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Abstract

The study aims at contribution to the literaturetlod theory of optimal currency basket and
optimal currency area. We derive analytical solutid the model of Zhang et al. (2011) and
use it to compute structure of individual optimatrency baskets for 5 European countries —
Spain, Italy, France, Germany and Portugal for y&@4. Based on the empirical results we
conclude that creation of common currency uniothin late nineties was justified from the

perspective of the optimal currency basket approltdreover, signs of presence of possible
synchronization in external sector against shockghte exchange rate create room for

efficient use of common monetary policy.
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1. Introduction

In the year 1999 eleven European countries tookirgprecedented step forward to deeper
economical and political integration by creatingammon monetary union — the Economic
and Monetary Union (EMU, sometimes referred tohesEurozone). Since that moment, the
benefits and costs of such integration have beeplgestudied. This thesis would like to
contribute to the fruitful debate related to thigject by adopting a new approach based on

the theory of the optimal currency basket.

In this thesis we use the theory of the optimateney basket in order to be able to shed some
light on the process of creation of the commonengy union in Europe from the economic
point of view. To be able to do this we will addpe concept of the optimal currency basket
that will serve as a tool for assessing econosuitability for creation of a monetary union
with selected currencies from the perspective efdanomination of the external trade and

international capital flows.

Before going into methodological details, it is ionfant to clarify the distinction between the
structure of theoptimal common currency baskatd the structure of thadividual optimal
currency baskeftrom a perspective of a single country. While thener one determines the
structure of an optimal currency basket for a grotigountries that eventually may enter a
common currency union, the latter one is used byuatry that is planning to operate in some

form of a fixed exchange rate regime.

The link between those two different concepts raightforward: we consider the optimal
structure of anndividual currency baskeas a possible indicator in favor or against the
adoption of a common currency with other countri@suntries are likely to be suitable for
creating a common currency are in case of highrdefgendence in individual optimal

currency baskets.

The common currency used in a currency union shtha be created according to the
optimal structure of @ommon currency baskefhis basket may take into consideration key
factors different to those ones that were in thetareof analysis of individual optimal

currency baskets for single countrfehe differentiation between individual and common

! We may use some European countries as a praeiiaaiple. According to the model of the optimal enay
basket, Slovakia, Estonia and Slovenia in the déghties should have kept fixing their domesticrencies to
the Deutsche Mark as the majority of their foregoduction was exported to Germany. Similar stmectof
their optimal currency baskets indicated that byatng a common currency union among themselvet, wi
Germany as their main trading partner, they shouolchave been expected to experience significaniilems in

1
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currency basket is in line with Ogawa and Shimi2Q0g), yet the usage of an individual
currency basket as an indicator is our own decisased on Mori et al. (2002) approach.

Strictly speaking, we assume thagh shareof currencies involved in a currency union in a
domestic optimal currency basket isfavorable factor speaking in favoof monetary

integration and reversely. More precisely, if amoys domestic optimal currency basket is
mostly created by currencies of countries thatadm@ady involved in a currency union or are
planning to create a currency union together withdomestic country the decision to become
a part of the currency union should not bring tensiinto external trade and financial flows

due to adoption of a common currency.

Higher share of currencies involved in the optimafrency basket indicates existence of
strong link between domestic economy and the fareggonomies, thus their high
interdependence. According to the theory of thenmgit currency area (OCA) proposed by
Mundell (1961) and contributed by many other awhdt is beneficial to form a common
currency area in presence of one or few dominadirig (Broz, p. 72). In this case we
assume that high share of currencies of countnigte optimal currency basket represents
dominant trading partners in the external traddgoseor in international financial flows.

Therefore there are possible gains from a commaiacy union.

Moreover, domestic export, import and internatiofi@ws previously denominated in
domestic currencies become independent on the temolaf the euro against currencies of
countries outside the EMU by creating common curyamion with trading partners from the

EMU.? This brings us to other interesting point.

Not only high share of currencies involved in tipgimal currency basket has to be viewed as
a positive factor; theimilar structureof the optimal currency basket against countrigside
the EMU is even more important because it may mdicsynchronization in the external
sector of individual countrie€Common monetary polidg expected to bhighly efficientin
case of highly synchronized countries in exterredlé and international flow which is to be

viewed as a positive factor in favor of common ntaneunion.

the foreign trade sector because of different reguénts on denomination of foreign export priocteation of

a common currency area.

2 For comprehensive literature review regarding thed optimal currency area see, for example, R&005).

% We are aware of the fact that this situation mabe true in some cases. Let us assume that dpesttive
evolution of euro against the currencies of coestoutside the EMU the import from those countbesomes
relatively cheaper to the import from countriesidesthe EMU. In case of high substitutability ofported
goods the evolution of a common currency may chargéerences and the relative value of trade beatwee
countries inside the EMU and outside countries, ¥@tthe sake of simplicity we do not further edadte this
issue.

2
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The main contribution of this thesis is threefdidstly, we apply the theory of the optimal
currency basket to the problem of a common monataign, EMU. Secondly, we calculate
the structure of the optimal currency baskets for year 1994 of 5 selected European
countries that were considering joining the Eurazan that time — Germany, France, ltaly,
Portugal and Spain, in order to be able to assessilje positive and negative effects of the
common monetary union in the external sector. & year 1994 the second stage of the
monetary integration of the European Union beganebtablishment of the European
Monetary Institute as a predecessor of the Eurofaamtral Bank. As this year represent
significant milestone of the process of the Europeaonetary integration we find it

interesting to calculate optimal currency weigldigvant for this year.

Lastly, we derive analytical solution to the cumtrenodel of optimal currency basket
proposed by Zhang et al. (2011) that serves aslddocomputation of the optimal currency

weights in individual currency baskets.

Our empirical results suggests that from, the ptspe of the optimal currency basket, some
of the countries (Portugal and partially Spain dtadly) should have benefitetom the
adoption of the single currency euro as most af #dernal trade and financial flows would
not have been affected by exchange rate fluctuataory more. Other countries, that were
highly open toward the countries outside the EMlérf@any and France) at that time, will
still be exposed to negative effects in their exdérsector due to variability of common
currency, euro. Yet, those negative effects mayeha@en minimized by creation of the

common currency basket that would have begaimal for all member countries

By saying that, we do not suggest that member c@sndf the Eurozone should have pegged
their newly created currency against specific optimombination of currencies of major
trading partners in the late nineties. Or that #hisuld be something to be done today or in
the near future. Instead, we claim thhe existenceof such an optimal currency basket
resulting fromsimilar structure of individual currency baskessjust visible manifestation of
synchronization in the external sector. Thus, isecaf fluctuations in the common currency,
euro, all countries will be affected in the sameeclion and that is to be viewed positively.
Moreover, common exchange rate policy is the méiee#ve the more member countries are
synchronized in the external sector. Similar strreeof individual currency baskets suggests
thatcommon monetary polidp the case of 5 countriesagpected to be highly effectifrem

the perspective of possible exchange rate policy.
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The theory of the optimal currency basket structarecountries using various forms of fixed
exchange rate regimes has been subject to acadésuigssion since the eighties. Academic
literature related to this kind of research is lbr@and rich in terms of either geographical

distribution or methodology used for calculation.

In the eighties, the concept of the optimal comnooinrency basket was applied to the
calculation of the European Currency Unit (ECU)e thasket currency of the former
European Economic Community (Edison, 1986). Accuaydio our best knowledge, the
concept of an individual optimal currency basked haver been used before for analyzing the
structure of the optimal currency basket of Europeauntries that joined the EMU one

decade later.

Unsurprisingly, most of the current literature dwe bptimal currency basket covers countries
from East Asia where debates about forming a comowrency union are the most active.
Countries in the East Asian region experiencedbiesome period in years 1997 and 1998
caused by economic, banking and exchange rates amisich showed that “a country that
exports to all the major economies but targetsilgialonly in its exchange rate with one
major currency will experience variability in itdfective exchange rate and its bilateral

exchange rates with the other major currenciest(fes) 2009).”

In recent years, the debate about creating a conauoency area and probably a monetary
union similar to the one created in Europe has cioeecenter of academic attention (Adams
and Chow, 2009). Thus, the experience of the cumamber countries of the Eurozone may
help the Asian countries to better grasp the chgiiey task that lies before them before

creating a fully functional common currency area.

As far as the methodological procedure is concermeel may distinguish between the

following approaches that have been developedisnatiea of research since the eighties:

= Solving the optimal currency basket structure by tle new open economy
macroeconomic model- presented by Shioji (2006) for countries of EAsta, the paper
enhances the basic open macroeconomic model pgosesetti et al. (2000) which is in
turn based on the basic “redux” model by Obstfeld Rogoff (1995, 1996). On the contrary
to the standard macroeconomic model by Corseidil.ef2000), Shioji uses a three-country
model with one type of a nontradable good and types of tradable goods. Shioji (2006) is
able to provide predictions about the responsdbefturrent account balance and GDP rate

to foreign exchange shocks. Yet, as it deals withr@e-country model, the optimal structure
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of an Asian currency basket used for pricing inntouone consists from up to two currencies
(combination of the US dollar and Japanese yen)eRtension of the model to n-country

model would be necessary in case of a more congbtagture of an optimal currency basket.

