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Abstract The effectiveness of the monetary policies of the European Central Bank
(ECB) and the Narodowy Bank Polski (NBP) is compared directly in terms of influ-
encing the spread between the interbank overnight rate and the main rates of the
central banks during periods of different economic conditions, i.e. the global financial
crisis of 2008, the European sovereign debt crisis and the period of relative stabil-
ity. Three categories of determinants of the Euro Overnight Index Average/Polish
Overnight Index Average (EONIA/POLONIA) spreads are considered: (1) monetary
policy instruments such as open market operations, standing facilities and minimum
reserve requirements; (2) measures of liquidity conditions; and (3) market expecta-
tions and risk measures. Applying the ARFIMA-GARCH models, we show that the
statistical and economic properties of the EONIA and POLONIA spreads are quite
different. The EONIA spread has a long memory while the POLONIA spread is char-
acterized by a short memory. This difference is important from the viewpoint of a
stabilizing monetary policy. The impact of shocks on the future levels of the spread
was stronger for the POLONIA spread, but it was short-lived in comparison with the
EONIA spread. Most of the analysed variables significantly influenced the spreads
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during the financial crisis, while the biggest differences in the impact of determinants
between the EONIA and POLONIA spreads occurred during the period of relative
stability. Substantial differences also exist between the volatilities of both spreads.

Keywords Monetary policy - Money market - EONIA and POLONIA spreads -
ARFIMA-GARCH model

JEL Classification E43 - E52 - ES8 - C22

1 Introduction

Since 1990, over 30 central banks, mostly representing developing economies, have
followed and adopted the direct inflation targeting (DIT) strategy. The implementation
of the DIT as an approach to monetary policy was accompanied by the dissemination
of two schools of economic theory in the last decade of the twentieth century: the
New Keynesian school and the New Classical school. The DIT makes price stability
its primary goal and, in most cases, it reduces the role of formal intermediate targets,
such as the exchange rate or money growth (Grostal et al. 2015). The DIT strategy
is usually implemented using the operational target, which is an economic variable
that the central bank can control, to a great extent, on a daily basis through the use of
its monetary policy instruments. Currently, there is a consensus among central banks
that the short-term (overnight) nominal interest rate of the interbank market is the
appropriate operational target (Bindseil 2004).

The monetary policies of the ECB and the NBP, which have implemented the DIT
strategy, are analysed in this study. The ECB’s actions are focused on stabilizing the
interbank EONIA! rate, and the NBP controls the POLONIA rate.? The desired levels
of these rates are reached through the appropriate management of banking sector
liquidity by using monetary policy instruments: open market operations, standing
facilities, and reserve requirements.

Before the financial crisis, the DIT strategy was implemented without major
changes in the size of the central bank’s balance sheet, which was primarily driven
by autonomous factors (the so-called conventional monetary policy). When the zero
lower bound on the policy rate was reached, the conventional policy had lost its strength
and unconventional measures were introduced by major central banks (Pattipeilohy
et al. 2013). The central banks started influencing broader financial conditions more
directly by using quantitative easing, qualitative easing, the balance sheet policy, credit

I The EONIA is a weighted average of all overnight lending transactions between most active credit

institutions in the euro area’s money market. The ECB formally admits that it steers the short-term interbank
interest rates, publishing information regarding the level of the minimum bid rate. However, the properties
of the spread between the EONIA rate and the key monetary policy rate suggest that the ECB aims mainly
at steering the EONIA rate (Borio and Nelson 2008).

2 The POLONIA is the average overnight rate weighted with the values of transactions on the unsecured
interbank deposit market among most active credit institutions in the Polish money market. Starting in 2008,
the NBP’s official operating target is the POLONIA. The change in the official policy goal from stabilizing
the WIBOR SW to stabilizing the POLONIA rate was adjusted according to tendencies in the term structure
of the money market (NBP 2012a).
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easing, and changes in communication policy. Monetary policy played a key role in
the stabilization of the global economy during the financial and sovereign debt crises.

Recent empirical studies are largely based on the euro area market. From the point
of view of future Polish membership in the euro area, it is worthwhile and interesting
to compare the monetary policies of the ECB and NBP. Over the past few years, Poland
has implemented a number of solutions concerning its institutional and operational
frameworks to bring them closer to the targets of the Eurosystem. Additionally, these
actions are focused on encouraging the development of the money market and the
effective implementation of an independent monetary policy. Poland and other coun-
tries in Central and Eastern Europe underwent a similar path of economic and political
transformation. Compared to other countries, Poland differs in the size of its economy
(the highest GDP), its level of economic development, its exchange rate regime, and
its degree of integration with the euro area. The comparison is also interesting because
the liquidity positions that prevail in the developed banking sector in the Eurosystem
and in the developing Polish banking sector are significantly different. The liquidity
shortage in the Eurosystem improves the effective use of the interest rate channel of
the monetary policy transmission.

This study offers two main contributions. First, it is the first comparison of monetary
policies aimed at stabilizing the interbank market rate conducted in a country that is
obliged to adopt the euro and simultaneously in the Eurosystem. To our knowledge,
there is only one study—that of Beirne et al. (2013)—in which the determinants of the
spread between the overnight market interest rate and the main central bank’s rate have
been analysed simultaneously for two different central banks, i.e. for the ECB and the
Bank of England. However, in that study only risk factors and interest rate expectations
were examined. Due to different econometric models, different explanatory variables,
and different periods, a direct comparison between various studies in the literature is
not possible.

