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ABSTRUCT

The recent efforts of leading industrialized countries to reduce barriers on
international transactions have been biased to trade in goods and capital
and against labor migration. This paper examines the rationality of such an
asymmetry in the liberalization policies by making a welfare comparison be-
tween countries under four different international economic regimes, (i)free
trade in goods only, (ii)free trade in goods and labor force, (iii)free
trade in goods and capital and (iv)free trade in goods and the factors of
production in a general equililbrium model with the intra-industry trade
which stems from monopolistic competition and increasing-returns-to-scale

technologies using capital as a fixed input and labor as a variable input.



INTER-COUNTRY GAPS IN INCREASING-RETURNS-TO-SCALE TECHNOLOGIES AND THE
CHOICE AMONG INTERNATIONAL ECONOMIC REGIMES

Katsuhiko Suzuki*

I. Introduction

In the modern world with advanced means of communication and transpor-
tation, countries are economically tied through international commodity
trade, international capital and labor movements. Although in some cases
one of these international transactions is perfectly substitutable for an-
other', in general all of them supplementarily serve to increase the effi-
ciency of world production by reallocating factors of production from the
uses of lower productivity to ones of higher productivity. Therefore, it
will be rational for the world as a vwhole to try to remove barriers on these
international transactions and move toward freer trade in goods and factors
of production. In reality, however, there is a difference in the countries’
efforts toward liberalization between trade in goods and capital and trade
in labor ‘force. This is especially prominent in advanced industrialized
countries. Although they are trying to reduce barriers on commodity trade
and international capital movement through global agreements such as the
General Agreement on Tariffs and Trade and international institutions such
as the International Monetary Fund, they continue to strictly restrict immi-
gration of the labor force.

The purpose of this paper is to examine the rationality of such an
asymmetry in world liberalization policies from a purely economic point of
view. For this purpose, a one-sector, two-factor, two-country general equi-
librium model is constructed with the intra-industry trade which stems from

monopolistic competition in the markets of differentiated products as well



as increasing-returns-to-scale technologies using capital as a fixed input
and labor as a variable input®. Then ve compare the welfare levels of each
country as realized under the following four international economic regimes:
T regime under which free trade in goods is allowed but international factor
movements are prohibited; L-T regime under which free trade in goods and
labor is allowed but international capital movement is prohibited; K-T re-
gime under which free trade in goods and capital is allowed but internation-
al labor movement is prohibited; and LK-T regime under which free trade in
goods, labor and capital is allowed.

The results obtained in this paper show that ﬁf both the efficiency
levels of technology and the relative factor endowments are different be-
tveen two countries, then (i) the LK-T regime cannot exist between them;(ii)
the L-T or K-T regime stands first while the T regime invariably stands
third in their welfare rankings: and (iii) whether the L-T or K-T regime is
likely to stand first in the rankings depends on a combination of a coun-
try's technological superiority/inferiority and relative capital/labor abun-
dance. Tf, for instance, a country with superior technologies is relatively
capital-abundant and hence a country with inferior technologies is relative-
ly labor-abundant, the L-T regime is likely to be the best choice and the X-
T regime is likely to be the second best choice for both countries. ¥ith
advanced industrialized countries being relatively capital-abundant, this
result would imply that their failure to liberalize the quantity restric-
tions on labor immigration is not reasonable from the standpoint of their
economic welfare. This result is also in contrast with the ones obtained in
‘Suzuki(1989) in that it highlights the role of the inter-country technology
gap in the choice between the L-T and K-T regimes. Suzuki(1989) studied the

choice issue in a 2X2 Heckscher-Ohlin model characterized by particular
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types of intercountry difference in technology and derived the conclusions a
la Heckscher-Ohlin that a country is betper off under an international eco-
nomic regime where the reward of its abundant factor is higher. In this
model, thus, the two countries may prefer the same regime or different re-
gimes, depending on the discrepancy in factor endowments between them. The
technology gaps are certainly important in creating diversified economies
but their role is vague in determining the choice.

The configuration of the present paper is as follows. In section I
the framework of two countries' economies engaged in free commodity trade is
presented and their welfare levels are studied. Section I shows that the
L-T or K-T regime is generally better than the T regime for both countries
and that the LK-T regime can exist only under a limiting condition on the
technology gap and is then indifferent as to the L-T and K-T regimes. Sec-
tion IV compares the welfare levels of the two countries under the L-T and

K-T regimes to derive the main conclusions. Section V is devoted to con-

cluding remarks.

I. Free Trade in Goods

Suppose that there are two countries, country 1 and country 2, which
have the same consumers’ preferences and market structures but not necessar-
ily identical production technologies. Each national economy consists of
one manufacturing sector within which firms produce the products with two
factors of production, labor and capital, under increasiﬁg-returns-to-scale
technologies and can costlessly differentiate their products. Labor and
capital are respectively homogeneous and qualitatively identical between the

two countries. The differentiated manufactured goods produced in the two

countries are indexed by z which continuously runs from 0 to N, a large pos-
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itive number?®. Assume, for the sake of simplicity, that the products index-
ed by z which belong to a closed interval [0, n] are produced in country I
and those indexed by z which belong to a closed interval [0%, n%], where nt
nx=N, are produced in country 2. As will be shown below, n and n¥ are en-
dogenously determined in the model.