= Concept of currency invariant index in terms of vafance minimization
framework — presented by Hovanov et al. (2004) and lated use Pontines (2009) for
calculating an optimal structure of the currencgKked This approach deals with issues of
choosing the best base currency used for calcualéyocreating a reduced normalized value
in exchange rate df-th currency in such a way that the selection of & lzasrency does not
matter any more. Optimal weights of currencies faréher calculated by solving a basic
optimization problem of diversified portfolio sirail to Markowitz (1959). Hence, as this
model does not take into account incentive of coemtto minimize their current account
balances or external position it represents usefdhnical exercise but does not reflect

decisions of economic agents in domestic countugkermore.

» [Integration of standard macroeconomic models withnput-output tables — Yano
and Kosaka (2003) combine two basic models for ldgusg countries — skeleton model
proposed by them combined with the official UNCTADodel extended for the foreign
sector. This approach was used for computationnobgatimal currency basket for Asian
countries along with an analysis of changes iniforérade patterns and their influence on
domestic countries and the required change in exyghaate regimes. The model does not
incorporate international flow of capital which még viewed as a problematic feature.
Inclusion of this structural block into the modglnecessary due to the current state of world

economy which may be characterized as highly degggrah the international capital flows.

The literature related to the composition of aniropt currency basket either from the
perspective of an individual country or a group aguntries is much broader. Models
presented above cover basic approaches to thewctist of such optimal baskets. However,
majority of the models used in economic literatioeuses solely on external trade sector.

Thus, flow of international capital is a missingtga all of the models mentioned previously.

With respect to the current debt crisis in Eurm&eountries it seems that the inclusion of
the foreign debt position to models examining threicture of an optimal currency basket

should be required.
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Additionally, some models are appropriate only &wnall number of countries involved
(Shioji, 2006) or do not include any economic remsg, thus represent good mathematical

exercise but without any economical background {iRes, 2009).

Zhang et al. (2011) partially addresses the issaes®d above by solving a problem of
optimal currency weights by minimizing the voldtiliof country’s external account. We use
this approach for specifying optimal currency weésgbf selected individual countries that

joined the common currency union in Europe in #ie hineties.

This diploma thesis is divided into the followingbsections. Firstly, we describe the basic
features of the model proposed by Zhang et al. {R0%ed for computation of the optimal
currency weights. Analytical derivation of the mbgeoposed by Zhang et al. (2011) is
developed in the third chapter using the conceptKafush-Kuhn-Tucker nonlinear
programming. Additionally, we briefly discuss thencept of the currency invariant index
that is used for computation of value of currenanetuded into the potential currency basket

as proposed in Hovanov et al. (2004).

Results obtained by the analytical approach to magleof optimal currency weights for
selected European countries are discussed in tia ¢hapter of this thesis. Conclusion

briefly summarizes the results of our analysis.



CEU eTD Collection

2. Theoretical model

The theoretical model created by Zhang et al. (R@&tves for modeling the composition of
the optimal currency basket in China taking inteccamt specific requirements of Chinese
exchange rate regime. As this model incorporatdis éxternal trade sector and international
capital flows we find this model suitable for madegl the structure of the optimal currency

basket for selected European countries.

The model proposed by Zhang et al. (2011) inclueeslution of the net international
investment position into the models of optimal enny baskets. We share the opinion of the
authors that not only real economy is important domputation of the optimal currency

weights but capital flows may affect evolution kternal sector even more significantly.

Authors assume that domestic country would likestabilize development of their trade
balance and international investment position iravironment of flexible exchange rates. In
order to achieve this goal country tries to minientosts related to variability of exchange

rates by fixing its own currency to a currency keskhich is optimally structured.

In this model authors use an asymmetric pricingmgdort and export trade - local currency
pricing (LCP) for export and producer currency jic(PCP) for import. Additionally, the

local currency pricing (LCP) is used in computat@hnlIP variation due to exchange rate
shocks and shocks to IIP. Furthermore, authorsrdpose net IIP position according to the

currency denomination of the foreign debt.

We stick to the model proposed by Zhang et al. 12@lith the asymmetric pricing for our

computation with data for selected European coemitiVe are aware of the fact that this may
be not fully plausible in the case of European toes, especially in the short run, but our
results may still provide fruitful insights regamdi the efficiency of the common currency

union from the perspective of the external seétor.

* There are various approaches to how to measureffinet of the changes in the exchange rate oniingpice,

or the exchange rate pass-through effect (ERPU3, low to support usage of LCP or PCP pricing omemic

models. Empirical results for developed Europeamntiies do not provide a clear picture about thesllef

ERPT in those countries. For instance, Campa d28D2) estimates short-run ERPT in France on @b
Germany on 0.50 and long-run ERPT on 1.60/0.70th@rcontrary, estimates for short-run for Uniteshdgddom

shows values of 0.32.

There is a compelling evidence of partial passtthoeffect in the short run, thus rejecting bothPL&nhd PCP
pricing. Yet, the PCP pricing is more prevalenttfimaeiny types of imported goods in the long run (Carepal.,
2005; Campa et al., 2002).

Therefore, based on empirical evidence, the appitaof LCP pricing on export sector and PCP pgcon

import sector might be plausible, especially fréva tong run perspective.

7
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Zhang et al. (2011) solve their model numericdltyorder to calculate the optimal currency
basket structure of selected European countrieshawee developed our own numerical
algorithm? Yet, due to high requirements on computationarsfth and its low precision, the
results obtained by these calculations are highfccurate. Furthermore, we observe that
many optimal vectors are not found due to low miea as they do not fall within the area
covered by the algorithm. Our findings thus quesgonpirical results obtained by Zhang et
al. (2011) by their numerical algorithm whose stnoe is not further elaborated in their

paper.

Hence, one of the main contributions of this pajes in developing and deriving an
analytical solution to the model proposed by Zhanhgl. (2011) that will provide us with the

proper global minimum.
2.1. Basic structure of the model by Zhang et al. (2011)

In this section we describe basic features of tht@rozation problem proposed by Zhang et
al. (2011). A complete derivation of the model iigeq in the Appendix |.

This theoretical model consists of the followingt®yn of equations:

1. total cost subject to minimization

Z = ANA+ANX, [1]

where ANA represents the change in international investmpesttion (IIP) andANX the

change in trade balance.

2. initial conditions for the ratio of trade balancaa|IP on GDP

® We use data of 17 countries for modeling the opgtisteucture of currency basket of selected European
countries. Thus, the total possible vectors ofedéht currency weights is'" wheres represents specification

of precision. For example, the total amount of comation is 10" with precision to the one decimal place
which is immensely demanding for computation.

This is the reason why we use algorithm developmdofir specific needs. This algorithm is based lon t
following principles: (1) as the sum of weightsairturrency basket must equal unity and each coemaf the
currency basket must be nonnegative and lower valeéq one, unity will be decomposed to specifieneénts
sum of which is equal one (e.g. 0.1+0.1+0.8) wtiile precision of decomposition is a changeableatitei (2)
each combination of elements represents a poss#ulior of optimal currency weights in the currert@asket;

thus, the variancé/ar(2) will be computed for each vector; (3) the vectar with the lowest variance

Var(2) represents optimal currency weights in the culyemasket. Hence, we do not need to consider all

possible combinations of elements of the unity; wse only the combinations where the sum of elemsnts
equal to one.

Hereby | would like to thank to Martin Mytny and tBe Kopac for the consultations regarding numerical
algorithm as described above.
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NA=aYs  NX=a,Y, [2]
where a,,a, represents coefficients related to the ratiosrade balance and IIP on initial

value of domestic produdt, .

3. dynamic equations for total cost as a share ofl totaduct

Z = ANA+ ANX
:YE:alAY +a,AY [3]

0
z=a,nx+a,na

where the corresponding lower case characigraa indicate change in variablégX, NA in
logarithmic version.

4. optimization problem

. N _
qm!p%VAR( 2, S'Z,-:le =1 [4]
where «, represents the share of currengy in the optimal currency basket with
i=12,..N.

5. trade balance

- export evolution ->x = ZL y,e( j), wherey, represents the share of the export to country
j on total export,e( j) represents the change in the exchange rate ofslimnoeirrency to
the currency of countryj ;

- import evolution ->i :z:iléji ()= z]il[(l—/])dje ( )], wheren represents the elasticity

of substitutior? o, represents share of import from countjy on total import, e( j)

represents the change in exchange rate of doneestiency to currency of country;

- net export ->nx=z:.il{ﬁ’[ilyj - J'él__f)}e( ) [5]

6. netinternational investment position

na=3 1 [ A (e () +e))] (6]

® We assume that consumers have constant elastfctybstitution among imported goods.

