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Intra-firm Specialization, Income Distribution, and
International Trade

Haiwen Zhou
Old Dominion University

Abstract

The impact of international trade on a firm's degree of specialization and
income distribution is studied in a general equilibrium framework in which firms
engage in oligopolistic competition. International trade increases a firm's degree
of specialization, but the number of goods a country produces may not change.
Trade may lower the welfare of the scarce factor of production. Sufficient

conditions for a country s welfare to increase with trade are provided.
e JEL classification: F12

e Keywords: Degree of specialization, Income distribution, International trade,
Oligopolistic competition, Increasing returns to scale

1. Introduction

It is well known that one benefit of international trade comes from increased
degree of specialization. In the literature, it is usually implicitly assumed that each
firm produces only one product. As a firm always produces one product, there is
no room to study how a firm’s degree of specialization changes with trade. Also,
there is no distinction between a country’s degree of specialization and a firm’s
degree of specialization: An increase of specialization means that a country
produces fewer goods and freer trade leads countries to become more specialized
in production. To provide a microfoundation of how countries’ pattern of specializa-
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tion is determined, it is interesting to study how a firm’s degree of specialization
changes with international trade.

This paper studies the impact of international trade on a firm’s degree of
specialization and income distribution in a general equilibrium framework in which
firms engage in oligopolistic competition. In this model, each firm produces multiple
goods. A firm’s degree of specialization is modeled as the number of goods it
produces. The higher the number of goods a firm produces, the lower the level of
specialization.! With the opening of trade, it is shown that a firm will become more
specialized while a country still produces the same number of goods. This result is
consistent with Redding’s (2002) observation as he shows that there is no evidence
of an increase in European countries’ overall degree of specialization since 1970.

Casual observation of the demonstrations against trade and globalization reveals
that international trade is also associated with income distribution effects. In this
model, as trade changes the ratio of the two factors of production, it has income
distribution effects. When the benefit from specialization dominates the impact
from different factor endowments, the scarce factor of production benefits from
trade. In the case that the scarce factor loses from trade, it is possible that a
country’s total welfare as measured by the aggregate utility decreases with trade.
Sufficient conditions for a country’s welfare to increase with trade are provided.

One feature of this model is that firms engage in oligopolistic competition. In
this article, oiligopolistic competition allows a more detailed and richer study of
firms’ behavior, such as the choice of the degree of specialization and the level of
output. While Brander (1981) pioneers in studying trade based on oligopolistic
competition, he does not study how a firm’s degree of specialization changes with
trade.

The balance of the paper is organized as follows. Section 2 studies a consumer’s
maximization problem and a firm’s maximization problem when each country is in
autarky. These maximization conditions, the market clearing conditions, and the
free entry condition form a system of equations determining an equilibrium. In
Section 3, the welfare implications of international trade are studied. Section 4
discusses some assumptions of this paper and concludes.

"Young (1928) provides an illustration about the tradeoff between fixed and marginal costs of production.
From his point of view, a company with a higher level of output is more likely to use more specialized
machines in production as the fixed costs of machines can be spread to a higher level of output. Yang
and Ng (1998) provide a survey of the literature on a firm’s specialization. The tradeoff between fixed
and marginal costs is also explored in Hansen and Jorgensen (2001) and Zhou (2004). A related line of
literature in business economics is the literature on the “focusing firms”, such as Porter (1990).
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I1. The Model

There are two countries: home and foreign. Each country has two industries:
industry 1 and industry 2. Each country is endowed with two kinds of labor: type 1
labor and type 2 labor. For i=1,2, type i labor can be used to produce any industry
product, but it cannot be used to produce any product in the other industry.> The
number of workers in industry is i denoted by L;. Each worker supplies one unit of
labor inelastically.

Following Dornbusch et al. (1977), it is assumed that each industry produces an
infinite number of goods or products indexed by a number within [0,1].* Thus, the
number of goods produced in an industry is exogenously given. Goods in the same
industry are produced by the same production technology. In this paper, each good
is produced by multiple firms. The number of firms producing the same product is
determined by the zero profit condition.* When multiple firms produce the same
product, they engage in Cournot competition. For an industry i product, let m;
denote the number of firms producing this product.

