served in autarky, the
introduction of trade does not change per-capita resources devoted to R& D and RPAs. Thus, the removal
of scale effects removes the market-size impact of international trade that was discovered and discussed
extensively in earlier endogenous growth models [e.g., Grossman and Helpman (1991, Chapter 5)].

The second case focuses on the effects of globalization on the relative wage, o, and on long-run
growth, g,,, when countries differ in skill abundance. Fig. 2 illustrates this case, under our assumption
that Home is skill-abundant [i.e., H"(t)/L "(t) > H(t)/L(t) > H'(t)/L(t)]. Thiscase arisesif ahigher

proportion of Home' s population is high-skilled workers (i.e., s">s'). Since thisimplies that Home's
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relative supply of high-skilled labor, RS", is located to the right of Foreign’srelative supply, RS', and
both countries face the same downward-sloping relative demand curve RD, Home' s relative wage of
high-skilled labor is lower than Foreign's (i.e., " < ). Thus, amove from autarky to the integrated-
world equilibrium causes Home' s relative wage to rise »" to »* and Foreign’ s relative wage to fall from
o' t0 ®*. At theintegrated-world equilibrium, both countries enjoy the same rate of long-run growth.
Therefore, asin the traditional static Heckscher-Ohlin trade model, globalization brings equalization in
factor prices and benefits the abundant factor of production.

Given our assumptions on no factor intensity reversals (i.e., the ranking of skill intensities across
the three activities remains unchanged for all values of ®) and the skill intensity of RPAs exceeds the
skill intensity of R&D (i.e., h, >h,, ), Home'slong-run growth islower than Foreign’s at the initial
equilibrium. In this case globalization raises Home' s long-run growth but reduces Foreign’s growth.*

Finally, notice that the relative supply of world high-skilled labor can be expressed as

H(Y) _[H(t)“) LY | (iﬂf)ﬂf (28)
L) | L) L® L@Of) L)

Because L(t) = L(H)" + L(t), the world’ srelative supply of high-skilled labor is aweighted sum of the
national relative factor endowments of high-skilled labor with the weights being equal to the share of
low-skilled labor that is associated with each of the two countries. In other words, curve RSin Fig. 2is
closer to curve RS" the higher is the fraction of world’ s low-skilled workers living in the Home country.
It isobvious from Fig. 2 that the relative wage and growth effects of globalization are larger for the

country with a smaller fraction of world’'s endowment of low-skilled labor. Thus, we have

Proposition 5: Assume that the two countries differ in skill abundance and that there are no factor
intensity reversals. Then a move from autarky to the integrated-world equilibrium results in:

a)  equalization of the wage of high-skilled labor, », the TOG, and the long-run growth rate,
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g, between the two countries;

b) arise(fall) inthereative wage, o, of the high-skill (low-skill) abundant country;

c) ariseinthelong-rungrowthrate, g, of the high-skilled abundant country, and a fall in
g, for the low-skilled abundant country if and only if the skill intensity of rent-protecting
activitiesis higher than the skill intensity of R&D, h, >h,, .

d) the magnitude of the above-mentioned effects is inversely related to the relative size of each

country (measured by the fraction of its |ow-skilled labor in world population), L /L.

The prediction of factor price equalization, despite apparent total factor productivity differences
(captured here by aggregate quality differentials) across the two countries, is consistent with empirical
studies following Trefler’s (1993, 1995) seminal work. These studies have found that factor price
equalization across countries holds when production factors are adjusted for uniform productivity
differences.®® In addition, Lemma 1 offers anovel link between relative wages and total factor
productivity growth! The main result of proposition 5 complements and clarifies the finding of
Dinopoulos and Segerstrom (1999b) where trade liberalization in the form of reciprocal tariff reductions
between two countries with identical endowments and sizes generates growth effects. In both cases,
scaleinvariant growth is affected by policiesthat change the relative price of innovation and/or relative
factor prices. Of course, in the present model countries differ in factor endowments and therefore long-
run the TOG move in opposite directions, whereas in Dinopoulos and Segerstrom (1999b) the two
countries are structurally identical and, as aresult, each country’s TOG move in the same direction.

