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Intermediate Products, the Transformation Curve
and Optimal Trade Policy

The purpose of this paper is to explore the implications of such
intermediate products as are produced to be utilized solely as inputs by
the final products, for the shape of the transformation curve and some
standard theorems in the theory of gains from trade which have been tra-
ditionally derived in the absence of intermediate goods, Most of the
previous analyses concerned with intermediate products in trade theory
assume that intermediate and final goods are identical,1 even though, as
Yates [18] has shown, the bulk of the world trade occurs in intermediate
products which serve purely as material inputs, The effects of such in-
termediate goods have been analyzed by Khang [7] in the context of a
dynamic trade model and by Ruffin [14] in the context of effective pro-
tection, In this paper, we utilize that part of Ruffin's model where
intermediate goods are assumed to be produced domestically. We show,
contrary to the assumption made by Ruffin,2 that the transformation curve
may become convex to the origin in the presence of, what Khang calls,
"pure" intermediate goods, This result is derived in section I, which
also deals with the conditions that ensure the usual concavity of the
transformation curve to the origin, In section II, the implications of
non-traded intermediate goods are briefly analyzed for gains from trade.
Section III is concerned with optimal trade policy under the assumption
that the transformation curve is still concave to the origin in spite of
the presence of "pure'" intermediate goods, The paper is concluded with

some remarks in section IV,
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I. A Closed Economy Model with Intermediate Products

It is assumed that an economy consists of three commodities, two final
goods (X1 and x2) and one intermediate good (X3) which is produced only to
serve as an input in the production of the final products, There are two
primary factors of production, capital (K) and labor (L), which are utilized
in the production of all three commodities. Full employment, perfect com-
petition, constant returns to scale, diminishing returns to factor propor-
tions, inelastic factor supplies, perfect factor mobility and non-reversibility
of factor-intensities at all factor prices are also assumed, The three pro-

duction functions are:

|
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where Ki and Li are respectively the capital and labor inputs and ki = Ki/Li

is the capital/labor ratio in the ith sector (i = 1,2,3) and X, is the

3]
amount of X3 utilized as material input in the jth final product (j = 1,2)
and i3j =‘§3j/Lj, where the bars indicate--what we assume hereafter--that the

intermediate good is utilized by final products in fixed proportions, Let

a, = (X3j/xj) denote the requirement of X_, the intermediate product, per unit

j 3’

of the jth final product (j = 1,2). The material input coefficients, a,

and a, are assumed to be constant, Equation (1.3) can be written as:

(1.4) X3 = a1X] + a2X2.

Let Vi stand for the marginal product of capital and Ui for the mar-

th
ginal product of labor in the i  commodity. Then



and (i =1,2,3).

We assume that f; > 0 and f; < 0.

With perfect competition in both product and factor markets, the price of
each factor equals its marginal value-added product and is equal in al three
industries, Let w stand for the wage rate, r for the rental of capital,

Py for the price of the second commodity, X2, in terms of the first, X], and
Py for the price of the intermediate product in terms of the first commodity.
Factor prices expressed in terms of the first commodity are given by:

1 L}
(1.5) r 51(1-a]p3) = fz(pz-a2P3) = pyf,

(1.6) w

] 1 ] 1
(£-k £)(-a,py) = (£)7ky£,) (py-aypy) = py(fy-kyfsy) o
With full employment,

a.7n L1 + L2 + L3 =L

(1.8) Lk, + Lk + Lk =X

1 22 3

where the bars indicate that factor supplies are fixed, With this last equa-
tion, the supply side of our model is complete. To close the model, we need

demand equations, but since these will not be needed until section III , we do

not present them here.

A. The Slope of the Transformation Curve: It has been shown by Vanek

[ 15 ] and Warne [ 17 ] that the slope of the transformation curve equals the
negative of the commodity-price ratio even if the final commodities also serve as

intermediate goods, We will now show that this result also holds in our model
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where the material input is not identical with the final goods. Totally

differentiating (1.1)-(1.4) we have:

a1.9) X, = U1dL1 + V1dK.l
(1.10) dx, = U,dL, + V,dK,
(1.11) dX,, = U dL. + V.dK

3 373 373

a.dX, + a,dX, .

(1.12) dX; = a,dX; + a,dX,

From (1.7) and (1.8),

(1.13) dL -(dL2+dL3)

1

(1.14) dKk

1 -(dK2+dK3) .

