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I. Introduction

Because of high real costs associated with volatility of exchange rate
changes for the past decade, many countries, especially small economies,
have sought to fix their exchange rates to some relatively stable staridard.
However, it is not immediately clear against which currency or currency
composite they should peg the domestic currency.

Lipschitz (1979) shows that the standard to which the domestic currency
is pegged influences target variables of policy makers’ concern such as in-
come distribution between capital and labor, internal terms of trade,
resource allocations between tradable and non-tradable sectors, and
balance of payments. This implies that the choice of currency composite
should depend upon policy makers’ objectives. The problem of determin-
ing an appropriate currency composite for a given economic objective can
conveniently be formulated as an optimization problem which determines
an optimal weighted currency composite.

In the paper by Flanders and Helpman (1979), an optimal weighted cur-
rency composite (OWCC) is obtained by setting up a model in which the
variance of an economic target variable is minimized subject to a basket
peg and a predetermined desired chage in the target variable. The target
variables they used are trade balance and welfare. The OWCC for one
target variable differs from that for the other target variable.

Another approach suggested by Lipschitz (1979) is to choose an OWCC
by minimizing fluctuation of a real effective exchange rate. Lipschitz &
Sundararajan (1980) obtain an OWCC explicitly by formulating and solv-
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ing a constrained optimization problem where the objective is to minimize
the variance of a real exchange rate index subject to a nominal exchange
rate pegging, non-negativity conditions for currency weights, and an up-
per and a lower limits on the movement of the real exchange rate.

One objective of this paper is to generalize the method of Flanders and
Helpman by specifying the economic target variable as a funciton of not
only exchange rates as in Flanders & Helpman but also other variables such
as relative prices between home country and trading partners and incomes
of trading partners. This will enable us to show that the OWCC obtained
by Flanders and Helpman and that by Lipschitz and Sundararajan are
special cases of the OWCC of the general model. In addition, it will be
shown that covariances between exchange rate and other variables such as
income of trading partners play a role in determining the OWCC in the
generalized model while this role is not explicitly treated in the two
previous papers.

The approach described above is applicable to a situation where the
policy makers’ concern is limited to reducing the fluctuation of a single
economic target variable caused by exchange rate fluctuation. If, however,
policy makers want to construct a currency basket so that variances of more
than one target variables a new approach is needed. The second objective
of this paper is to develop a framework in which an OWCC with multiple
targets can be obtained by specifying the objective function as a weighted
sum of variances of all the target variables. Such an OWCC is found to be
a weighted average of the single target OWCC's obtained for each of the
target variables, where the weight for a single target OWCC is related to
the importance of the variance of the target variable in the overall objec-
tive.

Section II deals with the determination of an OWCC when the objective
of the policymakers is to minimize the variance of a single target. In section
III the relationship between minimizing the variance of a real exchange
rate index and minimizing the variances of the target variable is examined,
and the conditions under which the two methods are equivalent to each
other are identified. Section IV extends the method to the case with multi-
ple targets in obtaining an OWCC. Section V summarizes the results.

II. Optimal Basket with a Single Target

This section presents the problem of determining an optimal weighted
currency composite (OWCC) as an optimization problem where the objec-
tive is to minimize the variance of a target economic variable. Lipschitz
and Sundararajan (1980) obtained an OWCC by minimizing the variance
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of a real exchange rate index. The approach in this section takes the
method of Lipschitz and Sundararajan one step further in that an optimal
weighted currency composite is always obtainable even when the objective
of the policymakers is something other than the real exchange rate. This
approach is also a generalization of Flanders and Helpman (1979) in that
the target variable is a function of not only exchange rates but also any
other variables.

