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GLOBALIZATION, INCREASING RETURNS IN COMPONENT
PRODUCTION, AND THE PATTERN OF TRADE

Anu Kovarikova Arro

Abstract

This paper proposes that globalization, through the enlargement of the market, can influence
both specialization and the equilibrium firm size. By re-introducing two factors of production into the much-
utilized Dixit-Stiglitz-Ethier framework, | show that gains from specialization depend only on capital, while
gains from increasing firm size face a trade-off between labor and capital as the size of the market
expands. If the markup that the firms charge is instead endogenously determined, | demonstrate how
firms can gain from both internal and external economies as globalization occurs if the number of firms
stays under a specified threshold. The paper also shows that opening up to free trade in intermediate
inputs and a final consumption good will have relative endowments determining the direction of trade
across the stages of production. The model predicts that a relatively capital-abundant country will be the
importer of the final good and the net exporter of intermediate components. Compared to autarky, trade
will enhance specialization and firm size in the capital-abundant country and diminish both in the labor-
abundant country. Welfare can either increase or decrease as a result of trade.

Abstrakt

Tento Clanek predklada, Ze globalizace, jeZ zvySuje objem trhu, je schopna ovlivnit jak
specializaci tak rovnovaznou velikost firmy. Je ukdzano, Ze po znovuzavedeni dvou vyrobnich faktor( do
bé&Zné pouzivaného Dixit-Stiglitz-Ethierova modelu, vynosy plynouci ze specializace zavisi pouze na
kapitalu, zatimco zisky plynouci ze zvySujici velikosti firmy z&visi na kompromisu mezi pracovni silou a
kapitalem. Je ukazano jak firmy mohou benefikovat z internich a externich ekonomik pfi plsobeni
globalizace, jestlize pfirazka, kterou firma Uctuje, je stanovena endogenng; a jestlize pocet firem zlistane
pod specifikovanou hranici. Tento &lanek také ukazuje, Ze po otevieni se volnému obchodu v
meziproduktech a kone¢ném spotfebnim zbozi, budou smér obchodu urcovat relativni zdroje zemé v
rdznych stadiich vyroby. Model prfedpovida, Ze relativné kapitalem hojna zemé bude dovozcem
konecného produktu a ¢istym vyvozcem meziproduktd. V porovnani s autarkii, obchod podporuje
specializaci a velikost firmy v relativné kapitalem hojné zemi a zmensi oboji v zemi, ktera je relativné hojna
pracovni silou. Nasledkem obchodu se bohatstvi zemé muze zvysit nebo snizit.
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1 Introduction

Globalization in the world economy has brought about significant changes in the
structure and geographical location of the production of firms. Globalization, as Deardorff (2001)
notes, has in the economic literature been variously represented by international trade, foreign
direct investment, factor mobility, and fragmentation. While earlier research in international trade
examined the options of firms to either export or invest into a local production unit in a foreign
country, the emergence of the multinational enterprise has added many more sides to the story.
In particular, a new organizational form of production has evolved according to which firms no
longer engage in the whole sequence of activities necessary in getting a product to the
consumer, but concentrate on their core competence and outsource the rest. This has resulted in
a vertical disintegration of production processes, giving rise to horizontally specialized supply
chains, such that production is fragmented to a number of specialized producers operating at
separate stages of production.

Indeed, as Grossman and Helpman (2005) observe, “we live in an age of outsourcing”
(p. 135). Firms outsource an expanding range of activities by delegating the production of
intermediate inputs or offering after-sale service to outside contractors. While outsourcing can
and does occur within borders, it is the international outsourcing to external suppliers and
affiliates that has gained dominance and the attention of researchers in recent years. In this
regard outsourcing is often viewed as trade in specialized intermediate inputs, including the intra-
firm trade of multinational firms. For instance, Hanson et al. (2004) report that in 1999, 93% of
exports by U.S. parent firms abroad consisted of inputs for further processing to their affiliates
located in low-wage countries. Egger and Egger (2001) analyze panel data on outward
processing, production and trade for the European Union 15 countries and determine that

frequent travel of intermediate goods across borders is particularly prevalent in import-competing,



relatively unskilled-labor intensive industries. However, as Yi (2003) points out, outsourcing is
also accounted for by vertical specialization, which is a related concept to trade in intermediate
inputs, but not an identical one, as vertical specialization is also responsible for trade across the
stages of production (import of intermediates and export of a final good). Hummels et al. (2001)
undertake to determine the extent of vertical specialization in the world economy using input-
output tables and report that the growth in exports that use imported goods as inputs has
accounted for 21% of the OECD countries’ exports in the 1990s and that vertical specialization
grew by almost 30% between 1970 and 1990. There exists a variety of theoretical models that
account for fragmentation and its importance in the global economy, including Antras and
Helpman (2004), Deardorff (2001), Feenstra and Hanson (1996, 1998), Grossman and Helpman
(2002a, 2002b, 2005) and Venables (1999), among many others.

It is thus observed that the era of vertically integrated firms has been phasing out,
whereas a different business strategy of horizontal specialization, where companies choose to
focus on one or two segments of the value chain, is pursued. An appropriate example of such a
strategy appear to be industries that require high fixed capital costs and comprise complex
assembly, where a large number of parts must be specified, manufactured and brought together
- such as the motor vehicle and electronics industries (Sturgeon, 2002). Sturgeon (2002) reveals
that in electronics, firms as different as Hewlett Packard and Ericsson have sold off most of their
worldwide manufacturing infrastructure to contract manufacturers, while in the auto industry, Ford
and General Motors have retained vehicle design and final assembly and outsourced most of
their component and module design and production. How outsourcing matters in the car industry
in the United States is pictured by Grossman and Helpman (2005), who cite the WTO to describe

the production of an “American” car:

Thirty percent of the car’s value goes to Korea for assembly, 17.5 percent to Japan for components and

advanced technology, 7.5 percent to Germany for design, 4 percent to Taiwan and Singapore for minor
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parts, 2.5 percent to the United Kingdom for advertising and marketing services, and 1.5 percent to Ireland
and Barbados for data processing. This means that only 37 percent of production value... is generated in

the United States. (p. 135)

However, on the other end of the spectrum from fragmentation lies the literature on how
globalization induces an increase in the size of the firm, instead of enforcing downscaling and
specialization. Rajan and Zingales (1998) reveal that much of economic growth takes place
through the size of existing organizations, such that in their sample of 43 countries, two-thirds of
economic growth over the 1980s can be assigned to the growth in the size of existing firms, while
only the remaining one-third can be assigned to the creation of new firms. There is furthermore
abundant evidence on how globalization has influenced large-scale horizontal mergers and
acquisitions, both inside and across borders, increasing internalized transactions (Evenett, 2003).
For example, UNCTAD reports that since 1994, mergers and acquisitions have grown six-fold to
become the dominant form of foreign direct investment in the world. Also Sturgeon (2002) notes
that the shift from vertical integration towards horizontal specialization has in some industries
been followed by considerable horizontal consolidation inside a value chain segment.

The purpose of this paper is to build on the literature and evidence above to improve on
several theoretical predictions on how globalization enforces specialization and firm size in
monopolistically competitive industries. In particular, research on specialization models has to a
large extent been based on Ethier's (1982) seminal work, whose key insight was that the Dixit-
Stiglitz (1977) model of preference for variety, when applied to production, constitutes the basis
for a model of the division of labor (Francois and Nelson, 1998). Ethier (1982) developed a
framework that explicitly showed how scale economies resulting from an increased division of
labor, instead of increased firm size, depend (at an aggregate level) upon the size of the world
market. In other words, production does not need to be geographically concentrated to allow

reaping gains from specialization. However, since the solution to the Ethier (1982) model with



one factor of production implies a firm size that is fixed, anything that enhances the size of the
market would lead to increased specialization and no gains from increased firm size could arise.
Eckel (2004) contrasts to this result: he disentangles the advantages of external economies
(specialization) and internal economies (firm size), and by utilizing different cost functions, he is
able to determine whether new firms enter, or existing firms grow, when globalization occurs.