Substituting (1.13), (1.14) and (1.11) in (1,9) and using (1.5) and

(1.6), we obtain:
dX1(1-a1p3) = -[dxz(pz-a2p3) + p3dX3].
Then substitution of (1,12) in this gives us,

dX.l
—=_p
dX2 2

(1.15)

which is nothing but the "standard" result that the slope of the transformation

curve equals the negative of the commodity-price ratio,

B, The Shape of the Transformation Curve: It is well known that the shape

of the transformation curves in models where (1.15) holds can be derived from
the response of the outputs to their prices.3 In particular, if the output

of a commodity rises in response to a rise in its relative price, and conversely,
the underlying transformation curve is concave to the origin. Otherwise, it

is convex to the origin, Therefore, our task here is to find out the effect
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of a change in p, on the output of X1 and X2.

Differentiating (1.5) and (1.6) with respect to p, we obtain:

dk.l _ f2f3
a -16) dp = "
dk,, ) (1-a;p,)f, £,
1.17) dp = 2 n
2 (pz-a2p3) sz
dk3 _ (1—a1p3)f1f2
(1-18) dp = 2 n
2 p3f3B
' dp2 B

where B = f3(k2-k1) + fz(kB-k1)(a2-p2a1).

Differentiating (1.1)-(1.4) and (1.7) and (1.8) with respect to P, and using

(1.16)-(1.18), we obtain:

d -
1.209 X, _ p2(1 a1p3) N
’ dp, A.B
dx (1-a,p,)
2 _ 173
(1.21) dp, T TA.B A
(1.22) dX3 ) (1-a1p3)(a2-pza1) \
) dp, A.B,
2.2 2.2 2.2
L f°f L.f5f L fof
where 1 = 1273 27173 37172

Il+ 3"

30 3
(-2;p3) £y (pym3P3) £,  P3fy

and
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A= anl(k3-k2) + a2f2(k1-k3) + f3(k1-k2).

If the output response to commodity prices is to be '"mormal', then
dX.l/dp2 < 0 and dX2/dp2 >0, From (1.20) and (1.21) it is clear that the
signs of dX.'/dp2 and dXZ/dp2 depend on the signs of A\ and A.B, In view of
f; <0, A <0, Therefore dX.I/dp2 < 0 and dXZ/dp2 > 0 only if A,B, <0,

If there are no intermediate products, a, = a, = 0 and A,B, =-f§(k1—k2)2 <0,

1 2

so that the response of the outputs of final products to changes in their
prices is normal, In the presence of intermediate products, an examination
of A and B reveals that none of them may have a definite sign, However,

in the following cases both A and B have definite signs:

> >
i >
i) k1 < k3 < k2’ a, > Pyd,

. 2 :
ii) k1 < k2 < k3, a, > Pya, and azf2 > a1f1

iii) k. 2k 2k

9 1 3 4 < pza1 and a,f <a,f_.

11 272

In case (i), suppose k1 > k3 > k2, Then A > 0 and if a, > Pyays B <0, and

both A and B have definite signs, I1f k] < k3 < k2,

B >0, It may be observed, however, that when both A and B have definite

A < 0, but with a, > p2a1,

signs, their signs are opposite so that A,B < 0, We have already shown that
if A.B < 0, the output response to changes in prices is normal and the trans-
formation curve is concave to the origin, The following theorem is then

immediate.

Theorem 1,1: If the capital/labor ratio of the intermediate product lies be-
tween the capital/labor ratios of the final products, and the final commodity
which is treated as numeraire (commodity 1) has a lower material input coeffi-
cient in value terms than the other final commodity, the transformation curve
is concave to the origin,

The proof of this theorem follows from the discussion of case (i)
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where k3 lies between k, and k, and a,, the material input coefficient of the

1 2 1°
first commodity which is our numeraire, is lower than az/p2 (=X32/p2X2), the
ratio of the amount the intermediate good used in X2 and the value of the

output of X, in terms of the first commodity.

2
In case (ii), suppose k.l > k2 > k3. Here (kT-kZ) > 0, and with

azf2 > a f_, one can see that a2f2(k1-k3) > alfi(kz-k3)’ because

11

- - 1 < imi-
(k1 k3) > (k2 k3). Hence A > 0, Moreover, with a, > p2a1, B <0, Simi
larly, with k1 < k2 < k3, a, > pza,l and a2f2 < a1f1, A <0, B>0 and

A.B < 0. A similar pattern holds in case (iii). One can see that here

again A,B < 0, We can now derive the following theorem:

Theorem 1,2: If the final commodity, whose capital/labor ratio lies between
the capital/labor ratios of the other final commodity and the intermediate
product, not only has a higher material input coefficient in value terms but
is also more intensive in the use of the intermediate good, then the output
response to changes in their prices is normal and the transformation curve
is concave to the origin,

The notion of intensity in the use of the intermediate good is implied
in the comparison between a2f2 and a1f1, because ajfj = x3j/Lj (j=1,2).