This section studies the situation in which each country is in autarky. It focuses
on the home country as the analysis for the foreign country is similar. It focuses on
a symmetric equilibrium. In a symmetric equilibrium, for goods in the same
industry, the number of firms producing each good will be the same. The
production quantity of each good will be the same. Firms in the same industry will
have the same degree of specialization. In addition, consumers supplying labor in
the same industry will have the same consumption bundle.

First, a consumer chooses the consumption quantity of each product to
maximize utility. For a worker in the home country and », s € [0, 1], let c}’r
denote an industry i/ worker’s consumption of the rth product in industry 1 and
¢" denote this consumer’s consumption of the sth product in industry 2. Let &
denote a constant and 0<é&<1. This consumer’s utility function is specified as

%See Jones (1971) and Samuelson (1971) for illustrations of specific-factor models.

3The motivation of having an infinite number of goods in an industry is that this makes the factor market
competitive even though a firm may have market power in the goods market.

“This is different from models based on monopolistic competition in which each good is produced by
only one firm and the number of goods (or number of varieties) is determined by the zero profit
condition.
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U= 0 Inc; dr+(1-6)[ Inc; ds.” (1)

As firms make a profit of zero in equilibrium, a consumer only has wage
income. Let w; denote the nominal wage rate paid to industry i workers. Let p, .
denote the price of the r th product in industry 1 and p,, denote the price of the s th
product in industry 2. For a worker supplying labor in industry i, the budget
constraint is

1,r 2,s
_[:)pl,rci dr + _[(‘)p2,sci ds= w,. (2)

For i, j=1, 2, let ¢, denote an industry worker’s consumption of industry j
product. Let p; denote the price of an industry i product. In a symmetric
equilibrium, for goods in the same industry, a worker’s quantity of consumption

r

and the price are the same. Thus, c) = ¢ and pi., = p, for r € [0,1]. Also,
¢l = ¢y’ and D2 = p, for s € [0, 1]. For the utility function specified in (1), a
consumer’s utility maximization leads to a fixed percentage of income spent on
each industry. For an industry 1 worker, this worker spends &w, on purchasing

industry 1 products. As the price of industry 1 products is p;, this worker’s quantity

Ow
demanded of industry 1 products is c} = — . Since this worker spends (1-&)w; on

P
. . . . 2 1 - 0w,
industry 2 products and the price of industry 2 products is p,, ¢; = —————.
Similarly, for an industry 2 worker, this worker’s quantity demanded forlchle two

products is c; _ , and c§ = 1;%
P P>

Second, a firm’s profit maximization is studied. It is assumed that a firm may
produce different products within a given industry and it may not produce products
belonging to different industries. A firm’s degree of specialization is modeled as
the number of goods it produces. Let #; denote the number of goods produced by a
firm in industry i. The higher the value of »;, the lower the degree of specializa-
tion. When a firm chooses its degree of specialization, it faces a tradeoff between
the fixed cost and the marginal cost of production. Let fi(»;) denote an industry i

firm’s total fixed cost of producing #; products denoted in labor units. It is assumed

>One special feature of this type of utility function is that a consumer’s elasticity of demand is minus one.
This feature is useful in simplifying presentation but is not necessary for deriving main results in this
paper. A general utility function is studied in Zhou (2004).
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that fl > 0. That is, the total fixed cost of producing n; products increases as »;
increases. However, the fixed cost of production for each product f;/n, decreases
as increases. Let fB.(n;) denote an industry i firm’s marginal cost of production
denoted in labor units. It is assumed that B> 0. That is, the marginal cost of
production for each good increases as n; increases. One illustration of this
assumption on costs is that for a more specialized technology, workers need more
training. The fixed cost of training is high, but trained workers are more productive
than untrained workers. Thus, a technology using more trained workers has a
higher fixed cost of production, but a lower marginal cost of production.

