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Abstract

This paper is a short version of my master thesbgh | was defending in July 2007 on the
Faculty of Economics, University of Zagreb.

It studies the real problem of interdependence éetwcentral bank and commercial banks
goals in Croatia. The basic central bank task isdbieve and to maintain price stability.
Croatian external debt has been increasing forsyaad so the activities of the Croatian
National Bank are designed to correct this situmtidn order to stop the further increase of
the external debt, the Croatian National Bank usmgeral monetary policy instruments,
among which are the marginal reserve requirement the subscription of compulsory
Croatian National Bank (CNB) bills. On the othentiathe goal of commercial banks is to
maximise profits. Banks take loans from abroad laiger interest rate and invest this money
in Croatia at a higher interest rate, thus fuffdlitheir goal, but contributing to the external
debt increase. In order to obtain the desired effe€ the marginal reserve requirement, its
optimal percentage value should be determined. gitmblem is modelled as a bilevel mixed
0-1 programming problem. The objective of the lea{léroatian National Bank) is to
minimize the increase in household loans by settlifferent percentages of the reserve
requirements for loans extended to households andhbse granted to enterprises. The
objective of the followers (banks) is to maximizeofiis. | consider two models of the
problem. The first one is a model that covers tlaegimal reserve requirement and the special
reserve requirement. The second model is thedmstextended to cover the subscription of
compulsory CNB bills. In order to solve this NP-thgroblem a heuristic is proposed. In
order to verify the model, the paper ends with $atons and the presentation of
computational results.

Key words: monetary policy instruments, commerbhks credit activity, marginal reserve
requirement, Croatian National Bank bills, new nueas bilevel mixed 0-1 programming
problem, NP-hard problem, heuristic

1 INTRODUCTION

The Croatian external debt has been increasingdars. A large proportion of this foreign
indebtedness of the Republic of Croatia is theidoréebt of the Croatian commercial banks.
The owners of Croatian commercial banks are mdstgted in EU. Since the interest rates
on loans made at the European market are conslgdoater than in Croatia, the EU banks
have a great interest in buying Croatian banks lwthen take loans from abroad at a lower

1



interest rate and invest this money in Croatia &igher interest rate. In this way the EU
banks make a profit in a very easy way. Presetiteydomestic demand for loans extended in
Croatia is very high and EU banks are doing a gtesd.

On the other side, the Croatian National Bank (CN@)hin the framework of its monetary
policy, carries out various measures to maintailcepistability that is, to maintain the
maximum amount of economic growth concurrently wathow rate of inflation, and thus
fulfils its statutorily defined role. History tsllus that periods of high inflation on the whole
lead to economic collapse, since the attentionmérerises shifts from the production of
goods to the preservation of the assets that tivayamd/or manage.

In an economy like Croatia, which makes more thalh &f its GDP in trade with the rest of
the world, there is an additional danger from timpart of inflation, and price stability also
means stability of the exchange rate with the cuyeo which most credit operations are
indexed, as well as the price of fixed assetsh@ndase of Croatia this is the euro). Similarly,
because of the exceptional degree of opennesseoimtrket, there is a large chance that
inflation can be transferred from abroad (for ex&mnp large rise in the price of fuels on the
world market will have a direct impact on the risedomestic prices). For these reasons the
total foreign debt of Croatia is important, sinf@am influx of money occur it would have a
powerful impact on the stability of domestic pricesoducing a major deterioration in the
balance of trade of the country, which could leatbhg-term problems in the development of
the economy.

As it was mentioned before, since the foreign @dlbhe commercial banks constitutes a large
portion of the total foreign debt of the Republfcyoatia, the CNB makes use of measures to
affect the behaviour of the banks. One of themglvis particularly considered in this paper,
is the marginal reserves requirement (MRRJhis is the obligatory foreign currency deposit
placed for an indefinite period of time in a foreigurrency account at the central bank. The
amount of the deposit is defined in terms of a @atage of a base that is made up of the
cumulative rise of foreign liabilities of the bards against the base period. It is a
considerable problem to determine the value offibigentage in order to achieve the desired
effects on the banking system.