In the three cases discussed above, both A and B have definite but oppo-
site signs and A,B < 0, However, this need not necessarily be the case.
For example, in case (i) if a, < Ppdys then A still has a definite sign and
B does not, and if B has the same sign as A, A.B > 0, In this case the out-
puts of the final products will respond '"perversely" to changes in their
prices, so that the transformation curve will become convex to the origin,
Another - interesting possibility is that for some values of Py> A,B < 0, but

for other values, A.B > O, Here the transformation curve will have local
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convexity towards the origin, The following theorem may then be derived:

Theorem 1.3: If A.B > 0 for all levels of Pys the transformation curve is
globally convex to the origin; if A.B is positive for some values of P,
and negative for other values, the transformation curve will be locally con-
vex to the origin,

Thus the transformation curve, contrary to the traditional belief,
may not be concave to the origin in our model with intermediate goods, It
may have any of the shapes described in Figure 1. The output response of
the final products with respect to changes in their prices and hence the
shape of the transformation curve can also be determined diagrammatically by re-
course to Melvin's geometry [12], Consider Figure 2 where 03, 02 and 01
]; 02E01 is the contract

2 02E is the equilibrium output of

X, and 01E the equilibrium output of X1, and these together utilize 0302

output of the intermediate good. The capital/labor ratios in X, and X1 are

represent, respectively, the origins for X3, X2 and X

curve between the final products X1 and X

respectively given by the slopes of the lines 02E and 01E, whereas the

capital/labor ratio in X, is given by the slope of 0302. Now suppose there

3
is a rise in the price of XZ’ so that Py rises.

From equations (1.16)-(1.18) we know that dk1/dp2, dkz/dp2 and dk3/dp2
have the same signs, which means that a change in P, changes the capital/labor
ratios in all three commodities in the same direction, Suppose that B has
the same sign as (k2-k1).4 If k2 > k]’ as is the case in Figure 2, then
B> 0. From equations (1.16)-(1.18), it is clear that dki/dp2 <0, In
other words, a rise in P, will lower the capital/labor ratio in all three com-

modities. In terms of Figure 2, the production point will move along the

contract curve towards the origin 01. For the time being, suppose that the
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(b)

0 T’

(c)

Figure 1
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Figure 2
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capital/labor ratio and the output of the intermediate product remain un-
changed, and the production point on the contract curve is given by E' which

shows that the capital/labor ratios in X2 and X.I have declined to the slopes

of 02E' and O.E', respectively, Now suppose the capital/labor ratio in

1

X3 has declined to the slope of 03

of X3 has remained unchanged (i,e,, O

S, and let S be the point where the output

3S = 0302). This is possible if

a, = p2a1, as is evident from (1.22). If the output of X, remains unchanged

3

at S, the origin for X, will now shift to point S, and there will be a new

2
contract curve for the final products between the points S and 01. The new
production point will lie on the new contract curve, but the capital/labor
ratios in X2 and X.I will still equal the slopes of OZE' and 01E', respectively,

Such a production point is given by N which is obtained by drawing SN, which

intersects O,E' at N, parallel to O,E', Thus if the output of X, remains un-

1 2 3
changed, because a, = p2a1, the output of X2 is given by SN and that of X1 by
01N. Since SN > 02E and 01N < 01E, the output of X2 has risen and that of

X1 declined as a result of the rise in the relative price of X2’p2' If

a, # p2a1, the output of X3 will not remain unchanged after Py has changed,

If the output of X, rises in the new situation, the new origin for X2 will

3
move along 038 towards G and lie between S and G, because at point G, the
output of X1 will be zero and the economy will be completely specialized in
On the other hand, if the output of X3 declines as a result of the

origin will move along O3S towards 0O

X2'

rise in Pys the new X Suppose the

3'
From M draw MR parallel

2

length O.M equals O0.E, the original output of X

1 1 1°
to 02E'. Then the new X2 origin must lie between S and R. This is because
if the new X2 origin lies at point R, the output of X1(=0]M =01E) remains
unchanged, whereas the output of X2(=MR > OZE) rises, This result is clearly

inconsistent with the reduced output of X3. If the new X2 origin lies
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anywhere between 0, and R, this inconsistency remains, It is only when

3

the new origin of X2 lies between R and S that this inconsistency disappears,

Whatever the level of output of X, in the new situation, the new X2

3

origin will lie anywhere between R and G, which means that the new output of

X2 will be higher and the new output of X1 lower than before. In other

words, the response of the output of the final products in terms of Figure 2
is shown to be normal, so that the transformation curve will be globally
concave to the origin,

The same is not true in Figure 3 where, as before, the origins for

X3, X2 and X. before the change in p, are given by 0,, O, and 01, respectively;

1 3 72

E are the outputs of X2 and X1, and 0302 is the output of X3.