We conclude this section by describing the rich production patterns that emerge in the steady-state
integrated-world equilibrium. These patterns are consistent with various facets of globalization, such as,
for example, the formation of multinationals and outsourcing, which play a prominent role in the ongoing
academic and policy debate on the pros and cons of globalization (Bhagwati, 2004). Fig. 3illustrates the

per-capita factor price equalization set of the integrated-world economy. The diagonal of the box
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diagram corresponds to the per-capita vector of high-skilled and low-skilled labor H(t)/N(t), L (t)/N(t),
respectively. Thevectors OA = O*A’, AB = A’B’, and BO* = B’ O represent the per-capita amounts of
high-skilled and low-skilled labor employed in the production of rent protecting services, R&D services,
and manufacturing of final goods. The slopes of these vectors reflect the assumption that the skill
intensity of RPAsis the highest, followed by the skill intensity of R&D services, which in turn is higher
than that of manufacturing (i.e., h, >h,>h,).

The factor price equalization set (FPE) is defined as the set of all per-capita factor endowment
allocations between the two countries such that each country can fully employ its resources using the
integrated-world equilibrium skill intensities of each activity. The FPE set is represented by the area
inside the hexagon OABO*A’B’. Points O and O* respectively represent the origins of Home and
Foreign.

Suppose that the per-capita distribution of the two factor endowments across the two countriesis
given by point E, which lies on the diagonal OO* of the box diagram. In this case, the two countries
have identical skill abundance ratios which equal to the slope of the box’s diagonal [i.e., H"(t)/L "(t) =
H(t)/L(t) = H'(t)/L'(t). Thefraction of industries that contain Home quality leadersis given by
B" = N"(t)/N(t) - OE,/OO". By drawing vectors CD, DF, and FG that are parallel to vectors AB, BO*
and B’A’, respectively, one could illustrate the per-capita quantity of resources devoted to each of the
three activities by each country. For example, the Home country’ s per-capita endowment vector is OE, =
OC + CD + DE,, where OC, CD and DE, are the vectors that correspond to the amount of Home country
resources devoted to the production of rent protection, R&D services, and manufacturing of final goods.
This allocation of resourcesis consistent with its two per-capita full employment conditions [see (16) and
(17)] and the activity-specific production techniques of the integrated equilibrium. To see this observe
that triangle OAB issimilar to triangle OCD, and triangle OBO* issimilar to ODE,. This meansthat the
ratios OC/OA = CD/AB = DE,/BO* = OE,/OO* areequal to p" = I "/1 = N "(t)/N(t). In other words,
Home' s share of resources devoted to each of the three activities equals B", its share of world R&D
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investment in each industry. Similar considerations apply to Foreign, whose per-capita factor
endowment vector isgiven by O*E, = O*G + GF + FE, . Foreign’s per-capita resources account for a
fraction B = 1 - p" of each activity which equalsits share of world R&D in each industry.

For any distribution of factor endowments on the diagonal OO* determined by a point such as E,,
international trade in final consumption goods suffices to equalize factor prices and long-run growth rates
between the two countries. However, if the two countries differ in factor abundance, then factor price
equalization can be achieved through multinational -firm formation or outsourcing, in addition to tradein
final consumption goods. The reasons for this property can be traced to the assumption that all industries
are symmetric, and that the different activitiesin each industry have to be specifically tied to each other
through dynamic linkages. One could add another degree of freedom by assuming the existence of an
outside-good sector produced under perfect competition, asin Dinopoulos et al. (1993) and Grossman
and Helpman (1991), or by introducing differencesin skill intensities in the production of final goods.
This extension of the model is straightforward.

