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Banks in countries with currency board arrangemearis exposed to the risk of
illiquidity in their national currency, which is dren by currency board stability.
In line with liquidity risk appetite, banks needrestrict their own risk exposure
with a limit on minimum liquidity position in theational currency. This paper
presents mathematical derivations of a limit onimimm liquidity position in the
national currency, which depends on the businesgramment and on the
currency structure of the balance sheet. Algebrtculation in this paper is of
particular interest to banks, which do businessduntries with currency board
arrangements.

1. INTRODUCTION

Recent business environment is demanding for catjpmis, due to the
reduced aggregate demand and income. Decreasednen@md reduced
creditworthiness of corporations is also refleatededuced creditworthiness of
the government. Sovereign risk in this case in@®ass reduced income of
corporations reduces tax basis and, consequenitgst which are income of
the state budget. If a country uses currency baa@hgement, then increased
sovereign risk endangers the stability of the awyeboard, as higher sovereign
risk reduces opportunities for raising new govemtakedebt which increases
the probability of reducing foreign exchange ressr{Ganevet al, 2012).
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Endangered stability of the currency board raisediguidity risk in banks
as clients prefer reserve currency to nationalenuwny. This, on the one hand,
reduces stickiness and rollovers of deposits, amahe other shortens the
expected maturity of deposits without contractuaturty. Both reasons deliver
net outflows of deposits from a bank. A bank inaalking system with currency
board should therefore monitor stability of thereacy board and consequently
build results of corresponding analysis in its gty risk management system.

The goal of this paper is to show how a bank caragmsition limit and
control its exposure to liquidity risk, which isiwkn by the stability of a
currency board. The limit will be calculated witlathematical derivation from
ratios for measurement of currency board stabiffyer showing the ratios for
measurement of currency board stability, this papexplains the
multicollinearity among them and calculates theitlion minimum liquidity
position in the national currency. The limit on maum liquidity position in the
national currency will only be calculated algebadic Calculating the absolute
limit based on sample data is left to individuahkeas the sample data of each
bank is confidential and therefore not availableh® public. A review of the
existing literature shows that no paper explaing tterivation of a non-
regulatory liquidity limit. Unlike the existing Hrature, this paper explicitly
explains how it is possible to calculate a limit@minimum liquidity position
in the national currency. This is what makes tlaiggy original.

2. THEORETICAL BACKGROUND

Currently, there are two countries in Europe thatehcurrency board
arrangements. These are Bosnia and HerzegovinaBalydria. Estonia and
Latvia had currency board arrangements in the pasthow both countries are
a part of the Euro area. This is an expected comseg if we take into account
that currency boards have been suggested as therpegchange rate regime
for potential European union (EU) and European Bodo and Monetary
Union (EMU) entry countries (de Haan et al., 200M)is was also confirmed
by Minea and Rault (2011) research results on timeency board in Bulgaria.
They concluded that adopting the currency board h@ase worked as a rather
good device for integrating Bulgaria into the EMU.

The history of currency board systems since 1999 dteown that this
special form of the exchange rate system can éaseohsequences of financial
shocks and can help to stabilize the economy afteency crises. The history
has shown that the introducing a currency boardesyscan deliver high
credibility to the national currency and conseglyeméduce inflation rate,
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which was experienced by some countries not hasorgsiderable experience
in central banking like Estonia and Lithuania (Gnigr2007). Based on the data
from Bulgaria, Carlson and Valev (2001) showed thaurrency board system
in general reduces the expected inflation, butaoous degrees for different
agents. Differences exist as agents differentlgttthe disinflation rhetoric of

the policymakers who are not equally familiar witihe operation of the

currency board.

A currency board can encourage fiscal disciplifighé fiscal authorities
know that the budget deficit cannot be monetizbelirtincentives to have large
deficits will be reduced (de Haan, et al., 2001).