1 In 2004 the application of MRR started, at a rdt@4%0; in February 2005 this was increased to 30 a
calculated according to the same base period. In thiat year the rate was increased once again ame ¢o
40% with respect to the initial calculation peridal.November 2005 the decision was made in suclathat
non-working days were included in the calculatiand the day of the calculation was shifted to theord
Wednesday in the month. In December 2005 with acfemge in the decision, a second calculation geves
introduced, and for a growth in a debt with resgecthis new calculation period an additional 15%the
growth in foreign borrowing had to be set asida.the last change in the decision, June 2006hise for MRR
was extended to guarantees and other investmeattsuth kept off-balance sheet, and the MRR ratestich
loans is 55%.



Apart from the marginal reserve requirement, twoeotmeasures are presently used by the
CNB, and these are the special reserve require(B&RY and compulsory central bank bills
(CCBB). The special reserve requirement is sintdathe marginal reserve requirement, but
differs from it in the commercial bank debt sourtlest it covers. It is calculated on bonds
issued, irrespective of whether the bonds have lsseled on the domestic or foreign market.
Compulsory CNB bills are securities to which comoredrbanks must subscribe at the central
bank when they exceed the allowed growth of loaagen The subscription is regulated by
special central bank regulatidnsnd the maturity period is 360 days. A partictiéature of
these securities is that they cannot be tradeti@sdcondary market.

In the operations of the Croatian banks, on theiliig side, a major part is constituted by
short-term deposits, while another important sowfckinds consists of mid-term and long-
term loans taken out on the world financial mark@n the asset side, on the other hand, mid-
term and long-term loans made to households andrpmiges prevail. There is an
increasingly important share of short-term loansthe household sector via overdraft
facilities and credit cards. Since the banks Haeen lending to the household sector to a
larger extent in recent years, with householdsitakin debt to a much greater extent for final
consumption, mainly of imported goods, the CNB roeas are endeavouring to persuade the
banks to reduce loans made to the household decttire sake of final consumption. In this
manner the CNB endeavours to affect the whole @ettonomy, since the behaviour of banks
and households, had there been no central bankioeawould certainly have led to an
economic breakdown.

For the purpose of determining the percentage oRMRis paper formulates a mathematical
model of the interdependence of central bank andneercial banks activity. The model

belongs to the class of bilevel mixed 0-1 prograngmmodels. At the upper level there is
central bank decision making, and according tdrdmework of this paper, its objective is to

minimise the growth in loans extended to househbjdthe commercial banks. On the lower
or following level is the decision making of commiat banks, the goal of which is to

maximise profit. The profit of commercial banksdiefined as the difference in the interest
that they charge on loans extended in the domesi&et and the interest they have to pay
for foreign borrowings. Other revenues of commeérbenks are in this paper ignored and
considered only as a mean to cover operationakcd$te model has been developed with
given premises that simplify the real situationt lmn the assumption of professional
implementation it could without any essential irdsanto the basic idea be developed with
other elements of the relation between the cemtamk and the commercial banks. Two
models are observed. The first and basic modelrsotte MRR and the special reserve
requirement (SRR). The second model is an exterwidhe first model for the subscription

2 Special reserve requirement started in the firattgun of 2006, after the last change of the rate®imarginal
reserve requirement. From the beginning it wasestaat a rate of 55%.

3 Compulsory CNB bills were brought into force thisfitime in 2003, and then the allowed growth afhle was
16% per annum, or 4% per quarter, and their syfisami took place at the same tempo. The measuserwa
force again from January 2007, the initial allovggdwth of loans being 1% per month. But during yher this
measure has been changed several times. Unlike 20@® the measure lasted only a year, it is erpetttat
this measure will now last some considerable time.



of compulsory central bank bills (CCBB). The SRRnisluded in the first model only at the
level of definition, while in the case of numericgimulations the issue of bonds by the
commercial banks is ignored. This assumption chaéslistort the applicability of the model
since on the one hand it does not affect the nwaleresults and on the other hand
immediately after its introduction the commerciahks halted their borrowings via the issue
of bonds.

The paper consists of five chapters. In the seabagbter the mathematical formulations of
two mentioned models are given and explained. Thblpms are modelled as bilevel mixed
0-1 programming models. Since the problems of bilgrogramming belong to the class of
NP-hard problems, heuristics have been developesbiging them. The heuristics developed
for the purposes of this paper, and the basic nistlhised for the making of these heuristics
and the relaxations, are described in the thirghtelta

In the fourth chapter the results of numerical datians obtained by solving with the help of
the heuristics described in the preceding chaptegi&en. Analyses are made with the use of
so called effective interest rates. These interatsts are calculated according to the CNB
regulation and take into account all the loan’st&oshese rates are the real loan’s prices. At
the end, in the fifth chapter, conclusions are giemnd suggestions are made for further
research for the purpose of developing the model.

