Monetary Policy Implementation
and Liquidity Management

of the Czech Banking Systefh

Karel BRUNA

The present financial crisis confirms that cenbahks play a crucial
role in the banking system liquidity management.e Timajority of
developed countries operate under conditions wien dentral bank
supplies liquidity to commercial banks. Managemeinbanking system
liquidity is performed by the same tools that asedifor the attainment of
stable and low inflation rate. Therefore the piti liquidity
management has to be consistent with the leveh®fmain policy rate
that is announced by central banks with regardefindd inflation target
and expected dynamics of inflationary factors. Thethod of central
bank’s management of the banking system liquidigs hmmediate
impacts on the dynamics of O/N interest rates m itlterbank market.
The main policy rate functions as a gravitationatec of ultra-short
interest rates and the volatility of O/N interestes reflects a short-time
difference between the supply of liquidity by cahtvank and demand of
other banks for liquidity.

The Czech National Bank (CNB) is brought to quitenaque position
from the aspect of the banking system liquidity agement and in the
context of monetary policy implementation. Contreoystandard practice,
the banking system in the Czech Republic works wghidity surplus
and so CNB has to withdraw excess liquidity frore thanking system
regularly. Such a situation is an immediate conseege of CNB
interventions to prevent the Czech crown apprematgainst foreign
currencies. CNB has to cope with this situationexrmbnditions when as
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the first bank among transition economies it addp&plicit inflation
targeting by means of standard instruments of naopgbolicy known
from the practice of advanced central banks.

The objective of this paper is to define theordiycahe basic
problems of the banking system liquidity managemerthe context of
monetary policy implementation and with regardhte tdynamics of O/N
interest rates. The goal of an empirical analysthe practical application
of these general principles on an example of implatation of the CNB
strategy of inflation targeting, liquidity managemhen the situation of
liquidity surplus in the Czech banking system agdainics of reference
interest rates in the Czech interbank market.

Monetary policy implementation and banking system
liquidity management

One of the necessary conditions for the attainn@nenvisaged
effects of monetary policy is central bank’s akilib stabilize the price of
the banking system liquidity around the announcedhnpolicy rate. In
the implementation of monetary policy it is badigalecessary to set
such conditions for the use of monetary-policynmstents that will solve
the problem of the fundamental deficit or surpliishe banking system
liquidity and at the same time that will allow teact flexibly to daily
volatility of the demand of banks for liquidity amnal trend changes in the
need of liquid resources under such price conditithrat are consistent
with the announced level of the main policy rate.

Open market operations are a key instrument forréadization of
central banks’ monetary plans and for the bankiggtesn liquidity
management. The attainment of the targeted levelaoh policy rate and
stabilization of O/N interest rates assume the ldgveent of a system of
periodic tenders for the supply/withdrawal of lidiy to/from the
banking system. From the technical aspect dailgtiay of the demand
for central bank’s reserves is usually solved bye thegular
supply/withdrawal of liquidity through reverse/stiand repo operations.
The frequency and maturity of such tenders reflleetratio between the
volatility of factors influencing the aggregatedlwmme of reserves of
banks with central bank and the average level ekdhreserves, i.e.
banking systems with relatively high volatility buidity tend to invite
for tenders on daily basis while the liquidity is often suppliediffadrawn
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with overnight maturity. Trend factors behind therrpanently growing
average demand of banks for liquidity are ofteneced by the outright
repurchase of securities. The frequency of thesgabpns is naturally
lower, and from the monetary-policy aspect theyrareapplied in order
to influence the dynamics of market interest rates.

In connection with the actual shape of monetary icgol
implementation the institute of minimum reserves usdergoing a
significant change in the purpose of use (see RiIhd&04; Bindseil, U.,
Camba-Mendez, G., Hirsch, A, Weller, B., 2004). Miom reserves are
not currently used as a tool of enforcing monetastriction/expansion
but they are understood as a crucial factor stbgithe demand of the
banking system for liquidity/the supply of surpheserves. It is important
from the aspect of volatility of O/N interest ratbat the balance of banks
on the account of reserves with central bank isagesl for the so called
maintenance period for the purposes of replenishimgmum reserves. It
means that in the case of the banking system ligustiocks banks can
cover variations in the replenishment of minimunserges by an
adequate change in the demand for liquidity on eglesnt trade days,
and thanks to it the problem may efficiently bevedl only by a limited
impact on the instability of O/N interest rates.

The deposit and/or lending facility of central baslka complementary
means that enables the banking system to handlenlynahe
deficit/surplus of liquidity of greater volume dtet end of the day, which
determines an effective limit for the volatility @/N interest rates. The
implementation of monetary policy in this contessames that central
bank’'s approach to the banking system liquidity agg@ment will
eliminate the need of using facilities due to expeédiquidity shocks.
Ultimately, there should exiséx antethe same probability of using
deposit and lending facility under unexpected cleanm the banking
system liquidity.

The fundamental deficit of the banking system liiyi is a
consequence of the specific position of centralkbamthe domestic
interbank payment system. The payment system agsethtough banks
that open accounts for the clearing of interbanknnts with central
bank, which may automatically imply the need ofuldjty acquisition
from central bank. As stated by Woodford (2001 )Adritesell (2003), if
the central bank does not apply the institute afimum reserves, it is
imaginable that the targeting of main policy raiél take place under the
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on-average zero aggregate demand of banks forighelity of central
bank.