Suppose that in the production of every variety of the manufactured
goods certain amounts of capital, f, are needed as a fixed input to set up
the production, and that some uniform units of labor, m, are required as a
variable input to operate the unit production. Let x(z) be the output, K(z)
the capital input, and L(z) the labor input of variety z. Then the produc-

tion function of variety z is symmetric and represented for z € [0, n] by

x(2) 0 for K(z) < f

x(z)

¢D)
L(z)/m for K(z) = f.

This production function is quasi-concave but not homothetic and originally
used by Lawrence-Spiller (1983). Let w and r denote respectively the wage
for a unit of labor and rental for a unit of capital. Then the total cost
of variety z is obtained from (1) as rf+wmx(z). Obviously, the requirement
of capital input is the source of economies of scale in the manuféctured
sector and at the same time acts as the barrier for firms to enter the mar-
ket of variety z. The implication of increasing-returns-to-scale technology
is that each firm produces only one variety different from those produced by
the other firms. Suppose that firms producing the manufactured goods in
country 2 have the production functions of the Lawrence-Spiller type with
the parameters not necessarily identical to those in country 1. Let us dis-
tinguish the variables and parameters of country 2 from the counterparts of
country 1 by attaching them an asterisk. Then the production function of

variety z in country 2 is symmetric and represented by
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xx(z) = 0 for Kx(z) < fx

(2)
x%(2)

Lx(z)/m% for K¥(z) = fx.

Each firm in country 2 also produces only one variety of the manufactured
goods which is different from those produced by the other domestic and
foreign firms.

In order to develop further the model of monopolistically competitive
economies, it is necessary to introduce the demand side of the model before
continuing to describe the producers’ behaviors in the manufacturing sector.
It is assumed, like in Dixit-Stiglitz (1977), that a consumer evaluates each
variety of the manufactured goods symmetrically and has an identical CES
utility function. Then the consumer in each country under the T regime con-
sumes all the varieties of the goods produced domestically as well as the
goods imported from abroad. Let c(z) denote the per capita consumption of
variety z in country |1 and b a positive constant with a value'less than one,
then a representative consumer's utility function is reprgsented in country

1 by

UCe) = [§he(z)®dz]” 0 <b 1 (3)
and in country 2 by

UCcx) = [ § hox(z)*dz]'® (4)

which is identical to the counterpart of country | in its form.

The demand functions for domestic and imported products are respective-
ly derived from the consumer's utility maximization behavior under his
budget constraint. Let us take country 2's labor as a numeraire, that is,
w¥=1. Let p(z) denote the price of z-variety manufactured good produced in
country 1 and I a per capita income of the consumer in country 1, measured

respectively with the numeraire. Then the demand functions for the domestic
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and imported products are respectively represented in country 1 by
c(z)
c(z)

p(z)-t/ <=2 Q! z € (0, n]
' (5)

px(z)~ '/ -2 Q! z € [0%, nx]

vhere Q= § Sp(z)'“/"‘“’dz+5 gip*(z)'“""“’dz shows the influence on c(z)

ofAthe prices of other varieties than z. The demand functions for the im-
ported and domestic products are respectively represented in country 2 by

cx(z) = p(z) '/ -2 [xQ~! z € [0, n]

(6)

cx(z) = px(z)- /-0 [xQ-! z € [0%, nx].

The equations (5) and (6) show that the consumption of a variety of the
manufactured goods increases as a per capita income increases but decreases
as the price of any variety rises. They also imply that the elasticity of
demand for variety z is 1/(1-b) which is constant and symmetric for all
varieties. Suppose that there are L consumers in country 1 and L% in coun-
try 2. Then the market-clearing conditions for the products produced in

countries 1 and 2 are respectively represented by

Le(z) + Lxcx(z) = x(2) z € [0, n]

("

Le(z) + Lxcx(z) = x%(z) z € [0%, nx].

The firm producing monopolistically variety z of the manufactured goods,
which hereafter is called firm z, maximizes its profits by setting the out-
put level so as to equalize its marginal revenue to its marginal cost. Sup-
pose that it has no monopsony povers in factor markets. Then the profit-
maximization condition of the monopoly firm z in country | is represented by

p(z)b = wm z € [0, n] (8)
which is equivalent to saying that the free-trade prices of the manufactured
goods produced in country 1 are symmetric and equal to wm/b. Similarly, the

profit-maximization condition of the monopoly firm in country 2 determines
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the free-trade price of its product as

pr¥ = m%/b z € [0%, nx] f (9)
vhere the variable to which subscript T is attached denotes its equilibrium
value under the T regime. Suppose that entry barriers to the production of
variety z are so low that any positive level of profits in the industry will
attract firms to the production of variety z. In an equilibrium wvhere the
entry of firms comes to an end firm z in country | has zero profits:

prx(z) = rf + wmx(z) z € [0, n]. (10
The equations (8) and (10) imply that 1/b equals the index of economies of
scale, the ratio of average to marginal cost, and they also determine the
firm's free-trade output level as a symmetric variable with respect to
factor prices:

Xt = bfr/[(1-b)wm] (10")
The corresponding conditions of the firm in country 2 determine its free-
trade output level as

X7% = bf*r*/((l;b)m*] z € [0%, nx]. (1D
Consequently the demands for labor from the firms in countries I and 2,
denoted by Lt and L:¥ respectively, are symmetric.

