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INTERNATIONAL TRADE WITH CAPITAL MOBILITY
AND A NONTRADED GOOD

Tadashi INOUE

Professor, Faculty of Economics, Hosei University

The results of international trade theory which incorporates international capital mobility and a nontraded
good are investigated. First, the effects of changes in the price of an imported good, a tariff and foreign invest-
ment are analyzed with respect to imports. Then a sufficient condition for local dynamic stability (1.d.s.) is
studied. Finally, assuming 1.d.s., consideration is given to the effects of changes in both the tariff on imports
and a tax on foreign investment, on the world and domestic prices of the imported good, foreign investment,
domestic imports, and the level of social welfare.

I. Introduction

The purpose of this paper is to investigate the topics of international trade
theory with capital mobility and a nontraded good. Such attempts to generalize
international trade theory with capital mobility are not new; significant contribu-
tions have been made by MacDougall (1960), Kemp (1966, 1969), Gehrels (1971),
Chipman (1971, 1972), Uekawa (1972), Batra and Casas (1976), Das and Lee
(1979), and Brecher and Feenstra (1983). Its normative aspects have been con-
sidered by Jones (1967), Gehrels (1971), Kemp (1966, 1969) and Chipman
(1972). One of the basic problems of this topic is the existence of the world pro-
duction possibility frontier (p.p.f.) (i.e., the efficient set of world production)
with incomplete specialization. After earlier discussion by Kemp (1966) and Jones
(1967), Chipman (1971) and Uekawa (1972) established sufficient conditions
for its existence in the two country, two commodity and two factor case. This was
generalized by Tawada (1982) who gave necessary and sufficient conditions for its
existence in the many country, commodity and factor case. Based on the existence
of the world p.p.f. with incomplete specialization in the two country, two com-
modify and two factor case, Brecher and Feenstra (1983) analyzed such positive
aspects of international trade as stability, and (assuming stability), the effects of
changes in the tariff and a tax on foreign investment on the terms of trade, level
of foreign investment and domestic price of goods. Our model follows this conven-
tional framework and generalizes its conclusions to a nontraded good. Neverthless,
there is a significant difference between our concept of stability and that used by
the above authors. As was lucidly pointed out by Das and Lee (1979), what was
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adopted by Kemp (1969) was Hicksian imperfect stability, in which the rentals
of capital in both countries are the same continuously. Brecher and Feenstra (1983)
made the same assumption of Hicksian imperfect stability. However, whether
perfect or imperfect, Hicksian stability is a static stability. In its place we assume
local dynamic stability (1.d.s.) as was assumed by Das and Lee (1979). While Das
and Lee deal with the sector-specific model of Batra and Casas (1976), our model
is not sector-specific. The rest of this paper proceeds as follows. In section II, the
notation and assumptions are introduced. In section III, the effects on imports of
changes in the imported good’s price (Marshall-Lerner condition), its tariff and the
level of foreign investment are analyzed. Then a sufficient condition for l.d.s. is
considered. Next, assuming 1.d.s., the effects of changes in the tariff and a tax on
foreign investment, on the world and domestic price of the imported good and the
level of foreign investment are considered. Finally the effects on domestic imports
and the level of social welfare of changes in the tariff and a tax are considered.

II. Notations and Assumptions

The world is assumed to be composed of two countries; the home country and
the foreign country. There are three goods; two traded goods (goods 1 and 2) and
a nontraded good (good 3). Two factors of production, labor and capital, are em-
ployed for goods production, where capital is internationally mobile but labor is not.
The production function of each good is neoclassical; constant returns to scale,
concave and twice continuously differentiable. Let

y; = the quantity of production of good i, i =1,2,3,

x; = the quantity of consumption of good /, i = 1,2,3,

p; = the price of good i, i = 1,2,3,

z,; = the quantity of imports of good i, if it is positive. If it is negative, —z; is
the quantity of export,

L = the endowment of labor,

C = the quantity of capital owned by home residents,

w = the wage rate,

r = the rental of capital,

for the home country, For the corresponding variables and figures of the foreign
country, a (*) superscript is added. Let = be the gross domestic products. Then by
definition,

T=p1 Vit Daya tP3Ys. (1)
If the home country is a creditor (debtor), then the income from the home resi-
dents’ (foreigners’) investment abroad (at home) is the return on the level of invest-
ment K > 0 (K < 0) with the rental #¥*, i.e., r* K. The gross national income 1 is
the sum of gross domestic income and the return on foreign investment, i.e.,
I=n+r¥K 2)

Since the gross domestic product is obtained by employing a quantity of labor, L,
and a quantity of capital C-K, and the factor prices are w and r respectively, the
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following identity

a=wL+r(C-K)» (3)
holds. Furthermore, since the gross national income is spent on the consumption of
goods,

I=p,x, tpax; +pix;. (4)

