Working Paper Series No.E-12

The Structure of Optimal Tariff Rates under Retaliation

Yoshitomo Ogawa

September, 2009

EERXRFEFF

T577-8502 RABRAT/INEIT 3-4-1

Faculty of Economics, Kinki University
3-4-1 Kowakae, Higashi-Osaka, Osaka 577-8502, Japan.




The Structure of Optimal Tariff Rates under
Retaliation™

Yoshitomo OgawaT

September, 2009

Abstract

This paper examines theoretically the structure of optimal (Nash equilibrium)
tariff rates under retaliation in a two-country economy with more than two traded
goods. We provide a condition under which the equilibrium tariff rates become
uniform in both countries, and explore the ranking of the equilibrium tariff rates
in each country when the uniform tariff condition is not satisfied. The elasticities
of compensated excess demands for goods play an important role in determining
the ranking of the equilibrium tariff rates. This paper undertakes the analysis
using a dual approach.

JEL Classification: F11, F13
Keywords: Optimal tariff rate; Retaliation; Uniformity; Elasticity

*This study was supported in part by a Grant-in-Aid for Scientific Research from the Japan Society
for the Promotion of Science.

tFaculty of Economics, Kinki University, 3-4-1 Kowakae, Higashiosaka, Osaka 577-8502, JAPAN;
E-mail: ogawa@eco.kindai.ac.jp



1 Introduction

This paper examines theoretically the structure of optimal (Nash equilibrium) tariff
rates under retaliation in a two-country economy with more than two traded goods.
We provide a condition under which the equilibrium tariff rates are uniform in both
countries, and explore the ranking of the equilibrium tariff rates in each country when
the uniform tariff condition is not satisfied. In addition, we examine the sign of the
aggregated tariff rates of the two countries on each traded good.

The literature on the optimal tariff problem, which arises in a large country, is vast.
This field expanded rapidly from Kaldor (1940), who demonstrated the existence of
the optimal tariff, and various issues within the optimal tariff framework have been
discussed in many studies, such as Graaff (1949-50), Johnson (1951-52), Kemp (1967),
Bhagwati and Kemp (1969), Riley (1969), Horwell and Pearce (1970), Tower (1977),
Feenstra (1986), and Young (1991).! Recently, a few studies focused their attention on
the structure of the optimal tariff rates on different traded goods by using a model with
more than two traded goods. Bond (1990) established a condition under which the
highest (lowest) trade tax rate is imposed on an import (export) good, and a condition
under which all import tariff rates are higher than any export tax rate at the optimum in
the n-good model. Bond did not analyze the structure of the optimal tariff rates within
the same trade group, which may be a more important issue when there are more than
two traded goods. Ogawa (2007) addressed this issue; he provided a condition under
which the optimal tariff rates on the import goods are uniform, and the rules that
determine the ranking of the optimal import tariff rates. However, he dealt with a
two-country economy where one country engages in free trade.? The assumption that
one country does not react to the tariff imposition of its partner country is unrealistic
and, hence, it is natural to consider retaliation by tariffs.

The literature on the optimal tariff problem under retaliation is also large, with
several strands and ramifications; for example, Scitovsky (1942), Johnson (1953-54),
Gorman (1958), Otani (1980), Hamilton and Whalley (1983), Lockwood and Wong
(2000), Syropoulos (2002a,b), and Zissimos (2009).> These studies, however, do not

L Graaff (1949-50) showed that the equilibrium tariffs for some goods can be negative in the n-good
model. Johnson (1951-52) derived various formulas for the optimal tariff. Kemp (1967), Bhagwati
and Kemp (1969), and Riley (1969) demonstrated that the optimal tariff can be negative if there is
an inferior good in a two-good model. Horwell and Pearce (1970) derived the condition that all goods
should be subject to (positive) tariffs. The relationship between the optimal tariff and the revenue-
maximizing tariff is examined by Tower (1977). Feenstra (1986) examined the sign of the optimal tariff
in a three-good model and Young (1991) examined the average level of the optimal tariffs in a n-good
model.

2Bond (1990) also considered a two-country economy where one country engages in free trade.

3A seminal paper that considers this issue is Scitovsky (1942). Johnson (1953-54) showed the
possibility that one country achieves a higher welfare level at a Nash tariff equilibrium than at a
free trade equilibrium and Gorman (1958) made a further analysis of retaliative tariffs. Otani (1980)
examined the existence of optimal tariffs and Hamilton and Whalley (1983) analyzed numerically the
optimal tariffs. Recently, Lockwood and Wong (2000) made a welfare comparison between an ad
valorem tariff and a specific tariff, and Syropoulos (2002a) showed that Johnson’s (1953-54) result
holds if one country is of sufficiently large size relative to its trading partner. Syropoulos (2002b)



examine the structure of the optimal tariff rates within the same trade group in each
country. Although most studies in this field have not analyzed such an issue, as a
notable exception, Bond and Syropoulos (1996) showed that the optimal import tariff
rates of each country (trading blocks) are uniform in a multicountry economy. However,
because they considered a model with symmetric structure, in which all countries are
exchange economies with symmetric endowments, the representative consumers in all
countries have identical constant elasticity of substitution (CES) utility functions, and
all trading blocks are of the same size, the optimal (common external) tariff rates
automatically become uniform in their model.* It is therefore necessary to clarify the
optimal tariff structure under retaliation in a nonsymmetric model that allows general
utility and production functions. In such a model, this paper provides the condition
under which the Nash equilibrium tariff rates are uniform, and explores the ranking of
the equilibrium tariff rates when the condition is not satisfied.