Suppose that each consumer in country 1 (country 2) provides one unit
of labor and k (k%) units of capital to domestic firms. Then his real in-
come is represented in countries | and 2 respectively by

I =rk tw and I% = rxkx + 1 (12)
because dividents from the domestic firms are zero in both countries. The
total supplies of labor and capital become L and K (=kL) in country | and
L¥ and Kx (=kxL%) in country 2. This leads to the following full employ-

ment conditions for capital and labor: in country 1



SSK(z)dz = nf = K (13)

Ly = SgL(z)dz = nmxr = L (14)

and in country 2

Sg:K*(z)dz = nxfx = Kx (15)

Lo = SS:L*(z)dz n¥m¥x.*% = L¥. (16)

Notice that the number of goods produced in each country can be determined
by the full employment condition for its capital.

¥hen the product prices are symmetric, so are the per capita consump-
tions in both countries. Letting y=I/p, the real income in terms of the
manufactured goods, and gq=ntn¥(mw/m*)®” ¢'~*’, the index of country 1's terms
of trade, and rewritting the demand functions (5) and (6) in terms of this

notation, one has the following for country 1

cr = c(z) = yi/q z € [0, n] '

cr' = c(z) = (yo/Q(mw/mx)7 -2 z € [0%, nx] @
and for country 2,

cr¥x = cx(z) = (yrx/qQ)(mw/m%) ! z € [0, n] '

ceX' = cx(2) = (yrx/q)(mw/mx)®/ ¢1-®) z € [0% nx]. R

The balance of trade condition of country 1 can be derived from (5'), (8'),
and (7):

Lx § gp(2)cx(2)dz - L§ [ip¥(z)e(z)dz = 0.

The general equilibrium system of the two open economies consists of 20
equations from (1) to (16) with 19 unknowns of x, x*¥, Lt, Lr¥, U(c), U(ck),
cr, C1r', Cc¥, c¢X%', I, I%, n, n¥ p, p¥, r, r% and w. Since the first equa-

tion in (7) can be oBtained using (8), (100, (13), (15), (5'), and (6" ), the
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system has 19 independent equations. The free-trade equilibrium value of
wage rate in country 1 is determined by yhe commodity market-clearing condi-
tions, and that of rental rate in country | is in turn determined by the
full employment condition for its labor. They are respectively represented

by

(mx/m)®(£x/£) " (k/k¥)'-° (an

V1

and

rr = rex(ox/m)e(fx/£) 1" (k*x/k)® (18
where r.¥=(1-b)/(bk%). These results show that if the production functions
are internationally identical, that is, m=m% and f=f%, then the wage rate of
a capital-abundant country in the Heckscher-Ohlin sense is higher than that
of a labor-abundant country while the rental rate of the former is lower
than that of the latter, and that if the two countries have the same rela-
tive factor endowments, then both wage and rental rates of a country with
superior technologies reflected by lower marginal and fixed costs are higher
than those of a country with inferior technologies. Thei} relative heights
equal the vweighted average between the degree, whose weight is b, of the
superiority in the marginal cost and the degree, whose veight is 1-b, of the
superiority in the fixed cost.

The free-trade welfare level of the individual consumer in country 1

(U.) can be obtained by substituting (5') into (3) as a product of the free-

trade levels of y and q¢'~®7":

Ur

(1-b) /b
YrQr ?

(1/m)[n{l + Cawg) 1}l 70 (19

where the second equality is derived by making a use of (12), (8), (17), (18),
(13) and (15), and a denotes the relative scale of country 1's labor force

L/L%¥. Since the welfare level of country 2's consumer is represented by U:x
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=y.%qr %) “®mx/(mws) it can be related to the counterpart of country 1 by
Ur% = Ug/Vr. (20)
It can be easily proved by applying the analysis of Suzuki (1991) to this
model that the intra-industry trade is beneficial to each participating
country. Equation (20) shows that the international distribution of trade
benefits depends on the relative value of country 1's wage rate realized
under free trade. If it equals unity, then the wage rates are internation-
ally equalized, and the gains of trade are evenly shared by the two coun-
tries in the sense that Ur=Us%. If it takes a value other than unitf, the
share of a country with relatively higher vage rate is larger than that of a

low-wage country.

M. Free Trade in Goods and Factors of Production

It was shown in the previous section that unless countries 1 and 2 are
the same in their production technologies and relative f;ctor endowments the
factor prices are not internationally equalized under free trade in goods
alone. Wence there are generally inducements of international factor move-
ments besides commodity trade needed to increase the welfare in each country.
The purpose of this section is to consider, in addition to the T regime, the
other three international economic regimes presented in section I and to
show that the introduction of one of the three regimes generally raises the

velfare in every country.

(1) The L-T regime
Yhen labor is allowed to move freely across countries' borders, its
full-employment conditions for countries 1 and 2 are integrated into a con-

dition for the world market:
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]

§ jL(2)dz 4 SSIL*(z)dz =L+ Lx = LY (21)

wvhere LY denotes the world supply of labor and L (or L¥) the total quantity
of labor owned by country 1 (or country 2) nationals. The wage rates in
both countries are equaliéed in equilibrium,

v o= oWk =] (22)
Suppose that the wages of immigrants are remitted to the source country and
spent on the consumption of manufactured goods there. Then, witﬁ L and Lx
consumers in countries 1 and 2 respectively, individual incomes under the L-
T regime are of the same form as the ones represented by (12) in both coun-
tries, and the commodity market-clearing conditions under the T regime, (7),
still hold under the L-T regime. Thus the conditions constituting the open
economies in countries 1 and 2, (1) - (16), apply under the L-T regime as
well, except for (14) and (16) which are replaced with (21) here. The conm-
modity market-clearing conditions now determine the equilibrium ratio of the
two countries’ rental rates. Substituting (10’) and (11) into (7), one can

get

r/rx = (£x/f)(mx/m)°7 1% 7. (23)
This result tells us that the equilibrium rental ratio is independent of the
factor endovwments of the two countries and that the rental rate of a country
vith superior technologies is higher than that of a country with inferior
technologies. How much higher is shown by the weighted sum of the degree,
whose weight is the ratio of the elasticity of demand to the index of econo-
mies of scale, of superiority in the marginal cost and the degree, whose
weight is unity, of the superiority in the fixed cost. The absolute values

of the rental rates in the two countries are derived from (21) and (23):

- byL¥ . (- DLy (24)
v = l(a%’m ¥ 2 py K + KB
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vhere the variable attached with subscript L denotes its equilibrium value
under the L-T reginme.