The main disadvantage of currency board arrangemisnthe loss of
independent monetary policy. Countries with curyelncard arrangements deal
with loss of Central Bank functions which are espicimportant in case of
problems with liquidity in the banking sector. Thane not able to supply extra
liquidity to the banking system or individual banGani, 2012).The loss of
the lender of last resort function of the centrahk can mean the loss of a
safety net for the financial sector. The nationatharities in this case should
ensure that financial institutions have adequatgita@laand access to credit
markets abroad. The absence of the lender oféasttrfunction of the central
bank reduces the moral hazard problem of bankinghagement and/or
supervision, because if banks are in difficultidg®re is no one to save them.
Automatic access to liquidity can be facilitatedusyng reserve requirements as
introduced in a number of currency board arrangémemtries (de Haan et al.,
2001). To remain confident in the currency boadieign exchange reserves
should be sufficient to cover outstanding valuerg@kvant liabilities at the
chosen exchange rate. Where confidence is lactimgproportion needs to be
100 percent (Bennett, 1993). Under the currencyrdbaystem, unlike the
practice when a country has a central bank, thenwenecial banks may be
allowed or required to hold a significant part oit af their reserves
denominated in the reserve currency (Peterson tutestifor International
Economics, 2013).

Nenovsky and Hristov (2002) explain the new gememabf currency
boards, which, to varying degrees, preserve thityabif the central bank to
function as the lender of last resort and to irdaevin case of a systemic risk.
Such currency board existed in Argentina, Estondhlathuania, and still exists
in Hong Kong and Bulgaria. The introduction of thi®cond-generation
currency board offers an opportunity to conduct etary policy, which does
not have its typical image.
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Chobanov and Nenovsky (2004) claim that currencgrd® and golden
standard as monetary regimes have a number ofasitieis. Besides credibility
and confidence, there are two additional similesitiFirst, there is the automatic
mechanism which links money demand and supply edoiiance of payments
and leads to a relatively quick adjustment of ermmgrgmbalances in the
economy. Automatism means that the balance is tedjugestored) after a
shock without the intervention of a central mongtauthority. Automatic
mechanism requires flexibility especially in theteilank money market.
Second, both monetary regimes significantly comstilae domestic economic
policies.

Frank (2004) describes several conditions that makeurrency board
sustainable. A country with a currency board haaltandon the independent
monetary policy and has to duplicate the countrgznetary policy with the
anchor currency. The most important feature of @inehor currency is its
stability, so the country should choose one of miegor currencies for the
anchor currency, which is also the national curyeat their trade partner.
Furthermore, countries need to implement a newnregin the national
legislation as it is very important that the momgtauthority and the
government tie themselves to the currency boariineegdue to the absence of
the lender of last resort function, adequate reguaof the financial sector
should be ensured. With proper regulation, the rieethe lender of last resort
function will not appear. Another condition is labarket flexibility.

Frank (2004) states that, if the anchor currenqgyepates, wages should
fall, in order to keep foreign prices and competitiess of the domestic
industry unchanged. Gurtner (2004) states that radidate country for a
currency board should not be subject to massivefasglient terms of trade
shocks (demand shock in trading partner should Hiawiked effect on the
domestic export industry). So,the country shouldehseveral trading partners
and distribute its exports among them. In additlom; debt of the government
IS necessary to ensure the sustainability of tireenay board. Frank (2004)
states that, when default must be taken into cenaiidn, interest rates soar and
it becomes increasingly difficult to refinance tbeuntry’s debt. Thus, a firm
commitment to budget balance by the governmengtgyimportant.

If a country does not take into account all thedittons mentioned above,
it is probable that the currency board will collep3his happened in 2002 to
Argentina, although it had had a successful cugrdsmard arrangement for
more than ten years. The currency board in Argantmllapsed mainly due to
fiscal policy and the devaluation of the nationakrency in Brazil. Frank
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(2004) stated that fiscal policy in Argentina waseoof the central issues
leading to the breakdown of the currency boarde@sfly the imperfect fiscal
policy and difficult international financial envimment. The financial
environment changed when in the early 1999 BraAzdentina’s main and most
important trading partner, abandoned its peg tdif® and left BRL floating.
There is a recommendation that a major part ofcthentry’s trade should be
with the anchor economy. Argentina chose the USDarasnchor currency,
mostly because of its stability. The devaluationBRRL made Argentinean
goods much more expensive in Brazil, leading to miegative shock with
Argentina’s most important trading partner. Argeaticould have responded
with labor market reforms. Gurtner (2004) arguex the flexibility of the labor
market is the key to the currency board sustaiitgbiMulino (2002) proves the
same with a second generation model. A currencydbegstem can become
vulnerable to a currency crisis in case of unempleyt persistence. However,
labor markets in Argentina were highly inflexiblarohg the currency board era.
Depreciation of BRL against ARS became a growir@pf@m and government
was unable to enforce labor market reforms ag#tirespressure of the unions.

