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Abstract

Constructing a multi-country general equilibrium model, we show that
a Pareto-improving coordinated tariff reforms by a subset of countries (a
trading club) is possible without intra-club income transfer, if for each
good traded between club member countries there are two groups of mem-
bers such that one group adjusts a tariff/subsidy on its net import while
the other adjusts it on its net export.

1 Introduction

Consider a trading world that consists of an arbitrary number of countries,
say n + 1, such that there is a tariff-ridden world equilibrium for given tariff
vectors imposed by those countries. Suppose that a part of the countries, say n
countries, form a trading club by adjusting their tariff rates. This paper studies
under what conditions the formation of the trading club be Pareto-improving
in the sense that, as a result of the adjustments of their tariffs, (1) at least one
member country is better-off and (2) no country, whether it is a member or non-
member, is worse-off. We show that it is possible to form a Pareto-improving
trading club without any international income transfer if for each good traded
between club member countries there are two groups of members such that one
group adjusts a tariff /subsidy on its net import while the other adjusts it on its
net export.

[We need to review the literature. One recent paper which is closely relatyed
to this paper would be



e "Non-preferential trading clubs" by Raimond Moller and Alan Woodland,
CEPR Discussion paper No. 3772. (www.cepr.org/pubs/dps/DP3572.asp)
The main difference between them and this paper is that they assume
intra-club income transfer.)]

Section 2 sets up the model. Section 3 shows the main theorem in a general
setting. Section 4 applies the theorem to a case such that the Armington As-
sumption holds in a three-good and three-country framework. Section 5 provides
concluding remarks.

2 The Model

We consider a multi-country tariff-ridden general equilibrium model which con-
sists of n + 1 countries and m + 1 tradable goods. The countries and goods are
indexed as Country 0, Country 1, ..., Country n, and Good 0,Good 1, ...,Good
m, respectively. Country 1, ..., and Country n form a trading club. Good 0 is
the numeraire and Country 0 represents "the rest of the world". Using revenue
and expenditure functions, we can describe the multi-country model as follows.

E°(P,u) = FO(P) (1)

EY(P+Au') = F(P+A)+A[Ep(P+A u')—Fp(P+AY], i=1,..,n (2)

—[ER(Pu®) = F)(P)] = ) [Ep(P+ A% u®) = Fp(P + A%)), (3)
=1

where P = (p1, ...,pm)T and A* = (71, ...,7%)T are the international price vector
and the import tariff/export tax vector imposed by country i, respectively.!
PP = P+ A", where P' = (pj, ...,p},) " is the domestic price vector in country 4.
u', i =0,1,...,n, is the community utility level of Country i. The above system
determines the international price of each good and the community utilty level

for given tariff rates, 7%, i = 1,...,n, j = 1,...,m, are given. Ep(P + A’,u’) =

(Bjy, s B )T and Fp(P + AY) = (F, ..., Fj )T, where Ej = 8—2;15 and
i — _0 -
ij = %TF ] = 1,...,m.

IThe superscript T attached to vectors denotes the transpose of them. We assume that
vectors without the super script are column vectors.



3 The Main Theorem

First, let us list the main assumptions.

Assumption 1: All revenue and expenditure functions satisfy the standard
textbook properties. Income effects are always normal in the sense that

i i i i N\T
uP = (Eupoﬂ Eupla "'7Eupm> > Om"‘l?
. 2 . . . .
where E! = —2__Fi Moreover, for any ¢ = 1,...,n, the second derivatives
upJ 8pj aul ) ) b )

ELp(P+ A% ut) — Fbp(P + A?) are non-singular, where

. L E;lpl o Ezlnpm . H?E!

Epp(P+ A% u') = E R s Epipn = Op;Opn
E;mpl T E;mpm
and
4 o Flglpl e qu;lpm 4 2 [
Fhp(P+ A ul) = S »Foon = 55
i i I
Fpmpl e Fpmpm

Assumption 2: There exists a unique pre-club equilibrium, (P, @/, j =
0,1,...,n) for given tariff rates, i = 1,...,n, where P = (ﬁl,...,ﬁm)T > —A%,
i =1,...,n. Moreover, a pre-club equilibrium uniquely exists for any tariff rates
in a neighborhood of the given tariff rates.

Assumption 3: In the pre-club equilibrium, for any good j, j = 1,...,m,
there are two types of club countries such that the first type, say Country i(j),
i(7)
J L
second type, say Country ¢*(j), is to impose a non-negative tariff, T;» @ <0on
the net export of it?.

is to impose a positive tariff 7:¥7 > 0 on the net import of Good j and the

In what follows, we denote the sets of the first type countries and the second
type countries by A and A*, respectively.
Let us state the main theorem.