As under the T-regime, the welfare level of the individual consumer in
country 1 under the L-T regime, U.,, depends on the real per capita income in
terms of the manufactured goods, y.. the ratio of which to yr hinges on
X./x:, and the index of its terms of trade effect, Q.. the ratio of which to
qr depends‘on w./w%r. If country | imports labor under the L-T regime, that
is, if k¥/k<y is satisfied, then w:>w,, leading to the deterioration of its
terms of trade after immigration. 1Its per capita real income, on the other
hand, becomes larger because the scale of its representative firm increases
as labor flows in. If country 1 exports labor its terms of trade is improv-
ed but its per capita real income is decreased under the L-T regime, as com-
pared with the T regime. Therefore, to see U, higher than Ur requires a

direct comparison between them. The ratio of U, to Ur can be derived using

(18) and (24) as

U, (l-b+a)7K+baK*] ( 7 K+Kx ](l~b)/b (26)
Ur U & (7 KiK%) 7 K+K%Cy K/Ca Kx))®

For given values of b, 7 and K/K¥, it can be viewed as a function of «a

which monotonically decreases from infinity to unity as a rises from zero
to 7 K/K¥ and increases from unity to some value larger than that as «a
rises from 7 K/K¥ to infinity (Verification is given in Appendix A). This
implies that U,/Ur is higher than unity unless a=7 K/Kx%.

The welfare comparison for country 2 between the L-T and T regimes can

be similarly made. The ratio of U.,% to Usk is

Uux (by K+(1+a—ba)K*] [ 7 K+Kx ] (1=%) /b o7
Urk 7 K+Kx Kkt 7 KCa K/ (7 K0

It monotonically decreases from some value larger than unity to unity as a
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rises from zero to 7 K/K¥ and increases from unity to infinity as a rises
from 7 K/K% to infinity (Verification is'given in Appendix A). Therefore,
Uu¥/Urx is also larger than unity unless a =7 K/K%¥. Noting that kx/k=a Kx/K
and both U,/Ur and U.%/U+% equal unity for the same value of a, one can
summarize the results:

Theorem [. If k#/k # (r+/f) (a+/a)?”''~%), the L-T regime is better than

the T regime. [ k*/k = (f*/f) (a*/8)®” ' ~%), they are indifferent.

(2) The K-T regime
¥Yhen capital is internationally mobile its full-employment conditions
for countries 1 and 2 under the T regime are integrated into a condition for

world markets:

K¥ (28)

nf + n¥fx = K + Kx
where K¥ denotes the world supply of capital and K (or K%) the total quanti-
ty of capital owned by country 1 ( or country 2) nationals. The rental
rates in both countries are equalized in equilibrium,

r = rk. (29)
Suppose that the rentals earned in a country into which capital flows are
remitted to the source country and spent on the consumption of manufactured
goods there. Then individual incomes under the K-T regime are of the same
form as the ones represented by (12) in both countries, and this leads the
conditions which constitute the open economies in countries 1 and 2 to re-
main valid under the K-T regime, with the exception of (13) and (15) which
are replaced with (28). Thus the wage rate realized in country | under the
K-T regime is determined by the equilibrium conditions for the commodity
markets, (7), as

wg = (ox/m)(fx/f) -2 7° (30
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where the variable attached with subscript K denotes its equilibrium value
under the K-T regime. Substituting (10'), (11) and (30) into (28) yields
the equilibrium level of rental rates in both countries un&er the K-T regime
rx = rg¥ = (1 - D)C1 4+ a7y =% 7%)Lx/(bK¥). (3D
As under the two regimes discussed previously, the welfare level of the
individual consumer in country | under the K-T regime, Ux, equals a product
of yx and qx ‘*~*?7*. Although in this case the number of the varieties of
the manufactured goods produced in each country is changeable corresponding
to the amount of inter-country capital flows, qx/qr invariably depends on
the relative wage rate, wx/wr, and yx/yr constantly depends on the relative
firm size, xx/xr. both being affected in opposite directions to each other
by international capital movements. Thus the efficiency of the K-T regime
cannot be demonstrated until Ux is directly compared with Ur. The ratio of

Uk to U;y can be derived using (30), (31), (17) and (18):

Uk [(l-b)K+a y (1= 72 (K4bKx) ] [ LKW J (L=b) /b 59)
Ur a K" 7 K+Kx(Cy K/Ca K¥))®

It can be verified that as a function of a, Ux/Ur resembles U./Ur in the
shape of its diagram, being equal to unity when a =7 ‘' 7°K/K% and higher
than that otherwise (Verification is given in Appendix B).

