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Abstract  

The current state of the prolonged low interest rate environment may pose a great threat 

to the soundness of the financial system both in the eurozone countries as well as in 

the neighboring regions, such as in countries of Central Europe due to high 

interconnectedness of markets. Some of the recently identified risks of the low interest 

rate environment are a notable pickup in mortgage lending and house prices, and 

deterioration of profitability among banks. We study these channels for the Czech 

Republic, Hungary and Poland, investigating the impact of the imported ECB monetary 

policy on local (hos countries) during 2004Q4-2019Q4. Our findings suggest that 

house prices are further driven by low interest rates, and the effect is lagged by two 

quarters as looser monetary conditions need time to impact our dependant variables. 

Furthermore, a decrease in the mortgage rate increases mortgage lending in these 

countries. Lastly, in our study of 27 banks during 2004-2015, we find that ROAA 

declines by approximately by 17.8 %, given a one percent increase in the 3-month 

EURIBOR. 
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Abstrakt 

Současný dlouhotrvající stav nízkých úrokových sazeb může představovat značnou 

hrozbu pro zdraví finančního systému jak v zemích eurozóny, tak kvůli vysoké 

provázanosti trhů i v přilehlých regionech, jako je střední Evropa. Mezi nedávno 

odhalená rizika prostředí s nízkými úrokovými sazbami patří citelný nárůst objemu 

hypotečních úvěrů, růst cen nemovitostí a snížení profitability bank. Zabýváme se 

těmito jevy v České republice, Maďarsku a Polsku a zkoumáme dopad měnové politiky 

ECB na tyto země v období 2004Q4-2019Q4. Naše závěry ukazují, že ceny 

nemovitostí jsou hnány vzhůru nízkými úrokovými sazbami, přičemž jejich působení 

je o dvě čtvrtletí opožděné, neboť volnější měnové podmínky vyžadují delší čas pro 

ovlivnění našich závislých proměnných. Kromě toho snižování úrokových sazeb 

hypotečních úvěrů ve zkoumaných zemích způsobuje nárůst objemu hypoték. Konečně 

v naší studii 27 bank v období 2004-2015 jsme zjistili, že ROAA klesá zhruba o 17,8 

% při jednoprocentním navýšení tříměsíční sazby EURIBOR. 

 
Klíčováslova nízké úrokové sazby, EURIBOR, finanční 

zdraví, GMM, obytné nemovitosti, hypotéky 
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Defense Planned: June 2019 

 

Proposed Topic: 

Risks to Financial Stability in the Low Interest Rate Environment and its Housing 

Market Implications: CE Region Study 

Motivation: 

 

The current state of the prolonged low interest rate environment, especially in the 

euro area, while supporting economic growth and preventing deflation, may pose a 

great threat to the soundness of the financial system both in the eurozone countries 

as well as in the neighboring regions, such as in countries of Eastern Europe and 

Western Balkan. Low interest rates may lead to new emerging risks and encourage 

structural changes in the financial system. Previous literature on the topic discuss 

technology and demographics-driven structural changes of post-Great Recession 

accommodative policies which have helped re-establish at least a moderate 

economic growth, creating what has been labeled the “new normal” economy. 

 

Low interest rates are leading to a marked increased in asset prices. One of the 

recently identified risks of the low interest rate environment, which the study will 

take into consideration, is a notable pickup in mortgage lending and house prices 

which increases the risk of a possible bubble in lending and real estate market that - 

were it to burst at a later stage - could have a detrimental effect on banks, 

borrowers, markets, and in effect also on the real economy. It is of great 

importance that the risks must be properly identified and addressed.   

 

IMF (2016) has reviewed both short-term and medium-term risks and challenges of 

low interest rates and their implications for the economy. Should low interest rates 

prevail further, financial stability will vastly depend on how financial institutions 

accustom to it and what changes in the financial institutions’ business models will 

happen.  

 

Furthermore, a prolonged period of low interest rates usually motivates banks to 

take greater risks in their attempt to remain profitable. As for the risk-taking 

channel, banks have certainly increased their risk appetite due to the low interest 

rate environment and this constitutes a risk itself, yet the extent to which banks 

expose themselves to risky investments with higher yields is hardly investigated 

(Bikker & Vervliet, 2017). Low-for-long interest rates also raise the present value 

of existing long-term liabilities (Shiller, 2007). 

 

Countries outside the euro area, but close to it both geographically and 

economically, are both directly and indirectly influenced by the low interest rate 

accommodative policies of the ECB. Regardless of the exchange rate regime, there 
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has been a downward pressure on domestic interest rates, raising a question to what 

extent is this “import” of low interest environment bringing financial stability 

challenges and risks in those countries of Central, Eastern and Southeastern Europe 

and Western Balkan (CESEE). The thesis will focus on this group of countries and 

investigate the impact of the imported ECB monetary policy on local (hos 

countries) financial stability. Econometrically, this is euro-area-neighborhood, 

removing the often-problematic endogeneity bias in estimating impact of various 

policies. 

 

Hypotheses: 

1. Hypothesis #1: Low interest rates from the euro area trigger increase in house 

price and mortgage lending in the CESEE countries. 

2. Hypothesis #2: In the CESEE countries, mortgage lending growth (itself 

triggered by low interest rates) Granger causes house price growth. 

3. Hypothesis #3: Banks’ profitability is declining and risks are increasing in the 

CESEE region as a consequence of the ECB policies. 

Methodology: 

The study will use macro-financial data and data on mortgage loans, house prices, 

banks’ balance sheets (aggregated) and profitability across a sample of CESEE 

countries. Econometrically, it will attempt at recovering the links between the euro 

area interest rates, domestic interest rates, mortgage loan growth, house prices 

growth and profitability and risk exposure of banks, either in a country-by-country 

time series manner or as a panel of countries.  

The study is based on a combination of different methods of scientific research, 

where quantitative and empirical methods prevail. To answer the main question of 

the study, a fixed effect model will be employed. The main sources from which 

data will be provided are BIS, IMF, and CB’s databases of countries taken into 

consideration for the study.  

The preferred time frame of data would be starting from as early as possible, taking 

into consideration relevant information that could be possibly obtained to better 

reflect booms and crises that the economy has passed through. Given that it will be 

difficult to have a homogenous data set, since data is available much earlier for 

some countries and later for others, due to a number of reasons such as lack of 

statistical capacity or lack of regular reporting due to conflict, the study will reflect 

only time series for countries which lengths correspond.  

Econometrically, this is euro-area-neighborhood, removing the often-problematic 

endogeneity bias in estimating impact of various policies. Furthermore, to test for 

the hypothesis of deteriorating bank profitability; NIM is regressed on sovereign 

rates and the spread between three-month and ten year sovereign rates. 

Expected Contribution: 

The contribution of the thesis will be the quantification of the impact of ECB 

policies on the CESEE region’s financial stability risk as well as the collection of 

data from different (national and international) sources and their comprehensive 

analysis.  

The thesis will contain a more updated data-set.  

This study will attempt measure the extent of the possible lending bubble on banks, 

borrowers, markets, and its implications for overall financial stability. Low interest 
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1 Introduction 

The recent global financial crisis in 2007-2008, led to a decrease in interest rates all 

around the world. Initially, it was hoped that low interest rates would act as a temporary 

stimulus for lagging economies aspiring to reach a stable financial situation. 

Policymakers responded to the global financial crisis with the typical Keynesian fiscal 

and monetary that was judged to be most appropriate for the situation. Ever since, low 

interest rates are observed to be among the most significant factors which are fueling 

the housing boom globally. Now, more than ten years in these historically low rates, 

living in what is considered as “the new normal economy”, experts warn of potential 

long- term consequences. Since 2008, the European Union countries have been facing 

very low growth. More than ten years ago the ECB introduced the NIRP, to support its 

goal of price stability. The interconnectedness of the Central European region with the 

euro area is not unfamiliar, where namely the ECB policies are observed to have their 

own effect on this region, due to the high integration of banking sector and of financial 

markets. This implies that post-accommodative policies and those that followed, 

imposed by the ECB have a toll of their own on the CE region, with several risk 

channels prevailing amongst others. The risk channels of these post-crisis 

accommodative policies are various, among which most prevalent stand: a marked 

increase in mortgage lending and the asset prices, declining profitability of banks and 

an increased risk appetite of banks.  

Interest rates have the power to influence people's lives by impacting their savings and 

investment decisions. By influencing economic decisions of households, they serve as 

a crucial factor of investments and impact the general economic level. As a result of 

accommodative policy frameworks, when interest rates are particularly low, 

individuals rush to buy assets to feel a sense of optimism about their future. The same 

applies to the housing market. It is no exaggeration to enunciate that the real estate is 

a beast, that needs taming. Low interest rates could be what the real estate market is 

further feeding on. House prices in CE and other European regions as well such as 

Western Balkans have skyrocketed among the last few years. The housing market is 

one of high interest, as since the late 1970’s prices have more than tripled. Many 

models which aim to explain the modelling of house prices exist, each having their 

own theories – in this thesis the most important hypothesis raised is that the interest 

rates explain the huge variations in the latter. Surely, the swings in property prices have 

implications of their own on the stability and economic welfare of a country, especially 
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when there exists the risk of potential “bubbles” where the whole market could collapse 

if they were to burst. This is a very familiar scenario from the past and the economy is 

still recovering very slowly ever since. A link in between excessive credit growth and 

possible banking or financial crises shortly after has been identified (Kaminsky and 

Reinhart, 1996, Borio and Lowe, 2002, Borio and Lowe, 2004). 

The objective of this thesis is mainly to investigate the impact of low interest rates on 

mortgage lending and asset prices in the CE region. We focus our study on three 

countries: the Czech Republic, Hungary and Poland. The study will aim to quantify the 

specific impact of ECB policies on the CE region and their implication for financial 

stability risk, with a focus on the housing market. The current state of the prolonged 

zero lower bound interest rate environment, especially in the euro area, while aiming 

to support economic growth and preventing deflation may pose a great threat to the 

soundness of the financial system both in the eurozone and also in the neighboring 

regions, such as in countries of Central Europe and Western Balkans; due to high 

interconnectivity. The notable pickup in mortgage lending and house prices increases 

the risk of a possible bubble in lending and real estate market that - were it to burst at 

a later stage - could have a detrimental effect on banks, borrowers, markets, and in 

effect also on the real economy. 

Countries outside of the euro area, but close to it both geographically and 

economically, are both directly and indirectly influenced by the low interest rate 

accommodative policies of the ECB. Regardless of the exchange rate regime, there has 

been a downward pressure on domestic interest rates, raising a question to what extent 

is this “import” of low interest environment bringing financial stability challenges and 

risks in those countries of CE. The thesis will focus on the countries of Czech Republic, 

Hungary and Poland, investigating the impact of the imported ECB monetary policy 

on local (hos countries) financial stability. Lastly, the hypothesis of deteriorating bank 

profitability in the low interest rate environment will be tested. 