The second contribution of this study is to show that the statistical and economic
properties of the EONIA and POLONIA spreads are quite different. After controlling
for explanatory variables, the EONIA spread still has a long memory. This feature is
not present in the POLONIA spread, where only short-term relations are detected. This
difference is important from the viewpoint of a stabilizing monetary policy. The impact
of shocks on future levels of the spread was stronger for the POLONIA spread, but it
was short-lived in comparison with the EONIA spread. This finding was made possible
by the application of the ARFIMA-GARCH model with explanatory variables in the
mean equation. Kliber et al. (2015) found a long memory in the POLONIA spread for
only one out of seven periods. The persistence of the spread was also analysed by Pani-
girtzoglou et al. (2000) for Germany, Italy, and the UK; by Hassler and Nautz (2008)
for the Eurosystem; and by Kliber and Ptuciennik (2011) for Poland. They applied,
respectively, a simple reduced-form model in parallel with the GARCH model, the
ARFIMA model, and tests of long memory. These studies are quite different from the
approach adopted in this study because the determinants of the spread were not taken
into account in these analyses. According to this research, substantial differences also
exist between the volatilities and determinants of the EONIA and POLONIA spreads.

Another feature that makes this study interesting is its comparison of the influences
of different monetary policy instruments and measures of liquidity conditions, market
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expectations, and the risk to the spread during periods of disparate economic condi-
tions, i.e. the global financial crisis of 2008, the European sovereign debt crisis, and
the period of relative stability.

The remainder of this study is structured as follows. Section 2 presents a brief
literature survey. Section 3 very briefly introduces models applied in the study, namely
the ARFIMA and GARCH models. Section 4 presents determinants of spreads, the
specification of periods and the preliminary results. In Sect. 5, the EONIA/POLONIA
spreads are modelled with the ARFIMA-GARCH models. In Sect. 6, we present the
interpretation of results, and Sect. 7 summarizes.

2 Literature review

The assessment of the effectiveness of the stabilization policy of central banks using
econometric methods is a relatively new problem in the literature. Very different
approaches and models have been applied in the studies. Research on determinants of
the spread between the selected interbank rate and the central bank’s main rate can be
divided into two groups, namely studies of non-crisis and of financial crisis periods. Itis
obvious that the monetary policy of central banks will be quite different in both periods.
Examples of such studies of tranquil periods in the Eurosystem are the studies of Wiirtz
(2003), Nautz and Offermanns (2008) and Linzert and Schmidt (2010). Wiirtz (2003)
applied the nonlinear model (the transformed logistic function), which takes into
account the fact that the spread is capped by the corridor set by standing facilities. Addi-
tionally, the GARCH component model, which describes the conditional heteroscedas-
ticity of the spread, was used in that study. Nautz and Offermanns (2008) applied a
different approach because they did not analyse the difference between the interbank
rate and the central bank’s main rate but instead used the error correction model in
parallel with the EGARCH model to describe the relation between those two series.
The study by Linzert and Schmidt (2010) was based on the linear regression model.

Examples of studies of the financial crisis periods of the Eurosystem are the studies
of Abbassi and Nautz (2012), Beirne (2012), Beirne et al. (2013), and Soares and
Rodrigues (2013). In studies of the crisis, it is quite clear that more attention was paid
to factors related to risk. Abbassi and Nautz (2012) used the error correction model,
whereas Beirne (2012) analysed two kinds of models, namely the linear regression
model and the vector autoregressive model. Beirne et al. (2013) applied the regression
model in parallel with the stochastic volatility model, not only for the Eurosystem but
also for the UK. Soares and Rodrigues (2013) applied the linear regression model in
parallel with the EGARCH model using two regimes for low and high volatility.

In the following studies, the influence of the NBP on the POLONIA rate was
analysed: Kliber and Ptuciennik (2011), Ho and Lu (2012) and Kliber et al. (2015).
In the first two studies, the linear regression model was applied in parallel with the
component GARCH and EGARCH models in the first and second studies, respectively.
Kliber et al. (2015) used the ARFIMA model with explanatory variables in parallel
with the stochastic volatility model. The time-varying conditional volatility of the
spread was found only for three out of seven periods, but it was probably caused by
the very short periods applied.
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3 Econometric methods

The comparative analysis of the EONIA and POLONIA spreads was performed on
the basis of the ARFIMA-GARCH models with explanatory variables. These models
are described very briefly as follows.

The ARFIMA model (see Granger and Joyeux 1980), which is a generalization
of the ARIMA model, can capture long-term dependencies between observations of
series. The ARFIMA(p, d, ¢) model can be written as:

¢ (L) (1= L) (v — 1) =9 (L) &, ey

where ¢ (L) = 1 — Zﬁ.’:l (ijj, P(L) =1+ Z?:] 19ij, L denotes the lag or
the backshift operator (L*e; = €;_y), d is the fractional integration parameter, which
satisfies —0.5 < d < 0.5, and &, is white noise. The binomial expansion of (1 — L)¢

is defined as follows:
o0

(1—L>"=Z(Z><—L>". @

k=0

The process described by formula (1) is stationary when d < 0.5 and all roots of the
equation ¢ (L) = Olie outside the unitcircle. Whend € (0; 0.5), the ARFIMA process
is called a long memory process. When d = 0, the process in (1) is the ARMA(p, q)
process and is a short memory process. When d € (—0.5; 0), the process has an
intermediate memory.

The explanatory variables X1, X»,..., X of the dependent variable y, can be addi-
tionally included in Eq. (1):

e =yo+viXi +r2Xo + -+ Ve X 3)
The GARCH(P, Q) model proposed by Bollerslev (1986) is defined as:
& = v/ by, 4)

Q P
h; = agp + Zaigtzfi + Z Bjhi—j, 5
i—1 =1

where z; is a series of independent, identically distributed random disturbances and
2t~ N(0,1).