On the other hand, the on-average zero demanchéofiquidity of
central bank assumes that the transactions betwapks and central
bank by means of which banks acquire liquidity esent perfect
substitutes of dealings with existing liquidity the interbank market.
Whitesell (2006) stated that liquidity in both meirk was not perfectly
substitutable due to a different credit risk of g®ns between banks
and central bank and among banks in the interbaakkety different
securing of transactions by help of the collatptatige of securities or
penalization of interest rate for negative balarafdsanks on the account
of reserves with central bank. Ultimately, eachtlidse factors implies
that in liquidity management banks cannot rely lo@ interbank market
only. Even in the system without official demands the reserves the
banking system has a tendency of demanding theverage non-zero
volume of liquidity that will allow them to increasflexibility in
operations with liquidity and to avoid complicat@dice and volume
conditions in extreme situations.

By its nature the positive demand of banks for i@rtank’s liquidity
is similar to the need of maintaining a certaincprgionary reserve
whereas its size is assumed to be related wittvéhene of deposits in
the banking system. The use of balances on theveesecount for the
interbank system of payment is directly associatéti the volume of
current deposits, the handling of which requiregate flexibility from
banks in the management of their liquid positidds.the other hand, the
lending activity of banks assumes that a bank treah be granted to
nonbank clients if the bank has access to liquiditythe reserve account.
The coherence between lending activity of bankdunae of bank
deposits and consequently demand for central bdigkiglity lies in the
process within which the major portion of bank dgfsoriginates on the
basis of multiplication through the lending actyuitf banks.

In line with the present conception of monetaryigyotentral banks
continue to increase the degree of the bankingesystependence on
liquidity supplied by central bank by defining ategn minimum level of
reserves that exceeds the above discussed “emgtgiaraand of banks
for central bank’s liquidity. The effects of suchblipy are double. On a
daily basis central banks have to ensure by metssitable tools the
continuous supply of missing liquidity to the bamdisystem so that
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banks could meet their obligations by virtue of mMmum reserves. In
addition, central banks must take into account th#uence of

autonomous factors such as unstable demand oftlien currency in

circulation and volatility of balances on the statedget account that
cause daily fluctuations in the volume of the bagksystem liquidity. In

a longer run central banks have to cope with irgngademands of the
banking system on the supplies of liquidity duettie trend growth of
bank demand for reserves. Central banks have toaply react to an
increasing volume of minimum reserves in connectidgth the trend

growth of the volume of deposits in the bankingtsys on which the
calculation of minimum reserves is based. Besidestral banks have to
accommodate the supply of liquidity to the permalyegrowing demand
for currency in circulation by clients because eony is technically
issued to the debit of bank reserves with centiakb

As seen from the above-mentioned considerationglerumormal
circumstances there is a quantitatively significaefpendence of the
banking system on liquidity supplied by central kalm countries with
the long-term excess of liquidity central bank hagpermanently supply
a guantitatively large volume of liquidity on aneththan credit basis in
the past. The source of this liquidity may be ¢g.entry of central bank
capital into the banking system or the repurchdsassets of banks by
central bank to solve the problems of solvencyheflseé banks. Central
bank’s interventions in the foreign exchange markee another
possibility: purchase of foreign currency in ordie@mweaken the domestic
currency and/or to decelerate the trend appreaiatialomestic currency.
In both cases these factors are typical of devebopsnin transition
economies: it may be either the government’s sicanit activity during
the banking sector transformation or fears of @rtanks from the rapid
appreciation of domestic currency with regard ® ¢lport orientation of
these economies.

The main monetary policy interest rate and stabiliation
of O/N interest rates

It is assumed that central bank uses annousegaly interest rate
(IRgg,) in the position of the main policy rate. In casain policy rate is

represented by market O/N interest rate, the arsezlihevel of main
policy rate usually corresponds to the averageffeceve O/N interest
rates in the run of several trade days. On therapntif main policy rate
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is a specific interest rate that is exclusivelyduge monetary operations
of central bank and its maturity is longer than oesy, then the
announced level of main policy rate usually coroesfs to the limit
(minimum or maximum) level of effective interesttes in periodic
tenders for the supply or withdrawal of liquidity.

The mechanism stabilising ultra-short interestsageunderstood as a
continuous process resulting in the situation wtten average level of
ultra-short interest rates copies the course ofnnpalicy rate while
quantitatively more significant deviations of theates from main policy
rate are of transient character only. This prooessbe described as the
situation when agents in the money market are omwed that the average
spread between expected O/N interest rates andctin@l and expected
future level of main policy ratep) will approach zero in the run of future
n days:

1 < e S, e
HZ(IR%‘N’ - IRC'B,Hk)‘Qt =p,p- 0, 1)
k=0

With the existence of deposit and lending facHitie is possible to
identify relatively accurately the lower and uppigrits of fluctuations of
expected O/N interest rates and to estimate a mmimxtent of volatility
of the spread between expected O/N interest radenzain policy rate.
From the aspect of O/N interest rate dynamics tbiassume that these
rates will fluctuate more or less symmetricallywrd main policy rate in
relation to day-to-day changes in the relationsvben the central bank’s
supply of reserves and aggregate demand of bankseserves. The
volatility of O/N interest rates is influenced byetfact that the supply of
central bank’s reserves is based on a predictioinefdemand function
and during the trade day the money market is hitliQyid shocks
connected with changes in autonomous demand farwes that can
influence the actual volume of the banking systiejuidity.