9
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where A; represents share of IIP towards theth country on total value of net IIP in=0

and £2(j) represents the stochastic proéetescribing the changes in IIP towards couitry

7. total cost equation

z=qa,nx+a,na

z=a12j“=1{ £y —51[(,,1__17 )}e( pra, Y [ A (e () +e D))

£-1

2= Z{ {flj 2 )}eu)wz)lj(ea(jﬁe(p)},

=1

7= i{a{ﬂﬁl 5 f)}az J D+02/1]£(J)}

8. evolution of exchange rate

[7]

e j) = =£°(j) + 3 @e (), [8]
where £°(j) represents the stochastic pro€efsshocks to exchange rate.

9. total cost equation with shocks

z=(w ET)C] [9]

where ge:{ge(j)}m represents the vector of shocks to exchange ra’:f’u;,{ga(j)}NXl

represents the vector of shocks to internationaéstment position¥ a = are vectors with

coefficients given by the following formulas:

o e it b
=={aA},,

10. variance of total cost

2
" We assume that a stochastic process has a zerbanéaonstant varianc(e??) correlated with a change of
exchange rate.

2
® We assume that a stochastic process has a zerbanéaonstant varianc(e?f) correlated with a change of

exchange rate.

10
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Var(2) =" .00, [11]

wherep represents the correlation matrix between shockextthange rate and shocks to

international investment position in the followifggm:
pee pea

p:( ae an’ [12]
PP

and @ represents the vector of shocks weighted by theiances in the following form:

W.o!
(00X Y. ox

P = = _N N . [13]
Ok =07
S

The optimal solution to the optimization problensdebed above is derived analytically in
Section 3. The optimal solution is later used foodeling structure of optimal currency
baskets for 5 European countries with empiricaladah their trade balances and net

international investment positions.
2.2. Currency invariant index

As shown in Hovanov et al. (2004, 2007), the chatebase currency may alter results
obtained by numerical computation of the optimairency baskets. Thus, we would like to
apply some procedure that allows us to computeevafteach single currency independently

on the choice of base currency.

Usually, the concept of effective exchange ratapiglied. According to this concept, value of
domestic currency is weighted with shares of meadihg partners. Yet, this concept is not
suitable for our needs as one entire building blotkhe model proposed by Zhang et al.

(2011) strongly relies on computation of import axgport shares towards all trade partriers.

The use of effective exchange rate would introdnies into our computation as the shares of
main trading partners would be assigned higherripyias they would be used twice in the

computational procedure.

° See the derivation of the trade balance equagseribed in [5] in Section 2.1.

11
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For this reason we apply procedure proposed by hkimwaet al. (2004) that enable us to
compute value of every single currency indepenglenti the choice of base currency no

matter what the shares of major trade partnerstermal sector are.

Let us now assume that there &tecurrencies in the sample whdrel,2,...N . The ratio of
currencyi to currencyj at timet, or the cross rate in economic terms, is dencteda (t)
where i,] =1,2,...N and currencyi is called quote currency angl is called the base
currency.

Let us define the scaling factgt by:

-1

ﬁ:[GeoMear(\ val( ... vajl())]“:[(ﬁ V@I(lj } :ﬂn/ﬁ Val( )t} [14]

The scaling factor8 is computed as an inverse of the geometric meaall @urrency cross

rates with fixed base currency. Without loss ofegality we assume thatal, (t) for r = |
equals the unity”

Then anormalized value in exchangeormalized index of value in exchange) is comguie
the following way:
val, (1) _ Vaj(y
GeoMearf V ..., val n [15]
G vVal(X.... Val (D nﬂvalr,-(t)

According to Proposition 2 derived and proved invedwov et al. (2004);for a positive

NVal, (1) = AVa) (9 =

homogeneous transformatioNVal; (t) =¢(Va* (t)) =BVal (), B>0, to be independent of
the standard good (currencyg; choice, it is sufficient to fix3 as the inverse of the
geometric mean GeoMeai Va|( %..., Vgl (}) of the values in exchange/al(t),
i=1,2,..N.”

The normalized value in exchang&/al, (t) when used for computation of invariant currency

index for given currency and selected base currerjcyill be calledinvariant currency

value index (ICVL)

9 For example, the cross rate of USD/USD is equah®in the case when the USD is chosen as a base
currency in some sample.

12
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3. Analytical solution of the model by the Karush-Kihn-Tucker method

The basic theoretical model proposed by Zhang .e(28l11) represents the optimization
problem in the framework of nonlinear programminghwlinear equality constraints. In
contrast with this, we impose two types of constsailinear equality and linear inequality
constraints. For such a type of optimization probtee Karush-Kuhn-Tucker (KKT) method

seems to be the most proper and is therefore ngbdkithesis.

In this section we will heavily draw on the KKT rhetd as described in Proposition 3.3.1. in
Bertsekas (1999). This will enable us to derivarogpt values of currency basket with respect

to set of equality and inequality constraints.

The general form of KKT may be rewritten as an mjation problem with two types of
constraints — (1) inequality constraints and (2uadiy constraints. The general form of

optimization problem in KKT framework may be thenef expressed in the following way:

min f(x), st. g (X< 0, h (xF ( [16]

X

In our optimization problem we would like to minimeiVar(z) as expressed in equation [11]

with respect to following set of equality and inafjity constraints:

min Var(z)), for i= 1,..N

st W<sl>y-<0=9wk O,
g (w)
@20 -6 < 059, PX O, [17]
G (@)
N N
dYuy=1=>y-1=0h wF 0
i=1 i=1
h; ()

Firstly, we shall impose basic equality constrantthe sum of all weights in the basket.
Logically, the total share of all currencies in dyasket should equal one. Secondly, we shall
consider only those currency weights that are ngatie and smaller than or equal to one.
Thus, we do not allow for a short selling as in tase of optimal currency basket this is

simply not plausible.

13
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By observation we may conclude that the regulaciyndition of KKT is satisfied as all

constraints are affiné. By compactness of the set

N
{(wlwh ), 0sw<s1) @=1i= 1,..I,\|}and the continuity of the functiovar(z(w))

i=1
there exists and optimalr =(a{%) such that the functioN’ar(z(a))) has a minimum
Var(z(af)) . Furthermore, since all the prerequisites for Kid&thod are satisfied then there
exists 77,,.../7y Mns1s--11n A @nd the optimal solution must satisfy followingtginarity

conditions:

DVar(z(af))+§:/7iD g(«) +A0 0 &) =0,

i=1

which is a vector notation for the following coandtes:

ovar(zaw)) N - (Z‘q_lj
ar ZF) le Z:l: a( cq)+/1 ,_éw -0 (18]

This stationarity condition is represented by systef N equations with2N +1 KKT

multipliers 7,,.../7y fnsy -1y A @nd N coordinates of vectow* :

[ avar( z(ew*
( ( )) L~y +A =0
0w
[19]
oVar( z(af)
a( )+/7N My tA=0
L N dnx)

Thus, we need to solve this systemMfequations with3N +1 variables. In order to be able
to do this, we will follow impose the additionalaessary conditions prescribed by the KKT
method. According to the KKT, the following settbfee types of necessary conditions needs

to be satisfiedimultaneouslyor the vectorw* to be optimal solution:

n order for a vectow* to be optimal solution, specific regularity condits need to be satisfied. Byearity
constraint qualification if ¢; and hj are affine functions, then no other condition éeaed to be satisfied for

KKT to hold. In our optimization problem aN +1 linear constraints are linear i) with constant term.
Thus, regularity conditions are satisfied and weymse KKT method for finding vector of optimum
weightsw™ .
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(1) primal feasibility condition

N
O<saj <1, Dg-1=0, fori= 1.N , [20]

i=1

(2) dual feasibility conditions

DyseedIn ATnsr 410 2 € [21]

(3) complementary slackness

1] Oi=1L.N, 79 &*F 0O,

n(d -1)=0, [22]
[2] Oi=1.N, G ©%F O
,7i+N (_Cq*) =0.

The primal and dual feasibility conditions will hlaken care of in the last steps of our
algorithm. We will firstly focus on complementariaskness conditions because they allow
us to reduce system ™ equations wittBN +1 variables to the system & equations with

N variables. Such a system can by solved by starinear algebra.
Case [1] in complementary slackness condition

Let us first assume that # 0 for at least oney, . Then in order for [1] in the complementary
slackness condition in [22] to hold, the-th coordinate of the optimal omega must equal
unity, thusy =1. The optimal solution in this case would be thetoe omega with all

components being zero except theth coordinate because the sum of all omega coordinate
N
must equal one) « =1.
i=1
This observation leads to the point that either rtirimum is in the “corners” or else the
conditions, =0 must be satisfied for all=1,..N simultaneously.Thus, we will need to test
N possible vectors of wittN —1 coordinates being zeros and one coordinate beiig and

find the optimal one for which the varianVar(z(a)")) is minimal.