Nelson and Cao (1992) give necessary and sufficient conditions to ensure the
non-negativity of the conditional variance. For the simple GARCH(1,1) model, the
positivity of i, requires that «p > 0, @1 > 0 and B; > 0. The process in (5) is
covariance stationary, if and only if ¢y + o0 + -+ +agp + 1+ o+ -+ Bp < 1.

The ARFIMA model describes the mean equation, while the GARCH model
describes the variance equation. The GARCH model is frequently used to forecast
the volatility of financial time series (see, for example, Fiszeder and Perczak 2016).
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4 Determinants of spreads, specification of periods, and preliminary
results

The direction (liquidity absorbing or providing) and the scale of instruments used
by central banks both depend on the liquidity position of the banking sector in the
Eurosystem and in Poland, which is measured on the basis of the consolidated liquidity
balance sheet. The liquidity position of the banking sector is affected by autonomous
factors, which are beyond the direct control of the central bank.? Their level is adjusted
with monetary policy instruments.* Both items are balanced by the level of the banks’
current accounts in the central bank. Liquidity positions in the Eurosystem and Poland,
and the degree of their correction by the central banks for the periods analysed in
this study are presented in Fig. 1. The precise description of the periods is given as
follows.

There is a liquidity shortage in the Eurosystem, the scale of which is deter-
mined by the level of net autonomous factors corrected by net monetary policy
instruments. Accumulated excess funds (above the required reserve) are held on
the banks’ current accounts in the ECB. This situation does not change the fact
that there is a liquidity shortage within the banking sector in the Eurosystem. The
level of net autonomous factors indicates the liquidity surplus in the Polish bank-
ing sector, which is not completely absorbed by net monetary policy instruments.
Excess funds in banks’ current accounts in the Eurosystem and the liquidity surplus
in Poland make the EONIA and POLONIA rates run below the central bank’s main
rates (Figs. 2, 3). In the case of the Eurosystem, this situation has persisted since the
beginning of the financial crisis. Before the crisis, the EONIA spread was usually
positive.

The differences between the liquidity position of the interbank market in the
Eurosystem and Poland, the NBP’s and the ECB’s monetary frameworks, and other
institutional features of monetary policy were taken into account when choosing the
determinants of the EONIA/POLONIA spreads. The selected factors, which have their
counterparts in the Eurosystem and Poland, were divided into three categories. The
detailed explanation of variables and their theoretical impact on the EONIA/POLONIA
spreads (cf. Linzert and Schmidt 2010; Ho and Lu 2012) is provided in Table 1. The
first category includes central bank activities, which are given by monetary policy
instruments such as open market operations (MRO, LTRO, FTD, MAIN, REPO, and
BILLS), standing facilities (SF), and minimum reserve requirements (MR). The second
category contains a variable describing the liquidity conditions of the banking sector,
i.e. excess reserves (ER). The third category includes variables affecting the market’s

3 The net autonomous factors in the Eurosystem and Poland are calculated as follows: net foreign assets
minus banknotes in circulation minus central government deposits minus other liquidity-absorbing factors.

4 The ECB’s net monetary policy instruments are calculated according to the following formula: the main
refinancing operations plus the longer-term refinancing operation plus the marginal lending facility plus
other liquidity-providing operations minus the deposit facility minus other liquidity-absorbing operations.
The NBP’s net monetary policy instruments are calculated as follows: the marginal lending facility plus
other liquidity-providing operations minus the deposit facility minus main and fine-tuning open market
operations.
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Fig. 1 Liquidity shortage in the Eurosystem and the liquidity surplus in Poland and their degrees of
absorbance/provision by central banks (in millions of EUR/PLN)
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Fig. 2 EONIA rate in the ECB’s policy rates corridor and the EONIA spread (in %)
expectations regarding changes in short-term rates (OIS-MR) and the risk associated

with short-term rates (VAROIS). The third category also includes risk variables such
as credit risk (EURIBOR/WIBOR-OIS) and the sovereign CDS premia (CDS).
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Fig. 3 POLONIA rate in the NBP’s policy rates corridor and the POLONIA spread (in %)

A negative impact on the EONIA/POLONIA spreads is expected for the following
variables: MRO, LTRO, REPO, ER, and SF. The increase in these factors is associ-
ated with the growth of the liquidity supply for the first four variables and with the
decrease in the liquidity demand for the last variable, and it subsequently causes a drop
in interbank rates. A positive impact on the EONIA/POLONIA spreads is expected for
the variables MAIN, FTD, BILLS, MR and for market expectations and risk measures.
The rise of these factors is associated with the decrease in the liquidity supply for
the first three features and with the increase in the liquidity demand for the variable
MR, and consequently it causes the increase in interbank rates. The variable OIS-MR
represents expectations of the future dynamics of short rates at the 1-week horizon.
The factor VAROIS signifies the risk concerning short rates at the 1-week horizon. The
variable EURIBOR/WIBOR-OIS describes the credit risk in the interbank market, and
the variable CDS represents the risk premium of euro area countries and Polish insol-
vency. The increase in expectations and the risk perceived by investors can contribute
to offering higher rates on the interbank market. Therefore, a positive impact on the
EONIA/POLONIA spreads is expected.

The study was performed for three periods characterized by disparate economic
conditions and different types of monetary policies, i.e. the global financial crisis of
2008, the European sovereign debt crisis, and the period of relative stability. These
periods are as follows:

— the global financial crisis of 2008—from 15 September 2008 to 22 April 2010;

— the European sovereign debt crisis—from 23 April 2010 to 30 December 2011;
— the period of relative stability—from 1 January 2012 to 31 December 2014.