Following the notations of Lipschitz and Sundararajan, assume that a
small country trades with n partner countries, i = 1,..., n. Further assume
that the pound sterling (i = 1) be the numeraire currency and the domestic
currency be called the rupee.

e, = pounds per unit of the i** currency
e /= pounds per ruppee
e,=e¢/e =1" currency units per rupee
The subscript t refers to the time period, and the subscript 0 refers to the
base date of indices.
If the rupee is pegged to a log-linear basket of n currencies, with weights
w,i=1,...,n,

t t

G n Cit
In()=x w2 (), (1)

(] i=1

10
then the problem of determining an OWCC is to determine the weights (w,

's) to optimize an objective function of the authorities.
Suppose the objective of the authorities is to minimize the variance of a
certain variable X which depends upon the exchange rates e, i =1 to n:

Xt=X(elt,...ent;th,...th) (2)

where Z, ’s, j= 1,..., m, are variables other than e_ s such as domestic
and foreign price levels and income levels during the time period t. To
make the problem algebraically manageable, it is assumed that exchange
rates (e,) and Z, fluctuate around e, and Z, respectively by small amounts,
so that X can be approximated by a Taylor series expansion. The first
order approximation is:
n 93X
Xt=Xo +Z (eit '“eio) + %’

i=1 aelt J=1 aZJt

(220 ) (3)

The changes in e, and Z, are further approximated using £n (L+&)x=¢e
for a small € :

- it
€ Cio = €, N ee_—) (42)
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N

~ it

Zy—Zj, = Z;, tn (q) (4b)
X,

XX, = X, on () (40)

(o]
Utilizing eqs. (4a), (4b), and (4c), the expression for X, is approximated

as:

Xie) tn(C)e B 5 %

0= £ 00 e) e B a0z i ) )
where 7 (X: ¢) and 1 (X: Z)) are elasticities of X, with respecttoe, and Z,

respectively:

Pa=]
=
L
R
e

€ic aXt
n (X:ei) : [;(: " aeit ]t=0 (63)
X7y = ) 6b
n'j_XtaZtt=0. ()
Noting e, = e /e, the expression (5) can be rewritten as:
X, & n e; Z;
tn () =n(X) fn (5) — £ n(Xie) fn — + % n(X:Z) ¢n (7)
X e i=1 . -1 ] Z.
o) o] 10 J Jo
n
: X)= 2 n(Xie
where: 1(X) z n(X:e) (8)
Substituting eq. (1) for the term 2 n (e/€) in eq. (7), we obtain:
n e,it m th
() =n(X)2 [w,—n(X: ¢)/n(X)] In—=+ 3 n(X:Z) tny— (9)
o] i=1 eio j=1 j0 .
Noting that for a small change in X :
X,
var (X,) = E(X,-X,)? = X} E [#n )]? (10)
(o]
the optimization problem can be stated as:
o X,
minimize E [%n (;)] 2 (11)
[o]
{w,:1=1~n}
subject to:
n
S owo=1 (12)
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X,
where gn (") is defined by eq. (9).
o]

As in Lipschitz and Sundararajan, additional constraints may be added
such as:

(i) non-negativity of w§ for all7 = 1~n and

(i) imposing upper and lower bounds on the nomial exchange rate.
This is a quadratic programing problem very similar to that in Lipschitz
and Sundararajan (1980). Details of the general solution are given in the
appendix as a special case of multiple targets. An interior solution, if it ex-
ists, is presented below.

1 m ! 1
w, =1;B(—5 [n(X:e)— j§1 n(X: Z) cleg Zj)/v(es)] (13a)
for s = 2~n
w, =1 ~%2ws (13b)
where:
, e;t Z}[ .
c(es Zj) = E[{fn (—e—")} {%n (E‘)} ;s=2,...,m,j=1,...,m (14a)
0 jo
' est 2
V(es) = E[fn (;T)] (14b)
SO .