The thesis is structured in the following manner. It consists of both a qualitative and 

quantitative analysis of the relationship of low interest rate as a result of ECB policies 

and asset prices in the CE region, along with mortgage lending and bank profitability 

channels, following with the assessment of overall financial stability risks present, 

while analyzing the different channels stated in our hypothesis section. Chapter 2, 

constitutes the literature review which reviews the main findings of other studies that 

are aimed to be tested in this thesis, drawing the significant findings of each study taken 

into consideration. In the thesis, the aim is to gather a very comprehensive list of studies 

with their respective findings. The advantage of this study is that it includes a more up-
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to-date dataset, capturing the latest figures for all our variables of interest in a time 

frame of around 15 years, from the pre-crisis era to crisis area, and recent movements 

in the economy; by doing that a full financial cycle is captured. It also covers the three 

channels most prevalent from the low interest rate environment in one study. Chapter 

3 describes recent developments in the housing market, along with the policies that 

were applied by ECB. We try to analyze some of the main variables of this study in 

more detail. Chapter 4 lists the hypotheses which we aim to investigate in our thesis. 

Chapter 5 covers the methodology we have built our models upon. A more detailed 

description of the dataset is made, along with stylized facts about data and data 

collection. Chapter 6 presents the empirical estimations, followed by results which 

have been obtained from our econometric modeling and Chapter 7 summarizes the 

findings of this study followed by an interpretation of what our findings mean and what 

they do imply for the current situation, as well as for the future.   

 

1.1 European Post-Crisis Situation 

The crisis has caused a significant drop in production levels. In the period immediately 

preceding the emergence of the crisis, economic activity in the euro zone had continued 

to expand at a moderate pace. The main contributors to this growth of economic 

activity were all the components of domestic demand and net exports. During 2007, 

there was a slowdown in industrial production, growth in the service sector and 

improvement in labor market conditions. Short- term macroeconomic indicators 

showed a slowdown in economic activity during the third quarter of the year. Business 

investments and exports declined as a result of euro strengthening and falling demand 

of the US markets. The deterioration of the liquidity situation was also conveyed in the 

European financial markets. Shortly after, followed the sovereign debt crisis, arising 

from property bubbles and the lack of European countries ability to meet their liabilities 

as they became due. In the 21st century, no country borrows with the expectation to 

fully repay its debt, as they rely on the assumption that when the debt is near its 

maturation, they will borrow again to pay it back. The above practice is subject to much 

controversity and exposes the fragility of the whole financial system. Considering the 

current pandemic; COVID-19, a disaster may be coming our way, once defaults will 

follow one after one.  

These developments influence especially the euro-zone area’s economic situation, 

worsening the performance in the housing market, as well as the construction sector 

and consumer spending. The euro-zone economy recognized a slow-down in growth 
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in 2008 and from then has not quite recovered. The crisis caused fluctuations in the 

housing market and bankruptcy of some large financial institutions. Despite the 

auxiliary measures undertaken by the ECB, the growth pace of domestic demand and 

private investment has slowed down significantly, even though the policies aim to 

encourage the complete opposite. Certainly, in this analysis, potential growth should 

also be considered. The evaluation of the impact of the crisis on potential future 

stability is important because it is a main determinant in the development of living 

standards in the medium to long-term time horizon. The risk of deflation and need for 

promotion of stimulating polices has been identified but not properly adressed yet. 

Despite all the delays and disagreements, the euro-zone countries reacted to the very 

unfavorable circumstances, in the way they judged most appropriate. Since the 

outbreak of the crisis, the ECB and other major central banks have been pursuing a 

more active monetary policy. Common policy use of interest rates has been associated 

with balance sheet policies in terms of assets, liabilities, composition and expansion. 

In addition, the communication policy has changed, in terms of increasing trust and 

reducing uncertainty with regard to future developments in the economy. However, no 

sustainable recovery has been achieved by those policies. Regardless of the support 

and stimulating incentives, years after the bankruptcy of the first bank in the euro-zone, 

which was rescued by the German government, European banks have yet not stabilized. 

Only when the financial imbalances which triggered a crisis to begin with are resolved, 

then stability can be a sustainable option. Failures in the regulatory framework have 

been identified as the causing factors of the inability of the economy to grow, and a 

more efficient regulatory framework is necessary for such.  

There are many reasons to concern of the euro area and in particular Italy, which has 

an enormous public-debt problem and where markets have been feeling very 

pessimistic about paying it back, posing a threat for the re launch of euro-area debt 

crisis like that of more than a decade ago. The tools governments normally use to fight 

a recession won’t be available, in the same way that they normally are. Traditionally, 

we rely upon central banks to do interest-rate cutting to perk up spending and growth, 

but they will be unable of doing that, so they will be obliged to turn to less-tested 

methods such as money printing and quantitative easing. These tools are not typically 

recommended because they work in a much more uncertain way and are much more 

politically contentious than some of the tools that are ordinarily used. A lesson learnt 

from the past is that a low inflation target doesn’t give central banks enough room to 

fight recessions before the interest rates fall to zero. 
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The new regulatory frameworks must have the goal of avoiding repetition of a similar 

crisis in the future, or in the case of failing to do so, to be able to manage such a crisis 

and resolve it in a timely manner. In a global crisis, the main challenge is to coordinate 

solutions tailored to fit different national systems, with a global regulatory framework 

that prevents arbitration. The current crisis has shown the importance of drafting a 

coordinated framework for managing and preventing crises in the future. Still far from 

the full recovery of the economy, there is a clear need for research in the policy field. 

The more learned about it, the more effective will be the policies and measures aiming 

for promotion of recovery and growth. This translates into higher opportunities or, in 

the worst scenario, to at least minimize the effects of another global financial crisis in 

the future. 
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2 Literature review 

2.1 Interest rates on economic stability 

Extensive preceding studies that have been made on the field of low interest rates 

emphasize the importance and impact that interest rates have on economic stability or 

lack of such. Conventionally, an interest rate cut is accompanied by an increase in the 

demand for loans. In most cases, high credit lending has resulted in triggering financial 

crises all over the world. As a phenomenon observed in almost all economies despite 

that it can occur in different time periods, the rapid lending growth environment does 

have its supporters and opponents. The interest rate is determined by the monetary 

demand and supply forces and thus economic growth is influenced (Keynes, 1936). On 

one hand, it is argued that an increase of lending in conditions when it starts from 

extremely low levels of credit lending, is a positive step for countries which pass 

through transition periods of transformation into a market economy.  

According to Duenwald, Gueorguiev and Schaechter (2005) rapid credit growth due to 

interest rate cuts in developing countries such as Bulgaria, Romania, and Ukraine have 

proven to be effective in boosting per capita incomes and have lifted households’ 

confidence that rises in income will be permanent, accompanied by an increase in 

businesses’ willingness to invest. Although the impact of credit booms has varied 

among the three countries, all of them demonstrated a trend towards economic 

convergence, as a result of credit lending growth. This points out to the development 

of the financial system and to a natural convergence towards developed countries.  

On the other hand, the critics of credit growth raise the suspicion that a rapid growth 

has much more serious economic consequences which lead to crises in the banking 

sector and even farther from there. According to a study by IMF (2004), the data of the 

last decades imply that 75% of lending booms which occurred in developed countries, 

have been accompanied with banking crises and around 85 % of them with exchange 

rate crises. Fisher (1930), states that there is a one to one relationship between inflation 

and nominal interest rates. Therefore, in order to stabilize inflation rates at a low level, 

nominal interest rates must be triggered to low levels as well. From this analogy, rose 

the traditional approach of using one single conventional instrument to reach a certain 

goal, that of maintaining stable inflation by using short term instruments, namely the 

interest rates. Nevertheless, in the light of the recent financial crisis, this approach 

proved to be inefficient and restated that the CB’s must changed their outdated ways 
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of conducting monetary policy. In addition, if low interest rates were among the sole 

reasons of an asset price bubble in 2008, much of what occurred then is highly probable 

of reappearing and the likelihood of the property market to be involved again is huge. 

It is very common for monetary policy and interest rate cuts to affect various channels 

in the economy. The transmission channels of monetary policy can be generalized as 

below, where various channels are affected by a simple key interest rate cut. When the 

cost of borrowing is lower, then it becomes attractive for borrowers to consume and 

invest, therefore increasing the demand for loans as well. In this process, both wealth 

and interest channels are trigerred. The exchange rate and balance sheet channel are 

reinforced as well- as with lower return on euro area fixed income assets, the euro’s 

exchange rate will depreciate which promotes external demand and banks willingness 

to extend loans with the increase in collateral value (Scheiber et al, 2016). The result 

of enacting these channels is that financial soundness in the long-term horizon will be 

supported. In fact, that is exactly what the ECB has been aiming to do for the past 

couple years, in order to support its primary goal of price stability which ultimately 

promotes a sustainable growth path and low unemployment. 

Figure 2. 1 Monetary policy transmission channels 

 

 

Source: Scheiber et al., 2016 
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On the other hand, there are various studies that deliver vain results regarding to the 

hypothesis that interest rates have a significant impact on economic growth. For 

instance, Goldsmith (1969), using data from 35 countries over a period of 103 years, 

reports an insignificant correlation between interest rates and economic growth. 

Giovanni and Shambaugh (2007), while investigating the link between interest rates in 

large industrialized countries and real growth of production of other countries annually 

came to the conclusion that low interest rates have a tightening effect on the annual 

growth of real GDP in the economy; however this effect stood prevalent in countries 

with fixed exchange rates. 

 

2.2 The mortgage lending channel 

Mortgage financing is a very important factor which determines the quality and 

financial arrangements under which individuals have the right to live in a house or 

apartment, followed by the financial portfolio of the general public and ultimately 

effectiveness of the financial system overall. In the recent years, as a tool for providing 

such a commodity, mortgage lending has increased very rapidly, especially the ease of 

lending which may raise suspicion that creditor worthiness is not evaluated as strictly 

as it should be. This credit constraint relaxation comes with various implications for 

the financial system. Individuals find it much more attractive to purchase a property 

than to rent, and they rely on the ease of mortgage availability to enable them the 

opportunity. Only in the Czech Republic the mortgage debt to GDP ratio rose from 3.7 

% in 2001 to 15.3 % in 2007. In Hungary the ratio increased from 2.1 % in 2001 to 

12.4% in 2007 and in Poland from 2.1% to 11.7 %.  

The typical household has one dominant asset- a home and one dominant liability- a 

mortgage. Across the years, borrowers have been offered a variety of mortgage funding 

types and it is upon them to choose the option that fits their decisions best. Among 

others, the literature distinguishes two prevalent available forms of mortgage loans 

provided that are (i) fixed-rate and b) adjustable-rate mortgages. Numerous varieties 

of other loans are provided within these two broader categories. FRMs offer a constant 

interest rate throught the life of the mortgage, while ARMs are offered with interest 

rates that vary throughout the lifetime of the mortgage. FRMs are typically offered in 

terms of 15, 20 and 30 years.  