2 MATHEMATICAL MODELS

The essential characteristic of all bilevel prognaing problems is that the decision maker at
the upper level (the leader) should affect the lolsgel decision makers (the follower), the
follower’s possible choice and the benefit thativies from this choice.

Here we are looking at a large hierarchical sysha@ohthe process of interaction that goes on
in time, where the leader is the central bank &edfdllower is the set of all the commercial
banks. Each commercial bank acts independently fttemother commercial banks, in line
with its own business strategy.

From a mathematical point of view, the problem déuel programming is an NP-hard
problem. Hence in practice heuristics are creattdith is the method used in this paper.

This two models have been defined that describedhtemporary situation in the working of
the central bank vis-a-vis the commercial banks fitst model covers MRR and SRR. The
second model, which describes the current statdfairs, is an extension of the first model
by the subscription of compulsory CNB bills.

The reason for division of the contemporary situatnto the two models lies in the fact that
the subscription of compulsory CNB bills is a meadihhat has been in force since January 1,
2007. An additional reason for the split into tmodels is the fact that this is a measure that
is considered a short-lasting instrument, whicH @ in force for only a limited period of
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time? Resources that are bound by investment in compulSNB bills are repaid into the
system when the bill matur@n the other hand, in the reserve requiremene laegources
with no maturity date are accumulated, which caratadny given time be put back into the
system without consequences being incurred.

In the models it is assumed that the central bdn&ctive is the reduction in the growth of
commercial bank loans to the household sector.dBusion the central bank has to make is
what the percentage of the MRR and SRR are. Thenmmsation of profit is assumed to be
the objective of the commercial banks.

2.1 A mathematical model that covers the margieaerve requirement and the special
reserve requirement

For the sake of formulating the said mathematicadeh | make the following definitions:
Indices
i - type of borrowing (=1 loans taken from abroaid2 bonds )
] - commercial bank,= 1. ..., J
I - type of loans of borrowed resourcés1( housing loand=2 other loans
to householdd=3 loans to enterprises)

p - prescribed percentage of marginal / speciakvesequirement

t - time for which debt is taken on (macro peridd),1. ..., T

T - time for which loans are made (micro periedf,, t=1...., T
Parameters

op® - percentage of reserve requirement

kb - commercial bank credit multiplier

Xiilo - stock of debt of bank from source of resourcesthat it has loaned in

loansl at the beginning of the period under observation

Wiio - stock of loan$ of bankj at the beginning of the period under observation

o] - number of instalments for repayment of the lban

b; - number of payments for the return of the borrdsemi

kit - interest rate at which money is borrowed fromrseuin periodt

Myt - interest rate at which bafpkoans resourcdsin periodt

dit - minimum demand that has to be met for ldainsperiodt

Oit - maximum supply of loansin periodt

4+ When this measure was previously in force it hdte a year only, that is, during 2003, the caltoh and
setting aside started at the end of the first guanft2003, and ended at the end of the first gunamt2004.

5 The current decision prescribes a maturity peofd860 days.

op= 17%.



Notations
Yiilpt - amount of resources that bapkas repaid via annuity payments for
sources of resourcesat interest rat&; with depositing marginal reserve
requirement at the rate pfin periodt, which it has loaned in lodn

Wit - total amount of resources that bgnkas loaned in loahin the macro
periodt at the interest rate of;

Ujit - total amount of resources that baiias received in annuities from lolan
at an interest rate ofi;; in the macro period

Qiipt - stock of debt of bankfrom source borrowed at an interest rate laf

along with depositing marginal reserve requirenana rate op at the
end of the period

Rit - stock of loan of bankin loanl loaned at an interest rateraf; at the end
of periodt

Decision variables
Xjilpt - amount of resources that bgriborrowed in period from sourca, at
interest ratd;; in conjunction with depositing for marginal (spegi
reserve requirement at a ratgopfn order to lend them in lodn
Wil - amount of resources that bgriknt in loanl in micro periodr at an
interest rate offry;
1 if thepercentagef prescribednarginal(i = 1)/ special(i = 2) reserve
Zilpt = requirememnonresourceborrowedor loanlin periodtis equaltop
0, otherwise

| =1, 2 (loans to household$) 3 (loans to enterprises)