@ Springer



453

(NId/dNd o suorfiu
ur) JgN/GDH 2 JO sanI[Ioey Surpuels
urym Aproey Suipuy [eurdrewr
- 1d 4S - vd A4S pue 31s0dop oy UeaMIdG 2OUBIOYIIP AU, sonioey Suipuels
(N"Id/9Nd Jo suoru
ur) suonerado josrew uado Surum-auy
unpIm pansst s[Iiq J4N pue 4049

+ ST719 + ard Ay Jo sysodop WId)-paxy Jo SWNJOA Y], suonerado Jurunj-our|
(N1drand
Jo suor[[iw ur) JgN 2y} jo suonerado
odax pue gD ay) jo suonerado suoneredo odoysuonerado
— oday — ONIT joyrew uado wLre)-193u0] JO SWN[oA Y], Suroueuyar uL)-193uU0 |

(N'Id/dNd jo suorru
ur) JGN/90d 2y Jo suonerado
+ Z:\E - OdN 1orew uddo urew Jo own[oA Ay, suoneado 1oyrew uado urey

spuawnapsur £o170d Livpauop
(% un) dAN/EDH
ay) jo 9er suonerado jorew uado
urew ot} pue VINOTOd/VINOY 2181

X VINO10d X VINOA UeqIAUL 9L} USIMIIQ AOUIYJIP Y], speaids VINOTOd/VINOA
peaxds peaxds
VINOTOJ 2y uo joeduy UonEBION VINOA 23 uo joeduwy UoneION
ddaN q0d uononusuo) d[qeLie

Monetary policy in steering the EONIA and POLONIA rates...

spea1ds VINOTOd/VINOH 2y uo joeduwr pajoadxa 1oy jo uSts oy pue sa[qeliea Jo 1S | J[qel,

pringer

As



P. Fiszeder, I. Pietryka

454

(sdq ur) pue[oq ur Jqap JUSWUISA0T )
uo erwaxd gD IBaA-¢ ay) pue Jqo

s, A1Unod yoes AQ UaAIS s)yIrom yim
wI)SASOING Y} UT 1qap JUIWUISA0T

+ 1d SAD + Va Sdd ay uo erwaid gD 1eak-G aFeIoAe Ay, erwaid gD uSraronog
(% uy) 91e1 SIO
puow-¢ o) pue JOdIM/JOodIdNd peaxds
+ SIO-404IM + SI10-y0o414n4a PUOW-¢ ) USIMIIQ OUIYIP Y], NE SIO-JOdIM/JOdIaNd
(z% W)
9Jel SO YoM [ 9} JO SOOUAIYIP
+ 1d SIOYVA + VA SIOdVA IS4 9} JO SJUBLIEA [EUONIPUOD I, oueLeA MT SIO
(9 ur) orer urewr s JGN/S. GDH pue el
+ 1d dW-SI0 + vd ¥N-SIO SIO oM [ 9y} U991 IUSIIYIP YL, peaids M1 SIO
SAUNSDIUL YS14 PUD SUONDIIAAXD JOYIDJ
(N1d/4Nn4d jo
SUOI[[TW UI) PUB[OJ/W)sAsoIng ay) ur
SOAIOSAI paImnbar pue Junodde JUAIIND
— 1d 47 — [z S ueq AU} USOM]Oq QIUIWIP Y], SOAIOSAI SSAIXH
Saunsvaw suonipuod (pmbry
(N1d/9Nd Jo suo[iu ut)
JuUSWAINbAI 9AIISAI Y} 100U 0] IR
AU woly Aep YoBA UIRIQO ISNW Syueq
+ 1d YW + VA YW yorym ‘Kypinbiy jo swnjoa a3eI1oAe Ay, SOAJSAT WINWIUTIA
peaxds peaxds
VINOTOd 2y} uo joedwy UuonejoN VINOF 2y} uo joeduwy UuoneIoN
daN 04 uononysuoy) S[qeLIEA

panunuod | Jqe],

pringer

as



Monetary policy in steering the EONIA and POLONIA rates... 455

Table 2 Mean values and standard deviations of the EONIA and POLONIA spreads

Spread Global financial crisis of 2008 European sovereign debt crisis  Period of relative stability
Mean SD Mean SD Mean SD

EONIA —0.5107 0.2377 —0.4373 0.2210 —0.3947 0.0491%

POLONIA —0.7562 0.5271 —0.4541 0.3790 —0.1125 0.2064

4 Two dummy variables connected with the reduction in the ECB’s interest rates on 8 May 2013 and on 13
November 2013 were included in the calculation of the standard deviation

The day on which the bankruptcy of Lehman Brothers was announced—i.e. when
the worst phase of the financial crisis occurred in the USA and the turbulence spread
to the European financial markets—was assumed in this study to be the beginning of
the global financial crisis. Almost 2 years later, the euro area began to struggle with the
debt crisis. Due to the difficult budgetary situation, the Greek government requested
official financial assistance from the EU and the IMF on 23 April 2010. This date
was adopted as the start of the second period. According to Gonzdlez-Paramo (2009),
a member of the ECB Executive Board, after April 2010 the sovereign debt crisis
phase can be distinguished in the ECB’s monetary policy. Efforts to overcome the
crisis in Europe have produced a number of measures such as the European Financial
Stability Facility (EFSF), the European Financial Stabilization Mechanism (EFSM,
May 2010), and the Euro Plus Pact (March 2011). The ECB established the securities
markets programme (SMP) and the covered bond purchase programme (CBPP) to
support better functioning of the monetary policy transmission mechanism. Greece,
Ireland, Portugal, Cyprus, and Spain received financial assistance from the European
rescue funds, obliging them to implement budgetary reforms. At the end of 2011,
the ECB decided on additional enhanced credit support measures to support bank
lending and liquidity in the euro area money market. The first operation occurred on
21 December 2011, and January 2012 was treated as the beginning of the period of
relative stability. The main transmission channel of this non-standard monetary policy
measure works through the mitigation of liquidity and funding risks in the euro area
banking system, which ultimately contributes to relaxing bank lending standards and
supports the financing of the economy at large (Darracq-Paries and De Santis 2015).
The largest share went to Italian and Spanish banks, which in turn used it, to some
extent, to expand their portfolios of national sovereigns, thus earning the large spreads
between ECB financing and distressed sovereigns (Micossi 2015). The extraction of
the three above-mentioned periods is substantiated not only from the economic point
of view but also from the statistical one. Statistical measures of the spreads, such as
mean values or standard deviations (presented in Table 2), are significantly different
in the three periods, which was confirmed by the bootstrap tests (presented in Table
Al in Online Appendix A).