This paper is organized as follows. In the next section, we describe a standard
international trade model with two countries trading n + 1 goods, in which consumers
and producers in each country are perfectly competitive. The government of each
country behaves in a Nash manner, strategically deciding tariffs to exploit its market
power in trade. Section 3 derives the condition that the best-response tariffs satisfy,
which is based on all results obtained in this paper, using a dual approach. The use of
the dual approach for the analysis in the model with more than two traded goods is new
in this field,> and is useful for examining the optimal tariff structure under retaliation
because it can avoid the analytical confusion created by the effects of tariff revenue
return. Section 4 examines the structure of the Nash equilibrium tariff rates within the
same trade group in the countries. In Section 4.1, we provide the condition under which
the equilibrium tariff rates are uniform in both countries in the model with n+1 goods.
The uniform tariff condition is evaluated using the elasticities of the compensated excess
demands for goods and, hence, is independent of income effects. This is in contrast to
the fact that the income effects of the goods play an important role in determining the
sign of the optimal tariff, as shown by Kemp (1967), Riley (1969), and Bond (1990).
Section 4.2 explores the ranking of the equilibrium tariff rates in each country when
the uniform tariff condition is not satisfied. This examination is made in the models
with n 4+ 1 goods and with three goods. In the model with n 4+ 1 goods, we provide the
simple and indicative optimal tariff formula, which would also be useful in the analysis
of various international issues, under the assumption of no cross-substitution effects
between tariff-imposed goods. The case with the cross-substitution effects is treated in
the three-good model. Section 5 examines the sign of the aggregated tariff rates of the
two countries on each traded good. Concluding comments are provided in Section 6.

examined the ranking of the common external tariff rates that are most preferred for each member of
a custom union. Zissimos (2009) analyzed the optimal tariffs in the model with a number of countries.
4Bond, Syropoulos and Winters (2001) considered a model consisting of two trading blocks of
different size. However, because they also assumed that all countries are symmetric, the common
external tariff rates inevitably become uniform.
’Syropoulos (2002a) and Zissimos (2009) analyzed the optimal tariff problem in a two-good frame-
work using a dual approach.



The results obtained in this paper are suggestive and useful not only for the countries
that impose tariffs independently but also for custom unions and trading blocks, which
use a common external tariff. Our results can be regarded as the examination of the
structure of common external tariff rates on different goods by regarding the country
as an entity of a custom union. Recently, Syropoulos (2002b and 2003) examined the
ranking of the common external tariff rates that is most preferred for each member of
a custom union by using a two-good model in which a tariff is imposed only on one
good. They, however, did not analyze the structure of the common external tariff rates
on different goods.

2 The model

We consider a standard general equilibrium model of international trade. There are
two countries (home and foreign countries) and n+1 traded goods. The home (foreign)
country exports (imports) good 0 and imports (exports) goods 1,---,n.% In each
country there is a representative consumer who has a well-behaved utility function
and chooses the commodity bundle that maximizes his/her utility level, given prices
and income. Producers maximize profit, taking prices as given, and the production
possibility frontier of each country is well behaved. The production factors in each
country, fixed in supply, are internationally immobile and are fully employed in the
production sector. The markets for factors and goods are perfectly competitive. Each
country imposes tariffs on traded goods in a Nash manner, and tariff revenue is returned
to the consumer in a lump-sum fashion. There is no international transfer between the
two countries.

Let us denote the tariff vector of the home country as t' = (tg,t1,- - - ,t,), that of the
foreign country as t¥ = (5,3, -+ ,t}), the domestic price vector of the home country
as ¢ = (qo,q1, - ,qn), that of the foreign country as ¢ = (¢, ¢, - ,q;), and the
world price vector as p’ = (po,p1,- - ,pn). Then

q=t+p, and ¢" =t"+p. (1)

Without loss of the generality, we assume that: ¢ty = ¢ = 0.” When the home country
imposes an import tariff (subsidy) on good i, t; > 0 (t; < 0), and when the foreign
country imposes an export tax (subsidy), tf < 0 (tF > 0).

The compensated excess demand functions of good ¢ of the home and foreign coun-
tries are denoted by z; = z;(q,u) and zF = z7(q*, u*), respectively, where z; is the excess
demand of the home country for good 7, 2} is that of the foreign country, u is the welfare
of the home country, and u* is that of the foreign country. Note that z; > 0 (2 > 0) if
good i is an imported good in the home (foreign) country and z; < 0 (2} < 0) if good 7 is
an exported good. Let z;; = 0z;/0qj, ziu = 02:/0u, 2j; = 02 /0q;, and 2j,. = 0z] [Ou*.

6Tn our model, the export good for the home country can be interpreted as a composite good.
"Even after allowing for the export tax or subsidy for the home country (the import tariff or subsidy
for the foreign country), the propositions obtained in this paper continue to hold.



Good i is normal in the home (foreign) country if z;,, > 0 (z%,. > 0), and good 1 is a sub-
stitute for good j in the home (foreign) country if z;; > 0 (2; > 0). The function, z(-),
has the following properties: (i) symmetry, z; = 2;; (ii) homogeneity, > 7 g;zi; = 0;
and (iil) negative semidefinite, Y " Z?:o kik;z;; = 0if k = 1q, where 1 is a scalar and
k' = (ko, ki, -+ kn), and Y770 >0 kikjzij < 0 otherwise. The analogous properties
hold in z}(-).%

We choose good 0 as the numeraire and set py = 1, which yields gy = g5 = po =1
because ¢y = tj; = 0. The economy is described by the following equations:

sz‘zi(% u) =0, (2)

=0

zi(g,u) +2;(q"u) =0, i=1---,n (4)

The first and second equations represent the trade balance constraints of the home
and foreign countries, respectively. The third equation is the world market-clearing
condition of good 4, which for good 0 is obtained by Walras’ law. In view of (1), the
n + 2 equations of (2), (3), and (4) determine the endogenous variables py, -+, pp, u
and v* when t and t* are given exogenously.

3 The best-response tariffs

Let us define ad valorem tariff rates of the home and foreign countries on good i as,
respectively

P=, ()

and the elasticities of the compensated excess demand of the home and foreign countries
for good ¢ with respect to the price of good j as, respectively

Nij = = and Mij = ]:J' (6)

When good i is a nonnumeraire and is a substitute for good j in the home (foreign)
country, n,; > 0 (nj; < 0).
In this economy, the following holds.

;kj — Z]*za (ii) homogeneity,
Y0 iz = 0; and (iii) negative semidefinite, 7" (>0 hihjzf; = 0 if h = £¢*, where € is a

scalar and h' = (ho, ha, -+ hy), and 3300 370 hihyzj; < 0 otherwise.