In obtaining the solution above, it is assumed that:
L e.;t e;t P
ol ¢) = E[{tn (1)} {n (C7)}] = 0 for i (15)"
10 jo
For an illustrative purpose, the case of trade balance is considered as an
example. Trade balance (TB)) is the total net export. Denoting exports to
and imports from the trading partner i by X, and M, respectively. TB, can
be expressed as:
n
TBt = .21 (Xit*" Mit) (16)
l‘
and

axit axit
Xit= )Cit (Qit’ Yit)’

<0,
aQit aYit

>0 {17)

1) When this assumption is relaxed, the weight W, corresponding to eq. 13a can be obtained in matrix
torm.
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oM;, oM;, a8)
=M, , Y ), >0,——>0 18
Qﬂ aQit aYt
where:
_ Pt,eit_ ) )
Qi = P P and P, are price levels in the home country and i®

country, respectively; and Y, and Y denote the levels of income of the i*
trading partner and of domestic country respectively.
For the sake of notational convenience, let

Pt
P =Ry,
1t

Then Q =R .¢,
From equations (16), (17) and (18), it can be shown easily that
n(TB:e) =n(TB: R )=n(TB: Q)

and
“>s0 n(xs : Qs) _Mso n(l\ls : Qs)
n(TB : Q)= - fors=1,...,n,
.Z I(Xio - Mio)
1=

where n(X:Q,) and 7 (M, : Q,)are price elasticities of export and import
respectively for the i* country.
Also note that:

n (TB : Ys) =n(Xs:Ys)’
n (TB: Y) = —n(M,:Y),
and
E [)g 77 X QJ —N’jon(M

=3 _i=t
n(TB)= 2 n(TB:Q))

n

2 (X, -M,,)

Assuming c(eR) =0, c(e/Y,) =0 fors = j, and c(e's Y)=0, and applying
eq. (13a), we obtain:

Ca(TBiQ,) el R n(X:Y,) e V)
" n(TB) - Vi(e) 1= n(TB) V(e )’ (19)
fors=2,...,n .

For a moment, terms including covariances will be ignored. or
covariances are assumed to be zero even though it is very unlikely. Then w_
can be expressed using elasticity weights, i.e.,
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Xso M(Xs:Q) — Mg n(M, : Q)
El[xio n(X;:Q;) — M, n(M;:Q;) ]

We can consider special cases by restricting the elasticities further. If all
the elasticities are unit elastic, then W, become familiar tradevolumn
weights, fors=1, ..., n. Assuming import price elasticities for all partner
countries are perfectly inelastic, w, are export weights. An example may be
an economy whose main import item is crude oil which is not produced
domestically at all. Import weights are optimal when export price
elasticities are prefectly inelastic.

Naive elasticity weights, however, are not in general optimal wieghts in a
world of generalized floating with inflation. the above example suggests
that authorities should have a good knowledge of the structure of the
economy as well as the degree of fluctuations of relevant variables in order
to get an OWCC.,

\i

s_

s=2,....,n' (20)

III. Minimization of the variance of a real exchange rate index

This section discusses a real exchange rate index for a given target
variable and examines the relationship between minimization of the
variance of a target variable and that of the corresponding real exchange
rate index.

A real exchange rate index with respect to a target variable may be con-
structed by combining a nominal effective exchange rate index and a
relative price index. [Lipschitz (1979), Lanyi and Suss (1982), Maciejewski
(1983)]. Rhomberg (1976) defines a nominal effective exchange rate with
respect to the trade balance variable as:

“In terms of the trade balance objective, the change in the effective exchange rate may be defin-
ed as the notional unzform proportionate change in the price of the home currency in terms of
toreign currencies that would have the same etfect on the home country’'s trade balance as the
set of actual changes in these prices. Lo calculate this notional unitorm exchange rate change.
the actual change in the exchange rate vis-a-vis each toreign currency must be weighted by the
effect on the home country’s trade balance of an isolated change in the price of that currency in

a given proportion. say. by | percent.”

Rhomberg’s definition of the nominal effective exchange rate with
respect to the trade balance variable can be generalized to any other target
variables by substituting the words “target variable” for the “trade
balance” in the above quote.