Here the demand for good i is assumed to be generated by the maximization of an
aggregate utility function so that

x;=hip,,p,,p,, 11, i=1,23 (5)

where 4; is the demand function of good i. Here non-specialization in consumption,
ie., x; > 0,i=1,2,3 whenever I > 0 is assumed. Let b;; be the quantity of input j
used to produce one unit of good i where i = 1,2,3 andj= 1,2 (j = 1 refers to labor
and j = 2 to capital). Let G; (w, r) be the unit cost function of good i. Then

pi=Gi(w,r),i=123 (6)

if y; > 0, and p; < G; (w, r) means y; = 0. Furthermore by the duality theorem (see,
e.g., Samuelson (1953) and Shephard (1970), the unit cost function is homo-
geneous of degree one and concave. It is assumed to be twice continuously differ-
entiable. Then the following holds;

biy=0G; (w, fow, by, =38G; (w, nfor, i=1,2,3. N

Since good 3 is nontraded, y; = x; holds always. The equality between demand
and supply for factors implies

by, tbhayys +byys =1L, 8)
biayi tbay, tbyuy;=C-K 9

III. Results

Chipman (1971) first established that W,, the world p.p.f. with diversification
in both countries (i.e., y;, y,?" >0,i= 1,2)2) exists for some factor endowments
for the two country, two commodity, two factor case if and only if (iff) the system
of equations p; = G; (w, r) = G;* (W*, r),i= 1,2 hasa solutionp; > 0,i= 1,2, w, w¥,
r 2 0. With the introduction of a nontraded good, this is readily generalized as

Lemal.

W,, the world p.p.f. with capital mobility and complete diversification in both
countries (i.e., y;, ¥i* > 0,i=1,2,3) exists for some factor endowments for the two
country, three commodity (two traded goods and a non-traded good), two factor
case iff the system of equations p; = G; (w,r) = Gi* (W, 1), i=1,2,p; =G5 (W, 1),
p3* =Gs (w*, r) has a solutionp; > 0,i= 1,2, p3, p3* > 0,and w, w*, r> 0.

As is easily seen, the introduction of a nontraded good does not change the
necessary and sufficient condition for the existence of W,, i.e., W, exists iff W,
exists. Denote Case 1 if the home country does not completely diversity, i.e., if
yi = 0 for at least i = 1 or 2, and Case 2 if there is complete diversification, i.e.,
i > 0 for i = 1,2,3. Denote Case 1* and Case 2* for the corresponding cases in the
foreign country. Consider Case 2. For this case, p; = G; (w, ), i =1,2,3 holds. Now
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let p; = G; (w, r), i = 1,2 define w and r implicitly to be functions of p, and p, so
that w = W (p,, p2), r = R (p,, p2), which then define p; as a function of p,, p, ;
ps =¥ Py, P2). (10)

For Case 1,if y, =0, y,, y3 > 0, thenw =W (p,, ps) and r = R (p,, p3), and if
¥y =y =0,y; >0, thenw =W (ps, K), r =R (ps, K) with aW/op;, dR/op; > 0
and aR/3K > 0¥ Therefore for both cases denote

W=W(P1,p2,p3,K)’r=R(per2:p3»K) (11)

Henceforth let p;, = p;* = 1 without loss of generality. From Eq.s (8) and (9) it
follows

Yi=Eys ty, (12)
Y2=1Yys th, (13)

bll b2l S:l=_|:b3l]
[blz bn] l:ﬂ bar |’ (14)

A ={ by L —byy (C=K)}/IB,, N\, ={ =b\s L+by, (C—K)}/|B| and |B| = Z:: Z::

Then Eq.s (1) through (5), (11) through (13), and x; = y; define x;, y;, i=1,2,3 as
functions of p,, p; and K so that

where

{xi'-'Xi(Pz-ps, K)’ i=1>2)3 (15)}
yi=Yi(p2np3’ K)’ i=l>2’3' (16)
For Case 2, observing Eq. (10), the above is rewritten as
{x,-=)§,-(p2,1<)=X,-(pz, v (1,p2), K), (17
yi=Yi(p2,K)=Yi(p2’d’(1’p2)5K)' (18)

Similarly z;, i = 1,2 is defined to be the function of p;’s and K so that

Zi =Zj (p?.r p3: K)A’:Xi (p‘Z’ p3vAK) - Yi (p‘l: p3v K) for Case 1’
zi =Zi (p, K) = X; (2, K) = Y; (p,, K) for Case 2.

Now we are ready to examine the effects on imports of a change in the price
of the imported good, i.e., the Marshall-Lerner condition. Henceforth if any good is
exported (imported) by the home country, let it be good 1 (2).

Theorem 1.1. For Case 1

az2 (pz,Pa. K)=312 +ﬂ { _22 +K aR*(Pz» pB*! K)}_aY2 (p2tp3l K)
op, op, 0p

(19)

where S22 =8h2/8p2 +x, ¢ ahz/al, m, =p.2 . 3h2/81.