Let us now assume thgt =0for i =1,...N . Again, based on the reasoning used in previous

section, conditions7, =0 must be satisfied for all =1,..,N simultaneouslyin order to
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N
Zcq =1 holds. Then the system of the stationarity coadgiis reduced to the system Mgf

i=1
equations with2N + 1 variables:

oVar(zar)) p 4A=0
0w
[23]
ovar(zar)) 120
L 0c, 4) na

Case [2] in complementary slackness condition

In this case we havg,, (-« ) =0, so that for each=1,...N eithers,, =0 or (- )=0
holds. An analytically plausible method in this €as to compute all possible combination of
zeros and non-ones for dlE=1,..N combinations. With this approach we investigateyonl
those combinations where exactly one variable isakgero and other variable may be
assigned different values. Thus, we will need twves@" combinations of certain system of
linear equations and find the solution to this egstof N linear equations withi2N +1

variables beingy, ..., M.y -y A -

It is possible that both the KKT multipliers and ega coordinates are zero at one point. Yet
we do not need to consider these possibilities ragglgt because such combinations may

result as the optimum solution of our optimizatmoblem.

The system of stationarity conditions in [23] isther expanded with the equality condition

N
of Zcq —1=0. Such an expansion creates systemNafl equations with2N +1 variables.
i=1

The second set oN equations which allow us to check &' combinations of ones and
zeros will expand the system of stationarity candg in [23]. We will return to this point

later in this chapter.
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ovar(z(aw)) o AA=0
0
24
oVar(z(ar)) e +A=0 [24]
0ay
N
dy-1=0
Li=1 J(N+1)xa

Based on the system of equation derived in [24]wilefurther reformulate the system of
equations in order to be able to solve it by linelgebra in Matlab environment. Additionally,

we will derive analytical solution for specific apiization problem as stated in [11].

3.1.1. First order conditions

In this section we analytically derive first ordewnditions of variance with respect to the
coordinates of the vector omega Firstly, let us rewrite the formula for the \aice of the

total cost equation.

Var(2) =" .00

o pea] Yoy
pae paa

Var(2) = (W,05,.. W08 207, 20%) (

(a)lg(—fl)O'f

[25]

aa

Var(z):((a{f—fl)af,---,(%f—fnl 2N ﬂz)lﬁfw--ﬁ{‘NUS)(zae Z J -;a%;i:\EN)UN

a

a,A\oy

Based on the conditions for values of the vectbras in [10] we may reformulate equation
for variance ofz as in [25]. At this point it is necessary to netihat the vectot! can be

expressed using the following variables: the firatiable denoted b§ is invariant to the

selection of the currency and is computed as the sum over all possibteirrencies, thus
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N
Ezzgﬁ ; the second variable denoted &s depends on the choice of currerjcyMore
i=1

precisely:
) " g a(1-n) _ B ., _5(-n)
W = a)jziﬂ{a{ﬂ_lyi = }02/1} {al|:ﬂ_1yj 1 +a,A ¢, (26]
: d
E:(az)lj).

Then the variance of may be expressed in the following way:

(wé-§&)o;

[27]

aa

Var(2) = ((@é - &)07 ... @& — &y o, ,agpf,...MNg;)(Zae /; J _;a%;;&)m

a

a, Aoy

In the next step we would like to minimix&ar(z(w)) with respect to the vectap in order to
find the optimal values of the currency basket thatimize variations of the external trade

and IIP caused by shocks to exchange rate and shodiP.

ovar() et )
0w olatp, 00D, .. TPDPN )@ 12\ STl T AT KL vte
. @, . [28]
=287 . . -2¢|.
M J:‘alepN'l 0'50'26,0,\,2 JﬁJ,\,epN‘N “ JEZN:(EkapN k—/lﬁﬁazpw N)
oy S k=1 '

z

First order conditions derived in the previous gectvill be used further for finding optimal

values of currency basket weights by KKT method.
3.1.2. System of equations that satisfy complememyaslackness condition

In order to find optimal value of vectow* we implement complementary slackness

conditions directly into the system of linear egoias as derived in [28].
Recall thecase 2n the complementary slackness condition:
[ G (@) =0 = 7,y (-) =0]  for Oi=1,.N;
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In order to satisfy the complementary slacknesslitiom described above we would like to
test all possible combinations where eithgr, =0 or (-« )=0 for i=1,...N 12 we
implement this condition into our system of lineguations with help of two square matrices
that are created as follows.

The matrix x, is a diagonal matrix with possible combination-bfand 0 on diagonal and
zeros off diagonal. The diagonal of one realizawdrthe matrix x, representgxactly one
possible solution to the case [2] of the KKT slagss condition. The matriy, is a diagonal

matrix with possible combinations of 1 and 0 ongdizal and zeros off diagonal in such a

way that y, complements the choice of 0 and 1 of the majgix

Joining these matrices together with a single setamn we create the following system of

equations:
a 0
-1 0O O 0 0 a 0
Mo =0 [29]
0O .. O 1
—_— — —
P! X2 NX2N+) | 7, 0
A (2N+1)x1 NxL

The possible choices of the values on the diagmfdlse matricesy,, x, are specified by a

very simple algorithm:

foralli=1,...N

it x,0i)=-1
then y, (i,i)=C [30]
else yx, (i,i)=1

end

N
In the next step we would like to rewrite one o thitial constraintsZcq -1=0, into the
i=1

form compatible with the system @N +1 equation with2N +1 variables:

*2 As discussed previously, we do not need to takedansideration such cases wherg, =00 (-« ) = 0.
Such combinations may occur during the numericaimatation as results of the minimization algorithm.
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(1 1 0 0 1Q()ZN+1) ,7N+1 = [31]

o

(2N+1)x1

By joining systems of equations derived in [28]9]]2nd [31] the final system 02N +1

equation with 2N+1 variables may be formally reterit as:

N
Z{Ulez (Ekafpl,k = A8 1 e N)
=)
28%0i0fp,, .. Fooip, -1 .. 01 o
: o . N [32]
2805050y, ... FOTDyy O .l ] @, Z{UN;({kakpN.k_/]kJKUZka N)
1 0O 0 ..00 N =0
00 .. 10 Moy
1 1 O O c (2N+1)x1
(2N+1)x(2N+1)
6

(2N+1)x1

z

There are2" possible systems of equation for different combamet of 0 and -1 fory,,,, and

« that satisfy KKT slackness condition in the ca2pdf [22]. In our next step we will

consider primal and dual feasibility conditionsttlalow us to narrow down the set of all

possible optimal vectors that satisfy all three K&dnditions simultaneously.
3.1.3 Primal and dual feasibility conditions
Primal and Dual Feasibility conditions allow usfited only those vectorsowhich satisfy all

KKT conditions simultaneously. Firstly, let us cales the dual feasibility conditions. These

state that all KKT coefficientsd, ...,a /7. -7,y A Must be non-negative.

In our case, KKT coefficientsy,,..n7, are not included into the final system 8N +1

equations. Based on the reasoning in Section Bigfpaper they equal zero. The case of the

i3

“corners™ is to be checked separately.

For the 2" systems of linear equations as described in [32mll get 2" possible conditions

for the optimal vectorw* , the KKT multipliers 7,,,..77,, and the KKT (or Lagrangean)

'3 Optimal solution in the case [1] of [22] as delsed previously.
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N
multiplierA. The condition Zcq—lzo is automatically satisfied for all 2" possible
i=1

solutions as this condition has been included tiosystem in the previous step in [32].
Thus, the optimal solution to the optimization gevb as described in [11] will be given by
the subset of the set oP" optimal vectors w* for which, in addition, condition

ONysas -1,y 2 0 is satisfied.

In addition to the general dual feasibility conalitiwe impose an additional condition on the
coordinates of vectow* . As the elements represent optimal values of ogres in the
currency basket we require them to be non-negatieesmaller or equal than one. Thus, we

will consider only thosew* where this condition is satisfied.

The final step of the optimization process willtbetake all vectorsv* that satisfy all of the
previous conditions and compute the value of thafrance Var(z(«w")) . Vector w* with the
lowest variance represents the optimal currencyghisiin the currency basket, thag* is

the solution to our optimization problem.
3.1.4. Comments on the numerical solution of the nde!l

In our analytical derivation of the optimizationoptem we use the KKT method for finding

optimal vectoew* . In order to be able to satisfy complementarylsiass conditions imposed

by the KKT method we need to sohv’ systems of equations as specified by the [32] and
select those vectors that satisfy primal and deasibility conditions. Generally, for each and
every possible system of equations as specifieth®y32] to achieve unique solution matrix

© needs to have to be of full rafk.