The predictability of the spread between O/N interst
rates and main policy rate within maintenance perid
and in the context of volatility of autonomous faabrs

The dynamics of O/N interest rates is substantialijyenced by the

duty of banks to hold minimum reserves on theiroacts of reserves
with central bank (see e.g. Bindseil, Seitz, 2@@x&ti, Bartolini, Bertola,
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2002 or Gaspar, Quirés, Mendizabal, 2004). As tiby dalances on this
account need not correspond to the prescribed velinimum reserve
requirement, in their creation banks may considermtroblem of the costs
of holding of minimum reserve requirement. In tlesntext Hamilton

(1996), Taylor (2001) or Bartolini, Bertola, Pra2001 and 2002)
discussed a simple model of demand for reservashioh banks carry
out intertemporal substitution of demand for reservaimed at

minimisation of the costs of holding of reservesanBs restrict the
holding of reserves at days when conditions in iieney market are
characterised by relatively high demand for reselas@d so their price is
temporarily high, in favour of days with excessuldjty in the market

when reserves are cheaper. In this model agentseimmoney market
speculate for expected movements of O/N interdst satween any two
consecutive trade days and they increase (decrdsse)actual demand
for reserves above (below) the level of minimumeres requirement in
relation to an expected increase (decrease) iniQéxest day at the next
trade day.

The result of such consideration is a change inr¢haions between
demand and supply in the money market that will edrately be
reflected in variations in actual O/N interest raflbe expectation of a
decrease (increase) in tomorrow’s O/N interest ledels to a decrease
(increase) in actual O/N interest rate. Under douiim in the money
market the actual level of O/N interest rate cqroesls to its expected
tomorrow’s level. On the other hand this conditdoes not hold good in
all circumstances. The presented model was deifneed operations in
the U.S money market where the price of resenaskett in the daily open
market operations with overnight maturity basicailyrresponds to the
actual level of O/N interest rate. In the case eftal banks that use
“non-market” main policy rate with longer than owight maturity not
only the absolute price of resources in the monagket is important but
also the relation between the price of resourceaeenrmoney market and
the effective price of resources acquired or depdswith central bank
through the open market operations with less tlaly &tequency, i.e. the
spread between O/N interest rate and effective ipalicy rate. In such a
case the demand for central bank’s liquidity (sypgdlexcess liquidity) is
based not only on current need of reserves butitlsoformed in the
context of demands on reserves in the horizon ehthintenance period
or in the horizon of the maturity date of open nedrkperations. The
outcome of the tender for liquidity supply/withdralwalso gives
retroactively an impulse for the accommodation 6fl @terest rate by an

21



Bruna, K.: Monetary Policy Implementation and Liquidity Managent of the Czech
Banking System

explicit expression of the effective price of liduy traded between
central bank and other banks (Demiralp, S., J&pda2002).

If the spread between the expected O/N interest aatl effective
main policy rate at an actual day is positive, Hamks may evaluate
resources in the money market as “too expensivef,am the contrary, if
this spread is negative, the reserves may seene ttob cheap”. The
expected decrease in the positive (negative) spbesteen two trade
days may therefore imply that banks will tend ter@ase (decrease)
temporarily the actual demand for reserves of etmank and they will
try to decrease (increase) the balance on the at@ueserves below
(above) the level corresponding to minimum reseeglirement. In this
case equilibrium in the money market is definedh&sspecific situation
when the size of the expected spread between Oubtest rate and
effective main policy rate for the actual day cepends to the size of the
expected spread between both interest rates fondketrade day while
both spreads equal the above defined average gpread

(IR?/N‘e - IRZB,t)‘Qt = (IRg/lN‘e - IRég,Hl)

Q. =p, @)

It has been documented (see e.g. Hamilton, 1998, 2Q02; Gaspar,
Quirds, Mendizabal, 2004; FRBNY 2008 or Prati, Blni, Bertola,
2002) that the sign of the spread between O/N @sterates and main
policy rate and/or the variations in O/N interemties are sometimes easy
to predict. It is in contradiction with the abovendition of equilibrium.
In fact, the intertemporal substitution of reseri@sot strong enough to
suppress systematic features in the behaviour bf iBterest rates. In
connection with possible predictability of O/N irgst rate movements so
called calendar effects are mentioned most fredyierten O/N interest
rates vary according to a certain day in the calema which a specific
trade day falls (e.g. the last or the first workitgy of the week, month
etc.). In addition, a systematic increase in tlze sind variability of the
spread between O/N interest rates and main podity is identified on
some markets at the last days of the maintenarrcadpe

One of the reasons why predictable movements o$phead between
O/N interest rates and main policy rate persist rbaythat the main
motive of banks in trading in the money marketascontinuously hold
reserves that in the context of individual and aggte liquid shocks will
enable the bank to cope with fluctuations in thechef reserve resources
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in the course of trade day. The problem of puretiniidual liquid shocks
consists in the necessity of clearing payments ahkb within the
interbank payments system. Hence it does not havemmnediate impact
on the level of aggregate demand for reservessbghiaracter. However,
full dependence of banks on external liquid resesinmay be too risky
because it makes banks trade in the money market iéthe situation is
not favourable. It may lead to a sort of prudentéanks and to the
holding of a “standby reserve” on the account serees that will reduce
their potential for speculations for day-to-day raments of O/N interest
rates.

So called autonomous factors of demand for resarvéise form of
variable demand of the public for money in circiatand in the form of
variances in flows in the state budget are alsaiatdor movements of
O/N interest rates. In both cases changes in tgeeggte balance on the
accounts of bank reserves with central bank takeepland from the
aspect of banks the need for reserve resourcémigged. As indicated by
Bindseil and Seitz (2001), ECB (2008) and FRBNYQ@)Y) mainly the
prediction of daily volume of government operatioiss difficult for
central banks. A variance between the expectedaahdhl development
of net government revenues within a trade day rhayefore become a
potentially important source of instability of Oihterest rates.