In this paper | draw on the work by Rivera-Batiz and Rivera-Batiz (1991), who showed
that firm size in the Ethier (1982) framework is not constant as two factors of production are
incorporated into the model. By re-introducing two factors of production (labor and capital) into
the Dixit-Stiglitz-Ethier setup, | am able to relate to the empirical evidence on why globalization in
some cases seems to enhance specialization and in other cases enforces enlargement in firm
size. | develop a three-sector model of final, intermediate and non-tradable goods that
incorporates both internal and external economies, to show that the impact of an interaction
between these economies of scale allows reaching a new understanding of the formation of the
equilibrium horizontal industrial structure. The production of the final good in the model is
composed of two separate production stages: input manufacturing and input processing. | follow
Grossman and Helpman (2005) in assuming that the final good producers cannot manufacture
intermediate inputs themselves or it is prohibitively costly for them to do so. Compared to Ethier
(1982), this formulation also implies that the assembly of all intermediate components into the
final manufacturing good is not costless, but requires labor input. In relation to the literature |
hence put forward that outsourcing (initially at home in autarky and thereafter also abroad) has
already taken place. | confirm that the number of firms active in the monopolistically competitive
sector will be determined by capital endowment and labor will have no impact. The firm size on
the other hand will face a trade-off between labor and capital, such that firm size can increase,

decrease or stay constant when the market enlarges. Specifically, the addition of capital into the



economy will always increase specialization and reduce the firm size, while the addition of labor
can only enlarge firms.

The paper next relaxes the standard monopolistic competition assumption of exogenous
markup to account for the price-index effect, hence the markup in the component producing
sector will be endogenously determined. | show that the number of firms active in producing
specialized components will have an impact on how capital augmentation in the economy will
affect the equilibrium industrial structure. | prove that if the number of firms stays under a
specified threshold, gains from both internal and external economies can be exploited from
capital inflow, thereby leading to a simultaneous increase in specialization and firm size. Labor
inflow continues to be able to only cause an increase in firm size. This result may help to explain
why in Mexico’s maquiladora sector there has been a consistent tendency towards larger
companies and deepening specialization along a few lines of production (Gerber, 2000).

Another contribution of the paper relies on examining free trade in specialized
intermediate inputs and a final manufacturing good as a source of an enlargement of the market
to show how the pattern of trade across the stages of production evolves. Two countries that
engage in trade in this model are identical in all other respects except their relative factor
endowments, whereas the incentive for trade is triggered by a larger number of intermediate
components becoming available. | determine that free trade across the stages of production will
lead to factor price equalization and the endowment basis determination of the pattern of trade.
Under costly assembly, a relatively capital-abundant country will become the importer of the final
good and the net exporter of intermediate components. The model also predicts that as a result
of trade, horizontal specialization and firm size in the component producing sector will increase in

a relatively capital-abundant country and decrease in a relatively labor-abundant country.



The results above are reflected by WTO International Trade Statistics (2004), which
reports that in 2003, “a dramatic change in regional trade flows resulted from the new division of
labor in Asia. Many producers in Japan and other high income economies in the region no longer
export their finished goods to North America and Western Europe but ship high value-added
components to China for assembly and send the end products from China through their affiliates
to the Western markets” (p. 1). Hummels et al. (1998) affirm that the Japanese electronics
industry has rapidly been outsourcing some stages of production, especially final assembly, to
Southeast Asia and other developing countries, such that the export share of components in the
whole electronics industry has reached nearly 80%. Ng and Yeats (1999) similarly find that
relatively low-wage East Asian countries have improved their comparative advantage in (labor-
intensive) assembly operations across 60 component product groups, whereas Japan, Singapore
and Taiwan have increased their specialization in the production of components. Such
specialization and trade pattern between countries with different capital-labor ratios is also
verified by a recent study by Kandogan (2003), who empirically analyses trade between transition
economies and developed countries to find that vertical intra-industry trade (defined as the
simultaneous export and import of goods in the same industry, but at different stages of
production) is positively affected by the economies of scale and comparative advantage.

Finally, the welfare impact of trade in this model depends on parameter values and the
differences in relative factor endowments between the countries. The welfare of a relatively
capital-abundant country is not much influenced by changes in factor abundance, while that of a
relatively labor-abundant country is, since it experiences more significant adjustment in factor
prices as a result of trade. Both countries are likely to gain from trade if they are very dissimilar in
their capital-labor ratios, even so that the welfare gain of a labor-abundant country can exceed

that of a capital-abundant country.



The rest of the paper is structured as follows. Section 2 develops a three sector of
production model and presents all assumptions. Section 3 solves for the general equilibrium
outcome of the model with exogenous and endogenous markups. Section 4 allows free trade in
specialized intermediate inputs and a final manufacturing good to study the pattern of trade and
the resulting effect on specialization. This section also establishes the welfare implications of

trade. Section 5 offers concluding remarks.

2 The Model

Consider an economy consisting of three sectors of production: a final manufacturing

good sector Q,,, an intermediate good sector |, and a non-tradable good sector Q; . The final

good sector and the non-tradable good sector are perfectly competitive with constant returns to
scale and have firms that are price takers at both output and input markets. The intermediate
good sector on the other hand exhibits Ethier's (1982) formulation of economies of scale founded
on the Dixit-Stiglitz love-of-variety approach.

Formally, the final manufacturing good sector’s production function is given by
Qu=Lln ", (1)
where L, is labor directly employed in producing the final good and 0 < y <1 is the factor

share of labor in final output. | assume here that the production of the final good is composed of
two separate production stages: input manufacturing and input processing. This reasoning has
been utilized in the recent empirical application by Hanson et al. (2004), as it allows visualizing
that input manufacturing involves producing specialized components and may therefore be
relatively capital intensive, while input processing in the view of assembly can be thought of as
being relatively labor intensive. Previous literature has also termed the above relationship as

being between an upstream industry (component producers) and a downstream industry (final
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good producers), allowing to study linkage effects. Compared to Ethier (1982), this formulation
implies that the assembly of all intermediate components into the final manufacturing good is not
costless, but requires labor input. Components here are assembled into the final good by many
competitive firms.

The CES-type intermediate good sector’s production function is expressed by

1 o .t 0%1
I, =n” HLZHXi g j , 2)

where X; is the output of an individual intermediate component, |, the total output of
intermediates, n is the number of suppliers of specialized components, o > 1 denotes the
elasticity of substitution between the various components allowing for imperfect substitutability,
and 0 < p <1 implies scale economies resulting from an increased division of labor, as
addressed by Ethier (1982). Notice the different role parameters p and o play in such a
formulation, since p measures the productivity enhancing effect of specialization explicitly and
o the elasticity of demand and hence the market power of a typical firm (Neary, 2003b). Here
lower values of o would indicate greater product differentiation within intermediate goods
manufacturing as it is more difficult to substitute between the components.

Given the symmetry by which individual components enter the production function of the
intermediate good and the same cost functions as will be discussed below, in the equilibrium the

amount of output of each component producer will be the same or X; = x. Then the

intermediate good production function reduces to

1, 1
I, =n? (nx)=n"x, (3)

such that the aggregate output quantity of all produced components in the industry is nx. This

production function displays constant returns to scale for a given number of produced



components N, but an expansion of the intermediate good sector arising from an increased
number of components (a rise in N with constant X) exhibits increasing retumns, as |

increases faster than nx (Ethier, 1982). In such a production context n can therefore be
interpreted as a measure of the degree of specialization that depends on the size of the market
for intermediate goods. Therefore, if the industry was perfectly specialized, nx would be spread
out over an infinite number of component producers, or N — oo and X — 0. | assume that the
division of labor is limited by the extent of the market as otherwise the gains from specialization
would lead to the production of an infinitesimal amount of an infinite number of separate

1y

components (Ethier, 1982). The division of labor has an effect in this model through p, as n”

represents a shift parameter in the intermediates’ production implying the existence of the
endogenous external economies of scale to individual firms (Rivera-Batiz and Rivera-Batiz,
1991). Consequently, an increase in the number of manufactured components through increased
specialization will yield higher marginal and average productivity in the intermediates’ production,
rising total factor productivity. Such external economies are treated as constant by each firm in
the intermediate good industry as in the market equilibrium each firm maximizes its profit subject
to the internal economies of scale and a zero profit constraint (Chipman, 1970).

The production of an individual component X; requires both capital and labor input in
this monopolistically competitive industry. Following the standard Chamberlinian framework, and
for simplicity, | let the technology used by all individual firms be identical. In particular, | assume
that capital enters as a fixed input and labor as a variable input, such that the cost function of a
component producing firm is

C; =ré+wiy , (4)
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where @ > 0 denotes a fixed capital requirement, 1X; (4 > 0) is the labor demanded by each

component producer, I is the interest rate and W is the wage rate. Production with such input

requirements represents increasing internal economies of scale as the average cost function

derived from (4), AC = E+ WA , is decreasing in an individual firm’s size at all levels of

i
output, although at a diminishing rate. Due to the presence of a fixed cost no two firms will
produce the exact same component in the equilibrium as goods can be differentiated costlessly.
Notice from (2) that components were assumed to contribute in the same way to the production,
therefore perhaps raising questions about their actual differentiability. Analogous to Krugman
(1981) this formulation can be satisfied as a restriction on the parameters of a more general
model.!

