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Abstract: During the latest financial crisis, unconventional monetary policy 

measures have been used by many central banks to ease the stress in the market. While 

the main body of the current academic literature has focused on studying the effects of 

unconventional monetary policy measures during the first years of the financial crisis, 

the studies on the measures implemented by the ECB after the beginning of the crisis 

are scarce. This thesis analyses the effects of the ECB’s unconventional monetary 

policy measures on the Euribor-Eonia spread and the real economy of Finland for the 

period of January 2006 – January 2017. Using an EGARCH time series model, this 

study examines whether or not the ECB has successfully implemented Longer-Term 

Refinancing Operations and Covered Bond Purchase Programmes. 

This study finds that on average Longer-Term Refinancing Operation announcements, 

allotments and settlements do not decrease the Euribor-Eonia spread. Similarly, it 

finds that the announcements and purchases of Covered Bond Purchase Programmes 

do not decrease the spread, whereas the termination of the programmes decreases the 

spread. Moreover, this study finds that on average Longer-Term Refinancing 

Operations and Covered Bond Purchase Programmes do not reduce the lending-

deposit interest rate spread for non-financial institutions and households. These 

results raise concerns about the efficacy of unconventional monetary policy in the 

interbank market and its transmission to the real economy.  
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1 INTRODUCTION 

During the last decade, the recent financial crisis has caused market turmoil weakening 

conventional monetary policy transmission channels. Beginning with the 2007-2009 

financial crisis and followed by the European sovereign debt crisis, the stability of the 

market and credibility of its counterparties were threatened. As a result, spreads in the 

interbank market became wider. For instance, in September 2008 the Euribor-Eonia 

spread widened considerably most likely due to the funding pressure caused by the 

financial crisis. Similarly, in October 2011 the Euribor-Eonia spread rose again due to 

the European sovereign debt crisis.    

Due to the severity of the crisis, major central banks have implemented non-standard 

monetary policy measures to re-establish confidence and diminish the liquidity tension 

in the interbank market. For instance, in 2007 the Federal Reserve initiated the Term 

Auction Facility (TAF) program in the United States to help banks to receive loans at a 

lower interest rate. The aim of the program was to provide liquidity to the market (In et 

al. 2012). Similarly, in 2009 the Bank of England (BoE) initiated an Asset Purchase 

program in response to the global financial crisis and domestic economic downturn 

(Rogers et al. 2014). Likewise, the European Central Bank (ECB) introduced 6-month, 

12-month and 3-year Longer-Term Refinancing Operations (LTROs) to increase 

liquidity provisions in the market. In addition, it introduced the Covered Bond Purchase 

Programme (CBPP) to relieve the funding pressure observed in the market. 

(Szczerbowicz 2015)  

The efficiency of many of these non-standard monetary policy measures, in particular 

liquidity provisions, can be measured by analysing interbank spreads such as the London 

Interbank Offer Rate (Libor)-Overnight Index Swap (OIS) spread. This spread is 

considered a measure of interbank funding pressure. The Libor is the rate at which banks 

offer to lend unsecured funds to other banks. Therefore, it can be seen as the unsecured 

interbank lending rate. The OIS rate can be seen as a proxy of the market’s expectation 

of the overnight interest rates, and unlike the Libor it is not prone to either credit or 

liquidity risks. This relationship of unsecured and secured lending can be used to 

understand the effects of risk. (Thornton 2009) 

In addition, a lot of attention has been dedicated to the effects that non-standard 

monetary policy measures have had on the real economy. For instance, the purpose of 

the ECB’s Outright Monetary Transactions (OMT) program and Targeted Longer-Term 
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Refinancing Operations (TLTROs) was to stimulate real economic activity in Europe 

(Acharya et al. 2015). However, whether or not the banks that received financial aid 

through these programs have transferred the benefits they received to the real economy 

still remains a big question. Acharya et al. (2015) show that banks in the periphery of 

Europe that benefited through the OMT program engaged in zombie lending. Loan 

supply to low-quality firms that had a previous relationship with the lending bank 

increased while loan supply to high-quality firms that did not have a previous 

relationship with the bank did not.     

Nevertheless, the main body of the current academic literature focuses on studies 

regarding the effectiveness of unconventional monetary policy in the United States and 

other advanced economies such as the United Kingdom and Japan during the 

2007/2008 financial crisis. The studies on new unconventional monetary policy 

measures used by the ECB after the beginning of the financial crisis are scarce. For 

instance, existing studies have to a large extent been limited to the 2007/2008 financial 

crisis along with fewer studies on the 2011 European sovereign debt crisis. Moreover, the 

studies carried out on the topic have contradictory results depending on the 

methodologies and econometric models used. Furthermore, the ECB’s unconventional 

activities have been widely discussed outside of the academic world due to the uncertain 

nature of their effects, as there is no history of relying on non-standard policy measures.  

The aim of this thesis is to study the effects of unconventional monetary policy 

implemented by the ECB in the interbank market and its impact on the real economy. 

The absence of research on the effects of unconventional monetary policy in the 

Eurozone after the first years of the financial turmoil motivates me to carry out a 

longitudinal study over the period of 2006-2017. The study focuses on analysing the 

effects of liquidity provisions and asset purchases such as LTROs and CBPPs by using 

interbank spreads as a measure of financial strain. My goal is to assess whether 

unconventional monetary policy measures have contributed to alleviating the stress in 

the interbank market. Similarly, I aim to examine if such non-standard monetary policy 

measures have had any effect on the real economy of Finland. The potential impact on 

the real economy will be measured by analysing the lending-deposit interest rate spread 

of commercial banks. 
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1.1. Motivation for this study 

The latest financial crisis and the distortion of the monetary policy transmission 

channels have forced central banks around the world to introduce unconventional 

monetary policy measures to reduce the stress in the market. The introduction of these 

monetary policy measures has gathered a lot of attention in academia. For instance, 

studies have been done on the effectiveness of non-standard monetary policy measures 

on the interbank spread and the effects these interventions have had on the real 

economy. Nevertheless, most of the research studies have focused on the effects of 

unconventional monetary policy interventions during the first years of the financial 

crisis, while the studies on the effects of unconventional monetary policy interventions 

during the subsequent years of the prolonged financial crisis remain scarce. 

Figure 1 shows the development of the Euribor-Eonia spread over the period of January 

2006 - October 2013. As the graph shows below, the spread started to increase around 

August 2007 representing the beginning of the financial crisis. During September 2008, 

the spread surged due to the collapse of the Lehman Brothers, which added economic 

and financial stress to an already distressed market. Around mid-2011, the spread rose 

again indicating the beginning of the European Sovereign Debt Crisis.  

Figure 1 Three-month Euribor-Eonia spread 

 

Source: European Money Market Institute 
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Similarly, Figure 2 shows the emergence of liquidity hoarding behaviour during the 

financial crisis through the use of the deposit facility of the ECB. As seen below, the use 

of the ECB’s deposit facility started to increase after mid-2008. This indicates that 

liquidity hoarding by banks started to appear late 2008, most likely due to the beginning 

of the financial crisis. As time passed by, we can see that liquidity hoarding behaviour 

stayed present in the market and started increasing after mid-2011, most likely due to 

the European Sovereign Debt Crisis. Furthermore, it is shown below that the use of the 

ECB’s deposit facility started to decline around mid-2012. This indicates that liquidity 

hoarding began to decrease around that period. The dynamics of the ECB’s deposit 

facility rate and the use of the deposit facility show that such a decline is correlated with 

the decrease of the ECB’s Deposit Facility rate to zero on July, 2012 (Key ECB interest 

rates).  

Figure 2 ECB’S deposit facility and deposit facility rate 

 

 

Source: European Central Bank 

Thus, the prolonged financial crisis, the complexity of the dynamics in the market and 

the need for research on the effects of the new unconventional monetary policy measures 

implemented in the Eurozone have triggered my interest in this topic. This thesis will 

study the effects that non-standard monetary policy measures such as LTROs and CBPPs 

have had on the Euribor-Eonia spread. Similarly, it will study the impact these measures 

          ECB’s Deposit Facility Rate             ECB’s Deposit Facility (Millions) 
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have had on the real economy of Finland. Finland was chosen due to its slow economic 

recovery from the prolonged financial crisis. Since banks in Finland received financial 

assistance among other banks in the Eurozone, studying if unconventional monetary 

policy measures have had any effect on the real economy of Finland allows me to assess 

whether the help received by banks has been transferred to the real economy. 

The contribution to the existing literature is threefold. First, the study will contribute to 

the existing analysis of monetary policy by analysing the effects of recently implemented 

unconventional monetary policy measures in the market. In addition, the study analyses 

a longer period of time compared to a majority of the existing literature. Second, it will 

contribute to the existing analysis of unconventional monetary policy measures by using 

an EGARCH time series model taking into account heteroscedasticity and fluctuation in 

the market when studying the behaviour of the spread. Third, the study will add to the 

existing literature on the impact of unconventional monetary policy on the real economy 

by studying the lending-deposit spread of commercial banks in Finland.  

This study is organized in 9 sections. Section 2 discusses the role of the ECB and the 

interbank market. Section 3 discusses the existing literature on the topic. Section 4 

covers the theoretical foundations of this study which include a description of the models 

used to analyse these issues. Section 5 describes the data used in the model. Section 6 

discusses the methodology used in this study and how it addresses issues present in the 

market. Section 7 discusses the results of the study and the relevant implications on 

unconventional monetary policy programs, LTROs and CBPPs, carried out by the ECB. 

Section 8 covers the analysis of the effects of unconventional monetary policy on the real 

economy of Finland. Section 9 covers the conclusions, policy implications and direction 

for further research. 
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2 BACKGROUND 

This section covers the definition of conventional and unconventional monetary policies, 

the role of the ECB and the characteristics of the interbank market. First, conventional 

and unconventional monetary policies and their implementation are discussed. Second, 

the role of ECB and the monetary policy tools implemented during standard and non-

standard circumstances are reviewed. Third, the characteristics of the interbank market 

and how it functions are covered.   

2.1. Conventional and unconventional monetary policy 

Throughout the years, monetary policy measures of central banks have evolved and 

expanded to adjust to the current economic climate. Introduced during the latest 

financial crisis, unconventional monetary policy is a new type of monetary policy tool 

that has been widely used to address the prolonged crisis and to restore stability in the 

market. In order to understand the role of unconventional monetary policy, it is 

necessary to comprehend the role of conventional monetary policy first.  

Conventional monetary policy refers to the policy measures that do not include outright 

purchases of corporate debts, government bonds and other kind of debt instruments 

carried out by central banks. Similarly, conventional monetary policy measures do not 

include any type of direct lending made by a central bank to the government or private 

sector. Therefore, during standard circumstances a central bank is able to handle 

liquidity in money markets by adjusting the position of key interest rates. Such 

adjustment allows the central bank to achieve its monetary policy goal of maintaining 

price stability. (Conventional and unconventional monetary policy) 

However, under exceptional circumstances during a financial crisis a central bank is 

unable to influence liquidity conditions in money markets by adjusting key interest rates. 

Such exceptional circumstances can be characterized by adverse selection, liquidity 

hoarding and other external factors as it was the case in the latest financial crisis. 

Similarly, the distortion of the monetary policy transmission channel can also affect the 

adequacy of conventional monetary policy.  Under these circumstances, conventional 

monetary policy is proven to be inadequate. Once the policy interest rate has been 

decreased to zero, decreasing it any further to stimulate liquidity conditions is 

undesirable. Thus, when the market is not responding to conventional monetary policy 

measures and it is not functioning accordingly, a central bank responds by introducing a 
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different type of monetary policy tool known as unconventional monetary policy. 

(Conventional and unconventional monetary policy) 

Unconventional monetary policy refers to the policy measures where the cost and level 

of financing provided to households, non-financial companies and banks are a central 

bank’s main priority. Unconventional monetary policy measures include liquidity 

provisions, equity, fixed income securities or loans. Thus, as stated by the ECB, 

unconventional monetary policy aims at influencing the level of funds in the economy by 

trying to decrease the spreads in the market. (Conventional and unconventional 

monetary policy)      

There are two kinds of unconventional monetary policy tools that can be implemented in 

the system to influence the flow of funds in the economy and therefore restore credibility 

in the market. The first one, known as quantitative easing, seeks to have an effect on 

long-term interest rates of financial assets by influencing the risk-free assets market. In 

this case, a central bank purchases long-term government bonds from banks to influence 

long-term investments and risky securities that are issued privately. By purchasing long-

term government bonds, a central bank provides banks with liquidity that can be used to 

offer financing in the private sector. The second one, known as credit easing, targets 

liquidity deficit and spreads in deteriorated markets. In this case, a central bank 

purchases asset-backed securities, corporate bonds and commercial papers in order to 

dissipate liquidity shortages in the market.  Even though both unconventional monetary 

policy tools have the common objective of expanding a central bank's monetary liabilities 

by increasing its balance sheet, the effect each one of them has on the central bank's 

balance sheet is different. (Conventional and unconventional monetary policy) Table 1 

lists the LTRO and CBPP announcements and press releases considered in this study. 

Table 1 LTRO and CBPP announcements and press releases 

Date Description 

2/28/2012 
3-year longer-term refinancing operation. Announcement 
as set by ECB standard process. 

12/20/2011 
3-year longer-term refinancing operation. Announcement 
as set by ECB standard process. 

12/8/2011 
Introduction of the 3-year longer-term refinancing 
operations. Press release. 

11/3/2011 
Introduction of the second covered bond purchase 
program (CBPP2). Press release. 

10/25/2011 
1-year longer-term refinancing operation. Announcement 
as set by ECB standard process. 
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8/9/2011 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

5/11/2010 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

3/30/2010 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

12/15/2009 
1-year longer-term refinancing operation. Announcement 
as set by ECB standard process. 

12/8/2009 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

11/10/2009 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

10/6/2009 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

9/29/2009 
1-year longer-term refinancing operation. Announcement 
as set by ECB standard process. 

9/8/2009 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

8/11/2009 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

7/7/2009 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

6/23/2009 
1-year longer-term refinancing operation. Announcement 
as set by ECB standard process. 

6/9/2009 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

6/4/2009 
Introduction of the first covered bond purchase program 
(CBPP1). Press release. 

5/12/2009 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

5/7/2009 
Introduction of the 1-year longer-term refinancing 
operations. Press release. 

4/7/2009 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

3/10/2009 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

2/10/2009 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

1/6/2009 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

12/9/2008 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

11/11/2008 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

10/15/2008 
Enhancement of the provision of 6-month longer-term 
refinancing operations. Press release. 

10/7/2008 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

7/8/2008 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 

4/1/2008 
6-month longer-term refinancing operation. 
Announcement as set by ECB standard process. 
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2.2. The role of the European Central Bank 

The goal of ECB’s monetary policy is to maintain price stability by influencing the level 

of short-term interest rates and money market conditions. Under standard 

circumstances, this is implemented by steering the policy interest rate in order to signal 

a monetary policy position, and eventually achieve the desired outcome. Such 

implementation can be done through Open Market Operations and standing facilities. 

(Scheller 2004) 

Open Market Operations include main refinancing operations (MRO) and longer-term 

refinancing operations (LTROs), which are liquidity providing operations with 

maturities of one week and three months, respectively. Similarly, Open Market 

Operations also include fine-tuning and structural operations, which are implemented 

under certain situations in order to absorb liquidity or provide it to the market and to 

adjust the structural liquidity situation of the Eurosystem. Through standing facilities, 

financial institutions can borrow overnight a loan from the central bank at a higher 

interest rate than the one offered in the market. This interest rate is called the marginal 

lending facility rate. Likewise, banks can deposit their funds overnight for a lower 

interest rate compared to the one offered in the market. This interest rate is called the 

deposit facility rate. (Scheller 2004) The framework of the standing facilities is designed 

to encourage collaboration and cooperation among banks in the market.  

As a result of the standard monetary policy measures mentioned above, short-term 

interest rates are influenced, liquidity is provided and the monetary policy position is 

communicated to the market. However, since the collapse of the Lehman Brothers and 

the beginning of the financial turmoil, the ECB has been unable to influence money 

market conditions and short-term interest rates using standard monetary policy 

measures. Uncertainty, information asymmetry and credit risk in the market fractured 

the relationship between policy interest rates and market rates. In addition, the 

effectiveness of lowering the policy interest rate to stimulate the economy came into 

question once the policy interest rate was decreased to zero. Under these circumstances, 

the ECB decided to implement unconventional monetary policy measures. These non-

standard monetary policy measures include (1) non-standard liquidity provisions, and 

(2) assets purchases (Szczerbowicz 2015).  

Due to the limited effectiveness of the regular liquidity provision operations, the ECB 

decided to implement non-standard liquidity measures by lengthening the maturity of 
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the LTROs from three months to six months in 2008, to one year in 2009 and eventually 

introducing 3-year LTROs in 2011 (Szczerbowicz 2015).  The purpose of these non–

standard monetary policy measures was to restore the stability in the interbank market, 

which was distorted due to the increasing credit risk and liquidity hoarding the players 

in the market exhibited during the financial crisis. Consequently, once the stability in the 

interbank market is restored, the spread between the risky interbank rate and riskless 

rate is supposed to decrease.   

Moreover, due to asymmetric and counterparty credit risk the covered bond market 

started drying up. In order to prevent a credit crunch, as part of the asset purchase 

package, the ECB introduced three Covered Bond Purchase Programmes in 2009, 2011 

and 2014 respectively. The aim of these programs was to facilitate funding for credit 

institutions and firms, to foster the maintenance and expansion of lending from credit 

institutions to their clients, to support the continuous decrease in money market term 

rates and to ameliorate the liquidity in the market in particular areas of the private debt 

securities market (Beirne et al. 2011). During the Covered Bond Purchase Programme 1 

(CBPP1), the ECB bought a total of 60 billion worth of euro-denominated covered bonds. 