Let x; denote an industry i firm’s quantity of production. A firm’s revenue from
one product is px; and total revenue from the n; products is npx;. A firm’s total
cost is (f; + Binx;)w,. As a result, a firm’s profit is nx;p,— fw,—n;Bxw,. Each
firm takes the wage rate as given and chooses the degree of specialization (7;) and
the quantity of each good (x;) to maximize its profit. The first order condition of
profit maximization with respect to »; is

pXi—fiwi— (ﬂiyni +B)xw;=0,i = 1,2. 3)

From (3), the following second order condition is necessary for a firm’s profit
maximization and is assumed to be satisfied,

fi+ Q2B+ Bn)x;>0. “4)
The first order condition of profit maximization with respect to x; is

pi+xi@ =pw, i=12. (%)

1

The left-hand side of (5) is the marginal revenue and the right-hand side is the
marginal cost. Equation (5) states that marginal revenue is equal to marginal cost
when a firm chooses its output optimally.

Third, with free entry and exit of firms, each firm makes a profit of zero in
equilibrium. The zero profit condition is

nxp;—fiwi—nfxw;=0,i = 1,2, (6)
Fourth, labor market needs to be cleared. Because each firm produces #; goods
and there are m; firms producing each good, the total number of firms in industry i
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is 2 Each firm needs f; + Binx; units of labor, and the total demand for industry i

i
m(f; + Binx;)
n.

1

labor is . The total supply of labor in industry i is L,. Clearance of the

labor market for industry i workers leads to
m; .
—(fitBnix;)) = L,i = 1,2. (7
n;

Finally, goods market needs to be cleared. Both industry 1 and industry 2
workers have demand for a firm’s product. The total demand for an industry i
product is L,c;+ ch;. The total supply of this product is m;x;. Clearance of the
goods market of an industry 7 product leads to

Licj:-l-chj = mpx, i=1,2. ®)

This leads to
Ow, Ly +wyLy) = pymxy, (%a)
(1=0)(w L, +w,yL,) = pymyx,. (9b)

In the Appendix, it is shown that a firm’s elasticity of demand is given by

xip;i
%,-X,- = —m,. (10)
Plugging (10) into (5) yields
1) _
pi(l _”_1) = pPivi (11)

4

Equation (11) is the usual formula that a firm’s price is a markup over the
marginal cost of production. In equation (11), a firm’s price decreases with the
number of firms producing the same product (m;).

Equations (3), (6)-(7), (92), (9b), and (11) form a system of ten equations. These
equations define ten variables n,, n,, x,, x,, W\, w5, m,, m, and p,. One equation is
redundant from Walras’s Law. An equilibrium is a vector (72, n,, x,, X,, W\, W5, m,, m,, p\,
and p,) satisfying these equations.

In this following, by eliminating some variables, the above system of ten equations
is simplified to a system of two equations. We begin this process by defining the
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normalized wage rate for industry i as

;W

_pi‘

i
i

With this normalization, equations (3), (6), and (11) change to

X; _ﬁw?_(ﬂirni+ﬂ)xiw: = 0. (12)
nx;—fw—n;Bxw; = 0. (13)
-1 - pw (14)

m, Wi

Equations (12) and (13) lead to
r f; _ niﬂ
w; =
B+ B nifi—npf;

Differentiation of this equation with respect to #; yields

‘M _ LG+ QB+ B n)xi]

dni (i) )
From (4) and (15), it is clear that dw; /dn;, < 0. Thus, a higher degree of specializa-

(15)

tion increases the normalized wage rate.
For each industry, workers’ income is equal to the value of output as firms earn
a profit of zero: p,mx; = w,L,. Thus, equations (9a) and (9b) yield
wiL, %

w,oL, 10 (16)

Equation (16) states that the ratio of the income of the two sectors is equal to the
ratio of the percentage of income spent on the two sectors.

The price ratio between the two industries is defined as p = p, /p, . Equation
(16) changes to

r 0 r
pwiL, = Tewzl'z 17)

Manipulation of equation (13) yields
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, nx;

a fit+ Bnx;
Plugging the value of m; from (7) and the value of w; from (18) into (14) yields

w

(18)

Ry =finL,—(fi+ Bnx,)’ = 0. (19a)

Plugging (18) into (12) yields

Ry=f,—nf! —(n)’B'x; = 0. (19b)

Equations (192) and (19b) define a system of two equations for two variables »;
and x; as functions of the exogenous variable L;.