3. LIQUIDITY RISK MANAGEMENT IN BANKS AND
COLLAPSE OF A CURRENCY BOARD

Determinants of liquidity in the bank were inveatied by several authors.
Vodova (2011) identified determinants of liquidityCzech commercial banks.
The determinants of liquidity were identified usipgnk specific data and were
empirically based on macroeconomic data over thieghérom 2001 to 2009. A
multiple regression model shows liquidity of a baisk on the one hand
positively related to capital adequacy, interesesaon loans, share of non-
performing loans and interest rate on interbankstation, but on the other
hand negatively related to inflation rate, businegsle and financial crisis.
Relation between size of banks and their liquidisy ambiguous. The
determinants of liquidity of Slovak commercial bankvere explained in
Vodova (2012). The determinants of liquidity of aoercial banks in Romania
were identified by Munteanu (2012).

A multivariate regression model shows the crissulght about substantial
changes in the structure of bank liquidity detemamnis. In times of crisis, the
fraction of macroeconomic determinants increases the fraction of bank
specific determinants decreases. De Haan and va&mf# (2013) explain using
empirical analysis that the banks usually hold mareid assets against their
stock of liquid liabilities as required by the réafion. Banks with stronger
capital position hold less liquid assets againsirtstock of liquid liabilities,
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which shows an interaction between capital anddiubuffers. However, this

interaction appears to be weaker during a cristsaubbge of the impact of crisis
on portfolio of the bank that consequently makes dapital of the bank
questionable. This is confirmed by the experierfdeanks in Argentina.

During the crisis in 2001, the banks in Argentiaa many liquidity issues.
The banking sector functioned mainly in USD, so Hamks had short term
liabilities mainly in USD. At the same time, theak of liquid assets in USD by
banks and the stock of international reserves i W&re not enough to cover
the financial liabilities of the consolidated fir@a system. And moreover, the
lender of last resort was not available (Kiguell 20 People realized that there
were not enough USD in the system to cover alldidygosits and between July
and November 2001 they withdrew around 15 billioBDJfrom the banks.
Three national banks (Banco de Galicia, Banco dédeion and Banco de la
Provincia de Buenos Aires) were particularly aféelct To save them, the
government set a cap of 1,000 USD on bank withdsawar customer per
month. This decision pushed the people of Argertiindne streets and resulted
in the collapse of currency board regime (The Eaust 2002).

4. FORMAL CURRENCY BOARD ARRANGEMENT STABILITY
CRITERIA

A set of formal currency board arrangement stabdlitteria is composed of
eight ratios (Ganevet al, 2012):

1. FX reserve coverage of the monetary baselithin an orthodox
currency board there should be notes and coingdualation (monetary
aggregate MO) covered by reserve currency. Theebigte difference
between FX reserves and MO, the greater the dtabilithe currency
board. Bulgaria decided that FX reserves in eunosllgl not only cover
MO, but also bank reserves at the Central Bank.

2. FX reserve (less government deposit) coverage ofettmonetary
base.This ratio excludes the government deposits froenRK reserves
and evaluates the stability of the currency board¢dase government
keeps savings outside the Central Bank. The dtahifi the currency
board is shown if value of this ratio equals atsteh. An additional
buffer will increase the stability of the currenoyard.
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3. FX reserve coverage of the nationaturrency denominated part of
M2. The stability of a currency board is also determiibg FX reserve
coverage of the national currency denominated pértM2. This
indicator roughly measures the percentage of naltiocurrency
denominated cash and deposits, which could be cmu¢o reserve
currency in case of a currency crisis. To a gregrek, this should also
be considered an extreme case, as in the eventwfr@ncy crisis and
the following bank runs, the chance that the entireney supply
(measured by M2) would be converted into reserveeagy is very
small.