1if Z(inlpt - yjilpt) >0
Viilpt = Lpt
0, otherwise

The following expressions hold for the notations

1 t1 B
Yiipt = b (Xjio + Z Zypo Xjipe )+ V ILLPt (@)
i a=max(t-h 1)
W, = TEZS:WJ.IT vj,l,t )
1 t-1 .
Ujp=—Wo+ 2 W), Vilt (c)
Q a=max(t-o, ,1)
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Qi = Z(Xjno + Z(inlpa ~ Yiipa ) v iLpt (d)
1=1 a=1
t -
R =Wio "‘Z(\ij -Uj.) Vit (e)
a=1

Expression (a) shows how much resources pdrds to return in each period on the basis of
the loans it has taken out abroad or on the bédisrms it has issued Expression (b) shows
the total loans of bankin macro period, ® and expression (c) shows the total receipts of the
same bank on the basis of repayment of the patieofoans made in the previous peridds.
Expression (d) shows the total stock of indebteslmédankj at the end of periot*® while
expression (e) tells of the stock of the loansasfkj and the end of periatdf*

The model:

mzin Z(\let -U jlt) (|)

it
Subject to the constraints:

Zp:zilpt:l Vi, It (1)

maxz [Z my, Ry, — Z kitjSpt} vj ()]

7 It is assumed that resources are repaid in equalttyanstalments. In reality this is not the casat as a rule
the banks repay their borrowings in quarterly, sanmual or annual instalments, while they usuadly put

bonds on maturity, with the interest (the coupagihg paid semi-annual or annual, while there ase griants,
such as the whole amount (principal and interestygopaid out only at maturity.

& The amount of intercalary interest that the basllects for the payment of loans before the dateafurity is

negligible compared with all the other revenuethefcommercial banks.

° Today banks grant loans with flexible maturityegatthey can be any day in the month). Earliemtiaéurity

dates were fixed for all clients and as a rulerttaurity of a loan would be the first or last daythe month,
irrespective of the day the loan was granted.

1% Bank liabilities.

1 Bank assets.



Subject to the constraints:

100-op ! 100- P,
let S{(kb[ 100 jj[z XJI|0 + Z VJlet 100 |Ipa (lelpa yjilpa)

i i,p,a=1
t t t-1 (2)
+ Z (1_Vjilpt)(xjilpa - yjilpa )} "‘ZU jla _Z\ij _WjIO
i,p,a=1 a=1 a=1

Vit

Xjipt < MZ Vil pt (3)

t . .
Z (inlpa - yji|pa) <Mvj, Vi, p,t (4)
a=1

t - -
Z(yjilpa - Jllpa) <M (1 lelpt) VJ ,I,l, p,t ( 5 )
a=1
W, >d,, , vi,t =12 (6)

Jlt —gjlt ' V],I,t (7)
Xiipit, Wi =2 0, Zjpt, Vjilpt € {0, 1}, Vilpt (8)

In expressions (a) and (c) the amounts are equaktoepayment quotas (instalments), while
revenue made from interest collected is used t@rcoterest expenses and for operational
profit made.
1

1-szx (1—op)
holds, whereop is the prescribed percentage of the reserve reaeint, andsz is the
percentage of the borrowing retained in the banthénform of the loan it makes. With an
assumed rate of retentisn= 60%, then:

For the credit multiplier of the commercial barkb)(the expressiorkb =

_ 100 _ 100
100- 0.6x (100—op) 40+ 0.60p

(9)

By introducing expression (9) into (2) | obtain #wpression:



t
100 - op 100-p
Wi, < (—40+ 0.60pj Z Xiil 0 +_Z Vijilpt 100 Zipo (Xjipe = Yiipa)

i i,p,x=1
t t t-1 (10)
+ Z Q= Viipt Y Xjipe = Yjipa) +Z Ui _ijla -Wjio
i,p,ax=1 a=1 a=1

i1t

In model (1)-(10) the central bank minimises thewth of loans to households, while the
commercial banks, within the framework of the caoaists that are forced on them by the
upper level (the leader), maximise their profitheTmicro and macro periods are included
into the model because the central bank (leadekemis decision about changes in the rates
of the marginal or special reserve requirementseocmcmonth, while the followers (the
commercial banks) can make their decisions daily.