The production of the non-tradable good takes the form
Qs = ALsﬂ Ksl_ﬁ , (%)

where Lis the amount of labor and K, the amount of capital employed in producing non-

tradables. A = and 0 < S <1 is the factor share of labor in non-tradables’

1
pra- gy’
output.

On the demand side | assume that all individuals in the economy have the same Cobb-

Douglas utility and due to identical and homothetic preferences the aggregate utility function
takes the form U = Q,,“Q.,"*, where 0 < & < 1. Maximizing this utility function subject to the

budget constraint allows to derive aggregate demand for the manufacturing good Q,, and the

' Proof for the consumption case can be found in the appendix of Krugman (1981). As the assumptions on the
parameters in the cost function and weights assigned in the production function are granted, one can justify the
model by a choice of units. For this let components enter the production in (2) with different weights and adjust the
labor requirement in the cost function accordingly, keeping fixed cost the same. Then one can make use of
component 3 in units of 1 and component 15 in units of 10, for example.
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non-tradable good Q, . National income consists of wage and interest rate payments. Let p,,

denote the price of the manufacturing good and p; the price of an individual component;

o 1 1
) -
P=n°tr [Zin:l P T is then the composite price index for the intermediate good,

1
1-=
which reduces in a symmetric equilibrium to P, =n #p. The non-tradable good is the

numeéraire.

The full employment of labor and capital in the economy imply that

AnX+ L, +L =L (6)
and

on+K, =K, (7)
where AnXx is the amount of labor, &n is the amount of capital demanded in the intermediate
good production, L denotes labor endowment and K capital endowment in the economy.

Labor and capital are assumed to be perfectly mobile across the three production sectors.

This completes the setup of the model.

3 General Equilibrium

3.1 Exogenous markup

The producers of the non-tradable good maximize their profits in the perfectly
competitive environment by choosing the optimal input mix of labor and capital, taking the prices

of inputs and the output as given. The first order conditions from the profit maximization result in

(as p, =1):
Qs _ N Qs _ 1_ﬂ Ls _ r
B_LS =w and (1 ZS')—K5 =r = K w (8)



Competition in the non-tradable good industry brings about marginal cost (equals

1wy ( r 7
average cost) pricing, and since the unit costis ¢, = —(Ej (_ ,6’)
, A 1- |

A1
Wi =1 s w=r”/

©)
Firms that produce various components take the composite price index for the
intermediate good as well as the national income as given and each firm maximizes its profits by
choosing the price of a component. As there is no asymmetry in the substitutability of
components, the choice of the degree of differentiation relative to other products is not introduced
at entry and firms simply decide whether to enter or not. Profit maximization equates marginal
revenue to marginal cost. Hence | assume in the standard Chamberlinian fashion that each
producer conjectures that the other firms in the sector will not change their output in response to
that firm’s price change and that there is a large enough number of firms producing components
unable to influence the total output of the intermediate good sector (Rivera-Batiz and Rivera-
Batiz, 1991). Then the demand for each component by manufacturing producers faces a
constant price elasticity of o that is exogenously given by the elasticity of substitution. This price

elasticity in turn determines the markup that the firms charge. Hence the price of each

component is a constant markup over the marginal cost
1 o
pill-——|=Wi=p=——WA. (10)
(o o-1

It can immediately be seen that with identical technology all firms charge the same price
for each component or p; = p . Equation (10) then states that the markup is inversely related to
the elasticity of substitution between the various components.

Free entry on the other hand does not allow the firms to charge a price higher than the

average cost, driving profits to zero and making it unprofitable to share the demand for any given
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component with any other firm. Chamberlinian properties of this equilibrium require the tangency
condition between demand and the average cost curve to hold, as marginal revenue equals
marginal cost and price equals the average cost simultaneously (Neary, 2003b). Free entry thus

results in

ré ré
p : + WA = X w/l(a ) (11)

1
Since firms have the same technology and face the same elasticity of substitution
between components, each firm operating in this monopolistically competitive sector produces

the same level of output in the equilibrium or X; = X.

With the same prices and output levels for the components in intermediate good

1o o 1\s 1
production, total output 1, =n~® "‘1( in:lxi 7 j reduces to I, =n”X and the

o 1 1 1
Z-) L 1
composite price index P, =n°? # [Zin:l P T reducesto P =n “p.

The above implies that in a symmetric equilibrium

P, =npx (12)
or the total revenue in the intermediate good sector equals the total revenue from manufacturing
all the components.

The producers of the final manufacturing good maximize their profits in the perfectly
competitive environment by choosing the optimal input mix of labor and intermediate goods,
taking the prices of inputs and the output as given. The first order conditions from the profit

maximization result in

Poy B =W and p,(1-/) =P (13

m
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Consumers in the economy maximize their utility U = Q,,“Q,"* subject to the budget

constraint p,,Q, +Q, =1, where | = WL + rK stands for national income. Then a share
a of the income will be spent on final manufacturing goods and a share (1—«) on non-
tradables. Formally, p,Q, = al and Q, = (1 - a)l .

| solve for the equilibrium in this autarkic economy by utilizing equation (12) and noticing
that the zero profit condition expressed by equation (11) equates total revenue with total cost in
each component-producing firm. The first order conditions of the final good producers’ profit
maximization in (13) imply that the total spending of the manufacturing good sector on
intermediate inputs equals an exogenous share of its revenue. Since the share of income spent
on manufacturing goods must equal the sales in that industry,

npx=nc=n(réd+wix)=PRl, =1-p)al . (14)

Equation (14) allows to express n as the function of exogenous parameters, capital and

labor endowments in the economy, and the wage rate. In particular,

1
o L-p)a(K +w-7L)
B ob

(15)
The first order conditions from profit maximization in non-tradable production in (8) imply

1 1
that L, = f(l—a)(L+wW’?K) and L, = (%stwﬂl. The full employment of

capital in the economy in (7) on the other hand means that K, = K —né. Then

(%)(ﬁ - nO)w = AL a)(L +wK) (16)

and after substituting for n from equation (15) the solution for the wage rate becomes

(Ke-A-pa-0-Po@-a) )"’
"o [ L(Q-pBol-a)+(1L-y)a) j ' (17)
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Equation (17) shows that the wage rate in the economy is influenced by capital and labor

endowments, parameters «, £, 7 and the elasticity of substitution o . An increase in the capital

stock (labor force) ceteris paribus would lead to an increase (decrease) in the wage rate. This
result contrasts to Krugman (1980), in that it is the country that is relatively more capital-
abundant that has a higher wage.

Next | solve for the interest rate by using equation (9), such that

r:(_E((l—ﬂ)o(l—an(l—y)a) jﬁ 8
Ko ~U-7)a-1-pol-a)) '

which depends on the same variables as the wage rate. Here an increase in the capital stock
(labor force) ceteris paribus would lead to a decrease (increase) in the rental rate, identifying the
factor price effect of the change in endowment. Now the country that is relatively more capital-
abundant has a lower interest rate.

Equations (15) and (17) subsequently allow deriving the solution for n in the economy
that has a monopolistically competitive sector with exogenous markup. Due to the presence of a
fixed cost, there can only be a finite number of firms operating in the equilibrium. Specifically

(ignoring the integer constraint),

_ @-»a 1 —

) P e W (s v

(19)

Notice here that the number of firms in the sector producing components (the equilibrium
degree of specialization) depends only on the stock of capital in the economy and parameter
values, being independent of the labor endowment. This parallels the solution reached by Rivera-
Batiz and Rivera-Batiz (1991) for a two-sector economy that also utilizes two factors of
production in the monopolistically competitive sector. On the other hand, such solution diverges
from the more common result that is derived from using only one factor of production in the

monopolistically competitive sector, labor. In given model, labor endowment in the economy (the
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size of E) has absolutely no impact on the number of firms in the equilibrium. Moreover, the
dependency of n solely on the capital endowment does not result from the particular form of the
final good production function presented in (2). Rivera-Batiz and Rivera-Batiz (1991) show, in a
model where the final good is a Cobb-Douglas composite of labor, capital and intermediate
goods, that the exact same relationship evolves.