Unfortunately, this can not always be the case wiseng real data for external trade and net
IIP positions for various countries. If the matix filled with real economic data happens to
be almost singular (determinant of the mai@xis almost zero) numerical computation may

result in treating this matrix as a singular oheréfore given incorrect results.

% Let us recall the Frobenius criterion: given ateysof linear equation©w = Z , there exists a solution if
and only if rank(®) = rank(@| Z). In our case, sinc®is (2N +1)x(2N+ 1)square matrix, this can be
further elaborated as follows: either (ANK(®) = 2N+ 1 which is equal to the conditiodet@ )# C, then
there exists an unique solution given y=0©7"Z; or (2i) rank(®)<2N+1 which is equal to the
condition det@ )= 0 and the case thaank(®) < rank(@| Z), then there are no solutions; and finally the
case of (2ii)rank(®) <2N+1, which is equal to the conditiodet@ )= 0 and rank(®) = rank(@| Z),
then there exist multiple solutions.
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Computationally, as such matrix is treated as guar one two possible outcomes of the
numerical computation will be considered: (1) thexeno solution to the system of linear
equations or (2) there are infinitely many solusido the system of linear equations. In the
first case, computational software will not provige with the optimal solution for our vector
w in that single system of linear equations. Due @l precision of the computational
software some of the possible solutions may bewthraway as the matri®® seems to be
almost singular. Problems may occur when someasfetsolutions represent also the solution

to the KKT method, yet due to the numerical impsem they are discarded.

Unfortunately, without the possibility to computettwhigher precision we do not see at this

point way how to avoid this problem.
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4. Data description and calibration

The model proposed by Zhang et al. (2011) is useddmputing the optimal currency basket
for 5 current member countries of the EMU — Spéisly, France, Germany and Portugal.

The data used in our computation are drawn frotoviohg sources.

The external trade position of the European coestis publicly available from the official
Eurostat database. We use data classified in fofmStandard International Trade
Classification (SITC) that are suitable for compan on a worldwide basis. Data are
denominated in ECU equivalents. Data are calculated yearly basis for the year 1994 as a

base year.

Data denominated in ECU equivalents for total GD& drawn from the Eurostat database
and expressed in nominal terms. Data are calcutaieal yearly basis for year 1994 as a base

year.

Bilateral exchange rates for the selected coun&iesdrawn from the database of the OECD

on a yearly basis and calculated as a period agerag

Data for the net international investment positionthe geographical breakdown are not
publicly available, according to our knowledge. fidiere we will use data computed by

Kubelec and Sa (2010) that provide us with a dedagjleographical composition of national

external balance sheets during the period of 198I52As those data are denominated in the
current US dollar value we recalculate the origutatia from Kubelec and Sa (2010) with the
annualized bilateral ECU/USD exchange rate pubtigheOECD.

We use data for France, Germany, Italy, Portugdl$pain since these are the countries that
are subject to calculation of the optimal currebagket composition. Bilateral positions of
national external balance sheets are availableéhimrset of 17 countries. Thus, the optimal
currency basket for selected countries may corfeish up to 17 currencieS. Detailed
description of the procedure used for estimatioexdérnal position of selected currencies is
available in Kubelec and Sa (2010).

Although the United Kingdom does not currently IbglJato the Eurozone Area, due to a
strong connection between members of the Eurozoddhe United Kingdom we would like
to closely analyze the share of the United Kingdanthe optimal currency baskets along

with other countries of the European Union.

'3 For tractability purposes we assume that domesti@ncy may be part of the currency basket, honthee
weight for domestic currency will always be zero.
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As far as the export and import is concerned, usddalateral data for only 17 countries
limits our analysis on circa 60 percent of theltetgport and import of the selected countries.
Therefore we must be aware of all restrictions isgabon interpreting results of our analysis.
Moreover, due to a lack of data on the total IIRifjon on bilateral basis we only use data
relevant for 17 countries. Thus, the only conclogioat may be drawn is that our results are
empirically valid for 60 percent of the total extal trade of selected countries and the share

of the net IIP position relevant for countries uraéd into the sample.

Detailed description of data used for the analisiavailable in Appendix I, Appendix llI
and Appendix IV. Based on the data available we pdm the optimal structure of the

individual currency baskets for the year 1994.

The standard value of 2 is used for the coefficodrelasticity of substitutiom .
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5. Empirical results

Based on the analytical solution derived in theisec3 we have created an algorithm for
computation of optimal currency weights in the eaay basket for 5 countries, current
members of the Eurozone — Spain, Portugal, Gernfaiaynce and Italy. Percentage shares of

optimal currency weights in currency baskets fasthcountries are available in Appendix V.

The empirical results show that the optimal shdreuorencies of countries joining Eurozone
varies strongly among our sample countries; 37 gugrcfor France and Germany,
approximately 50 percent for Spain and Italy andta@0 percent for Portugal. Those five
countries may be viewed as a representative exaofipheee different types of countries that
have joined the Eurozone since 1999. On the ond, vem have countries such as France and
Germany that are highly open toward countries datshe Eurozone in terms of external
trade and international financial flows. On theesthand, countries such as Portugal with a
strong connection in external sector to its neighlend trade partners from the Eurozone
represent second group. Finally, there is a gréwoontries that are as open towards external

partners as close to the Eurozone members.

The high diversity in external sector suggests daaption of the common currency, euro, has

different effects on different groups of countries.

By adopting the common currency, capital flows axdernal trade do not dependent any
more on the fluctuations of the exchange rate withe currency area. As observable in the

data this is the situation especially in the cddeostugal and a bit less for Spain and Italy.

However, in the case of France and Germany mo#teoexternal sector is highly exposed
toward the evolution of the exchange rate of pastfrem outside the common currency area.
Thus, those countries will be affected by the \aliiy of the common currency even after
their joining.

Based on the empirical results we may conclude thajpor trading partners in terms of
external trade and flow of international capitainfr third countries represent the US, Japan
and Singapur, surprisingly. The case of Singapanisnteresting one because the high share
of this country in the optimal basket of Francdtaly is not a consequence of the significant
position of Singapur as a trading partner in extetrade™® Its significant position in the

optimal currency basket is rather resulting frosrible as an international finance center.

18 According to the import data for the year 1994ppendix IV, share of Singapore on the total imprt
France or Italy is almost insignificant (0.5% faaRce and 0.3%).
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Thanks to the theoretical model by Zhang et al1{2Qhe optimal basket structure truly
reflects thedominant position of trading partnersot only in real economy, but also in the

financial sector

Note however, that the results regarding Singagbmild be taken with caution due to the
fact that we are not able to specify the true danation of the net IIP position in a more
detailed way. The results presented here are ri@rdy for the case where the total net IIP
is denominated in the Singapore dollar, which is$ liely to be fully satisfied in real

economic conditions.

Another interesting result refers to the role oé fBritish pound in the optimal currency
baskets. United Kingdom surely represents a magalirtg partner not only in the sector of
external trade but especially in the sector ofrigial services thus influencing the flow of

international capital.

At a first sight, a very heterogeneous positiothef United Kingdom or Singapore in optimal
currency baskets of selected countries might spgaknst the possible efficiency gains from
the common monetary union in the external sectecoBdly, the differences in optimal

currency baskets of 5 countries are likely to spag&inst the idea of common monetary

union.

In order to either confirm or reject this hypotlsegie analyze the optimal structure of the
common currency basket consisting only from coestoutside the EMY. Results of this

analysis are summarized in the Appendix VI.

From the overall perspective, the currency baskettsire for Portugal, France, Germany,
Italy and Spain is homogeneous to some extent.elThmajor economic partners: Japan,
United Kingdom and United States are dominant ergsingle basket and are accompanied
with a group of countries that accounts for onedthuf total shares on average. There are
some irregularities in every single baskeyet the main message remains untouched. By
creation of a common currency union there is aipg to minimize shocks to the external
sector caused by fluctuations of the common cugrencthe way thatwill not harm the

external sector ainy member country

" Argentian, Australia, Brazil, Canada, China, Hétung, Japan, Korea, Mexico, Singapore, United Kargd
United States.

'8 High share of Mexico in the Spanish currency baskealready discussed strong position of Singagpere
French or German currency basket.
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We do not claim that there will not be any presspué on the external sector of every
member country due to an adoption of a single oagreBut there exists such a structure of
the common currency basket that would minimize ¢hfisctuations and this structure is
optimal for everymember country. In addition, this structure isimmd not only from the

perspective of external trade but also from thepettive of international financial flows.