Daily data were analysed, and all data were obtained from ECB and NBP statis-
tics and the Thomson Reuters Datastream. At the beginning, Ng and Perron and
Zivot and Andrews unit root tests were applied for all variables. The results are pre-
sented in Tables B1-B6 in Online Appendix B. Both the EONIA and POLONIA
spreads were integrated of order zero in all periods. The stationarity of spreads indi-
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cates that both the ECB and NBP did not lose the ability to control the overnight
rate.

The values of the mean of both spreads in all three periods were negative (see
Figs. 2, 3). This means that the EONIA and POLONIA rates were usually below the
central bank’s main rate. This indicates the liquidity surplus of the Polish banking
sector and is a sign that the Eurosystem’s interbank market is strongly segmented.
Banks from countries particularly affected by the debt and confidence crisis, having no
access to ordinary financing, were forced to acquire liquidity through relatively more
expensive loans refinanced from the ECB, the cost of which was close to the ECB’s
main rate. However, strong and reliable banks (usually from Northern Europe) acquired
their financing at a lower cost, marked by the persistently low EONIA (Antolin-Diaz
2013). Because in Poland the POLONIA rate was closer to the NBP’s main rate, the
refinancing cost from the central bank was similar to the cost from the interbank market.
The lowest levels of the spreads and the highest standard deviations were observed
during the period of the global financial crisis (see Figs. 2, 3). The estimate of the mean
of the EONIA spread was higher, and the level of its volatility was slightly lower, during
the period of the European sovereign debt crisis. These differences, compared with
the period of the global financial crisis, were significantly higher for the POLONIA
spread. The European sovereign debt crisis had an impact on the heterogeneity of
monetary policy transmission across the euro area and posed particular challenges for
the single monetary policy (Cour-Thimann and Winkler 2012).

At first glance, the EONIA spread is unstable in the third period (see Fig. 2).
However, there were two upward shifts connected with the reduction in the ECB’s
interest rates. On 8 May 2013, the ECB narrowed the width of the interest rate corridor
around the main rate from 150 to 100bps. Later, on 13 November 2013 the interest
rate corridor was narrowed further to 75bps and it became asymmetric. When these
shifts in interest rates are taken into account in calculations, it turns out that the spread
is very stable. Thus, dummy variables were applied in both unit root tests and also
in the estimation of the standard deviation, and parameters of the ARFIMA-GARCH
models (these are presented in Sect. 5).

The highest level of the spreads and the lowest level of their standard devia-
tions occurred during the period of relative stability. The POLONIA rate returned
to the NBP’s main rate, while a little later—i.e. at the end of November 2013—the
EONIA rate returned to the ECB’s main rate. The level of volatility of the spreads
was always higher for the POLONIA rate. Despite the still unstable macroeconomic
situation in the euro area, the central bank’s monetary policy created relatively sta-
ble conditions in the banking sector, and the volatility of the EONIA/POLONIA
spreads declined in 2012. In mid-2013, the ECB introduced a type of forward guid-
ance, a communication policy instrument, to clarify the path of key interest rates in
the near future, reducing uncertainty and interest rate volatility (Illing and Siemsen
2015; Filardo and Hofmann 2014). The use of the permanent rules of the banking
sector’s liquidity management and the stabilization of the interbank market lim-
ited the willingness of banks to borrow funds at rates other than the central bank’s
main rate. This allowed the central bank to restore confidence in the interbank mar-
ket.
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5 Modelling the EONIA and POLONIA spreads with the
ARFIMA-GARCH models

Time series of spreads between the interbank rate and the central bank’s main rate
have quite specific properties, such as autocorrelation, long memory, ARCH effects,
and leptokurtosis of distributions. This implies that modelling such data is not an easy
task and that simple econometric methods are not always methodologically correct.
In this study, the ARFIMA-GARCH model, with explanatory variables in the mean
equation, was applied. Such an approach permits the analysis of the determinants of
the spread, but simultaneously describes the aforementioned properties of the data.

In accordance with the results of the unit root tests (see Sect. 4), first differences
were calculated for all exogenous variables, which were integrated of order one. The
choice of lag lengths p and ¢ in the ARFIMA model, lag lengths P and Q in the
GARCH model, and the lag length of explanatory variables in all cases was based
on the minimization of the Bayesian information criterion. The model with one lag
for explanatory variables was adopted for both spreads and all three periods. Because
the degree of leptokurtosis induced by the time-varying conditional variance did not
capture all of the leptokurtosis present in the spreads data, the parameters of the models
were estimated by the quasi-maximum likelihood method. The results of the estimation
are shown in Tables 3, 4 and 5 for each period separately.