8The function, z7(-), has the following properties: (i) symmetry, z



Lemma 1. The best-response tariffs of the home country satisfy

(i (i —THa] ,
122[ ( : )}"jw j=1L-m, (7)

— 1+ 7;

where

_ Zz OpZ Tu*
)
Zz 0% zu*

and those of the foreign country satisfy

"I+ (=)t ,
1 p— Z .. P— 1 . .. 9
S e =t )
where
ot = —Z,g o Piiu (10)

21:0 qz Ziu .

Proof. Equation (7) is derived by solving the following optimization problem:

max u
t1, =+, tn, P1, 0y Pn, U, UF

n
it S pisla, ) =
=0
> pizi(g,ut) =0,
=0

zi(q,u) + 2f (¢*,u*) =0, i=1,---,n.
Let us define the Lagrangian function as
i=0 i=0 i=1

where A, # and §; are Lagrangian multipliers. The first-order conditions are

L, =AY pizg+ Y 6izg =0,  j=1,---,n, (11)
i=0 =1

ij:)\.<zj—|—2pizij>+0-<z +Zplw)+26 zU+z =0,

=0
j:17”'7n7 (12)



1=0 =1
Lu* = Hzn:plzz*u* + znz (SZZZ*U* = O, (14)
=0 i=1

where Ly, = 0L/0t;, L,, = OL/0p;, L, = OL/0u and L, = OL/0u".
By using z;; = zj; and Y . (t; + pi)z;; = 0 and noting that t, = 0, (11) can be
rewritten as

211 " Rin 61 )\tl 0
: : : = |- (15)

Znl tt Znm Op — )\tn 0

Because the n x n substitution matrix is nonsingular,” (15) shows that
bi
ti=—, =1, ,n. 16
3 i n (16)
Subtracting (11) from (12), and noting z; = —z7, we obtain

(0 =Nz +60> pizjy+ Y 625, =0,  j=1,--,n. (17)

Rearranging this and using (16) yields!®

- A

Note that p;/q = 1/(1 + ;) from (1) and (5). By using this, z;; = zj;, (5) and (6),
(18) can be rewritten as'!

n

-y

=1

T+( )(TZ—T)
1477

9Property (iii) of the compensated excess demand function implies that the n x n substitution
matrix in (15) has full rank. See, for example, Barten and Bshm (1982, Theorem 13.1-(v), p. 416).
"Eq. (18) is derived as follows. Multiplying (17) by 1/A and using Y i piz; = — Yo, t7 2, we

i=1" zg’
obtain
A—0Y 0 . )
(T)Zﬂ'__<A)Ztl ”+Z< ) s d=been

i=1

From this and (16), we have

2= (0 A)Zt;‘zl*j—i-()\ 9)2””7 j=1,--,n.

Adding —[A/(0 — N)] D20 trzk + [N (0 — X)) Do, trzf = 0 to this and rearranging it yields (18).

=1 "1 %1g 1=1"1 zg
Tt is implicitly assumed that z; # 0 and 2} # 0 for all i, that is, the tariffs are nonprohibitive.
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Multiplying (14) by 1/A and using (16), we obtain

(g) szzl*u + thz:‘u =0.
=0 i=1

Adding Y77 pizie — D o iz = 0 to this and using (1) and gy = po, we have

(?) szz;‘u + quzfu =0,
i=0 i=0

which yields
A — Z?:O piz:u*
A—0 E?:O qlz;ku* ‘
From this and (19) we have (7).!? Solving the analogous welfare-maximization problem
of the foreign country, we obtain (9). m

When the foreign country engages in free trade (77 = --- = 7 = 0), (7) can be
rewritten as 1/a =", T:i1;;- Similarly, when the home country engages in free trade,
we obtain 1/a* = 37", 7in;; by applying 71 = --- = 7,, = 0 to (9). These formulas are

the same as that of Bond (1990) and Ogawa (2007).

4 The structure of Nash equilibrium tariffs

This section examines the structure of the Nash equilibrium tariff rates. Nash tariff
equilibrium may involve multiple equilibria in this economy. However, all propositions
obtained in this paper hold in any equilibria. We make the following assumption in the
equilibria.'3

Assumption 1. There are no inferior goods in either country.

This assumption guarantees that o > 0 and o* > 0. Even if inferior goods exist, a > 0
and o > 0 are satisfied unless the inferiority is sufficiently large. Bond (1990) showed
that the tariff revenue of a country is nonnegative at the optimum in an economy where
its trading partner country engages in free trade if all goods are normal in the latter
country, and Young (1991) stated that Bond’s result holds even in an economy where the
trading partner country imposes tariffs on its traded goods. Bhagwati and Kemp (1969)
demonstrated that the offer curve of a tariff-imposed country may have a perversely

!2Multiplying (13) by 1/X and using (1) and (16), we have A\ = 1/ ¢izu, which indi-
cates that A is the home country’s marginal utility of income. From (14) and (16) we obtain
0 = —NY"  tizh./ > iz, Note that 1/ (p;zf,. indicates the effect of the foreign coun-
try’s receipt of international transfers on the foreign country’s utility. Therefore,  can be interpreted
as the effect of international transfers on the home country’s welfare through tariff revenue variation,
evaluated in terms of the foreign excess demand function.

13We add Assumption 2 below, which is used in Propositions 4 and 5.
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sloped part if there is an inferior good in that country, and using this property of the
offer curve, Riley (1969) showed that when the normal-good condition is not satisfied,
the equilibrium achieved by the tariff that satisfies the first order condition may be a
local welfare-minimum point.