The solution for the price and output in the component producing sector can be derived

from (10) and (11) and results in

o (Kle-1-pa-1-pol-a))’
p_a—li[ L@ Bol-a)+ 7)) j &
and
0o (- Aol-a)+ (- 7)a)
=3 1)(K(a—(l—y)a—(l—ﬁ)a(l—a))] ' &)

Equation (21) implies that the output level of a component producer or the size of a firm
is not fixed as in the Ethier-type models with one factor of production, but varies depending on
the labor and capital endowment in the economy. An increase in the capital stock (labor force)
ceteris paribus would lead to a decrease (increase) in the output of each component. The

aggregate output quantity of all produced components in the industry nx is however

independent of the capital stock K and directly related to the labor force L . The reason is that
as the size of the market expands, an increasing labor force would lead to a decrease in the
wage-rental ratio and thereby to an increase in the ratio of fixed to variable costs in the
component producing firms. There would also be an increased demand for final manufactures
and therefore intermediates. Then an expansion in the intermediate production would force each
component producer to increase the quantity supplied, as specialization is kept unaffected and

total quantity supplied expands.
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Capital used in the non-tradable sector in this economy follows from the full-employment
condition expressed in (7). Labor employed in the manufacturing final good sector can be derived

from the first order conditions of the manufacturing production in (13). In particular,

_ VAN
L, = nxi(l_yj(a_l) (22)

and since the amount of labor employed in the intermediate good sector L, = nxA, it follows

that the allocation of labor between manufacturing and the intermediate’s production is solely
determined by the parameters of the model. Labor used in the non-tradable sector can then be
found from the full-employment condition in (6).

This completes the autarkic equilibrium of this model, as all endogenous variables

(n,p, %, r,w, P, Py 1, Qm, Qs Ly, Ly L, Kg,U, 1) can be solved by expressing them

through exogenous variables (capital and labor endowment) and the parameters of the model.

To determine how globalization can affect different types of economies of scale in this
model, | utilize the framework developed by Eckel (2004). As | already addressed in the setup,
there are external economies of scale present in the intermediate good sector as long as
0 < p <1, reflecting gains from an increased division of labor and determining the level of

specialization. Since in a symmetric equilibrium intermediate goods are produced according to

1,1 1 |
I, =n? (nx)=n”x, | define an index w(n) = n—‘;‘( to capture gains from horizontal

specialization explicitly. In the model with exogenous markup, gains from specialization are then

determined from (19) and equal

3 %—l_ 1-»a 1 — %_l
#m=n ‘( z (1—ﬂ)0(1—a)+(1—7)aKj ' @)

Internal economies of scale are reflected by decreasing average costs in the production

of components. Following Eckel (2004), | define the inverse of average costs as the measure of
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internal economies, so that this measure rises when the economies of scale increase. The

presence of internal economies exhibits possible gains from increased firm size. Formally,

v(x) = (Lj = (ij , such that from (20),

Ci(xi’r’W) i

v(x) =

6_11( L~ po-a) + (L-Y)a) j” 24
o W\ Klo-1-pa-Q1-pol-a))

Equation (23) discloses that the external economies of scale in the Dixit-Stiglitz-Ethier

model with exogenous markup are affected by capital endowment only and that the size of the

- . .. O 0 .
labor force (L) has no impact on it (i.e. % >0 and a—/f =0). As the stock of capital is

augmented, ceteris paribus, the ratio of fixed to variable costs declines, inducing entry and
enhancing specialization.
Equation (24) on the other hand shows that the adjustment in both capital and labor

endowments has an impact on internal economies, and that they have a divergent effect on the
, o . ov ov .
final outcome. Specifically, it clearly follows from (24) that G_E <0 and 6_[ > 0. As the size of

the capital stock increases, the firms are scaled back, ceteris paribus, and as the size of
available labor increases, ceteris paribus, a larger firm size would be encouraged by increased
demand and by raising the ratio of fixed to variable costs. In this model, these effects offset each
other if the endowments of the capital stock and labor force turn out to be equal and if they both
grow at the same pace. This special outcome compares to the one factor of production Ethier-
type models, in which the internal economies of scale are constant (as firm size is constant),
such that an increase in the size of the market through globalization always enhances
specialization and has no effect on firm size. The enhancement in specialization occurs through

an increase in population in those models (and population reflects market size), not through an
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increase in capital stock as here. In given model an increase in labor endowment would not
encourage the entry of new firms, but would result in gains from internal economies by expanding
the existing ones.

Hence the inclusion of capital into the Dixit-Stiglitz-Ethier model makes an important
adjustment: specialization depends only on the size of capital stock and internal economies of
scale face a trade-off, except in a special case as explained above, as the market enlarges due
to globalization. Notice that in this framework | let the size of the market be determined by total
income as there are two factors of production. Then internal economies do not stay constant as
long as globalization can augment the amount of existing capital (foreign direct investment) or
increase the size of population (immigration) disproportionately. While an increase in population
would enhance firm size, a possible simultaneous increase in capital stock would work against it,
instead encouraging the entry of new firms.

| consequently assume that as globalization occurs, the market can be enlarged on the
account of both capital and labor inflow.2 Proposition 1 summarizes the above discussion.

Proposition 1 If the component producing firms’ markup is exogenous and two factors of

production are employed, globalization would always increase specialization and could either
increase, decrease or not affect the equilibrium firm size, depending on how much capital
augmentation is able to offset that of labor as the market enlarges. The enlargement motive of
firms is always supported if globalization expands the market through a significant population

increase.

. _aa _ _ _ B
2 After substituting from (17) and (18), | =wL+rK =K~ " L” ( G(_l(lf');)g_ Z)—+ﬂ(;a(}1/)—aa)j )

( = Aod _Ua) T j , such that total income will always increase with either capital or labor inflow.
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3.2 Endogenous markup

Models of monopolistic competition in which individual producers’ markups do not
depend on the number of producers abstract from interdependence among firms, since the
number of firms in operation is assumed to be large as an approximation and hence a firm takes
the composite price index for the intermediate good as well as the national income as given.
Competition in prices implied earlier that producers set their marginal revenue equal to marginal
cost, allowing to express (10) in the Chamberlinian fashion where the price elasticity of demand
is a constant.

In this section | am interested in endogenizing the markup (through endogenizing the
price elasticity of demand) that component producing firms charge, so that | would not completely
eliminate expansion effects that can have an impact on the equilibrium horizontal industrial
structure. | proceed along the lines of Eckel (2004), whose Ethier-type model with one factor of
production permits the firm size to vary by labor endowment once the expansion effects are
taken into account. Analogously to Eckel (2004), | wish to pursue the inclusion of expansion
effects to see how globalization changes the prediction of industry structure, albeit constant firm
size is not an issue here.

The demand for each component in a more general format can be derived from a cost

function, corresponding to (2) and making use of Shepard's lemma. Then

1
o\t —— \ \ .
C = (Zin_l Pi )1 net 2l is  the  respective  cost  function  and

o 1 o o 1 o
X, = n(f’-1 P)(l 0)(3) I, = n("‘l P)(l J)(%j MI the derived demand for a
j 1

component j. The price elasticity of this demand can be shown to equal
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— — 25
op; X, R (L-y)ea op; P op; | (25)

In addition to the substitution effect as expressed by the first term of (25), price elasticity
of demand can be influenced by two additional effects, the impact of pricing behavior on the
industry-wide price index (the price-index effect) and national income (the “Ford effect’). The
importance of those effects depends on whether a single firm in the intermediate good industry is
large enough to manipulate price index and income. In the Chamberlinian tradition of atomistic
firms with no perceived interdependence, a firm is too small to have any influence, eliminating
price-index and Ford effects from consideration.

| next relax this Chamberlinian assumption by assuming that a firm in the intermediate
good industry is large enough to be able to influence the industry level price index, but is small

enough not to have any significant impact on national income (d’Aspremont et al., 1996, Neary,

2003a, Yang and Heijdra, 1993). Then the Ford effect continues not to apply (%% =0).1

J
still assume that firms do not engage in any type of strategic behavior, such that expenditures on

fixed and variable costs are incurred simultaneously. If each component producing firm takes the

o

) . . . P Tt o\
pricing behavior of all competitors as given, then a_pj =n°—7 (Zi_l pi ) p;° and
P p; P o . .
therefore ——-=—————_ In addition, since the Cobb-Douglas type of utility function
i=L 1
1—
implies that the income share spent on intermediate goods is exogenous, a(a—P}/)a =0.
|
Finally then, the price elasticity of demand in (25) reduces to
OX: D
X Pi - _J+1(0_1) (26)
op; X; n
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in a symmetric equilibrium, where the technology of all firms is identical. 3 Notice the difference
from the constant elasticity of demand specified earlier, as now the price elasticity of demand for
each component depends on how many components will be produced in total. Naturally then, the
monopoly power of each firm increases if there are less than a large number of firms operating,
making the demand less elastic if there is less specialization and vice versa. It is straightforward
to show that the price of each component is no longer a constant markup over the marginal cost,

but equals

= oe ity ) Jwe @)

implying that the price of a component is lower in the equilibrium with more specialization.
The output of each component, on the other hand, unlike (11), is now expressed by

ré re n-1
p—7+w/1:>x_m(a—1)(T) , (28)

disclosing how the quantity produced by a single component manufacturer is made dependent on
the number of active firms in the intermediate good industry given free entry.