The main difference between the EONIA and POLONIA spreads during the global
financial crisis of 2008 refers to the memory of the processes (see Table 3). The
estimate of the fractional integration parameter for the EONIA spread is relatively
high, but it is still less than 0.5. This indicates the existence of the long memory of the
spread. However, the fractional integration parameter was not significantly different
from zero for the POLONIA spread,’ which is why the AR model was applied instead
of the ARFIMA model. However, short memory is observed, and the estimates of
parameters for lagged spread are relatively high. This indicates that both the ECB and
NBP maintained the ability to control the interbank rates during the global financial
crisis; however, the nature of the spreads was different. The EONIA spread depended
strongly on more distant lags; however, the POLONIA spread relied heavily on the
first two lags.

There were no significant differences in the properties of volatility between the
EONIA and POLONIA spreads. Conditional variances of both spreads were described
by the GARCH(1,1) models.

All the analysed determinants significantly influenced the EONIA spread dur-
ing the global financial crisis (the 0.05 level of significance was assumed in
this study). However, the following variables affected the POLONIA spread:
REPO, SF_PL,MR_PL, ER_PL, OIS — MR_PL, VAROIS_PL, CDS_PL. Except for
four variables—MRO, FTD, VAROIS_EA, and VAROIS_PL—the sign of the influence
was consistent with expectations (see Table 1). The opposite impact of these four deter-
minants was probably a consequence of the very turbulent crisis period. In some cases,
such as OIS-MR_EA, the contemporaneous relation is different from the lagged one.

5 Due to space limitations, the results are not presented, but they are available from the authors upon
request.
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The joint effect of such variables depends on the stronger relation. The significance
of the influence of many determinants is similar for both the EONIA and POLONIA
spreads; however, for two variables, i.e. MRO/MAIN and EURIBOR/WIBOR-OIS,
the results are different. The BILLS variable was not considered in the model for
the period of the global financial crisis because the NBP conducted its fine-tuning
operation (issuing NBP bills of shorter maturity than 7 days) only a few times. These
operations have been used more frequently since December 2010.

The EONIA spread again exhibited the long memory property during the European
sovereign debt crisis (see Table 4). However, the estimate of the fractional integration
parameter was lower compared with the period of the global financial crisis, which
indicates the higher degree of controllability of the EONIA rate by the ECB. The
POLONIA spread again exhibited only the short memory property. The substantial
difference between the EONIA and POLONIA spreads also existed in volatility. The
conditional variance of the EONIA spread was described by the ARCH(1) model, while
the GARCH(1,1) model was necessary for the POLONIA spread. This indicates that
the variability of the EONIA spread depended only on the volatility the day before,
while the second-moment dependences of the POLONIA spread were more long
term. However, the impact of shocks on future volatility was much stronger for the
EONIA spread and was probably caused by the rapid reactions of the participants in
the Eurosystem’s interbank market during the European sovereign debt crisis.

The following determinants significantly influenced the EONIA spread dur-
ing the period of the European sovereign debt crisis: FTD,SF_EA, MR_EA,
OIS-MR_EA, VAROIS_EA. However, the following variables affected the POLONIA
spread: SF_PL, MR_PL, ER_PL, OIS-MR_PL. Therefore, the number of determi-
nants was lower for both spreads compared with the period of the financial crisis.
For the lagged VAROIS_EA and lagged SF_PL, the sign of the influence was incon-
sistent with what was expected (see Table 1). For three variables—i.e. FTD/BILLS,
ER and VAROIS—the results of the influence were different between the EONIA and
POLONIA spreads. The variable REPO was not considered in the model for the period
of the European sovereign debt crisis. The NBP resigned from conducting liquidity by
providing repo operations because of high liquidity in the banking sector in the fourth
quarter of 2010.

The EONIA spread exhibited the long memory property during the third period, i.e.
the period of relative stability (see Table 5). However, the POLONIA spread exhibited
only the short memory property. This was in contrast to the EONIA spread, where
the lagged variables were not significant. This suggests that in all three considered
periods the NBP had more control over the interbank rate during the long-term period,;
however, it was more difficult to control the rate during the short-term period. The
substantial differences between the EONIA and POLONIA spreads also existed for
volatility. Although the conditional variances of both spreads were described by the
GARCH(1,1) models, dissimilarities were present in the estimates of the parameters.
The impact of shocks on future volatility was much stronger for the EONIA spread
(the sum of estimates of the parameters «; and f; in Eq. (5) was significantly higher
for the EONIA spread).

The following determinants significantly influenced the EONIA spread during the
period of relative stability: MRO, OIS-MR_EA, and VAROIS_EA. Additionally, two
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dummy variables were applied to describe the narrowing of the interest rate corridor
by the ECB (see the explanation in Sect. 4). However, the following variables affected
the POLONIA spread: MAIN, BILLS, SF_PL, MR_PL, ER_PL . For all determinants
except MRO/MAIN, the significance of the influence is different between the EONIA
and POLONIA spreads. This indicates that differences in the monetary policies of the
ECB and NBP are more visible during the stability period.

To evaluate the quality of the models, several statistical tests were performed. The
results of the Ljung—Box test for the presence of autocorrelation and the Engle test
for the presence of the ARCH effect are provided in Table C1 in Online Appendix
C. There is no autocorrelation or conditional heteroscedasticity in the residuals of the
models. The results of the Durbin—-Wu—Hausman test for endogeneity are presented
in Table D1 in Online Appendix D. The explanatory variables are exogenous. All the
performed tests confirm a good quality of the presented models. Additionally, the joint
influence of the variables of the Eurosystem on the POLONIA spread was verified and
was not significant according to the F-test for omitted variables (see Tables E1-E3
and F1 in Online Appendices E and F).