Due to the variation in fixation periods, fixed-rate loans are further classified as: i) 

short-term (5 years), ii) medium-term (between 5 to 10 years) and iii) long term (over 

10 years) (Badarinza et al, 2014); (Kelly & Myers, 2019); (Albertazzi et al, 2018). 
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Since the interest rate set does not differ throughout the lifetime of the offered loan, 

they are often perceived as safer by prospective borrowers and preferred to the other 

options available. However, even though fixed rates may be able to build household 

resilience, the cost of taking out a mortgage increases and introduces additional 

implications for the institutions providing them. 

In the US, the prevailing option for mortgage financing is that of the 30-year FRM, 

whereas on the other hand in the UK most mortgages are offered at adjustable rates. 

Badarinza et al. (2014), use data on mortgage interest rates, issuance volumes of both 

FRMs and ARMs for 9 countries: Australia, Belgium, Denmark, Greece, Ireland, Italy, 

Netherlands, Sweden and the United States. The mortgage interest rate is measured as 

the average effective annual interest rate on new residential mortgage loans. In their 

model they checked whether the positive correlation between ARM share and spread 

between FRM and ARM rates, is drived by short-term cost minimization or by rational 

forecasts of future ARM rates. They found that in the US, ARMs co-moves with the 

interest rate. Similarly, Coulibaly and Li (2009) on choice of mortgage contracts, 

borrowers who are more risk averse tend to lean towards FRMs, where for less risk 

averse borrowers pricing variables and income volatility do not influence their 

decision. 

According to Kelly and Myers (2019), the fixation of mortgage rates provokes some 

risks for both lenders and borrowers, but on the other hand makes them more resilient 

to shocks. In their study of different jurisdictions (Irish, Danish, European, South- 

European and US), they analyzed how those different markets are modelled in terms 

of making their security offerings more attractive and the way in which they price and 

manage the risks associated with the latter. They found that depending on the 

jurisdiction, banks have two ways of moving pricing risk off the fixed-rate mortgage 

books. It can be done by either using long-term fixed rate funding through mortage 

backed securities or they can use interest rate swaps for hedge the risk. In the US model, 

they manage pricing risk by encouraging financial institutions to move mortgages off 

their balance sheets through asset securitization. Furlong et al (2019) found that higher 

price appreciation is associated with higher take-up rates of adjustable-rate financing. 

There have been attempts, of which successful, when trying to model for the borrower 

characteristics in mortgage choice decision given the prices and terms of contract. 

Dhillon et al (1987) used a probit discrete choice model in order to identify the 

significant borrower and mortgage characteristics when making the choice among 

available options. In their study, they found that pricing variables play a great role in 

the borrowers’ decision and that borrower characteristics in general do not significantly 
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influence the choice. All else held constant, the results indicated an insignificant 

relationship between the variation in mortgage payment ratios and probability of taking 

out adjustable rate mortgages. What this indicates is that borrowers have the tendency 

to look beyond the initial payments.  

DeFusco and Paciorek, in a study where they used data on 2.7 million mortgages, found 

that a 1 percentage point increase in the rate 30-year fixed-rate mortgage reduces 

mortgage demand by between 2 and 3 percent, therefore implying a negative 

relationship among them two (2014). Lowering rates may seem the most natural thing 

to do in terms of a monetary policy stance, in order to encourage credit lending. In fact, 

monetary policy may become less and less effective in contributing to credit growth at 

abnormally low rates (Egert and Mihaljek, 2007). Countries which were in a more 

unfavorable situation were those where high percentages of households had taken out 

mortgages and where the amount of mortgage credit supply had greatly expanded. 

(Green & Wachter 2008; Girouard et al., 2006; Scanlon et al., 2008) 

Pavlov and Wachter (2011), within the context of a model with an endogenous rent-

buy decision found the the ease of availability of mortgage instruments magnifies the 

prices in the real estate, and especially where they are offered aggressively. This effect 

is succeeded by subsequent declines compare to those areas with a lower concentration 

of mortgage instruments. Sá et al (2011) estimate a panel vector autoregression for 18 

OECD countries in order to identify among others, the monetary policy shocks on 

mortgage lending. They create two subsamples, splitting countries in those who have 

high and low mortgage market developments.  

Prior papers have studied the role that the mortgage market plays in propagation of 

monetary policy shocks. Some studies found that higher mortgage market 

developments increase the effect of monetary policy shocks (Calza et al, 2009; 

Assenmacher-Wesche & Gerlach, 2010). Lambertini and Wu (2020) constructed a 

two-period equilibrium model to study the effect of monetary policy rate reduction on 

the mortgage lending and house prices in Switzerland. They observed since that the 

interest rates stood in the ZLB between 2008Q4 and 2018Q4, the ratio of domestic 

mortgages to GDP grew by 35 percentage points and the real house price index 

increased by 80 percentage points. 

Using bank level quarterly data from 2003-2018 for Ireland and Netherlands, as two 

small euro-area representative countries, it was found that there was a significant 

impact of monetary policy shocks on the mortgage lending growth channel. They 

particularly studied the shocks transmitted by ECB monetary policy. By employing the 
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VAR estimation technique, it was found that foreign monetary policy has a significant 

impact especially on banks’ mortgage lending in the Netherlands (Everett et al, 2019).  

 

2.3 Asset Pricing and The Property Market 

Housing is a necessary good for an individual, which is why it is described as “sine 

qua non” of one’s life (Yakubu, 1980). The possession of a home, other than providing 

a shelter for the individual, also serves as a valuable possession. For a homeowner, a 

home is an asset, as for many the purchase of a home constitutes the largest long-term 

investment that can be made in their lives. Moreover, buying a property takes most on 

the income generated in one’s life. Providing a home depends heavily on the financial 

system of a country, acquisition costs, and many economic policies of states, be that 

fiscal or monetary (Giussani & Hadjimatheou, 1991). 

Houses can be seen as a source of revenue (in the investors perspective), or as a 

necessary good, providing opportunities, which stems from the availability of the 

apartment or home (in the buyers perspective). The usage of a house for families is one 

of the many benefits for consumption, the demand for which depends on the prices in 

comparison to other goods, and on its price compared to disposable income of an 

individual or household (Rosen, 1983). The housing market is one that operates on the 

same economic intuition that all other markets operate upon, be they financial markets 

or markets offering other types of goods. With the passing of years, the property prices 

are increasing at very high levels. However, the residential property price inertia is not 

unfamiliar at all. Case and Shiller have studied early ahead such an effect in several 

US cities (1989). The price of properties is predominantly determined by market 

demand and supply. There have been extensive studies which theoretically and 

econometrically attempted to model the pricing of houses, and demand as well. The 

demand for residential properties could be a function of: 

i. Housing price changes – with rising house prices demand for them decreases, 

while a fall in housing prices leads to an increase in demand, as dictated by the basic 

law of economic sciences.  

ii. Household income – the larger the family’s disposable income, larger the 

chancesbecome that demand for real estate will grow. On the contrary, in a family that 

has a diminishing income; it becomes more and more impossible to afford the purchase 

of a home. 
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iii. Mortgage loan rates – The Financial system is an “organism” of the economy 

that affects all aspects of development by including the demand for real estate. When 

mortgage rates increase, the purchase of a residential home, for instance, is more 

expensive. If the financial system supports mortgage loans by decreasing the rates of 

lending them, then the chances of their demand are higher.  

iv. Interest rates on bank deposits – this factor is also an important part of the 

financial system. The interest rate on bank deposits is a factor always taken into 

consideration to analyze the economy of a country, as the interest rate for the deposit 

determines the consumer’s decision whether to spend today or in the future. The higher 

the rate, the higher the expectation that there will be an increase in the demand for 

housing market. 

v. Expected rate of return in real estate investment – investing in real estate is an 

opportunity to make profits, by buying cheap today and selling at a higher price in the 

future. 

vi. Exchange rate- the exchange rate affects the demand for real estate, because 

buyers may be willing to pay by the currency which they possess.  In another scenario, 

buyers may have foreign currency in possession and should exchange it with their own 

local currency. This stresses out the importance of exchange rate regimes on the real 

estate market.  

vii. Demographic Developments and Labor Market factors – it has been evidenced 

that developments in demographics affect the demand for real estate (Li, 2013; Green 

& Lee, 2015; Cvijanovic et al. 2010). Likewise, migration and immigration have their 

effect on the increasing need for real estate. On the other hand, when factors of the 

labor market support high levels of employment, demand for real estate increases as 

employment and disposable income grow.  

viii. Other factors – such as location, age, housing status, or institutional factors that 

facilitate or impede access to families in the housing market (Harloe, 1997). 

According to the Efficient Market Hypothesis, it is not possible for an investor to 

outperform the markets given that all the necessary information on assets is reflected 

in their prices (Fama, 1970). Market efficiency is a crucial condition for the assessment 

of an investment. Contrarily, if the market is not efficient, then the market price may 

differ from the real value of asset, thus resulting in higher or lower pricing. 

Furthermore, an inefficient market cannot be analyzed in its entirety, but observations 
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can be made for certain aspects of market samples which can give the sense of 

valuation.  

During the testing of the house price index by using the weighted repeated sales 

methodology a strong correlation was observed among house prices. This study 

demonstrates that the housing market is inefficient and the inefficiency flows from the 

ability to predict future prices based on current information available, including past 

prices, construction costs, and demographical changes (Case & Shiller, 1989).  

When discussing on the efficiency of the real estate market, is it necessary to specify 

what is defined as such. In economic terms, this can be viewed as a market where 

supply and demand for real estate meets and where they are traded. Merchants require 

information about transactions in the market. Sale or purchase decisions are made 

based on their tradability in the market. A market works upon information, and when 

information is not accessible, the market does not function properly (Koprencka, 

2011). The housing market and the dynamics of house prices are very important for the 

economy and households (Muellbauer, 2012).  

The last decade has been a period of innovation and expansion of the market to such 

an extent, that has never been observed before. What are even more interesting are the 

policies that apply to it. The market is dependent on policies that reform it, among 

which the most important are fiscal, financial, and property market policies. But there 

are also other types of policies that have a huge and often unwanted impact on the 

market. Here can be included changes in macroeconomic policies, changes in political 

regimes and governance systems (Zwart, 2015; Doehr & Marttnez-Garcca, 2015). 

What makes the market more sensitive towards the impact of policies, are often the 

late reflection of wrong policies’ effects, making it even harder to be corrected 

(Koprencka, 2011).  