4. Ratio between money outside banks and the sum of pigsits. If the
value of this ration increases, the probabilitygafck conversion of the
national currency into reserve currency also insgeaA value rise of
this ratio shows an increasing propensity to raiash holdings and
decrease deposits in order to increase the alblfitgonversion to
reserve the currency. Consequently, this ratio oreasthe trust in the
banking system and in the governmental policy.

5. Significant variation in demand for notes and coinsCurrency risk
exists if we can see higher variability of demaodrfotes and coins in a
period compared with variability of the same randeaniable in the
preceding period (Ganevet al, 2012). Measures afabidity are
measures of uncertainty and, consequently, measfirask. Assume
financial investors are risk averse and assume deayand notes and
coins in stress free environment on financial mark€onsequently, we
can assume the probability distribution of dailynded for notes and
coins is normal and variance can be used as a meeabuisk. Ifd is
daily demand for notes and coins and ifnishe number of days in

observation, then the variance of daily demandéges and coins; is
defined as follows:

£=—1 ) (0, - E(a)f =L Zd— (Zd] .

n-1+4

6. Abrupt changes in the currency structure of deposk. Rapid
replacement of deposits denominated from the naltida reserve
currency indicates fear of financial investors gmesence of currency
risk (Ganevet al, 2012). If a fraction of depositshe national currency
follows a monotonous upward trend in time, thenocaa conclude that
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financial investors estimate the currency riskeducing. If a fraction of
deposits in the national currency remains unchamgedine, then we
can conclude that financial investors estimate ¢herency risk as
stable. Finally, if a fraction of deposits in thational currency follows
a monotonous downward trend in time, then we camnclode that
financial investors estimate currency risk is gsand the stability of
currency board is reducing.

7. Balance of payments dynamicsChanges in the balance of payments
are directly reflected in the changes of the FXemess volume. The
deficit in the balance of payments reduces the amaf the FX
reserves and the surplus in the balance of paymentsases the
amount of the FX reserves. The tendency to defitibalance of

payments will in time result in the reduction oéthX reserves. I is
the amount of deficit in year if y,is the amount of surplus in yepr
and if Z is the amount of FX reserves, then in subsequeninyears

holds:
DX =Y =02 .

8. Budget deficits unmatched by financing outside thdiscal reserve.
The inability to raise government debt forces antguto reduce FX
reserves and to use government reserves for fingnttie budget
deficit. The reduction of FX reserves increasesrengy risk and
reduces the stability of the currency board (Gahake&012).

5. CALCULATION OF A LIMIT ON LIQUIDITY POSITION IN
THE NATIONAL CURRENCY

Liquidity risk consists of several risk categori@ne of the categories is
the risk of currency board stability. To calcul&te minimum liquidity position
in the national currency, we will assume thatdtability of a currency board is
the only driver of liquidity risk. We will ignorelleother categories of liquidity
risk.

The stability of a currency board is also determingith FX reserve
coverage of the national currency denominated gfal2. This ratio roughly
measures the percentage of national currency deabed cash and deposits,
which could be converted to reserve currency i @dsa currency crisis. To a
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great degree, this should also be considered aaneatcase, as in the case of
currency crisis and bank runs, the chance that ghire money supply
(measured by M2) would be converted to reserveeagyr is very small
(Ganevet al, 2012).

Assume this ratio is an ultimate measure of theetary board stability.
Let M2 (LCY) be the national currency denominatedtpf M2 and let FXR
(RCY) be the amount of FX reserves in reserve oafreAlso assume, the
value of FX reserve coverage of the national cuiyetenominated part of M2
ratio is:

FXR(RCY) _
EVE s 3).
M2(LCY)

Before we calculate the limit on the national coogliquidity steering in a
bank, we need to redefine macroeconomic ratio amieGoeconomic level
within a banking system. IMF (2013) defines fore@xthange reserve as assets
of the central bank for covering its liabilitiesorféign exchange reserve can be
denominated in currencies, which do not includethBonal currency as the
central bank cannot have a claim to itself. If AC(R are assets of a
commercial bank in reserve currency, then a comialdrank holds:

FXRRCY) = A(RCY) (4).