Theorem 1 Under Assumptions 1-3, if the negative tariff rates in the pre-club
equilibrium are not very large in their absolute values, ’T; @ ,7=1,...,m, then

it is possible for n countries to form a trading club that undertakes a differential
and non-discriminatory reform of tariffs insuch a way that at least some club
countries are better off without hurting all other club countries and the rest of
the world.

2Thus, if the net import is negative, a positive (resp. negative), @ 0 (resp. ’T'J! o 0)

J
means export (import) subsidy.



Proof. Let us consider the following tariff policies.

Ni(e) = A —{Epp(P+ A, @) — Fpp(P+ A}
<{EL (P + A a') — (AT E,p(P + A a')}e', (4)

where e = (e, ...,¢,)". Totally differentiating (2) and (3) with respect to A’
and u*, i = 1,...,n, around the pre-club equilibrium in such a way that both P
and u° are left unchanged, and considering (4), we have.

(A)T[Epp(P+A* ') — Fpp(P + AY)]dA!
Ei (P + A ut) — (A)TE}, (P + Al a)

dut =

O = S UEpp(P+ %) — Fpp(P+ A)FAA® + ESp(P+ A%, a)du’
s=1

= _Z[{EJSDP(P+AS@S)—F1§P(P+AS)}
s=1
Fap(P A @) ()T (Bl (P 4+ Al a) — Pl (P+ A}

Ei(P+ A%, @) — (A)TE?, (P + AL, @) JdA® (£X6)
where 0,,, = (0, ...,0)T, an m-dimensional zero vector, and, from (4),
dA'(e') = —[Epp(P+ A, u') = Fpp(P+A)]7*
x{EL(P+ A" a") — (AYTEL p(P+ A', a')}de (7)
The substitution of (7) into (5a) and (6) yields, respectively,
du' = —(AHTde? (8)



and
—STHELP + A%, 5°) — (AT E2p(P 4+ A%, @)
s=1

B p(P 4+ A%, ) (A% de®

s _ y'm s s S IS s IS
Eu 2j¢1,j=27—j EUpj TZEUPl Tm Eup1
n s s : s s
— _E TlEupz TmEupz
s=1
S IS S IS s __ym s IS
TlEupm TzEupm £y Zj:l,j;tngEupj
s s
ThEupl
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n m ThEuph,]_
— s _ ym S s s
= — E E; Ejzl,j?&thEupj dey,
P S s
s=1h=1 7—h‘Euph+1
s s
ThEpem

where I, ., is the m-dimensional identity matrix. m
Let us assume that for Good j, j = 1,...,m, a club country i(j) in A that
;-(J) ( 0) < 0) and a club country i*(j) in A*

imports Good j reduces ¢ Le., de;

2

that exports Good j raises E;-*(J) (i.e., dej* @ 5 0), while all other 5§’s are kept to
be zero. It follows from (8) and Assumption 3 that du’ > 0 for any i € AUA*,
while du’ = 0 for any i € {0,1,....,n} — AUA*.

Thus, what remains is to show that there exists two vectors,

de’®

d=7 = (del®  d=i® . de'NT < 0,, and (d=*)T = (det P, del P det T > 0,
that satisfy (9), i.e.,
[d= + T*d=* = 0, (10)
where
[ E®O s, AORD O o) £ pim)
P OB O i
I O ES) AED o Bz L rESD
2 @ E;n# 171:273_ @ E&pﬁl) 7_12 2) E;p(l ) 7_gn(m) E;p(lm)
P = ;L OpY SRR T
I 71 D Bt 7 @B Bu " =Sy ot By




Since we assume away inferior goods, it is clear from T;-(j ) > 0 that T;L(j )EZSJ,Z >
0 for any j,h = 1,....,m. Moreover, we see from the linear homogeneity of

E!(po,p1+ T4, ooy Pm + T8, u;) with respect to (po, p1, ..., Pm) that

E;(h) _ Ej’n;éh)jle;(h)Ei(h)

i m _ i(h i m i(h i
[Po B + Sy (b + 7 ) B — =5, oy B
i(h _ i(h)y ik m 5. fi(h
= 1XEQ 4+ 0n+ 7 ES) + S =1 B > 0

Note that pg = 1, since pg is the price of the numeraire good. Therefore, T is a
strictly positive matrix.