In the model, if the point that determines the distribution of per-capita factor endowmentslies
inside triangle OBO*, say point E, in Fig. 3, the integrated world equilibrium can be obtained with the
formation Home-based multinational companies. In this case, Home would devote OC resources to
RPAs, CD resources to R&D services, and would have quality leadersin p" industries, as before.
However, it can devote only DE, resources to the production of final consumption goods. The
integrated-world equilibrium can be replicated if Home quality |eaders devote DE, resourcesin the
production of final consumption goods by hiring DE, resources at Home and E,E, resources at Foreign.
One possible pattern of multinational production that is consistent with this equilibrium isfor each Home
quality leader to produce afraction equa E,E,/DE, at Foreign. Thisisthe case of the formation of
horizontal multinationals (these firms produce the same product at Home and Foreign to serve the
domestic market). Another symmetric pattern of multinational production isthat afraction E,E,/DE, of
Home quality leaders transfers all their production of final output to the Foreign country. Thisisthe case
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of vertical Home multinational s that engage in RPAs at Home, manufacture all output in Foreign and
export from Foreign to Home. Of course, since there is a continuum of industries, both patterns of
multinational production can coexist. In addition, the above patterns are consistent also with outsourcing
of manufacturing from Home to Foreign. These patterns of multinational production and manufacturing
outsourcing are consistent with constant returns to scale technology in production, although the latter is
associated with a higher volume of intra sectoral trade. The production pattern of Foreign quality leaders
remains the same as the one analyzed in the previous case.

If the point that determines the distribution of per-capita factor endowments between the two
countries liesinside triangle OAB, such as point E, in Fig. 3, then all final-goods production takes place
in the Foreign country, and the Home country transfers a fraction of R& D activitiesto the Foreign
country aswell. In other words, the model generates outsourcing of R&D services (i.e., the
establishment of Home-owned R& D labs at Foreign), multinational production, and trade in final
consumption goods. Finally, if the skill intensity of R&D is higher than that of RPAS, then for
endowment-distribution points located in the interior of triangle OAB, the model generates outsourcing
of RPAs (as opposed to R& D services). Therefore, the integrated world equilibrium is consistent with a
rich pattern of production and globalization which depends on the magnitude of skill-abundance
differences between the two countries.

In other words, as the difference in skilled abundance between the two countries increases, the skill
abundant country transfers the production of skill-intensive activities to the less skill-abundant country
through outsourcing or the formation of multinationals. Asin the traditional Heckhscher-Ohlin, the
driving force that generates these patternsis differences in the relative wage of skilled workers. This
prediction sheds light to the ongoing outsourcing of high-tech services from the US to countries like

Chinaand India.
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5.  Concluding Remarks

The present paper devel oped a two-country scale-invariant Schumpeterian growth model to address the
effects of globalization on long-run growth and wages. Theintroduction of rent-protecting activities —
that prolong the expected duration of monopoly power for incumbents by reducing the expected
innovation payoffs for challengers — removes the scale effects property, however, without foregoing the
(policy) endogeneity of long-run growth. Interestingly, growth is proportional to the opportunity cost of
RPAs measured in units of R&D services, which depend only on factor prices under constant returns to
scale. The absence of scale effects make steady-state predictions of the analysis consistent with post-war
time-series evidence presented by Jones (1995a), and generates long-run growth that is bounded and
constant over time, even in the presence of positive population growth.

The removal of scale effects has profound implications for the literature concerned with the effects
of trade on long-run growth. Unlike earlier models of endogenous growth which have emphasized the
positive impact of market-size expansion on long-run growth, the absence of scale effects neutralizes the
market-size trade-related effect on long-run growth. In the present model, a move from autarky to free
trade between two growing economies that differ only in population size does not effect long-run growth.
In this case, there is reallocation of per-capita resources in manufacturing of final goods within each
country and globalization generates intra-sectoral trade as some domestic quality leaders become global
quality leaders while others are replaced by Foreign quality leaders producing superior quality products.
However, under constant returns of scale in production, this type of resource reallocation does not affect
factor prices and the per-capita allocation of resources between RPAs and R&D. Consequently, long-run
growth under trade and autarky for each country do not differ.