Likewise, during the Covered Bond Purchase Programme 2 (CBPP2), the ECB bought a 

total of 16 billion worth of euro-denominated covered bonds. The Covered Bond 

Purchase Programme 3 (CBPP3) is still on going and as of July this year, the ECB has 

bought a total of 224.6 billion worth of euro-denominated covered bonds in the primary 

and secondary markets. (Asset Purchase Programmes) 

Figure 3 Conventional and unconventional monetary policy operations  

Source: Scheller 2004; European Central Bank 
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2.3. The interbank market 

The interbank market is a vital source of funding within the banking system. Under 

standard conditions, banks lend and borrow from each other at the market rate. Such 

market rate can be defined as the interbank rate, which is a short-term loan interest rate 

charged among banks. The range of released interbank rates is extensive. Most 

commonly used interbank rates include the Federal Funds rate, the Libor and the Europe 

Interbank Offered Rate (Euribor). For example, the Libor is the rate used to lend 

unsecured funds among banks and it is calculated by averaging the interest rates at which 

a panel of selected banks, 11-18 banks, offer to lend one another. The lowest and highest 

25 percent of all submissions are excluded. The Libor is published once per business day 

for the following currencies: Swiss Franc, Euro, Pound Sterling, Japanese Yen, and US 

dollar. (ICE Libor) 

It is worthwhile to emphasize that the interbank rate is set higher than the expected 

policy interest rate due to a risk premium. The relationship that the interbank rate and 

the expected policy interest rate share is essential for the implementation and 

transmission of monetary policy. For example, the interest rate charged in loans offered 

to firms and households is influenced by the interbank rate. Therefore, when the market 

is functioning appropriately, a change in the expected policy interest rate affects the 

interbank rate, which consequently influences the interest rates charged to firms and 

households. Moreover, the expected policy interest rate is represented in the market by 

the OIS rate, which can be thought of as a proxy of the market’s expectation of the 

overnight interest rates. As opposed to the Libor, which carries a risk premium due to 

the unsecured lending of funds, the OIS is not prone to either liquidity or credit risks 

because no principal is exchanged since the exchange of funds occurs at the maturity of 

the contract. Therefore, the relationship between unsecured and secured lending, Libor-

OIS, can give us an understanding of the overall state of the market. As Alan Greenspan 

said the “Libor-OIS remains a barometer of fears of bank insolvency”. (Thornton 2009) 

Unfortunately, during the financial turmoil the relationship between the policy interest 

rate and interbank rate fell apart due to the behaviour exhibited by banks. The increasing 

credit risk and lack of trust among banks in the market turned into a liquidity hoarding 

scenario. Given the increasing demand for liquidity, the interbank rate rose significantly. 

Since the connection between the policy interest rate and market rates had fallen apart, 

standard monetary policy measures implemented to alleviate the crisis did not work 

properly. Due to the lack of effectiveness of standard monetary policy measures, central 
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banks around the world recurred to the implementation of unconventional monetary 

policy measures in order to alleviate the stress and restore credibility in the money 

market. Regardless of the unconventional monetary policy measure implemented, most 

of the central banks around the world aimed at reducing the interbank funding pressure 

and restoring confidence in the market. 

Due to the nature of this study, we will focus on the Europe Interbank Offered Rate 

(Euribor), which is the rate at which banks offer to lend unsecured funds in the euro 

interbank market. The Euribor is calculated by averaging the interest rates, at which a 

panel of 43 selected banks offer to lend one another. The highest and lowest 15 percent 

of all submissions are eliminated. Unlike the Libor, the Euribor is published for one 

currency only, the Euro, for twelve maturities ranging from one to twelve months, and 

for one, two and three weeks. (Frequently Asked Questions about Euribor)  

The use of the Euribor in this study can be justified by the following two reasons. First, 

the Euribor is less subject to manipulation compared to the Libor because the interest 

rates used in its calculation are provided by 43 banks instead of 11-18 banks, which is the 

case of the Libor (Szczerbowicz 2015). Second, due to the geographical scope of this 

study, the Euribor will provide a more clear representation of the behaviour observed in 

the interbank market representing the European Monetary Union.  Similarly, the 

expected policy rate will be represented by the Euro Overnight Index Average (Eonia). 

The Eonia is a weighted average reference rate of unsecured lending transactions that 

take place in the European Free Trade Association and European Union overnight 

(About Eonia).  As the OIS, the Eonia is not subject to risk because the credit risk involved 

in overnight lending is very small due to its short maturity (Euro Area Risk-Free Interest 

Rates: Measurements Issues, Recent Developments and Relevance to Monetary Policy).   

Therefore, the Euribor-Eonia spread can be seen as a measure of interbank funding 

pressure in the European Monetary Union.  
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3 LITERATURE REVIEW 

This section covers the current literature on the effectiveness of unconventional 

monetary policy on interbank spreads. Due to the nature of this study, main emphasis is 

given to studies that analyse the ECB monetary policy interventions such as LTROs and 

CBPPs on the Euribor-Eonia spread. Nevertheless, studies that analyse other central 

banks’ monetary policy interventions on the Libor-OIS spread are also reviewed.  

3.1. The effectiveness of unconventional monetary policy measures  

Contributions to the literature on the effectiveness of unconventional monetary policy 

have been growing during the past years. Pelizzon and Sartore (2013), who analysed data 

from January 2006 to January 2011, found by using an Engle & Granger two-step 

estimation method that the wide spread captured in the interbank market can be 

explained by the relationship between the unsecured interbank market and the 

collateralized short-term debt market. By studying the Libor-OIS and the Euribor-Eonia 

spreads, these authors concluded that the credit default swap (CDS) index, commercial 

paper (CP) and the volatility index describe the fluctuation in the spreads. In particular, 

an increase in the CDS index and volatility index seem to increase the Euribor-

Eonia spread, while an increase in CP seems to decrease the spread. Variables such as 

CDS index, CP, and volatility index represent the credit risk and liquidity risk in the 

market during the crisis.  

Regarding monetary policy interventions, these authors found that the ECB refinancing 

rate and 6-month and 1-year LTROs decreased the Euribor-Eonia spread. For every 

additional one billion euros allotted though LTROs, the Euribor-Eonia spread decreased 

by 0.2%. Similarly, these authors found that the funds allotted through the TAF program 

and Term Asset-Backed Securities Loan Facility (TALF) program decreased the Libor-

OIS spread. Therefore, the study concluded that non-standard monetary policy 

measures such as the TAF and TALF programs reduced the Libor-OIS spread. Similarly, 

the authors concluded that the ECB refinancing rate and the funds allotted through 6-

month and 1-year LTROs decreased the Euribor-Eonia spread. (Pelizzon and Sartore 

2013) 

In et al. (2012) analysed the effect of the TAF program on the Libor-OIS spread from 

January 2005 to March 2010 using a multivariate vector autoregressive (VAR)-

Exponential Generalized Autoregressive Conditional Heteroskedastic (EGARCH) model. 
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These authors used the Libor-repo spread, asset-backed dealer-backed CP spread, 

Citibank’s and Bank of America’s five-year CDS prices and the Tibor-Libor spread as risk 

indicators to explain the fluctuation in the Libor-OIS spread. Similarly, they used three 

dummy variables to differentiate the effects that bid submissions dates, notification 

dates and settlement dates have on the spread. In addition, they used three dummy 

variables to test whether or not the TAF program had an effect on the spread seven days, 

five days and three days after the funds were credited to the participants’ accounts.  

The results suggest that bid submission dates decrease the three-month Libor-OIS 

spread. This is due to investors’ expectations regarding the TAF program. In other words, 

investors anticipate the effect the TAF program will have on the market. Therefore, the 

spread seems to decrease once market participants realize liquidity will be injected into 

the system through the program. On the other hand, the study finds that settlement days 

and the period after the funds have been credited to the participants’ account does not 

decrease the spread. These findings raise concerns about the funding effect that the TAF 

program has on the spread. Moreover, the study suggests that the three-month Libor-

OIS spread and risk indicators seem to be affected by their past volatility. (In et al. 2012) 

Heider et al. (2015) took into account endogenous liquidity in the banking sector and 

asymmetric information to develop an interbank lending and borrowing model with 

counterparty risk. The model developed by these authors specifies three different types 

of equilibria: Full participation, adverse selection, and market breakdown. The three 

equilibria provide information on how asymmetric information affected the interbank 

market and how liquidity hoarding is originated during the financial crisis.  In the model, 

asymmetric information leads to adverse selection, which distorts the dynamics in the 

market. Similarly, it affects the interest rate banks use to borrow and lend funds between 

each other. Under such circumstances, banks with a liquidity surplus are no longer 

willing to lend funds to banks with a liquidity shortage. As a result, banks with a liquidity 

surplus start withdrawing from the market and exhibit liquidity hoarding behaviour 

leading to a market breakdown. 

Bastidon et al. (2016) used OLS estimation to test the effects of non-standard monetary 

policy measures on interbank spreads in the euro area between July and December 2011. 

These authors used the three-month Libor-OIS spreads of Japan, the United Kingdom 

and the United States as control variables. Likewise, they used the volatility index and 

the CDS of governments as global-risk indicators and the deposit facility and the 

banking-system account holdings as banking-system liquidity-risk indicators. Similarly, 
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the ten largest banks’ CDS risk premiums in the Euribor panel were used as 

counterparty-risk indicators. In addition, these authors used three dummy variables to 

account for the effect that liquidity provisions, asset purchases and interest rates may 

have on the Euribor-OIS spread.   

The results suggest that the Euribor-OIS spread increases when the use of the deposit 

facility also increases.  Regarding monetary policy interventions, the study found that 6-

month and 1-year LTRO announcements did not decrease the Euribor-OIS spread. In a 

similar manner, the study found that reducing interest rates did not have an effect on the 

spread. On the contrary, announcements of the CBPP1 and the Securities Markets 

Programme (SMP) decreased the Euribor-OIS spread.  These authors concluded that 

liquidity provisions were not followed by a decline in the credit risk of banks, which 

resulted in an increase of the Euribor-OIS spread. (Bastidon et al. 2016) 

Szczerbowicz (2015) used event-based regressions to study the effects of unconventional 

monetary policy measures on covered and sovereign bond markets and money markets 

spreads from July 2007 to September 2012. This author used dummy variables to test 

the effects of announcement dates and operation dates. In order to give enough time for 

the market to react, the dummy variables took into account the change in the spread one 

day before and after the announcements were made.  

The study found that a cut in the ECB’s deposit rate to zero and 3-year LTRO 

announcements decreased the Euribor-OIS spread significantly. 3-year LTRO 

operations decreased the spread to a lesser extent compared to the 3-year LTRO 

announcements. In addition, announcements of CBPP1 and CBPP2 decreased the 

Euribor-OIS spread. Therefore, this author concluded that unconventional monetary 

policy measures implemented by the ECB decreased the stress in the interbank market. 

(Szczerbowicz 2015) Table 2 summarizes the studies discussed and compares the results 

obtained by the studies based on the sample period and econometric approach applied. 
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Table 2 Literature review summary 

Authors Methodology 
Type of 

Intervention 
Results 

Sample 
Period 

Pelizzon & 
Sartore 

Engle & Granger 
two-step 
estimation 

MROs - ECB 
LTROs - ECB 

6-month and 1-year 
LTROs decrease the 
spread. 

January 2006 - 
January 2011 

In et al. 
Multivariate VAR-
EGARCH 

TAF - Federal 
Reserve 

TAF submission dates 
decrease the spread while 
TAF settlements do not. 

January 2005 - 
March 2010 

Bastidon et 
al. 

Event study - time 
series 

LTROs - ECB 
SMP - ECB 
CBPP1 - ECB 

6-month and 1-year LTRO 
announcements do not 
decrease the spread. 
CBPP1 announcement 
decreased the spread. 

July 2011 - 
December 2011 

Heider et al. 

Model of interbank 
borrowing and 
lending with 
counterparty risk 

N/A 

Credit risk of banks 
interacts with their 
liquidity needs affecting 
the interest rate. 

2007-2009 
financial crisis 

Szczerbowicz 
Event-based 
regressions 

3-year LTROs 
CBPP1 & 
CBPP2 

3-year LTRO 
announcements and 
allotments decrease the 
spread. 
CBPP1 and CBPP2 
announcements decrease 
the spread. 

July 2007 - 
September 
2012 

 

My analysis follows partially the analytical framework of Heider et al. (2015) who base 

their approach on the idea that a market breakdown is triggered by asymmetric 

information and endogenous liquidity. Asymmetric information leads to adverse 

selection, which eventually leads to a market breakdown. In the face of a market 

breakdown, market participants start exhibiting liquidity hoarding behaviour. 

Therefore, the economic model developed by these authors provides this study with 

a clear framework that would contribute to both understanding what causes a market 

breakdown and analysing how unconventional monetary policy addresses such 

malfunctioning in the market. Moreover, the last equilibrium developed by these 

authors, a market breakdown, provides this study with a coherent set-up to recreate the 

market scenario developed during to the latest financial crisis and thus facilitates the 

implementation of the econometric model used in this thesis. By recreating a market 

scenario that reflects the 2007-2009 financial crisis, it is possible to analyse whether or 

not unconventional monetary policy measures have successfully addressed liquidity 

hoarding and adverse selection.   
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4 THEORETICAL FRAMEWORK 

This section describes the theoretical foundations of the economic model used to analyse 

the effects of unconventional monetary policy. The model used in this study is in line 

with Heider et al. (2015) and Pelizzon and Sartore (2013). This study uses the theoretical 

framework developed by Heider et al. (2015), where there are three types of equilibria. 

The last one, a market breakdown, is used in this study to analyse the effects of 

unconventional monetary policy implemented by the central bank in the case of a market 

breakdown. In addition, this study follows partially the empirical approach used by 

Pelizzon and Sartore (2013).   

4.1. The model 

In order to analyse the need for unconventional monetary policy interventions and how 

they affect the market, it is important to understand what factors affect the market during 

a financial crisis. Under standard circumstances, banks borrow and lend between each 

other at the interbank market rate. This harmonious flow of transactions is represented 

by a continuous demand and supply of liquidity in the interbank market. However, under 

stressful financial situations demand and supply are not met due to a liquidity shortage, 

which in turn rises the interbank rate. In order to calm down the market, a central bank 

adds liquidity to the market through Open Market Operations. (Scheller 2006) This 

infusion of liquidity dissipates the liquidity shortage, and as a result the interbank rate 

returns to a healthy level.  

During the 2007-2009 financial crisis, the interbank market experienced a shortage of 

liquidity, which drove the interbank rate up. Standard monetary policy interventions 

were not able to decrease the interbank market rate, and central banks were forced to 

introduce unconventional monetary policy measures. In order to understand why 

standard monetary policy measures were not effective during the crisis, it is important 

to comprehend the aspects involved in a model where liquidity hoarding and asymmetric 

information are the main drivers. 

The theoretical framework used in this study follows the analysis of Heider et al. (2015). 

The market breakdown scenario developed by these authors provides this study with a 

coherent framework. It allows one to analyse whether or not unconventional monetary 

policy interventions have successfully addressed the distortions created in the market, 

such as adverse selection and liquidity hoarding, during the latest financial crisis.  
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As stated by these authors, asymmetric information prevents lenders from recognizing 

the risk borrowers carry because participants in the market keep their risk information 

private. In this model the authors analysed a scenario where safe banks and risky banks 

keep their risk information private when borrowing and lending in the market. As a 

result, asymmetric information leads to adverse selection, which eventually causes a 

market breakdown. This market breakdown scenario is driven by the behaviour 

exhibited by banks, which have a liquidity surplus and are not willing to lend money to 

banks with a liquidity shortage. Under these circumstances, banks with a liquidity 

surplus withdraw from the market causing a market breakdown. In order to understand 

how asymmetric information distorts the dynamics in the interbank market, these 

authors developed a model where 3 equilibria are possible: full participation, adverse 

selection and market breakdown.   

4.1.1. Full participation 

Under full participation, safe and risky banks that face a liquidity shortage borrow in the 

interbank market to finance their operations. In this type of equilibrium, there is only 

one interest rate being charged to borrowers causing safe banks to subsidize risky banks. 

This differs from a scenario where the lender is able to recognize the type of borrower it 

is dealing with. In that case, the lender adjusts the interest rate according to the risk 

carried by the borrower. (Heider et al. 2015) 

In the described equilibrium, safe banks pay a higher interest rate due to asymmetric 

information. Nevertheless, the interest rate is set high enough in order to encourage 

banks with a liquidity surplus to lend in the interbank market. It is good to mention that 

the interest rate represents the benefit and opportunity cost of liquidity holding, where 

the latter one is the expected return on a long-term asset that a bank may have to forgo 

in case it needs to liquidate its long-term assets. (Heider et al. 2015) 

4.1.2. Adverse selection 

Under an adverse selection scenario, the interest rate must be sufficiently high in order 

to encourage banks with a liquidity surplus to lend. Similarly, the interest rate must be 

sufficiently high to prevent safe banks that face a liquidity shortage from borrowing in 

the interbank market. Instead, they will liquidate their long-term assets to meet their 

liquidity obligations. On the other hand, the interest rate must be sufficiently low in order 
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to encourage risky banks that face a liquidity shortage to borrow in the interbank market. 