In case of minimum reserve requirement it is obsigee e.g. ECB,
2001; FRBNY, 2008) that the holding of bank resserwéth central bank
is not fluent in the maintenance period; in thestfiphase of the
maintenance period the average balance on the micodueserves is
often below the level of minimum reserve requiretnarile in the
second phase of the maintenance period banksiseymify increase their
demand for reserves. Therefore in the first phads¢h@® maintenance
period the size and volatility of the spread betw€eN interest rates and
main policy rate is very low (see e.g. Prati, BlamtpBertola, 2002).

In the second phase of the maintenance period ieitdeff liquidity
frequently occurs in the banking system. Banksohiged to accumulate
larger volumes of reserves by virtue of minimumerge requirement. It
IS not so easy to counterbalance negative liquatlsh by a decrease in
the resources on the account of reserves becdaslera to meet central
bank’s requirement for minimum reserves and thg tlutpay respective
penalties are imminent. For this reason it is glatgcal that banks try to
increase their balance on the account of resereseathe minimum
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reserve requirement, so avoiding actively the sinawhen they would

not have a sufficient volume of reserves at dishb@sa a result of

aggregate liquid shock. A high demand for resermayg cause that at the
end of the maintenance period conditions for tieaton of reserves will

deteriorate substantially, i.e. the average andtWity size of the spread
between O/N interest rates and main policy rateimgrease.

The intensity of O/N interest rate movements i agnificantly
dependent on the extent to what central bank acamtatas the supply of
reserves to the systematic changes in the aggrdgatand for reserves.
Central banks usually declare a concern to accoratedtieir supply of
reserves according to the movements of demandesarves. Their target
IS not to permit that as a result of the instapibf demand for reserves
there would be a quantitatively significant defioitexcess of liquidity in
the money market that would destabilise the moveésnehO/N interest
rate. The supply of reserves is usually conducteth the aim to
accommodate changes in the demand for reservesngnfom the
assumed dynamics of balances due to minimum resequerement and
from the influence of autonomous liquid shocks. ikrrthe aspect of
variations in O/N interest rates it is crucial whieat central banks fully
respond to the concern of banks to create excessves. The existing
calendar effects and pressures on an increaseNnrn@érest rates at the
end of the maintenance period suggest that cebaaks apparently
satisfy only a portion of the demand for excessmess.

Econometric model of the spread between O/N interes
rates and main policy rate

It is assumed that aggregate demand of banks $erves R?) and
supply of reserves of central barRy) are functions of these factors:

RP = MRRP* + ERP® + AFP® + OMO,_, +

D,0/N,e s D,0O/N,e D se !
+a[(|Rt - lRCB,t)_(IRHl - IRCB,t+l ]+ut

3)

R[S — MRRS,E + ERS,e + Al:tS,e +0Mq_k +

S,O/N,e s (4)
+ B(IR, ~ IR —P) +V,
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where MRR® and MRR> express the expectations of banks and

central bank concerning the closing balance oratdeeunt of reserves for
the purposes of satisfaction of minimum reservelireqnent for a given

trade dayt, ER’® and ER> are the expectations of banks and central

bank concerning the level of excess reservds?® and AF,>® are the
expectations of banks and central bank concernimgy ihfluence of
autonomous factorsOMO,_, is the volume of the open market

operations wittk-day maturity, the maturity of which falls on adtaay,
a (a > 0) is the parameter of the sensitivity of dem#ordreserves to the
change in the spread between O/N interest rateeiadtive main policy

rate expected by banl{elRtD'o’N*e -IRZs,) —(IRDYN® - RgBiil)J B B>

0) is the parameter of the sensitivity of supplyexerves to the deviation
of O/N interest rates from main policy rate expdctg central bank

(IRPO'™-* —IR%,, —p) for actual day, while the valu@sare influenced by

the intensity of direct stabilisation of O/N intseteaates carried out by
central bank and by its willingness to cover changethe demand for
reserves by virtue of speculations of banks foratins in O/N interest
rates, wand y are random errors with zero mean and constantiNtyla

The differences between central bank’s supply af Bank’s demand
for liquidity can be expressed as this function:

(R® = R%) =(MRR* ~ MRR™*) + (ER® - ER™) +
AR = ARE) + GRS - IRG, - p) -

- al(IRPO™Me — IRE,,) ~ (IRS™* - RG] +
+(v, —u,)

(5)

It is assumed that these differences are partlglain containing
different views of central bank and banks on satisbn of minimum
reserve requirement, the influence of autonomoustofa and
expectations of O/N interest rate development, @artly systematic due
to differences in central bank’s view on the satiibn of bank’s demand
for the excess reserves and in the form of cebaak’s low sensitivity to
speculative changes in the demand for reservescoffgider a change in
the spread between O/N interest rates and maircypadite to be the
function of aggregate liquidity prediction erroBesides, we assume that
it is possible to identify calendar effects and éffflect of the maintenance
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period first or last day. We also think that vadaes in the spread
between these interest rates may show some featfir@storegression
process because differences in liquidity supply aegnand may be
correlated serially but they need not necessaetyire the use of deposit
or lending facility. As we are not able to acquary information on the
expected level of O/N interest rates, we will leélve question about the
influence of bank speculations for movements of @ftérest rates only
in the sphere of theoretical speculations. We tidleevariations in the
spread between O/N interest rates and main pditeyas the function of
these factors:

AR - IR, ) :ilqu(lR?_i,“ ~ IR, ) +
q:

_ J ' (6)
+T(R; -R)+0'D' +>0/D) +e,
J

r
where Zl)\qA(IR?_’qN —-IR%s,,) expresses the autoregression process of
q:

variations in the spread between O/N interest ratenaaid policy rate of
r-th degreelq (-1 <Aq < 1) are the parameters of this procesxpresses
the rate of inertia of the change in the spreadvéetn O/N interest rates
and main policy ratey (—1 <z < 1) measures the sensitivity of the spread
change to the actual error of liquidity predictiddl,is dummy variable
assuming the value one in case that the actuat wlag falls on the i-th
day of the maintenance period (i = 1, ..., 1), Ine humber of days in the
maintenance periods expresses the intensity of the influence of the i-
day in the maintenance period on the change irspihead between O/N

interest rates and main policy ra119‘j is dummy variable assuming the

value one in case that at the i-th day of the neaismice period it is actual
to consider the j-th calendar effect (j = 1, ... where J expresses the

number of different calendar effects);. measures the intensity of the

influence of the j-th calendar effect on the chaimgéhe size of the spread
between these interest rates apds the random term.
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The Czech banking system liquidity position and the
Czech National Bank’s monetary policy implementatio

The surplus of the liquidity of the Czech bankirygtem arises from
high activity of CNB in the stabilization of the & crown exchange
rate through interventions in the foreign exchangeket that prevented
an appreciation of Czech crown. This policy was us#tin the system
of the fixed exchange rate (by mid-1997) and subsetly in the system
of managed exchange rate. Mainly indirect intenosrst were undertaken
when CNB repurchased the government’s privatisatimomes directly
into foreign currency reserves. Only a smaller poriof excess liquidity
of banks was issued as a part of the stabilizatimgramme for the
rescue of domestic banks in the nineties (see aseck liquidity
withdrawn in Fig. 1).

Fig. 1: Amount of liquidity withdrawn through repo tenders
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Open market operations are managed in the formpaf operations
which are agreements between CNB and other bankst aeouring
claim of a bank against CNB by transfer of debt s@es. Repo
operations are carried out in the form of repo éadf American type:
CNB demands liquidity in the money market and bamieke bids to
deposit excess reserves with CNB. CNB invites a repddr on Monday,
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Wednesday and Friday (till May 2006 the tenders weganized on daily
basis) at about 9.30 a.m. In response, banks subefitorders to create a
deposit with CNB. The results of repo tender are anoed regularly at
10.00 a.m. The repo tender of CNB is a special fofnrauction with
variable interest rate and total volume of withdrdigaidity not known
to banks in advance, giving banks an opportunitynfaking their bids to
CNB to create a deposit with fixed fortnight maturity submitting their
orders banks specify not only the amount but atsorequired price of
reserves to be deposited with CNB. The required esterate is limited
from above by the level of announced repo rate.

Fig. 2. Minimum reserves requirement and balances on bank’s
reserve account with CNB (daily data)
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In the prediction of the volume of excess liquid@\NB takes into
account a daily prognosis of demand for liquiditythe interbank market,
i.e. CNB estimates the influence of factors with ¢drgrediction of the
banking system liquidity at the end of the day @ned. Besides the
terminated repo operations and the need of bankspienish required
minimum reserves it is mainly the estimation of th#luence of
autonomous factors such as government’s operatiortee account with
CNB and issuance of currency in circulation. Figldguments that as a
result of unexpected autonomous shocks the fodasblume of
liquidity is usually different from the actual vahe at the end of the day
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(error of the liquidity volume prediction). The amge prediction error of
liquidity volume amounts to —346 mio. CZK. Standdeliation is 4.47
billion CZK. As for the standard deviation, the vdlat of errors of the

liquidity volume prediction seems to be signifidgnthigher in the first

half of the observed period. The existence of tbees correlation of
errors of the liquidity volume prediction is alsolindentifiable while the

time series of liquidity prediction errors is AR ({@)pcess.

Fig. 3: Error of liquidity volume prediction (daily data)
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Source: CNB, my own calculation

In the examined period 1998-2007 in total 25&hders were
performed absorbing the excess liquidity from theney market. Before
a repo tender CNB defines a target for the repuecloddiquidity from
banks (so called OMO target) with regard to requiredimum reserves
and expected changes in liquidity volume due to thiuence of
autonomous factors. CNB sets the OMO target in sushyathat it will
allow banks to comply with the prescription of regdir minimum
reserves in relation to expected changes in liguidiaused by
autonomous factors. In the framework of the OMO tafgdB does not
rely on bank’s demand for excess reserves. Duripg tenders there
naturally arises a difference between the bid afifiify volume on the
part of banks and the OMO target. This difference ima influenced by
the intensity with which banks are bidding to a rdpoder a higher
volume of liquidity than the actually existing onie;is also connected
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with the strategy of banks in the formation of regdiminimum reserves
at the beginning or end of the maintenance periatdroay be influenced
by a different estimation of the influence of auworous factors,
especially by bank demand for currency in circolati

The analysis of differences between OMO target anppled
liquidity (Fig. 4) shows that data in the examinedipd can be divided
into three subsets in which prediction errors haiféerént statistical
characteristics. In 1998-2000 prediction errors @latively small and
they are distributed very close to zero (averageres 94 mio. CZK).
The variability of prediction errors is relativelgw and the frequency of
extreme values is also low (standard error is 684 & ZK). Distribution
of frequencies is almost perfectly symmetric witHatigely higher
frequency of values close to the average errorediption (skewness is
—0.014 and curtosis 7.509)The analysis of the sampling partial
autocorrelation function indicates that the procgeserating the time
series of liquidity prediction errors is AR(0) presgprediction errors are
random and are not correlated serially).