Constraints (1) say that the percentages of mdrgima special reserve requirement can take
exactly one value for every kind of source of reses and for each kind of loan by the banks.
They are the same for all the banks and are inadlperof the interest rates at which the bank
obtains the resources. Apart from that, these pgaiges are always integer values.
Constraints (10) show that the resources that lpacdn extend in instrumentcannot be
greater than the resources available. The availeddources of bankconsist of the initial
stock of the borrowed resources to which the remgimesources borrowed from sources
covered by the marginal or special reserve requergrare added, minus the resources repaid
for previous borrowings, minus the percentage efréserve if the bank’s borrowing rises, or
only diminished by this amount if the borrowing tbe bank from the sources of resources
covered falls. These resources are multiplied ley ¢redit multiplier in the period under
observation. Collected repayments of loans madeediminished by resources extended in
previous periods also form part of the availabkoreces.

Constraints (3) describe the fact that banks camotao abroad only at one rate of the
prescribed marginal (i=1) / special (i=2) resergguirement on resources borrowed for lban
in periodt whereM is a large real number.

Constraints (4) and (5) are essential for the da@tetion of the status of the binary variakble
that says whether in some period there are ovemalle borrowed or repaid resourcés,
which is essential for the sake of setting asigentlarginal or special reserve requirements.
Constraints (6) are the lower bound for every tgpan of every bank in every period. The
lower bound is the level of planned market sharéherthreshold of profitability.

Constraints (7) show that the maximum demand fsoueces is knowHi in the case of every
bank in every period that can be met, that isugiy@er bound to the level of loans made.

And at the end, constraints (8) are the constraift®on-negativity and binarity of the
variables.

12 Depending on whether the total foreign borrowingsmg or falling

13 |n reality this means that the bank has set ammaxi amount of loans in each period with which it satisfy
the shown demand for loan resources.



2.2 The mathematical model extended to cover theaiption of compulsory CNB bills

This model differs from the preceding model onlyhi constraints (10), which have been
replaced by the following constraints:

100-op . 100- p
W, < {(40+ 060[)}(2 jilo T Z Viipt ™7 ~m 100 Zpy (inlpa - yji|pa)

i,p,a=1

t t -1
+ Z - Vjilpt)(xjilpa N yjilpa)ﬂ : ZU jla ™ Z\lea _VVJ'IO Vit
a=1 a=1

i,p,a=1 ( l].)
a-1
t ZWJIﬁ a— 1
- 05| maxj| £— - 0F-W,
a=2 \Aﬁo 1()0

These constraints show the maximum available ressuhat bank can invest in instrument

.  The available resources of bankonsist of the initial stock of the borrowed funis
which are added remaining resources borrowed froaorces covered by the marginal or
special reserve requirements diminished by repagburces from earlier borrowing, and
diminished by the percentage of this reserve ikldasrrowing should increase, or diminished
only by this amount if the borrowing of the bankterms of sources of resources covered
should fall. These resources are multiplied by ¢hedit multiplier in the observed period.
Also counted in available resources are collectépayments of loans made earlier diminished
by loans made in the previous periods. Shouldnangercial bank exceed the allowed growth
of loans, the available resources will be diminglhg the amount that the bank has to use to
subscribe compulsory CNB bills.

3. RELAXATION OF THE MODEL AND HEURISTICS FOR PROHEM SOLVING

The problem described, and all bilevel programnpngplems belong to the class of NP-hard
problems. For the solution of these problems, lséius have been developed based on search
methods. The heuristics are conducted accorditigiggprocedure:

1. For the given bank, the rate of the marginatlgdeeserve requirement is changed, and it
is checked whether making loans is profitable &t ldwvel, according to existing interest rates,
for each kind of loan.

2. The lowest and highest rates of reserve at wbpdrations case to be valuable for each
kind of loan separately are memorized.

3. If the solution for each kind of loan is fourtden the search procedure is stopped.

4. A check is made to see if all the banks haven lmmmsidered. If they have not, the next
bank is chosen, and step 1 is repeated; if theg,ltaen we pass to step 5.

5. A calculation is made of the average marginatisg reserve requirement for the whole
system in terms of each kind of loan separately.

6. Stop of the calculation process.
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The flow diagram for the constructed heuristicshewn in Fig. 1. In all models constructed
within the context of this paper, the same hewrigtiused, but with a differently relaxed

model.
C Start )

'

Read model parameters

'

Choose initial bank for

solving

<
*‘

Choose initial marginal/

special reserve

requirement for solving

A Al |

Solve relaxed linear Choose next marginal/

problem special reserve

requirement for solving

A

Has the marginal/

special reserve requirement

been found for all kinds

of loans?