4.1 Uniform tariff

This section provides the condition under which the equilibrium tariffs are uniform in
both countries. We say that the tariff rates are uniform in both countries when 7; =
-++=71,and 7} = --- = 7%. Using Lemma 1, we provide the following proposition.'*

Proposition 1. The (Nash) equilibrium tariffs satisfy the following: (i) 71 = -+ =
To(=T) and 75 = -+ = 75(= 7%) if and only if

Mo =+ =Mpo(= B) and njg = -+ = (= B7), (20)
and (ii) the optimal uniform tariffs satisfy 7 > 0 and 7* < 0.1

Proof. The proof of (i): We first prove that the equilibrium tariff rates are uniform
in both countries if condition (20) is satisfied. From the homogeneity condition and
(20), we obtain 8* + 37 n% =0 for j = 1,--- ,n, which yields 1 = —(1/8") 37 .
Subtracting this from (7) yields

M1 M K1 0
: : =1:1, (21)
Mor *°° Than Kn 0
where
5+ (1 —1Ha 1
KR; = + =5
1477 15}

Because the n x n matrix of the elasticities in (21) is nonsingular,'® (21) shows that
ki =0fori=1,--- n,ie.,
T4 (1, — T 1

=_—— =1, ,n. 22
1_'_7_: 6*7 Z ) 7n ( )

HCorlett and Hague (1953) showed that the optimal commodity tax rates are uniform if and only
if the wage elasticities of the compensated demands for commodities are equal over all commodities.
There is a clear difference between Proposition 1 and the Corlett—-Hague condition; the uniform tariff
condition in Proposition 1 is evaluated by the elasticities of the two countries. The model of Corlett
and Hague (1953) is entirely different from that of this paper. In Corlett—-Hague’s model, the terms-of-
trade effects never occur because of the closed economy, while the price distortion by the commodity
taxes are inevitable because of a revenue constraint.

15Note that Proposition 1-(i) does not require Assumption 1, but (ii) requires Assumption 1.

16The rank of the n x n matrix of the elasticities is the same as that of the n x n substitution matrix.
See footnote 9.



Similarly, using 543" n;; =0 (j = 1,--- ,n) and (9), we obtain

Ti+ (1f — 1) 1 _
: =—= =1,---,n. 2
1 + T,L' ﬁ’ 7’ ) Jn ( 3)
From (22) and (23) we have
-G+ af"+a*'f—1
Ti = * * * * %) L= 17 ' ) 1,
(B—aB+1)(5" —af” +1) — aa*ff
which shows that 71 =--- =7, and
] —f+af +a' -1 :
T = * * * * * 7’:17"'7’”'5
(B—aB+1)(F" —af" +1) —aa*fp
which shows that 77 = --- =77.
We next prove that condition (20) holds if the equilibrium tariff rates are uniform
in both countries. When 7y = --- = 7,(=7) and 71 = -+ = 75(= 7*), from (7) and

* _ n * .
Mjo = — _i—1 M We obtain

™+ (1t —1m)a| ,
12_[ 147+ }"jm j=1m,
which shows that 77}, = - - - = 7}, Similarly, using (9) and n; = — > | ;; we can see
that nyg=---=n,if 1 =---=71,and 7] =--- =7
The proof of (ii): When 71 = - -+ = 7,,(= 7), from (8) we obtain!”
l—a — > i qZZ:Ln — Zi?:o DiZiur
D im0 Gi%iu
A
= Z:}fl—% (from (1) and ¢, = 0)
Dm0 4%
— Tz Pt iz Piiue : (from t;/p; = T) (24)

n Lok
Zizo i Z o

From this and (22), we obtain'®

Z?:O qlzz*u*

I"Note that > i pizfy«/ > i ¢i%),- in the last equation of (24) is different from «; its numerator
does not include number “0”, but the numerator in « does.
18Eq. (25) is derived as follows. From (22) it follows that

~(14+7%) = [+ (r—7")a] B
|:7(1 — OZ)T* + Oé:| 7'/8*

—(1+7") =

T

<T* ZZI:I piz;u* + Z?:O pizzu* ) B* (b : (8) d (24))
= =~ - = randl KA y using (8) an
D im0 Gy D im0 By

Tﬂ* Z:I:O q;k Z;Fu*

S iz (by using 75 =0 and ¢} = (1 4+ 7%)p;)
i=0 i %y
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Note that > 1 gzl > 0 from Assumption 1, Y7 q¢iz;. > 0, and 1+ 7% > 0.%
Thus, (25) shows that 7 > 0 if and only if 5* < 0. From property (iii) of the compensated
excess demand function, zgo < 0, and from properties (i) and (ii), 25, + ZZ V92 =

These show that > | ¢;z% > 0. Condition (20) implies that the sign of z}; is the same

over all nonnumeraire goods. From this and Y ¢z} > 0, zjy > 0fori =1,---,n
and hence #* < 0. Thus, we have 7 > 0. Similarly, when 7§ = --- = 7%, we can see that
7" <0. =

As is well known, under the optimal tariffs the trade indifference surface of the tarift-
imposing country is tangential to the partner country’s offer surface. This is observed
in Proposition 1. Rearranging (25), we obtain

ﬁ Z Oqz zu*_(1+7*>zau* Di
ﬁ Zz Oqz zu*+Zz 1q1 u* ’

See Appendix A for the derivation of this equation. The left-hand side (LHS) is the
home country’s domestic price of good 7 in terms of the price of the numeraire, and
hence it equals the home country’s marginal substitution rate (MRS) between goods i
and 0 on the trade indifference surface. Noting that the right-hand side (RHS) of (26)
is characterized by the foreign country’s parameters, we can regard it as the marginal
transformation rate between goods 0 and i (hereafter simply referred to as the MTR(0-
i)) on the foreign country’s offer surface at the optimum, and the brackets on the RHS
indicate the MTR(0-7) in terms of p;. The MTR(0-i) in terms of p; is the difference
between the world price of good i and the MTR/(0-i) and, hence, it equals the difference
between the world price and the home country’s domestic price at the optimum. Under
condition (20), the MTR(0-¢) in terms of p; is equal over goods 1,--- ,n and thus all
optimal tariff rates are equal. A similar interpretation can be applied to the optimal
export taxes of the foreign country.

Proposition 1 is a generalization of Ogawa (2007), which provides the condition
under which the optimal tariff rates are uniform in a two-country economy where one
country engages in free trade. Ogawa’s condition consists of only the elasticities of the
country that engages in free trade, whereas condition (20) requires those of all tariff-
imposing countries. It should be noted that condition (20) is independent of income
effects. This is in contrast to the fact that the sign of the optimal tariff depends on
that of the income effects (for example, Kemp 1967 and Bond 1990).