1° but k3, unlike the case in Figure 2, is
now lower, This is because 0302 in Figure 3 is flatter than 0302 in Figure 2,

As Py increases, the new origin for X2 is again given by S, if the output of

OZE and 0.I

In Figure 3, k2 still exceeds k

X, remains unchanged. If the output of X, does not remain the same, the new

3 3

origin will again lie between S and G if the output of X3 rises. However,

declines in the new situation, there are two possibilities,

X,

if the output of X3

The new X, origin may lie between R and S, or even at points on O3S closer

2

to 03. This is because, although at point R and at some other points on 03R

to the left of R, the lower output of X3 is inconsistent with the same output

of X1 (as at R where 0O

outputs of both X

1M = 01E) and a higher output of x2, or with the higher

1 and XZ’ yet there are some points on O3S to the left of

R where the output of X1 is higher but that of X2 is lower than the two out-

puts in the pre-price change situation, This means that there are some points

on 03S to the left of R which give consistent configurations for output levels

for all three commodities, Point H is one such point, and if the new X2
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Figure 3
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origin lies at H, the new output of X2(=H.Q)5 is lower than its previous
output (=02E), whereas the new output of X1(=01Q) is higher than its previous
output (=01E). In other words, the output response of final products to a
rise in Py has been shown to be perverse, which means that the transformation

curve may be locally or globally convex to the origin

C. Other Properties of the Model: So far we have shown that in our

model with intermediate products, the transformation curve may locally or
globally become convex to the origin, Another interesting result concerns
the relationship between Py and Pys which is described by (1,19), where

it is clear that dp3/dp2 may be positive, negative, or even zero, The rela-
tive price cf the intermediate product Py> can be treated in two ways: First,
it can be treated as the price of a factor employed in the final commodities,
and, therefore, should behave like prices of the primary factors in response
to changes in prices of the final products; second, Py is the relative price
of the intermediate product which 1is produced with the help of the primary
factors, so that P3 should also change as a result of changes in the prices
of the primary factors, Due to this dual role of P3> the effect of a change
in P, on p, may have any sign, even if the implications for the change in
primary factor prices are determinate, This can be seen as follows:

Differentiating (1,5) and (1.6) and utilizing any of dki/dpz, we

obtain:
a.23) dr _ f2(1-a1p3)(a1f1+f3)
* dp2 B
f,(1-a,p,) (k,f +a £ k.)
(1.28) dw _ 2 173 T3 717173 )

dp2 - B



-15-

Suppose that B has a definite sign, which means that it has the same
sign as (k2-k1). Then if k2 > kT’ B >0, dr/dp2 > 0 and dw/dp2 <0,

In other words, a rise in the relative price of the second commodity
raises the real reward of capital, the primary factor utilized inten-
sively by it, and lowers the real reward of labor, the other primary fac-
tor, and conversely, This is, of course, the famous Stolper-Samuelson
theorem, However, dp3/dp2 from (1,19) is positive if k3 > k1 and nega-
tive if k3 < k1. In other words, the effect of a change in p, on P,
may go in any direction independent of its effect on r and w, The re-

lationship between Py and P, will be utilized in the subsequent section

on optimal trade policy.

II. Intermediate Goods Treated as Non-Traded Goods

Consider now the implications of the introduction of international
trade in final products for gains from trade, If the transformation
curve is globally concave to the origin, free trade is necessarily superior
to no trade, This is depicted in Figure l1a, where S is the point of
self-sufficiency equilibrium on a transformation curve given by TT', The
introduction of trade at the foreign price ratio, FP, results in produc-
tion at P, consumption at C and welfare at U,. Since U, lies above U,,
the autarky level of welfare, free trade is necessarily superior to no
trade,

If the transformation curve is either locally (Figure 1b) or
globally (Figure 1c) concave to the origin, the analysis of gains from
trade in our model with intermediate goods is similar to that in the tra-
ditional model with increasing returns to scale.6 Here free trade may

or may not be superior to no trade. In Figure 1b, free trade at the
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foreign-price ratio, FP (parallel to FP') may lead to lower welfare, UO,

or to higher welfare, U The same result holds in Figure 1c¢ where the

2.
transformation curve is globally convex to the origin, Because of this
convexity, the production point in free trade may be given by either T

or T' (see Melvin [13], p. 393), In the former case, free trade is in-

ferior and in the latter case superior to no trade.7

III. Optimal Trade Policy with Trade in Intermediate Products

If the transformation curve is not globally concave to the origin,
the optimal policy is not clearly defined, To avoid this indeterminacy,
we assume in this section that the transformation curve is strictly concave
to the origin, Furthermore, we assume that intermediate goods are also
traded, Let U be the level of welfare attained in the home country, This
utility or social welfare function, viewed as a concave Scitovsky index of
welfare, is a function of the amounts of the two final commodities consumed

by the home country:

(3.2) D, =X + E,
(3.3) D, =X, + E,

where D, is the home consumption and E  the home excess demand for the jth

j

final product (j=1,2). If there is trade in intermediate products also,

then

n
o
'
=

(3.4) X,

where D3 = alx.l + a2X2 and E3 is the home excess demand for the intermediate

product, Let the asterisk denote the symbols for the foreign country,
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Then international trade market equilibrium requires that

*
(3.5) Ei + Ei = 0, i=1,2,3

so that (3,2), (3.3) and (3.4) can be written as:

%

(3.6) D1 = x1 - E,
v _ wk

(3.7 D, =X, - E
(3.8) X, = B
. 3 =Dy + Eg

The foreign country is, furthermore, subject to the budget constraint:

%

3
(3.9) E1

+ DBy + PiEs = 0
PpEy + P4Eg =
% %
where P, and 12 denote the world prices of the second and the third commo-

*

*
dities in terms of the first. It is assumed that E] < 0 and E2

the foreign country exports the first commodity and imports the second com-

> 0, so that

%
modity; E, may be positive or negative depending on whether the intermediate

3
product is imported or exported by the foreign country,
When the intermediate good also enters trade, the marginal rate of
transformation no longer equals the commodity-price ratio, This can be seen

by differentiating (1.1), (1.2) and (3.8) and then following the same pro-

cedure as in section I. Here

%
(3.10) Xm = - (pZdX2 + p3dE3)
or
ax, dE¥
3.11) d—XZ = - (p2+ Py 'CT)-(;)

It is clear from (3.11) that the marginal rate of transformation is no longer

%*
equal to -P,, as was the case in section I, where E3 was assumed to be zero,

Let us now proceed to obtain the conditions under which the level of
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welfare will be maximized, Assume that no satiation in consumption takes

place, Then differentiating (3.1) we have

U
du _ 2
(3.12) T - dD1 +-ﬁ— dD2
1 1
el i -
where Uj =3 j=1,2,

[ 3T

With the domestic-price ratio equal to the marginal rate of substitution,
U2/U1 = Py; whereas dU/U1 is an index of changes in real national income (dy).

Therefore,

(3.13) dy = dD, + p,dD

1 2°

Differentiating (3,6) and (3,7) and substituting in (3,13), we have:

* %
(3.14) dy = (dx1 + pdeZ) - (dE1 + pszz)

(dx dx (dE* + prdE * dEr
1+ PpdXy) - (dEy + podEy) + (p, - PyIdE, .

*
From (3.10) dX1 + pde2 = p3dE3 and from (3,9)
@ * *dE* _ *d * *d % *d *
- (dE; + pydEy) = Eydp, + pydE, + Eqdp, .

Substituting these in (3,714), we obtain:

% *

* %* * %* * %*
(3.15) dy = Ezdp2 + E3dp3 + (p2 - pz)dE2 + (p3 - p3)dE3.

From this last equation, we can derive optimal policies depending on whether
the country under consideration is a small country or a large country enjoy-

ing monopoly power in international trade,

A, The Small Country Case: First, take the case where the home country

is small and is a price taker, World prices in this case are fixed, so that

* *
dp2 = dp3 = 0, For an interior maximum we require that dy = 0, From (3,15)
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*

* * %
it is clear that with dp2 =dp, =0, dy = 0 only if Py =P and P3 = P3.

3 2
In other words, welfare maximization requires that the foreign pricesof all
traded goods be equalized to the domestic prices, Hence the optimal policy

is one of laissez-faire for trade in all products. This is the standard

result and the introduction of intermediate products necessitates no addi-
tional qualification provided, of course, the transformation curve is concave

to the origin,

B, Monopoly Power in Trade: If the home country enjoys monopoly power

in international trade, then p; and pg are no longer fixed, but dependent on
E: and Eg. As before, the interior maximum requires that dy = 0, and it

is evident from (3.715) that dy = 0 only if P: # Py and pz # P3- Hence a
tariff by the home country on the first commodity which introduces inequalities
between p: and p, on the one hand and pz and py on the other, becomes an
optimal policy. If, in addition, the home country imports the intermediate

product, a tariff may have to be imposed on this product also, From (3.15),

we can write:

% * *
P, - P P, - P dp
dy _ -* 2 2 % * 3 3 . * 3
(3.16) P E2(1 = M) + E3(1 + o 1]3) P
Py P, P, P,
% %
x _9Ey Py
where ﬂz =—2 « = 1s the foreign elasticity of demand for imports of the
dp2 E2
* %
" dE3 P3
second commodity, and n3 =—X = is the foreign elasticity of demand (supply)
dp E
3 3

*
for imports (exports) of the intermediate product, It is assumed that nz <0,

* < * >
whereas ﬂ3 > 0 depending on whether E3 <0, Let t] denote the tariff imposed
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by the home country on the first commodity, so that
1 *  and p,(14t.) = p
pz( +t-l) = pz » an p3 + 1 - P3 .