. The proper level of foreign exchange reservesxislained in several
papers, for example IMF (2001), IMF (2011), de HesuWijnholds and
Kapteyn (2001) and Roger (1993).

As explained by Mishkin and Eakins (1999), ligi@k of the central bank
are composed of currency in circulation and of beederves with the central
bank. The currency in circulation is equivalent tarrent accounts in
commercial banks as is currency in circulation irdrate obligation of the
central bank to the holder of the national currerBgnk reserves are the
liability of the central bank, which is similar term deposits in commercial
banks as bank reserves are obligatory for banks.

Let D(LCY) be the deposits of a commercial bankhi& national currency.
Then for a commercial bank holds 2(LCY): D(LCY), and along with
equation (4), also:
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A(RCY) _ . .
D(LCY) ®).
If we mark total assets wiffA, then it consequently holds:
TA-A(LCY) _ . .
D(LCY) ©)
TA _ALCY)_ ,
D(LCY) D(LCY) @
AlLey) . TA . o
D(LCY) D(LCY) ®).
“(_TA__
AlLCY)= ( b(LeY] a] D(LCY) 9),
A(LCY)=TA-aD(LCY) (10),
A(LCY)-D(LCY)=TA-aMD(LCY)-D(LCY) (12),
A(LCY)-D(LCY)=TA-(1+a)D(LCY) (12).

The last equation holds for all maturities on treahce sheet level. If
A(LCY) is an inflow on time intervaland if D, (LCY) is an outflow on time
intervali, then on the total balance sheet level holds:

n

> (A(Lcy)-Di(LCY))=TA-(1+a) Dz D.(LCY) (13).

i=1
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Banks usually want to keep accumulated net cashsfleteris paribus
above the absolute limit up to and including tim&ivalN <n. Therefore, it
holds:

i (A(LcY)-D,(LCY))2TA-(1+ a)DZN: D,(LCY) (14).
i=1 i=1

Let y be the stability of a currency board.Xf is FX reserve coverage of
the monetary base, thexyis FX reserve less government deposit coverage of
the monetary baseX, is FX reserve coverage of the national currency
denominated part of M2x, is the ratio of money outside banks to the sum of
deposits, X, is significant variation in demand for notes amihs, X, are the
abrupt changes in the currency structure of deposit is the balance of

payments dynamics, ang, are budget deficits unmatched by financing outside
the fiscal reserve, then we can estimgtevith the following sample regression
model (Gujarati, 1995):

yi:a+ZbJ>gj+ui (15).

Assume that multicollinearity exists, such thatdsol

AX +HAX + Ax + ¢ =0 (16),
, 8
Z/lkxk +@ =0 (17).
k=4

In equations (16) and (17)@, and ¢ are stochastic terms and

A, A,,..., Agare constants. When calculating liquidity limit \wave to use the

largest volume of information about currency bostability possible. With this,
we make surgas a coherent risk measure of currency board syals

reflected in the limit. The coherency of risk measwis proven with

55



Management, Vol. 19, 2014, 1, pp. 45-60
S. Devjak: Banks in currency board systems and bmiminimum liquidity position in...

coefficient of determination if independent varadlin the regression model
explain the majority of dependent variable variapil

Based on the assumption of multicollinearity amordgpendent variables,
FX reserve coverage of the national currency denated part of M2 ratio has

to be combined with any variablg [k D{ 4,567, 8} at calculation of the

liquidity limit. If partial correlation coefficientbetween any independent
variable isx [k D{ 4567, 8} and y is the highest for abrupt changes in the

currency structure of deposits, then abrupt chanmgése currency structure of
deposits should be used along with FX reserve emeerof the national
currency denominated part of M2 at calculationhef liquidity limit.