Beginning with 2001 the differences between OMO target
supplied liquidity increase markedly and are nohasmtrated in the
proximity of the zero any longer (CNB sees the sypp excess liquidity
bellow the real one) (average daily differenceds3 bil. CZK). Statistical
significance of the change of the average diffegeiscconfirmed on 1%
significance level e.g. by Mann-Whitney test (thes@ute value of the
test criterionz is 11.608). Simultaneously, the variability of ske
differences also increases markedly (standard enmeases to 17.241
bil. CZK). There is also an increase in the frequency of mdrealues.
The symmetry of frequency of distribution aroune@ timean does not
change significantly(skewness is about 0.04), but the kurtosis of
distribution increases t@3.5). Moreover, the analysis of the partial
autocorrelation function indicates that the procgeserating liquidity
prediction errors is turned into AR(1) process.

These tendencies habeerstrengthened since 2004 while the average
difference between OMO target and the bid of excegsidity has
increased to —25 bil. CZK and the volatility of éifénces has grown to
23.3 bil. CzZK. Symmetry of the frequency of disttiiom has partly been
disturbed (skewness —0.807) and distribution custbas dropped steeply
(curtosisattains théevel5.720).Thepartialautocorrelatiofunction shows
the deepening of the autocorrelation of differenoesveen OMO target
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and the bid of excess liquidity when the processegsimg deviations
seems to be process AR(3).

Fig. 4. Differences between OMO target and liquidity suppled
by banks in repo tenders (daily data)
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Source: CNB, my own calculation

Changes in these characteristics in the money rharkeapparently
closely connected with a rapid increase in the veluof withdrawn
liquidity in 2001 and 2002. In the years in questtbe average level of
excess reserves increased from ca. 250 bil. CZK imehder 2000 to
500 bil. CZK in November 2002. The own reasons fortesyatic
underestimation of excess liquidity supply couldelxplained by the fact
that CNB latently tries to reduce the volume of withwin liquidity and to
decrease the high interest costs of repo operaitiotigs way. In this case
the balance on the account of banks with CNB wouldhigber than it
wouldcorrespondo theenvisage@xcesseserve®fbanksFig.2 however
shows that beginning with the year 2001 there haseeh a significant
difference of the average total volume of resefu@® the prescription of
required minimum reserves because the average eobdimeserves above
the required minimum reserves is only 98 mio. CZKtle# average
prescription of required minimum reserves amountng8.3 bil. CZK.

The underestimation of the volume and volatility thfe excess
liquidity supply by CNB can mainly be seen in tlmncern of banks in as
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advantageous as possible deposition of the larlygsidity volume
possible with central bank which stimulates banksni@ke aggressive
bids of liquidity volume that exceeds the availabbdéume of the banking
system excess liquidity in order to deposit the imaxn liquidity volume
at a limit rate in the form of announced repo r#tées possible to deduce
from the dynamics of the spread between announcpd rate and
minimum and/or average interest rate paid to CNB \ethdrawn
liquidity that contrary to the original plan manynes repo tenders of
CNB behave rather like tenders with fixed intereste ravhen the
minimum and especially the average interest ratehath the liquidity of
banks is withdrawn are in the close proximity of ammced repo rate.

Analysis of the stabilisation mechanism of repo tefers
in the Czech interbank market

The dynamics of O/N interest rates in the Czech manayket is
documented on an example of reference interest @t PRIBOR and
CZEONIA. O/N PRIBOR is calculated as the simple argtimmean of
offer interest rates quoted by the most importaatket makers in the
interbank market between 10.30 and 10.45 a.m. Asiéermination of
the values of O/N PRIBOR begins with a 15-30 min dedétgr the
results of repo tender were announced, it is torassihat the variations
in O/N PRIBOR may reflect the immediate reaction @& thoney market
to the difference between CNB’s OMO target and barskipply of
liquidity. CZEONIA is the weighted arithmetic meahioterest rates of
all unsecured overnight deposits placed by marladtars in an interbank
market during the trade day. The rate is publishftdr the interbank
market closure at about 16.30 hours. The CZEONIAattar suggests
that it reflects the dynamics of liquidity volumarthg the trade day; it is
possible to speculate on its volume from the vabfdgjuidity prediction
errors at the end of the trade day. This data atd&cwhether the banking
system operated on a certain day after the remlizaf repo tender and
all autonomous shocks with fundamental surplus bceitlef liquidity.

It is evident at a glance (see Fig. 5) that theeagprbetween O/N
PRIBOR and repo rate was largely volatile in 1998 anthe first six
months of 1999 and since mid 2006 while from abbet last third of
1999 to mid 2006 period these rates were signifigastabilised close to
the level of the announced repo rate. Decrease latiity of the spread
was obviously an immediate consequence of the inttoeh of so called
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intraday credit in the framework of which, beginniag 3 Aug. 1999,
banks were given a possibility of using an intefest- lending facility
from CNB during the trade day in the case of th& lsftcmoney on their
accounts of reserves. It means that at a time gapelen receipts and
expenditure on the account of reserves duringrimetday banks do not
have to buy necessary resources in the interbankemaut they can
receive these resources from CNB. All resources bgeldanks during
the trade day must be returned back to the acaiuU@NB before the end
of the trade day. If not, the intraday credit wilitamatically become an
overnight lending facilityln case of increasing volatility of the spread in
last two years this is the reducement of the frequenf repo tenders from
daily to three per week frequency that caused sigsificant change in
behaviour of the spread.