The welfare comparison for country 2 between the K-T and T regimes can
be made in the same fashion. The ratio of Ux¥ to U:% is

- (1-b) /b W w (1-b)Y /b
Ugx : [(1 b)(lta v YKx+bK ] [ K ] (34)

Urk K¥ K¥t7 KCa Kx/(7 K))®

As a function of a. Uxx/U;% depicts an analogous diagram to that of U,x/Urx*
in shape, being equal to unity for the same value of a as Ux/Ur is and
higher than that for the other values of a (Verification is given in Appen-

dix B). The results can be summarized:
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Theorem 2. If k/k+ # (o+/8) (f+/f)!'"%'7°, the K-T regime is better than

the T regime. [If k/k* = (p#/m) (f+/f)!'~°'7®, they are indifferent.

(3) The LK-T regime

¥hen labor and capital are internationally mobile the full-employment
conditions for them are respectively represented by (21) and (28), and the
equilibrium prices of the factors of production employed in the two coun-
tries are represented by (22) for labor and by (29) for capital. Using
those full-employment conditions, one can get the equilibrium level of rent-
al rates as

rix = (1 - b)LY/(bKY) (35
vhere the variable attached with subscript LK denotes its equilibrium value
under the LK-T regime.

Given the full remittance to a source country of the vages and rentals
earned in a host country, the open economies of countries 1 and 2 are con-
structed with conditions (1) - (12) together with (21), (28), (22) and (29).
Then equilibrium firm sizes in the manufacturing sector are derived as X.x
=fL¥/(mK¥) in country 1 and x.x¥=fxL¥/(m%K¥) in country 2. These per-firm
output levels require that the commodity market-clearing condition, (7), be
satisfied if and only if 7 =1, a sufficient condition for which is that the
technologies in the manufacturing sector are identical between the two coun-
tries.

¥hen 7 =1, the welfare level of each country's individual consumer
under the LK-T regime is as high as that under the L-T regime and under the
K-T regime. For country 1 it is

Uk = (1/m)CK¥/£) 1= 7°[(1 - bIL¥k/KY + b]

= Uy = Uk 2 Uy (36)
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vhere = holds with equality if k=k%, and for country 2 it is

ULK*

n

(I/m)CK¥/£) 1= 7°[(1 - bIL¥k*/K¥ + b]
Uk = Ukx = Urx 31

where = holds with equality if k=k*. Considering Theorems 1 and 2 together,
one can conclude:

Theorem 3. If (8*/m)° (f*/f)'' %) = [, the LK-T regime is indifferent to the
L-T and F-T regines but is preferable to the T regime for the countries writh
different relative factor endorments. [If (a*/m)® (f+/f)!' %) £ [, the Lk-T
regige cannot exist between the tko countries rith the economic conditions

considered here.

IV. A Comparison of the Welfare Levels between the L-T and K-T Regimes

It is clear from the argument in the previous sections that countries
prefer the L-T or K-T regime to the T regime and that the LK-T regime, which
can exist only under a limiting condition for technology in this model, is
indifferent as to the L-T and K-T regimes. The purpose of this section is
to ansver the questions as to which regime is preferable as an international
economic regime and what conditions of technologies and relative factor
endowments are the determinants of such a choice. |

The comparison of each country’'s welfare levels between the L-T and K-T
regime can be made by considering the ratio of U, (U.%) to Ux (Ux%) which is
denoted by & (¢ %). For country 1, ¢ can be obtained from (26) and (33):
U ['7K+K*] (1-2b3 /0 [ (1-b) 7 K+ a (v K+bKx) ]

¢ (38

Uk 7 k¥ 7 [(1-b)y -7kt @ (K+bKx) ]
and for country 2, ¢ % can be obtained from (27) and (34):

_ Uux [7K+K*]“‘“”" [ by K+Kx+(1-b) a K ] (39)
Uk 7 K¥ 7 [(bK+Kx¥) 7 ®= 1 7%4(1-b) @ K¥]

Y
2%
Il
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For a given value of b, 7 and K/K%x, ¢ and ¢ % can be regarded as functions
of a, the relative size of country 1's qative labor force. It can be shown
that if the technologies of the manufacturing sectdrs in the two countries
are identical, that is, ¢ =(fx/f)(a¥/m)® 7 '-®' =1, then ¢ (a)=¢*(a)=1; if
country 1's technologies are superior to country 2's, that is, ¢ >1, then
both ¢ (a) and ¢ *(a ) are decreasing functions of a with ¢ (0)>1, ¢ %(0)>
1, @ (o0)<1 and ¢ *%(o0)<1; if country 2's technologies are superior to coun-
try 1's, both ¢ (a) and ¢ *¥(a ) are increasing functions of a with ¢ (0)<I,
@ %¥(0)<1, ¢ (o0)>] and ¢ *¥(o0)>1 (Proof of these results is given in Appen-
dix C).

The continuity and monotonicity of ¢ (a) and ¢ *(a ) assure that
whether 7 >1 or 7 <1, there is a unique value of a, which is denoted by a .,
such that ¢ (a ) equals unity wvhen a=a, and there is also a unique value
of a, which is denoted by a %, such that ¢ *(a) equals unity when a=a *.
It is possible to settle the domains in terms of the parameters, b, 7 and
K/K*x for the critical values, a, and a %, to lie by utiiizing the results
obtained in the previous section. Theorems ! and 2 imply that if a =7 K/K¥%,
then ¢ (a )<l and ¢ %(a )<l because for any given positive values of K/Kx
and 7 (#1), U/Ur=U%/Ur*=1, Ux/Us>1 and Uxx/Us%>] at this value of a.