Proof

By partially differentiating z, (p2, p3, K) = h[1, P2, p3, 1 (P2, P3, K)] —
Y2 (p2v Ps, K) where ]= ](p2! Ds, K) =n (va Ps, K) +R*(p2'p3 *r K) K4) With
respect to p,, we obtain 98z, (p2. p3, K)/Op, = 0h,[/dp, + (0h,/0)
{y2 + K-3R* (p,, p§. K)/op,} — 8Y, (pa, ps, K)/3p, = 8h,[0p, + (3R, [0D)
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{—2z2 + x; + K*3R *(py, P}, K)op, } — 8Y,(p,. p3, K)dp, = S22 +%

2
{=z, + K*3R* (p,, P}, K)/Opy | — 8Y, (9,3, p3, K)/Bp, where Si; = 8h;/op; + x; *
9h;/al is the Slutsky substitution term and m; = p; + oh;/d] is the marginal pro-
pensity to consume good /.

Q.E.D.
Hence observing that bo¥ b
—bs¥ | %% k| ifyi*=0, y*,y*> 0
b22 b32
OR*(p,.ps*. K) | 3p, = 0 if y,*=0
byt [ 1B¥| for Case 2%,

we obtain the following;

Corollary 1.1.

For Case 1, assume that good 2 is imported by the home country and there
are no inferior goods (i.e., m; > 0,i=1,2,3). If one of the following two conditions
holds, then 3z, /8p, < 0, i.e., the increase in the price of the imported good de-
creases its demand.

Condition 1. The home country is a creditor, i.e., X > 0 and in the foreign
country aR*/ap, < 0, i.e., good 2. is more labor intensive than good 1 for Case
2*, or good 2 is more labor intensive than good 3 when only goods 2 and 3 are
produced.

Condition 2. The home country is a debtor, i.¢., K < 0, and in the foreign
country daR*/ap, > 0, i.e., good 2 is more capital intensive than good 1 for Case
2%, or good 2 is more capital intensive than good 3 when only goods 2 and 3
are produced.

Corollary 1.1 supplies two sufficient conditions for the Marshall-Lerner condi-
tion i.e., 3z, /dp, < O for Case 1. These are (1) the home country imports the labor
intensive good of the foreign country when the home country is a creditor and 2)
the home country imports the capital intensive good of the foreign country when
the home country is a debtor. If we can assume that the home country is well
endowed with capital (labor), is a creditor (debtor), and the rank of the relative
factor intensities of the goods of both countries remains the same, then these two
sufficient conditions seem plausible in view of the Heckscher-Ohlin Theorem. Next,
we generalize the above results for Case 2. Letz, =Z, () =h,[1, D2, 03, 11 —(n-

.4Z, (D)

T, be the marginal propensity té im-

hs [1,p2, p3. 1] +X3) and M, = p,
port good 2, Then we obtain

Theorem 1.2. For Case 2,

322 P2, K)= S22 Sa3 1 M, *
T [1,—7] I:Ssz Sss —n +E (-z;, +K.0R /apz)—E

(20)
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dZ, ()

where E = ki, » 90/0p, + 0, /3p,> 0and M, =p, il

=p; (8h, /3] — - dhs/aD).

Proof. See Appendix 1.
Q.E.D.

Observing that the first term of the right hand side of Eq. (20) is negative since the
matrix (Sj;) is negative semi-definite and £ > 0%Yand if (1) by, /b12 > Max (b, /D12,
b31 /bgz) or bu/bn < Min (bgl /bgz, b31 /b32) and if (2) ny 2 0, i= 2,3, and M; >
09, then we obtain the following;

Corollary 1.2.

For Case 2, assume that good 2 is imported by the home country and goods
2 and 3 are not inferior. Then if one of the two conditions of Corollary 1.1. holds
and if in the home country either good 1 is the most labor intensive or the most
capital intensive, then 8Z,/ap, < 0, i.e., the increase in the price of the imported
good 2 decreases its demand.

__ By comparing Corollaries 1.1 and 1.2, we see that the sufficient conditions for
9Z,/9p, < 0 for Case 2 are composed of two parts; i) the sufficient conditions for
Case 1 and ii) good 1 must be either the most labor intensive or capital intensive
good in the home country. Since the latter part is automatically satisfied in Case 1,
we could regard Corollary 1.2 as holding for both Cases 1 and 2. Das and Lee (1979)
obtained Eq. (19) for the case of two traded goods. Next we introduce a tariff and
examine the Marshall-Lerner condition, and the effects on imports of a change in
the tariff for Cases 1 and 2. Let 7 be the tariff on good 2. Then the gross national
income I is represented by

I=p\y1 +Tp2y, +pays t7pazy +1¥K 2n

where p, = 1, T=1r1 + 1 and p; is the domestic price of the nontraded good. Let
I=1I(p,, ps, K, 7). Henceforth the foreign country is assumed to retain free trade.
Then for Cases 2 and 2* respectively

ps =y (1,Tp,) and p*=yv*(, p2)

hold. Now we show the expressions for 9Z, /dp, and aZ,/ar for Case 1. Let z, =
Z, (2, ps, K, 1) be defined implicitly by Eq.s (15), (16) and (21) where x; =
X; (Tp,, p3, K)and y; = Y; (Tp,, ps, K). Then the following holds;

Theorem 2.1. For Case 1,

3Z,(p2, ps, K, 7) K 3R* (p,, p*, K)

= M2 _
9P =TSn ¥ P2 { Z ¥ T 3P2 }
P2
aZZ(p2:a’ir31 Kn T) =pzs22 —szQ, _pz aY2(Tpﬂa.r p37 K) (23)
P2

where m, =T p, dah, /31
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Proof.
Partially differentiate z, = Z, (p,, ps, K, 1) =h, [1, Tp,, p3, I (P2, p3, K, 1)) —
Y,(Tp,, ps, K) with respect to p, and 7 respectively, and obtain the desired results.
Q.E.D.
From Theorem 2.1, the following is immediate;

Corollary 2.1.