To be more concrete, denote the uniform proportionate change in the
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price of the rupee by d (IN/IN,), where IN, is the nominal effective ex-
change rate index. Then the effect of nonimal exchange rate changes on
X, are:

a 3X,
dX = T [—], 'de

©oi=1 de it
Setting de, /e, = d(IN)/IN, for i= 1~ n,the expression above is rewritten
as:
X, IN,
2n (i_o—) = i2=1 n(X:e) &n (INO) .
That is:
IN, 1 X
tn )= —— (=) (21)
IN, n(X) X, .

The effects of the actual changes in the price of the rupee are:

X n €
Qn(f*)= z n(X:e) ¢n (L) (22)
o i=1 €o -
Substituting (22) for In(X /X)) in eq. (21), we obtain an expression for a
nominal effective exchagne rate index for the target variable X as:

INt n .
fn IN ) = z [n(X:ei) /n(X)] Qn(flg) (23)
o i=1 o .

Using the same weights as in the nominal effective exchange rate, a
relative price index (IP) for the variable X can be constructed as:

1P P, P,

tn (=)= I [n(Xie)/n(¥)] -/ ), (24)

IPO 1= it 10

where P _and P, are appropriate price levels in the home country and the
i foreign country, respectively. Then the real exchange rate index (IR))
for the target variable X may be defind as:

en(IR /IR ) = en(IN,/IN, ) + &n (IP /IP )

n . e:.. P, P.
=2 [n(X:e)/m(X)] en(——=2) (25)
i=1 l) € PO Pit .
An OWCC shich minimizes the variance of the real exchange rate index
In(IR /IR ), is obtained in Lipschitz and Sundararajan (1980).
Comparing eq. (25) with eq. (5), one can easily identify the conditions
under which the OWCC obtained through the minimization of the
variance of In (X /X,) is equivalent to the OWCC through the minimiza-

tion of the variance of In(IR /IR ) They are:
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(i) Z, =P/P, fori=l~n; (26)
(i) n(X:¢)=n(X:Z) for i=1~n; and (27)
(iii) 2n (e, /e,,) and SZn(Zjt /Zjo) are not correlated with each

other foranyiand j> nif m> n. (28)

Target variables of the following type satisfy all three conditions above:
elt eZt Pt €nt Pt

X = e, Lt 7 ,

X't ( P2t Pnt (n+1)t (29)

me)

Z(lH-Z)t’ e Z
where Z, ’s for j > (n+ 1) are not correlated with any of the exchange rate
e, fori i=1~n.

"The remaining section examines whether the two types of OWCC are
equilvalent to each other using three specific target variables from Lipschitz
(1979), which are trade balance, internal terms of trade, and income
distribution.

When the target variable is the trade balance, the OWCC's obtained by
the two methods are not equivalent to each other. From the example in the
previous section the trade balance (TB ) can be expressed in general form
as:

e P
TB, = ¢ (Y35 Yy i=1~n) (30)
it

Since the real income (Y,) and the currency value of a country (e, P/P,)
are not in general independent from each other, the trade balance express-
ed in eq. (30) does not satisfy the condition (28). This can also be seen from
the equation (19). The OWCC obtained by Lipschitz and Sundararajan
(1980) includes only the term

n(TB:Q) (¢, R,)
n(TB) V()"

Therefore, the OWCC obtained by minimizing the variance of the real ex-
change rate index for the trade balance will not minimize the variance of
the trade balance.

Internal terms of trade (IT,) may be defined as the ratio of the price in-
dex of non-traded goods (PV) to the price index of raded goods (P;') where

the price index of traded goods may be dfined as:
n Pit @

PI:iEII (—e;-) (313)
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n
e =1 (31b)
i=1 )
Then
N n a; n cit PI:' o (32)
IT: =Pt/ [igl (Pit/eit) ] = 21 [ P ] l.

it
Since IT expressed in eq. (32) satisfies all the three conditions, (26), (27)
and (28), the OWCC obtained by minimizing the variance of n(IT/IT)
should be same as that obtained by minimizing the variance of the real ex-
change rate index for IT, whic is:

IRt) - 2n atn €t PT P,

on(— fie T o
IR i=1 " e PNPJ .