An example that establishes condition (20) is that each country is an exchange econ-
omy and the representative consumer in each country has the following utility functions:
u = u(zo,y(x1,- -+ ,x,)) and u* = u*(xf,y*(x], -+ ,2})), where z; and x} denote the
home and foreign countries’ demands for good i, good 0 is weakly separable for the other
goods, and ~(+) and v*(-) are homothetic. Under this utility function, the compensated

(14+7)p; =

i=1,...,n. (26)

19The expression 1/ ZZ 04; %5, indicates the marginal utility of income of the foreign country.
WFrom (1), ¢f =t + p; = (1 + 7})p;, which shows that 1 + 77 is positive. Similarly, 1+ 7; is also
positive.

11



demand function of the home country is expressed as z;(q, u) = w(q, w)m; (g1, , qn).>*
This shows that the elasticities of the compensated demands for goods with respect
to the price of good 0 are equal over all nonnumeraire goods.?? A similar condition is
also satisfied in the foreign country. There are no substitution effects in production in
an exchange economy. Thus, condition (20) holds. It should be noted that the form
of a CES, employed by Bond and Syropoulos (1996) and Bond et al. (2001), implies
homothetic separability, but the converse is not true.

4.2 The ranking of the tariff rates

This section examines the ranking of the Nash equilibrium tariff rates on different
traded goods in each country in the case where the uniform tariff condition is not
satisfied. In the general setting, it is difficult to clarify the equilibrium tariff structure
because of market linkage between the traded goods. Therefore, we consider some
special cases. First we consider the model with n 4+ 1 traded goods where there are
no cross-substitution effects between the tariff-imposed goods and no income effects of
those goods in both countries, which can remove the tangled price effects among excess
demands. In this case, we provide a tractable and suggestive equilibrium tariff formula,
which would also be useful for the analysis of other issues in international trade. The
formula shows that the ranking of the equilibrium tariff rates depends only on the own
price elasticities, which is equivalent to stating that it depends only on the elasticities
of the compensated excess demands of the nonnumeraire goods with respect to the
price of the numeraire good (),, for i = 1,- -+ ,n) from property (ii) of the compensated
excess demand function.

The assumption of no cross-substitution effects between the tariff-imposed goods is,
however, somewhat strong, and we may miss an important relation between the cross-
substitution effects and the optimal tariff structure. Next, we treat the case where the
cross-substitution effects between all traded goods exist. Because this generalization
creates tangled price effects among excess demands when there are a number of traded
goods, we consider the three-good model to avoid analytical complexity. In this model
the cross-elasticities between the numeraire good and the nonnumeraire goods (7, for
i =1,---,n) play a critical role in determining the ranking of the equilibrium tariff
rates, although the own price elasticities are not useful indicators.

Section 4.2.1 considers the model with n 4 1 traded goods where there are no cross-
substitution effects between the tariff-imposed goods, and Section 4.2.2 considers the
three-good traded model with the cross-substitution effects.

2INote that m; is independent of gy. For the homothetically separable utility function and the
compensated demand function, see Gorman (1975) and Blackorby et al. (1978).

22Let us define the elasticity of the compensated demand for good i with respect to the price of
good j as ¢;;(= (q;/7i)(0r;/dq;)). Noting that go = 1, we obtain (qo/;)(0z:/0q0) = wo/w, where
wo = Ow/0qo. Thus, @19 =@y =+ = @y0-
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4.2.1 The case with n + 1 traded goods

We consider the model with n + 1 traded goods where the following is assumed: z;; =
25 = Ziw = 2 = 0 for 4,5 = 1,--- 'n and i # j. An example that establishes this
case is where each country is an exchange economy and the consumers in each country
have the following quasilinear utility function, respectively: u = zo + >, (;(z;) and
uw* = ai+ > ¢i(x}). There are no substitution effects in production in the exchange
economy and, given the specified utility function, the cross-substitution effects between
the nonnumeraire goods and the income effects of the nonnumeraire goods are all zero
in each country. In this case, the equilibrium tariff rate is given in the following lemma.

Lemma 2. When zi; = 2f; = zi = 2}, = 0 for 4,5 = 1,--- ,n and i # j, the
equiltbrium tariff rates are given by
1 . 140k
Ti:—i“*, and T::—l”*, i=1,---,n, (27)
L —mymg; L —mm3;

and 7; >0 and 77 < 0.

Proof. Note that a = 1 if 2. = 0 for
i =1,---,n. By using these and z;; = 2}
and ¢ # 7, (7) and (9) can be rewritten as

=1,---,n, and o* = 1 if 2z, = 0 for
0 (i.e., an :n’fj :0) for ij: 17... 7n

|| .

1+77=mn5, and 147, =7in,, i=1,...,n. (28)

From (28) we obtain (27). Note that n,; < 0 < n}; from properties (iii) of z;(-) and z(-).
The first equation in (28) shows that 7; > 0 because 1 + 77 > 0 and 7}, > 0. Similarly,
we obtain 77 < 0 from the second equation. m

The formulae in (27) are very simple and suggestive. The equilibrium tariff rate for
each traded good is expressed only by the own price elasticities of the corresponding
good of both countries. This lemma shows that the optimal intervention for each
country on each good is a trade tax, which gives the incentive that reduces international
trade in each good. Using Lemma 2, we obtain the following proposition concerning
the ranking of tariff rates.

Proposition 2. The equilibrium tariff rates satisfy the following: when z;; = 2; = 0
and zy, = 25, =0 fori,j=1,--- ,nandi #j, (i) 7, > 75 if —m;; > —1jj andn;fj > n,

and (ii) =17 > =775 if —n;; > =0y and n%; > 0.