Recently, one of the most discussed topics in the history of economy, is the existence 

or not of a bubble in the housing market. Efficient market hypothesis is not capable of 

explaining the housing bubbles. Based on the very founding assumptions of EMH, 

economic bubbles cannot exist. Indeed, someone who believes in the theory of 

efficiency denies the existence of bubbles in the market. As the theory of efficiency 

justifies, the market price is always the correct price of an asset. Likewise, supporting 

economists of the monetarism school of thought think that the best regulator of 

anomalies in the market is the market itself. In fact, because of this conviction, 

monetarists criticized the states intervention in solving the financial crisis as a result of 

the housing market.  
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According to Stiglitz, if the reason that the price is high today is only because investors 

believe that the selling price will be high tomorrow - when "fundamental" factors do 

not seem to justify such a price - then a bubble exists (1990). Also, Case and Shiller 

(2003) stated that it is possible to achieve a situation in which future expectations 

regarding to a price increase may cause a temporary high level of prices today. Taking 

into consideration that there would be a belief that the prices of houses were to increase 

further in the future, then the price offered today for the buyers, would not be too high 

but they would be at acceptable levels. When mortgage lending instruments are offered 

aggressively, the underlying market asset prices rises as well, as observed in the recent 

mortgage market and real estate developments. 

A residential property can be viewed, as a generator of income (from the investors 

perspective) or as a good that produces an opportunity, derived from the availability of 

space (from the property users perspective). In the residential property market, demand 

stems from individuals seeking to use this space to exercise productive activity or for 

their personal use. The use of space is therefore one of the many benefits for families 

the demand, for which to some extent depends on its relative price compared other 

goods (food, clothing and entertainment). Choosing whether to buy a particular 

property over another one is mainly influenced by meeting the requirements of the 

family, depends largely on its price in comparison to disposable income, and the price 

of other consumer goods. For enterprises, property is just one of the factors used in the 

process of production, for which demand is determined by specific costs; where also 

for enterprises the amount of property purchased depends heavily on its price. 

However, the demand for a property is influenced in addition to its price, by other 

exogenous factors, such as the income and number of family members. In the 

residential property market, the supply of real estate in the short term is fixed and 

depends heavily on the development this sector. The process of price determination is 

influenced by many factors, such as the number of few contracts that are available in a 

period, and the presence of normative barriers, which also affect the trade-off in 

between demand and supply. Important to note is the space size of that property, which 

makes a vast difference in both the price of that asset and the demand for it. 

The housing market is one that is far from being considered as a transparent market. 

There are various reasons, which increase the difficulty to find comparable data across 

countries; even within countries it is difficult given the variety of residential property 

types. Data can be collected either from selling transaction prices, or the asking prices 

from real estate companies. Furthermore, residential property prices vary according to 

location, whether it is a house or apartment, a new property or an old one. Housing 

price trends are very difficult to estimate due to the heterogeneity in this market. The 
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US market conveyed a disaster to the entire global financial markets. Shiller (2005) 

along with Paul Krugman were among the first economists which raised the alarm of 

a possible bubble in the US real estate market. Earlier in the 90’s Krugman addressed 

his concerns regarding to the functioning of American Stock Exchange and bubble 

creation. Indeed, the financial crisis starting from the US had its spillover effect on 

Europe due to the high integration and globalization.  

Sutton et al (2017), used a sample of 47 advanced and emerging economies to study 

the response of house prices dependent on changes in both short-term and long-term 

interest rates. They employed a fixed-effects model, on a dataset including around 50 

years of quarterly observations for the US, taken from a lately assembled dataset of 

BIS for residential property prices. In this study, the same dataset from BIS is being 

used. Subjects of their study are also a group of emerging and advanced economies, 

separately. For emerging and advanced economies, the data was selected at annual 

frequency. As expected, data may not be fully available in such a sense that it is 

completely homogenous, so the authors selected their ‘best dataset’ where frequency 

of the samples was matching. What they observe is house price growth persistence. 

Said in other words, if the house prices increase today, it suggests that they will 

continue to increase in the future. In around 60 % of the cases by country, real house 

prices have been increasing at cca 2 % per annum. What they also observe in their 

model, is that there is a spillover effect from the US interest rates to other property 

prices in the EME countries, and the effect holds strongest with the short-term interest 

rates. 

In countries such as Australia, Norway and the UK cumulative growth amounted up to 

400%. They found that income and employment growth might be of less importance. 

Having said that, what really strikes in their estimations is the effect of changes in 

nominal interest rates on the dependent variable. Their model implies that a 100 basis-

point fall in the nominal interest rate, could increase the house prices by up to 8% in 

the US. The findings of their study do not support the “random walk” hypothesis, which 

points out to the fact that house prices do exhibit the tendency to move in same 

direction with interest rates. Among others, they study the effect of short term and long 

term interest rates, on the countries which are also subject of this study (Czech 

Republic, Hungary and Poland), but besides domestic interest rates, we also study the 

effect of ECB rate and if it is able to explain the recent trends in residential property 

market. 
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Another study supporting the theory persistency in household prices, is that of Ahearne 

et al (2005), whom find that low interest ratesare a starting point for a further increase 

in house prices, which persist for a minimum of three years later. Sutton (2002), Egert 

and Mihaljek (2007), Abelson et al (2005), Posedel and Vizek (2011) all confirmed 

that among other variables they included in their studies, interest rates are the 

accelerators of house price growth. Egert and Mihaljek (2019), when studying a dataset 

of 19 central and eastern European countries and 19 OECD countries found that the 

house prices in OECD countries respond faster to credit growth and drops in interest 

rates than CE countries. Also, demographics and labor market developments were 

found to play an important role in the house price growth. Most studies engage panel 

data models, fixed-effects, VAR, error-correction models (ECM) and GMM to model 

the dynamics of house prices and housing market determinants. Posedel and Visek 

(2011) observe a threshold effect in four transition European countries; namely 

Bulgaria, Croatia, Czech Republic, and Estonia. A similar tendency they observe in the 

US. A handful of these studies separate their datasets into two distinct groups: those of 

emerging and developed economies, analyzing them separately. Perhaps this is a way 

to include a more comprehensive dataset and eliminates the bias, along with the 

opportunity cost of not having a diverse dataset. Duca et al (2016), build their model 

while incorporating price and non-price terms of mortgage credit in the USA. 

According to the findings of their model, they attribute half of the 80% rise of property 

prices to lowering interest rates and the other half to the unsustainable easing of credit 

constrants to first-time buyers. Crowe et al. (2011) employ a panel VAR to investigate 

the relationship between relaxed monetary policy and asset price growth.  

Table 2. 1 Outline of main studies for determinants of house prices 

 

Author (s) Empirical 

estimation 

method 

Dataset/ 

countries 

Results 

Sutton et al 

(2017) 

Fixed-effects 

model 

47 advanced and 

emerging 

countries, US in 

a separate 

dataset 

Significant relationship 

between nominal interest 

rate and house price 

growth. Substantial 

evidence to not support 

“random walk hypothesis” 
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Posedel and 

Visek (2011) 

Error correction 

model– the TAR 

and M-TAR 

models 

Four developed 

countries (the 

United States, 

the United 

Kingdom, Spain, 

and Ireland) and 

four post-

transition 

European 

countries 

(Bulgaria, 

Croatia, the 

Czech Republic, 

and Estonia). 

Interest rate changes 

influence house prices in 

Bulgaria, Croatia, and the 

USA. 

Sutton (2002) VAR 6 developed 

countries 

Shocks to national income, 

stock prices and interest 

rates influence house 

prices 

Egert and 

Mihaljek (2007) 

DOLS panel 

regression 

19 OECD and 8 

CEE countries 

Robust relationship 

between interest rates and 

house prices, significant 

positive relationship of 

GDP per capita. House 

prices in OECD tend to 

drop twice as fast than in 

CEE  

given an interest rate 

change. 

Abelson et al. 

(2005) 

Threshold ECM Australia Consistent with economic 

theory, house prices are 

significantly determined 

by real disposable income, 

unemployment, real 

interest rates, CPI and 

housing supply 

Ahearne et al 

(2005) 

Four lag VAR 15 countries Real long-term interest 

rates tended to be at a low 

about two years before real 

house prices peaked, 

increased as the peak 

approached, and continued 

to rise for several quarters 

after the peak before 

gradually trending down. 
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2.3.1 House price index methods 

The methodology for building house price indexes has been a source of extensive 

debate in literature. In this study, a price index constructed by BIS is being used. 

Conventionally, a HPI measures the percentage change from a base year (=100). The 

basic approach is to use a statistical summary of sales prices distribution trends, in a 

sample of assets at a given point of time. By applying the same procedure within 

samples available in each of the latter periods; a historical price time-series of 

representing households can be obtained, which can be ultimately transformed into a 

price index. The simplicity of construction and ease in interpretation of the price index, 

constitutes the main advantage of this method. One of the downfalls of using the 

average values of house sale prices as the sole indicator of market performance, is that 

the characteristics of sold households may change with the passing of time. For 

instance, if in one certain period a great number of high-quality houses are exchanged, 

the average price may increase, even if the prices of individual houses remain 

unchanged. A major threat of modelling and measuring indices is the heterogeneity 

among houses as assets. To overcome these issues, three methods have been mainly 

used in constructing indexes for property prices: hedonic pricing model, repeated -sales 

method, and hybrid models. 

2.3.1.1 Hedonic Pricing Model 

 

The hedonic approach to price index assessment, originally used by Court (1939), 

although it was initially developed for automobiles, relies on the basic premise that the 

price of a marketed good results from its characteristics, or the services it provides. In 

other words, it is priced based on the utility that derives from the possession of that 

asset. If consumers benefit from the characteristics of those goods, the equilibrium 

price can be derived from a regression of the prices on the utility derived. Namely, 

what differs the price of one house from another are its physical characteristics such as 

location and size. Hedonic pricing models have been used extensively for the analysis 

of goods markets, which are characterized by a high internal heterogeneity. They have 

been subject of different uses in the residential property market for modelling the 

differences in characteristics of each property.  

The application of hedonic models in the housing market has had three main objectives: 

the construction of appropriate price indices, determination of market prices based on 

specific housing characteristics and finally the assessment of specific housing units in 

the absence of market transactions. This approach has been utilized in real estate 

market research, as the information obtained on the assessment of housing 
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characteristics and of residential areas constitute an important element for the 

formulation of appropriate policies for taxes, distribution of property rights, 

environmental policies and urban planning. For the applicational perspective, 

evaluating a hedonic price function requires that a sample of selling prices is available 

at different intervals and detailed information on the characteristics of each unit sold. 

The basic classical hedonic model has the following general functional form: 

 𝑃𝑖 =  𝑋𝑖
′𝛽 + 𝜀𝑖, (1) 

ⅰ = 1, 2, …, N 

where 𝑃𝑖 is the price of the asset; 𝑋𝑖
′ stands for the array of characteristics that account 

for the price; 𝛽 represents the array of parameters to be estimated- such as propensity 

to pay for an additional room in the house, and 𝜀 is the random error term. 