(Heider et al. 2015) 

Consequently, the new interest rate set up changes the lending and borrowing dynamics 

in the market. The opportunity cost of holding liquidity has decreased because there exist 

banks that are willing to liquidate their long-term assets. Since safe banks that face a 

liquidity shortage are not willing to borrow anymore, risky banks are the only group left 

that is willing to borrow from the interbank market leading to an adverse selection 

problem. Under such circumstances, the likelihood of loan repayment decreases 

discouraging safe banks from lending. As a result, the possibility of borrowing in the 

market decreases. These changes can be attributed to asymmetric information, which in 

turn leads to adverse selection. (Heider et al. 2015) 

4.1.3. Market breakdown 

Adverse selection encourages safe banks with a liquidity shortage to liquidate their long-

term assets.  This in turn, decreases the opportunity cost of holding liquidity, which 

results in a lower interest rate charged to borrowers. Under a market breakdown 

scenario, the interest rate is low enough that banks with a liquidity surplus are no longer 

willing to lend to risky banks. Risky banks are willing to pay a high interest rate for the 

funds borrowed, but no bank is willing to lend to them. The low interest rate does not 

provide compensation for the risk taken when lending to risky banks. As a result, the 

market breaks down pushing lenders to withdraw from the market and start exhibiting 

liquidity hoarding behaviour by not lending in the interbank market. This type of 

behaviour can be attributed to asymmetric information, which leads to adverse selection 

and eventually forces lenders to withdraw from the market. (Heider et al. 2015) 

This last scenario provides this study with a clear framework to analyse the effects of 

unconventional monetary policy measures on the interbank spread under a market 

breakdown. In line with Heider et al. (2015) from a theoretical perspective and Pelizzon 

and Sartore (2013) from an empirical perspective, this study analyses the effects of 

unconventional monetary policy implemented by the central bank. In this analysis, 

liquidity hoarding, credit risk, non-standard central bank interventions, other risk 

factors, and other significant events affect the interbank spread. The interbank spread is 

calculated by subtracting the expected policy rate from the interbank rate.   
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The factors affecting the interbank spread in the model represent specific characteristics 

observed in a market breakdown. The withdrawal of lending banks from the interbank 

market represents liquidity hoarding. The loss exposure due to the likelihood of default 

of the borrowing bank represents credit risk. Measures that affect the way participants 

interact in the market are represented by other risk factors. This study uses the lending 

facility rate and deposit facility rate set by the ECB as risk factors. Similarly, non-

standard central bank interventions are represented by unconventional monetary policy 

measures implemented by the ECB. These interventions can enter the market as liquidity 

provisions and asset purchases. In addition, announcements made during the financial 

crisis by officials of the ECB represent significant events that may have affected the 

spread. 

The expected policy rate is represented by the Eonia, which is the weighted average 

reference rate of unsecured lending transactions overnight (About Eonia). Being one of 

the interest rates that are closely connected to the policy interest rate, the Eonia seems 

to be a good candidate to represent the expected policy rate (Linzert & Schmidt 2008). 

The interbank rate is represented by the Euribor, which is the rate that banks use to lend 

unsecured funds in the euro interbank market (Frequently Asked Questions about 

Euribor). The Euribor is a good candidate to represent the interbank rate because of the 

geographical scope of this study.   

The following equation represents the relationship between the interbank spread and the 

market variables mentioned above: 

𝐼𝑅𝑡 − 𝐸(𝑅𝑡) = 𝑓(𝐿𝑡 , 𝐶𝑡, 𝑅𝑡 , 𝐶𝐵𝐼𝑡, 𝐸𝑡).                                                           (1) 

In (1),  𝐼𝑅𝑡 is the interbank rate, 𝐸(𝑅𝑡) represents the expected monetary policy rate, 𝐿𝑡 

represents liquidity hoarding behaviour, 𝐶𝑡 represents credit risk, 𝑅𝑡 represents other 

risk factors, 𝐶𝐵𝐼𝑡 represents the central bank interventions, and 𝐸𝑡 represents any 

significant event that may have occurred during the period studied. The subscript 𝑡 

represents the considered time period.  

The left-hand side of the equation is also commonly known as the interbank spread, and 

reflects the funding pressure in the interbank market (Thornton 2009). The most 

commonly studied interbank spread is the Libor-OIS spread. However due to the nature 

of this study, the Euribor-Eonia spread will be studied in order to identify the 

effectiveness of the interventions implemented by the ECB to reduce the interbank 
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spread. In line with the extensive literature on interbank spreads, the 3-month Euribor-

Eonia spread seems to be the most accurate maturity that could reflect the funding 

pressure in the interbank market during the financial crisis. Therefore, based on this 

approach we can infer the following equation:  

𝐸𝑢𝑟𝑖𝑏𝑜𝑟𝑡 − 𝐸𝑜𝑛𝑖𝑎𝑡  𝑠𝑝𝑟𝑒𝑎𝑑 = 𝑓(𝐿𝑡, 𝐶𝑡 , 𝑅𝑡, 𝐶𝐵𝐼𝑡, 𝐸𝑡).                                     (2) 

In (2), the Euribor-Eonia spread is a function of liquidity hoarding behaviour, credit risk, 

other risk factors, central bank interventions, and any significant announcement that 

may have had a significant impact on the spread.   

The econometric model used in this study is based on the econometric approach used by 

Pelizzon and Sartore (2013). They use the volume of CPs traded in the market, a financial 

sector CDS index, a volatility index and unconventional monetary policy measures to 

study the effects that liquidity risk, credit risk and central bank interventions have on the 

interbank spread. Unlike them, this thesis uses the deposits made to the ECB’s deposit 

facility, a volatility index, lending and deposit interest rates adjusted by the ECB, and 

unconventional monetary policy measures to study the effects that liquidity hoarding 

behaviour, credit risk, other risk factors, and central bank interventions have on the 

interbank spread. This thesis also adds a dummy variable to see if related major 

announcements made during the period studied have an effect on the spread.  

This thesis studies unconventional monetary policy measures in a different way 

compared to Pelizzon and Sartore (2013). While this study uses dummy variables to 

identify the effects that announcement, allotment and settlement dates of LTROs had on 

the spread, Pelizzon and Sartore (2013) use bid amounts, number of bidders, allotted 

amount and satisfaction rate of LTROs to analyse the effects that LTROs had on the 

spread. Likewise, while this thesis also analyses the effects that CBPP1 and CBPP2 had 

on the spread, Pelizzon and Sartore (2013) only study the effects that LTROs and MROs 

had on the spread.  

Furthermore, this thesis uses a different statistical approach compared to Pelizzon and 

Sartore (2013). While this thesis uses an EGARCH model to take into account the 

unequal fluctuation in the market, Pelizzon and Sartore (2013) used a two-step Engel 

Granger estimation method to develop an error correction model to study the effects of 

unconventional monetary policy measures on the interbank spread. This study applied 

an error correction model, but it proved to be inadequate due to the unequal fluctuation 
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in the market. Unequal fluctuation arises when the variables studied do not have a 

constant variation. Since the time period studied includes data from before and after the 

crisis, the market variables in this study do not have a constant fluctuation as volatility 

may not be constant over the time period considered. More details regarding the error 

correction model estimated are included in Appendix A. 
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5 DATA 

This section describes the data used in this study. The model in this study is estimated 

for the sample period January 2006 - January 2017. In order to calculate the Euribor-

Eonia spread, the three-month Euribor daily rates and Eonia daily rates are used. The 

rates were obtained from the European Money Markets Institute.  

In line with Pelizzon and Sartore (2013), an increase in the probability of default is linked 

to an increase in volatility, which in turn increases the credit spread. Therefore, credit 

risk is represented by a volatility index that represents Europe the best. The VSTOXX is 

a good candidate because it is seen as a European volatility benchmark, and an 

estimation of the expected volatility in the market. It represents the uncertainty in the 

overall economy and investors’ attitudes. The VSTOXX is calculated every five seconds 

using option bid and ask quotes of the EURO STOXX 50 (Volatility Derivatives on Eurex 

Exchange: VSTOXX). The EURO STOXX 50 is a blue-chip index that follows 50 stocks 

from 11 countries in the Eurozone and due to the underlying instruments it is considered 

a measure of economic strength (EURO STOXX 50). Data for the VSTOXX was obtained 

from Stoxx and daily frequency series were constructed using daily data.  

Similarly, the deposits made to the ECB’s deposit facility are used to account for liquidity 

hoarding behaviour. As stated by the ECB, the deposit facility is used by financial 

institutions only if they cannot find an alternative allocation for the funds they hold 

(Scheller 2006). Since financial institutions were hesitant to lend funds to one another 

due to adverse selection during the financial crisis, the use of the deposit facility is a good 

indicator to represent liquidity hoarding behaviour. Data for the usage of the deposit 

facility was obtained from the ECB and daily frequency series were constructed using 

daily data.  

Furthermore, the lending facility rate and the deposit facility rate are used to account for 

other risk factors. As stated by the ECB, the deposit facility rate is the interest rate used 

by financial institutions to deposit funds overnight with the Eurosystem, and the lending 

facility rate is the interest rate used by financial institutions to borrow funds overnight 

from the Eurosystem (Scheller 2006). Since the ECB adjusted both interest rates for 

several years to ease the stress in the market, both interest rates are good indicators of 

risk in financial markets. Data for the lending and deposit facility rates were obtained 

from the ECB.  
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In addition, to account for the central bank interventions, this study focuses on the ECB 

non-standard monetary policy measures such as liquidity provisions and asset 

purchases. To be more specific, this study analyses LTROs, CBPP1, and CBPP2. 

Furthermore, LTROs were classified into longer LTROs and 3-year LTROs. Longer 

LTROs include 6-month LTROs and 1-year LTROs. Since the maturity of standard 

LTROs is three months, the purpose of focusing on the two categories of LTROs as 

defined above is to asses accurately whether the ECB was able to successfully lower the 

Euribor-Eonia spread by initially lengthening the maturity of LTROs to six months and 

one year before introducing 3-year LTROs. In line with In et al. (2012), who categorized 

the schedule of unconventional monetary policy measures implemented by the Federal 

Reserve, this study follows a similar approach. In order to differentiate the effects of 

unconventional monetary policy interventions, the schedule the ECB uses to implement 

unconventional monetary policy measures was categorized as follows in this study:  

 Announcement Date: Day the ECB announces the operation and invites banks to 

place their bids.  

 Allotment Date: Day the ECB announces the results of the auction/operation.  

 Settlement Date: Day the ECB credits the funds to the accounts of the participants 

who have been awarded a loan.  

By categorizing the schedule used by the ECB, it is possible to distinguish the effects that 

announcements, allotments and settlements of longer LTROs and 3-year LTROs have 

had on the spread. Thus, based on the classification discussed above, a dummy variable 

was included in the regressions developed in this study to account for the different types 

of ECB interventions implemented in the market. To test the initial longer LTRO 

expectation effect, a longer LTRO dummy variable will take the value of 1 for each one of 

the longer LTRO announcement dates and 0 otherwise. To test for the duration of the 

longer LTRO expectation effect, the longer LTRO dummy variable will take the value of 

1 for each one of the longer LTRO allotment dates and 0 otherwise. To test for the longer 

LTRO funding effect, the longer LTRO dummy variable will take the value of 1 for each 

one of the longer LTRO settlement dates and 0 otherwise.  

Similarly, to test the initial 3-year LTRO expectation effect, a 3-year LTRO dummy 

variable will take the value of 1 for each one of the 3-year LTRO announcement dates and 

0 otherwise. To test for the duration of the 3-year LTRO expectation effect, the 3-year 
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LTRO dummy variable will take the value of 1 for each of the 3-year LTRO allotment 

dates and 0 otherwise. To test for the 3-year LTRO funding effect, the 3-year LTRO 

dummy variable will take the value of 1 for each one of the 3-year LTRO settlement dates 

and 0 otherwise.  

In addition, this study analyses three major press releases of LTROs. The press releases 

include a major announcement regarding 6-month LTROs, an announcement 

introducing 1-year LTROs, and an announcement introducing 3-year LTROs. To test for 

the expectation effect of these press releases, an LTRO dummy variable will take the 

value of 1 for the first five days after the press release was issued and 0 otherwise. Five 

days is considered to be enough time for the market to react to the press releases. For 

instance, Bastidon et al. (2016) used a dummy variable that took into account five days 

for every liquidity injection and asset purchase decision they studied.  

For the CBPPs, the schedule the ECB used to implement these programs will be 

categorized as follows (Asset Purchase Programmes):  

 Announcement Date: Day the ECB announced the programs.  

 Purchase Initiation Month: Month the ECB started purchasing covered bonds. 

For instance, July 2009 and November 2011 will be taken into account when 

studying the CBPP1 and CBPP2, respectively. 

 Termination Month: Month the ECB terminated the programs. For instance, the 

ECB terminated the CBPP1 on June 2010 and the CBPP2 on October 2012. 

By categorizing the schedule used to implement both CBPPs, we can distinguish the 

effects that announcements, purchases and terminations of the CBPPs have had on the 

spread. Based on this classification, a dummy variable will be included in the regressions 

developed in this study as well. To test the initial CBPP1 expectation effect, a CBPP1 

dummy variable will take the value of 1 for the first five days after the announcement and 

0 otherwise. To test for the CBPP1 purchase effect, the CBPP1 dummy variable will take 

the value of 1 during the month the purchases were initiated and 0 otherwise. To test for 

the CBPP1 termination effect, the CBPP1 dummy variable will take the value of 1 during 

the month the program was terminated and 0 otherwise.  

Likewise to test the initial CBPP2 expectation effect, a CBPP2 dummy variable will take 

the value of 1 for the first five days after the announcement and 0 otherwise. To test for 



 

 

26 

the CBPP2 purchase effect, the CBPP2 dummy variable will take the value of 1 during the 

month the purchases were initiated and 0 otherwise. To test for the CBPP2 termination 

effect, the CBPP2 dummy variable will take the value of 1 during the month the program 

was terminated and 0 otherwise. 

In addition, to account for any effect that Mario Draghi’s announcement of “the ECB 

being ready to do whatever it takes to preserve the Euro” had in the Euribor-Eonia 

spread, a dummy variable will be included in the regressions developed in this study. 

This dummy variable will take the value of 1 on the day of the announcement, July 26th 

2012, and 0 otherwise (Szczerbowicz 2015).   
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6 METHODOLOGY 

This section describes the methodology followed in this thesis. First, the equations used 

in this study to analyse the effects of unconventional monetary policy are discussed. 

Second, the estimation process is described in detail in sub-sections 6.1 and 6.2.  

As previously discussed, this thesis studies the effects of unconventional monetary policy 

on the Euribor-Eonia spread by analysing the movement of the spread due to major press 

releases, announcement, allotment and settlement dates of LTROs. The same applies to 

announcement, purchase and termination dates of CBPPs. By analysing the effects 

separately through dummy variables that take into account the different types of 

unconventional monetary policy interventions, this study is able to differentiate the 

effect that each intervention has had on the spread. In addition, other variables are used 

to take into account liquidity hoarding, risks surrounding the market and significant 

events that may have affected the spread during the timeframe considered in this study. 

Therefore, this study uses the following empirical model to analyse the effects of the ECB 

interventions on the Euribor-Eonia spread:  

𝑆𝑝𝑟𝑒𝑎𝑑𝑡 = 𝛽0 + 𝛽1𝑐𝑟𝑒𝑑𝑖𝑡_𝑟𝑖𝑠𝑘𝑡 + 𝛽2𝑙𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦_ℎ𝑜𝑎𝑟𝑑𝑖𝑛𝑔𝑡 + 𝛽3𝑟𝑖𝑠𝑘_𝑓𝑎𝑐𝑡𝑜𝑟𝑠𝑡 +

𝛽4𝐸𝐶𝐵_𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑡 + 𝛽5𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡_𝑒𝑣𝑒𝑛𝑡𝑡 + 𝜀𝑡.                                                              (3) 

In (3), the 𝑠𝑝𝑟𝑒𝑎𝑑𝑡 represents the Euribor-Eonia spread. 𝐶𝑟𝑒𝑑𝑖𝑡_𝑟𝑖𝑠𝑘𝑡 is a variable used 

to account for counterparty risk in the market. 𝐿𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦_ℎ𝑜𝑎𝑟𝑑𝑖𝑛𝑔𝑡 is a variable used to 

account for liquidity hoarding behaviour in the market. 𝑅𝑖𝑠𝑘_𝑓𝑎𝑐𝑡𝑜𝑟𝑠𝑡 is a variable used 

to account for the risk present in the market and 𝜀𝑡 is the error term. Similarly, 

𝐸𝐶𝐵_𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛𝑡 and 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡_𝑒𝑣𝑒𝑛𝑡𝑡 are dummy variables that represent 

unconventional monetary policy measures that took effect during the period studied and 

any major event that may have affected the movement of the spread during the 

timeframe of the study. In addition, the subscript 𝑡 is used to represent time.  

Moreover, market variables that will be used to represent the variables in equation (3) 

include volatility, the deposit facility, lending facility rate and deposit facility rate to 

account for credit risk, liquidity hoarding, and risk in the market. In a similar manner, 

the dummy variables that are used to represent the ECB interventions and significant 

events include a LTRO dummy variable, a CBPP dummy variable and a Draghi dummy 

variable. Considering this information, we have the following seven regressions that are 
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used to examine the effect of the different types of unconventional monetary policy 

interventions on the Euribor-Eonia spread: 

𝑆𝑝𝑟𝑒𝑎𝑑𝑡 = 𝛽0 + 𝛽1𝑉𝑜𝑙𝑎𝑡𝑖𝑙𝑖𝑡𝑦𝑡 + 𝛽2𝐷𝑒𝑝𝑜𝑠𝑖𝑡_𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑡 + 𝛽3𝐿𝑒𝑛𝑑𝑖𝑛𝑔𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑟𝑎𝑡𝑒𝑡 +

𝛽4𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑟𝑎𝑡𝑒𝑡 + 𝛽5𝐿𝑜𝑛𝑔𝑒𝑟𝐿𝑇𝑅𝑂_𝑝𝑟𝑒𝑠𝑠_𝑟𝑒𝑙𝑒𝑎𝑠𝑒𝑡 + 𝛽63𝑦𝑒𝑎𝑟𝐿𝑇𝑅𝑂_𝑝𝑟𝑒𝑠𝑠_𝑟𝑒𝑙𝑒𝑎𝑠𝑒𝑡 +

𝛽7𝐷𝑟𝑎𝑔ℎ𝑖_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 + 𝜀𝑡 .                                                                                                               (4)         

Equation (4) allows the study of the expectation effect that longer LTRO and 3-year 

LTRO press releases have had on the spread by analysing major LTRO press releases 

issued by the ECB. In this study three major press releases of 6-month, 1-year and 3-year 

LTROs are considered. In addition, the 𝐷𝑟𝑎𝑔ℎ𝑖_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 variable is used to take 

into account any effect that Mario Draghi’s announcement on July 26th 2012 had on the 

spread (Szczerbowicz 2015). 