6 The interpretation of the results for the determinants of the
EONIA/POLONIA spreads

The variables from the first category of determinants, i.e. monetary policy instruments,
often had an impact on the EONIA/POLONIA spreads which was statistically signif-
icant and consistent with what was expected. Among them, the variables SF and MR
most often influenced the spreads. The variable SF had a negative influence on the
EONIA/POLONIA spreads level. The significant impact of this variable in all periods
(except SF_FEA in the period of the relative stability) can be explained by changes
in the liquidity management system of commercial banks. They held excess funds
(above the level of reserve requirements) mainly as the deposit facilities of central
banks (Fahr et al. 2013). The marginal lending facility has been used infrequently.
Second, the crisis caused instability in the interbank market, which was reflected in
the increased counterparty risk due to insolvency, the decline in the turnover on short-
term, unsecured interbank deposits, and the introduction of credit limits (Rodriguez
and Carrasco 2016). The lack of influence of the variable SF_EA during the period
of relative stability was probably caused by the reduction in the ECB’s deposit rate to
zero on 11 July 2012. The zero bound was technically reached, and after 11 June 2014,
the ECB’s deposit rate was negative. This reduced the amount of money in the deposit
facility and increased the amount of excess reserves in banks’ current accounts, hence
the decline in the ECB’s net instruments in mid-2012 (see Fig. 1).

The variable MR had a positive influence on the EONIA/POLONIA spreads, consis-
tent with what was expected. The purpose of this variable was to describe the periodic
pattern of spreads connected with the obligation of commercial banks to maintain their
required reserve level. The significant impact of this variable in all periods (except
MR_EA in the period of relative stability) is connected with the phenomenon of front-
loading, which was reflected in an earlier fulfilment of the banks’ reserve requirement
(Lenzaetal. 2010). Frontloading also causes fluctuations in the EONIA and POLONIA
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rates on the last days of the maintenance period. The lack of influence of the variable
MR_EA during the period of relative stability was probably caused by a reduction in
the ECB’s reserve ratio from 2 to 1% on 18 January 2012 (Al-Eyd and Berkmen 2013).
This greatly reduced the required reserve stock.

The variable FTD had a negative impact on the EONIA spread during the period
of the global financial crisis. However, this result was caused by the existence of the
negative correlation between the determinants F7D and ER, and it should be interpreted
only in relation to these three variables. The relationship was not, however, strong
enough to have a negative impact on the properties of estimators of parameters in the
model. Instead, as expected, the variable FTD had a positive influence on the spread in
the period of the European sovereign debt crisis. Moreover, this variable did not play
a significant role in the period of relative stability. This is plausible because, in order
not to make the securities markets programme (SMP) an outright quantitative tool, the
ECB decided to carry out its weekly draining auction under fixed-term deposits in the
years 2010-2014 (Borio and Disyatat 2010). Additionally, the ECB conducted fine-
tuning operations to counter the liquidity imbalance on the last day of the maintenance
period. The number of sterilization auctions failed, and in December 2011, the ECB
suspended fine-tuning operations on the last day of the maintenance period. The ECB’s
liquidity-absorbing monetary policy instruments have declined since the beginning of
2012 (see Fig. 1).

The variable BILLS had a positive influence on the POLONIA spread during the
period of relative stability (the joint effect of the contemporaneous and lagged relation
of BILLS was positive). On 11 December 2010, the NBP implemented irregular, short-
term fine-tuning operations during the reserve maintenance period. Additionally, it
introduced overnight fine-tuning operations on the last day of the maintenance period
on 29 June 2011 (Kliber et al. 2015). The frontloading requirement caused the fall in
the level and the rise in the volatility of the POLONIA spread. The aforementioned
measures implemented by the NBP were effective in decreasing these negative results.

The variable MRO had an impact on the EONIA spread during the period of the
global financial crisis (positive) and the period of relative stability (negative). However,
the variable MAIN positively influenced the POLONIA spread during the period of
relative stability. Moreover, as expected, the variable LTRO had a negative influence on
the spread during the period of the global financial crisis. The increase in the variables
MRO and LTRO is associated with the growth of the liquidity supply and subsequently
causes a fall in interbank rates; hence, the negative impact on the EONIA spread is
expected. However, the rise in the variable MAIN is associated with the decrease in
the liquidity supply and consequently causes the increase in interbank rates; hence,
the positive impact on the POLONIA spread is expected. The positive influence of the
variable MRO during the global financial crisis is the only unexpected result that we are
unable to explain. The main refinancing operations MRO and MAIN were intended to
be the main source of the liquidity supply in the Eurosystem and of liquidity demand
in Poland (see Fig. 1). The ECB set their sizes based on forecasts of the liquidity
demand. During the financial crisis, it got harder to estimate the need for liquidity
(banks reduced the demand for central banks’ open market operations, which resulted
in a lower demand for liquidity and caused the phenomenon known as underbidding).
This gave commercial banks access to unlimited liquidity from the central bank (Fahr
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et al. 2013).% Since 2008, the importance of long-term refinancing operations (LTRO)
has grown (in the period 2008-2014 they provided approximately 80% of all liquidity
supply). The ECB changed the loan conditions by expanding the list of assets eligible
for collateral and by the extension of the maturities of LTROs (from 3 to 6 months
in November 2008 and to 12 months in June 2009) (Rodriguez and Carrasco 2016).
All these measures contributed to enormous excess liquidity in banks’ accounts in the
Eurosystem. Moreover, the ECB extended the maturities of LTROs to 36 months in
December 2011. Open market operations, both in the Eurosystem and Poland, were
used by central banks, mainly to balance the liquidity position of banks that lacked
access to refinancing on the interbank market due to the confidence crisis. Central
banks have only a limited ability to control the EONIA/POLONIA rates through open
market operations, mainly due to difficulties in forecasting the liquidity position in the
banking sector (especially autonomous factors such as banknotes in circulation).