A semi-log or log-log form can be used as a nonlinear representative of the hedonic 

model (Bazyl, 2009): 

 Ln𝑃𝑖 = α + ∑ 𝑃𝑘𝑖
𝐾
𝑘=1 𝑙𝑛𝑥𝑘𝑖 + ∑ 𝑃𝑚𝑖

𝑀
𝑚=1 𝑥𝑚𝑖 +  ∑ 𝑃𝑙𝑖

𝐿
𝑙=1 𝑑𝑙𝑖 + 𝜀 (2) 

Ln𝑃𝑖  : represents the log of the price (house price), 

𝑙𝑛𝑥𝑘𝑖 : represents the log of explanatory variables, 

𝑥𝑚𝑖 : respresents explanatory variables without any transformations, 

𝑑𝑙𝑖 : represents dummy variables, 

𝑃𝑘𝑖 : represents implicit prices for characteristics, in the form of elasticity, 

𝑃𝑚𝑖 : represents the parameters which quantify the percentage point change of price, 

with increasing amount of a specific characteristic by one unit, 

𝑃𝑙𝑖 : represents percentage point change of price if a certain characteristic applies. 

(Bazyl, 2009). 

 

In this context, a hedonic model would be able to address the research question raised 

on how much the price of a residential property would differ if it offered one additional 

characteristic. What makes the hedonic model so efficient is the fact that it studies real 

effects on the market, and how prices tend to change given changing circumstances; it 

does not rely solely on theoretical assumptions and questions. Although researchers 
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are actively working on using different models to estimate house prices, due to some 

flaws in hedonic pricing models and the fact that they are perceived to be somehow 

outdated. However, this does not undermine the fact that they can be very useful in 

providing insights to research questions related to asset valuation. As Malpezzi (2003) 

points out, the need for hedonic pricing models rose from the heterogeneity of the 

housing market and its buyers.  

Among the most persisting issues that econometric models face are those specification-

wise, but in the nonlinear hedonic model where price fluctuates depending on quantity,  

the consumer can choose both a quantity and price - as opposed to the conventional 

supply-demand problem where the buyer is a price-taker and makes purchase decisions 

based on the price that is offered. Arguably, there are different approaches to what the 

most correct functional form might be.  

Follain and Malpezzi (1980) suggest that semi-log or log nonlinear forms hold some 

advantages over the linear specifications such as: allowing for variation in the value of 

each characteristic, coefficients  are easily interpreted as the percentage change in the 

price given a une unit change in one of the characteristic specified by the model and 

finally semi-log models help reduce any heteroskedasticity issues (Sirmans et al, 2005). 

However, it is important to note that these studies might suffer from omitted variable 

bias. Studies which found valueable insights on the residential property pricing by 

using hedonic models, among many, are : (Sirmans et al, 2005); (Peterson & Flanagan, 

2009); (Sander & Polasky, 2009); (Saphores & Li, 2011); (Gopalakrishnan et al, 2011); 

(Liao & Wang, 2012); (Kolbe &Wüstemann, 2014); (Bajat et al, 2017). 

 

2.3.1.2 Repeat- Sales House Price Index Methodology 

 

The HPM approach is based on estimating prices based on each characteristics of the 

asset, which indicates that it’s ability to reflect the heterogeneity of each unit of real 

estate depends on the reliability of these estimations and how detailed and accurate the 

information on the characteristics of these assets are. The Repeat- Sales House Price 

Index Methodology, originally introduced by Bailey et al (1963) and later on refined 

by Case & Shiller (1987, 1989), has been considered as an alternative to the hedonic 

model, especially for the limited amount of information it requires to assess the 

property prices, considering that the model does not require measurements on the 

asset’s characteristics. They argue that time gaps in between sales of properties have 

their own effect on the sale prices. RSM allows to consider the characteristics of 
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buildings in a more explicit manner, as it is based solely on the changes of residential 

property prices between two transactions, under the assumption that the characteristics 

of those properties remain unchanged over time.  

The necessary information is only those of prices and sales data, as it does not require 

detailed information on the characteristics of those properties, which in the case of 

HPM are of essential importance. Among some of the issues which relate to the 

efficiency of this assessment method, the main limitation of RSM is the high loss of 

information due to the reduction of sample size used for assessment, since this models 

does not consider those properties which were objects of at least two sales -purchases. 

This fact implies a significant loss in the efficiency of the index assessment of prices. 

Additional to the above, it is questionable whether to assume that the sum of property 

units sold at least two times to stand as the population representative. Therefore, this 

type of index might create the problem of sample selection bias due to selecting non-

random data for statistical analysis when excluding samples of all homes and including 

only those that undergone a sale. Some fixes were proposed and used for this kind of 

bias. In his study, Kutsuzawa (2019) adopted the two-step Heckman correction to solve 

the problem of sample selection bias, analyzing the time-dependant influence of the 

environment and attributes on apartment prices to create the indices using repeat-sales 

prices. Expressed in the simplest manner, given a population of N properties. When 

using a linear model where 𝑦1=𝑥1𝛽1 + 𝜀 ; and the sample of n properties are not 

randomnly selected, if the above model were to be run, we would get biased estimates. 

Sales of different periods are needed in order to build the model.  

The whole probit procedure is as implemented by Gatzlaff and Haurin (1997). A sale 

(𝑆𝑖
1) happens at time t.  

The following sale (𝑆𝑖
2) happens only if the first sale initially happens. 

 𝑆𝑖
2= 1 if (𝑃𝑖

1𝑂 − 𝑃𝑖
1𝑅) ≥ 0 and if ( 𝑃𝑖

2𝑂 − 𝑃𝑖
2𝑅) ≥ 0; (3) 

 𝑆𝑖
2= 0 if (𝑃𝑖

1𝑂 − 𝑃𝑖
1𝑅) ≥ 0 and if ( 𝑃𝑖

2𝑂 − 𝑃𝑖
2𝑅) < 0;      (4) 

Unobserved if  

 

The above equation implies that if a residential property was sold once, most likely a 

receding sale transaction will be made. However, in the repeat-sales example, it is 

necessary to be more than one sale for an observation to be made. 

 ( 𝑃𝑖
1𝑂 − 𝑃𝑖

1𝑅) < 0.  (5) 
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 (𝑆𝑖
1, 𝑆𝑖

2) = observed if (𝑃𝑖
1𝑂 − 𝑃𝑖

1𝑅 ) ≥ 0 

and unobserved if ( 𝑃𝑖
2𝑂 − 𝑃𝑖

2𝑅) ≥ 0 

(6) 

The correction model proposed by Heckman (1979) assumes the threshold value of  

𝑆𝑖
2∗for the second sale is like that of the first. Stochastic error is expressed as 𝑣𝑖

1,2
. The 

random error in the double - sales prices equations are 𝜀𝑖
1 and 𝜀𝑖

2. The covariance matrix 

of all error terms expressed: 

 

∑ = (

1
    σ12

σ13

σ14

σ12

1
 σ23

σ24

σ13

σ23

σ33

σ34

  σ14

σ24

σ34

σ44

) 

(7) 

RSM takes the difference of two logarithmic values of transaction prices in both 

periods of sale. The expectation of logarithmic sales is as below: 

 E ( (𝑃𝑖
1|𝑆𝑖

1 = 1 𝑎𝑛𝑑 𝑆𝑖
2 = 1) =∑  𝛽𝑗

𝐽
𝑗=1  𝑋𝑗𝑖

1 + ∑ 𝑐𝑡
𝑇
𝑡=1 𝐷𝑡

1+ 

E(𝜀𝑖
1|𝑆𝑖

1 = 1 𝑎𝑛𝑑𝑆𝑖
2 = 1) 

=∑  𝛽𝑗
𝐽
𝑗=1  𝑋𝑗𝑖

1+ ∑ 𝑐𝑡
𝑇
𝑡=1 𝐷𝑡

1+ σ13𝜆1+ σ23𝜆2 

(8) 

   

 E ( (𝑃𝑖
2|𝑆𝑖

1 = 1 𝑎𝑛𝑑 𝑆𝑖
2 = 1) =∑ 𝛽𝑗

𝐽
𝑗=1 𝑋𝑗𝑖

2+∑ 𝑐𝑡
𝑇
𝑡=1 𝐷𝑡

2+ 

E(𝜀𝑖
2|𝑆𝑖

1 = 1 𝑎𝑛𝑑 𝑆 𝑖
2 = 1) 

=∑ 𝛽𝑗
𝐽
𝑗=1 𝑋𝑗𝑖

2+∑ 𝑐𝑡
𝑇
𝑡=1 𝐷𝑡

2+σ14 𝜆1+σ24 𝜆2 

(9) 

 

Where 𝑃𝑖𝑡 stands for log of property price i at time t (i=1, …, n; t= 1, …, T),   𝛽𝑗 stands 

for the vector of coefficients of the logarithm of each j property characteristic, 𝑐𝑡 

represents set of vectors of coefficients for time dummies, 𝐷𝑡 (𝑤ℎ𝑒𝑟𝑒 𝐷𝑡 = 1 if i-th 

property is sold in period t, otherwise  𝐷𝑡 = 0), 𝑋𝑗𝑖
1  ;  𝑋𝑗𝑖

2 stand for the characteristics of 

both sales, and 𝜆1 is the Mills ratio that accounts for potential bias of   𝛽𝑗  and  𝑐𝑡, as 

Heckman (1979) proposed. 

Under the statement that the characteristics are not subject to any changes across time, 

the difference of (5) and (4) is: 

 (E (𝑃𝑖
2|𝑆𝑖

1 = 1 𝑎𝑛𝑑𝑆𝑖
2 = 1) - E  (𝑃𝑖

1|𝑆𝑖
1 = 1 𝑎𝑛𝑑𝑆𝑖

2 = 1)) (10) 
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2.4 Bank profitability 

Among others, one of the risk channels associated with the phenomenal low-for-long 

interest rate environment is a notable decline in the profitability of banks. Low interest 

rates are often accompanied by low NIMs and eroded bank profitability; often 

represented by ratio measuressuch as ROA and ROE. It is generally accepted that banks 

benefit from a steep yield curve, represented by a wide spread between short-term and 

long-term interest rates. As the yield curve flattens, NIM decreases along with ROA. 

The further compression of bank margins may affect its ability to lend due to an eroding 

capital position. What started as an aggressive response of the banks to fight the 

economic downturn, has become more and more difficult to move out of and there are 

many concerns regarding the soundness of the financial system overall. As the “new 

normal”, investigating the link between low interest rates and bank profitability is of 

much interest in the academic field, especially when the expectation they will continue 

to remain low for even longer holds. There have been several studies with significant 

findings, however there has not been extensive research on this topic and there is room 

for more studies to be conducted. 

In empirical literature there are two main types of profitability determinants: bank 

specific determinants and macroeconomic determinants. With the deposit rates at floor 

levels, banks will continue to struggle with profitability issues for as long as there are 

low rates on the asset-side of their balance sheets. Among the first studies to investigate 

the link between interest rates, bank margins and profitability were Demirgüç-Kunt 

and Huizinga (1999). In their study, they found that higher interest rates were 

associated with higher net interest margins and profitability. In a study where data for 

Japanese banks were used, it was further confirmed that the lowering of interest rates 

contributed to lower NIM’s for Japanese banks (Deutsche Bank, 2013). Borio et al 

(2017), analyzed a set of 109 large international banks headquartered in 14 advanced 

economies from 1995-2012, and all main componenets of the banks’ balance sheet. 