Next, let us consider the matrix I'*. It is clear that all the diagonal elements
are positive while all off-diagonal elements are negative. Now, take the hth
column of the matrix and sum all its elemets.

[Ef;(h) - Z;‘n#h,jle;'* (h)EZLEh’)] + T;z*(h)zg‘n;éh,jzlEi*(h)

upj
- _ i*(h % i*(h -
= [IxEL + X0 (5 + 7, W) i) — S =1 RIS

upj upj
o o
+r, S, B

i* m (= i*(h)y i
— 1x Eup(oh) + 2]21(173 +T;L (l))E (h)7

upj

(h)‘ is smaller than p; for any j,h = 1,...m. It follows

which is positive if )72
from the Frobenius Theorem (e.g., Takayama (1984), Theorem 4.C.9 on page
387) that I'* is non-singular with the positive inverse matrix (I*)~1 > 0,, -

Therefore, for any negative vector d=,
= = - 'Td= > 0,

That is, there exists a pair (—d=Z, d=*) > (0,,, 0,,) that satisfies (10), as was to
be proved. (QED)

4 An Example: 3 X 3 Model

4.1 The Assumptions

Let me construct a 3 by 3 model satisfying the following assumptions.

Assumption 4: Country A and Country B are going to form a trading club
and Country C is the rest of the world.

Assumption 5: There are three goods, a, b, ¢, and good ¢ serves as the
numeraire good. Country A exports good a and imports good b and good c.
Country B exports good b and imports good a and good c. Country C exports
good ¢ and imports good a and good b.



Assumption 6: Initially, Country A imposes tariff on imports of good b
and Country B imposes tariff on imports of good a. More specifically, we assume
that at the pre-club equilibrium

- Country A imposes positive import tariffs on good b. Let us denote the
tariff rate by t;;‘. Country B imposes positive import tariffs on good a. Let us
denote the tariff rate by ¢2.

- Country A and Country B impose zero tax/subsidy on their exports, i.e.,
th=tP =o0.

- Country C is assumed to be a free-trade country.
Assumption 7: The income effect of each good is positive.

4.2 The Model

Let us describe the model as.

EA(pa—i—t:?,pb—‘,—t?, 17uA)_FA(pa+taA7pb+tll747 1) = taA[Ef_sz]—i_t?[El;q_Fl;q]
(11)

EP (pattg ooty 1, uP) = FP (patty ,pp+ty 1) = 13 [B7 — F |+t [B) — F))

(12)

Ec(pa;pbalauc) :Fc(paapba]-) (13)
EA—FA+EP _FEBPLEC - FC =0 (14)
Ef ~FA+EP -FP+EF —FF =0 (15)

where B} = g—f}i, F} = 2—5}1. The five equations (11)-(15) determine the
five unknowns, u’,i = A, B,C, and pj,j = a,b, for given initial tariff rates,
tA 2 t8 and ¢8.

Starting from a given set of tariffs{t2, t2,t2 tB}, where t;! =t = 0 initially
(See Assumption 6), we can derive the above system. The above system is the
starting point of our tariff reform analysis.

In order to avoid a possible confusion, we shall denote the initial levels of
tariffs and equilibrium prices before forming a trading club by

Ae jAe ;Be ;B
tAe tfe (Be ¢Be

b 2% >

e e
yPa> Py



4.3 A Pareto-lmproving Trading Club

Since Assumption 6 means that
the =0, >0, t8e>0, tf°=0,

Given the pre-club equilibrium, Country A and Country B form a club
and adjust their import and export tariffs. The tariff adjustment scheme is as

follows
tie
tie

( by (€a,€3) )
th(€ar€p)
. . . . -1 .
(i giepr _ gie g Eoo —Faa Eq—Foy €q
ema e (G g W) (5
i = A, B, (16)

Totally differentiating ¢/ (¢, ;) and tj(el,, ;) with respect to €}, and ¢} at
(e, ¢er) = (0,0), we derive

. ) ) . . _1 .
dty, _ i gieqri  gie i Eoo — Foa Eoy—Ey de,
(af) - e (G2 B8 ) ()

i = AB, (17)

Remark 1: Note that both the inverse matrix

i i i i\ 1
Eoa = Faa Eqp — Fap (18)
Biy = Fya By — Iy

and the term (E!, — t'*E!  — t:E" ) are evaluated at the pre-club equilibrium
domestic prices and utilites. Therfore, those terms do not depend on &’ and
el which means that the tariff adjustment mechanism of Country X, (16), is a
linear function of &% and &}.