IT1. The Impact of International Trade

In this section, the implications of international trade are studied. It is assumed
that there is no transportation cost in international trade. The opening of
international trade does not change the number of goods produced in any industry.
Consumers in the foreign country have the same preferences as consumers in the
home country. Firms in the foreign country have access to the same production
technology as domestic firms. The only difference between the foreign country and
the home country is that the two countries have different factor endowments.
Suppose, for the foreign country, there are L, workers in industry 1 and L, workers
in industry 2. The opening of international trade increases the amount of labor for
each industry. With trade, each industry has L+, workers.

What are the implications of this change of labor endowment? First, the
following proposition shows that a firm’s production of each good in its production
set and its degree of specialization both increase with the opening of international
trade.

Proposition 1: With the opening of international trade, (i) x; increases, (ii) n;
decreases.

Proof: Total differentiation of equations (19a) and (19b) with respect to »,, x;,
and L; yields
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—-_— = OR
on, ox,l||dn; !
1 1 nl — aL dL
R, Ryflax| |
OR,0R, OR,CR,
For A= ﬁn ﬁx ﬁx 5’1 , 1t 1s the determinant of the coefficient matrix. For

stability, it is assumed that A<O0.
(i) Application of Cramer’s rule leads to

dL,  on, L,

OR
From (19a), it can be shown that ﬁ_Ll > 0. From (19b), it can be shown that

R _
on;

1

R, ‘
. >
0, and X <0 Thus, dx/dL>0.

(i1) Application of Cramer’s rule leads to

dy, R Ry,

dL, X, JL,

]hus, dn,/dL,<O QED

The intuition behind Proposition 1 is the following. With the opening of trade,
the total number of consumers in each industry increases. As a result, each consumer
receives a lower share of a firm’s output. If a firm’s output is fixed, its marginal
revenue from the last unit of a consumer’s consumption increases. As the marginal
revenue is higher than the marginal cost, a firm’s quantity of production of each
good increases. As a higher quantity is produced, a more specialized technology
will be used, as the average cost of production will be eventually lower with the
increase in the scale of production.

It is not obvious that international trade increases a firm’s scale of production.
When the number of workers in an industry increases, one possibility is that the
equilibrium may be re-established through a change of m; proportionally and no

OR
"In proving 0_;12 <0, the second order condition (4) is used.
i
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change of other variables such as x;. This possibility is ruled out by checking
equation (11). As m; increases (or decreases), p; decreases (or increases). If other
variables do not adjust, a firm will have a negative (or positive) profit. Thus, other
variables also need to adjust to re-establish the equilibrium. As m; measures the
number of firms producing the same product, oligopolistic competition is essential
in deriving the result that a firm’s scale increases with the opening of trade.

The result that a firm’s scale of production increases with international trade is
supported by empirical evidence. For example, Bernard and Jensen (1999, p 23)
find that at any point in time exporters produce more than twice as much output.
Also, they find that exporting firms are more capital intensive (ranging from 7% to
22%, p.6). As capital is related to the fixed cost of production, this empirical
observation is consistent with the result that exporting firms have a higher fixed
cost of production as they choose more specialized production technologies.

Second, consistent with the literature of international trade based on imperfect
competition, there is no clear pattern of trade. Which country produces which
product is undetermined. Also, the volume of trade is not determined.

Finally, the impact of trade on the normalized wage rates and welfare is studied.
How is the normalized wage rates affected by the opening of international trade?

r r

dw’ dan.: dw; . .
d::l <0 and d—Z’ <0, VZ’ > 0. Thus, the normalized wage rate of each industry

1

Since

increases with the opening of international trade.
From (1), an industry 1 worker’s welfare in autarky is

U, = 0lnf+ (1-6)In(1 - 6) + Gnw| + (1 — O)Inw'p. (20a)
Similarly, an industry 2 worker’s welfare in autarky is
U, = Onf+(1-0)In(1-6)+ Hln% + (1 - 6)Inw). (20b)
From (17), the price ratio before trade is
OwsL,

=272 @ 21
T 1y

Let w, denote an industry i worker’s real wage rate after the opening of interna-
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tional trade. The price ratio after international trade is

Owr
T
- 1

From (20a) and (21a), an industry 1 worker’s utility before trade is
r rLz
U, = In@+ Olnw, + (1 - 6?)1nw2L— : (22)
1

Let U; r denote an industry i worker’s utility after the opening of international
trade. From (20b) and (21b), an industry 1 worker’s utility with international trade is

Up.r = In6+ Olnw{ + (1 - 6)Inw;. (23)

The following proposition shows that the abundant resource always gains from
trade.