They included data on ROA, NIM, NII, non-interest income and loans loss provisions, 

to observe how they reacted to a change in the interest rates. Their analysis found that 

there is a positive relationship between interest rate structure and bank profitability. 

They also found that the impact of profitability declines with the level of interest rates 

and slope of the yield curve, implying that there are significant non-linearities. Mostly, 

empirical studies found an adverse effect of monetary policy easing on net interest 

margins and profits (Alessandri & Nelson, 2015). 

However, there were studies which found a modest adverse effect of monetary policy 

easing on profitability. Altavilla et al (2018), using a panel data model with individual 
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bank balance sheet data, and a dynamic macro model for the euro area that uses more 

aggregate data suggests that following a monetary policy shock, various components 

of bank profitability react assymetrically. Their analysis suggests that keeping interest 

rates low might have negative consequences for profitability, however it may take a 

very long time for these adverse effects to be pronounced given that the 

accommodative monetary policy supports the economic activity, which ultimately 

offsets the negative impact of lowering interest rates to begin with. Genay and Podjasek 

(2014) confirm that lowering interest rates further depresses NIM. However, consistent 

with Altavilla et al (2018) they also note that the adverse effects are negligible 

compared to the economic benefits that low interest rates and increased lending brings. 

The largest estimated effect from a one percentage point increase in the three-month t-

bill interest rate leads to a 1.5 basis point increase in both the average NIM of the 

smallest banks and the average ROA of the largest banks. The authors conclude that it 

is true that the flat yield curve can limit bank profitability, but low rates result in better 

economic outcomes, so that their net effect can be rather positive when outweighed.  

Albertazzi and Gambacorta (2009) while investigating the effect of macroeconomic 

and financial shocks on bank profitability in 10 industrialized countries found that GDP 

affects both net interest income and loan-loss provisions. In addition to that, they 

observed that in countries such as Spain, Italy and Portugal net interest incomes are 

influenced significantly by movements of money market rates compared to those in 

long-term interest rates. In another study, which uses a dynamic panel model for years 

2002Q4-2014Q3 in Turkey, it is observed that profitability of banks in Turkey which 

is an emerging market economy, are much more sensitive to the slope of the yield curve 

than those in advanced economies (Aydemir & Ovenc, 2016). They compare their 

results to the closest study there is to theirs done by Alessandri and Nelson (2015), 

using data for the UK. According to Beckmann (2007), lagged GDP growth and real 

interest rate have procyclical effects on profitability, the latter represented by ROA. 

Beckmann used an annual panel dataset from 16 Western European countries from 

1979 to 2003 and employed the Hausman-Taylor IV estimator method. There was no 

precedent of negative key rates up to 2012. Since the introduction of the ECB’s key 

deposit rate to the ultra low to negative environment in 2014, studies have tried to 

investigate the link with recent developments of economic aggregates around Europe 

including low growth, asset price increases and lending trends. 
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3 Recent Developments 

The housing markets have been subject to much interest in the last decade all around 

the world, including the region of Central Europe. The early history of the housing 

market was very different to those of typical market economies, as they were formerly 

operating as planned economies. In its transition to a market economy, the property 

market underwent through several phases. Most notably, the residential property 

market boom is characterized by: i) a decline in mortgage rates, ii) household mortgage 

debt surge and iii) a drastic increase in house prices. As discussed in the previous 

chapters of the thesis, the decrease in the mortgage rates was one of the striking features 

of the residential property market developments, especially the rate at which they 

decreased. From there, all other events followed.  

The recent developments came hand in hand with the monetary policy stance of 

governments, which resulted in lowering the interest rates in the economy to promote 

economic welfare and spending. In the recent years, as a tool for providing ownership 

to a residential property, mortgage lending has increased very rapidly, especially the 

ease of lending which may raise suspicion that creditor worthiness is not evaluated as 

strictly as it should be. This credit constraint relaxation comes with various 

implications for the financial system. Individuals find it much more attractive to 

purchase a property than to rent, and they rely on the ease of mortgage availability to 

enable them the opportunity. Consequently, the most defining characteristic of the 

residential property market is the house price growth in recent years due to the recent 

developments. This growth is attributed mostly to the lowered interest rates and 

increased credit growth. 

In Figure 3.1 (below) are depicted the average mortgage rate levels in the Czech 

Republic, Hungary and Poland from 2004Q1-2019Q4. Overall, Hungary has the 

highest interest rates for taking out a mortgage loan, where in the first quarter of 2004 

it amounted to 12.81 %. Its maximum value was in the third quarter of 2004, at 13.33 

%. In the Czech Republic, the maximum value was 5.74 % in 2008Q3 and for Poland 

7.96 % in 2004Q4, as displayed in more detail in Appendix A, table A 2. There are 

several peaks, especially during the time period from 2007 to 2009- which correspond 

to the financial crisis years, and disparities among the three countries. However, what 

stands evident is that there is a trend towards convergence, especially during the last 

couple of years. This convergence of mortgage rates in CE may come as a result of the 
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accomodative monetary policy imposed by the ECB aiming for economic convergence 

in Europe, which we will further study in our empirical models.  

Figure 3. 1 Mortgage rate developments 2004Q1-2019Q4 

 

Source: St. Louis Fed, 2019 

Figure 3.2 presents the three-month EURIBOR rate in the recent years. In this thesis 

we use the EURIBOR rate as a proxy for the ECB monetary policy. In the European 

Union countries, many mortgage rates are tied to the EURIBOR rates. EURIBOR is 

the rate at which banks provide short-term financing to other banks. These provided 

funds can be used by the banks to provide further credit to other parties. 

Figure 3. 2 The 3-month EURIBOR rate 2004Q1-2019Q4 

 

Source: ECB Statistical Data Warehouse, 2019. 
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In 2014, the ECB announced the NIRP for both deposits and interbank lending rates, 

to discourage excess liquidity and promote credit growth, and ever since these rates 

have been standing in the negative territory. In this environment of negative deposit 

facility, commercial banks are encouraged to increase lending so that they will not face 

negative interest on excess liquidity holdings. ECB stated that: Just as the USD 3-

month Libor is maintained within 10 basis points above the federal funds rate usually, 

the Euribor rates remain relatively close to the ECB’s main refinancing rate unless 

there is some kind of liquidity shortage in the markets. In the last quarter of 2019, the 

3-month EURIBOR was at at -0.41 %. There is a discussion on the extent to which the 

rates will decrease and how low they will be aiming to go. We can observe that the 

movements in the mortgage rates have a similar trend with those in the 3-month 

EURIBOR rates. As stated above, this can be explained by the tie that exists in between 

interbank lending rates and mortgage rates. 

When it comes to property prices in CE, the Czech Republic and Hungary are those 

countries among their European neighbors which stand out for a strikingly high growth 

on a year to year basis. In Figure 3.3 below, it is evident that the peaks of house prices 

were during the crisis years and in the last years, especially from 2015 to 2019. These 

countries are characterized by a continuing rise in house prices and there is room for 

the belief that property prices are detached from the fundamentals. It is not only the 

house prices that are alarming, but also the deteriorating affordability of them. 

According to Deloitte (2019), when assessing the affordability of house-owning, by 

calculating the number of average gross annual salaries needed to purchase a new 

dwelling, it was found that the least affordable country is the Czech Republic. The 

Czech Republic has held this position for the fourth year in a row now. 

Figure 3. 3 HPI developments 2004Q4-2019Q4 

 

Source: BIS Statistics, 2020. 
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Only from 2016 to 2019, nominal house prices in the Czech Republic have risen by 

approximately 44 %, followed by 63.5 % in Hungary and 25 % in Poland. In the last 

years, in all statistical releases of BIS, the unprecedented rise in house prices in CE 

strikes most, and as such receives great attention. In Central Europe, strong growth (5-

7%) in medium-sized economies such as the Czech Republic, Hungary and Poland was 

encountered (BIS, 2020). Currently, the global house price index has lost its 

momentum due to the current pandemic COVID-19. However, we do not take into 

consideration the year 2020 in our study.  

Figure 3. 4 Debt to GDP ratio 1996-2019 

 

Source: EUROSTAT, 2020. 

As an example, there was considerable divergence in experience between countries 

who mainly had high debt to GDP ratios and those that had reasonably consistent price 

increases (Scanlon et al., 2014). Refering to Figure 3.4, during the financial crisis years 

the levels of debt to GDP were higher, while in the recent years we can observe once 

again the tendency towards convergence among these three countries. However, 

neither of these countries have raised alarm for their indebtedness. When compared to 

other European Union member countries such as Italy or Portugal, they are performing 

very well in this direction. 

As mentioned in the chapters above, the literature distinguishes two prevalent available 

forms of mortgage loans provided that are (i) fixed-rate and b) adjustable-rate 

mortgages. Numerous varieties of other loans are provided within these two broader 

categories. FRMs offer a constant interest rate throught the life of the mortgage, while 

ARMs are offered with interest rates that vary throughout the lifetime of the mortgage. 

In the figure below we present to ratio of adjustable-rate loans to total loans. 



Recent Developments  29 

Figure 3. 5 Ratio of adjustable-rate loans to total loans (%) 2004Q4-2019Q4 

 

Source: ECB Database, 2019. 

 

In Hungary during 2007, 2009 and 2010, the ratio of ARMs was at its highest, peaking 

at 90.32 % in the first quarter of 2010. During the subsequent years, the ratio of ARMs 

decreased drastically and as of 2019 the ratio was 1.96 %. In the Czech Republic, 

mortgages are mostly offered at fixed rates, with relatively low ratios of adjustable-rate 

loans take. The highest ratio was in the first quarter of 2007, followed by some 

fluctuations between 2008 and 2013. After 2013, ARMs declined and from the total 

mortgage loans averagely 4-5% are offered with adjustable rates. Contrarily, in Poland 

the situation is very different to those of the countries previously discussed. In 

principle, all of mortgage loans in Poland bear interest at a variable rate. Commonly, 

the rate will float in 3-month or in 6-month cycles. In Poland, the mortgage interest 

rate is the sum of two components – the market WIBOR rate and the bank’s margin, 

which is fixed. At all times almost 100% of the mortgage loans are offered at adjustable 

rates.  
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4 Research Hypotheses 

Guided from the past literature and their own research hypotheses, we found 

motivation to distinguish that there are several channels through which the low interest 

rate environment is affecting the overall economic soundness. Besides supporting the 

previous studies, the hypotheses were built upon economic intuition. Important to note 

is that most of the research papers raise the research hypotheses separately, and to the 

best of our knowledge there is no other study which studies the channels proposed 

below, all in one. Therefore, the four of our hypotheses require three different models, 

as in three of them the research dependant variable varies. According to a study by IMF 

(2004), the data implies that 75% of lending booms which occurred in developed 

countries, have been accompanied with banking crises and around 85 % of them with 

exchange rate crises. Hence, we have great incentive to believe that this prolonged 

environment of low interest rates through various channels, which we will analyze 

further empirically, deteriorate the overall health of the economic and financial 

ecosystem. Most of the studies engage panel data models – fixed effects, VAR, ECM 

and GMM to model the dynamics of house prices and housing market determinants. 