(1) Corollary 1.1 still holds with the introduction of a tariff.

(2) The increase in the tariff on good 2 decreases (increases) its imports (exports)
if good 2 is not inferior.

Next we analyze Case 2. Let z, = Z, (p,, K, 7). Then

Theorem 2.2. For Case 2,
7 %
0Z,(p2, K, T)={T[1,—'ﬂ] [Szz st:l [ ]jl_TE_'_iW_z (—22+K3§2 )}/

op- S32 S| |—n Tp,
-1
(1_ T M’Z)a (24)
aZz (Pz, K, 1) - Szz Sza 1 -1
gy eef Ll P —E (-,
(25)
Proof. See Appendix II.
Q.E.D.
As is easily seen by comparing Eq.S(20) and (24), as far as | — T}l M, >0

the sufficient condition for 3Z, /3p, < 0 remains unchanged with the introduction

of a tariff, i.e., M, > 0 and K-3K*/ap, < 0. Furthermore aZ’, for < 0 if—TT1 M,
> 0. Hence we obtain

Corollary 2.2
Assume free trade prevails initially (or more generally 1 —

(1) Corollary 1.2 still holds with the introduction of a tariff:

(2) The increase in the tariff on good 2 decreases (increases) its imports (exports)
if, in the home country, goods 2 and 3 are non-inferior and good 1 is either the
most capital intensive or the most labor intensive.

7-1
T

M2 > 0) Then

For the same reasons as before, Corollary 2.2 could be regarded as holding for
both Cases 1 and 2. Furthermore, notice the following; assume that there are no
inferior goods in the home country, and that the rank of the relative factor intensi-
ties of the goods remains the same in both countries. Then if the home country is a
creditor (debtor), i.e., K > 0 ( < 0) — which implies that it is well endowed with
capital (labor) —, and if the home country imports good 2, which is relatively more
labor (capital) intensive than good 3, and if good 1 — which is exportable for the
home country — is the most capital (labor) intensive, then the increase in the price
of the imported good decreases its imports. In other words, if the rank of the relative
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factor intensities of the goods remains the same in both countries, and trade occurrs
according to the prediction of the Heckscher-Ohlin Theorem, then the increase in
the price of the imported good decreases its imports. Furthermore, the sufficient
condition for an increase in the tariff on the imported good (good 2) to reduce its
imports is seen to be weaker than that for an increase in its price to decrease
imports. In fact, the sufficient condition is that good 1 be either the most labor
D2 0Z, __Tr aZ
Z, ap, ' Zz ap
are respectively, the import elasticity and tariff elasticity of the home offer curve.
Then

intensive or capital intensive. Now let p = — ,ie.,pand¢

K oR¥*
Zy ap,

—1

¢={o - )}/(1— M) (26)
This is regarded as a generalization of the relation between the two elasticities p and
¢ to the case where capital is mobile. The expression when K = 0, i.e., there is no
capital mobility is shown by Komiya’s (1967) Eq. (70), Kemp’s (1969) Eq. (6.30)
and Inoue’s (1985) Eq. (20). Before we analyze the stability condition, the expres-
sions for 3Z,*/ap,, 8Z, /8K and 3Z,*/aK are required.

Theorem 3. For Cases 1 and 2, with the introduction of a tariff
7 * ¥
aZZ(p'Z:p'dr K: T) ={ ]’:n?. (R _R*_I_KaR (pZ, P3", K)) _
2

oK oK

-l m,) for Case 1, (27)

aY,(Tp,, ps,

aZz(Pz'K’){ 2 (R - R*+K"R*Q?M)+bu/lm}/

oK 9K
(1 - Mg) for Case 2. (28)
Proof.
These can be proved using the method in Appendices I and 11 respectively.
Q.E.D.

Here notice that when the home country is a creditor, 3R*/0K = 0 must hold
since the foreign country has to produce at least two goods. Furthermore, if free
trade prevails initially, then R = R*. Moreover 3Y, /3K < 0 (> 0) iff good 2 is more
capital (labor) intensive than good 3 for Case 1 where only goods 2 and 3 are pro-
duced. For Case 2 |B} > 0 ( < 0) iff good 2 is more capital (labor) intensive than
good 1. Hence we obtain the following;

Corollary 3.
Assume that free trade prevails initially and that the home country is a creditor

or more generally, the foreign country produces at least two goods. Then

(1) for Case 1, provided that good 2 is not inferior, the increase in investment
abroad, or the decrease in investment from abroad increases (decreases) imports
of good 2 iff good 2 is more capital (labor) intensive than good 3 in the home
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country.