The model also allows us to analyze how cross-country differences in factor abundance condition
the effects of globalization on long-run growth. A move from autarky to the integrated world equilibrium
generates convergence in long-run growth rates that follows from factor price equalization across the two

countries. The direction of change in each country’ s growth rate depends on the rankings of factor
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abundance across countries and factor intensities across activities. For example, if Home is skilled-
abundant and production of R&D servicesisthe most skill intensive activity, Home has alower relative
wage and grows faster than Foreign under autarky. Globalization, captured by a move from autarky to
the integrated world equilibrium, equalizes the growth rates in both countries by causing Home' s growth
rateto fall and Foreign’sto rise. The integrated equilibrium is consistent with arich pattern of production
including intra-sectoral trade, the formation of multinationals and outsourcing of R&D and RPAs. This
pattern of production is analogous to the one analyzed in earlier models of Schumpeterian growth but, of
course, these models exhibit scale effects.

The analysis and insights of this paper have several interesting implications for the empirics of
R& D-based growth in open economies. The model provides a novel explanation for the absence of a
strong correlation between measures of trade openness and growth in cross-country regressions [see, for
example, Dinopoulos and Thompson (2000)]. In aglobal economy experiencing scale-invariant
Schumpeterian growth, trade in high-tech industries among countries with similar factor endowments has
minimal (if any) effect on long-run growth. In addition, higher levels of globalization among countries
with different factor proportion is associated with slower or faster long-run growth depending on whether
or not a country is high-skilled or low-skilled labor abundant relative to the skill abundance of the global
economy and on the skill intensity ranking across various production activities. In other words, the
model predicts that the effects of globalization on growth are conditional on the same mechanisms that
capture the forces of comparative advantage in the traditional static Heckscher-Ohlin trade model.

The analysis opens several new avenues for research. A variety of trade policy instruments (e.g.,
tariffs, export taxes and subsidies) could be introduced in the model to analyze their growth effects when
countries differ in size or factor endowments. This generalization would complement arecent strand in
the literature that analyzes the effects of tariffs on growth without scale effects, based on the restrictive
assumption that all countries are structurally identical without any differences in factor abundance and/or

population size [e.g., Dinopoulos and Segerstrom (1999a, 1999b)].
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Appendix
1. Derivation of Equation (24)

Differentiating (23) with respect to the relative wage o yields

al 9y (w,Do(w,1) - oo, Day(w,1)

oo S (o, 1)]?

(A1)

The linear homogeneity of unit-cost functionsimplies o;(w,1) = ¢,(0,1) o + y;(»,1) for i=X,Y,Z.

Substituting this expression in (A1) together with some algebraic manipulation yield (24).

2. Derivation of Equation (27)
Let ¢ =[c"N"(t) + c"N'(t)]/N(t) be the per-capita world consumption expenditure. Equation (10) and
the limit pricing condition p = Lo, () imply that the per-capitalevel of final output in the integrated

world equilibrium is given by

c

zZ = . A2
Lo, (o) (A2)
Equations (2) and (3) imply that | =Y /36X . Combining this expression with (23) yields
y - oxt - x 2 (A3)
ay (o)

Structural symmetry of the model across industries means that the each quality leader devotes the same
amount of per-capita rent-protecting activities x in the integrated-world equilibrium. Substituting (3) and
(13) into the zero-profit condition (14) and evaluating the relevant variables in the integrated-world

equilibrium yields the following per-capita zero profit condition:
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(A-Dc

. - oy (w)X = oXoy(w)(p + 1 -g,). (A4)

Substituting & = o, (m)/a, (w)1 in (A4) [see (23)] and combining the resulting expression with (A2)

yields the following expression for z:

o, (w) X

7 = 24 (P - gN)
(- Doy(w)

B o, (w) X

_ 2 (p - gN) 60“\((0))
(h - Doy(w)

o

: (A5)

X

where (23) has been used to express the rate of innovation as afunction of the relative wage of high-
skilled labor.