They also imply that if a=7 ¢~ 7°K/K%, then ¢ (a)>] and ¢ *x(a )>! be-
cause in this case Ux/Ur=Ux¥/U+%=1, U./Us>1 and U.x/Us%>1 at this value of a.
The domains of a, and a % can be determined by these properties of ¢ (a)
and ¢ *x(a) as

min[ 7 K/Kx, o ¢~ 7*K/Kx] < a,, a % < max[ 7 K/K*, o =D 7°K/k%]  (40)
The diagrams of ¢ (a ) in the cases where 7 >]1 and where 7 <1 are shown in
Fig.1l. Those of ¢ ¥(a ) are not shown there but can be analogously drawn.

The economic implications of these outcomes are that a country's pref-
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erence between the L-T and K-T regimes depends on its technological superi-
ority and the relative size of its native labor force. If, for instance,
country | is superior to country 2 in technologies of the manufacturing sec-
tor, then it prefers the L-T regime when the relative size of its native
labor force is less than the critical value, a,, it is indifferent between
the two regimes when a is just equal to the critical value, and it prefers
the K-T regime when a is larger than the critical value. The same thing is
true for country 2, where the relative size of its native labor force and
the critical value of this ratio are respectively represented by 1/a and
1/a %. Therefore, it can be concluded that a country with superior tech-
nologies prefers the L-T regime when it has a relatively small supply of
native labor and prefers the K-T regime when it has a relatively large sup-
ply of native labor.

If, as shown above, the technologies of the manufacturing sector are
identical between the two countries, they are indifferentAas to the K-T and
L-T regimes for any given values of @, b and K/K¥. But if the technologies
are internationally different, each country is indifferent as to the two re-
gimes only when the relative size of its native labor force takes its criti-
cal value, a, or a.%. If b=1/2, or if the ratio of the elasticity of
demand to the index of economies of scale equals unity, then the critical
values of the two countries are identical and equal to K/K¥. This means
that if countries 1 and 2 have the same relative factor endowments they are
indifferent as to the L-T and K-T regimes even if their technologies in the
manufacturing sectors are different from each other. Of course, they are
not if they have different factor endowments and technologies. In the case
where country 1's technologies are superior to country 2's, U.>Ux and Up,%>

Ux¥ for a <K/K¥ while U.<Ux and U.x<Uxx for a >K/K¥. In the case where
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country 2's technologies are superior, U,<Ux and U, %<Ux* for a <K/Kx while
U>Ug and Upyx>Uxx for a >K/Kx. These results can be summed up as follows.
Theorea da. If b=1/2, or the ratio of the elasticity of demand to the inder
of economies of scale equals unity then
i) a country with superior technologies which is relatively capital-abundant
and & country with inferior technolfogies which is relatively labor-abundant
FRill both rind that the L-T regime is the best and the k-7 regime is the
second best for thea,
if) a country with superior technologies which is relatively labor-abundant
and a country with inferior technologies which is relatively capital-
abundant will both find that the £-T regime is the best and the L-T regime
is the second best for them, and
iii) countries with different technologies which have the same relative fac-
tor endowments will find no difference between the L-T and K-T regimes.

¥hen b=1/2, the role of the marginal cost ratio and that of the fixed
cost ratio are symmetric in determining the equilibrium price ratio of an
inmobile factor under each international economic regime, and at the same
time a, equals a %. But if b#1/2, they are asymmetric and a . is probab-
ly not identical to a%. Let anin=ninla,. a %) and a..=max[a ., a ¥].
Then it is clear from the diagrams of ¢ and ¢ % that when country 1 is
superior to country 2 in technologies of the manufactured goods,

Up > Ux and Upox > Ugx for L/L¥ < anin.

Ux > U, and Uxk > U.% for L/L¥ > @ max,

UL=Ux and U= Uk% or Uk2U. and Ux¥=Ux  for @ninSL/LXS @ nas
(with at least one inequality held);
when country 2 is superior to country ! in the technologies of the manufac-

tured goods,
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U > Ux¥ and U, > Uy for L¥/L < 1/ @ nax.

Uk > U, and Ux > U, for L¥/L > 1/ @min,

Uk2Uxx and U, <Ux or Uk¥2U,x and UksU,  for 1/amuxSL¥/LE1/awn:in
(vith at least one inequality held).

It can be expected that when a country with superior technologies in
the manufacturing sector is relatively capital-abundant, it is more likely
for it to satisfy L/L¥<a nin or L%/L < 1/@ .., than for it to satisfy L/L%¥>
@win OF LX/L>1/ @ n.x.* Similarly, when a country with supérior technolo-
gies is relatively labor-abundant it is more likely for it to satisfy L/L%>
@ max OF L¥/L>1/a nin. Therefore, it can be concluded that:

Theorea 4b. If b#1/7 or the ratio of the elasticity of demand to the inder
of economies of scale does not equal unity then

i) a country with superior technologies which is relatively capital-abundant
and & country with inferior technologies which is relatively labor-abundant
will both find that most [ikely the L-T regime will be the best and the f-T
regime will be the second best for thea and

ii) a country with superior technologies rhich is relatively labor-abundant
and a country with inferior technologies which is relatively capital-
abundant will both find that most [ikely the k-7 regime will be the best and

the L-T regize will be the second best for thea.