Now, making a parallel argument to the calculations for the n by m case,
we obtain

A

at == (e i) (g ) (19)
b
B

=~ (i ) (4 ) (20)
b
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+< EuB;tI?;EEb Btfe%fa , ) ( dE% )
ta eEub Eu - ta eEua dEb
(7
+

- t?eEz‘?b >d€A + < EAtgleEfa )d&‘?

= e - B,
Y BB Y s ( WER ) g
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Note that the adjustments dsé», it = A,B,j = a,b, has to satisfy (21) in order
that the adjustments keep the trade volumes of three goods with Country C
unchanged, in which case the international prices are also unchanged and so is
the welfare level of Country C.

Lemma 1: If
ps+t >0and p§+1i° >0, i=ADB, jk=ab, j#k, (22)
then each diagonal element and column sums of the two matrices in (21) are
positive, ' o
E, —tfk,; >0, i=AB, jk=a,b, j#k
Proof: Since E! is linearly homogeneous in three prices, we have
By, = (05 + ) Ej, + (pf +60) By + 1+
Therefore,
B, —tfE; = 05 +t)Eju+ 0f + ) B, + 1+ B, — 17 Ey
= pjeE;u + (pi + t;fe)Ellcu + 1 Ezuv
which is positive as long as positive income effects prevail and under (22). (QED)
Now, we know that in the present case
the >0, ¢ > 0, (23)

and
the =0, tPe =0 (24)



Having these sign patterns in mind, let me rearrange (21) in the following
way,

A _ jAeppA Ae A
(21) = < E, éb B >def + < thEW )dsg‘
EB 0
+ ( tBerBb )dfff + ( EB _Be pB )dfz}?
_ E} B B, A
= [y, o+ (P )i
EA o tAeEA 0
+[( “ Ob ub >d5f+< EB _ BepB )dfzﬂ
_ EF 4B, el
- tbepB  EA deit
EA —tAepA 0 ) ( deA )
4 u b ub a 25
( 0 pp_ypepp )\ geb (25)

That is, we derive

(Pt B ) ()

tBl, Bl —eti°El, dei)
_ ( E{? _tfeE{:‘b theEfa > ( d€¢114 > (26)
wers, s ) ek )

which corresponds to (10). It follows Lemma 1 that all elements of the matrix
at the LHS of (26) are positive, and all elements of the inverse matrix

EA —tfeEA 0 -
0 EB _ tBeEB

are also non-negative. Since

ded \ [ EA—t°E4 0 Tt/ EB  epA deB
i) = 0 EB —1PeED, 1eEB A e

it follows that if deZ' and def are chosen so that (27) is satisfied for any de? < 0
and deg“ < 0, then de2 > 0 and de? > 0 and the tariff adjustments leave the
club’s trade volumes with Country C unchanged and the international prices do
not change, which means that Country C’s welfare is not affected by the tariff
adjustments. Moreover, combining

deP <0, deft <0, del >0, deP >0
with
tBe >0, tfe>0, tl=0, tPc=0,

10



we see that

dut = —[tdde? + t{ e
= —lOH) + () (=)]
> 0

du® = —[tFedel + 17 def)]
= )+ O)+)]
> 0

Hence both du® and du® are positive.

Proposition: If the initial tariff-ridden equilibrium satisfies (??) and (??),
then the implementation of the tariff adjustment scheme (??) (or one could say
(17)) makes Country A and Country B better off without hurting Country C.

(H00)=()

the tariff adjustments are expressed by a small change in tariffs (de’, de}) from
their pre-club levels.

Remark 2: Since

Remark 3 Consider the direction of tariff adjustment, determined by

e,  _  (dti(eh,e})
dt,) — \dty(ca, &)

. . . . -1 .
i i i Eoo —Faa Eo—Foy dey,
= (Eu ta,Eua tb ub) ( Elz)a _ Fga Eéb — FI;L dfz

It

i i i i\ 1L
( Eqa_an Eqb_Fqb ) — ( (_) (+) )
ElﬁaiFl:a ElﬁbiFl:b

then we find dt2 > 0, dt;)4 <0,dtB <0, dtP >0, that is, tariffs are adjusted
in the direction to level them (recall that t2 =0, t;! > 0, tZ >0, t8 =0).

However, in general, the signs of elements in this inverse matrix are ambigu-
ous, and so the signs of dsj— (t=A,B;j=a,b).
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