Equations (A3) and (A5) provide expressions for the levels of per-capita R&D and final output as
functions of the relative wage of high-skilled labor ». Substituting these expressions into the two per-
capita full employment conditions (25) and (26), using the definition of the share of high-skilled labor in
the unit cost of each activity ¢,(w) = w,¢,/a, (fori=Z,X,Y), and dividing the resulting equations yields

7).

4. Effects of Sronger Protection Intellectual Property
The general-equilibrium effects of an increase in parameter 6 are determined by the following two

equations:
| = (o,8) (A6)
1
h==fol (A7)
()
Equations (A6) and (A7) are the same as equations (23) and (27) respectively, where h = H(t)/L(t) is

the economy’ s skill abundance, and f(w,l) is given by the bracketed term in equation (27):
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1 p_gN
A-1

1 {2+p—gN

2 + o,(w) + oy () + o (o)

flo,l) = (A8)

1 | [1-c,(0)] + [1-0y(w)] +[1-0y(0)]

Lemmal impliesthat the sign of dl/0w isindeterminate, whereas 0l/96 < 0. In addition,
differentiating (A8) yields of /0w < 0 -aslong as the factor elasticity of substitution is not less than
unity- and sign of/dl = sign [ (6, - 6,) + (o, - 6,)] > O given our assumption on skill-intensity
ranking across activities (i.e., manufacturing is the least skilled-labor intensive activity). This condition,
impliesthat an increase in parameter & reduces the steady-state rel ative wage of skilled-labor.

Totally differentiating (A6) and (A7) and solving for d1/dé yieldsthe following expression

f of
ﬂ _ 6_| 1+ Jdw dl (A9)
ds 35" |, _ ofafar

om ol dw

Equation (A9) reveals the direct and indirect effects of stronger intellectual property rights on the rate of
innovation and long-run growth. The former effect is captured by 01/06 < 0 and slows the long-run
rate of innovation and growth for any given relative wage. The second term in the bracketed expression
captures the indirect effect of stronger intellectual rights protection. In general, the sign of the indirect
effect isindeterminate, but one could easily impose sufficient conditions to ensure that the sign of (A9) is
negative. Notice that aslong as the absolute value of second term in sguare brackets is less than unity,
the direct effect dominates. For example, our assumption on intensity rankings h, > h,, > h, implies
that of/dw < 0 and that dl/dw < 0, and therefore for asufficiently large differencein hy, - h,, (see
equation (24) the denominator of the second term in square brackets becomes negative. In this case, the
sign of (A9) isnegative, and stronger intellectua rights protection decreases the relative wage of skilled
workers and long-run growth.

If the elasticity of factor substitution across activitiesis unity, then the right hand side of (A8) does
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not depend on the relative wage (i.e., of /0w = 0) and the indirect effect vanishes. Again, the sign of
(A9) isnegativein thiscase. Finaly, even in the case where R&D is the most skilled-labor intensive
activity (h, > h, > h,) and the denominator of the second term in square brackets becomes positive
giving rise to a possible sign ambiguity, for a sufficiently high value of skilled-labor abundance h, the
absolute value of the denominator of thisterm exceeds that of the numerator, and again the sign of (A9)
remains negative. These reasonable sufficient conditions strongly suggest that an increase in intellectual
property rights protection is very likely to reduce the long-run rate of innovation and growth by making

the R& D effort of challengers more difficult.
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Endnotes

1. See, for example, Barro and Sala-i-Martin (1995, Chapter 12), and Dinopoulos and Thompson (2000)
among many others.

2. Earlier closed-economy endogenous growth model s include the ones devel oped by Aghion and Howitt
(1992), Grossman and Helpman (1991, Chapter 4), Romer (1990) and Segerstrom at al. (1990).

3. Jones (1999), Dinopoulos and Thompson (1999), and Dinopoulos and Sener (2003) provide more
details on thisissue.

4. See Dinopoulos and Segerstrom (1999a,b) and Sener (2001) for an analysis of the effects of
symmetric tariff reductionsin the context of two structurally identical countries. Krugman (1979), Sener
(2003), and Dinopoul os and Segerstrom (2004) have developed North-South models with one factor of
production, technology transfer and scal e-invariant growth to study the effects of globalization on the
North-South wage gap.