𝑆𝑝𝑟𝑒𝑎𝑑𝑡 = 𝛽0 + 𝛽1𝑉𝑜𝑙𝑎𝑡𝑖𝑙𝑖𝑡𝑦𝑡 + 𝛽2𝐷𝑒𝑝𝑜𝑠𝑖𝑡_𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑡 + 𝛽3𝐿𝑒𝑛𝑑𝑖𝑛𝑔𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑟𝑎𝑡𝑒𝑡 +

𝛽4𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑟𝑎𝑡𝑒𝑡 + 𝛽5𝐿𝑜𝑛𝑔𝑒𝑟𝐿𝑇𝑅𝑂_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 + 𝛽63𝑦𝑒𝑎𝑟𝐿𝑇𝑅𝑂_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 +

𝛽7𝐷𝑟𝑎𝑔ℎ𝑖_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 + 𝜀𝑡 .                                                                                                               (5)         

Equation (5) allows the study of the initial expectation effect that longer LTROs and 3-

year LTROs have had on the spread by analysing the dates LTRO announcements were 

made by the ECB. In this study 6-month, 1-year and 3-year LTRO announcement dates 

are considered.  

𝑆𝑝𝑟𝑒𝑎𝑑𝑡 = 𝛽0 + 𝛽1𝑉𝑜𝑙𝑎𝑡𝑖𝑙𝑖𝑡𝑦𝑡 + 𝛽2𝐷𝑒𝑝𝑜𝑠𝑖𝑡_𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑡 + 𝛽3𝐿𝑒𝑛𝑑𝑖𝑛𝑔𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑟𝑎𝑡𝑒𝑡 +

+𝛽4𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑟𝑎𝑡𝑒𝑡 + 𝛽5𝐿𝑜𝑛𝑔𝑒𝑟𝐿𝑇𝑅𝑂_𝑎𝑙𝑙𝑜𝑡𝑚𝑒𝑛𝑡𝑡 + 𝛽63𝑦𝑒𝑎𝑟𝐿𝑇𝑅𝑂_𝑎𝑙𝑙𝑜𝑡𝑚𝑒𝑛𝑡𝑡 +

𝛽7𝐷𝑟𝑎𝑔ℎ𝑖_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 + 𝜀𝑡 .                                                                                                                (6)  

Equation (6) allows the study of the duration of the expectation effect that longer LTROs 

and 3-year LTROs have had on the spread by analysing the dates LTRO allotments were 

made by the ECB. As before, we consider allotment dates for 6-month, 1-year and 3-year 

LTROs. 

𝑆𝑝𝑟𝑒𝑎𝑑𝑡 = 𝛽0 + 𝛽1𝑉𝑜𝑙𝑎𝑡𝑖𝑙𝑖𝑡𝑦𝑡 + 𝛽2𝐷𝑒𝑝𝑜𝑠𝑖𝑡_𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑡 + 𝛽3𝐿𝑒𝑛𝑑𝑖𝑛𝑔𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑟𝑎𝑡𝑒𝑡 +

𝛽4𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑟𝑎𝑡𝑒𝑡 + 𝛽5𝐿𝑜𝑛𝑔𝑒𝑟𝐿𝑇𝑅𝑂_𝑠𝑒𝑡𝑡𝑙𝑒𝑚𝑒𝑛𝑡𝑡 + 𝛽63𝑦𝑒𝑎𝑟𝐿𝑇𝑅𝑂_𝑠𝑒𝑡𝑡𝑙𝑒𝑚𝑒𝑛𝑡𝑡 +

𝛽7𝐷𝑟𝑎𝑔ℎ𝑖_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 + 𝜀𝑡 .                                                                                                                (7)  

In a similar manner, equation (7) allows the study of the funding effect that longer LTROs 

and 3-year LTROs have had on the spread by analysing the dates LTRO settlements were 
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made by the ECB.  In this equation, we consider settlement dates for 6-month, 1-year 

and 3-year LTROs. 

𝑆𝑝𝑟𝑒𝑎𝑑𝑡 = 𝛽0 + 𝛽1𝑉𝑜𝑙𝑎𝑡𝑖𝑙𝑖𝑡𝑦𝑡 + 𝛽2𝐷𝑒𝑝𝑜𝑠𝑖𝑡_𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑡 + 𝛽3𝐿𝑒𝑛𝑑𝑖𝑛𝑔𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑟𝑎𝑡𝑒𝑡 +

𝛽4𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑟𝑎𝑡𝑒𝑡 + 𝛽5𝐶𝐵𝑃𝑃1_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 + 𝛽6𝐶𝐵𝑃𝑃2_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 +

𝛽7𝐷𝑟𝑎𝑔ℎ𝑖_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 + 𝜀𝑡 .                                                                                                                  (8)      

Equation (8) allows the study of the initial CBPP1 and CBPP2 expectation effect on the 

spread by analysing the dates both CBPPs were announced by the ECB. A dummy 

variable for the first five days after the announcement was made is used to study the 

initial expectation effect of CBPP1 and CBPP2. 

𝑆𝑝𝑟𝑒𝑎𝑑𝑡 = 𝛽0 + 𝛽1𝑉𝑜𝑙𝑎𝑡𝑖𝑙𝑖𝑡𝑦𝑡 + 𝛽2𝐷𝑒𝑝𝑜𝑠𝑖𝑡_𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑡 + 𝛽3𝐿𝑒𝑛𝑑𝑖𝑛𝑔𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑟𝑎𝑡𝑒𝑡 +

+𝛽4𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑟𝑎𝑡𝑒𝑡 + 𝛽5𝐶𝐵𝑃𝑃1_𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑠𝑡 + 𝛽6𝐶𝐵𝑃𝑃2_𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑠𝑡 +

𝛽7𝐷𝑟𝑎𝑔ℎ𝑖_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 + 𝜀𝑡.                                                                                                                                                   (9)   

Equation (9) allows the study of the purchase effect that CBPP1 and CBPP2 have had on 

the spread by analysing the first month the ECB started purchasing covered bonds for 

both CBPPs. A dummy variable for the month of July in 2009 is used to study the 

purchase effect of CBPP1 and a dummy variable for the month of November in 2011 is 

used to study the purchase effect of CBPP2 (Asset Purchase Programmes).   

𝑆𝑝𝑟𝑒𝑎𝑑𝑡 = 𝛽0 + 𝛽1𝑉𝑜𝑙𝑎𝑡𝑖𝑙𝑖𝑡𝑦𝑡 + 𝛽2𝐷𝑒𝑝𝑜𝑠𝑖𝑡_𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑡 + 𝛽3𝐿𝑒𝑛𝑑𝑖𝑛𝑔𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑟𝑎𝑡𝑒𝑡 +

𝛽4𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝑟𝑎𝑡𝑒𝑡 + 𝛽5𝐶𝐵𝑃𝑃1_𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛𝑡 + 𝛽6𝐶𝐵𝑃𝑃2_𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛𝑡 +

𝛽7𝐷𝑟𝑎𝑔ℎ𝑖_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 + 𝜀𝑡.                                                                                                                  (10)      

Equation (10) allows the study of the termination effect that CBPP1 and CBPP2 have had 

on the spread by analysing the month both CBPPs were terminated by the ECB. A dummy 

variable for the month of June in 2010 is used to analyse the termination effect of CBPP1, 

and a dummy variable for the month of October in 2012 is used to analyse the 

termination effect of CBPP2 (Asset Purchase Programmes). 

To reach the final results an EGARCH time series model is applied. An EGARCH time 

series model allows the analysis of the effect of unconventional monetary policy 

measures on the spread while taking into account for the presence of heteroscedasticity 

in the regressions studied. Heteroscedasticity refers to the phenomenon where the 

variance of the error term’s distribution is unequal (Stock & Watson 2011). While the 

presence of heteroscedasticity does not interfere with the validity and consistency of the 
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estimator, not taking heteroscedasticity into account can affect the calculation of the 

error term and any tests or estimations where error terms are used (Stock & Watson 

2011).  

In economic terms, heteroscedasticity arises when there are unequal fluctuations in the 

variables studied. In this case, we consider the presence of heteroscedasticity due to the 

inconsistent fluctuation during the financial crisis and the more consistent fluctuation of 

the spread and other market variables during the years after the crisis. In order to 

account for potential heteroscedasticity resulting from the unequal fluctuation of the 

market variables studied, an EGARCH time series model is used because it allows one to 

make adequate inferences from appropriate estimations.   

Consequently, we first estimate regressions (4) to (10) using ordinary least squares (OLS) 

estimation. Once we review the results and agree if they make economic sense, we 

conduct an autoregressive conditional heteroscedastic (ARCH) test to see if the 

regressions exhibit ARCH effects. In other words, we analyse whether the regressions 

exhibit conditional heteroscedasticity. If the ARCH test confirms the presence of 

conditional heteroscedasticity in the regressions, we continue to estimate the EGARCH 

time series model. 

6.1. ARCH test 

As mentioned above, an ARCH test allows one to investigate whether a regression 

exhibits conditional heteroscedasticity. Thus, conducting an ARCH test is important 

because the results derived from the test allows one to conclude whether the unequal 

fluctuation in the Euribor-Eonia spread and other market variables affect our results.  

In statistical terms, if the p-value is less than the desired level of significance, then we 

reject the null hypothesis, which states that “no ARCH effect is present”. Hence, we can 

conclude that there are ARCH effects present in the regression. In other words, if the p-

value is less than the desired level of significance, then we can conclude that there is 

enough fluctuation in the spread that could affect our results. Therefore, an econometric 

approach that takes into account unequal fluctuations and variances should be 

considered when estimating the model. On the other hand, if the p-value is greater than 

the desired significance level, then we accept the null hypothesis and conclude there are 

no ARCH effects present in the regression. In other words, we can conclude that the 

fluctuation in the spread is not significant enough to affect our results. (Mills & Markellos 
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2008) Since we assume the presence of ARCH effects in the regressions studied, we 

proceed to estimate the EGARCH time series model.  

6.2. EGARCH estimation 

An EGARCH time series model takes into account the presence of heteroscedasticity in 

the regressions studied. An EGARCH model can be decomposed into a mean equation 

and a variance equation. The mean equation is where the independent variables are 

included. According to Verbeek (2009), the residuals resulting from the mean equation 

are used to estimate the variance equation, which as a result is used to understand the 

effect of volatility or fluctuations in the market. A standard EGARCH model developed 

by Daniel Nelson in 1990 is presented below: 

𝐿𝑜𝑔 𝜎𝑡
2 = 𝜔 + 𝛽𝑙𝑜𝑔𝜎𝑡−1

2 + 𝛾
𝜀𝑡−1

𝜎𝑡−1
+ 𝛼

|𝜀𝑡−1|

𝜎𝑡−1
. (11) 

In (11), ω is the constant and β, γ and α are parameters. The main advantage of using an 

EGARCH model is that we are able to differentiate the impact that positive and negative 

news have on the spread due to the unequal weight assigned to news. In this case, 

volatility is greatly affected by negative news in comparison to positive news of a 

comparable magnitude. The asymmetric assignment of weight to negative and positive 

news means that we are able to differentiate the effects of negative and positive news on 

the spread. One way to understand the effect of news on the spread is to analyse the 

estimate we obtain for γ. If γ < 0, we can conclude that negative news have a bigger effect 

or generate more fluctuation on the spread compared to positive news. This type of 

reaction is called the leverage effect. The opposite is also possible. If γ > 0, then we can 

conclude that positive news have a bigger effect and generate more fluctuation on the 

spread compared to negative news. If γ = 0, we can conclude that the model is not 

asymmetric and positive and negative news have a similar effect on the spread. (Verbeek 

2009) 

Furthermore, it is also possible to analyse whether there is volatility transmission within 

the variables studied by analysing the estimate obtained for α. If the α coefficient is 

statistically significant, it suggests that past volatility is transferred to future periods. In 

a similar manner, it is possible to analyse whether volatility persists over time by 

analysing the estimate obtained for β. If the β coefficient is statistically significant and 

large, it suggests that there is a high level of volatility persistence. (Verbeek 2009) 
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7 RESULTS AND ANALYSIS 

This section describes the results obtained for the regressions estimated. First, the results 

obtained for the OLS estimations are described. Second, the ARCH test and its 

implications are reviewed. Third, the results obtained for the EGARCH estimations are 

discussed.  

7.1. OLS Estimation 

We used an EGARCH model to analyse the effects of unconventional policy measures on 

the Euribor-Eonia spread. In order to justify the use of an EGARCH model, we ran 

regressions (4) to (10) using OLS estimation first. 

7.1.1. Longer-Term Refinancing Operations 

The results presented in table 3 show that a majority of the variables are statistically 

significant at the 5% level when studying the effects of LTROs. Similarly, volatility, the 

use of the deposit facility and the lending facility rate seem to increase the Euribor-Eonia 

spread while the deposit facility rate has an opposite effect. The results match our 

expectations. During the financial crisis, volatility increased due to credit risk and the 

reserves at the deposit facility rose tremendously due to the presence of liquidity 

hoarding behaviour. Both, credit risk and liquidity hoarding contributed to the rise of the 

spread. In addition, the easing of lending rules by the ECB did not encourage banks to 

lend to one another resulting in an increase in the spread.  

On the other hand, lowering the deposit facility rate encouraged banks to start lending 

funds in the market, which had a negative effect on the spread. The reason for such an 

effect can be attributed to the fact that during the crisis, the ECB lowered the deposit 

facility rate significantly and eventually it became too expensive for banks to keep using 

the deposit facility overnight. This resulted in banks going back to the market to lend 

funds reducing the presence of liquidity hoarding behaviour. This in turn lowered the 

Euribor-Eonia spread.  

Regarding monetary policy measures, the most important press releases where the ECB 

announced 6-month, 1-year and 3-year LTROs to the market do not decrease the spread. 

This is in line with our expectations since 6-month and 1-year LTROs did not successfully 

reduce the liquidity tension in the market.  Given that 6-month and 1-year LTROs did 
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not reduce the spread, the ECB decided to introduce two 3-year LTROs. Szczerbowicz 

(2015) concluded that the press release where the ECB announced the introduction of 3-

year LTROs reduced the spread. Nevertheless, the OLS results indicate that the 3-year 

LTRO press release did not decrease the spread. This can be attributed to other factors 

affecting the market at the time the press release was issued.  

Similarly, the standard announcements of 6-month and 1-year LTROs and 3-year LTROs 

do not decrease the spread. In other words, there is no initial longer LTRO and 3-year 

LTRO expectation effect. This is in line with our expectations since the ECB introduced 

3-year LTROs because 6-month and 1-year LTROs did not reduced the spread. Moreover, 

the allotments of 6-month, 1-year and 3-year LTROs increases the spread, meaning that 

there is no longer LTRO and 3-year LTRO expectation effect. This result could be 

associated with the fact that parties in the market had already assimilated the effect of 

unconventional monetary measures when the interventions were announced leaving 

very little room for investors to react when the funds were allotted.  In a similar manner, 

the settlements of 6-month, 1-year and 3-year LTROs increase the spread even more than 

allotments do. In other words, there is no longer LTRO and 3-year LTRO funding effect. 

This result could also be attributed to the fact that parties in the market had already 

reacted to the press releases or announcements, therefore remaining rather neutral to 

allotments and settlements of the unconventional monetary policy measures studied.  

Even though statistically insignificant, the announcement of Mario Draghi on July 26th 

in 2012 seems to reduce the spread. This effect clearly portrays how central banks can 

modify the behaviour of parties in the market by communicating the direction of their 

monetary policy. This type of intervention is referred to as forward looking guidance. 
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Table 3 OLS estimates – regressions (4) to (7) 

Dependent variable: Euribor-Eonia 

 (4) (5) (6) (7) 
Constant -0.6767** -0.6682** -0.6370** -0.7715** 
 (0.2098) (0.2273) (0.2288) (0.2286) 
Volatility 0.01518** 0.01540** 0.01548** 0.01538** 
 (0.0004127) (0.0004158) (0.0004094) (0.0004082) 
Deposit facility 8.033e-08** 7.744e-08** 7.721e-08** 7.721e-08** 
 (2.342e-08) (2.347e-08) (2.352e-08) (2.350e-08) 
Lending facility rate 0.1436** 0.1434** 0.1429** 0.1421** 
 (0.009214) (0.009234) (0.009241) (0.009219) 
Deposit facility rate -0.07639** -0.07619** -0.07531** -0.07430** 
 (0.01293) (0.01296) (0.01297) (0.01293) 
6-month & 1-year LTRO – Press 
releases 0.2144**    

 (0.05927)    
3-year LTRO-Press release 0.1787**    
 (0.08229)    
6-month & 1-year LTRO announcement  0.02844   
  (0.02867)   
3-year LTRO announcement  0.3518**   
  (0.1301)   
6-month &1-year LTRO allotment   0.01275  
   (0.03805)  
3-year LTRO allotment   0.3353**  
   (0.1301)  
6-month & 1-year LTRO settlement    0.1011** 
    (0.03791) 
3-year LTRO settlement    0.3826** 

    (0.1302) 
Draghi’s announcement -0.01834 -0.01849 -0.01845 -0.01725 
 (0.1836) (0.1839) (0.1839) (0.1836) 
     

Number of observations 2796 2796 2796 2796 
Adjusted R2 0.5683 0.5668 0.5666 0.5680 
Log-Likelihood 778.2 773.6 772.8 777.3 

 

Standard errors in parentheses 

* indicates significance at the 10 percent level 

** indicates significance at the 5 percent level 
 



 

 

35 

7.1.2. Covered Bond Purchase Programmes 

The results presented in table 4 show that a majority of the variables are statistically 

significant at the 5% level when studying the effect of CBPPs on the spread. Similar to 

the effect shown in the analysis for LTROs, volatility and the use of the deposit facility 

increase the Euribor-Eonia spread. The lending facility rate increases the spread due to 

the easing of lending rules. In addition, the deposit facility rate decreases the spread due 

to the increasing costs of using the deposit facility of the ECB overnight.  