(2) for Case 2, provided that goods 2 and 3 are not inferior, and good 1 is either the
most labor intensive or capital intensive, the increase in investment abroad, or
the decrease in investment from abroad increases (decreases) imports of good 2,
or decreases (increases) exports of good 2 iff good 2 is more capital (labor)
intensive than good 1 in the home country.

Here again Case 2 could be regarded as a generalization of Case 1. Part (2) of
Corollary 3 implies that under fairly mild conditions, the increase in investment
abroad or the decrease in investment from abroad encourages (discourages) the

imports of the labor (capital) intensive good. Next, we show the expression for
0Z,*/0p, .

Theorem 2%,
0Z* (02, P K) _ o M [ w  3R*@, p* K)
hd o0, S + ) 2" - K 3p, }
* L4
- an, (pzé;” ’K), for Case 1*, (29)
) .
322* (pz. K) = [1 _,n*] Szz* S23* l +M
op, ’ 832" S3a* || —n* P2
* *
{—2* - K oR (Pzi;pp:s d K)}— E* for Case 2*  (30)
2
Proof.

First observe that for the foreign country gross national income and gross
domestic products are respectively expressed by

PF=pyxy* +pyx*+p*x*=py*+py,*+pty*—r* K,  (31)
7*=p i * + Py y* + ps* ys* (32)

where p; = 1. The rest of the proof is the same as that of Theorem 1.1 and Appen-
dix L.

Q.E.D.

The signs of 3Z,* /op, and aZ,’*/bp, are indeterminate. However, what is
needed to analyze the stability condition are the signs of 3(Z,+Z,* )/ap, and
0 (Z,+Z:*)[aK. Next we show the expression for 3Z,*/dK.

Theorem 3%*.
8Z,* (p2, ps*, K) - —&*K OR* (p,, ps*, K) _ 3Y,* (p,2, ps*, K)
BK D2 aK aK N
for Case 1%, (33)
3Z,* (p,,
—ZzngzK) = — b,¥/ |B¥, for Case 2*. (34)
Proof.

For Case 1*, partially differentiate Z, * (p,, ps*, K) = hy *[1, p,, ps*, I* (2,
ps*, K)]1 — Y2* (p2, ps* K) with respect to K, while observing a/*/aK = 37 */aK —
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R* — K daR*/0K = —K aR*/aK (since an*/aK = R*). For Case 2*, notice that
aX, (P2, K)/aK = 0 since 9R*/0K =0, and at,* (., K)aK = a{n*Xg* (p,, K) +
A*} 8K = aa,*/3K (since ax* (v2, K)/aK = 0) = b,,*/ |B¥|, observing A,* =
{—=by*L*+b,*(C¥+K)}/IB¥I

Q.E.D.

Here again notice that if the home country is a creditor, or more generally if
the foreign country produces at least two goods, then aR*/8K = 0 so that the sign
of 3Z,*/dK depends only on the relative factor intensities of the goods. then, from
Eq.S (33) and (34), we see that for Case 1* the increase in investment abroad or
the decrease in investment from abroad increases (decreases) the exports (imports)
of good 2 of the foreign country iff good 2 is more capital intensive than good 3
in the foreign country. For Case 2*, the increase in investment abroad or the de-
crease in investment from abroad increases (decreases) the exports (imports) of good
2 of the foreign country iff good 2 is more capital intensive than good 1 in the
foreign country.

There are four possible combinations of Cases 1, 2 and Cases 1* and 2*. Never-
theless, if (Case 1 and Case 1*) or (Case 2 and Case 2*) occurrs — for Case 1* at least
two goods are assumed to be produced in the foreign country — and if the rank of
relative factor intensities of the goods remains the same in both countries, and if
free trade prevails initially, then under fairly mild conditions such that m, > 0 and
M, > 0, we observe that 9Z, /0K > 0iff 3Z,*/0K < 0 and azz [aK > Qiff 3Z,*/oK
< 0, i.e., the increase in investment abroad or the decrease in investment from
abroad increases (decreases) the exports (imports) of good 2 in the foreign country.
Now we are ready to analyze the stability condition. Let

By (02, K)=Z, (02, K) + Z* (02, K), (35)
J, (p)  =R*(®) —R @) (36)

That is, J, is the world excess demand for good 2, and J, is the difference in the
foreign and home rentals of capital for Cases 2 and 2*. Henceforth we are concerned
with only this combination, i.e., the complete diversification of both countries, for
it is the most general one and all the other cases can be dealt with by an analogous
method. Here notice the following; that W,, the world p.p.f. with capital mobility
and complete diversification existing under certain (sufficient) conditions given by
Uekawa (1972), implies the existence of an equilibrium defined by Ji(p,, K)=0
and J,(p,) = 0. Let p, = dp, /ds, K = dK/ds be the rates of change of p, and K
with respect to times respectively. With regard to stability it is assumed that

2 =J1 (P2, K)
K =7, (p2) } (37

That is, the price of good 2 increases if there exists a world excess demand for
the goods, and the exports (imports) of capital from (to) the home country increase
(decrease) if the foreign rental of capital is higher than the domestic one. Brecher and
Feenstra (1983) proposed Hicksian imperfect stability assuming either J,(p,) = 0
(Walrasian stability) or J, (p,, K) = 0 (Marshallian stability) hold continuously.
Clearly our system of adjustment, Eq. (37), is more general than theirs. Now we
assume that the system of adjustment, Eq. (37) satisfies 1.d.s. Then by the Routh-
Hurwitz Theorem (see, e.g., Gantmacher (1960)), Eq.(37) satisfies l.d.s. iff at
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equilibrium
(i) Jll +J22 < 0:
ii) [ Jy, J
( J: J:: =JuJaw —Ji2Ju >0

where J;1=aJi/ap,,J;, =0J;/0K, i=1,27.