Our hypotheses are listed as below: 

 

H1: Low interest rates set by ECB increase house prices in the CE region. 

Past studies emphasize the importance and impact that various kinds of interest rates 

have on the asset pricing channels (Posedel & Vizek, 2011; Egert & Mihaljek, 2007; 

Ahearne et al., 2005; Abelson et al., 2005; Sutton, 2002; Rubio et al., 2015). We are 

motivated by the belief, which is further supported by prior findings of scholars, that 

there exists a spillover effect of the ECB monetary policy- both conventional and 

unconventional, to other European countries including those of CE (Kucharčuková et 

al., 2016; Horvath &Voslarova, 2016; Hajek & Horvath, 2018). These countries may 

or may not bepart of the eurozone. In our case - Czech Republic nor Hungary or Poland 

maintain euro as their own national currency. 

Countries outside of the euro area, but close to it both geographically and 

economically, are both directly and indirectly influenced by the low interest rate 

accommodative policies of the ECB. Regardless of the exchange rate regime, there has 

been a downward pressure on domestic interest rates, raising a question to what extent 
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is this “import” of low interest environment affecting the local rates and house prices. 

The second hypothesis raised will be as below: 

 

H2: A higher take of adjustable rate mortgages is associated with greater increase 

in house prices. 

In the years 2000-2007 there was a notable increase of adjustable-rate mortgage rate 

financing and various unconventional mortgage product offerings. Simultaneously, it 

was observed that this period was associated with a notable pick-up in house prices. 

The logic stands behind the fact that most ARMs i.e floating rates are tied to the 1-

month or 3-month EURIBOR rate. So, supporting our first assumption that lower 

interest rates are succeeded by house price appreciation, it makes sense to suspect a 

plausible relationship between share of ARMs and house prices due to their tie to 

EURIBOR rates. There have been studies trying to explain for simultaneity in the 

adjustable mortgage rate financing and appreciation of house prices (Davies, 2013; 

Furlong et al., 2019). Nevertheless, studies on the relationship in between share of 

ARMs and house price appreciation are somewhat limited. 

All these initial relaxing lending constraints, various offerings of mortgage financing 

and ease of availability of those may have an adverse effect in the asset pricing, leading 

to a subsequent mark up of the latter. The above-mentioned papers also study the effect 

of house price appreciation and expectations channel on the selection of mortgage 

financing options, in which they found significant evidence to support that expectations 

of price mark ups in houses lead to a higher share of ARMs financing (Davies, 2013). 

However, we will focus on the one-way effect, that of a plausible appreciation in house 

prices due to an increased share of ARMs as an offered financing option. The third 

hypothesis is as follows: 

 

H3: Low interest rates set by ECB increase mortgage lending in the CE region. 

An additional investigated channel is that of the mortgage lending growth due to the 

monetary policy stance. Lowering rates may seem the most natural thing to do in terms 

of a monetary policy stance, for the purpose of encouraging credit lending. 

Conventionally, an interest rate cut is accompanied by an increase in the demand for 

mortgage loans. Key base rates, among which the EURIBOR, have various 

implications for credit lending in general. As mentioned earlier, many mortgage rates 

are tied to the EURIBOR rates. EURIBOR is the rate at which banks provide short-
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term financing to other banks. These provided funds can be used by the banks to 

provide further credit to other parties.  

When the offered rates are at abnormally low levels, there is a higher incentive for both 

borrowers and lenders. The first are able to obtain a mortgage and finance their asset 

purchase for a relatively low interest rate, and on the other hand banks are motivated 

to offer the financing options aggressively with the objective of increasing their 

profitability, among others. This is consistent with the findings of Pavlov and Wachter 

(2011), DeFusco and Paciorek (2014), Everett et al. (2019), Lambertini and Wu (2020). 

However, monetary policy may become less and less effective in contributing to credit 

growth at abnormally low rates (Egert & Mihaljek, 2007). The last hypothesis to be 

tested in this study is as below: 

 

H4: Low interest rates deteriorate bank profitability in the CE region. 

Among others, one of the risk channels associated with the phenomenal low-for-long 

interest rate environment is a notable decline in the profitability of banks. Low interest 

rates are often accompanied by low NIMs and eroded bank profitability; often 

represented by ratio measures such as ROA and ROE. There exists a concern on how 

banks will be able to generate profit when net interest margins are compressed.  

It is generally accepted that banks benefit from a steep yield curve, represented by a 

wide spread between short-term and long-term interest rates. As the yield curve 

flattens, NIM decreases along with ROA. Demirgüç-Kunt and Huizinga (1999) found 

that higher interest rates were associated with higher net interest margins and 

profitability. A study on Japanese banks further confirmed that the lowering of interest 

rates contributed to lower NIM’s for Japanese banks (Deutsche Bank, 2013). Borio et 

al (2017), analyzed a set of 109 large international banks headquartered in 14 advanced 

economies from 1995-2012, and found that there is a positive relationship between 

interest rate structure and bank profitability. They also found that the impact of 

profitability declines with the level of interest rates and slope of the yield curve, 

implying that there are significant non-linearities. Mostly, empirical studies found an 

adverse effect of monetary policy easing on net interest margins and profits (Alessandri 

& Nelson, 2015).  
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5 Methodology 

This chapter covers the dataset used and methodological approach of the thesis. We 

present the data and the approach to collecting it, including the choice of variables 

studied. In addition, the theoretical background behind model selection is described. 

We engage a panel dataset to conduct the hypothesis that low interest rates set by ECB 

have a negative relationship with both house prices and mortgage lending. 

Furthermore, we aim to investigate whether our dataset yields consistent results with 

prior studies that found a deterioration in bank profitability driven by the monetary 

policy stance of lowering the interest rates. This thesis has built three different models 

for the various research channels; however, they all commonly share the 3-month 

EURIBOR rate as an explanatory variable. The research has made use of available 

articles, research studies, data, information from journals and published reports to 

gather information for the literature and hypotheses development. The data collected 

for the study is of panel data nature comprised of three countries (Czech Republic, 

Hungary and Poland) over the under studied perioddescriped in the below sub-chapter. 

For the purpose of the study we use STATA v15 for the empirical analysis. 

 

5.1 Data description 

A quantitative study is conducted to achieve the objectives of this study. The data used 

for the purpose of study in this thesis are collected from multiple reliable sources, what 

makes the dataset unique and comprehensive at once. For the first three hypothesis, we 

use macroeconomic, monetary policy, bank-specific and industry-specific data from 

the ECB Statistical Data Warehouse, the Federal Reserve Bank of St. Louis, Eurostat, 

Bank for International Settlements (BIS), Czech National Bank (ARAD database), 

Central Bank of Hungary and Central Statistical Office in Poland. For the research 

purpose quarterly data over the period 2004Q4 to 2019Q4 is used. Prior to conducting 

the study, we expected to ideally cover a longer period of quarterly data. In addition, 

the initial aim was to investigate the effect on Western Balkans as well, therefore 

covering the CESEE region under our scope.  

First and foremost, gathering data prior to 2004Q4 was challenging and almost 

impossible, especially for the HPI obtained from the BIS Residential Property Dataset. 

In Central Europe the data starts from 2008 and onwards. For the time period from 
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2004-2008 the Czech National Bank, Central Bank of Hungary and Central Statistical 

Office in Poland were contacted to fill the gaps due to missing years. The index base 

year was different from BIS, however we used re-indexation methods to obtain 

consistent data with BIS residential property prices, where base year is (2010=100). In 

addition, residential property prices for many Western Balkans countries were 

unavailable in the BIS dataset and obtaining data for the other variables posed several 

challenges so we decided to focus the study on those countries which we found 

available data.  

An unbalanced panel dataset does not support the aim of our study; therefore, we have 

reduced the number of years, data for which was unavailable, and dropped the Western 

Balkans group of countries. The remaining panel data is of a balanced nature. 

Nevertheless, data from 2004Q4-2019Q4 constitutes a very good dataset because it 

covers the period prior to the crisis, during the crisis and after. In this manner a business 

cycle is available for observation. It is important to note that the data collection 

procedure was employed for various kinds of variables, some of which were not taken 

into consideration in this study due to different reasons including: correlation issues 

and relevance. 

The last hypothesis constitutes a dedicated part of the thesis. Using annual data from 

2004 to 2015, we aim to investigate the effect of monetary policy stance on bank 

profitability. This separate dataset comprises data on 27 banks in the Czech Republic, 

Hungary and Poland. Please refer to Table A 4 in Appendix A for detailed the list of 

banks. The models built contain macroeconomic, monetary policy, bank-specific and 

industry-specific variables. The bank-specific data was obstained by the BankScope 

database, of which last available year to us was 2015.  

The listing of dependant variables for the four hypotheses treated in this thesis are as 

below: 
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Table 5. 1 List of response variables 

 

Code Variable 

name 

Description  Source Hypothesis 

# 

logPrices Logarithm 

of the 

nominal 

House 

Price Index 

HPI measures the price 

changes of residential 

housing as a percentage 

change from some specific 

start date (which has HPI of 

100). 

BIS 

statistics; 

ARAD 

Database; 

National 

Bank of 

Hungary; 

Statistical 

office of 

Poland 

# 1 & # 2 

logCredit Logarithm 

of 

mortgage 

credit 

lending 

growth 

Represents the growth rate 

of mortgage lending to 

households for house 

purchases, expressed in 

percentage. 

ECB 

Statistical 

Data 

Warehouse 

# 3 

NIM Net 

interest 

margin 

Represents the difference 

between interest earned and 

the interest paid out to its 

lenders, expressed in 

percentage. 

BankScope 

Database 

# 4 

ROAA Return on 

average 

assets 

Represents a measure of 

profitability, which is 

obtained by dividing net 

income after taxes by 

average total assets, 

expressed in percentage. 

Bankscope 

Database 

# 4 

Source: Author. 
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Similarly, to Sutton et al. (2017) we use the house price index as a response variable 

when studying the effect of EURIBOR, among other explanatory variables. Their study 

also employs the BIS residential property dataset. For testing the hypotheses of mark 

up of house prices due to increased mortgage lending, we use mortgage lending growth 

level from quarter to quarter to represent the latter. In literature, bank profitability is 

commonly represented by measures such as ROA and NIM. Mostly, empirical studies 

found an adverse effect of monetary policy easing on net interest margins and ROA 

(Alessandri & Nelson, 2015; Aydemir & Ovenc, 2016; Borio et al, 2017). 

 

5.1.1 Explanatory Variables 

Table 5. 2 List of explanatory variables 

 

Code Variable 

name 

Description  Source Hypot

hesis # 

Macroeconomic variables 

lognominalGDP Logarithm of 

the nominal 

GDP 

Represents the monetary 

value of goods and 

services produced in an 

economy 

Federal 

Reserve 

bank of St. 