(33)

When the target variable is a measure of income distribution, the
OWCC'’s obtained by the two methods are equivalent to each other as in
the case of internal terms of trade. As in Lipschitz (1979), the economy is
divided into three sectors: the exporting (x), import-competing (mc), and
non-traded goods producing (N). The output of each is denoted by Q, the
price of this output in domestic currency by P. One measure of income
distribution (ID ) may be defined as the ratio of the capitalists’ real income
(RR) to the workers’ real income (WR). The capitalists’ real income is
determined by the value of output less the wage bill deflated by the con-
summer price index (P ) and the workers’ real income is the exogenously
fixed wage rate (W) times employment (L) deflated by the consumer price
index. The capitalists’ real income is expressed as:

RRt = ir-P)(\'. th + Pmt cht + PhtI Q«nt—wtl‘[] /PCI

where P_ is the price index for imported goods.
The workers’ real income is:
W[Lt
WR =
ct
Thus, the relative income (ID ) is expressed as
th th + Pmt cht + PT QNt _WtLt

ID, = 34
: WL, (34)

The export and import price indices may be defined as:

n Q& 1
P = .l”ﬂ(Pit/eit) ! (35)
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(P fe;)
P =11 . |€:
g LIt it (36)
n n
where Ta,.=Za =1 (37)

If P¥an w, are treated as exogenously determined, and if the outputs and

labor (Q,, Q... Q.. and L)) are either treated as exogenously determined or

N
eit Pt

P,
the income distribution measure (ID,) satisfies the three clct)nditions (26),
(27) and (28). Thus, as in internal terms of trade, the OWCC obtained by
minimizing the variance of the real exchange rate index should be same as
that obtained by minimizing the variance of ¢n(ID/ID,).

assumed to depend upon exchange rates in the form of ( )only, then

IV. Optimal Basket with Multiple Targets

When there are more than one target variables of policy makers’ con-
cern, an OWCC obtained by minimizing the variance of any particular
variable does not necessarily minimize the variances of all other target
variables. A reasonable approach to this type of problem is to minimize a
weighted sum of the variances of all the target variables where the weights
are assigned subjectively by the policy makers according to the importance
of each target variable. This section solves for an OWCC when the objec-
tive of policy makers is to minimize a weighted sum of the variances of all
the target variables. It is assumed that there are I target variables denoted
by Xi(e,....e; Z,,..., Z,), i=1~L The objective function of the policy

makers may be expressed as:

o X,
Q.= Iy E[¢n (—)]? (38)
= Xl
(o]
where a, is the weight given to the i*target variable X;.
Using eq. (5), we obtain from eq. (38)

,e ejt 2 74 ZJI 2
n(Xize) ¢n () vI n(Xi:Zg) tn )] (39)

Zjo

Through the same procedure used in obtaining eq. (9) from eq. (5). the ex-
pression for Q (eq. (39)) may be transformed into:

Cjo
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’

e.

Q, =;%1 3 [n(X1)]* E[jlél {wj—n (Xize;)/n(X1)} en %)
m . . Z't J (40)
+2 (n(XZ))/n(XD) tn ()]
jo
where n(Xi)= I n(Xize,), i=1~1 . (41)

=1
The task of determining an OWCC is to find the weights w, 's,i=1~n,
in the following optimization problem :
i
o _ 2
minimize Qt =3 a E[%n (;)]
(Wi -+ Wn} o

subject to the condition (1) and (12).
This is a quadratic programing problem. The case where an interior solu-
tion exist is presented below. The details of the general solution is in the
appendix. Assuming that:
€ie % L
E [(en () (4n—-) ] = 0 for i# (42)
€. €.
io Jo
one can obtain the wieghts for an OWCC as:
Xie n(XHZ) c(e] z)
ws=§Ai[————n( _S)—'i' ( , ) * 115 s=2~n (43a)
R e X)) V(e

n
w=1l-2 w, (43b)

s=2
where: A, =a,[9(X?)]? /jélaj [n(X)]?, (44)