Regarding monetary policy measures, the announcement of CBPP1 increases the spread, 

while the announcement of CBPP2 decreases it. In other words, there is no initial CBPP1 

expectation effect. On the other hand, the CBPP2 seems to have an initial expectation 

effect because the announcement of the program has a negative impact on the spread.  

Similarly, purchases of CBPP1 and CBPP2 increase the spread meaning that there is no 

purchase effect for either one of the programs. In addition, termination of both programs 

decreases the spread. This suggests that both programs have a termination effect. Even 

though statistically insignificant and as concluded in the analysis done for LTROs, the 

announcement of Mario Draghi on July 26th in 2012 seems to reduce the spread. 
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Table 4 OLS estimates – regressions (8) to (10) 

Dependent variable: Euribor-Eonia 

 (8) (9) (10) 
Constant  -0.4918** -0.7003** -0.05356   
 (0.2179) (0.1907) (0.1922) 

Volatility 0.01545** 0.01509** 0.01551** 
 (0.0004074) (0.0004069) (0.0004062) 

Deposit facility 8.211e-08** 7.808e-08** 8.541e-08** 
 (2.348e-08) (2.325e-08) (2.345e-08) 

Lending facility rate 0.1424** 0.1362** 0.1483** 
 (0.009233) (0.009194) (0.009271) 

Deposit facility rate -0.07433** -0.06509** -0.08309** 
 (0.01296) (0.01291) (0.01301) 

CBPP1 Announcement 0.2459**   
 (0.08245)   

CBPP2 Announcement -0.04258     
 (0.08252)   

CBPP1 Purchases  0.2321**  
  (0.03836)  

CBPP2 Purchases  0.1850**  
  (0.03951)  

CBPP1 Termination   -0.07987** 
   (0.03959) 

CBPP2 Termination   -0.1542** 
   (0.03871) 

Draghi’s announcement -0.01886   -0.01147   -0.02490   
 (0.1838) (0.1823) (0.1835) 
    

Number of observations 2796 2796 2796 
Adjusted R2 0.5670 0.5743 0.5686 
Log-likelihood 774 797.9 779.2 

 

Standard errors in parentheses 

* indicates significance at the 10 percent level 

** indicates significance at the 5 percent level 

7.2. ARCH Test 

In order to estimate an EGARCH model, I conducted an ARCH test on the OLS 

estimations to see if they exhibited conditional heteroscedasticity, also known as ARCH 

effects. In other words, in order to proceed and estimate an EGARCH model, I need to 
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confirm that there is unequal fluctuation in the Euribor-Eonia spread and other market 

variables that could affect our results. Based on the results presented in tables 5 and 6, I 

reject the null hypothesis that “No ARCH effect is present” due to the small p-values, 

which turned out to be less than 0.05. This rejection implies that there is unequal 

fluctuation in the spread and the market variables used. Thus, I conclude that the 

regressions estimated above exhibit conditional heteroscedasticity or unequal 

fluctuation and proceed to estimate the EGARCH model that is known for taking into 

account conditional heteroscedasticity.  

Table 5 ARCH test estimates – regressions (4) to (7) 

Null Hypothesis:  No ARCH effect is present 

 (4) (5) (6) (7) 
Alpha 0 0.00802490 0.00820703 0.00821242 0.00820496 
 (0.000848447) (0.000857693) (0.000858524) (0.000857172) 
Alpha 1 0.760740 0.756132 0.756108 0.755544 
 (0.0122826) (0.0123840) (0.0123845) (0.0123968) 
Test Statistic 
(LM) 1617.4 1597.87 1597.77 1595.39 
P-value  0 0 0 0 
     

Standard errors in parentheses 

Table 6 ARCH Test estimates – regressions (8) to (10) 

Null Hypothesis:  No ARCH effect is present 

 (8) (9) (10) 
Alpha 0 0.00800058 0.00762948 0.00809816 
 (0.000847964) (0.000837667) (0.000851531) 
Alpha 1 0.762190 0.769314 0.758382 
 (0.0122503) (0.0120898) (0.0123347) 
Test Statistic (LM) 1623.58 1654.08 1607.39 
P-value  0 0 0 

 

Standard errors in parentheses 

7.3. EGARCH Estimation 

In order to analyse the results estimated by the EGARCH model, it is useful to 

understand the role that β, α and γ have in the regressions. β represents volatility 

persistence. α represents the transmission of volatility, which is transferred from 
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previous periods. Thus, we can say that when there is a large fluctuation in period t-1, 

then there will also be a large fluctuation in period t. γ measures the impact news have 

on volatility. For instance if γ > 0, positive news cause more fluctuation than negative 

news. On the other hand, if γ < 0 then negative news cause more fluctuation than positive 

news. (Verbeek 2009) 

7.3.1. Longer-Term Refinancing Operations 

The results presented in table 7 suggest that there is no leverage effect. Although not 

statistically significant, Ɣ seems to be greater than zero. This suggests that negative and 

positive shocks have a different effect on the Euribor-Eonia spread. In other words, 

positive shocks generate more fluctuation than negative shocks. This asymmetric 

distribution of the fluctuation in the spread suggests that participants in the market may 

be more prone to react to positive news than negative news. This could be the case that 

in times of recession, market participants expect more negative than positive news. Thus, 

when positive news is received, more fluctuation is created in the market. More details 

regarding the estimations can be found in the EGARCH outputs, which are presented in 

Appendix 1.  

Furthermore, based on the results this study concludes that on average 6-month, 1-year 

and 3-year LTROs did not decrease the Euribor-Eonia spread as signalled by the rise in 

fluctuation. More specifically, 6-month, 1-year and 3-year LTRO major press releases did 

not decrease the spread. Unlike Szczerbowicz (2015) who found that the press release 

where 3-year LTROs were announced by the ECB decreased the spread, the results in 

this study suggest that the 3-year LTRO press release did not decrease the spread. This 

can be attributed to other factors affecting the market at the time the 3-year LTRO press 

release was issued. In addition, 6-month and 1-year LTRO standard announcements 

decreased the spread. This differs from the results of Bastidon et al. (2016). These 

authors concluded that 6-month and 1-year LTRO announcements did not decrease the 

Euribor-OIS spread. Nevertheless, this study concludes that there is an initial longer 

LTRO expectation effect but no initial 3-year LTRO expectation effect.  

Moreover, the results suggest that 6-month, 1-year and 3-year LTRO allotments did not 

decrease the spread. In other words, the study concludes there is no longer and 3-year 

LTRO expectation effect. Unlike Pelizzon and Sartore (2013) who found that 6-month 

and 1-year LTRO allotments decrease the spread, the results of this study suggest that 6-

month and 1-year LTRO allotments did not decrease the spread. In comparison with 
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Szczerbowicz (2015) who concluded that 3-year LTRO allotments decreased the spread, 

the results of this study suggest the opposite.  

Furthermore, the results imply that 6-month, 1-year and 3-year LTRO settlements did 

not decrease the spread. In other words, this study concludes there is no longer and 3-

year LTRO funding effect. This is in line with In et al. (2012) who found that the 

settlements in the TAF program did not decrease the Libor-OIS spread. The TAF was a 

program launched in the United States in December 2007 to provide liquidity to the 

market (In et al. 2012). By providing liquidity, the Federal Reserve intended to calm 

down the turmoil in the market. Even though the TAF and LTROs aimed at supporting 

banks in different economies, the purpose of both programs was to provide liquidity to 

the market.  

When comparing the Ɣ coefficient obtained for LTRO press releases, LTRO 

announcements, LTRO allotments and LTRO settlements, we observe the coefficient is 

slightly higher for press releases. This suggests that LTRO press releases seem to 

generate more volatility leading to a rise in the spread. In a similar manner, we observe 

that the γ coefficient is smaller for LTRO announcements. This implies that LTRO 

announcements seem to generate less volatility increasing the spread to a lesser extend 

compared to press releases, allotments and settlements.  This can be explained by the 

expectation in the market. The market already anticipated the LTROs after the press 

releases were issued. As a result, less volatility is created by the time the ECB formally 

announces LTROs through its standard system.    

Moreover, the α coefficient is statistically significant suggesting that past volatility is 

transferred to future periods. When comparing the α coefficient obtained for LTRO press 

releases, LTRO announcements, LTRO allotments and LTRO settlements, we observe 

that the α coefficient is higher for press releases. This indicates that the volatility 

generated in the spread when press releases are issued is affected by past volatility. The 

results justify the introduction of LTROs with longer maturities. The ECB introduced 6-

month, 1-year and 3-year LTROs to reduce the stress in the market and to address 

liquidity shortages. Furthermore, the β coefficient is also statistically significant implying 

that the volatility in the spread seems to be persistent. When comparing the β coefficient 

obtained for press releases, announcements, allotments and settlements, we observe that 

the β coefficient is higher for announcements. This implies that the fluctuation in the 

spread generated by the LTRO announcements is more likely to persist over time 

affecting future periods.   
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Table 7 EGARCH estimates – regressions (4) to (7) 

 LTRO Press 
releases 

LTRO 
Announcements 

LTRO 
Allotments 

LTRO 
Settlements 

Omega -1.24204*** -1.20397*** -1.21830*** -1.21072*** 

Alpha  1.03957***  1.01513***  1.02243***  1.01486*** 

Gamma  0.0425429  0.0417039  0.0419385  0.0423031 

Beta  0.694016***  0.708629***  0.701173***  0.702433*** 

 

7.3.2. Covered Bond Purchase Programmes 

The results presented in table 8 indicate that there is no leverage effect. Even though not 

statistically significant, γ seems to be greater than 0. This implies that positive shocks 

generate more variation in the spread than negative shocks. This could be attributed to 

the sentiment in the market. During crisis, market participants have a negative view of 

the market and expect more negative news than positive ones. Thus, market participants 

are more likely to react to positive news than to negative news generating fluctuation in 

the Euribor-Eonia spread. More details regarding the estimations can be found in the 

EGARCH outputs which are presented in Appendix 1.  

Moreover, based on the results we conclude that on average CBPPs announcements and 

purchases did not decrease the spread.  This is confirmed by the rise in volatility observed 

in the spread. On the other hand, CBPPs terminations decreased the spread. More 

specifically, the announcement of CBPP1 did not decrease the spread. This differs from 

the results presented by Bastidon et al. (2016) who found that the CBPP1 announcement 

decreased the Euribor-OIS spread. On the other hand, the announcement of the CBPP2 

decreased the spread. This is in line with the results presented by Szczerbowicz (2015), 

who found that the announcements CBPP2 decreased the Euribor-OIS spread. In 

addition, the results suggest that the purchases done under the CBPP1 and CBPP2 did 

not decrease the Euribor-Eonia spread. In other words, there are no CBPP1 and CBPP2 

purchase effects. Furthermore, the results imply that the termination of both CBPPs 

decreased the spread. This suggests that there are CBPP1 and CBPP2 termination effects.  

When comparing the γ coefficient between CBPP announcements, CBPP purchases and 

CBPP termination, we observe that the coefficient is higher for CBPP purchases. This 

indicates that market participants are more likely to the react to CBPP purchases 

generating more fluctuation in the spread. Consequently, the spread increases due to the 

rise in volatility. This could be explained by the fact that when the ECB announced the 
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CBPPs, the ECB did not specify the date the purchases were to begin. In a similar manner, 

we observe that the 𝛾 coefficient is smaller for the announcements of the CBPPs. This 

indicates that the announcements of the CBPPs seem to create less volatility, and as a 

result they increase the spread to a lesser extent compared to the purchases and the 

termination of the programs. This can be explained by the assumption that the market 

anticipated the announcement of the CBPPs. Since the market already expected the 

CBPPs to take place, less volatility was generated. 

Furthermore, the α coefficient seems to be statistically significant indicating that past 

volatility affects future periods. When comparing the α coefficient between CBPP 

announcements, CBPP purchases and CBPP terminations, we observe that the α 

coefficient is higher for CBPP purchases. This implies that the volatility caused in the 

spread during the time the CBPP purchases began is affected by past volatility. Similarly, 

the β coefficient also seems to be statistically significant indicating the volatility in the 

spread seems to prevail over time. When comparing the β coefficient obtained for CBPP 

announcements, CBPP purchases and CBPP terminations, we observe that the β 

coefficient is slightly higher for CBPP terminations. This implies that the fluctuation in 

the spread caused by the terminations of the CBPPs is more likely to prevail over time.  

Table 8 EGARCH estimates – regressions (8) to (10) 

 CBPP Announcements CBPP Purchases CBPP Terminations 

Omega -1.22959*** -1.24947*** -1.18918*** 

Alpha  1.03105***  1.06496***  1.00701*** 

Gamma  0.0408245  0.0475866  0.0416559 

Beta  0.698424***  0.705254***  0.715140*** 
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8 EFFECT ON THE REAL ECONOMY – THE CASE OF 

FINLAND 

Previously it was discussed that unconventional monetary policy measures analysed in 

this study did not decrease the Euribor-Eonia spread. Nevertheless, whether or not the 

funds provided by the central bank through unconventional monetary policy measures 

have been transferred to the real economy still remains uncertain. This section describes 

the transmission of unconventional policy measures and the effects these policies have 

on the real economy. By studying the effects of unconventional monetary policy on the 

real economy of Finland, this study aims to analyse whether the assistance provided to 

banks by the central bank has been transferred to the real economy.  

8.1. Literature review 

This sub-section covers the current literature on the transmission of unconventional 

monetary policy interventions to the real economy. Emphasis is given to studies that 

analyse effects of unconventional monetary policy measures on interest rate spreads. The 

aim is to review how banks’ lending and deposit rates react to unconventional monetary 

policy. If unconventional monetary policy measures have successfully been transmitted 

to the real economy, then the lending rate of banks is expected to decrease. 

The transmission of unconventional monetary policy measures and the effects these 

policies have on the economy have also been studied although to a lesser extent. For 

example, Peersman (2011) used an SVAR model to study the transmission channel and 

the effects of unconventional monetary policy on a macroeconomic level. The author 

determined three different types of disruptions that affect the supply in the credit market 

and used them to analyse the effects that conventional and unconventional monetary 

policies have on the real economy. By differentiating between shocks caused by 

conventional policy measures, shocks caused by unconventional policy measures, and 

shocks not caused by any type of monetary policy, the author was able to distinguish the 

effects caused by conventional and unconventional policy measures.  

The author concluded that conventional and unconventional monetary policy shocks 

increase output and consumer prices. In contrast to conventional monetary policy 

shocks, the transmission of unconventional monetary policy is slower. In other words, 

output and consumer prices take longer to react to unconventional monetary policy. 

Moreover, the interest rate spread declines due to unconventional monetary policy 
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shocks while it increases due to conventional monetary policy shocks. The interest rate 

spread is calculated by subtracting the MRO rate from the bank lending rate. The risk-

taking channel of monetary transmission can explain the different reactions of the 

interest rate spread. (Peersman 2011)         

Moreover, a liquidity injection due to unconventional monetary policy action increases 

the credit supply provided by banks. The increase in credit supply can be attributed to a 

rise in the risk attitude of the system. This is turn decreases the bank lending rate and as 

a consequence the interest rate spread. On the other hand, a decline in the policy rate 

due to conventional monetary policy action reduces the bank’s opportunity cost of 

holding reserves. Similarly, it leads to households holding more cash instead of bank 

deposits that would earn interest. As a result, the liquidity in the market and the credit 

supply provided by banks decreases leading to an increase in the interest rate spread. 

(Peersman 2011)         

Bhuiyan (2012) used a Bayesian structural VAR model to study monetary transmission 

channels and monetary policy effects on the real economy of Canada from 1994 to 2008. 

The author identified monetary policy shocks using the overnight interest rate target. In 

a similar manner, the author used consumer price index, gross domestic product, US 

dollar-Canadian dollar exchange rate, and other variables to study the effects of 

monetary policy on the real economy of Canada.  

The author concluded that monetary policy effects on the real economy are transferred 

through more than one channel. As suggested by the author, the real economy is affected 

through the exchange rate and the interest rate channels. Moreover, the results suggest 

that a contractionary policy shock increases the value of the Canadian dollar and the 

market interest rates. Similarly, a contractionary policy shock decreases prices and 

output with a lag. (Bhuiyan 2012)    

8.2. Data 

The model used for this part of the study is estimated for the sample period January 

2006-December 2016. To calculate the lending-deposit spread, monthly lending and 

deposit rates offered by banks to non-financial institutions and households are used. 

These rates were obtained from the Bank of Finland. 
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Since inflation is closely related to interest rates, monthly consumer price index data for 

Finland is used in this study. The rates were obtained from Findicator. In addition since 

the amount of loans a bank offers is also an indicative of monetary policy transmission 

to the real economy, the number of loans offered to non-financial institutions and 

households are used in this study. Data was obtained from the Bank of Finland.  