| again solve for the equilibrium in this autarkic economy by utilizing equation (12) and
the first order conditions of manufacturing producers’ profit maximization in (13). The zero profit
condition expressed in this endogenous markup model by equation (28) equates total revenue
with total cost in each component producing firm. As the share of income spent on manufacturing
goods must equal the sales in that industry, (14) can be expressed as before, which after some

manipulation yields a new expression for the number of firms

OXi Pj
3 Also see Yang and Heijdra (1993) for this result. There, ﬁ%:— (0' H+=22—=
i

§(|)

, Where

E&R) = :Tf% is the elasticity of the share function. In the model above, s(P) = (1-y)a,s0 £(P)=0.
|
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1
_ K+ WAL _
N QL-—»)a(K+w7”L)+8(c-1) . (29)
ol
Compared to the exogenous markup case as expressed by (15), there is an additional
term present in (29), which will affect the equilibrium outcome, as will be shown below. Utilizing

(16) and substituting for n allows to solve for the wage rate as follows:

" ( K(o~U-p)a~QL-pol-a) - oo -1 ]”. 0

L(@-p)ol-a) +(L-7)a)
Equation (30) reveals that the wage rate in the economy is lower when the markup of the
component producers is endogenously determined. In particular, the additional term as

expressed by @(c —1) has a negative impact on the equilibrium wage level, making labor

cheaper. A relatively more capital-abundant country continues to have a higher wage, in addition,
compared to the exogenous markup case, the difference in wages between countries increases
for the same relative factor endowments. Even though the wage rate decreases in both countries
compared to the solution under exogenous markup, it decreases proportionally more in a
relatively labor-abundant country.

The expression for the interest rate follows directly from (9), which this time leads to

i B

_ L{A-plod-a)+(1-7)a)

r=| = (31)
Klo-QA-y)a-Q1-plol-a))-0(c-1)

and demonstrates that under endogenous markup capital is made more expensive. Similar to the

wage rates, the disparity in interest rates increases between countries that differ in their relative

factor endowments. Capital price will be higher in both countries compared to the exogenous

markup case, while the increase in the interest rate is proportionally more pronounced in a labor-

abundant country. Compared to wages the interest rates diverge even more in this setup.
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Utilizing equations (29) and (30), the number of firms operating in the equilibrium with

endogenous markup (ignoring the integer constraint) is expressed by

__(0-9A-p)-a)  (A-y)a 1 %
1-Plol-a)+(1-y)a ¢ (A-Pol-a)+1-p)a

(32)

where the first term of (32) characterizes an increase in specialization brought about by an
endogenized markup at a given absolute capital endowment. The number of component
suppliers in the economy still depends only on the existing capital stock and parameters of the
model, while labor endowment has no effect on this outcome.

Finally, equations (27) and (28) allow to solve for the price and output in the component

producing sector under endogenous markup, resulting in

o
LR

A A2
K‘g( i-a *Q 33)

,(Kw—q;wa—a—ﬂwﬂ—a»—ma—njﬂ
L(@- Aolt-a)+(L-7)a)

and

Koo 400,

7 Q-»a
x=2(c-1) :
A v (c-)A-pl-a)
K+9( 1-7)a ) (34

.(_ L(-B)ol-a)+(1-y)a) )
Klc-0-y)a-(1-pol-a)-0(c-1) )"

Equations (33) and (34) reveal that capital endowment has a more complicated impact

on the price and output solution compared to the exogenous markup case, as an equal increase
of both K and L will no longer offset each other under any circumstances. The implication of
this will be examined in terms of how internal economies of scale in this model can be affected by
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globalization. Also notice that the aggregate output quantity nx is also no longer independent of

the capital stock K.
Labor used in the manufacturing final good sector can be derived utilizing the first order

conditions of the manufacturing production, such that

L=l o5 ) e ) )

and since the amount of labor employed in the intermediate good sector L, = nxA, equation

(35) implies that the allocation of labor between manufacturing and intermediate production is no
longer solely determined by the parameters of the model, but is also made endogenous. Finally,
the remaining variables of the model can be computed analogously to the exogenous markup
framework. Thereby the autarkic equilibrium of the model with endogenous markup can be
solved for all endogenous variables n, p,X,r,W, Py, P, 14, Qm: Qss Ly, Ly, Ly, K, UL T
The implications of the effect of globalization on external and internal economies in this

model evolve as follows. Gains from specialization in the model with endogenous markup are

expressed by substituting from (32) and result in

1
() :[ (c-DU-Al-a)  (A-pa 1 R)pl
1-plol-a)+Q-7)a ¢ (1-pold-a)+1-y)a

(36)
showing that the external economies of scale in the Dixit-Stiglitz-Ethier model with endogenous

markup also depend solely on the capital availability and stay independent of population (i.e.

0 0 . . o :
2 - 0 and a—/f = 0). Again, as the stock of capital is augmented, ceteris paribus, the ratio of

oK
fixed to variable costs declines, inducing entry and enhancing specialization. This effect is
equivalent to that under an exogenous markup, except that the positive impact on specialization

brought about by an increase in the capital stock is more profound.

26



The gains from internal economies in this model can be found by utilizing (33) and equal

o

S
c \v A
(7e)K-0 @)

( _ L(-pol-a)+1-p)a) jl—ﬂ |
K(o—-7)a -1~ Aoll-a) - (o -1)

v(x) =

Equation (37) discloses that the internal economies of scale are affected by both capital
and labor endowments as in the model with exogenous markup, while they no longer always
have a divergent effect. As new firms enter due to market enlargement induced by an additional
capital inflow and demand for components gets more elastic, the existing firms lower their prices
to capture a larger market share. In Eckel (2004), this effect works through an increase in
population, and an increase in the size of the market always enhances both specialization and
firm size under endogenous markup.

In this model the final outcome depends on the number of firms active in the equilibrium.
As in the model with exogenous markup, an increase in labor endowment would not encourage
the entry of new firms in given setup, but support larger firm size. Only additional capital inflow
can lead to an enhancement in specialization.

However, as the demand for components gets more elastic, firms can expand both on
the account of additional labor and additional capital. In particular, as long as the number of firms
in the equilibrium stays rather small, capital augmentation allows firms to enhance any gains from
internal economies that can be acquired by an increase in labor availability. It is seen from (37)

that the effect of an increase in labor endowment will be the same as in the model with
. ov , . . . .
exogenous markup (i.e. x > 0): as the population grows, ceteris paribus, a larger firm size

would be encouraged by an increased demand and by raising the ratio of fixed to variable costs.
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0 B
Likewise, 6_§ >0,aslongas n <1+ where

1-A(c-A-na-Q1-Plol-a))

wL
B= ﬁ is the labor share of total income. Specifically, if the number of firms in operation
wL +r

remains under this threshold, firms benefit from the internal economies of scale irrespective of
additional labor availability, as the ratio of fixed to variable costs is higher than in the model with

exogenous markup at the same level of endowments. Only when the number of firms reaches

B B
A (oA a0 pol-a))

n

will the capital inflow have no influence

on firm size (i.e. aa_% = 0). As the number of firms in the equilibrium grows large, specifically, if

it attains n >1+ B then a—2<0, and the

1-B(o-A-nNa-Q1-Pol-a)) oK

augmentation of capital leads to a decrease in the size of the firm similarly to the model with
exogenous markup. Concluding, a small size of the capital stock in the economy will initially allow
firms to expand, but as the size of the capital stock increases further, one will reach the
exogenous markup solution where the firms will be scaled back as additional capital is utilized for
specialization, ceteris paribus. Figure 1 on p. 51 depicts the number of firms’ threshold described
above for specific parameter values.

Hence capital plays an additionally important role in this endogenous markup framework:
it can both enhance the degree of specialization and firm size if the number of firms in the
intermediate good sector remains rather small in the equilibrium. If there are already many active
component producers present, additional capital inflow will be used to increase specialization and
the firm size decreases as the ratio of fixed to variable costs continues to decline. While an

increase in population would enhance firm size, a possible simultaneous increase in capital stock
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could work against it, as under exogenous markup. The formation of equilibrium industrial
structure is therefore directly dependent on the interaction between internal and external
economies in this setup. Proposition 2 summarizes the above discussion.

Proposition 2 If the component producing firms' markup is endogenous and two factors of
production are employed, globalization would always increase both specialization and firm size if
the number of firms in the industry remains under a specified threshold. As the number of firms
increases due to capital inflow, specialization continues to rise, but firm size could either increase
or decrease, depending on whether capital or labor stock is augmented more. With many
producers in operation, the enlargement motive of firms can only be supported if globalization
expands the market through a significant population increase.