Choose the next

bank
Yes A

Have all
the banks been

considered?

Print out the calculated
values for the highest, lowest
and mean marginal / special
reserve requirement

for the banking system

'

Comw D

Figure 1. Heuristics flow chart.

11



In the numerical part, certain relaxations havenbesaried out to simplify the model, or for
the sake of confidentiality, so as not to let tla¢adof the bank used be identified as coming
from that bank.

The first assumption is that the interest rate aneijn borrowings is the same for all banks
and comes to EURIBOR + 1.5 percentage points farokong and EURIBOR + 2
percentage points for bonds. The average valueURIBOR for borrowings for one year
used in the numerical calculation is 4.06%.

The interest rate at which the banks extend thawd$ ranges from 4.12% to 9.68% for
housing loans. In other loans to the householdosehe interest rates range from 7.76% to
17.6%. Interest rates for loans to the enterpriaage from 5.84% to 15.33%. As | stated
before, these interest rates are not the nomited,raut the rates calculated according to the
CNB regulation taking into account all the loantsts.

As stated in the description of the model, the rafemarginal and special reserve
requirements is always an integer value. The arsalyas carried out in a range from 10% to
80%, for in this case, together with the resenguirement (which according to the official
decision on setting aside the reserve requiremames to 17%), it means that the maximum
to be set aside for reserves is 97% of the amadiuhiedncrease of borrowed sources of funds,
which are the subject of the research. A furtheuagption is that the rates of the marginal
and special reserve requirements are equah=( zpr) and that the percentage of
marginal/special reserve requirement on all kinfds&ns made is equa{x= Ziop= Zzp)-

Only macro periods are observed in the model, stheesum of all events in the micro
periods within a single macro period can be seemssgle event during this macro period.
Since the lower (market share of the bank) andugh@er (maximum demand) bounds are
defined in the model for every kind of loan, | ob&el the following circumstances from the
numerical calculations. For each bank and each kintban, in the case of low rates of
marginal reserve requirement, the funds lent oat @ar the upper bound. As the rates of
marginal reserve requirement gradually increasgaiceloans fall from the upper bound to
the lower bound (that is, from the amount sufficiém satisfy the maximum demand they
decline to an amount sufficient to achieve the pdghmarket share). For each bank and each
kind of loan there is one rate of marginal reseeguirement at which the funds extended
drop from the upper to the lower bound. Such rateghen calculated for each bank and each
kind of loan separately. Then, the average valuMRR as the arithmetical mean of all
MRRs is calculated, for each kind of loan made, aatljust the minimum and maximum.
The average value is calculated as the arithmatiean because | assumed that market shares
are identical. It should be said that this releatvas done so that the banks in the analysis
should not be identifiable from the market share mterest rates data. The decision support
system created allows for various market sharesowttany problems or efforts. In addition,

14 Data obtained from CNB and used in this papertaiecategories constitute averages of severardifit
types of loans (kuna loans, foreign currency loairs)
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if it is taken into account that most of the intreates are the same for a given kind of loan
and a given bank, market share does not actualyggreat part during the calculation of the
average value of MRR.

In the framework of this heuristic the value of thieary variablevj, was also set at™lin all
points of observation. In other words, it is assdntieat there is a constant rise in bank
borrowing, since this corresponds to the real $ifwation in the banking system. 1t is
possible to replace borrowing from loans via boadd vice versa. And that is why in the
numerical calculations, without loosing generalitgalculated only MRR.

The amount of the marginal/special reserve requaremis observed, at which amount of a
given kind of loan moves from the upper to the loweund of lending. The leader (the
central bank) prescribes the rate of marginal/spe@serve requirementp)( while the
commercial banks then decide about the amount whityoorrow under the conditions set
(they cannot affect the upper level or the worlditzd market).

At the beginning an equal market share is assuoredllfbanks, and in the calculations of the
average values of the rates of marginal/speciarvesrequirements it is enough to use the
ordinary arithmetical mean. The initial level @iahs from which the calculation starts for
each individual bank is done in such a way thatddleulation is carried out with a rate of
marginal reserve requirement of 55%, and then thgregate of all loans extended is
distributed according to the proportions of givearis in total loans made by the banking
sector. There are two types of commercial banksinduished by whether they do or do not
give housing loans. The shares of the loans magderdling on the type of bank are given in
the table below.