Moreover to account for central bank interventions, a dummy variable was included in 

the study. The set-up of the dummy variable follows the same specifications mentioned 

in the section describing the data used in the analysis of the effects of unconventional 

monetary policy on the interbank spread. Since monthly data is used in this part of the 

study, the dummy variable will take the value of 1 for the month the unconventional 

monetary policy activity took place and 0 otherwise. In addition, a lagged variable is 

included in this part of the study to assess the delayed effect of unconventional monetary 

policy interventions. Data regarding unconventional monetary policy measures was 

obtained from the ECB. 

8.3. Theoretical framework 

This sub-section describes the theoretical foundations of the economic model used to 

analyse the effects of unconventional monetary policy measures on the real economy. By 

studying the lending-deposit interest rate spread of commercial banks, inflation, number 

of loans given to households or non-financial corporations and unconventional monetary 

policy measures, this study aims to find whether unconventional monetary policy 

measures have been transferred to the real economy.   

The following equation represent the relationship between the lending-deposit interest 

rate spread and the market variables discussed above:  

𝐿𝑒𝑛𝑑𝑖𝑛𝑔 − 𝑑𝑒𝑝𝑜𝑠𝑖𝑡 𝑠𝑝𝑟𝑒𝑎𝑑𝑡

= 𝛽0 + 𝛽1𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡 + 𝛽2𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑜𝑎𝑛𝑠𝑡 + 𝛽3𝐸𝐶𝐵_𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑡

+ 𝛽4𝐸𝐶𝐵_𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑡−1 + 𝜀𝑡                                                                                           (12) 

In (12), 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡 represents the consumer price index, 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑜𝑎𝑛𝑠𝑡 represents 

the number of loans offered by commercial banks in Finland, 𝐸𝐶𝐵_𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑡 

represents the unconventional monetary policy measures implemented by the ECB, and 

𝐸𝐶𝐵_𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑡−1 is a lagged variable used to account for any delayed effect that 

unconventional monetary policy measures have on the interest rate spread. Since lending 

and deposit interest rates are different for households and non-financial institutions, the 
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following eight equations are used to study the effects of unconventional monetary policy 

measures on the lending-deposit interest rate spread for each one of the economic 

agents:  

𝐿𝑒𝑛𝑑𝑖𝑛𝑔 − 𝑑𝑒𝑝𝑜𝑠𝑖𝑡 𝑠𝑝𝑟𝑒𝑎𝑑𝑡 = 𝛽0 + 𝛽1𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡 + 𝛽2𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑜𝑎𝑛𝑠 𝑡𝑜 𝑛𝑜𝑛 −

𝑓𝑖𝑛𝑎𝑛𝑐𝑖𝑎𝑙 𝑖𝑛𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛𝑠𝑡 + 𝛽3𝐿𝑜𝑛𝑔𝑒𝑟𝐿𝑇𝑅𝑂_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 + 𝛽43𝑦𝑒𝑎𝑟𝐿𝑇𝑅𝑂_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 +

𝛽5𝐿𝑜𝑛𝑔𝑒𝑟𝐿𝑇𝑅𝑂_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡−1 + 𝛽63𝑦𝑒𝑎𝑟𝐿𝑇𝑅𝑂_𝑎𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡−1 + 𝜀𝑡                                        (13)  

Equation (13) allows the study of the effect that longer and 3-year LTRO announcements 

have on the lending-deposit interest rate spread for non-financial institutions. In this 

equation, 6-month, 1-year and 3-year LTRO announcement dates are considered. In 

addition, a lagged variable is included to account for the delayed effect that announcements 

have on the interest rate spread for non-financial institutions.  

𝐿𝑒𝑑𝑛𝑖𝑛𝑔 − 𝑑𝑒𝑝𝑜𝑠𝑖𝑡 𝑠𝑝𝑟𝑒𝑎𝑑𝑡 =  𝛽0 + 𝛽1𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡 + 𝛽2𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑜𝑎𝑛𝑠 𝑡𝑜 𝑛𝑜𝑛 −

𝑓𝑖𝑛𝑎𝑛𝑐𝑖𝑎𝑙 𝑖𝑛𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛𝑠𝑡 + 𝛽3𝐿𝑜𝑛𝑔𝑒𝑟𝐿𝑇𝑅𝑂_𝑠𝑒𝑡𝑡𝑙𝑒𝑚𝑒𝑛𝑡𝑡 + 𝛽43𝑦𝑒𝑎𝑟𝐿𝑇𝑅𝑂_𝑠𝑒𝑡𝑡𝑙𝑒𝑚𝑒𝑛𝑡𝑡 +

𝛽5𝐿𝑜𝑛𝑔𝑒𝑟𝐿𝑇𝑅𝑂_𝑠𝑒𝑡𝑡𝑙𝑒𝑚𝑒𝑛𝑡𝑡−1 + 𝛽63𝑦𝑒𝑎𝑟𝐿𝑇𝑅𝑂_𝑠𝑒𝑡𝑡𝑙𝑒𝑚𝑒𝑛𝑡𝑡−1 + 𝜀𝑡                                                    (14)                                                                                                                                                                 

Equation (14) allows the study of the effect that longer and 3-year LTRO settlements have 

on the lending-deposit interest rate spread for non-financial institutions. In this study, 

6-month, 1-year and 3-year LTRO settlement dates are considered. Similarly, a lagged 

variable is used to study the delayed effect that settlements have on the spread.  

𝐿𝑒𝑛𝑑𝑖𝑛𝑔 − 𝑑𝑒𝑝𝑜𝑠𝑖𝑡 𝑠𝑝𝑟𝑒𝑎𝑑𝑡

= 𝛽0 + 𝛽1𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡 + 𝛽2𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑜𝑎𝑛𝑠 𝑡𝑜 𝑛𝑜𝑛 − 𝑓𝑖𝑛𝑎𝑛𝑐𝑖𝑎𝑙 𝑖𝑛𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛𝑠𝑡

+  𝛽3𝐶𝐵𝑃𝑃1_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 + 𝛽4𝐶𝐵𝑃𝑃2_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡

+ 𝛽5𝐶𝐵𝑃𝑃1_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡−1 + 𝛽6𝐶𝐵𝑃𝑃2_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡−1 + 𝜀𝑡                     (15) 

Equation (15) allows the study of the effect that CBPP1 and CBPP2 announcements have 

on the lending-deposit interest rate spread for non-financial institutions. A dummy 

variable that accounts for the first five days after the announcements were made is used. 

Likewise, a lagged variable is included to examine the delayed effect that announcements 

have on the spread.  

𝐿𝑒𝑛𝑑𝑖𝑛𝑔 − 𝑑𝑒𝑝𝑜𝑠𝑖𝑡 𝑠𝑝𝑟𝑒𝑎𝑑𝑡

=  𝛽0 + 𝛽1𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡 + 𝛽2𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑜𝑎𝑛𝑠 𝑡𝑜 𝑛𝑜𝑛 − 𝑓𝑖𝑛𝑎𝑛𝑐𝑖𝑎𝑙 𝑖𝑛𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛𝑠𝑡

+ 𝛽3𝐶𝐵𝑃𝑃1_𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑠𝑡 + 𝛽4𝐶𝐵𝑃𝑃2_𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑠𝑡 + 𝛽5𝐶𝐵𝑃𝑃1_𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑠𝑡−1

+ 𝛽6𝐶𝐵𝑃𝑃2_𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑠𝑡−1 + 𝜀𝑡                                                                                         (16) 
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Equation (16) allows the study of the effect that CBPP1 and CBPP2 purchases have on 

the lending-deposit interest rate spread for non-financial institutions. A dummy variable 

for the first month after the CBPP1 and CBPP2 purchases began is used. Additionally, a 

lagged variable is included to assess the delayed effect that purchases have on the spread.  

𝐿𝑒𝑛𝑑𝑖𝑛𝑔 − 𝑑𝑒𝑝𝑜𝑠𝑖𝑡 𝑠𝑝𝑟𝑒𝑎𝑑𝑡

=  𝛽0 + 𝛽1𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡 + 𝛽2𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑜𝑎𝑛𝑠 𝑡𝑜 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠𝑡

+ 𝛽3 𝑙𝑜𝑛𝑔𝑒𝑟𝐿𝑇𝑅𝑂_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 + 𝛽43𝑦𝑒𝑎𝑟𝐿𝑇𝑅𝑂_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 

+ 𝛽5𝑙𝑜𝑛𝑔𝑒𝑟𝐿𝑇𝑅𝑂_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡−1 + 𝛽63𝑦𝑒𝑎𝑟𝐿𝑇𝑅𝑂_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡−1

+ 𝜀𝑡                                                                                                                                            (17)  

Equation (17) allows the study of the effect that longer LTRO and 3-year LTRO 

announcements have on the lending-deposit interest rate spread for households. In this 

regression, 6-month, 1-year and 3-year LTRO announcement dates are considered. 

Similarly, a lagged variable is included to study the effect that announcements have on 

the interest rate spread for households. 

𝐿𝑒𝑛𝑑𝑖𝑛𝑔 − 𝑑𝑒𝑝𝑜𝑠𝑖𝑡 𝑠𝑝𝑟𝑒𝑎𝑑𝑡

= 𝛽0 + 𝛽1𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡 + 𝛽2𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑜𝑎𝑛𝑠 𝑡𝑜 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠𝑡

+ 𝛽3𝑙𝑜𝑛𝑔𝑒𝑟𝐿𝑇𝑅𝑂_𝑠𝑒𝑡𝑡𝑙𝑒𝑚𝑒𝑛𝑡𝑡 + 𝛽43𝑦𝑒𝑎𝑟𝐿𝑇𝑅𝑂_𝑠𝑒𝑡𝑡𝑙𝑒𝑚𝑒𝑛𝑡𝑡

+ 𝛽5𝑙𝑜𝑛𝑔𝑒𝑟𝐿𝑇𝑅𝑂_𝑠𝑒𝑡𝑡𝑙𝑒𝑚𝑒𝑛𝑡𝑡−1 + 𝛽63𝑦𝑒𝑎𝑟𝐿𝑇𝑅𝑂_𝑠𝑒𝑡𝑡𝑙𝑒𝑚𝑒𝑛𝑡𝑡−1 + 𝜀𝑡       (18) 

Equation (18) allows the study of the effect that longer LTRO and 3-year LTRO 

settlements have on the lending-deposit interest rate spread for households. In this 

regression, 6-month, 1-year and 3-year LTRO settlement dates are considered. In 

addition, a lagged variable is included to examine the delayed effect that settlements have 

on the interest rate spread.       

𝐿𝑒𝑛𝑑𝑖𝑛𝑔 − 𝑑𝑒𝑝𝑜𝑠𝑖𝑡 𝑠𝑝𝑟𝑒𝑎𝑑𝒕 =  𝛽0 + 𝛽1𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡 + 𝛽2𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑜𝑎𝑛𝑠 𝑡𝑜 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠𝑡 +

𝛽3𝐶𝐵𝑃𝑃1_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 + 𝛽4𝐶𝐵𝑃𝑃2_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡 + 𝛽5𝐶𝐵𝑃𝑃1_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡−1 +

𝛽6𝐶𝐵𝑃𝑃2_𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡𝑡−1 + 𝜀𝑡                                                                                                                      (19)  

Equation (19) allows the study of the effect that CBPP1 and CBPP2 announcements have 

on the lending-deposit interest rate spread for households. A dummy variable that 

accounts for the first five days after the announcements were made is used. Likewise, a 

lagged variable is included to assess the delayed effect that announcements have on the 

spread.    
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𝐿𝑒𝑛𝑑𝑖𝑛𝑔 − 𝑑𝑒𝑝𝑜𝑠𝑖𝑡 𝑠𝑝𝑟𝑒𝑎𝑑𝑡 = 𝛽0 + 𝛽1𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡 + 𝛽2𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑜𝑎𝑛𝑠 𝑡𝑜 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠𝑡 +

𝛽3𝐶𝐵𝑃𝑃1_𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑠𝑡 + 𝛽4𝐶𝐵𝑃𝑃2_𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑠𝑡 + 𝛽5𝐶𝐵𝑃𝑃1_𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑠𝑡−1 +

𝛽6𝐶𝐵𝑃𝑃2_𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑠𝑡−1 + 𝜀𝑡                                                                                                                     (20) 

Equation (20) allows the study of the effect that CBPP1 and CBPP2 purchases have on 

the lending-deposit interest rate spread for households. A dummy variable for the first 

month after the CBPP1 and CBPP2 purchases began is used. In a similar manner, a lagged 

variable is included to study the delayed effect that purchases have on the spread.  

8.4. Results and analysis 

The results presented in table 9 suggest that LTROs and CBPPs did not decrease the 

lending-deposit interest rate spread for non-financial institutions. In this case we studied 

the effect that LTRO and CBPP announcements, LTRO settlements and CBPP purchases 

have on the interest rate spread. An increase of 1% in inflation decreases the interest rate 

spread. The effect seems to be larger for CBPP purchases, where an increase of 1% in 

inflation decreases the interest rate spread to non-financial institutions by 0.04. In 

addition, an increase of 1% in the number of loans increases the interest rate spread. The 

effect seems to be larger for LTRO announcements. Regarding unconventional monetary 

policy measures, a majority of the dummies and their lags seem to be statistically 

insignificant and none of them seem to decrease the lending-deposit interest rate spread 

to non-financial institutions.  

Furthermore, the results presented in table 10 suggest that on average LTROs and CBPPs 

seem to have a bigger effect on the lending-deposit interest spread for households. An 

increase of 1% in inflation decreases the interest rate spread. The effect seems to be larger 

for CBPP announcements, where an increase of 1% in inflation decreases the interest rate 

spread to households by 0.05. In addition, an increase of 1% in the number of loans 

increases the interest rate spread. The effect seems to be larger for LTRO 

announcements. Regarding unconventional monetary policy measures, 3-year LTRO 

announcements, 3-year LTRO settlements and their lags, the CBPP2 announcement and 

the CBPP2 lagged purchases decrease the interest rate spread for households.  
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Table 9 OLS estimates - regressions (13) to (16) 

Dependent variable: Interest rate spread (non-financial institutions) 

 (13) (14) (15) (16) 

Constant 0.7179** 0.8314** 0.2249 0.2532 
 (0.2419) (0.2435) (0.4212) (0.4241) 
Inflation -0.03447** -0.03406** -0.03617** -0.03655** 
 (0.01332) (0.01348) (0.01341) (0.01349) 
Number of loans to non-financial 
corporations 6.952e-06** 6.905e-06** 6.262e-06** 6.207e-06** 

 (1.937e-06) (1.959e-06) (1.927e-06) (1.932e-06) 
6-month &1-year LTRO Announcements 0.07946      
 (0.05708)    

6-month &1-year LTRO Announcements_1 0.07426      
 (0.05769)    
3-year LTRO Announcements 0.2365*     
 (0.1372)    
3-year LTRO Announcements_1 0.1099      
 (0.1374)    
6-month &1-year LTRO Settlements  0.06081     
  (0.06125)   
6-month &1-year LTRO Settlements_1  0.07732     
  (0.06193)   
3-year LTRO Settlements  0.1526     
  (0.1387)   
3-year LTRO Settlements_1  0.1018     
  (0.1393)   
CBPP1 Announcements   0.2562    
   (0.1961)  
CBPP1 Announcements_1   0.2850    
   (0.1971)  
CBPP2 Announcements   0.1873    
   (0.1957)  
CBPP2 Announcements_1   0.3301*   
   (0.1950)  
CBPP1 Purchases    0.2838   
    (0.1974) 
CBPP1 Purchases_1    0.1828   
    (0.1976) 
CBPP2 Purchases    0.3304*  
    (0.1952) 
CBPP2 Purchases_1    0.2375   
    (0.1957) 
Number of observations 131 131 131 131 
Adjusted R2 0.2608 0.2429 0.2375 0.2357 
Log-Likelihood 34.94 33.37 32.9 32.75 

 

Standard errors in parentheses 
* indicates significance at the 10 percent level 
** indicates significance at the 5 percent level 
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Table 10 OLS estimates – regressions (17) to (20) 

Dependent variable: Interest rate spread (households) 

 (17) (18) (19) (20) 

Constant 2.329** 2.514** 2.431** 2.286** 
 (0.5002) (0.5038) (1.014) (1.020) 
Inflation -0.02070 -0.02258 -0.05197 -0.05155 
 (0.02671) (0.02702) (0.03166) (0.03185) 
Number of loans to households 5.566e-06** 5.338e-06** 7.555e-07 7.170e-07 
 (2.485e-06) (2.512e-06) (2.871e-06) (2.877e-06) 
6-month &1-year LTRO Announcements 0.4846**    
 (0.1163)    
6-month &1-year LTRO Announcements _1 0.3782**    
 (0.1173)    
3-year LTRO Announcements 0.04606    
 (0.2785)    
3-year LTRO Announcements_1 -0.04533    
 (0.2787)    
6-month &1-year LTRO Settlements  0.4800**   
  (0.1247)   
6-month &1-year LTRO Settlements_1  0.3418**   
  (0.1259)   
3-year LTRO Settlement  -0.01976   
  (0.2817)   
3-year LTRO Settlement_1  -0.08950   
  (0.2828)   
CBPP1 Announcement   0.7786  
   (0.4710)  
CBPP1 Announcement_1   0.8285*  
   (0.4733)  
CBPP2 Announcement   -0.1917  
   (0.4701)  
CBPP2 Announcement_1   0.01752  
   (0.4683)  
CBPP1 Purchases    0.8302* 
    (0.4740) 
CBPP1 Purchases_1    0.7631 
    (0.4744) 
CBPP2 Purchases    0.01833 
    (0.4689) 
CBPP2 Purchases_1    -0.03193 
    (0.4699) 
Number of observations 131 131 131 131 
Adjusted R2 0.3671 0.3509 0.0849 0.0828 
Log-Likelihood -57.59 -59.25 -81.74 -81.89 

 

Standard errors in parentheses 
* indicates significance at the 10 percent level 
** indicates significance at the 5 percent level 
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9 CONCLUSIONS 

This study analyses the effects of unconventional monetary policy on the interbank 

spread by studying the effects of LTROs and CBPPs on the Euribor-Eonia spread. Using 

an EGARCH time series model to consider unequal fluctuation in the market, this study 

finds that on average LTROs do not decrease the Euribor-Eonia spread. The only case 

where the spread seems to decline is when the announcements of 6-month and 1-year 

LTROs are made. This differs from the results obtained by Bastidon et al. (2016) who 

found that 6-month and 1-year LTRO announcements do not decrease the spread. 