Fig. 5. Spread between O/N PRIBOR and repo rate (daily data
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Source: CNB, my own calculations

Before the intraday credit was introduced, the ayeravel of O/N
PRIBOR was ca. 20 basis points below the level of negpe. In this
period there obviously occurred extreme deviat@n®/N PRIBOR from
repo rate, namely the great undershooting of regte m 1998. High
variability in the spread between O/N PRIBOR and regie could also
be identified clearly. The analysis of autocorielatfunction and partial
autocorrelation function indicates the existences@fies autocorrelation
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and suggests that the process generating the sprewdeen O/N
PRIBOR and repo rate is MA(3) process

With the introduction of intraday credit the avezatpvel of O/N
PRIBOR approached the level of repo rate. Accordiniylann-Whitney
test this movement is statistically significantI% significance level (the
absolute value of the test criterianis 7.814). On the contrary, the
extreme values of the spread do not exceed 10® Ipasnts which is
accompanied by a rapid decrease in the volatilityOsN PRIBOR
deviations from repo rate. A decrease in the vdiglmf the spread was
reflected in an increase in the series autocoroelaf the spread between
O/N PRIBOR and repo rate.

In connection with a reduction of the frequency epa tenders to
three days per week there is an almost double isergathe volatility of
the spread between O/N PRIBOR interest rate andregpoThe increase
in the spread volatility results in a decreaséhangeries autocorrelation of
the spread while the process generating the spegocess AR(1).
Besides the purely technical causes connected witinerease in the
average volume of repo tenders the reasons fon@ease in the spread
volatility lie in CNB’s limited capacities of managent of the domestic
banking system liquidity on a daily basis becaus¢BQs losing an
opportunity to react to the realized differencewsstn OMO target and
the supply of excess liquidity on days when no rdpoders are
organized. As the CNB does not generally execute famgrtuning
operations during the day, the natural reactiomtarbank market is that
the variability of differences between OMO target ahé supply of
liquidity by banks and/or variability of unexpecteditonomous liquid
shocks is transmitted to a greater extent to theahidity of the spread
between O/N PRIBOR interest rate and repo rate.

The dynamics of the spread between CZEONIA intesstand repo
rate (see Fig. 6) confirms that a reduction offtequency of repo tenders
has almost identical influences on the spread itV EONIA interest
rate and repo rate. Even though the referenceestteates O/N PRIBOR
and CZEONIA are calculated by different methodolopgy obviously
show a high degree of correlation (0.86 for the sdcobserved period
beginning with 01/2002 and 0.97 for the last obsgrperiod). CNB
seems to be able to efficiently predict the infleef autonomous factors
during the trade day because the conditions imntieebank market do not
change fundamentally in the period between théesedint of repo tender
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and subsequent realization of autonomous liquidlshorhese results are
due to the close cooperation of CNB with Ministry Eihance in the
management of cash flow within the state budget dkaseto the fact
that the government’s operations in the frameworthefbudget are not a
source of significant autonomous shocks in the imgnkystem liquidity
because the government minimizes the balance orbudget account
with CNB at the end of the trade day by flexible @p@ns with treasury
securities.

Fig. 6: Spread between CZEONIA and repo rate (daily data)
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Experiments with the estimations of regression patars of the
equation (8) confirm that changes in the spreadvdéet O/N PRIBOR
interest rate and repo rate behave differently fgefand after the
introduction of intraday credit (see Table 2). hetperiod before the
introduction of intraday credit the effect of diffmces between OMO
target and the supply of liquidity by banks andoatee influence of
calendar effects in the form of the beginning and ef the maintenance
period appear statistically significant. The negasign of the regression
parameter in the difference between OMO target ard sipply of
liquidity by banks indicates that if banks undereste (overestimate) the
volume of liquidity supplied for various reasonsmuared to the volume
of excess liquidity in the banking system, the ries¢ rate will react to it
by its decrease (increase) in relation to the anoed level of repo rate.
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A problem of this estimation is that the regresgpamnameters of calendar
effects have opposite signs to our expectation® fdverse signs of
parameters on the first and last day of the maartea period can be
explained by the overall surplus of liquidity inetldomestic interbank
market, i.e. banks can replenish the required minimeserves from their
“‘own resources” and do not have to borrow for theomfrCNB that
causes that the O/N PRIBOR interest rates are usuaslyed down.

Tab. 2: Statistically significant parameters from euation (6)

i i
. n G c G| 2
Spread | Period| AR(r R
P ") (st.e.) | (st.e)| (st.e)| (st.e)
BEGMAINT
o
0.440
01/1998 -0.038 (0.211)
to 4 (O 013) - GENDMAINT - 0.36
O/N 07/1999 ' 0.435
PRIBOR e
(0.207)
B 08/1999 .
REPO 0 8 —-0.0007 | 0.195 _ ~ 0.99
RATE 04/2006 (0.0002) | (0.094)
05/t iOOG 3 -0.0005" | 3.108 ~ ~ 0.55
122007 (0.0003) | (0.315)
GBEGMONTH
0.027
01/2002 o . | gPECMAINT
. . 0.010
CZEONIA| 1o | 5 | 00008 | 0428 | o0ss |-G 0
_ 04/2006 ' ' (0.010) | ° -
-0.067
REPO (0.036)
RATE 05/2006 3 36g GENDMONTH
to 3 - (0' 277) - 0.103 | 0.41
12/2007 ' (0.037)
oPECMAINT o GENDMAINT _ harameter for the first or the last day of meiiaince period,
oPECMONTH o GENDMONTH _ harameter for the first or last trade day inrtranth,
o="PYEAR _ parameter for last trade day of the year,

* *¥* k6% parameters statistically significant on 19%6% a 10% level of significance.