Table 1. Shares of loans in the total loans afraroercial bank (in %)

Type of loan Housing loans Other loans to householdoans to enterprises

Banks that do
give housing | 31.87 32.45 35.68
loans

Banks that do
not give 0,00 47.63 52.37
housing loans

Source: CNB

In linear programmes that helped in the calculatiom expressions for the notations were
removed. The values that are given by the notsiticom the first model are calculated later
in the computer programme. The only notations @wedhose for the returns of loans made
earlier it ).

15 \' = 1 f vj/i/l/P/t

jitpt

13



4. NUMERICAL RESULTS AND ANALYSES

Banks in the Croatian banking system are obseflieel.basic difference among the different
banks is the difference in the interest rate politlye values of interest rates are obtained
from the CNB. The average annual values of eadivigual bank are taken.

The amount of profit in conjunction with varied eatof marginal reserve requirement is
observed, that is, the rate of marginal reserveirement at which given loans fall from the

upper to the lower bound.

Table 2. Shares of loans in the banking systerf{in

Type of loan Housing loans Other loans to householdLoans to enterprises$
Proportions of loans 24.37 36.02 39.61
Source: CNB

With the help of data concerning the proportionseath kind of loans inside the banking
system and the calculated average values for thigimad reserve requirement within each
individual model, the rate of marginal reserve iisguent that has a major effect on system
behaviour was calculated.

| note that the level of loans made is limited, efhmeans that there is an upper and a lower
bound. For a small MRR, each bank, in each pefmdeach type of loan, makes its loans
maximally, and if the MRR is large, then minimallyhe threshold at which the change
described in the behaviour of a commercial bankucwaries according to the individual
commercial bank.

Tables 3 — 5 give the minimum and maximum valueBIBR at which in terms of each kind
of loans and individual banks there is a changeeimaviour, i.e., a fall from the upper to the
lower bound of loans made (the threshold of prbiiiiy is reached or the planned market
share for this kind of loan in this bank has beemeved). Then a calculation is made of the
average value of the threshold of MRR as arithraktitean of all MRR thresholds.

In this way in the case of the model that coversRviid SRR, Table 3 is obtained:

Table 3. Results of the basic model of the curseatie of affairs (in %)

Mini .
Type of loan MlFr;::;num Maximum MRR | Average MRR
Housing loans| 18 65 44.62
Other loans to 57 80 67.71
households
Loans to 42 78 62.29
enterprises

Source: authors’ calculations
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By calculating from data concerning the average o&tMRR impact, the rate of 59.9484
was obtained as the MRR that had an impact onyters.

MRR (%)
80 ,.\.
- )
70 = m——— —— housing loans
ﬂl re
= 4
60 - s
P
«~
50 o —s— other loans to
& households
40
30 loans to
enterprises
20
10 T T T T T T
4 6 8 10 12 14 16 18

interest rate (%)

Figure 2. The impact of change in MRR on the padbiiity of loans depending on the interest
rate — basic mathematical model

After that, an analysis was carried out of the nhoeletended to the subscription of
compulsory CNB bills and the following results wedatained for this:

Table 4. Results of the model extended to the@udiion of compulsory CNB bills (in %)

Type of loan Minimum MRR Maximum MRR  Average MRR

Housing loans| 18 65 44.23
Other loans to

44 7
households 6 60,65
Loans to 42 78 61.97
enterprises

Source: authors’ calculations

For this model, the rate of 57.17% was calculatetha rate at which the MRR had an impact
on the system. According to expectations, it wagelothan the rate from the previous model.

16 0.2437*44.62%+0.3602*67.71%+0.3961*62.29%=59.94%

15



MRR (%)

80
"
70 ././-
. “ . ——housing loans
60 - . f‘
.Jl" ’ a -

50 - . 3 L X —s— other loans tq

¢ . households
40 -

loans to
301 enterprises
20 -
10 I I I I I I
4 6 8 10 12 14 16 18

interest rate (%)

Figure 3. The impact of a change of MRR on thefifadlity of loans depending on the
interest rate — the mathematical model extendeketicubscription of compulsory CNB bills

Graphs about the impact of a change in MRR on ¢ipead profitability depending on the
interest rate show an interesting feature, whighesdivergence of the line of impact on other
loans to households from the main line of MRR imipacthe case of the model extended to
the subscription of compulsory central bank bigy(re 2 and Figure 3).