Proof  Available in the Appendix. m

4 Trade

Consider next free international trade, induced by globalization-led trade liberalization,
taking place between two countries, home and foreign, that are identical in all other respects
except possibly their relative factor endowments. In particular, | allow trade in both manufacturing
final good Q,, and specialized components X. In a free trade equilibrium, the output of each
component would be concentrated in only one country and the two countries would produce a
distinct variety of components, for the same reason that each component is produced by only
one firm in autarky (Ethier, 1982). Then the same number of components n” = n" + n" (where
superscript h denotes home and f foreign and * relates to the world variable) becomes

available to both countries’ final manufacturing good sector for intermediate usage.

29



It is then apparent, along the lines of Krugman's (1980) modeling of trade in

f

differentiated consumption goods, that domestic residents will exhaust a fraction of

h

n"+nf

their income on final manufacturing goods that are composed of foreign components as inputs,

h
whereas foreigners will spend a fraction ———— of their income on final manufacturing goods
n"+n

that have made use of home country components. The pattern of component production is
determined utilizing the outcome presented in (14) and noting that the residents’ total expenditure
on domestic manufacturing industry goods is composed of a sum of domestic and foreign

residents’ expenditures or

n" n"
hhyh _ (1 h _ f
n"p"x" = (1 ;/)octhrnf "+ @ )/)anh+nfl , (38)

and since the same reasoning applies towards foreign component production,

f f

n n
nfpfxfz(l ]/)a +n +(1 }/)amlf . (39)

Dividing (38) by (39) allows to reach, after canceling out n" and n*, p"x" = p"x".
Notice that the prices of components equalize in this model through trade, even though prices

here are denoted in terms of the non-tradable good. Specifically, as there are no barriers to trade

f
and no transportation costs under consideration, opening up to trade leads to p”‘ = p_n; But
p" P

pi = P ! P — (W) (P )H due to competitive pricing, for i = h, f , and since the

composite price index for the intermediate good becomes the same at the world level, i.e.

P" =P (as the intermediate good sector now has n" = n" + n components available for
manufacturing input), the above equalizes component prices (since p' = Llw%). As the
0 —
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prices of components equalize in trade, this leads to an equalization in the output of specialized
intermediate good production or X" = x . Since component prices and outputs equalize across
countries, from (11) the equalization in factor prices (r and w) can be observed, a result akin to
Markusen (1989). The ability to trade the bundle of intermediate components |, under these
circumstances would become redundant.

Equation (38) implies that the number of component-producing firms in operation at the
world markets, n" +n", can be expressed analogously to (15), such that in the model with

exogenous markup,

1
_ —h —f g —h —f
A _(d-pea(K +K06J?rw (L +L)) | (@0)

After utilizing (16) in two separate equations for domestic and foreign markets and

expressing the number of component producing firms at home and abroad (n"and n'),

substitution into (40) allows to solve for the common wage rate as follows:

o ( (K" +K')o - (1-pa -1~ pol-a) J”. )
L'+ L)@~ pol-a) + Q- y)a)

Equation (41) implies that the internationally equalized wage rate depends on the same

parameters as earlier (o, 8,7 and o) and on the factor endowments of both countries. As

countries open up to component trade and allow international specialization, the wage rate in a

labor-abundant country would increase compared to autarky and the wage rate in a capital-

—h —f

: . L L .
abundant country would decrease (i.e. W"("2%®) > ") if — > —_) This contrasts to

K K
the results attained by Chakraborty (2003) in a closely related model, where free trade is able to
increase wage rates in both countries, irrespective of labor being a scarce or abundant factor.

A common interest rate in this setup can be found using (9) and it equals
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implying again that the factor endowments of both countries have an effect on the outcome. In
particular, the interest rate in a labor-abundant country would decrease compared to autarky and
the interest rate in a capital-abundant country would increase under trade.

Equations (40) and (41) can next be used to derive the expression for the number of
component producing firms or the equilibrium degree of specialization at home, which, after

several substitutions, results in

" e a e RO
(=)= po-(-pa-1-Pol-a) L (K +K) .
0@~ Ao@-a)+a-7)a) T+
(@+p-ap)K
LU

Equation (43) reveals that the number of components produced no longer solely

depends on the parameter values and domestic capital endowment. In fact, even though

h h h h
aih > 0 as in autarky, it follows from (43) that on >0, al_h <0 and a%f > 0. Then
oK oK oL oL

an increase in the capital endowment in another country hinders domestic horizontal
specialization, while an enlargement in labor endowment abroad encourages it. A population
increase at home also discourages specialization, as it raises the ratio of fixed to variable costs.
The solution for the equilibrium number of firms abroad, n', is a mirror image of (43), achieved
by replacing the superscript h by f and f by h.

Next, the solution for the price and output of produced components can be derived

analogous to autarky by making use of (10) and (11), which leads to
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v O /{ (Rh:; Rf_)f(a ~(-na-Q1-Bol-a) Jlﬁ (44)
o-1 (L +L)A-pol-a)+L-p)a)

and

. g(a_l)( (L +L)(A-pol-a)+(-pa) ] R
(K'+K')o--pa-@-pol-a)

Equations (44) and (45) show results very similar to the autarky model under exogenous
markup, except that both the price and output of the specialized components are dependent on
worldwide labor and capital endowments. Compared to autarky, the price of the components
would increase and the output of each component would fall in the labor-abundant country. The

opposite would occur in the capital-abundant country. Also notice that the world aggregate output
quantity of all stages of production (N" +n")x has a complicated solution and will depend on
population and capital stocks in both countries.

The effect of trade on specialization in this model evolves from comparing the equilibrium
number of firms operating in component production under trade with the same variable under

autarky. Subtracting (19) from (43) and some manipulation results in n"(ad®) > phautarky)

—f —h

L
—¢ > — . It then follows that horizontal specialization increases in the capital-abundant

K K

country relative to autarky and decreases in the labor-abundant country. Notice that the total
number of firms that produce components in the world remains the same as before trade. Then
when trade opens up and countries do not differ in their relative factor endowments, each of them
would continue to produce exactly the same number of components as in autarky. The fact that
the pattern of production stays unchanged forms a basis for a well-known result on horizontal
intra-industry trade under monopolistic competition, in that similar countries are the ones to
engage in such trade, as in Krugman (1981).
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In order to determine the direction of trade, it is left to analyze the balance of payments.

Again, analogous to Krugman (1980), the home country trade balance for components is

h f

I n n * *
specified by C :W(l—;/)al f —m(l—y)alh =n"px" -

I,.|h

n"+nf

f
L=7)al —nhll—nf(l— 7)al™ =n"p"x" — (1—y)alI". Then it ensues after some

—f —h
manipulation that " p*x" > (1— »)aI" if and only if t—f > E—h Notice in addition that the
K K

total demand for the final manufacturing good at home is given by a1". Then for balanced trade
one needs the capital-abundant home country to contribute less labor into manufacturing

assembly than would be the case in autarky, given the number of components produced
—f —h

domestically.# In particular, | verify that W'L" < yorI" if and only if t—f > E—h As aresult a
K K

balanced trade between specialized components and the final manufacturing good develops.

Proposition 3  Free trade in intermediate components and the final manufacturing good

between two countries that are identical in all other respects than their factor endowments will

increase horizontal specialization in a relatively capital-abundant country and decrease it in a

relatively labor-abundant country. The direction of trade will be such that the capital-abundant

country will become a net exporter of components and an importer of the final good.

Proof  Available in the Appendix. m

Notice how horizontal intra-industry trade in components and trade across the stages of

production interact in this model. While the incentive for trade is triggered by a larger number of

4 This implies that the relationship specified in (22) would no longer hold, i.e. Ly, = n“x*ﬁ(%)(%) as
_ o —

can be shown by contradiction.
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intermediate components becoming available, it is the endowment basis that determines
specialization and trade pattern. In particular, if two countries would be similar and increasing
returns would form the basis for trade, both countries would continue to produce exactly the
same number of components as in autarky, simply producing a larger output of each component
- and the direction of trade would be indeterminate (one would not know which country would

produce which components, as in Krugman, 1980). The volume of trade in components occurring

f

due to increasing returns in such a case could, however, be specified by A-p)al",

n"+n'
and balanced trade in specialized components would hold, so that trade in Q,, would be
redundant.