Nevertheless, the results of this study for LTRO settlements are line with In et al. (2012). 

While this study found that LTRO settlements do not decrease the Euribor-Eonia spread, 

In et al (2012) found that TAF settlements do not decrease the Libor-OIS spread.  Even 

though the TAF program was launched to provide liquidity to the market in the United 

States while LTROs aim at providing liquidity to the markets in Europe, both the TAF 

and LTROs are similar.  

Based on the analysis performed, this study concludes that LTRO allotments and 

settlements did not decrease the spread because the market had already reacted to the 

LTRO announcements made by the ECB. Another reason why LTRO allotments and 

settlements did not decrease the spread could be due to the financial weakness 

allotments and settlements signal to the market. It could be the case that receiving funds 

from LTROs with long maturities was seen as a sign of financial weakness. This type of 

mentality in the market would lead to an increase of the Euribor-Eonia spread.    

Regarding CBPPs, this study concludes that on average CBPP1 and CBPP2 

announcements and purchases do not decrease the spread. This differs from the results 

presented by Bastidon et al. (2016) who found that the announcement of CBPP1 

decreased the Euribor-OIS spread. Nevertheless, our results are in line with 

Szczerbowicz (2015), who found that the announcement of CBPP2 decreased the 

Euribor-OIS. Moreover, this study concludes that the termination of both CBPPs 

decrease the spread. This could be attributed to the assumption that investors believe 

that the ECB is interfering with the dynamics in the market.  

Furthermore, this study finds that positive news generate more variation in the spread 

than negative news. This type of reaction can be attributed to the fact that market 

participants are more prone to react to positive shocks than negative shocks during times 

of crisis. In a similar manner, the results suggest that fluctuation in previous periods 
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affect the spread. This study concludes that volatility is transferred from one period to 

another. In addition, the results imply that fluctuation in the spread seems to persist over 

time.  

Regarding the effects of unconventional monetary policy measures on the real economy, 

this study concludes that on average LTROs and CBPPs do not decrease the lending-

deposit interest rate for non-financial institutions. 6-month, 1-year and 3-year LTRO 

announcements and settlements, and CBPP1 and CBPP2 announcements and purchases 

do not decrease the lending-deposit interest rate spread for non-financial institutions. 

On the other hand, 3-year LTROs and the CBPP2 decrease the lending-deposit interest 

rate spread for households. The opposite is true for 6-month and 1-year LTROs and the 

CBPP1, which do not seem to decrease the interest rate spread for households. In 

addition, inflation seems to have a negative impact on both interest rate spreads.  

Overall, this study concludes that its results on the effects of unconventional monetary 

policy measures on the Euribor-Eonia spread differ from other discussed studies. This 

could be attributed to the econometric approach used in the studies. Unlike the studies 

reviewed, which used event-based regressions, OLS estimations and error correction 

models to analyse the topic, this study used an EGARCH time series model. This time 

series model was chosen to account for the significant unequal fluctuation observed in 

the variables and spread studied. By choosing this model, we are able to make adequate 

inferences based on the results obtained. Given that the time period studied includes 

data from before and after the crisis, choosing a model that does not support unequal 

fluctuation can lead to biased results. 

This study contributes to the literature by analysing the effects of recently implemented 

unconventional monetary policy measures. This analysis was done using an EGARCH 

time series model, which took into account unequal fluctuation in the market. Since the 

time period studied includes data from before and after the crisis, an EGARCH time 

series model allows one to make adequate inferences from the results obtained. In 

addition, this study contributes to the literature by analysing a longer period of time 

compared to the existing literature. Furthermore, this study contributes to the analysis 

of monetary policy transmission by studying the effects of unconventional monetary 

policy on the real economy of Finland. This is an important topic because it allows to 

examine whether the assistance provided to financial institutions since the beginning of 

the crisis has been transferred to the real economy.  
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Finally, it is worthwhile to point out that this study tried using an error correction model 

to understand the effects of unconventional monetary policy in the Euribor-Eonia 

spread. That was the econometric approach followed by Pelizzon and Sartore (2013). 

After the estimations were done, this study concluded that the estimations obtained by 

following the econometric approach used by Pelizzon and Sartore (2013) were biased and 

not economically significant. Such result led to the conclusion that the econometric 

approach used by Pelizzon and Sartore (2013) may not produce significant results when 

large periods of time are studied. While the time period studied by the authors amount 

to five years, this study considers a time period of eleven years. A more extensive 

explanation is given in Appendix 2. 

9.1. Policy implications 

Based on the findings of this study, the unconventional monetary policies analysed in 

this thesis do not seem to be effective. This in turn raises concerns about the effectiveness 

of unconventional monetary policy measures implemented by ECB. Therefore, this study 

suggests that the ECB could re-evaluate the range of unconventional monetary policy 

measures implemented in times of crisis and its implications on the real economy.  

Regarding liquidity provisions, the ECB could re-evaluate if extending the maturity of 

LTROs has proven to be an effective measure to ease the funding pressure in the market. 

As discussed in this thesis, the ECB initially extended the maturity of LTROs to six 

months, then to one year and eventually introduced 3-year LTROs. Since evidence 

suggests that lengthening the maturity of LTROs has not proven to be effective, the ECB 

could re-evaluate if extending the maturity length of this type of liquidity provision eases 

financial stress in the market.  

Regarding asset purchases, the ECB could assess the impact that CBPPs have on the 

market, especially after the first years of the financial crisis. Similarly, the ECB could 

examine the impact of further prolonging the assistance provided to participants in the 

market through LTROs and CBPPs. Analysing the prolonged effects of unconventional 

monetary policy measures would facilitate the creation of an adequate exit strategy when 

needed.  
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9.2. Direction for further research 

Based on results obtained in this study and in comparison with previous research, one 

can conclude that there is no consensus on the effects of unconventional monetary policy 

on the interbank spread. This can be attributed to the different econometric approaches 

applied in previous research studies. While some studies take into account the unequal 

fluctuation in the market during the financial crisis by applying an adequate econometric 

approach, some others do not. This discrepancy in econometric models can affect the 

results obtained for each study. Given the different results provided by the existing 

literature, analysing the true effects of unconventional monetary policy measures can be 

a challenging task.   

Based on the findings of this study, future research could focus on finding an econometric 

approach that would take into account the volatility in the interbank market, particularly 

when the market reaction to central bank announcements is studied. Such volatility can 

arise due the sentiment held in the market. Reaching a consensus on the econometric 

approach applied would facilitate the analysis of the effects of unconventional monetary 

policy measures on the interbank spread. Consequently, the efficacy of these measures 

and their long term implications could be analysed more in detail. In addition, more 

emphasis could be given to the time period studied. By studying a longer time period, 

one can review the long run effects unconventional monetary policy measures have on 

the spread.  

Furthermore, future research can focus on studying the effects of unconventional 

monetary policies on the real economy along with the effects these policies have on the 

interbank market. By addressing the effects these policies have on the real economy, one 

can analyse if the assistance provided by central banks is transferred to the economy. For 

instance, studying the effects that different unconventional monetary policy measures 

have on the real economy, allows one to review how central bank interventions affect the 

real economy differently. 
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APPENDIX 1 EGARCH estimations 

Regression (4) 

Model: EGARCH(1,1) [Nelson] (Normal) 
Dependent variable: l_EuriborEonia 
Sample: 2006-01-03 -- 2016-11-16 (T = 2763), VCV method: Robust 
 
    Conditional mean equation 
 
                     coefficient  std. error         z        p-value 
  ------------------------------------------------------------------- 
  Constant           -6.78332     0.00139284   -4870          0.0000  *** 
  l_Volatility        1.03912     0.000215483   4822          0.0000  *** 
  l_DepositFacility   0.0371769   7.85979e-06   4730          0.0000  *** 
  LendingRate         0.554211    6.11721e-05   9060          0.0000  *** 
  DepositRate        -0.239058    3.54087e-05  -6751          0.0000  *** 
  6month&1yearLTROPR  0.0608477   3.55648e-06   1.711e+04     0.0000  *** 
  3yearLTROPR         0.432309    7.90367e-05   5470          0.0000  *** 
  Draghi              0.222725    2.93159e-05   7597          0.0000  *** 
 
    Conditional variance equation 
 
             coefficient   std. error      z       p-value  
  --------------------------------------------------------- 
  omega      -1.24204      0.250190     -4.964    6.89e-07  *** 
  alpha       1.03957      0.192366      5.404    6.51e-08  *** 
  gamma       0.0425429    0.0587590     0.7240   0.4691    
  beta        0.694016     0.0709413     9.783    1.33e-022 *** 
 
 Llik:  -1940.45906  AIC:   3904.91812 
 BIC:    3976.00699  HQC:   3930.59584 

Regression (5) 

Model: EGARCH(1,1) [Nelson] (Normal) 
Dependent variable: l_EuriborEonia 
Sample: 2006-01-03 -- 2016-11-16 (T = 2763), VCV method: Robust 
 
    Conditional mean equation 
 
                              coefficient  std. error         z        p-value 
  ---------------------------------------------------------------------------- 
  Constant                    -6.74744     0.00172972   -3901          0.0000  *** 
  l_Volatility                 1.06329     0.000252795   4206          0.0000  *** 
  l_DepositFacility            0.0355651   1.63163e-05   2180          0.0000  *** 
  LendingRate                  0.543465    6.77192e-05   8025          0.0000  *** 
  DepositRate                 -0.226265    2.22386e-05  -1.017e+04     0.0000  *** 
  6month&1yearLTROannouncement-0.0896154   2.59862e-05  -3449          0.0000  *** 
  3yearLTROannouncement        0.498892    0.000104053   4795          0.0000  *** 
  Draghi                       0.225794    5.19918e-05   4343          0.0000  *** 
 
    Conditional variance equation 
 
             coefficient   std. error      z       p-value  
  --------------------------------------------------------- 
  omega      -1.20397      0.244320     -4.928    8.31e-07  *** 
  alpha       1.01513      0.188728      5.379    7.50e-08  *** 
  gamma       0.0417039    0.0548007     0.7610   0.4467    
  beta        0.708629     0.0683518    10.37     3.49e-025 *** 
 
 Llik:  -1941.58208  AIC:   3907.16416 
 BIC:    3978.25303  HQC:   3932.84189 
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Regression (6) 

Model: EGARCH(1,1) [Nelson] (Normal) 
Dependent variable: l_EuriborEonia 
Sample: 2006-01-03 -- 2016-11-16 (T = 2763), VCV method: Robust 
 
    Conditional mean equation 
 
                           coefficient  std. error      z     p-value 
  ------------------------------------------------------------------- 
  Constant                 -7.82641     0.00187655   -4171    0.0000  *** 
  l_Volatility              1.04226     0.000256429   4065    0.0000  *** 
  l_DepositFacility         0.0370233   7.31154e-06   5064    0.0000  *** 
  LendingRate               0.552552    9.63963e-05   5732    0.0000  *** 
  DepositRate              -0.236930    0.000868541   -272.8  0.0000  *** 
  6month&1yearLTROallotment 0.102812    2.91808e-05   3523    0.0000  *** 
  3yearLTROallotment        1.42583     0.000632394   2255    0.0000  *** 
  Draghi                    0.223707    7.09940e-05   3151    0.0000  *** 
 
    Conditional variance equation 
 
             coefficient   std. error      z       p-value  
  --------------------------------------------------------- 
  omega      -1.21830      0.242804     -5.018    5.23e-07  *** 
  alpha       1.02243      0.187277      5.459    4.78e-08  *** 
  gamma       0.0419385    0.0553303     0.7580   0.4485    
  beta        0.701173     0.0688237    10.19     2.24e-024 *** 
 
 Llik:  -1942.58233  AIC:   3909.16466 
 BIC:    3980.25353  HQC:   3934.84239 
 

Regression (7) 

Model: EGARCH(1,1) [Nelson] (Normal) 
Dependent variable: l_EuriborEonia 
Sample: 2006-01-03 -- 2016-11-16 (T = 2763), VCV method: Robust 
 
    Conditional mean equation 
 
                            coefficient  std. error      z       p-value  
  ----------------------------------------------------------------------- 
  Constant                  -6.86652     0.00266872   -2573     0.0000    *** 
  l_Volatility               1.03961     0.000450482   2308     0.0000    *** 
  l_DepositFacility          0.0373886   1.32294e-05   2826     0.0000    *** 
  LendingRate                0.553843    0.000153190   3615     0.0000    *** 
  DepositRate               -0.238225    0.0206509      -11.54  8.71e-031 *** 
  6month&1yearLTROsettlement 0.137796    4.45261e-05   3095     0.0000    *** 
  3yearLTROsettlement        0.435565    0.000165345   2634     0.0000    *** 
  Draghi                     0.222345    6.45760e-05   3443     0.0000    *** 
 
    Conditional variance equation 
 
             coefficient   std. error      z       p-value  
  --------------------------------------------------------- 
  omega      -1.21072      0.251295     -4.818    1.45e-06  *** 
  alpha       1.01486      0.190973      5.314    1.07e-07  *** 
  gamma       0.0423031    0.0581721     0.7272   0.4671    
  beta        0.702433     0.0730858     9.611    7.18e-022 *** 
 
 Llik:  -1941.47389  AIC:   3906.94777 
 BIC:    3978.03664  HQC:   3932.62550 
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Regression (8) 

Model: EGARCH(1,1) [Nelson] (Normal) 
Dependent variable: l_EuriborEonia 
Sample: 2006-01-03 -- 2016-11-16 (T = 2763), VCV method: Robust 
 
    Conditional mean equation 
 
                     coefficient  std. error         z        p-value 
  ------------------------------------------------------------------- 
  Constant           -7.09799     0.00125336   -5663          0.0000  *** 
  l_Volatility        1.04375     0.000165373   6311          0.0000  *** 
  l_DepositFacility   0.0370688   9.29336e-06   3989          0.0000  *** 
  LendingRate         0.551202    3.95022e-05      1.395e+04  0.0000  *** 
  DepositRate        -0.234228    2.19731e-05     -1.066e+04  0.0000  *** 
  CBPP1Announcement   0.851420    0.000146275   5821          0.0000  *** 
  CBPP2Announcement  -0.0547000   8.29565e-06  -6594          0.0000  *** 
  Draghi              0.223701    3.42944e-05   6523          0.0000  *** 
 
    Conditional variance equation 
 
             coefficient   std. error      z       p-value  
  --------------------------------------------------------- 
  omega      -1.22959      0.247716     -4.964    6.92e-07  *** 
  alpha       1.03105      0.190697      5.407    6.42e-08  *** 
  gamma       0.0408245    0.0566756     0.7203   0.4713    
  beta        0.698424     0.0699696     9.982    1.83e-023 *** 
 
 Llik:  -1939.29883  AIC:   3902.59767 
 BIC:    3973.68654  HQC:   3928.27540 

 

Regression (9) 

Model: EGARCH(1,1) [Nelson] (Normal) 
Dependent variable: l_EuriborEonia 
Sample: 2006-01-03 -- 2016-11-16 (T = 2763), VCV method: Robust 
 
    Conditional mean equation 
 
                     coefficient  std. error         z        p-value 
  ------------------------------------------------------------------- 
  Constant           -7.51103     0.00208197   -3608          0.0000  *** 
  l_Volatility        1.03821     0.000250187   4150          0.0000  *** 
  l_DepositFacility   0.0369329   1.47799e-05   2499          0.0000  *** 
  LendingRate         0.543846    6.40591e-05   8490          0.0000  *** 
  DepositRate        -0.224741    2.13342e-05     -1.053e+04  0.0000  *** 
  CBPP1Purchases      0.730637    0.000194942   3748          0.0000  *** 
  CBPP2Purchases      0.501178    0.000132296   3788          0.0000  *** 
  Draghi              0.228030    5.07517e-05   4493          0.0000  *** 
 
    Conditional variance equation 
 
             coefficient   std. error      z       p-value  
  --------------------------------------------------------- 
  omega      -1.24947      0.237163     -5.268    1.38e-07  *** 
  alpha       1.06496      0.184150      5.783    7.33e-09  *** 
  gamma       0.0475866    0.0566641     0.8398   0.4010    
  beta        0.705254     0.0639651    11.03     2.88e-028 *** 
 
 Llik:  -1880.69193  AIC:   3785.38385 
 BIC:    3856.47272  HQC:   3811.06158 
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Regression (10) 

Model: EGARCH(1,1) [Nelson] (Normal) 
Dependent variable: l_EuriborEonia 
Sample: 2006-01-03 -- 2016-11-16 (T = 2763), VCV method: Robust 
 
    Conditional mean equation 
 
                     coefficient  std. error         z        p-value 
  ------------------------------------------------------------------- 
  Constant           -5.67900     0.00145040   -3915          0.0000  *** 
  l_Volatility        1.05105     0.000257853   4076          0.0000  *** 
  l_DepositFacility   0.0373638   8.48014e-06   4406          0.0000  *** 
  LendingRate         0.556161    0.000107523   5172          0.0000  *** 
  DepositRate        -0.241546    0.000235522  -1026          0.0000  *** 
  CBPP1Termination   -0.0796699   1.15128e-05  -6920          0.0000  *** 
  CBPP2Termination   -0.562993    0.000137486  -4095          0.0000  *** 
  Draghi              0.216465    2.12348e-05      1.019e+04  0.0000  *** 
 
    Conditional variance equation 
 
             coefficient   std. error      z       p-value  
  --------------------------------------------------------- 
  omega      -1.18918      0.228132     -5.213    1.86e-07  *** 
  alpha       1.00701      0.176646      5.701    1.19e-08  *** 
  gamma       0.0416559    0.0560427     0.7433   0.4573    
  beta        0.715140     0.0631502    11.32     9.93e-030 *** 
 
 Llik:  -1912.09058  AIC:   3848.18116 
 BIC:    3919.27003  HQC:   3873.85888 
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APPENDIX 2 Error correction model 

This chapter describes the error correction model originally calculated when this study 

followed the econometric approach used by Pelizzon and Sartore (2013). Unfortunately, 

the results were biased and not economically significant, most likely due to the large 

sample period used in this study. As it is shown below, the error correction terms noted 

as uhat are positive. Since the error correction term represents the speed of adjustment 

to the long-run equilibrium, then the fact that they are positive means that the Euribor-

Eonia spread is moving further away from equilibrium. In other words, the ECB 

unconventional monetary policy interventions have not been successful and therefore 

the spread has been increasing. Due to inclusive results, it was concluded that the error 

correction model estimated was not appropriate. It is believed that heteroscedasticity 

might have affected the results, and that is why we eventually decided to implement an 

EGARCH time series model. Nevertheless, the process and results followed and obtained 

when estimating the error correction model are shown below.  