V. Concluding Remarks

It has been made clear that in the model with increasing-returns-to-
scale technologies characterized by the fixed input of capital and variable
input of labor and with monopolistic competition in the markets of differ-
entiated products of a constant price-elasticity, a country's preference

among the L-T, K-T and T regimes depends upon a combination of its relative
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factor endowment and the superiority in its technology. In any case a re-
gime which is one country's hest choice is likely to coincide with the other
country's best choice. It is reasonable to expect that such a regime is
likely to become an international economic regime between the two countries.
According to my analysis, it is likely to be the L-T regime between a
capital-abundant country with superior technologies and a labor—abundant
country with inferior technologies; it is likely to be the K-T regime be-
tveen a capital-abundant country with inferior technologies and a labor-
abundant country with superior technologies. These results imply that if
the advanced industrial countries are labor-abundant relative to other coun-
tries their policies of liberalizing international trade in commodities and
capital and restricting rigorously the immigration of labor are economically
rational but if they are relatively capital-abundant such policies are irra-
tional. These results also imply that there are likely to be no conflicts
of interest between the countries for the cﬁoice of international economic
regimes in this model. This is in contrast with the conclusions obtained by
Suzuki(1989) where one country's most desirable regime is sometimes differ-
ent from another country's so that conflicts of interest occur in such a
choice.

The assumption that capital is a fixed input and labor is a variable
input in the production of the differentiated goods is crucial to the re-
sults about a country's choice among the international economic regimes.

If this assumption is reversed, that is, if it is assumed that labor is a
fixed input and capital is a variable input in the differentiated-goods
industry, then the K-T regime is likely to be chosen as the best interna-
tional economic regime between a capital-abundant country with superior

technologies and a labor-abundant country with inferior technologies; the L-
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T regime is likely to be chosen as the best regime between a labor-abundant
country with superior technologies and a capital-abundant country with infe-
rior technologies. Therefore, the results concerning this point can be gen-
eralized that i) if a country with superior technologies is relatively
capital-abundant and a country with inferior technologies is relatively
labor-abundant, then the regime under which free trade in commodities and
the factor used as a variable input in the production of differentiated
goods is allowed (H-T regime) is likely to be the best, the regime under
which free trade in commodities and the factor used as a fixed input in the
production of differentiated goods is allowed (F-T regime) is likely to be
the second best and the T regime is the third best for both countries; ii)
if a country with superior technologies is relatively labor-abundant and a
country with inferior technologies is relatively capital-abundant, then the
F-T regime is likely to be the best, the M-T regime is likely to be the

second best and the T regime is the third best for both countries.
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Footnotes

X The early versions of this paper were presented in seminars held by the
Research Institute for Economics and Business Administration of Kobe Univer-
sity in May, 1991 and July, 1992. I would like to thank Professors Koji
Simomura, Winston Chang and other participants of the seminars for valuable
comnments and suggestions. Aiso, [ would like to thank Professor Gilbert E.

Bascom for making this paper more readable.

I. As Mundell (1957) showed in the two-sector, two-factor model, interna-
tional capital or labor movement is a perfect substitute for commodity trade
between countries which produce the two goods with internationally identical

technologies.

2. The causes and implications of the intra-industry trade in differentiated

products were originally studied by Krugman (1979, 1980).~

3. The pioneering work about international trade in a continuum of goods is

Dornbusch-Fisher-Samuelson (1977).

4. Suppose that 7>1. Then 7 -V 7°K/Kx<K/K%<y K/K*. Assume the distance
between‘ v K/K¥ and a... = the distance between a ... and @i, = the dis-
tance between a i» and o ‘®~ !’ 7°K/K%¥. Then probability(K/K¥x2 a ..x1=1/3,
probabilityl @ min S K/K¥<a »n.x1=1/3, and probability{k/K*(a,,,.n]=1/3. Note
that a <K/K¥ when country 1 with superior technologies in the manufacturing
sector is relatively capital-abundant. V¥hen K/K¥= a n.x, probabilityla =
A nex1=1/3, probabilitylaminS a<an.x)J=1/3 and probabilityla<a.ial=

1/3. Therefore, probabilityla <@ ain€a@ nsx =K/Kx]=(1/3)%=1/9 and probabil-
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itylaninS a and a ... =K/K¥1<(1/73)(2/3)=2/9. ¥hen @ minSK/KXCQ muxs
probabilityl @ 2 @ min]=1/2 and probabilityla <aa:i.]21/2. Therefore,
probability[a<a ainSK/K¥<@ n..1=21/6 and probabilityla ninS a SK/K¥< Q@ nux]
=1/6. Since probabilityla<a ain]=1 when K/K¥<a n:., probability[ a <K/K¥<
@ nial)z1/3 and probabilityla =2 @ ninJ=0. Therefore, probabilityla<a ia]=
1/941/6+1/3=11/18 and probability(a = aa12)<2/9+1/6=7/18, which proves
probabilityla<a misl>probabilityfa 2 a »:in]. This assertion can be proved

similarly in the case where 7 <I.
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Appendix
[A] The diagrams of U,/Ur and U, %/Urx
(DUL/Us
The expression for U./U; is given by (26) in the text. When @ approaches
zero, U,/U; approaches infinity. When a =7 K/K¥, U,/U;=1. VYhen a ap-
proaches infinity, U,/U; approaches (U.,/Ur),, where

(Uu/U:)y = [1 + K¥/Cr K17 [1 + bKx/Cor KDI[1 + Kx/C7rK)1™' > 1.