Since J;; =0, Eq. (37) does not satisfy Hicksian perfect stability but satisfies 1.d.s.
iff J. <0andJ,, J5; <0. Here

~ 5 % .
ap; apg ap2
M, — M*)/p, (38)
= S22 823 1 * = o S, 8% 1
where S=1[1, —n] ]:S:;z S”] {_n} and S*=1[1, —q%*] Sy St || _a¥ -
= aZZ(p2! K)+ aZZ* (pZ, K)=M_2

Jll

J12 Y4 3K 2 (R—R*)+b,,/|Bl—b,¥/|B¥.
Hence at equilibrium

Jia =bn/1BI—b,}/ |IB¥, (39)
oR* R

I =37, BTN =b,¥/|IB* — b,/ 1BIY. (40)

Therefore Jy, J,; <0 at equilibrium. Within the concept of Hicksian imperfect
stability Brecher and Feenstra (1983) showed that stability is obtained iff J,, Jo, <
0 while assuming J,; < 0 (which they call the (generalized) Marshall-Lerner condi-
tion) without providing sufficient conditions for its negativeness. With these assump-
tions their necessary and sufficient condition for stability is the same as ours. How-
ever, we can obtain the following sufficient conditions forJ,; < 0;

Theorem 4.
Under free trade if good 2 is imported by the home country, and if M, > M,*
and K 9R*/3p,< 0, then the system of adjustment, Eq. (37), satisfies 1.d.s.

. - p . . .
Since M,=m, —7’ n m3 when the production technologies of both countries
3

are the same, then M, 2 M,* if (1) m, > m,* and (2) (n < 0 and my 2 m3*) or
(n > 0 and m3* 2 m3). Furthermore if the home country is a creditor, then 2, >0
and K > 0 so that aR*/ap, < O for ld.s. Since dR*/ap, < O is consistent with
|Bl < 0, it follows that

Corollary 4.

" Under free trade, when the production technologies of both countries are the
same, and the home country is a creditor, the system of adjustment, Eq. 37,
satisfies 1.d.s. if (1) m; 2 m,* and (2) either [b,,/b,, < Min (b,, /b3, by /baz)
and m; 2ms*] or [by /by; > by /byy > b3y [bs, and my* 2 m; ).

The above corollary shows that under free trade and identical production tech-
nologies, when the home country is a creditor, 1.d.s. holds if the marginal pro-
pensity to consume the imported good of the home country is not less than that
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of the foreign country, and if either (i) good 1 is the most capital intensive and the
marginal propensity to consume the nontraded good of the home country is not less
than that of the foreign country or (ii) the imported good is the most labor inten-
sive, the nontraded good is the most capital intensive, and the marginal propensity
to consume the nontraded good of the home country is not more than that of the
foreign country.

Next we introduce a tariff on the imported good and a tax on foreign invest-
ment, and consider the system of adjustment. Let ¢ be the tax rate on income from
the home residents’ investment abroad. Then at equilibrium r = (1-¢)7*holds.
Hence the system of adjustment is

P2 = Z2(pr, K1) + Z7* (p1, K)

K=(1-0)R*(p;) — R (Tp,)
Henceforth we assume that the home country is a creditor. When it is a debtor,
if £* is the tax rate on income from foreigners’ investment at home, the second equa-
tion of the above system would be K = R* — (1—t*) R, which was discussed by
Brecher and Feenstra (1983). Here notice that Z, (p,, K, 7) + 22 @2, K) and (1-1)
R*(p,) — R (Tp,) are continuous with respect to 7 and #°). Hence

(41)

Corollary S.

Assume that the home country is a creditor.Then if M, > M,¥, i.e., the marginal
propensity to import good 2 of the home country is not less than that of the foreign
country, and if good 1 (the exportable good) is more capital intensive than good 2 in
the foreign country, then the system of adjustment, Eq. (41), satisfies 1.d.s. for small
values of 7 and ¢'0,