The influence of the variable REPO was negative on the POLONIA spread during
the period of the global financial crisis. Repo operations were used by the NBP only
in years 2008-2010 to provide the market with additional liquidity. Due to excess
liquidity in the Polish banking sector, banks were no longer interested in participating
in repo operations.

The variable ER, which belongs to the second category of determinants, i.e.
measures of liquidity conditions, in most cases had a negative impact on the
EONIA/POLONIA spreads, which was consistent with expectations. Interestingly,
the variable ER_E A did not play a significant role during the period of the European
sovereign debt crisis (when the amount of excess liquidity was drastically increased)
or during the period of relative stability (when excess liquidity had been on a declining
trend as parts of LTRO were being repaid), which resulted in a decreasing trend in
the size of excess funds in banks’ current accounts. The influence of excess liquidity
on the EONIA spread was muted because the central banks lowered interest rates and
the ECB also narrowed the interest rate corridor several times (ECB 2009-2015; NBP
2009-2015).” The corridor was asymmetric in the Eurosystem in the period from 13
November 2013 to 10 June 2014 (see Fig. 2). A narrower corridor allows the central
bank to steer the interbank rate more efficiently and it reduces the volatility of the rate.
However, such a corridor lowers the interbank turnover and requires more frequent
intervention by the central bank in money markets (Bindseil and Jablecki 2011).

The variables from the third category of determinants, associated with expectations
and risk, also influenced the EONIA/POLONIA spreads. The variable OIS-MR had

6 This is the so-called passive liquidity management conducted by the NBP from 2 January 2009 to 13
February 2009 and by the ECB from 15 October 2008 to this day. The intent of these actions was to reassure
banks that in the case of a liquidity shock, they could balance their liquidity position through the central
bank at a known rate for a known period and as much as they needed.

7 During the period of the global financial crisis, the ECB cut the main rate from 4.25 to 1.00% and
narrowed the interest rate corridor from 200 to 150 bps, while the NBP cut the main rate from 6.00 to 3.50%
and left the interest rate corridor unchanged at 300 bps. In the first half of the European sovereign debt crisis
period, the ECB increased the main rate from 1.00 to 1.50%, but in the second half of this period the ECB
cut the main rate to 1.00% while the NBP increased the main rate from 3.50 to 4.50%. Both central banks
left the interest rate corridor unchanged. In the period of relative stability, the ECB cut the main rate from
1.00 to 0.05% and narrowed the interest rate corridor from 150 to 50 bps, while the NBP cut the main rate
from 4.50 to 2.00% and narrowed the interest rate corridor from 300 to 200 bps.
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a positive impact on the EONIA/POLONIA spreads in all periods except for the
period of relative stability in Poland. This result is in line with the theory of rational
expectations.

The variable VAROIS_FEA had a statistically significant influence on the EONIA
spread during all periods. However, the variable VAROIS _PL influenced the POLONIA
spread in the period of the global financial crisis. Only in the period of relative stability,
the impact confirms the presumptions. This may mean that the risk concerning the
future path of short-term rates during the confidence crisis caused banks to choose
less risky activities, such as the deposit facility on the deposit rate, which is below
the central bank’s main rate. The variables EURIBOR-OIS and CDS had a positive
impact on the EONIA/POLONIA spreads only during the period of the global financial
crisis. The core euro area countries made further decisions to ensure the solvency of
the peripheral countries, which had problems with their public finances. This is why
the credit risk and the insolvency risk of the euro area and Poland were less noticeable
during and after the period of the European sovereign debt crisis.

7 Conclusion

The overnight interbank rates—i.e. EONIA and POLONIA—are viewed as opera-
tional targets of the ECB and NBP. The desired levels of these rates (which should be
consistent with the final inflation target) are reached through the appropriate manage-
ment of banking sector liquidity by using monetary policy instruments: open market
operations, standing facilities, and reserve requirements. Since the outbreak of the
financial crisis, the ECB and NBP have also implemented many unconventional mea-
sures. Monetary policy played a key role in stabilizing the global economy during the
financial and sovereign debt crises.

In this study, we directly compared the ECB’s and NBP’s monetary policy effec-
tiveness in terms of influencing the spread between the interbank overnight rate and the
main rates of the central banks during periods of disparate economic conditions, i.e.
the global financial crisis of 2008, the European sovereign debt crisis, and the period
of relative stability. The ARFIMA-GARCH models with explanatory variables in the
mean equation were applied for both spreads.

We showed that the statistical and economic properties of the EONIA and POLO-
NIA spreads are quite different. First, after controlling for three groups of determinants,
i.e. monetary policy instruments, liquidity conditions measures, and market expecta-
tions and risk measures, the EONIA spread still exhibited the long memory property
in all three periods. This feature is not present in the POLONIA spread, where only
short-term relations were detected. Both the ECB and NBP maintained the ability to
control the interbank rates, but changes in the spread in the Eurosystem had a more
long-term character than in Poland. This difference is important from the viewpoint
of a stabilizing monetary policy. The impact of shocks on the future levels of the
spread was stronger for the POLONIA spread but it was short-lived in comparison
with the EONIA spread. Second, except for the period of the global financial crisis,
the substantial differences between the EONIA and POLONIA spreads also exist in
the parametrizations of conditional variances; specifically, the impact of shocks on

@ Springer



Monetary policy in steering the EONIA and POLONIA rates... 469

future volatility was much stronger for the EONIA spread. Third, most of the vari-
ables significantly influenced the spreads during the financial crisis, while the biggest
differences in the impact of determinants between the EONIA and POLONIA spreads
occurred during the period of relative stability.

Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 Interna-
tional License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if changes were made.
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