Proof. From (27) we obtain

T+n; + 1+77jj

— " " , 1,7=1,...,n.
L=mimy  1-— U

7'1'—7']':

Adding n;m5; — n;m;; = 0 to the RHS and rearranging it yields

(15 — Tj) T = [(_771'2') - (—njjﬂ (1+ 77;3') + (77;']' - 77;)(1 + m-j)mi,
,7=1,...,n. (29)

13



where

T =(1—nm5;)(1— 77]‘]‘77;]‘)-
From n;, <0 <n;, T >0. From 7; > 0 and 1 — n;n;; > 0, (27) shows that 1+ 7, < 0.
Becaus‘e. 1‘+ njj'<'0, 1+ 77%“SZ >0, 71, <0,and T > 0, we obtain (i) from (29). We can
prove (ii) in a similar way.** m

This rule is similar to the Ramsey rule (the inverse elasticity rule), established in
public economics and industrial organization. In contrast to the usual Ramsey rule,
Proposition 2 shows that the ranking of a country’s equilibrium tariff rates on the two
traded goods depends on the own price elasticities of the corresponding goods of all
tariff-imposing countries. This is because we consider the Nash equilibrium tariffs.
Proposition 2 can be restated by using the relative size of the cross-elasticities between
the numeraire good and the nonnumeraire goods. Noting that 7,,+7,; = 0 and 7},+71}; =
0 (i # 0) from the properties (i) of z;(-) and 2/ (-), it follows that 7; > 7; if n,, > 7,
and —njy > —nj, and (i) —77 > —77 if ;0 > 1, and —nj, > —nj;. However, this
restatement is invalid when the cross-substitution effects between the nonnumeraire
goods exist; the own price elasticities are not a useful indicator in determining the
ranking of the equilibrium tariff rates. This is confirmed in Section 4.2.2.

It is worthwhile discussing the uniform tariffs in this model. We can see from
(27) that 7y = -+ = 7, and 77 = --- = 77 if and only if n;; = -+ = n,,, (e,
Mo ="*"="MNmo) and nf; =---=nt (e, ni,=---=n,) for m < n. Note that this
is different from Proposition 1, which requires that the elasticities with respect to the
price of the numeraire good are equal across all nonnumeraire goods; in Proposition 1,
for example, when 7,, = 1y, and nj, = 1%, in the case with four traded goods, 71 = 7
and 7] = 75 are not guaranteed at the optimum.

4.2.2 The case with three traded goods

This section considers the three-good model where all cross-substitution effects between
all traded goods exist. We assume that the home (foreign) country exports (imports)
good 0 and imports (exports) goods 1 and 2. In the three-good model, the following
holds.

Lemma 3. In the three-good model, the equilibrium tariff rates are

el — (1—-—a+ sjo)sjo
(I —a*+ejo)(1—a+e)) —aa*’

i,7=1,2 and i # j, (30)

T; —

acjo — (1 —a* +¢€jo)s
Tl = i D vzedits G
(I —a+e)(l—ar+¢ej) — aa*

23From (27) we obtain
[(—=77) — (‘ﬁ)]ﬂr = —(n}}- =) (1 + njj) + [(—njj) = (=m:))(1 + 77;3')77;', ,j=1,...,n,

which proves (ii).

14



where Lt g
and =0T oy (3
Mi1M22 — Tall21

_ Mjo M1+ "he
Mi1M22 — 771277217

&Tj()

Proof. In the three-good economy, (7) can be rewritten as
{77;1 77?2} [%]_{1}
M1 T3 ﬁ%gg& RN
which, together with 1}, + 15, + 73 = 0 and 03, + 15, + 75, = 0,2* yields

(- Tha

1+ 7 = —&jo0 l,j:1,2al'ldl#] (33)

Applying a similar procedure to (9) yields

Ti+ (1f — 7)o
1 + 7

From (33) and (34) we obtain (30) and (31). m

= —cj0, i,j=12andi#j. (34)

Note that 111755 — Mol (= (211222 — 212221) 142/ 2122) > 0 and 77195, — Nian3 (=
(211239 — 219251)41 5 / 21 25) > 0 from properties (iii) of z;(-) and z;(-). From these and
(32) it follows that

€10 § €20 <= Mo § N0, and €jg § €30 <= Mo ; M30- (35)
Using 1,0 +n;; +1;; =0 (4,7 = 1,2 and i # j), (32) can be rewritten as
— M5 + i
M1M22 = Mallat

€j0 = Z,j:1,2andl7éj

This shows that 0 < ;0 if good 1 is a substitute for good 2 in the home country (1,; > 0
for 4,7 = 1,2 and 7 # j). Similarly, it follows that €}, < 0 if good 1 is a substitute for
good 2 in the foreign country.

To bring out the role of the cross-substitution effects between the nonnumeraire
goods on the equilibrium tariff structure, we assume that z;,, = 2/, = 0 for i = 1,2,
but make no restriction on the cross-substitution effects. In this case, we obtain the
following.

Proposition 3. In the three-good model, the equilibrium tariff rates are characterized
by the following: when good 1 is a substitute for good 2 in both countries and z; =
Zie = 0 fori = 1,2, (i) 7; > 75 if ng > 0y and —150 > —Nj, and (ii) 75 > T if
Njo > Mo and =15 > =0y, fori,j =1,2.

24These are obtained from properties (ii) of 2;(-) and 2] (-).
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Proof. When z;, = 2. =0 fori = 1,2, a = a* = 1. From (30), we obtain

(11— 72) A = [(—€5) — (—€7p)] (1 — €10) + (€10 — €20) (1 — €7¢)(—€%),  (36)

where
A= (6;0620 — 1) (6;0610 — 1) > 0,

in which the inequality follows from €}, < 0 < g;0.
From (31), we have

€j0—1

14717 = i,j=1,2and i # j.

6;083'0 — 1’
Because 1+ 77 > 0 and €jyg;0 — 1 < 0, this shows that 0 < 1 — ;0. From this, €}, <0,
A >0, (35) and (36), we obtain (i). We can prove (ii) in a similar way. m

As mentioned above, Proposition 2 can be restated by the cross-elasticities between
the numeraire good and the nonnumeraire goods, whereas Proposition 3 cannot be
restated by the own price elasticities as 1,y — 1799 # (—111) — (—74) because of the
existence of the cross-elasticities between the nonnumeraire goods. From property (ii)
of z(+), we obtain 7,y +n;; +n;; = 0 for 4,j = 1,2 and i # j. This yields 7,5 — 79 =
(—=m11) — (—=793) — M2 + M9y, Which shows that the sign of 7,, — 75, is not always the
same as that of (—7;;) — (—7y). This implies that the own price elasticities do not
correctly characterize the equilibrium tariff structure. Proposition 3 is valid even if one
of the nonnumeraire goods is complementary to good 0 (i.e., z;p < 0 and hence 7,, < 0)
as long as 1,y + 1y + 15 > 0 (ie., g > 0) for i = 1,2.% A similar argument can be
applied to the tariffs in the foreign country.