Next, by assuming the 1.d.s. of Eq.(41), we analyze the effects of the change both
in the tariff and the tax on the world and domestic price of good 2, and capital ex-
ports, etc. First let J, (p,, K, 7) = 22 (p2, K, 1')+Z2 waK),Jy (py. 7, )= (1-1)
R*(,) — R (Tp,). ThenJ,=J,=0 defines p, and K to be implicit functions of 7 and
t, so that dp,/d7= — Jy;[Jay = Py R'N 3y, dpy/dt = — Ty [Ty = R¥J oy, dK/dT =
= { Ju (=Jaoellny) iy | N2, and dK/dt = J 34 [J 132 where Jir = 3/, i =
1,2, J,, = dJ,/0t. Furthermore let ¢ be the domestic price of good 2, i.e.,q = Tp,.
Then dq/dr = p, (1—t) R*[J,;1V. Now we assume the 1.d.s. of Eq. (41) and obtain
the following;

Theorem 5.
Let the system of adjustment, Eq. (41) satisfy l.d.s. Then
(i) if dp,/dr > 0 and M, 2 0, then dK/dr 2 0 iff J,, = 0iff J,, (= (1-t) R* —
TR")s 0.
(ii) dK/dt < 0.

Proof.
(i) By lds. Jyy <0 and JyyJy, < 0 hold. Furthermore by Eq. (25),if M, = 0,
Jir = aZ, far <0, dp,dr> 0 means J,,/J,; < 0. Then sign dK/dr =signJ,,.
(ii) sign dK/dt = sign Jyy, Joy = — R*.

Q.E.D.
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The assumption of 1.d.s. in Eq. (41) helps to determine the signs of the effects
on capital exports of changes in the tariff and tax, but not on the world or domestic
price of the imported good. The latter depends on the signs of J,; = (1-)R* — R’
or R¥* and R’ which cannot be assumed arbitrarily.

Next we consider the effects on social welfare of changes in the tariff and tax.
Let the social welfare V (7, ) be

Vi, ty=Ulh{1,Ip,, ¥ (1,Tp), 1}] (42)

where ()= (. ), 7 (. ), hs( ) eR2, I=n+ 1 *K+(T-1) py2,,
7= (Tp,, K), 1 * =R* (p;), p.= Pz(T,K),K K (7, t). Then

Theorem 6.
av dR* | 3 3K 3Z
3 ={ Gz + K~} T+ R*—R) 3 2, (43)
v _ dR*_ 3p, K 3Zs
Proof. See Appendix III.
Q.E.D.

With initially free trade, since 7 = 0, ¢t = 0, the second and third terms of both
Eq.s (43) and (44) vanish, and

a dR* . 3p,
-( 22 +K d 2) aT ] (45)

V= dR*_ 3p,
TR A T (46)

which was obtained by Brecher and Feenstra (1983), Eq. (14). From Eq. (45) it
follows that if (1—-#) R* < R' < 0 (so that dp,/dr > 0) then 3V/37 < 0, i.e., an
increase in the tariff on the imported good, which is more labor intensive than the
exportable good 1 in both countries, decreases the social welfare of the home coun-
try. Similarly from Eq. (46) if 0 > (1—¢) R* > R’ (so that dp,/dt > 0), then an
increase in the tax on income from the home residents’ investment abroad decreases
the social welfare.!?)

Appendix L

By partially differentiating the following with respect to p,, 2, @, K) =
haoll, pa, ¥ (1, p2), I (D2, K)] — 0 Bsl1, p2, ¥ (1, p2), I (p2, K)] — X, where
I(pZ' K) =a (p?: K)+R*(P2, pa*, K)K we Obtain

9Z, _ oh, dh, By ah, oR*
= + W, +—jL s+ K

)

P, ap,  0ps ap; op,
dh, _ ohy 3y . dh, 2y aR*
{apz aps op2 T o1 O Tap, y3+Kapz)}
an 67\2
_(h3 ap‘2 +ap2)’

_89—



Tadashi INOUE

observing a7 (p,, K)/op, =
a_h.i_ + 3h;

ya t5,- y3.'® Next noting ay /ap,= —, Sy =
dM, = (ah2 ah3) the ab itt Eq. (20
ap; ol Xj, and Mz =ps 37 — , the above is rewritten as Eq. (20).

Appendix IL

The technique is the same as that of Appendix 1. By partially differentiating
Z, 02, K, 1) =ha[1,Tpa, ¥ (1, Tps), I (p2, K, 7)]
{2 (Tp2) s [1,Tp,, ¢ (1, Tp2), I (P2, K, 7)] + A3}

where I (py, K, 1) =7 (Tp;, K)+ (T—1) p, Z,(p,, K, 1) + R* (0., ps*, K) K
with respect to p, and r respectively, and observing

ahz aha ah, ah ad; (1’ sz) _
M 2(31_ )SU +-w i’a—pz'——Tn’
E= gzz X3+ g;;: , we obtain the desired results.
Appendix IIL

Since 3U/dx, =u, 3U/3x, =uTp,, aU/dx; = ups ,where u is the marginal utility
of income (we assume u =1), and an/dp, =y, — nx;, by partially differentiating
V (7, t) with respect to 7, and rearranging we obtain
—_— -t _p 1 1 —e 1 __ +
ot dp, o7 M a7 ap3 (yz n%3) aT +7p, | op, or 31 0ps
th g _aitz 8 _ 9q ohy aha _‘I

2 — ﬂxs) } 2% ap, or " 3r o, 2 - ﬂxa) }

ahl ohs , p, Oy (g K, pudk K dR* 3p, +
+( +TP261+3 )(R +R de a1,+22
P2 aZz
T2y ar +7 P2 ar ).
oh, 0/,
Next, observing y,= x, — 23, Yi + Tp, i + D3 aI =m, +m, +mz =1, and
Sij = gz‘ + aThI—x,, the above is rewritten as
oV _ o
a7 = —q(Sn + 82 ITpy + 83 p3) —n aq (813 + 823 Tpy + S33 pa)
0

—g, 24 »_gy 9K . dR* 3p, 9p2 3Z,
7 5E HER) 3 +de2 ar TP TR TR T P
since, [ 35 5] [}

LY
Si3 Sa3 Saa Tp,} = (, the above is rewritten as Eq. (43).