Source: my own calculation
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The introduction of intraday credit caused a shagakening of the
influence of differences between OMO target and liguisupply on the
movements of the spread between O/N PRIBOR inteststand repo
rate, and the loss of any systematic calendar tsfgtcthe same time. On
the other hand, the sharp weakening of the sprefadilitg confirms that
changes in repo rate have a systematic influendbe@magnitude of the
spread. It proves a certain informative contentneated with CNB’s
monetary-policy decision and subsequent commentafy CNB
representatives. Obviously, with a decrease in theaslpvolatility there is
a significant increase in the spread inertia.

The estimation of an econometric model for the apréetween
CZEONIA interest rate and repo rate can provide alntios identical
results. As prediction errors of liquidity volumesaelatively low, while
banks may know the magnitude of prediction emompost the influence
of the prediction error of liquidity volume on tlspread amounts to units
of basis points. The value of parameteshows that the informative
content of repo rate change diminishes during theahd is smaller than
the instantaneous influence of repo rate change¢herspread between
O/N PRIBOR interest rate and repo rate. It is int@rgsto examine a
variety of statistically significant calendar effesuch as the beginning of
the maintenance period and month and the end ofahe In all cases it
implies the fine-tuning operation of the spreadwasn CZEONIA
interest rate and repo rate.

A reduction of the frequency of repo tenders todhdays per week
increases the spread volatility, limiting the imjamce of an
autocorrelation component in the econometric mod@ké sensitivity of
the spread between O/N PRIBOR interest rate and répaordifferences
between OMO target and the supply of excess liquidstyslightly
diminished. However, there is a significant increasé¢he influence of
repo rate change on the dynamics of the spread whenspread
adjustment strongly overshoots repo rate changegh Sa strong
informative effect of repo rate change may be cotetewith the fact that
after a long time in the second half of 2006 an@®7 CNB started to
identify rapidly growing inflationary pressures inhet economy
accompanied by disequilibrium in the labour marked had to increase
repo rate in order to cope with this situation.tBautlooks of the future
dynamics of repo rate at that period CNB emphasited effect of
inflationary risks and high probability of a furth@crease in repo rate.
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The influence of the prediction error of liquiditpolume on the
dynamics of the spread between CZEONIA interest naterapo rate is
beyond the standard level of statistical signifecmat that period. On the
contrary, the influence of the informative effe€trepo rate change seems
to increase during the day, not to weaken like engheceding period. The
influence of calendar effects is very different wéees only the end of the
month appears to be statistically significant itatien to the magnitude
of the spread. But the estimation of the influentealendar effects may
be negatively biased by a reduction of the frequeoic repo tenders
because it is not guaranteed any longer that repdets will be held on
all days that are considered as calendar effects.

Conclusion

In the present concept of monetary policy impleragoh central banks
believe that a mechanism stabilising O/N interegtsrat the proximity of
main policy rate is the basic prerequisite to achiset monetary targets.
The function of stabilizing mechanism assumes @& volume of
liquidity in the money market is held in line withet needs of banks, i.e.
the supply of liquidity by central banks copies ttemand of banks for
reserve resources through the open market opesation

The study of basic theoretical approaches to détation of ultra-short
interest rates showed that the elements of stabdis of these rates were
contained not only in the above described behavdwentral banks but
also in changes in bank demand, mainly in the cordgéintertemporal
substitution of reserves during the creation of imum reserve
requirement. We demonstrated in this contributioet the development
of demand for reserves was fundamentally differenérwhentral bank
ensured the stability of ultra-short interest ratesugh targeting of
market interest rate from the situation when it usedeting of effective
main policy rate by the open market operations.

The empirical analysis of the behaviour of O/N PRIB&RI CZEONIA
interest rates explicitly proved CNB'’s ability toabtlise O/N interest
rates in the nearest proximity of repo rate. Itoaldentified some
structural changes acting in the money market.t Fafsall, it was the
introduction of intraday credit that significantlgduced the instability of
demand for reserve resources in the interbank rarke decreased the
volatility of ultra-short interest rates. On the @thhand, reduced
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frequency of repo tenders significantly increasethwity of the spread
between O/N interest rates on interbank market and rafe. We also
documented a relatively rapid increase in the vdlatof differences
between OMO target and bank’s supply of excess resaimee 2001. It
resulted in the weakening of a direct relationshtepMeen O/N PRIBOR
and success of repo tenders.
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Monetary Policy Implementation and Liquidity
Management of the Czech Banking System

Karel BRUNA

ABSTRACT

Implementation of monetary policy assumes that rege policy
instruments stabilize O/N interest rates to the pnityi of main policy
rate to archive monetary targets. The functiontabiizing mechanism
is based on simple rule that the volume of liqydit the banking system
is held in line with the demand of banks for resenia this paper main
factors of banking system liquidity are analyzedha context of bank’s
imperfect intertemporal substitution of reserves amith respect to
predictibility of O/N interest rates volatility. Anais of O/N PRIBOR
and CZEONIA reference interest rates prove CzechoNaliBank’s
ability to stabilise O/N interest rates disregardralleexcess liquidity in
the banking system. It also identified structurbhmges acting in the
money market like reduced instability of demand faserve and
decreased volatility of O/N interest rates due teoohiiction of credit
facility or increased volatility of the spread beemeO/N interest rates
and repo rate due to reduction of frequency of régaders. Rapid
increase in the volatility of differences between OMDget and bank’s
supply of excess reserves is also resulting inwthakening of a direct
relationship between O/N PRIBOR dynamics and repo tende

Key words: Monetary policy implementation; Liquidity managertien
Interest rates.
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