Substituting these in (3.16) and equating dy*/dp; to zero, we have:

* *
8 x  E3 dpy 5
3.17) ¢ + e ﬂz) += . 0+ Crr n3) =0,
1 E dp 1
2 2
whence the optimum tariff, to’ can be shown to be
* %
-0 + a.363)
(3.18) t =
o % * % *
(141],) + oy (14T)
* % * %
PaEq % _4P3 Py
where a4y = %% and BS =—F 5 is the elasticity of the world relative
PyEy dp, P3

price of the intermediate product with respect to the world relative price
of the second commodity, If the foreign country imports the intermediate
product, d; > 0; if it exports the intermediate product, dg <0. B: may
be positive or negative depending on the sign of dpgldp; which can be de-
termined from (1.19) in section I.

Let us start with the case where the intermediate product is not

*
traded, Here o

3 = 0, so that the optimum tariff reduces to

This is the traditional optimal tariff formula, and it may be observed that the

%
optimum tariff is positive only if Iﬂzl >1, i.e,, only if the foreign import
demand is elastic. This is the necessary condition for a positive optimum tariff

to exist in the traditional model without intermediate goods, and the result
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remains unchanged even if the intermediate good is introduced in the model,
provided it does not enter trade, However, if the intermediate product

is traded, then a: # 0. First, consider the case where d: > 0, so that
the foreign country also imports the intermediate product, Here ﬂi < 0,
If B: > 0, then the numerator of (3,18) is negative. Therefore if

|ﬂ§| <1, Iﬂgl > 1 is still a necessary condition for the optimum tariff
to be positive, Furthermore, even if |n§| > 0, the optimum tariff may be
negative if |ﬂ§| <1, Hence a sufficient condition for optimum tariff to
be positive is that both foreign import demands are elastic.

In the absence of trade in the intermediate good, a tariff on the
importables results in an improvement in the terms of trade (i,.e., p;
rises), which tends to raise welfare, Welfare is maximized when the slope
of the foreign offer curve equals the home country's internal commodity-price
ratio, Since the latter is positive, the former has to be positive, and
as is well known, a positive slope of the foreign offer curve implies an
elastic foreign import demand (see Vanek [16], Ch, 16). However when
the foreign country imports the intermediate good also, there are two terms
of trade involved, and a tariff by the home country on its final commodity
importables, improves them both (i.e., p: rises and pz rises when B: > 0).
The result is symmetric, For optimum tariff to be positive, we require
that both foreign import demands be elastic,

Next consider the case where Bg < 0. When a§ > 0, agsg <0,

Here then arises the possibility that the optimum tariff may be zero. This
possibility from (3.18) requires that G;Bg = -1. The economic explanation
for this result is that when Bz < 0, a tariff by the home country improves

its terms of trade with respect to the second commodity, but worsens them



with respect to the third, The former effect tends to raise welfare,
whereas the latter effect tends to lower it, The final result will depend
on the relative strength of these two forces working in the opposite di-

* %

rection, When a3B3 = -1, the relative strength of the two forces is

equal, because

* % * %* * . %
# % P3f3 dpy Py Ejdp,
By =% T TH o =% o
PEy Py dpy E, dpy
* * *
When BB = -1, p3 declines in the same proportion as the rise in Py> and
% %k *_ %
since -E3dp3 = Ezdpz, a rise in the value of home exports of the second com-

modity is exactly balanced by the decline in the value of home exports of
the third commodity. Thus when azﬁz = -1, the home country neither benefits
nor loses from the imposition of the tariffs, so that t, is zero,

However, when [qgﬁzl < 1, the numerator of (3.18) is negative, a
sufficient condition for t, > 0 is that |n§[ >1 and |ﬂ§| < 1., In this case,
it is no longer necessary that both foreign demands be elastic for t0 > 0.
If, on the other hand, Ia§B§| > 1, the numerator of (3,18) is positive, A
sufficient condition for t, to be positive in this case is that lﬁ:l <1 and
Ingl 2 1, Here, again both foreign import demands need not be elastic for
the home country's optimum tariff to be positive. Thus we conclude that
when ]a:B:] # 1, a sufficient condition for the optimum tariff to be positive
is that at least one of the foreign import demands is elastic.