Proposition 2: If Li>L,, then an industry 1 worker always gains from trade.

L
Proof: Since w| >w) and L—Z <1, from (22) and (23), it is clear that the utility of
an industry 1 worker increases. QED.

The intuition behind Proposition 2 is the following. For an industry 1 worker,
this worker’s welfare is affected by D oand & , or w and w\p . With the opening
of international trade, there are twé7 leffectgy on a worker’s welfare. First, as the
degree of specialization increases, the average cost of production for each good
decreases. Thus, the normalized wage rate measured by 2 increases. Second, as
the amount of workers in each industry changes, the pric]élratio of industry 1 and
industry 2 products (p) changes. This effect is clear from (21a). From (21a), p
depends on the ratio — since w; increases with ,. An increase in the number of
workers in industry 2 ificreases the supply of product 2. This increases p and it is
beneficial to an industry 1 worker. An increase in the number of workers in
industry 1 increases the demand of product 2. This decreases p and it is harmful to
an industry 1 worker. For abundant workers, the effect from increased specialization
and the effect from the relative price change work in the same direction. As a
result, abundant workers always gain from international trade. For scarce workers,
the two effects work in opposite directions. Whether a scarce worker will benefit or
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lose from international trade depends on the relative magnitude of the two effects.
The following proposition shows that everyone benefits from international trade
when the two industries have the same level of labor endowment.

Proposition 3: When L,=L,, both kinds of labor benefit from international trade.
Proof: When L,=L,, for an industry 1 worker, the utility before trade is In&
+6lnw, + (1 — 6)Inw} . This worker’s utility after trade is In@+ Glnw| + (1 — )lnw, .
For an industry 2 worker, the utility before trade is In(1 — 8) + flnw), + (1 — )Inw),
the utility after trade is In(1 — @) + Glnw, + (1 — @)Inws . Since w, > w/|, a worker’s
utility increases with international trade. QO.ED.

The intuition behind Proposition 3 is the following. When countries are in
autarky, if there are equal numbers of workers in each industry, the opening of
international trade will not change the labor ratio. As a result, both kinds of labor
benefit from international trade.’

Let the ratio of industry 2 workers to industry 1 workers be defined as ¢ = L, Jf
each consumer’s utility is equally weighted, the home country’s welfare in autallrky
is LU, + L,U,. The home country’s welfare with trade is L, U, r+ L,U, r. What’s
the implication of international trade on national welfare? The following proposition
studies sufficient conditions for the opening of international trade to increase the
domestic country’s welfare.®

Proposition 4: (i) If L, > L,, a sufficient condition for the domestic country to

benefit from trade is that ¢ < 1;06 if Li<L,, a sufficient condition for the
domestic country to benefit from trade is that ¢ > —— . (ii) For 6=1/2, international

trade always increases a country s national welfare.

7In the case that the two countries have the same ratio of factor endowments, but one country has a larger
absolute number of workers in each industry, it is clear that both the small and the large country benefit
from trade. In this case, the impact of the opening of trade has an effect similar to a domestic
proportional increase of both factors of production. Everyone benefits from trade.

8In the case that the scarce factor loses from trade, it is possible that a country’s total welfare as measured
by the aggregate utility decreases with trade. The reason of the decrease of aggregate utility is that the
decrease of welfare of the scare factor of production dominates the increase of welfare of the abundant
factor. Though the total quantity of consumption of each product for a country as a whole increases, the
aggregate welfare decreases because of the law of diminishing marginal utility. In this case, it is always
possible through redistribution from winners to losers between the two categories of labor to secure
unambiguously a welfare gain of trade for a country.
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Proof: From (22)-(23), for the social welfare with trade to be larger than the
welfare in autarky, it requires that

7. 0L +1Ly) 7 (1=6)(L,+L,)
<(wy) (w2) .