Moreover, the similar structure of the individualrency baskets points out possible
synchronization of the external sector in casehotks to the common currency, euro. Thus,
there still will be shocks to the external trade #ow of international capital, yet they should
have similar effects on the external sector of mambountries and should not create
distortions to the structure of the external se@worong the member countries. Common
monetary policy with respect to exchange rate shtlwrefore bdully effective From this

point of view, the creation of the common monetanyon among 5 European countries is

justified.

Most of the irregularities in the structure of midiual currency baskets are likely to be
associated with the inclusion of the net IIP positinto the theoretical model. Countries such
as Hong Kong or Singapur do not represent the ntegding partners in external import or
export sector of Italy, Spain or Portugal, althotigly play a relatively significant role in the
individual currency baskets of those three cousit(gee Appendix Il and Ill). Yet, it is
plausible to assume that financial flows betweemdgi&ong and Singapur are denominated
in currencies of Italy, Spain or some third courdtyleast to some extent. Thus, by relaxing
the assumption of the LCP pricing for the net 1B3igon the optimal weight for Hong Kong

or Singapur will be significantly lower.

Our conclusions should be interpreted very cargflls mentioned in the theoretical part of
this thesis, we heavily rely on the assumptiorheffull LCP pricing in the export sector and
PCP pricing in the import sector. However, thessuagptions may be valid in the long run
but not necessarily in the short run. Moreover, tuthe lack of data on bilateral positions in
the net IIP we are not able to include other mendmmtries of the Eurozone into our
analysis. Different structure of either externadi& or a high exposure towards different

creditors in the net IIP may therefore alter owuits significantly.

We strongly advice adjusting the basic model fosgilde variations of the pass-through
effect by incorporating the possibility of diffettepricing methods both in the export and

import side of the model. This will change the basguation for export pricing by making
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demand for domestic goods dependable on exchangeflugtuations and varying with
respect to different values of the elasticity cmeght. Similarly, domestic import will depend
on variations in the exchange rate with respedhéoelasticity coefficient incorporated into

the model.

The same reasoning should be applied for the metptsition. Due to the fact that the
international financial assets and internationegifyn reserves have been denominated mostly
in the US dollar since the Second World War, iplsusible to assume that the share of the

US dollar in individual currency baskets would jusignificantly.

Lastly, the model proposed by Zhang et al. (20KEefully investigates variations in the
external trade by differentiating between expord amport side and modeling them
separately. However, variations in the IIP side mawoé scrutinized carefully and only total
value of the net IIP position is taken into consadien. Yet, as in the case of export and
import, the IIP net position should be modeled ssgdy with respect to the total sum of
debit and credit entries. This approach would ali@smo analyze dynamics of the IIP more

precisely.
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6. Conclusion

The main goal of this paper is to model an optistalicture of the currency basket for
selected European countries that formed a commaeray union in the late nineties. We
assume thaa high shareof currencies involved in a currency union in temestic optimal

currency basket may serve as an indicator of peséffects of joining the common currency
union and vice versa. Secondgpmilar structureof individual currency baskets against third

countries speaks in favor of creating or joining tommon currency area.

Computation of optimal currency weights in the eangy basket was based on the model
derived in Zhang et al. (2011). Because the nuralepcedure of finding optimal solution
described in Zhang et al. (2011) was unsatisfacforyour needs, we have derived an
analytical solution to the optimization problem ngsithe Karush-Kuhn-Tucker method for
nonlinear programming. With help of the analyticdlution we have programmed an

algorithm for computing the optimal currency wesght the Matlab programming language.

According to the analysis of optimal individual mmcy baskets of 5 current members of the
Eurozone - ltaly, Spain, Portugal, Germany and é&awe may conclude that the creation of
the common currency union in the late ninetress justifiedfrom the perspective of the
optimal currency basket approach. Moreover, sigmsesence of possibkynchronization in
the external sectomgainst shocks to the exchange rate create roonefficient use of

common monetary policy.

However, the results of our analysis should berimé&ted carefully due to various reasons.
Firstly, future possible research in this area &hadjust the model for a possible incomplete
pass through effect in the export and import sec&acondly, by analyzing the net IIP
position not only the exposure towards differentirdoes should be taken into consideration,
the denomination of the net IIP should also playgaificant role. Additionally, the possible
pass through effect of exchange rates on the valueredit and debit entries in the IIP

position should be incorporated into the model.
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Appendix |

Let us assume that the optimal currency basketistsnef N currencies. Movements of
exchange rate affect domestic economy through dénf@mexport and import. Moreover,
changes in exchange rate that affect internatiboabk between domestic and foreign country
are accounted in net international investment ws(tIP). We assume that domestic country
would like to minimize fluctuations to externaldexand net IIP position caused by exchange
rate shocks and shocks to international investrpesition. In this environment we assume,

that in the short-run prices of export and impoetfaxed and sticky due to nominal rigidities.
Thus, total costs to domestic economy are exprdsgedsts function in the following way:
Z = ANA+ANX, [Al.1]

where ANA represents change in international investmenttipas{lIP), ANX change in
trade balance and variable total costs. Total effects are normalized by GDRhie initial

period. Coefficientsa,,a, represent ratios of balance of CA and IIP on ahitralue of

domestic producy, .
NA =aY,  NX=a,Y, [A1.2]

The costs function may be rewritten in dynamic ssrvinent with logarithmic transformation
where low characters indicate logarithmic versidnchange of selected variables, e.g.
dlog NX = nx:

Z = ANA+ANX

[A1.3]
z=a,nx+a,na

We assume that domestic country would like to miménvariance of total costs function with
respect to the optimal currency basket weights itr vespect to the shocks to exchange rate
respectively. The general form of the model desctiim Zhang et al. (2011) allows negative
optimal currency weights, yet we will further imgosondition on non-negative values of

currency weights in the optimal currency basket.
. N _
,min VAR(2), s tzjzle =], [Al.4]

In the optimization problem described above, represents share of currengyin optimal

currency basket angl=1,2,...N .
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Trade balance

Evolution of the trade balance depends on two emimovariables that are modeled
separately: export side and import side. Exchaatg variability will affect both of them in

different way.
Export evolution may be rewritten in the form of equation, where represents share of

export to countryj on total export,e( j) represents change in exchange rate of domestic

currency to currency of countjy Thus, we assume that total value of change ioxjue to

changes in exchange rate becomes the average oénmeovs in exchange rates, each

weighted by the country’s share in total export:
N .
X= ijlyj e( j) [A1.5]
Coefficient y; is calculated in base year as the share of exparountryj on total export

N N
whereX,(j) =y;X, and conditions X, =Y X,(j) and ) y; =1must be satisfied. By
=1 =1

assumption, we use LCP approach on export side, Malue of total export to country may

be expressed as:
X(J)=E()P*()*D()) [AL.6]

where E(j) represents exchange rate of coumtryP*(j)* price of exported good
denominated in foreign currency anB(j) represents demand for exported good in
countryj . DemandD(j) is not affected by changes in exchange rate aprtbe of export is

denominated in foreign price by assumption of LCieipg. In case of full PCP pricing, value
of export would depend on domestic price and foreigmand would be elastic to the

changes in exchange rate.
Import evolution may be rewritten in the form of equation, whereepresents elasticity of
substitutiort®, o, represents share of import from counjryon total import,e( j) represents

change in exchange rate of domestic currency teeray of countryj andi(j) represents

changes in import from country.

=" ai()=Y.[a-mae()], [AL.7]

9 \We assume that consumers have constant elastftybstitution among imported goods.
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Coefficient J; is calculated in base year as the share of imjpomd country j on total

N N
import wherd(j) =d,l , and conditionsl, =>1,(j) and > &, =1must be satisfied. By

j=1 j=1
assumption, we use PCP approach on import sidehwtmeans that imported goods are
denominated in the producer (foreign) country avaleated by current exchange rate. Thus,

home country demand for goods of counjrynay be expressed as:
~_(EGP ()Y
C(J):(—(J)Pl () j c [AL.8]

where P' (j)* represents foreign price of imported goo®s, is the aggregation of prices of

imports from each country an@ represents consumption index of imported goodsixit-

Stiglitz (1977) form. Aggregation of prices of im® are expressed in the following way:
N -\

P' :[Z(E( i) P'(j)*)lr’j . Consumption index of imported goods is expressethe
j=1

N 171 \p1
following way: C :(z C(j))” ] . Constantn in consumption index represents elasticity
=1

of substitution among imported goods.