By comparing the OWCC for a single target, eqs. (13a,b), with that for the
multiple-targets, eqs. (43a,b), one can conclude that the multiple target
OWCC is an average of the single-target OWCC’s, each weighted by the
importance of the individual target (A)),

V. Conclusion

An optimal weighted currency composite (OWCC) for a nominal peg is
obtained by specifying the objective of policy makers as minimizing a
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weighted sum of variances of target variables. In the case of a single target
variable, it has been shown that the OWCC obtained by minimizing the
variance of a real exchange rate index defined for the trarget variable is
not always identical to the OWCC obtained by minimizing the variance of
the taraget variable directly. When the single target variable is the trade
balance, the OWCC obtained by one method is different from the OWCC
obtained by the other method, while the two OWCC'’s are identical to each
other when the single target variable is income distribution or the internal
terms of trade.

In the case of multiple target variables, the OWCC is found to be a
weighted average of the single-target OWCC’s obtained for each of the
target variables, where the weight for a single-target OWCC is related to
the importance of the variance of the target variable in the overall objec-
tive.



166 The Korean Economic Review

Appendix

Optimal Basket with Multiple Targets

The task of authorities is to choose a set of weights w,..., w_ that
minimizes the objective function in the equations (40).
I n e
. . . jt
Q=% an’ (X) E{jzl[wj—n(x”ej) [(X))] 20 ()
i= = .
jo
m . . Zy.
+Z [a(Xi:Z,)m(XD)]en )2
k=1 Z,
subject to constraints

z w=l
j=1 !
and

“§>O,j=1,....,n

el
L j
€ = E(fn——) .
jo
Since the concern is only with the set of bilateral relations between rupee
and the currency of each partner country, convariances among partner
countries’ exchange rates will be ignored, i.e., it will be conveniently that

1

[
€: €

t kt
cov (Qn—%—, ¢n——) =0 for j#k
jo €xo

The objective functio Q can be rewritten as

I . n N .
O, =Z an* (X) L, {w; —n(X5e) [n(XD]* V()

+23 T [won(Xie)) /n(X0)] [2(X1Z,) / n(X)] (€] Z,)

j=2 k=1
mom M(XHZ, ) n(XEZy)
+ 25 o(Z, Z,)} ce (AVD)

k=1g2=1 n* (Xi)
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where
’

e,
V(cjf) = E[Qn_J_'] 2

jo
, _ ejt' 0 Zy,
c(ej Z,)=E[fn - kn A ]
Jo o
Z,, 2
c(Z, Z;Z)-=-E[52n——t.52n—t i=2, ,n
ko ZQo ’

k,e=1,..., m.
Note V(e)=0, c(eZ)=0fork = 1,..., m, and e/=0.
The Lagrangian expression for this problem can be

n — , n - 5
I-lt =Q( +)\1(J§2 Vv‘| ej —'BQ) +>\2 (-J{:zwj ej +Bu) +x3 (Ele—l)

... (A 2)

where A, i=1, 2, 8, are the Larangian multipliers.
The Kuhn-Tucker conditions are

oL,

— =\ 20 ...(A.3)

aW1

;) P-10)

t _ t — —_ =

3Ws—aws +)\les_)\2es+)\3>052,...,n ...(A.4)

w20 s=1,...,n ...(A.D)

oL,

-w. =0 s=1,...,n ...{A.6
aw, ° (A-6)
n - n —_
j§1wjej—B,2>0 and —j§2wjej+Bu>o (AT
n
T w—1=0 ...(A.8)
j=1}

A, =0, i=1,2,3 ...(A9)
\ n ., v n _,
1 (jgzwj ej—BQ)=0and )q(—jZizwj ej+Bu)=0 (A.10)