AL +Ly) . (1=6)(L, +L2)(L2) (1=0)L, - 0L,
L,

(w)) (w3) (24)

L\ (1-OL 0L,
(i) As w, >w/, a sufficient condition for (24) to hold is that (L—z) <l1.
1

. L\(-OL, 6L,
IfL,>L,, ¢< 1—09, leads to (—2)

. 1-6
I ;if Ly <Ly, ¢>T’ leads to

Ly\(1-OL- oL,
2

<1.

(i) When 6=1/2, (24) changes to

L L+l Li+LyL\Li— 1 r L+l g L+,
R U i =) I S (T 25)
1
Since w! > w/, a sufficient condition for (25) to be satisfied is that (L, /L,)" > <1.

Depending on the relative size of the work force, there are two cases. In the first
case, L, > L,. Thus, L—"‘ <1 and (L, /LI)L'fL2 < 1. In the second case, L, <L,.
1

This leads to L, /L, > 1. As aresult, (L,/L,)" > <(L,/L,)* = 1. Thus (25) is
always satisfied. Q.ED.

The two countries are not totally symmetric here as # may not equal to 1/2.
Proposition 4 reveals the important roles played by the two parameters & and ¢.
They are important because they reflect the influence of relative demand and
supply. As @ percent of income is spent on industry 1 products, an industry 1
worker’s wage rate increases when @ increases. When ¢ increases, the opening of
trade increases the supply of industry 1 workers by a larger degree, thus their
welfare will be more negatively affected.

IV. Concluding Remarks

This paper studies the impact of international trade on a firm’s degree of
specialization and income distribution. International trade increases a firm’s degree
of specialization, but the number of goods a country produces may not change.
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Trade also has income distribution effects. Sufficient conditions for a country’s
welfare to increase with trade are provided.

To simplify the presentation, this paper has made some special assumptions. The
two effects of trade come from the increased degree of specialization and the
change of the ratio of the two factors of production. These two effects are robust to
some alternative assumptions. First, if the foreign country’s endowment of both kinds
of labor is positive but not the reverse of the home country’s endowment, the opening
of international trade still increases a domestic firm’s degree of specialization. The
reason is that as the amount of workers increases, a firm’s quantity of production
has to increase as the additional workers cannot be absorbed through an increase in
the number of firms only. As a result, a more specialized technology will be
adopted. Second, in this paper, firms producing the same product engage in
Cournot competition. When firms produce differentiated products and engage in
Bertrand competition, the results will be similar. Firms will still adopt more
specialized technology with the opening of international trade as a more
specialized technology decreases the marginal cost of production and makes a firm
more competitive. Finally, in this paper, a consumer’s utility function is
homothetic. When the preferences are nonhomothetic, the analysis will be similar
if both groups of goods are normal goods. In this case, the opening of trade
increases the total quantity demanded and a firm’s quantity of production. As a
result, the degree of specialization increases. In all the above cases, trade may also
change the ratio of the factors of production.

Appendix : Derivation of the elasticity of demand of a firm (equation (10))

For a given commodity, let x_; denote the total output produced by all firms other
than firm i. Then the total supply of this product is x; + x_;. The total demand is
L+ ch;. The equalization of supply and demand yields

L, +ch; = x;,+x (A1)
For an industry i worker, let 4; denote the Lagrange multiplier associated with
this worker’s utility maximization. An industry 1 worker’s utility maximization

leads to

U'(ch) = Api (A2a)
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An industry 2 worker’s utility maximization leads to
U'(cy) = Lop; (A2b)

The utility function (1) and equations (A2a) and (A2b) lead to

acip,
== A3a
Pic| (A3
5c;p4
—L= = -1, (A3b)
Pic!

As firms engage in Cournot competition, a firm takes other firms’ output as
given. Equations (9), (A1), (A3a), and (A3b) lead to

oxX;p; ﬂcfp,cﬁ ﬂcljpiclj Di
— = Li__-_+Lj_j_-_] !
PiX; épicﬁ-pi @ic}pi X; (10)

= —m,.
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