Next, we consider the case where one of the conditions in (20) is not satisfied, but
there are no restrictions on the income effects. We add the following assumption in
Nash equilibria.

Assumption 2. All goods are substitutes for each other in both countries.
We obtain the following proposition under Assumptions 1 and 2.
Proposition 4. In the three-good model, the equilibrium tariff rates are characterized

by the following: (i) when 1,9 = 1y, Ti > 75 if and only if —njy > —njy and (ii) when

*

Mo = M0, T; > T; tf and only if n;g > 1y, fori,j =1,2.
Proof. From (35), e19 = e29(= ¢) if and only if 7,5 = 1,. Using (30), we obtain

(11 = 72)Q = —[(=£3) — (=eip)|(1 —a" —a+e)a’, (37)

25Note that at least either of goods 1 and 2 is a substitute for good 0. It follows that zgo+210+220 = 0
from properties (i) and (ii) and 299 < 0 from property (iii). Suppose that z19 < 0 and 259 < 0. This is
contradictory to zgg + 210 + 220 = 0.
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where
Q=[(1—a+sp)(1—a' +2) —aa’][(1—a+el)(l—a’ +&) —aa’].
From (30), we have

* *

147 = ,
" (1= +ej)(l —a+ej) —an*

i,j=12andi#j.  (38)

It follows that 1 — o — o* < 0 at the optimum, which is proved in Appendix B. From
€0 <0,1-a*~a < 0and 1+7; > 0, (38) shows that (1—a*+¢ej)(1—a+ej;) —aa* < 0.
This shows that €2 > 0.

From (31), we obtain

l—-a—a"+e¢
(I—a+e)(l—ar+¢e) —aar’

1475 = i,j=1,2and i # j,

which shows that 1 —a —a* +& < 0 because (1 —a* +¢;0)(1 —a+¢j) — aa* <0 and
1+ 77 > 0. By using this and 2 > 0, (37) shows that the sign of 71 — 79 is the same
as that of (—¢&3,) — (—¢3,). From this and (35) we obtain (i). We can prove (ii) in a
similar way. m

This shows that when 7,5 = 714, the ranking of 7; and 75 is determined by the
relative size of nj, and n5,. From (34), we obtain (¢ + 1 — a*)(11 — 72) = a* (75 — 77),
which shows that the equilibrium tariff rates in the foreign country are also nonuniform
as long as € + 1 — a* # 0. Suppose that n,, = 1y, and —n%, > —nj,. Then, the sign of
75 — 71 is the same as that of € + 1 — a*. When 2y, = 29, = 0, @* = 1 from (10) and
hence € + 1 —a* =¢ > 0. In this case, 7; > 7; and 77 > 77 if and only if —n7, > —nj.
A similar argument can be applied to the case of nj, = n%,. These show that if one
of the conditions in (20) is not satisfied, the equilibrium tariff rates are generally not
uniform in both countries. Proposition 4 is not generally valid in the model with n + 1
traded goods. However, making two composite goods from the nonnumeraire goods, the
intuition behind Proposition 4 can be applied to the tariff rates on the two composite
goods, even in such a model.

5 The aggregated tariff rates on each traded good

This section examines the structure of the Nash equilibrium tariff rates on each traded
good imposed by the two countries in the model with n + 1 traded goods. Let us first
provide the following lemma.

Lemma 4. Suppose that Assumption 2 is satisfied. Then, the best-response tariffs of
the home country satisfy

Ti+(7i_*7i)o‘:z);>o, i=1,-- .n, (39)
1+4+7;
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for a positive scalar v}, and those of the foreign country satisfy

Ti+ (1f — 1)

17, =wv; <0, i=1,---.,n, (40)

for a negative scalar v;.

Proof. Applying Cramel’s rule to (7) yields

T (i — T |9

_ 1. A1
1+ 7 A (41)

where ®* is the n x n matrix of the elasticities of the foreign country and ®; is obtained
by changing all elements of the i-th column of ®* to “1”:

M1 - M M e 77?(1'71) 1 Wf(z'ﬂ) M
o* = : : , and ®F = : : : 5 :
M1 " Thon M1 " M=) L Mngery 7 Man
The determinant of @7 is

1 ¢*T
o P

|®7| = ,i=1,,m, (42)

where o is the n — 1 dimensional vector whose elements are all “1”, ¢* is the n — 1
dimensional vector of the elasticities of good i but does not include 7};, and ®}; is the
(n — 1) x (n — 1) matrix obtained by deleting the i-th column and row of ®*:2¢

M1 M1 77?(2'71) 77>f(¢+1) T Mn
¢t = 772(1‘71) L and @ = 77?4)1 77?71)(2’71) 77?—1)(#1) 77§i71)n
Mi(i+1) Na+nr 0 Marnyi-1) Marna+r) 7 Marn

Min | L T M=y Teasny 0 Tn

From (42), we obtain®”

|7 g1,y |l
il _ (1 - ¢ To* i =1
|¢*| ( ¢ 2 U) |®*|7 ? Y 777/

26Note that ¢*7 is the transpose of ¢*.
2"The determinant of the partitioned matrix can be rewritten as

A B

det{c D

] =|A-BD™'C||D|,
where A and D are square and D is nonsingular. See Johnston (1972, p. 95).
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From property (iii) of 2(), |®%]/|®*| > 0.2 Note that ¢* < 0 and ®}; ' > 0 from

Assumption 2.2 This shows that 1 — ¢*"®% o > 0. Thus, |®;|/|®*| > 0. Defining
vi = |®F| /|®*|, from (41) we obtain (39). In a similar way, we obtain (40). m

When the foreign country engages in free trade (i.e., 77 =0 fori =1,--- n), (39)
is reduced to ar; = vi > 0 for 5 = 1,--- ,n, which shows that all optimal import
tariffs in the home country are positive (Horwell and Pearce 1970). When 7, = 0 for
i=1,---,n, we obtain a*r; = v; < 0 from (40), which shows that the imposition of
the export tax on all export goods is optimal for the foreign country.