Currency board stability is defined with a situatin business environment
of a bank, therefore, there should be a liquidityitl calculation in the bank
linked to a situation in the business environmehtthe bank. The higher
currency board stability, the higher can be thekbemit on liquidity position in
the national currency. Similarly, the lower currgrimard stability, the lower
may be limit on liquidity position in the nationalirrency. As we can see the
currency board stability and the limit on liquidigosition in the national
currency are in a linear relationship.

The deposits in a banking system are composedpufsits in the national
currency and deposits in other currencies. The sitpm the national currency
are labeled withlg and those in other currencies withThen, the fraction of

deposits in national currency is defined wm%’— :

g+h
As it holds:
ZN: (A(LCY)-D,(LCY))=2TA-(1+ a)DZN: D,(LCY) (18),

N
and asTA- (1+a) D D,(LCY) is a limit value in the case of full stability of
i=1
the currency board, then the limit value in theeca$ partial stability of
currency board equals:
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g N
TA-(1 D.(LCY
2 [ma-trad(ey)) )
If g — O then:
M(ﬁ(m— (1+a) DZN1: D, (LCY)D = oS - [TA— (1+ a)DiZZ: D, (LCY)] =0 (20).

The derivation above confirms that the appropri@at@t on minimum
liquidity position in the national currency is zdarocase there is no stability of
currency board. If there is no stability of currgnboard, then financial
investors hold no deposits with banks in the nati@arrency. All deposits they
hold with banks are deposits, denominated in teerve currency.

And if h = O then:

m{ﬁ {TA— (1+a) Di: D, (LCY)D = ﬁ[TA— (1+a) Di: D, (LCY)] (21),
|hirpo( . ?r h[TA— (1+a) DZNl: D, (LCY)D =TA-(1+ a)DiZ:: D,(LCY) (22).

The last equation shows the appropriate limit omimim liquidity
position in the national currency in the case déilastability of the currency

N
board. This isTA- (1+a)) D, (LCY). If the full stability of currency board
i=1

exists, then financial investors fully trust thdioaal currency and all deposits
they have with the banks are denominated in thimmeltcurrency only. The
amount of deposits in other currencies is therefere. The same is also clearly
shown by the previous equation.

6. CONCLUSION

The stability of a currency board can be identifigth a set of ratios. This
paper shows that the measurement of currency kstabdity is possible with a
risk measure, which is a dependent variable ofnrgptaregression model with
ratios for identifying currency board stability aslependent variables. The
coherency of such a risk measure is proven witlctiedficient of determination
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if independent variables in the regression modgdlax the majority of
dependent variable variability.

A sample regression model should not include nulltreearity. Therefore,
not all ratios for identification of currency boasthbility can be included into
the sample regression model. Consequently, in dmepke regression model
ratios with insignificant additional information @it currency board stability
are not included.

Mathematical derivation shows it is possible fdyaak to calculate a limit
on minimum liquidity position in the national cuney out of ratios for
identifying currency board stability. When calcirgtliquidity limit, the largest
possible volume of information about currency bostability should be used.
This assures the risk measure for measurementroérmy board stability is
reflected in the limit. The result of algebraic adhtion confirms a linear
relationship between currency board stability ahé timit on minimum
liquidity position in the national currency. Theghér currency board stability,
the higher can be the bank limit on liquidity p@sitin the national currency.
Similarly, the lower currency board stability, thever may be limit on liquidity
position in the national currency.
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BANKE U SUSTAVU VALUTNOG ODBORA | LIMIT NA MINIMALN U
LIKVIDNOSNU POZICIJU U NACIONALNOJ VALUTI

Sazetak

Banke u drzavama s valutnim odborom izloZene skurinelikvidnosti u nacionalnoj
valuti, a koja ovisi o stabilnosti aranzmana. Uaskl s apetitima u preuzimanju rizika
likvidnosti, banke trebaju ogratfiii vlastitu izloZenost riziku, koristé limit na
minimalnu likvidnosnu poziciju u nacionalnoj valuld ovom se radu prezentiraju
matematitki izvodi minimalne likvidne pozicije u nacionalnejpluti, u ovisnosti od
poslovnog okruzenja i valutne strukture bilancegeiarski izréun, prezentiran u radu,
od posebnog je interesa za banke, koje poslujjatima valutnog odbora.
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