Finally, since the prices and outputs of specialized components are equalized across

countries, the expression for the total world output of intermediate goods evolves into

N ) (lij (lij o1
I,,” = X"| nrot) 4 pflpod and the respective composite price index becomes

Lemma 1 Free trade in specialized components requires that p = o=
o
Proof Available in the Appendix. m

-1 , : ,
If p= O-T’ then the total world output in the intermediate good sector becomes

1 1
I,”=(n"+n")ex" and the composite price index solves for P" = (n" + n’ )17 p". Each

m

. . n
country will contribute a share ———
n" +

-, I =h, f, to the total value of the intermediate good
n
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production P,"l," in the world. Even though the direction and the volume of trade can be
determined in this model, as well as how much labor in each country is employed in the

intermediate good and manufacturing sectors (L,' and L,,'), it is not possible to disclose which

country produces how much of the world supply of the final manufacturing good Q,,” .5 It is still

known that Q" = (L") (1, ), where L, = (n" fz(Lj(L)
nown that Q" = (L") (1,,") " where L,” = (n" + n")x i \o1

Finally, the effect of an adjustment in factor endowments on internal economies in the
model with exogenous markup under free trade is equivalent to what was derived in autarky,
while the effect on external economies is determined by (43), revealing a much more complex
result than was reached earlier, as external economies now can be influenced by an amendment
in capital and labor endowments both at home and abroad.

The implications of component trade in a model with endogenous markup can be

examined analogously. One can utilize equations (38) and (29) to reach

1
B —h  —f P B
A anf - 1-7)a(K +K +WG€(L +L )+6(c-1) (46)

and make use of (16) to derive, after substitution, the common wage and interest rates as earlier,

which equal

5 Therefore notice the flaw in the approach undertaken by Chakraborty (2003) in a similar model. His equation (33)
expresses the world supply of the good since from (32) the intermediate input is the same for both countries. In

h f
(L"+L"). Inthat model L," =L ——% (L) s
l-a+ap(K"+K")

l-«a

particular, his L, = L," +L," = Cavas

as derived in his (38), if one  notices that p= o-1 is used interchangeably. But
O
hoyof _ f h
Lf=L"- ap (L+L) # 1-a L™ unless L_L , which would make the setup in his
l-a+ap(K"+KT) l-a+ap kKf kb

(41) and the conclusion reached in (43) inapplicable.
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" ( (K 4K )(o - (= pa- (- Pol-a) - 0o - Jlﬁ )
L +L)@-po-a)+ - 7)a)

and

r*:{ DY pel-a)+ (- pa) Jﬂ. “
(K" +K Yo~ (- 7)a -1~ Pol-a) - 0o 1)

Equations (47) and (48) show that opening up to trade would increase the wage rate and
decrease the interest rate in a labor-abundant country, but not as much as under exogenous

markup. The additional term as expressed by &(c —1) has a negative impact on the

equilibrium wage level, making labor cheaper, and a positive impact on the equilibrium interest
rate, making capital more expensive. Therefore the equilibrium wage rate in both countries would
be lower than what was derived in (41) and the equilibrium interest rate higher than in (42).
However, since in autarky the difference in factor prices is larger under endogenous markup
given the same factor endowments, the model implies that trade will increase the wage rate and
decrease the interest rate in a labor-abundant country relatively more than in the exogenous
markup setup. As before, a relatively capital-abundant country would experience a decrease in
the wage rate and an increase in the interest rate.

The equilibrium degree of specialization in the model with endogenous markup solves

from (46) and (47) and results for the home country in

o @-DA-pl-a)  (A-pea
1-plol-a)+(1-y)a 0

1 —h —f
T Aod-a+ra-pac TKI+
(1—a)(1—ﬂ)(a—(1—y)a—(1—/3)0(1_a))[f(§“+Kf)_ (49)
0(1-pol-a)+(L-y)a) (Eh +Ef)
(@+f-apK
5 .

37



Equation (49) discloses that the effect from trade on the number of firms operating in
component production under endogenous markup parallels that reached in (43) and is larger by

the first term. Finally, noticing that the price elasticity of demand is now equal to

OXj Pj 3 1
*—% = —0 + h
op;j X n" +n

~(o 1), which implies that the price of a component can be

* 1 * .
expressed by p = ( 1( o+ DW A, one can solve for the price and output
O' —

n"+nf -1

of the component producing sector. In particular,

(;_1)<R“+Rf)_e
p =4 :

(Rh +Rf) —«9((1_(1’6_)5/1);0!) +lj
{ K"+ Rf_)h(a (17— Polt-a) 0o -1 Jlﬂ
(L +L)A-pol-a)+@L-y)a)

(50)

and

(Rh +Rf) _9((1—ﬂ)(1—a) +lj

. 0 1-»a
X ==(c-1) .
A o (c-D1-p)1-a)
(K +K )+26?( 1= )a ) (51)

( (LA L)(A-Pol-a)+ (-pa) J
(K" +K ') ~0-7)a - 1= o-a) -6 -1

Equations (50) and (51) reveal a similar outcome to the autarky model, except that now
the factor endowments of both countries play a role. The results for the pattern of horizontal
specialization and the direction of trade in the model with endogenous markup parallel those
reached under exogenous markup. The effect of an adjustment in factor endowments on internal

economies in the model with endogenous markup under free trade is equivalent to what was
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derived in autarky, while the effect on external economies is determined by (49), implying a result
that parallels the one reached in the exogenous markup model under free trade.

Finally, | derive the welfare implications of trade. Since factor prices change in opposite
directions, there exist divergent effects for countries differing in their capital-labor ratios when
countries open up for trade. In particular, a relatively labor-abundant country would gain from an
increase in the wage rate, but lose from a decrease in the interest rate as a result of trade. A
relatively capital-abundant country would on the other hand gain from an increase in the interest
rate and lose from a decrease in the wage rate. The resulting outcome on total income will

therefore depend on which effect dominates. Since national income in the economy is given by

| =wL + rR, the change in income in proportional terms can be expressed by

R ~ A wL
| =@ W+ O, r (assuming there is no change in endowments), where ®, = T and

rK
O = T Notice that the proportional change in the home interest rate under exogenous

—h  —f \8 /—h\F
markup can be calculated to equal ?z[ﬁJ (5—] —1, whereas the

K'+K' L'

Kh Rf -5 Eh -5
proportional change in the home wage rate is W = (;] (_—J —161tis

L+L K'

then clear that the trade-off between the income change accruing from the interest rate and the

wage rate will depend on the parameter value £ (the factor share of labor in non-tradable good

6 The proportional change in the home interest rate wunder endogenous markup s

- _ [[“ +T T [ K' (6= 1=)a-(1-Bol-a)) -6(c-1)
L K"+K " )o-A-P)a-(1-pol-a)) - 6o 1)
change in the home wage rate equals
h

_ B, g 1-5
Jv:{ L ] .[(K +K )(G—(l—;/)a—(l—ﬂ)a(l—a))—@(o-—l)J »
(R K'(6-1-)a-1-Bol-a) -6 -1)

] -1 and the proportional
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output) and how much the domestic relative factor endowment differs from the foreign one. When

markup is endogenous, also the parameter values of «, 7,0 and @ have an impact, such that

the wage rate would increase more and the interest rate decrease more for a relatively labor-
abundant country. For a relatively capital-abundant country however the wage rate (interest rate)
would not decrease (increase) as much as under exogenous markup.

Figure 2 on p. 52 represents some possible welfare outcomes, where an increase in the
welfare results for all the function’s values higher than zero and a decrease otherwise. Relative
factor abundance ratios for capital-abundant and labor-abundant countries are from Romalis
(2004); the left panel of the figure depicts averages for North and South and the right panel
minimum and maximum values (factor abundance is relative to the U.S.). In general, a labor-

abundant country is likely to gain from trade at lower values of #, while a capital-abundant
country at more realistic higher values of £ . The more dissimilar the countries are in their capital-
labor ratios, the more both countries can gain or lose. However, there also exists a range for 3,

for which both countries are able to gain from trade and for which the welfare gain of a labor-
abundant country exceeds that of a capital-abundant country. Also observe that the welfare of a
relatively capital-abundant country is not much influenced by changes in factor abundance, while
that of a relatively labor-abundant country is, since it experiences more significant adjustment in

factor prices as a result of trade.