It is assumed that w, > 0 alway so that A, =0 from the conditions (A.3)
and (A.6).
Case 1:
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Consider the case when average nominal OWCC falls within the
specified bounds. That is, the condition (A. 7) holds strictly and A, and A,
become zero. Thus the inequality (A.4) now becomes

oL, 2Q,
= +2; =0, s=2,...,n. (A,
dw, aw, 270 TR n (A.11)
where
3Q, s ol _ . ,
w, a7 O (20 mn (X e ) (XD) Vie,)
m n(Xi:Zk) :
+2Z ——— cle, Z,)}, s=2,...,n .. (A.12)
k=1 n(xi)
3Q,
If > 0, then

s

w,=0 from the condition (A.6), and the assumption w, > (..
Thus, the sufficient condtion for w, = 0 is obtained by substituting w, =0 to
the equation (A.12), i.e.,

1 . , m
Z, an(X) (—n(Xhe,) V(g) + 2 n(XhZ, ) cle; Z,)} > 0,

for s#1 ... (A.13)

If single currency peg is optimal, then the inequality (A. 13) must hold for
all s # 1%
The interior solution, however, implies all weights are postive, which im-
plies
3Q,
——=0, fors=2,...n
ow

s
From the equations (A. 12) and (A. 13) and after some manipulation, one

can get an OWCC,
I n(Xie)  m n(X"Z) (e Zy)

...(A.14)

w.=3% A [— =2 . . ],s=2,...,n _ (A.15)
TEA (X))  k=la(Xl) V()
a n? (Xi)
where Aisl———————, i=1,...,1 ...(A.16)
£ a0 ()

2) Lipschitz and Sundararajan (1980) discuss extensively on the optimal single currency peg.
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and

n

wy =1—-2 . w,

=2 !
If authorities concern only a certain target variable, let say X% then one
can obtain the equations (13a) and (13b) in the case of single target by set-
ting a,= lansa,=0fori# 2.
That is

A, =land A, = Ofori= ¢.

Case 2:

When the average nominal OWCC falls on the boundary, one of the
inequalities in (A. 7) holds strictly and the other becomes the equality.
First we will examine the case that the lower limit is reached i.e,

n

n
; W€ — By =0and —jEZWj€3+BU >0. ... (A 17)

2
Then we know

7\1>O and>\2 =0.

so as to satisfy the condition (A.10)
The inequality (A. 4) becomes

1 . n(Xi:es) , m ﬂ(Xi!Zk)
2 a0 (XD {[w, - ——— ] V(e}) + £ ——=
n(X k=1 p(X)
’ A - —
o€, Z)} +5 € 20 s72. e .. (A18)

If, however, the inequality (A. 18) holds as a strict inequality, then w = 0
from the condition (A.6). Following the same procedure as in the case 1, a
sufficient condition for w, = 0 is

T an(X) [-n(Xie) - V) + B n(X1i2,) €, 2,)

+%e—'> 0, for s#1 ---(A.19)
S

For an interior solution, i.e. w, >0 for all s, a OWCC can be obtained
setting the conditions (A. 17) as an equality,

1 n(Xe) o a(XHZ) cleZ) N\, 1 §
w, =2 A T ; - = o o2
n(X") =1 (XY V(e!) 2 A V()

s=2,....,n ... (A 20)
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where
1 ,
A= T an? (X4
j=1
and

n
wy=1—-Z% w,
j=2 !
A can be obtained by substituting each w to b B, =5§2 w, e 'from the condi-
tion (A. 17). The explicit expression for A | wil be omitted since the result
does not readily yield much economic meaning.

If the upper limit is reached, then the sufficient condition to exclude the
st trading partner from the OWCC will be exactly same as before except
we now have —), for), in the condition (A.19). Also the interior solution for
the OWCC will be altered by substituting —A, for A, in the condition (A.
20). ’
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