5. The term Schumpeterian growth refers to a particular type of R& D-based (endogenous or exogenous)
long-run growth generated through the introduction of new products and processes according to
Schumpeter’ s (1934) description of the process of creative destruction.

6. Dinopoulos and Syropoulos (2001) provide more examples of these activities, and Cohen et al. (2000)
supply survey based data on the extent of these activities.

7. Incontrast, in Dinopoulos and Syropoul os (2001) we assume that the production of RPAS uses only
high-skilled labor, whereas the production of R&D services and manufacturing of final products uses
only low-skilled labor.

8. Arrow (1962) was the first to establish that as long as an incumbent monopolist faces the same
probability as a challenger of discovering anew process or product innovation, the former’s reward to
engaging in R& D investment is lower than the latter’ s due to the replacement effect. The presence of the
replacement effect prevents the incumbent from engaging in further R& D especialy if thereis free entry
in each R&D race. If the incumbent faces a higher probability than each challenger to discover the next
process or product innovation, then the incumbency-inertia property does not hold. In the present model,
each incumbent engages in RPAs which reduce endogenously the R& D effectiveness of challengers, but
these activities do not create an R& D advantage for a typical incumbent at the (symmetric) equilibrium.

The assumption that every firm in the word knows how to produce the product which is one step
below the state-of-the-art quality product is sufficient to exclude any R&D effort by an incumbent firm.
If an incumbent firm discovers the next higher-quality product, say product k+1, the technology of
product k becomes common knowledge and therefore the monopolist continues to earn the same flow of
profits as before. Thus the return to incumbent’s R& D investment is zero and thereis no incentive for
the monopolist to engage in innovative R&D. Thus, the Arrow effect is still present and prevents
incumbents from engaging in further R&D. However, the incumbent has an incentive to delay the
discovery of product k+1 by engaging in RPAs and by making the R&D effort of challengers more
difficult.

9. Eaton and Kortum (1996, 1997, 1999) have developed dynamic general equilibrium models of

international technology diffusion and growth. Keller (2004) offers an excellent survey of the
voluminous literature on this important topic which lies beyond the limited scope of the present paper.
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10. SeeVarian (1992) for more details on the properties of unit-cost functions.

11. A proper modeling of skill formation requires an endogenous division of population between high-
skilled and low-skilled labor that resultsin higher wage for high-skilled workers compared to that of low-
skilled ones [see Dinopoul os and Segerstrom (1999) for amodel of Schumpeterian growth with
endogenous skill formation that has theses features]. In the present paper we abstract from issues
associated with endogenous skill formation in order to focus on the interaction between factor abundance
and factor intensities which are the basic ingredients of comparative advantage.

12. We also assume that if two products command the same quality-adjusted price, consumers buy the
higher quality product although they are formally indifferent between the two products.

13. See Grossman and Helpman (1991, Chapter 4) for further details.

14. For instance, in quality-ladders growth models where innovation improves the quality of
intermediate inputs or results in process improvements, u(t) capturesthe level of final output. See
Grossman and Helpman (1991) for further details on this point.

15. The assumption of no-factor intensity reversals implies that the ranking of the two ratios evaluated at
the same relative wage is not reversed for all possible values of the relative wage of high-skilled |abor.

16. See, for example, Grossman and Helpman (1991).

17. However, if the skill intensity of R& D exceeds the skill intensity of PRAS, then globalization causes
Home' slong-run growth to fall and Foreign’s long-run growth to rise. Of course, one could readily
introduce factor intensity reversals and obtain the same changesin the growth rate of both countries as
they move from autarky to the integrated world equilibrium.

18. Feenstra (2004, Chapter 2) offers an excellent critical overview of various empirical testsfor the
standard static Heckscher-Ohlin model.