5 Conclusions

This paper has analyzed how globalization, through the enlargement of the market, can
affect both specialization and the equilibrium firm size within the framework of monopolistic

competition incorporating two factors of production. This paper also determined how the pattern
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of trade across the stages of production evolved between countries that differ in their relative
factor endowments.

| developed a three-sector model of final, intermediate and non-tradable goods,
incorporating costly assembly and increasing returns, to study the interaction between internal
and external economies and their subsequent impact on the formation of equilibrium industrial
structure. Compared to the much-utilized one factor of production costless-assembly Dixit-
Stiglitz-Ethier framework, significant differences emerged.

| showed that with two factors of production employed in the monopolistically competitive
intermediate good sector, only an increase in the capital stock could enhance horizontal
specialization, whereas only an increase in population was able to induce larger firm size. As the
size of the market is determined by total income, a globalization-driven market enlargement can
occur because of capital and/or labor inflow. Then globalization would always increase
specialization and it could either increase, decrease or not affect the size of the firm, depending
on how much capital augmentation is able to offset that of labor as the market enlarges.

| next endogenized the markup in the model as a function of the intermediate good
industry’s degree of specialization in order to study the importance of the price-index effect. This
setup allowed to demonstrate that globalization would always increase both specialization and
firm size if the number of producers in the intermediate good industry remained under a specified
threshold. If the number of component producers would increase above this threshold due to
capital inflow, specialization would rise, but the size of the firm could either increase or decrease,
depending on whether capital or labor stock is augmented more, as in the case with exogenous
markup. With many producers in operation, the enlargement motive of the firms could only be

supported if globalization expands the market through a significant population increase.
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When the size of the market expanded through trade, | showed that free trade in
intermediate inputs and a final consumption good would equalize factor prices and that the
endowment basis determined the direction of trade across the stages of production. Accordingly,
a relatively capital-abundant country would become a net exporter of components and an
importer of the final manufacturing good under both exogenous and endogenous markups.
Compared to autarky, trade would enhance horizontal specialization and firm size in the capital-
abundant country and diminish them in the labor-abundant country. | also demonstrated that
welfare can either increase or decrease as a result of trade, whereas both countries are likely to

gain when they are very dissimilar in their capital-labor ratios.
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Appendix

Proof of o—(1-y)a—(1-p)o(l-a)>0

This proof relates to the variable solutions in the model with exogenous markup, in particular, it
shows that (17), (18), (20), (21) and (24) are positive.

Since o—(1-y)a—-(1-p)odl-a)=c(1-1-p)A—-a))— Q- y)a is increasing in
o and o >1, this expression achieves its minimum at & — 1. Rewrite the above with o =1 to reach
1-0-p)l-a)-Q-py)a=pLl-a)+ay >0.n

Proof of (LJK—Q >0
o-1

This and all the remaining proofs of positive expressions relate to the model with endogenous
markup, in particular, they show that (30), (31), (33), (34) and (37) are positive.

From the capital full employment condition in (7), K > né; then substitute for n utilizing (32) to
reach, after some manipulation, cK > 8(c—1) .m

Proof of K(c—(1-y)a—1-B)c(l-a))-0(c-1)>0
néro—roé(o —-1)

I
(1-a)(1— ) after substituting from (8) and the solution to the utility maximization Q, = (1—a)I to

and

Rewrite (1—y)a using (14) and (28) to reach (1—y)a =

reach (1-a)(1-p) = K,r . Also notice that from (7), K = K —né and that total income in the
economy | =wL+rK. Then o—(1-y)a—(1-B)ol—a)=0c|1- _rK — |+ r6?_(a—£)
wL+rK ) wL+rK
and K(o—(1-7)a—(1-B)ol-a)-0(c-1) =Ko|1-— K _ |, Kréle-1)
wL+rK wL +rK
01 =Ko|1-—K _ |_ -1 1- || W (cK-6(c-1)>
wL +rK wL+rK wL+rK
> 0, since the last term is positive from the proof above and 0 < B <1, where B = _W—L_ is the
wL +rK

labor share of income. m
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Proof of K—H[WHJ >0
-7

Notice that d-p)-a) = K-ng

and after substituting this into the expression
Q-7 ndo —0(c -1)
above, it becomes K — & w+l =K-0 __ K- ,
Q-7 nfo —0(c —1)

yielding, after some manipulation, K- 9( U-Ad-a) + j

1 ZO'K—G(G—l) 20 m
1= 1

o+——
n-1

Proof of Proposition 2

To prove Proposition 2, one needs to show that the sign of the derivative of internal economies
with respect to K is dependent on the number of firms operating in the intermediate good industry.

The derivative of internal economies expressed by (37) with respect to K is equal to
ra ei(l—ﬂ)(l—a) +1J
~ (1-y)e (

e

ov _
oK

N

o-1

| L@-pot-a)+t-pa) V7 1
K(o—(1-y)a-1-p)oll-a))-6(c-1) A (CTJR—H
o-1
(L@~ Pol-a)+L-Na)) " (DL~ p)-

o-(1-p)a-Q1-pol-a) |
(K(o-@-p)a-@2-pol-a)-6(c-1) "

ra 9((1—,8)(1—(1) +1j
(1-y)a

w | Tho o

— S _(1_,3)O-_(l_7)a_(1_,3)0'(1—a) ‘
oK-0(c-1) oK-0(c-1) B(oK -6(c-1)
g_g[(l—ma—oml}
1 1-7)a
A [‘7jR_9 (
-1

To determine the sign of this derivative | collect common positive terms and substitute to reach
1

L(1-B)ol—a)+([1-7)a) JH" _
K(o—@-p)a-QA-ol-a)-0(c-1)
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1Y)
oE—e(o——l))

clearly follows that the last multiplicative term of the derivative is positive and will therefore not influence

. From this expression it

- (i—(l—ﬂ)%(a—(1—7)06—(1—[3)0(1—0!))](

1 1
the sign. Hence | need to show what sign P @a-5 E(a —(1-y)a-(@1-p)o(d—-a)) has.

ov

As lim__, 8_K<0 since —(1—,6’)%(0-—(1—}/)05—(1—ﬂ)0'(1—a))<0

approaching the result for the model with exogenous markup. However, as lim_ ,;, 86_% >0, since

———>o, and there is no soluton for n=1. Finally, a—g =0 for
n-1 oK
n=1+ B ) Consequently, 6—2 >0 for
1-p)(o-1-y)a-{1-p)ol-a)) oK
n<i1+ B and 8—2 <0 for
1-p)(o-A-p)a-Q1-p)ol-a)) oK
B
n>1+

1-B)(o-1-p)a-1-pB)ol-a)) -

Proof of Proposition 3

To determine the direction of trade as specified in Proposition 3, [ first undertake to analyze the
balance of payments in components C =n"p"x” —(1—y)a1". Noticing that n"p"x" =n"r"@o and

" fom (43) allows to reach, after some  manipulation,

K'-(1-a)o-p)-

substituting  for  n

C=n"p'x —(1-p)al"= L

w :_ W lia-pe
K
—tw 1 w1
S =LK -L'K )((1 Na+l-a)ol-p))— e
" K K
. ) . Ef [h
Here K =K +K and respectively for labor. This expression is positive for —>—- and
K K
—f —h
negative for — < —-.
K

To show what sign W*L’r‘n - ;/alh takes, notice from the full employment condition in (6) that

B —h hoo*
L, =L -L —-An'x and that

m

After substituting,

WL -yl =
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—%

~(1- Al-a) - ya)- Vrvf %R“ + (1—ﬂ(1—a)—7a)vrf L' =(1-a)(1-B)c-1)-
CR TR L - p-a) @K -TKHYL LK -T'K).
r K r K
(- Bl-a) - ya+ (1-a)l- Ao 1) VrV: LK -L'KY.
K

*

(A=p)a+ (1—a)a(1—ﬂ))%%. This expression is positive for % <—- and negative for

—f =
L L

— > — "

K K

Proof of Lemma 1

To prove Lemma 1, | make use of the expressions for the world intermediate good output

. 1o 1o )\t
I, =X [nh[palj+nf[/wl]] and the  world  compositt  price  index

1
o-1 o-1

* * ——o+ 2 sl O
P =p (n“[p 1]+nf[p 1)} . Notice that analogous to (12), at the world level

P,*Im* =(n"+n")p"x", since components from both countries are available as inputs. But then
o 1
* * * K h[lij f[iij E h[L_l*o'-%-lj f(L_lfo'i-lj E h f * ok
Pl, =px|nteet)+n'lpodl 4 n'e +n'l»r =(n"+n")pXx.
(50 5 (529 G
P +nf P :(nh_'_nf)l—o- nh po-1 +nf po-1 )

o-1

Rewrite this expression to reach n"

These two sides are equal if and only if p = ..

o
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Figure 1. Determination of the threshold level of the number of firms

The parameter values on the above figure are as follows: B =0.72, & =0.57 and y =0.2. The labor
share of total income (B) is taken as a historic average of the U.S. labor share (total compensation) of national
income. The share of tradable goods in consumption () is calculated as an average for Canada, Italy, the U.K.

and the U.S. from 1970 and 2002 data based on the OECD Annual National Accounts. The share of assembly cost
() in total costs is taken as an approximate average, as the electronics industry reports assembly costs in the

range of 10% (Advanced Manufacturing Project, 2002) and motor vehicle industry in the range of 30% (WTO).
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Figure 2. Welfare implications of trade
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