D3
Eq. (44) can be proved similarly.
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Notes

1) For the foreign country, Eq.s (2) and (3) are expressed as
I'k = 1[* — r*K
¥ =w¥*L*+r* (C* + K), so that
T* sw¥ ¥4 p¥ OF

2) Formally W, is defined as follows; let Y; C R be the production set of good i so that y;
amount of good i is producible by employing /;;, I;x amounts of labor and capital respectively
iff s, —lir, —lix) €Y;. Then the world production set V; is expressed as

Vi={zlz=yty* y = ), y* =0 yHeR: suchthat UiL, l.x)and( , 1)
with (v, —bir, —hig) €Yi, 0% 8L, 1) eYj, i =12 2 L =L, 2 Ity = L%

E Uik +Hk)=C+C* |

TFhen Wl is expressed as

W, =] z | there exists no z’ >z such that z' € V, }
where z'>z meansz; 2z;, i =1,2 but z;>z; for some i.
3) For both cases, L is assumed to be fixed.
4) m=7m(ps, p3, K) =Y, +p Y, +p3Y; is regarded as a function of p,, p3 and K and is called

a support function, and an/dp; = Y;, I = 2,3, dn/8K = —r. For the properties of the support
function, see, e.g., Chipman (1972).

by by by
5) From Eq. (14), it follows an/dp, = bu bn baz gt / \BI® r where g; = g;(w) = Gi(w, l)
81 gz 83
by by L
w = wir, g, biy, g — = bja, g, ' < 0. Furthermore observe d\,/0p, = — | byy byy C-K
I3 "
& & 0

g2 /\BI® r. Then E =y, 3n/dp, + X, /3p,
bll bZl

=—|bpbn , O | & /IBPrfromEqs(8)and(9)
& & X &V

3 2 2
=—(.Elgi vi)gi [/ |1BI> r>0.
l=

6) Since M, = p, (a"2 - a”3) My 20ifm20,i=23andn<0.1<0 iff by/byy >
Max (b21/b22, b3y /bsy) or bu/bu <Min (b2 /b2, b31/b3).

7) Das and Lee (1979) proposed a more general system of adjustment p = f [J; (ps, K)], K =
g [/2 (P2, K)] where /', g > 0 and f(0) = g (0) — r and #* also depend on X because they
employ the Batra-Casas model. They then claim that the system has the property of l.d.s.
If Ju + J2n <0,J3J2 — Ji2J2; > 0. However unless the speed of adjustment of market
i, k; (ky =f'(0), k, =g’ (0)) is unity, their claim is false. In general the system has the pro-

- perty of Lds. iff kiJ1y + kaday <0, JyyJas — J1aJa; > 0. However, it is known that this
system has the property of 1.d.s. independent of the speed of adjustment iff the matrix J =

:;1;5:: is Hicksian, i.e., J“, ng < 0, Jngg - Jngl > O, which was shown by Metzler

(1945). But since J,, = 0, the matrix J is not Hicksian, which implies that their system does

not have 1.d.s. independent of the speed of adjustment.
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8) For Cases 2 and 2*, R and R* are defined implicitly by p; = G; (W, P) = G;* (w¥,r),i=1,2,
p1 =1 where 3G;/ow = by, 8G;/dr = b;, so that 9R/dp, = b,/ |BI, etc.

9) The existence of the state of world diversification (i.e., the state where each country produces
all three goods), with the introduction of a tariff and a tax, can be shown in this manner;
observing that W, exists iff W, exists, such a state exists for some factor endowments iff
1= Gi(w, 1) = G* (W¥, 1), p2 = Go(w, 1) = G* (W¥, 1) where G,(w, 7) = Go(w, P/ T,
Gi* (W™, F) = Gi* (w*, r/(1—1)) has a solution p, > 0, w, w* r 2 0. Under certain sufficient
conditions given by Uekawa (1972) such a solution exists.

10) A sufficient condition for M, 2 M,* is given in Corollary 4.

11) Brecher and Feenstra (1983) obtained similar expressions (Eq.s (9) through (13)) and dis-
cussed their signs.

12) For topics such as the optimal tariff and tax formula — full optimum when both the tariff
and the tax can vary, and constrained optimum when only one of them can vary — see
Brecher and Feenstra (1983).

13) aY,/dp, +p,3Y,/0p, + p33Y3/dp, = 0 is made use of.
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