An interesting fact that we can see from the talblehe results (Table 4) is that in the model
that covers the subscription of compulsory CNBsbilhe average rate of the impact of MRR
on other loans to households is lower than theamesrate of impact on loans to enterprises.
From the graph it can also be seen that the ingintirof subscription of compulsory CNB
bills has almost no effect on housing loans, olo@ns to enterprises. One explanation of this
might be that these loans of the banks are alratdysensibly lower level of profitability than
the other loans to households, and thus the ingfatie fall in profitability is sensibly lower.
Apart from that, the models allowed a certain kafdoan to stay at the initial level, and this
has an impact on the results of the analyses daoug with the use of the mathematical
models created.

If the statistical data of the central bank covdimths of central banks that are hidden from

statistical monitoring and made at high interestsait is highly probably that the rates of
MRR impact calculated would be still higher.
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5. CONCLUSION

The graphs show us that within the framework offel models that even when the MRR rate
is changed, the MRR has an equal effect on housangs and loans to enterprises, a change
in impact existing only in the case of other loam&ouseholds.

Commercial banks run the kind of business (interat#) policy such that the rate of MRR
prescribed by the central bank does not have negatiect on the level of loans, but only on
their profitability. If, for example, housing loamre advanced at a low interest rate, this will
be made up for by the high interest rate on loansnterprises or other loans to households.
Some other banks will advance all loans accordm@ tunified interest rate. Because of
market conditions, the commercial banks do not ygutinterest rates on current banking
products very significantly, so as not to lose nearghare; rather, they endeavour to bring in
new products that include various charges and faed, in this way practically raise the
interest rate.

The Republic of Croatia has a relatively high fgredebt, exceeding 80% of GDP. This is a
level of debt that is considered a potential trigglea debt crisis. The growth of the debt is
considerably influenced by commercial banks, bomgvabroad, because of the insufficiency
of domestic capital accumulation, in order to lehdse funds via various kinds of loan to
households and corporations.

The objective of the CNB is defined by law, andstlg, primarily, price stability, in other
words, the stability of the whole of the economystem of the Republic of Croatia. The
central bank, through its measures, can affect thdybanking system, and is endeavouring
through these measures to hold back the growthnk foreign debts.

The mathematical models of bilevel programming @gyed in this paper describe only the

relations between central bank and commercial baniesited to the foreign borrowings of

the commercial banks. The main goal of the cerdask is to reduce the growth of loans
from banks to the household sector, since entergnities can, with relative ease, take on
debt abroad directly, which the central bank cahaftect. The results of the analysis of
these models show that the use of the decisionostippstem created, would be useful in an
ex-ante analysis of the effects of monetary poli&lghough the analysis uses assumptions
that simplify the model, the results are still adsignpost of the way the central bank might
proceed while making decisions about the levehef MRR. Every additional fact related to

the Croatian monetary system, and real data, caneasily be included into the decision

support system, which would thus have an importalstin the regulation of monetary trends.

In the forthcoming period it would be important tmprove the central bank statistics

monitoring the loans of commercial banks. Dataamigd in this way could give a much

better picture of the banking sector of the Remubh Croatia. With the help of data so

processed, the central bank would be able to achmpe precisely targeted measures with
respect to a certain kind of commercial bank behavi
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5.1. GUIDELINES FOR FUTURE RESEARCH

In forthcoming research changes might be madeareiisting model of calculating the rate
of impact of the marginal/special reserve requinetsi®dy having this rate calculated for each
bank separately according to the distribution @iaians. A rate calculated for each individual
commercial bank, along with the rate of the impactthe marginal/special reserve
requirements of the system, would be added acaptdithe bank’s market share. This would
naturally affect the relaxation of the model in @il assumed that borrowing abroad
increases all the time (i.e., that all the bineayiables were fixed at;,, = land in further
research it would be necessary to hypothesizedhbsilgle fall in borrowing).

It would be necessary to carry out an analysishefdensitivity of the optimal solution to a
change in parameters, i.e., for various commetm@ak strategies expressed in the changing
interest rate or in the accomplishment of the pdanmarket share to observe the impact on
the marginal reserves. Certain other functionshef abjectives of the central bank and the
commercial banks can also be observed. It isilples® observe certain sub-problems as
being multicriterion, where the objectives would fefit and accomplishment of market
share.

One direction for new research might be other meastiat the central bank might prescribe
which in the current conditions might halt furthgnowth of the foreign debt of the banking
sector of the Republic of Croatia.
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