Net export is expressed as the difference between total vafluexport and import. Thus,
NX = X-1. As we are interest in the changes in total npbexthose changes are given by

following equation:

nx:ﬁi_1 X_ﬂi—li [A1.9]

where coefficientS represents initial ratio of total export to totadport in base period, or

L= X% respectively. Based on the previous derivations|utdn of net export expressed
0

through changes in exchange rate may be derivédlawing:

_sv | B _9(1-n)
nx_z]_:l[ﬁ_lyj 1 }e(]) [A1.10]
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Net international investment position

For tractability we assume that all assets andlii@s are denominated in the currency of

partnerj . Thus, net international investment position whishcalculated as the difference
between assets and liabilities of home country regacountry j may be expressed as

following:
NA(j) = exp€® (i ))E (1 INA(j % [A1.11]

where £2(j) represents stochastic proc@sdescribing changes in IIP toward counjtrand
NA( j), represents initial value of net IIP denominatectunrency of countryj in the base
year. The correlation matrix of all shocks to tHE Is assumed to be matrix dfixN

dimensions with following propertieg® :{,oijaa} - Ae=1 g*=p%

In dynamic framework and logarithmic version, chesmign [IP may be expressed by

following equation.
na= Z;Nzl[/‘ (e (D +e j))] [A1.12]

where A; represents share of IIP toward counfryon total value of net IIP in t=0¢°(j)

represents stochastic procgstescribing changes in IIP toward counijry

Total cost equation

Based on the previous reasoning we may expressyehan total cost function with the

following equation:

zZ=a,nx+a,na

z=a12,-“:1{ By -2 (1__f )}e( pra, Y [A (e (D+e))]

510" p
N 9 (1-17 ar
z=;{a{ﬁ/fly,-— é_l)}dwaﬂj(euwe(u)}

2
%2 We assume that a stochastic process has a zerbandaonstant varianm(e?f) and is correlated with
change of exchange rate.

2
I We assume that a stochastic process has a zerbandaonstant varianm(e?f) correlated with a change of

exchange rate.
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Z:ZN:{”{ F Vj‘djl(;l__f)}az JG(J)WZM (J)} [A1.13]

Let us now derive evolution changes in exchangesras a function of shocks to the

exchange rate. We assume that evolution of exchatgeagainst currengy depends on the

shocks to the exchange rateand weighted sum of exchange rate shocks to othegncies.

(i) =-€°())+ > we(i) [A1.14]

where £°(j) represents stochastic proc¢éssf shocks to exchange rate angl represents

weight of currencyi in the optimal currency basket. Optimal weightdhe currency basket
should minimize variation in exchange rate causgadhocks to the foreign exchange rates.
The correlation matrix of all shocks to the exchamgte is assumed to be matrix HkN

dimensions with following propertiep™ = {,0IJ E} =L g=p"

NxN

Total cost equation with shocks

Using expression for changes in exchange ratehegetith the equation for changes in total
costs we may derive total cost equation with shottksexchange rate and shocks to

international investment position in the followingy:
2= .Nl{{al{,gﬂ_lyi 5]'[(31 ):|+a2/]j](_ge(j)+Zihila?£ea))+a2/]j€a(j)}
(

3 g (1 J (1-
Z:;{(al{ﬁ’ilyj J'B_f)]"az/]j]z_la?f (i)-¢ (l)( {ﬁﬁl J'[(g_f)}+az/11]+a2/]i€a(j)}

0, N 5. - N
[a{[fl ’[(;1 } j ,1ae€e(i)} zsem[ Lf ’[(31_1”)}%&]@%453(1)
e 2

" we (u)}

5~
wﬂ”ﬁ[“{f-l” - ﬂ”’”} W =) ( ]

2
2 \We assume that a stochastic process has a zerbandaonstant varianl(eﬂ'f) correlated with a change of

exchange rate.
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where £° :{(ge)le} represents vector of shocks to exchange lzefte—f,{(ga)m} represents

vector of shocks to international investment pogitil a = are vectors of coefficients with

following formulas:

[ s B 5(1-n) o s _(-n)
LP_{iji:l{al{ﬁ_lyi B-1 ]'-024} {al{’g_lyj B-1 +02/1j NxL [A1.16]
Ez{aMJ}le

Variance of total cost

In our final step we would like to minimize varianof changes of total costs equation with
respect to the weights of optimal currency baskestly, variance of changes in total costs

equation is expressed in the following form:
Var(2) =" .00, [A1.17]
wherep represents correlation matrix between shocks tohange rate and shocks to

pee p ea

e aa], and ® represents vector
P

international investment position in following fown:(

e
l"Jla-l

fd a

of shocks weighted by their variances in followfogn: o _(CDEJ_ W o .
=0,

_CDa

fd a

=nOn
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Appendix Il Export Dataset Description for Year 19% (mil. EUR)

PARTNER/REPORTER CBD%thr/I(;A\nI:I\{g(ignltil SPAIN FRANCE KLIJI\II\I(IB-II-DE(IJDM ITALY PORTUGAL
ARGENTINA 1060 759 1117 289 1180 54
AUSTRALIA 2447 228 893 2459 1096 44
BRAZIL 2 637 299 835 665 1542 76
CANADA 2284 357 1421 2451 1463 103
CHINA (PEOPLE'S REPUBLIC OF) 5350 656 1831 1085 1921 15
HONG KONG 3009 352 1980 2814 2637 34
JAPAN 9315 755 3949 3826 3 407 114
KOREA, REPUBLIC OF (SOUTH KOREA) 3 836 462 1461 1239 1496 17
MEXICO 2340 1148 1253 500 778 14
SINGAPORE 2 356 286 1242 2240 1197 23
UNITED STATES 28 146 2981 14 627 21724 12 372 785

Non Eurozone Countries 62 780 8 281 30 609 39 291 29 089 1279
FRANCE 43173 12 355 - 17 347 21184 2223
GERMANY (incl DD from 1991) - 8 608 37 259 22 080 30781 2858
ITALY c 27 261 5644 20 618 8 661 - 507
PORTUGAL é 3071 4811 3064 1625 2192 -
SPAIN g 11 363 - 14 590 6 451 7 507 2187

Eurozone Countries % 84 868 31 417 75532 56 163 61 665 7774
UNITED KINGDOM h 28 786 4914 20 730 - 10 521 1753
Subtotal 176 435 44 612 126 871 95 454 101 274 10 807
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Total 358 914 64 477 210 649 172 405 160 873 15123
% covered by 17 countries 49.16% 69.19% 60.23% 55.37% 62.95% 71.46%
"Old Eurozone Countries"

AUSTRIA 20 653 507 2177 1251 3925 167
BELGIUM (and LUXBG -> 1998) 24 315 1854 18 009 9 448 4837 550
FINLAND 2799 211 776 1559 637 157
GREECE 3001 565 1497 1197 2907 67
IRELAND 1647 263 1231 9188 561 75
NETHERLANDS 27 419 2378 9437 12 059 4662 813
% from total 22.24% 8.96% 15.73% 20.13% 10.90% 12.09%
CYPRUS 524 58 393 309 257 13
ESTONIA 139 6 14 19 24 1
MALTA 255 41 158 255 888 9
SLOVAKIA 1059 32 108 57 319 3
SLOVENIA 1457 78 538 108 1194 2
% from total 0.55% 0.21% 0.32% 0.37% 0.93% 0.17%
New subtotal 71.95% 78.37% 76.27% 75.86% T4.77% 83.72%
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Appendix 11l Import Dataset Description for Year 1994 (mil. EUR)

PARTNER/REPORTER %%Rfl\r/lc?nlq\qg(ignlgl SPAIN FRANCE K']JI\Il\lcl-I-II—DEODM ITALY PORTUGAL
ARGENTINA 729 532 251 231 588 62
AUSTRALIA 790 230 681 1341 767 28
BRAZIL 1923 693 1436 1359 1552 347
CANADA 1946 322 1327 2 426 1224 60
CHINA (PEOPLE'S REPUBLIC OF) 7 641 1169 2 649 4 280 2627 145
HONG KONG 1907 98 393 1750 191 28
JAPAN 15291 2110 5085 11 593 3329 648
KOREA, REPUBLIC OF (SOUTH KOREA) 3441 459 898 1443 687 147
MEXICO 409 707 505 389 83 57
SINGAPORE 2122 196 1092 1936 431 39
UNITED STATES 18 628 4 651 14 915 25083 6 538 821

Non Eurozone Countries 54 828 11 167 29 232 51831 18 017 2383
FRANCE 36 334 13 449 - 19 307 19 388 2915
GERMANY (incl DD from 1991) - 11 365 42 113 28 023 27 463 3161
ITALY 26 668 6 489 20 682 9597 - 1948
PORTUGAL 2741 2092 2233 1 656 505 -
SPAIN % 8 889 - 12 513 4 640 5 504 4522

Eurozone Countries § 74 632 33 396 77 541 63 223 52 860 12 546
UNITED KINGDOM E 20 299 6 129 17 002 - 8 737 1492
Subtotal - 149 760 50 692 123 775 115 054 79 614 16 421
Total 320 624 74 705 206 807 196 782 142 214 22 749
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% covered by 17 countries 46.71% 67.86% 59.85% 58.47% 55.98% 72.18%
"Old Eurozone Countries"