So far we have assumed that the foreign country imports the inter-
mediate product, Let us now consider the case where the foreign country
exports the intermediate product. Here ng >0, It is evident from (3.18)

%
that if B3 < 0, the foreign import demand should be very elastic for to to
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% % % %
be positive, Because sy <0, 83 < 0, and a363 > 0, so that the numerator of
% % \
(3.18) is negative, In the denominator, m363(1+ﬂ§) is positive so that for the
* %
denominator to be negative we require that |ﬂ§| > [1 + a3B3(1+ﬂ§)] > 1, Hence
now the foreign import demand has to be even more elastic, On the other hand,
*
3l <1,

so that the numerator of (3.18) is negative, to > 0 even if Iﬂzl <1, In other

* * * *
if B3 >0, to may again be zero provided, of course, a363 = -1, If IG3B

words, the home country's optimum tariff on its final commodity imports may be
positive even if the foreign import demand is inelastic or even zero, If |G§B§I >1,
then to can never be positive, Here the numerator is positive, but the denominator
is necessarily negative, even if ﬂ: = 0, Here then arises the need for a tariff

on the imports of the intermediate product,

A, Home Country's Tariff on Both Importables

So far we have assumed that the home country imposes a tariff only
on its imports of the final commodity, Suppose it also imposes a tariff on its
imports of the intermediate good, Here
*
P, = p2(1+t1), and
%

py(1+t;) = py(T+ty)

where t_ is the home country's tariff on the intermediate product. Substituting

3

*
these in (3,16) and denoting to fot t, at the optimum position, we obtain:

1

. anpa(l + £, o)

(3.19) =t 4+ 373 3 3
° o o 1 *) + * *(1+ln*) v

(+T,) + agBy (1+7,

It may be observed from (3.19) that t:, the optimum tariff obtained in the
presence of a tariff on the imports of the intermediate good, may be greater
or less than to’ the optimum tariff obtained in the absence of a tariff on the
intermediate product, depending on whether the second expression in the

%*
right hand side of (3,19) is positive or negative. If a

4By = -1, we know
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% * ok
from our previous analysis that to = 0, However, if |ﬂ2| > ﬂ3, to is

* k . * . %* .
positive, If a B3 is positive, then to > to if |ﬂ2| 1. Other inter-

3
* %
esting results may be similarly derived by placing restrictions on a3B3
% 10
and “2'
c. A Tariff only on the Intermediate Product: Suppose for some ad-

ministrative or political reasons, the home country cannot impose a tariff on
its imports of the final commodity, The country may still be able to reap
benefits from its monopoly power in trade, by imposing a tariff on the im-
ports of the intermediate product, In this case p: =Py and Py = p§(1+t3).

Substituting these in (3.16) and replacing t, by t* in the optimum position,

3 3
we obtain:
1T+ a#ﬁ*
(3.20) ) =22
38373
* * % %k * *
Since ﬂ3 >0, t3 >0 if a383 > 0, which, with oy < 0, requires that B3 <0,

In other words, the optimum tariff on the intermediate product alone is

positive if an improvement in the home country's terms of trade with respect
*

to the intermediate good as a result of the tariff (so that Py declines)

also results in an improvement in its terms of trade with respect to the

* *
second commodity (so that Py rises, which makes B3 < 0).11 Again if
aﬁﬁ* =1, th =0 If Ia#B*I > 1, t¥ is still positive Thus for a posi-
3”3 > 3 T Y 33 > 3 P . P
. * . . * % . * *
tive t,, we require either a positive a3B3 or a negative a363 with absolute

value greater than unity,

Conclusions

Introducing an intermediate product in the traditional two-country,
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two-commodity, two-factor model we have derived the following conclusions:

1. The transformation curve may become locally or globally convex to
the origin if, in addition to the primary factors, the final products.

also utilize the material input in the process of production,

2, Given the possibility of the convexity of the transformation curve
towards the origin, free trade may or may not be superior to no trade,
This result stands in sharp contrast to that derived in the traditional
models of intermediate goods, where the latter are assumed to be identical

with the traded final goods,

3. If we assume that the transformation curve is concave to the

origin, then the traditional result concerning gains from free trade holds,
Furthermore, if there is monopoly power in international trade, welfare
maximization requires an optimum tariff, The formula for the optimum is

the same as the traditional one, if intermediate products are not traded,

so that an elastic foreign import demand is a necessary condition for

optimum tariff to be positive, If trade is allowed in intermediate products,
the optimum tariff may be positive even if the foreign import demand of

the final product is inelastic.

4, If in addition to a final commodity, the intermediate good is im-
ported, there may be two optimum tariffs: one on the final product imports
and the other on the imports of the intermediate product, Both tariffs

are, of course, interrelated,
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Footnotes

1See, for example, Vanek [15], Mckinnon [10], and Melvin [11]
among others.

2See Ruffin [14], p. 267, Ruffin's model has also been utilized
by Batra and Singh [2] to analyze the stability properties of a two-sector
growth model.