This inequality relation can be proved by showing that when K¥x/( 9y XK)=0, (U./

Ur)x:l. and
(U/U:), - (1 - b)[1 - b+ bKx/CrK)IKx/CyK) 5 0
Kx/Cr K) b{l + Kx/Cy K)J[1 + bKx/( 7 K)]
The slope of U,/Ur is:
(U0 | (I-DIKRCr K/Caka)® aCrkinke)
a v K+Kx(y K/Ca Kx))® (1-b) v K+ a (v K+bKx)

(D)7 K)Plba K% (a K¥- 7 K4y K((a K¥) =2 - (g K) 1o )]
i [(1-bta )7 Kiba KXI[ 7 K+K*( 7 K/(a K¥))®]

< (. according as = K/Kx.
>0 g a>7/

(2)U.x/Ux
The expression of U x/Us% is given by (27) in the text. V¥hen a approaches
zero, U.%/U:sx approaches (U.%/U:%),, where
(Uu/Usk)o = (1 + 7 K/Kx)'-®7%[b + (1 - b)(1 + 7 K/Kx)7'] > 1.
This inequality relation can be demonstrated in the same way as in the case
of (U,/Us),. V¥hen a=v7 K/Kx, U.x/Us¥=1. Vhen a approaches infinity,
U.%/U% also approaches infinity. The slope of U.*/U:%x is:

(UL*}UT*) C(U-D)Ca Kx)PLR¥{Ca K¥) =2 -Cy K) 702 1 4b( 7y K) 1= Ca Kx- 7 KD ]
a (Kx+( 7 KD -2 (CaKx)*J[by K+(14a -ba )Kx]

_27_



é' according as < X
S 0 ing a S v K/K

(B) The diagrams of Ux/Ur and Uxx/U:x
(1) Ux/Us
The expression of Ux/U; is given by (33) in the text. ¥hen a approaches
zero, Ux/Ur approaches infinity. When a=9 ¢*~"7°K/K¥, Ux/Ur=1. Yhen a
approaches infinity, Ux/Ur approaches (Ux/Ur),, where

(Ux/Us)y = (1 + Kx/K) 1-22272(] 4 b.l(*/K) > 1.
This inequality relation can be proved in the same way as in the case of

(U./0:)y. The slope of Ux/Ur is:

(Ue/Us) _ (1-DYK*C 7 K/Cak¥))® (1-b)K
a 7 K+Kx(Cr K/Ca K¥))®  (1-b)K+(KtbKx)a o 1227

(1-b)[ 7 PK 1 *®) {((@Kk) C1=®) (g (om0 /bK) (1-b) )
(7 K+kxCy K/Ca K$))PI0C1-D) ¢ o= 72K

tbKx(a K- 9 <"V 72Ky (v K/Cakx))®]
+a (K+bKx*)]

§ 0 according as a § q (o= IOK /KX,

(2) Ux*/Usx
The expression of Ux*/U:% is given by (34) in the text. Wh‘en a approaches
zero, Ux%/U:% approaches (Ug¥/U+%x),, where
(Uex/Us%)o = (1 + K/KX) =22 7%[b + (1 - b)(1 + K/K¥)-'] > 1.
¥hen a=7 -1V 7°K/Kx, Uxx/U:x=1. V¥hen a approaches infinity, Ux%/Ur¥ also

approaches infinity. The slope of Ux*/U+% is:

(Ux*;Ur*) L (1-b) g CmE /(g Kx)P[KK 2R (@ 12 (g ComD SBK/Kx) o)
a [C1-B)(lta v 1= 7®)Kx+bK¥ ][ K%
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+bK*(’)’ K)(l—b)(a -7 (b-l)/bK/K*)]
ty KCakx/CryK))®°]

§ 0 according as a § q o-1/BK /K%

[C] The diagrams of ¢ and ¢ %
The expression of ¢ is given by (38) and that of ¢ * by (39). V¥hen a
approaches zero, ¢ approaches ¢ ,, where

o = 7[(yK + Kx)/KW]1-2m2 70 % | according as 7 % 1.

This is because

-

Do _(1 - b)yK + bKx

=

7 by K + Kx)

> 0.

When « approaches zero, ¢ % approaches ¢ o%, where

‘ } X (1-2b) /b b K %
P ok = [Q-K—K—)] [7—-L ] % 1 according as 7

ANV

K¥ bK + Kx
because ¢ o% is an increasing function of 7. V¥Yhen a approaches infinity,

¢ approaches ¢ ,, where

7K 4 K* (1-2b) /b 7K + bK* )
6. = [ o ] TR 1 BRE) § | according as 7 % 1

because ¢ , is a decreasing function of 9. V¥hen a approaches infinity,

¢ * approaches ¢ %, where
Pk = g D[y K4Kx)/KW] 1-2Rse § 1 according as 7 % 1
because ¢ ;% is a decreasing function of 9. The slope of ¢ is:

a (7K + bKx) a v o/ (KibKx)
(1-b) v K+ a (7 K+bKx) (1-D)Kta o 1= 72 (K+bKx)

R e

(1-D) a K[(1-9 =272y o K4(1-7 *7°)bKx%]
(C(1-b) y Kt @ Coy K+bKx)I[(1-b)K+ta 7 1% 7°(K+bKx) ]
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£ 0 according as = 1.
S s g T 2

The slope of ¢ % is:

S U-b)aKx[(1-7 /*)bKe(1-q C1-2) /5)x]

@ (by K+K¥+(1-b) @ K¥J[bK+K%4(1-b) a 7 (1-v) 75y x]

S 0 according as ¢ = 1.
> <
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