Estimation 

As calculated in the EGARCH time series model, we began by estimating equations (2) 

to (7) using OLS estimation. Then, we checked the residuals to confirm they were 

stationary by using the Augmented Dickey-Fuller test. If the test statistic was higher than 

the critical value, then we rejected the null hypothesis that a unit root was present in the 

residuals. Such rejection confirmed that the residuals were stationary and that there was 

evidence of cointegration. Alternatively, we could have also confirmed that there was 

evidence of cointegration by using the Augmented Dickey-Fuller test on the explanatory 

variables. If the test value was smaller than the critical value, then we confirmed the null 

hypothesis that a unit was present in the explanatory variables. Such outcome can also 

be considered as evidence of cointegration. Once it has been confirmed the variables are 

cointegrated, we used a VAR model to select the number of lags that were included in the 

second and final regression, which was constructed on first differenced variables from 

the initial regressions. First differenced variables included Euribor-Eonia spread, 

deposit facility and volatility. After the number of lags to be used was selected and the 

first differenced variables were calculated, we constructed an error correction model to 

analyze at what speed the Euribor-Eonia spread adjusted to the long-run equilibrium.   

The following are the results obtained when estimating the error correction models for 

each one of the equations.  
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Model 1: LTROs, using observations 2006-01-17:2017-01-03 (T = 2786) 
Dependent variable: d_EuriborEonia 

 
  (2) (3) (4)   

Constant 
Uhat 

  0.72795*** 
  0.15281*** 

0.86144*** 
 0.154878*** 

0.738712*** 
0.154643***   

Lendingbound −0.37757***    −0.378946***   −0.317312***   
Lendingbound_1     0.386312***      0.38982***     0.323301***   
Lendingbound_2 −0.00118126      0.00342052     0.00912142   
Lendingbound_3 −0.00489459    −0.00640028   −0.00795469   
Lendingbound_4 0.0751562      0.0706979     0.0700067   
Lendingbound_5   0.00605055      0.00668013     0.00799587   
Lendingbound_6          −0.0597374    −0.0676108   −0.0690695   
Lendingbound_7  0.0280181      0.038748     0.0423787   
Lendingbound_8  0.0462355      0.0379409     0.0347099   
Lendingbound_9 −0.0901596*    −0.0851512   −0.0848014   
Depositbound  −0.477864***    −0.484617***   −0.486878***   
Depositbound_1  0.31901***  0.321776***     0.322845***   
Depositbound_2           0.0797687      0.0781666     0.082072   
Depositbound_3           0.0243771      0.0232509     0.0229438   
Depositbound_4         −0.0616112    −0.0616639   −0.0596916   
Depositbound_5           0.0631601      0.0596017     0.0570444   
Depositbound_6  −0.000588064    −0.00812102   −0.00719123   
Depositbound_7           0.0341729      0.0484724     0.0453965   
Depositbound_8         −0.0680678    −0.0699656   −0.0658473   
Depositbound_9           0.0772857      0.0812291     0.0784697   
Draghi         −0.00897096    −0.0058434   −0.00526112   
6m & 1yrLTROannouncem   −0.0646896 ***     
6m & 1yrLTROannouncem_1  −0.0763872***     
6m & 1yrLTROannouncem_2          0.0278667*     
6m & 1yrLTROannouncem_3        −0.0216617     
6m & 1yrLTROannouncem_4        −0.0162324     
6m & 1yrLTROannouncem_5        −0.0266063*     
6m & 1yrLTROannouncem_6        −0.0142804     
6m & 1yrLTROannouncem_7        −0.0269302*     
6m & 1yrLTROannouncem_8        −0.026685*     
6m & 1yrLTROannouncem_9        −0.00505428     
3yrLTROannouncement          0.0314587     
3yrLTROannouncement_1        −0.0810851     
3yrLTROannouncement_2        −0.00639616     
3yrLTROannouncement_3        −0.131242*     
3yrLTROannouncement_4        −0.0218527     
3yrLTROannouncement_5        −0.0161158     
3yrLTROannouncement_6        −0.0580521     
3yearLTROannouncement_7        −0.0633997     
3yearLTROannouncement_8        −0.0800638     
3yearLTROannouncement_9        −0.0496647     
6m & 1yrLTROallotment  −0.0748718***    
6m & 1yrLTROallotment_1  0.0268756*    
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6m & 1yrLTROallotment_2  −0.0230528    
6m & 1yrLTROallotment_3  −0.0144431    
6m & 1yrLTROallotment_4    −0.0302117*    
6m & 1yrLTROallotment_5  −0.0156214    
6m & 1yrLTROallotment_6     −0.0314787**    
6m & 1yrLTROallotment_7   −0.0275137*    
6m & 1yrLTROallotment_8   −0.00744385    
6m & 1yrLTROallotment_9     −0.000938169    
3yrLTROallotment   −0.00389691    
3yrLTROallotment_1   −0.20084***    
3yrLTROallotment_2       −0.0200678    
3yrLTROallotment_3       −0.0509537    
3yrLTROallotment_4       −0.0405596    
3yrLTROallotment_5       −0.0766613    
3yrLTROallotment_6     −0.144466***    
3yearLTROallotment_7  −0.00726532    
3yearLTROallotment_8      −0.0527364    
3yearLTROallotment_9      −0.0686917    
6m & 1yrLTROsettlement         0.0437381***   
6m & 1yrLTROsettlement_1       −0.0235646   
6m & 1yrLTROsettlement_2       −0.0154364   
6m & 1yrLTROsettlement_3       −0.030164*   
6m & 1yrLTROsettlement_4       −0.0191029   
6m & 1yrLTROsettlement_5   −0.0310034*   
6m & 1yrLTROsettlement_6   −0.0271465*   
6m & 1yrLTROsettlement_7   −0.00696358   
6m & 1yrLTROsettlement_8     −0.000532456   
6m & 1yrLTROsettlement_9     −0.0296842**   
3yrLTROsettlement     −0.141617***   
3yrLTROsettlement_1       −0.0281139   
3yrLTROsettlement_2       −0.055075   
3yrLTROsettlement_3       −0.0405223   
3yrLTROsettlement_4       −0.0736806   
3yrLTROsettlement_5    −0.142859***   
3yrLTROsettlement_6       −0.00344006   
3yearLTROsettlement_7       −0.0520135   
3yearLTROsettlement_8       −0.0679373   
3yearLTROsettlement_9     0.00288752   
d_Volatility 0.00214246*** 0.00208589***     0.00202803***   
d_Volatility_1 0.00223428***   0.00218918***    0.00211477***   
d_Volatility_2        0.000433331   0.000620249     0.000482901   
d_Volatility_3 0.00333171***   0.00315678***    0.00314543***   
d_Volatility_4 0.00263713***   0.00250977***    0.00241125***   
d_Volatility_5        0.000404616   0.000422112     0.000390697   
d_Volatility_6 0.00291821***   0.0027486***   0.00280169***   
d_Volatility_7 0.00266801*** 0.00267649***   0.00249187***   
d_Volatility_8 0.00234062*** 0.00227268***   0.00247355***   
d_Volatility_9 0.00205886*** 0.00193214***    0.00186825**   
d_DepositFacility 8.45607e-07***  9.63954e-07***    9.63298e-07***   
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d_DepositFacility_1 −2.44909e-07*** −1.98875e-07*** −1.5301e-07**   
d_DepositFacility_2      −4.37073e-08  −3.78976e-09 5.51237e-09   
d_DepositFacility_3        6.36871e-08    1.15421e-07*  1.12398e-07*   
d_DepositFacility_4      −3.53982e-08    3.04467e-08     2.45112e-08   
d_DepositFacility_5      −9.85701e-08  −3.58307e-08   −3.69478e-08   
d_DepositFacility_6      −4.5521e-08  −2.98674e-09   −1.02017e-08   
d_DepositFacility_7      −1.33448e-08    1.01199e-09   −2.66438e-09   
d_DepositFacility_8      −3.72559e-08  −1.77793e-09   −4.15169e-09   
d_DepositFacility_9      −5.36257e-08  −3.62766e-08   −3.97117e-08   
d_EuriborEonia_1      −0.309686 ***  −0.311753***   −0.308652***   
d_EuriborEonia_2      −0.200043***  −0.203789***   −0.202256***   
d_EuriborEonia_3      −0.210431***  −0.21493***   −0.215934***   
d_EuriborEonia_4      −0.184525***  −0.189882***   −0.190061***   
d_EuriborEonia_5      −0.123983***  −0.127966***   −0.130175***   
d_EuriborEonia_6      −0.133563***  −0.136596***   −0.136384***   
d_EuriborEonia_7      −0.120023***  −0.123581***   −0.121642***   
d_EuriborEonia_8      −0.10212***  −0.106602***   −0.106727***   
d_EuriborEonia_9      −0.0582473***  −0.0607306*** −0.0601728***   
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Model 2: CBPPs, using observations 2006-01-17:2017-01-03 (T = 2786) 
Dependent variable: d_EuriborEonia 

 
  (5) (6) (7)   

Constant 
Uhat 

0.602472* 
0.151408*** 

0.0273331 
0.154662 

−0.0100271 
0.153118*** 

  
Lendingbound −0.332286*** −0.331786*** −0.334753***   
Lendingbound_1 0.318318*** 0.318459*** 0.322589***   
Lendingbound_2 0.0454526 0.0445018 0.0445672   
Lendingbound_3 −0.0150056 −0.00965964 −0.0127429   
Lendingbound_4 0.0810229 0.0763323 0.0799348   
Lendingbound_5 0.000421754 0.0040406 −6.6466e-05   
Lendingbound_6 −0.0503952 −0.053753 −0.050806   
Lendingbound_7 0.0252026 0.0241752 0.025309   
Lendingbound_8 0.0240404 0.023678 0.0228985   
Lendingbound_9 −0.0913376* −0.090615* −0.0921577*   
Depositbound −0.45785** −0.456071*** −0.457974***   
Depositbound_1 0.292844** 0.294869*** 0.298631***   
Depositbound_2 0.0960038 0.0947767 0.0941304   
Depositbound_3 0.0163532 0.0190846 0.0165727   
Depositbound_4 −0.0530797 −0.0566104 −0.0540625   
Depositbound_5 0.0565323 0.0597035 0.0556847   
Depositbound_6 −0.00195912 −0.00844784 −0.00540488   
Depositbound_7 0.0433428 0.0426895 0.043724   
Depositbound_8 −0.0709117 −0.0714247 −0.0699179   
Depositbound_9 0.0717402 0.0745251 0.0725783   
Draghi −0.00673719 −0.00658625 −0.0051341   
CBPP2 announcement −0.0139015     
CBPP2 announcement_1 −0.0802128     
CBPP2 announcement_2 −0.0329931     
CBPP2 announcement_3 −0.0886334     
CBPP2 announcement_4 0.023446     
CBPP2 announcement_5 −0.0329244     
CBPP2 announcement_6 −0.0267956     
CBPP2 announcement_7 −0.0517088     
CBPP2 announcement_8 −0.0191512     
CBPP2 announcement_9 −0.0116068     
CBPP1 announcement 0.088741     
CBPP1 announcement_1 0.0659567     
CBPP1 announcement_2 0.0743442     
CBPP1 announcement_3 −0.176053**     
CBPP1 announcement_4 −0.0290154     
CBPP1 announcement_5 −0.0319672     
CBPP1 announcement_6 −0.0967037     
CBPP1 announcement_7 −0.0630237     
CBPP1 announcement_8 −0.0552314     
CBPP1 announcement_9 −0.0449967     
CBPP2 Purchases  −0.0419588    
CBPP2 Purchases_1  0.0407667    
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CBPP2 Purchases_2  −0.0301174    
CBPP2 Purchases_3  0.0619959    
CBPP2 Purchases_4  −0.0380566    
CBPP2 Purchases_5  −0.00998752    
CBPP2 Purchases_6  0.0329606    
CBPP2 Purchases_7  −0.0210668    
CBPP2 Purchases_8  0.0619541    
CBPP2 Purchases_9  −0.0735133    
CBPP1 Purchases  0.0638321    
CBPP1 Purchases _1  −0.0387078    
CBPP1 Purchases _2  −0.000276755    
CBPP1 Purchases _3  0.0248993    
CBPP1 Purchases _4  0.0183771    
CBPP1 Purchases _5  −0.0545155    
CBPP1 Purchases _6  −0.0208477    
CBPP1 Purchases _7  0.0100097    
CBPP1 Purchases _8  −0.0241873    
CBPP1 Purchases _9  0.0110671    
CBPP2 Termination   0.000504823   
CBPP2 Termination _1   −0.00409946   
CBPP2 Termination _2   −0.00170919   
CBPP2 Termination _3   −0.0181572   
CBPP2 Termination _4   −0.00157474   
CBPP2 Termination _5   0.0167118   
CBPP2 Termination _6   −0.0166413   
CBPP2 Termination _7   0.0340765   
CBPP2 Termination _8   −0.0279803   
CBPP2 Termination _9   0.0224778   
CBPP1 Termination   −0.0596631   
CBPP1 Termination _1   0.0860804   
CBPP1 Termination _2   0.00790617   
CBPP1 Termination _3   −0.0509217   
CBPP1 Termination _4   −0.000284203   
CBPP1 Termination _5   0.0456298   
CBPP1 Termination _6   −0.023005   
CBPP1 Termination _7   −0.00374591   
CBPP1 Termination _8   0.0617423   
CBPP1 Termination _9   −0.0584758   
d_Volatility 0.00207441*** 0.00198339*** 0.00208648***   
d_Volatility_1 0.00210483*** 0.00205812*** 0.00209996***   
d_Volatility_2 0.000442753 0.000358436 0.000435958   
d_Volatility_3 0.00320838*** 0.00325754*** 0.00322464***   
d_Volatility_4 0.00244386*** 0.00238102*** 0.00234359***   
d_Volatility_5 0.000583553 0.000582107 0.000554763   
d_Volatility_6 0.00277224*** 0.00279237*** 0.00287299***   
d_Volatility_7 0.00256418*** 0.00255938*** 0.00261125***   
d_Volatility_8 0.00243266*** 0.00242129*** 0.00256439***   
d_Volatility_9 0.0020186*** 0.0020127*** 0.00209777***   
d_DepositFacility 8.89245e-07*** 8.90207e-07*** 8.98546e-07   
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d_DepositFacility_1 −1.88246e-07*** −1.90554e-07*** −1.99938e-07   
d_DepositFacility_2 −8.24187e-08 −8.17151e-08 −8.53757e-08   
d_DepositFacility_3 6.10219e-08 5.49075e-08 6.08119e-08   
d_DepositFacility_4 −4.05322e-08 −3.86601e-08 −3.92456e-08   
d_DepositFacility_5 −9.98676e-08 −1.03644e-07* −1.05926e-07*   
d_DepositFacility_6 −5.49575e-08 −4.63631e-08 −5.09833e-08   
d_DepositFacility_7 −1.3602e-08 −1.37729e-08 −1.31326e-08   
d_DepositFacility_8 −3.756e-08 −3.97932e-08 −4.26597e-08   
d_DepositFacility_9 −6.4712e-08 −6.46219e-08 −6.30668e-08   
d_EuriborEonia_1 −0.307603*** −0.30815*** −0.30598***   
d_EuriborEonia_2 −0.197079*** −0.197787*** −0.195589***   
d_EuriborEonia_3 −0.209615*** −0.208629*** −0.207861***   
d_EuriborEonia_4 −0.18319*** −0.184083*** −0.180918***   
d_EuriborEonia_5 −0.121036*** −0.120479*** −0.119647***   
d_EuriborEonia_6 −0.128234*** −0.129334*** −0.128764***   
d_EuriborEonia_7 −0.112108*** −0.115774*** −0.113206***   
d_EuriborEonia_8 −0.100211*** −0.10425*** −0.101934***   
d_EuriborEonia_9 −0.0533213*** −0.0561043*** −0.0577752***   

 

 

 

 