3However, where dX.I/dX2 # -p, the shape of the transformation curvc

may not be dependent on the response of the outputs to their prices. For
example, in the presence of an inter-industry wage-differential where
dX.l/dX2 # -p, Kemp and Herberg [8] and Bhagwati and Srinavasan [6] have shown

that even if the output response to price-change is '"perverse," the transfor-
mation curve need not be convex to the origin; conversely, even if the output
response to price change is '"mormal," the transformation curve may be convex
to the origin, For other analyses of the wage-differential, see Bhagwati and
Ramaswami [5], Batra and Pattanaik [1], and Batra and Scully [4].

4It can be seen that if B has the same sign as (kz-k1), it always has

a definite sign. This, however, does not mean that A also has a definite sign,

5HQ is drawn parallel to OZE' in Figure 3.

6See Mathews [9] and Melvin [13].

7The results in section III have been derived under the assumption of
the absence of trade in intermediate products. This has been done for the
sake of geometrical simplicity. For, when intermediate goods are traded, the
marginal rate of transformation, as shown in section III, is no longer equal
to the commodity-price ratio. Furthermore, the autarky and the trade trans-
formation curves differ when intermediate goods are also traded,. This is
because trade in intermediate goods is equivalent to the exchange of the pri-
mary factors employed in the production of such goods. This effectively
changes the available factor supplies and in turn makes the autarky transfor-
mation curve different from the one obtained in trade. No such complication
is encountered when intermediate goods do not enter trade,. For details on
this point, see Batra and Casas [3].

8It may be noted that the income distribution effects of the optimal
policies have not been ignored, but are implicit in the selection of the
social welfare function,

9e o
If aqBy

behind it remain the same,

%*
= -1, but B, #1 and az # 1, the result and the reasoning
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0For example, we can derive the optimum tariff on the imports
of the intermediate product from (3.19), A conclusion of some interest
is that the optimum tariff on any of the two importables is not inde-
pendent of the tariff on the other product.

TThroughout our analysis, we have assumed that a tariff on any
one of the importables improves the home country's relevant terms of
trade, This, however, may not be always trye, But a detailed analysis
of this problem is not within the scope of this paper,
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Mathematical Appendix

Some of the equations which appear in section I of the text without proof will be
derived here, Totally differentiating equations (1.5) and (1.6) with respect to

Py> taking the members of each equation two by two, and writing in matrix form, we

have
. " " 0 f' fl gfdk d ‘ % f' '
|(1-a1p3)E, - (p,-a,py)f, 8t T Y /dpy b £
n " s ' f » i
;(1--311p3)f.I 0 -p3f3 -a1f1 - f3 ; dkz/dp25 0
11} " 0 L] 1 ? ‘ 1
-(-a;p)kE (pyma,pp)ky f) 2, (£y-kyf,)-a, ( Kf) | dky/dp, | £, -k, £,
" " 1 1
A1) -(1- - - (.- =
@1 -(1-appk £ 0 Pakyfy -ay (£ -k £)- (E5-kf0) | dp,/dp, 0 |

—_— POV J NN -

Solving the systém of equations (A.1) then gives equations (1.16) - (1.19),

Differentiating (1.3), (1.4), (1.7) and (1.8) with respect to Pys We obtain:

1 1 1 dL1 /dp2 0
P
ks, dk, dk,
(A.2) k] k2 k3 dLZ/dPZ = - LT y + L2 K + L3 F
. 2 2 2
. | . dkg . dk, o dkg
a; f, a2f2 -f3i dL3/dp2 a1L.l fT d_PZ + a2L2f2 a’;z- - L3f3 ‘dPTZ

Subhstituting from (1.16) - (1.18), and solving, we have:
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-(1- i 2 2
dL, ) (1-a;p,) l—L1 f2f3{f +a,f ta, f (ky-k,) p,L, £ £y Py E £,
(a.3) - + + 0
dp, A.B (1-a p)’E, (p,-2,p,) E0  pof
1737 M1 27 %P3/ %9 373
aT, (1-a;py) [L1 f2f3 L2f1f3{f3+a1 £ #a,t (k3 k) } L3f] £,
(A.4) = . + M
dp, A.B (1-a,p )3f (p,-a,p ) f 3¢
1737 %1 27 82P3 P3t;

Differentiating (1.1), (1.2) and (1.4) with respect to Pys We have:

dX1 . dk] dL_l
A.5) =— =L f —+ £ —
dp2 11 dp2 1 dp2
dx dk dL
2 2 2
A.6) — =L f —+ £, —
dp2 272 dp2 2 dp2
dx dx dx
3 1 2
@a.,7) — =a + a .
dp2 1 dp2 2 dp2

Substituting (1.16), (1.17), (A.3) and (A.4) in (A.5) and (A.6) we can derive
equations (0.20) and (1.21), Then substituting (1.,20) and (1.21) in (A.7) gives

us (1.22),
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