Using Lemma 4, we obtain the following proposition.3’

Proposition 5. The equilibrium tariffs satisfy 0 < 7, — 77 fori=1,--- ,n.
Proof. From (39) and (40), we obtain
1—a—-a") (i —1) =1 +7)vi — (1 +77)vy, i=1,---,n.

Note that v; <0 < v}, 1+ 7; >0and 1+ 77 > 0. From Appendix B, 1 —a —a* < 0.
Thus, 0 <7, — 7/ fori=1,--- ,n. =

Proposition 5 shows that the aggregate of the equilibrium tariff rates on each traded
good is positive. If the optimal intervention on good i by the home country is an import
subsidy (7; < 0), that of the foreign country must be an export tax (77 < 0), and the
subsidy rate by the home country is never higher than the export tax rate by the
foreign country. If the optimal intervention on good i by the foreign country is an
export subsidy (77 > 0), that of the home country must be an import tariff (7; > 0),
and the subsidy rate by the foreign country is never higher than the import tariff rate by
the home country. Under the Nash equilibrium tariffs, the totality of trade interventions
on each traded good by the two countries is a tax, which has the incentive to reduce
international trade.

6 Conclusion

This paper examined the structure of Nash equilibrium tariffs using a two-country
economy with more than two traded goods. We proved that in a model with n + 1
traded goods, the equilibrium tariff rates are uniform in both countries if and only
if the elasticities with respect to the price of the numeraire good are equal across
all nonnumeraire goods in both countries. Then, when the uniform condition is not

28Let us denote the n x n foreign country’s substitution matrix of nonnumeraire goods as Z* and
the (n — 1) x (n — 1) matrix obtained by deleting the i-th column and row of Z* as Z7;. Then we have
||/ 19*| = (27 /qF) (|1Z%] /1Z*]). From property (iii) of zf(-), |Z5|/|Z*| < 0, which, together with
zf<0(i=1,---,n), yields |®5] / |®*| > 0.

29Tf (i) all of the diagonal elements of an n x n matrix A are positive and all of the off-diagonal
elements are negative, and (ii) Ae > 0 for some n x 1 positive vector e, then A= > 0.

30Note that Assumptions 1 and 2 are satisfied in the following proposition.
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satisfied, we examined the ranking of the tariff rates in the model with n + 1 goods
where there are no cross-substitution effects between the tariff-imposed goods and in
the three-good model with the cross-substitution effects. In addition, we explored the
sign of the aggregated equilibrium tariff rates of the two countries on each traded good
in the model with n 4 1 traded goods. The uniform tariff condition (condition (20))
is evaluated by the elasticities of the compensated excess demands for goods and is
independent of the income effects. This is in contrast to the fact that the income effects
of the goods play a critical role in determining the sign of the optimal tariff (Kemp
1967 and Bond 1990). The formulae (30) and (31) in this paper also showed that the
sign of the equilibrium tariff rate depends on the sign of the income effects. However,
Propositions 1-(ii), 4 and 5 are unaffected even if some goods are inferior, as long as
there are no sufficiently strong inferior goods.?! This may be a practical advantage
for tariff-imposing active countries, and custom unions that impose common external
tariffs.

Finally, we showed that the model in this paper may be generalized in at least two
ways. First, there is scope to extend the model to more than two countries. Second,
it is worth examining the ranking condition for the optimal tariff rates in the model
with more than three traded goods under full substitutability. This analysis, however,
would be complex because of market linkages between the goods.

Appendix A: The derivation of (26)

From (25), we have
T3 z:qZ 2ha = (1+T*)Z%Z§L*-
i=0

By noting that ¢; = (1+7)p; and ¢f = (1 +7%)p; fori = 1,--- | n, this can be rewritten
as

73" qu Zre = —(14+77) ( pizfu*+7'zn:pizfu*>
=0 i=1

n

= —(14+7%)) p=z Tqu Zi

i=0

.

which yields

—(1 +T*)Z? 0 DiZ%iu
6 ZZ Oq’l Z’LL* —’_Z’L 1qZ Z’LL*
—(1+7") 250 — D iy G %
B 0 G e+ D iy G

31Note that it was assumed in Propositions 2 and 3 that there are no income effects of the tariff-
imposed goods.
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From this, we obtain

_ B Z?:o @ 25 — (L+ 77) 20,

l+7= * n * % n ® k)
B 0 @ 2 + D i & 2

which yields (26).

Appendix B: The proof of 1 —a— a* <0

This proof is made in the model with n nonnumeraire goods and is also used in the
proof of Lemma 4. From (39) and (40), we obtain

(l—a—-ao") (i —T1) =€, i=1,---,nm, (B-1)

where
6= 1+7)v] —(14+7)v; >0, i=1---,n,

in which the inequality follows from v; < 0 < vi** 1+ 7; > 0 and 1 + 77 > 0 for
i=1,---,n.
From (40),
TZ‘—TiZ(l—'—Ti)f}i_Ti, t=1--+,n.
o
Substituting this for (77 — 7;) in (B-1) yields

Ti:‘(ﬁ)ewumm i=1-,m (B-2)

From (8) and (10), we obtain

Z?:O pizz*u* N Z?:o DiZiu

Z;l:() qzzz*u* Z?:O q: Ziu

Z?:l Tipiz;ku* o Z?:o Diziy
Z?:O qiz;u* Z?:o q;Zm

Substituting (B-2) for 7; in this equation and using (1), we have

oot e ( o ) (Z?:l ez-piZZ‘u*> L i1 ViliFe Yo Pifi

l-a—-a Zi:o Qi %y Zi:o Qi %y Zi:[) 4; Ziu

l—a—a" = 1-—

After some manipulation, we obtain

(1—a-— a*)2 o 2?21 €iDiZiu = (1—a—-a) (Z?:l ViQiZ g _ Z?:o piziu) .

+ o
* n * n *
D im0 Bi%iue D io Qi > i @ Ziu

The LHS is positive, and the expression in brackets on the RHS is negative. Hence,
l—a—-a*<0.

32From Assumption 2, v; < 0 < vifori=1,---,n.
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