AUSTRIA 15 357 771 1649 1257 3159 177
BELGIUM (and LUXBG -> 1998) 22 828 2914 21727 9 084 6 839 773
FINLAND 3562 639 1295 2734 812 110
GREECE 1623 190 450 462 1131 27
IRELAND 3714 686 2782 7 484 1345 154
NETHERLANDS 34720 3359 13 615 12 809 8 196 982
% from total 25.51% 11.46% 20.08% 17.19% 15.11% 9.77%
New subtotal 72.22% 79.31% 79.93% 75.66% 71.09% 81.95%
"New Eurozone Countries"”

CYPRUS 77 5 278 149 13 1
ESTONIA 98 4 10 48 14 8
MALTA 182 183 91 508 2
SLOVAKIA 1138 36 104 85 307 5
SLOVENIA 1737 32 543 136 767 7
% from total 1.01% 0.11% 0.54% 0.26% 1.13% 0.10%
New subtotal 73.23% 79.43% 80.47% 75.92% 72.22% 82.06%

CEU eTD Collection
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Appendix IV Correlations between Currencies (Base@n Currency Invariant Index)

40

Argentina | Australia Brazil Canada China France Germany |Hong Kong Italy
Argentina 1,00 -0,58 0,05 -0,75 -0,55 -0,37 -0,35 -0,69 -0,45
Australia -0,58 1,00 -0,39 0,73 0,36 0,14 0,07 0,58 0,20
Brazil 0,05 -0,39 1,00 -0,13 0,10 -0,49 -0,36 -0,51 -0,23
Canada -0,75 0,73 -0,13 1,00 0,70 0,22 0,25 0,73 0,32
China -0,55 0,36 0,10 0,70 1,00 -0,06 -0,01 0,40 -0,03
France -0,37 0,14 -0,49 0,22 -0,06 1,00 0,95 0,53 0,92
Germany -0,35 0,07 -0,36 0,25 -0,01 0,95 1,00 0,42 0,94
Hong Kong -0,69 0,58 -0,51 0,73 0,40 0,53 0,42 1,00 0,42
Italy -0,45 0,20 -0,23 0,32 -0,03 0,92 0,94 0,42 1,00
Japan -0,15 -0,03 -0,22 -0,06 -0,05 0,45 0,40 0,04 0,30
South Korea -0,77 0,78 -0,25 0,89 0,59 0,38 0,37 0,80 0,41
Mexico -0,30 0,54 -0,58 0,37 0,22 -0,03 -0,25 0,60 -0,19
Portugal 0,03 -0,05 -0,37 -0,30 -0,40 0,65 0,53 0,05 0,57
Singapore -0,67 0,75 -0,44 0,90 0,56 0,25 0,22 0,82 0,26
Spain -0,51 0,32 -0,29 0,37 0,02 0,90 0,84 0,59 0,92
UK -0,50 0,44 -0,36 0,51 0,03 0,86 0,81 0,63 0,90
us -0,67 0,60 -0,24 0,89 0,61 0,13 0,13 0,80 0,14
Japan South Mexico Portugal | Singapore Spain UK us
Korea
Argentina -0,15 -0,77 -0,30 0,03 -0,67 -0,51 -0,50 -0,67
Australia -0,03 0,78 0,54 -0,05 0,75 0,32 0,44 0,60
Brazil -0,22 -0,25 -0,58 0,37 -0,44 0,29 -0,36 -0,24
Canada -0,06 0,89 0,37 -0,30 0,90 0,37 0,51 0,89
China -0,05 0,59 0,22 -0,40 0,56 0,02 0,03 0,61
France 0,45 0,38 -0,03 0,65 0,25 0,90 0,86 0,13
Germany 0,40 0,37 -0,25 0,53 0,22 0,84 0,81 0,13
Hong Kong 0,04 0,80 0,60 0,05 0,82 0,59 0,63 0,80
Italy 0,30 0,41 -0,19 0,57 0,26 0,92 0,90 0,14
Japan 1,00 0,16 -0,13 0,22 -0,13 0,22 0,21 -0,12
South Korea 0,16 1,00 0,33 -0,16 0,81 0,48 0,59 0,79
Mexico -0,13 0,33 1,00 -0,07 0,65 0,00 0,06 0,55
Portugal 0,22 -0,16 -0,07 1,00 -0,26 0,65 0,55 -0,48
Singapore -0,13 0,81 0,65 -0,26 1,00 0,31 0,46 0,95
Spain 0,22 0,48 0,00 0,65 0,31 1,00 0,94 0,20
UK 0,21 0,59 0,06 0,55 0,46 0,94 1,00 0,32
us -0,12 0,79 0,55 -0,48 0,95 0,20 0,32 1,00
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Appendix V Optimal Currency Weights for Selected Caintries for Year 1994

Portugal France Germany Italy Spain
Argentina 0,30% 1,21% 1,44% 2,15% 2,32%
Australia 0,00% 0,00% 0,52% 0,00% 0,00%
Brazil 1,29% 2,63% 2,76% 2,37% 1,19%
Canada 0,46% 2,17% 2,70% 1,49% 0,01%
China 0,32% 0,99% 2,66% 1,60% 2,25%
France 27,26% 0,00% 15,88% 21,61% 36,40%
Germany 10,29% 24,83% 0,00% 24,03% 0,01%
Hong Kong 2,52% 0,31% 0,00% 4,88% 4,28%
Italy 7,02% 2,00% 15,03% 0,00% 15,23%
Japan 2,40% 8,58% 5,96% 4,66% 4,41%
Korea 0,27% 0,00% 3,45% 0,10% 0,00%
Mexico 0,00% 1,80% 1,58% 0,00% 1,13%
Portugal 0,00% 0,92% 2,71% 1,17% 9,67%
Singapore 2,01% 16,58% 0,00% 11,33% 0,86%
Spain 25,70% 11,26% 6,88% 6,84% 0,00%
United Kingdom 12,77% 18,51% 15,64% 9,75% 7,55%
United States 7,39% 8,22% 22,78% 8,03% 14,70%
Total 100,00% 100,00% 100,00% 100,00% 100,00%
From which
Eurozone Countries 70,28% 38,09% 37,80% 52,48% 51,64%
UK 12,77% 18,51% 15,64% 9,75% 7,55%
Total Original Eurozone| 83,05% 56,60% 53,44% 62,22% 59,18%
Total Outside Eurozone| 16,95% 43,40% 46,56% 37,78% 40,82%
From which
USA 7,39% 8,22% 22,78% 8,03% 14,70%
Japan 2,40% 8,58% 5,96% 4,66% 4,41%
Total USA + Japan 9,79% 16,80% 28,74% 12,69% 19,12%
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Appendix VI Optimal Currency Weights for Selected Guntries for Year 1994 from the

Perspective of the Common Currency Union

Portugal France Germany Italy Spain Average
. 1.04% 1.98% 2.39% 4.79% 6.44%
Argentina 3.33%
(-2.29%) (-1.35%) (-0.94%) (1.46%) (3.11%)
) 0.59% 1.47% 2.06% 2.01% 0.95%
Australia 1.42%
(-0.83%) (0.05%) (0.64%) (0.59%) (-0.47%)
. 4.41% 4.20% 4.59% 5.32% 3.51%
Brazil 4.41%
(0.00%) (-0.21%) (0.18%) (0.91%) (-0.90%)
1.49% 2.08% 3.82% 2.73% 1.69%
Canada 2.36%
(-0.87%) (-0.28%) (1.46%) (0.37%) (-0.67%)
. 1.15% 3.16% 4.72% 4.12% 4.38%
China 3.51%
(-2.36%) (-0.35%) (1.21%) (0.61%) (0.87%)
7.50% 0.87% 2.43% 8.50% 6.61%
Hong Kong 5.18%
(2.32%) (-4.31%) (-2.75%) (3.32%) (1.43%)
7.58% 12.67% 10.00% 8.60% 11.33%
Japan 10.04%
(-2.46%) (2.63%) (-0.04%) (-1.44%) (1.29%)
1.76% 1.02% 3.32% 2.21% 1.98%
Korea 2.06%
(-0.30%) (-1.04%) (1.26%) (0.15%) (-0.08%)
. 0.84% 2.49% 2.48% 2.00% 7.80%
Mexico 3.12%
(-1.37%) (-0.63%) (-0.64%) (-1.12%) (4.68%)
. 0.52% 7.10% 3.49% 5.18% 1.79%
Singapore 3.62%
(-6.58%) (3.38%) (-0.13%) (1.56%) (-1.83%)
. . 46.08% 28.65% 27.76% 27.99% 35.59%
United Kingdom 33.21%
(12.87%) (-4.56%) (-5.45%) (-5.22%) (2.38%)
. 27.06% 34.31% 32.95% 26.55% 17.93%
United States 27.76%
(-0.70%) (6.55%) (5.19%) (-1.21%) (-9.83%)
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