Louis 

# 1, # 

2& #3 

CPI Consumer 

Price Index 

Represents the average 

change in prices over 

time for a basket of 

goods and services. 

ECB 

Statistical 

Data 

Warehouse 

# 1, # 2 

& #3 

GDPgrowth Real GDP 

growth 

Measures economic 

growth as it relates to 

the gross domestic 

product from one period 

to another, adjusted for 

inflation. 

ARAD; 

National 

Bank of 

Hungary; 

Statistical 

Office of 

Poland 

# 4 
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Dwellings 

 

Dwellings 

built growth 

Represents the rate at 

which house contruction 

increases/decreases, in 

percentage. 

ECB 

Statistical 

Data 

Warehouse 

# 1, # 2 

& #3 

Crisis Crisis, 

dummy 

variable 

This is a dummy 

variable to account for 

the crisis period, equals 

to 1 when gdp growth < 

0, and 0 otherwise. 

- # 4 

Monetary policy variables 

     

Euribor 3-month 

Euribor rate 

Represents the ST 

interbank interest rate at 

which European banks 

lend to one-another, 

with maturity of 3 

months. 

ECB 

Statistical 

Data 

Warehouse 

# 1, # 

2, #3 & 

#4 

LTbond Long-term 

government 

bond yield 

Represents the central 

government bond yields 

on the secondary market 

for a maturity of 10 

years, considered as a 

standard indicator of LT 

interest rates. 

Federal 

Reserve 

bank of St. 

Louis 

# 4 

Tbill 3-month 

treasury 

bill yield 

Represents the 

government bond yields 

on the secondary market 

for a maturity of 3-

months, considered as a 

standard indicator of SR 

interest rates.  

Federal 

Reserve 

bank of St. 

Louis 

# 4 
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Slope Slope of 

the yield 

curve 

The slope of the yield 

curve gives an idea of 

future interest rate 

changes and economic 

activity. It is represented 

by the difference of LT-

ST bond yields. 

Federal 

Reserve 

bank of St. 

Louis 

# 4 

Bank-specific variables 

     

Leverage Leverage 

ratio, debt-

asset ratio 

Represents a 

measurement that 

assesses the ability of the 

company to meet its 

financial obligations. 

Formula is: Total Debt/ 

Total Assets, expressed 

in percentage. 

Bankscope 

Database 

# 4 

Adjustablerate Share of 

ARM’s 

Represents the share of 

loans which use 

adjustable rates over 

total loans, expressed in 

percentage. 

Bankscope 

Database 

# 1, # 2 

& #3 

Assetsgrowth Growth of 

asset 

holdings by 

banks 

Represents the degree at 

which the assets of the 

bank increase or 

decrease over time. 

Bankscope 

Database 

# 4 

 

Mortgagerate 

 

 

 

 

Mortgage 

rate 

Represents the rate at 

which taking out a loan 

for the purchase of a 

home is set. 

ECB 

Statistical 

Data 

Warehouse; 

Central 

Bank of 

# 4 
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 Hungary; 

ARAD 

 

Industry-specific variables 

     

HHI The 

Herfindahl-

Hirschman 

Index 

Represents a measure of 

market concentration. 

ECB 

Statistical 

Data 

Warehouse 

# 4 

     

     

Source: Author. 

All the descriptive statistics and correlation matrices are available in the Appendix A 

and Appendix B section. For the first three hypotheses refer to Appendix A, tables A 

1, A 2 and A 3. For the last hypothesis descriptive statistics and correlation matrix 

please refer to Appendix B, Tables B 1, B 2 and B 3. 

Macroeconomic indicators such as nominal GDP, GDP growth and CPI are commonly 

used as explanatory variables (Sutton, 2002; Abelson et al., 2005; Ahearne et al., 2005; 

Egert & Mihaljek, 2007; Sutton et al., 2017). Studies found significant links in between 

house prices, macroeconomic and monetary policy variables. Hence, GDP is 

distinguished as one of the drivers of prices in real estate markets and increasing 

lending even further. It relies on the basic premise that some income must be 

accumulated in order to initially buy a home. It is not always the case that real estate 

cycles mirror GDP cycles, but it is highly probable that at a given time, there will be a 

co-movement trend.  On the same note, CPI, as a measure of price changes, has been 

observed to have a relationship with the increase of residential property prices, the 

latter representing an asset. 

Studies have been investigating the link in between monetary policy stance of 

governments and effect on the various channels of the economy. Conventionally, 

variables such as varieties among ST and LT rates are used. In this study we use LT 

mortgage rates and a type of ST rates such as the 3-month EURIBOR. Key base rates, 
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among which the EURIBOR, have various implications for credit lending in general. 

As mentioned earlier in the study, many mortgage rates are tied to the EURIBOR rates. 

EURIBOR is the rate at which banks provide short-term financing to other banks. 

These provided funds can be used by the banks to provide further credit to other parties. 

We use the 3-month EURIBOR as our proxy for ECB monetary policy, and it is a very 

important variable in our study, considering the spillover-effect of ECB monetary 

policy on other non-eurozone European countries (Kucharčuková et al., 2016; Horvath 

&Voslarova, 2016; Hajek & Horvath, 2018). 

For the declining bank profitability hypothesis, we also include the slope of the yield 

curve in the equation. It is widely accepted that the yield curve can capture and predict 

future developments of the economy, so it has the ability to influence banking measures 

and profitability by shaping future expectations. There are not too many studies which 

include the slope of the yield curve and short - term interest rates to investigate how 

bank profitability is affected. For observing the bank profitability responsiveness, we 

follow a very similar approach to that of Aydemir and Ovenc (2016). They also aimed 

to study the effect of the slope of yield curve and found that emerging economies are 

much more sensitive to the slope of the yield curve than those in advanced countries. 

Aydemir and Ovenc (2016) compared their results to Alessandri and Nelson (2015). 

The latter found that in the long run, both the level and slope of the yield curve 

contribute positively to profitability. On the other hand, decreases in market rates were 

observed to depress net interest margins, consistent with the presence of nonnegligible 

loan pricing frictions (Alessandri & Nelson, 2015). The slope of the yield curve is a 

very powerful indicator which may outperform macroeconomic variables in predicting 

recessions two to six quarters ahead (Hvozdenska, 2015). 

It is important to note that in commonly in literature, the slope of the yield curve is 

represented by the 10-year sovereign bond rate and 3-month treasure bill yield 

(Bedendo et al., 2007; Hvozdenska, 2015; Alessandri & Nelson, 2015; Aydemir & 

Ovenc, 2016). In the bank-specific factors spectrum we choose variables such as debt-

asset ratio, and the growth rate of real total assets. To capture the real economic 

activity, we use the quarterly growth rate of real GDP. The quarterly growth rate of 

leverage ratio and total assets are used to capture the probable effect of balance sheet 

structure on bank performance similar to Aydemir and Ovenc (2016). Lastly, the 

Herfindahl-Hirschman index was selected as one of the explanatory variables as a 

representative of industry-specific variables. The HHI is a well-known measure of the 

market concentration and captures the competiveness in the banking sector (Bikker & 

Haaf, 2002). 
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5.2 Model specification framework 

For a panel data analysis, we commonly encounter three estimation frameworks: those 

of Pooled OLS, Fixed-Effects or Random-Effects (Park, 2011). Since the panel dataset 

can be categorized by complex error structures, we will attempt to list their drawbacks 

and reasons why they may or not work before going with our final model. The study 

has initially employed pooled OLS regression model to examine the relationship 

between the dependent and independent variables. In a pooled OLS regression, we pool 

all observations together and run the regression model, therefore neglecting the cross-

section and time-series nature of data (McManus, 2015). It is a maximum-likelihood 

solution that is easy to understand and is one of the best linear unbiased estimators 

which can be more powerful than other regression techniques if the Gauss-Markov 

assumptions are to be met. Considering our data and the FEs nature of it, it will not be 

the ideal model to build our thesis upon. 

Moreover, RE assumes that there is no correlation between the group specific constant 

terms with the regressors and that these effects are similar to the exogenous shocks’ 

effects but time invariant (Park, 2010). In short, all three countries have a common 

mean value for the intercept in REs. FE, contrary to RE, is used when there is an 

unobserved constant term that correlates to the independent variables (Blackwell III, 

2005). This model accounts for heterogeneity and/or individuality among the countries, 

by allowing them having their own intercept value. Although FE is well known for 

longitudinal data analysis, especially in the Social Sciences, it has some drawbacks. In 

the FE model, although intercepts may differ across countries, the intercept does not 

vary over time, given that it is time- invariant. Some of the issues of the FE, include a 

culture of omission, low statistical power, limited external validity, restricted time 

periods, measurement error, time invariance, undefined variables, unobserved 

heterogeneity, erroneous causal inferences, imprecise interpretations of coefficients, 

imprudent comparisons with cross-sectional models (Hill et al., 2020). In our case, 

neither FE can be the solution nor choice for the estimation method of the study. Let’s 

consider the linear panel data unobserved effects model for N observations and T time 

periods (t = 1, 2, 3, …, T), 

 yit = β0 + β1xit + αi + eit (11) 

Where yit  represents the dependent variable, xit represents the control variables, αi 

stands for the unknown (random or fixed) group specific effect, β0 is the constant term 

and eit stands for the error term.  
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The difference and system generalized method-of-moments (GMM) estimators, 

proposed and developed by Holtz-Eakin et al. (1988), Arellano and Bond (1991), and 

Arellano and Bover (1995), are correlated with the past and possibly the current 

solution to overcome the previously mentioned errors such autocorrelation and 

heteroskedasticity within individuals. By applying this approach, lags of the 

independent variable are employed as instruments. Both difference and system 

generalized method-of-moments are general estimators designed for situations with 

“small T, large N” panels, meaning few time periods and many individuals; 

independent variables that are not strictly exogenous, in the sense that they are 

correlated with past and possibly current realizations of the error; fixed effects; 

heteroskedasticity and autocorrelation within individuals (Roodman, 2002). 

The GMM-system estimator proposed by Blundell and Bond (1998) is a system that 

contains both the levels and the first difference equations. It provides an alternative to 

the standard first difference GMM estimator. As it has the ability to overcome the 

drawbacks that are caused by differencing, we will employ SYS- GMM. Blundell and 

Bond (1998) propose including additional moment restrictions on the distribution of 

initial values. In addition, we rely uponthe paper written by Roodman (2002) on how 

to execute SYS-GMM on Stata using the command ‘xtabond2’. The specification is as 

following, including the lagged independent variable: 

 Yi,t = β0 + γ‘Yi,t-1 + β1’xit + β2’zit + β3’hit + δ’ dit +αi + eit (12) 

Where, Y represents the dependant variable (house prices for hypothesis 1 and 2, and 

mortage lending for hypothesis 3), xit  represents the bank-specific factors, zit represents 

the macro-economic factors, hit indicates the industry-specific factors, δ’ dit is a dummy 

variable taken accounting for crisis periods, 

i represents the panel variable, that is, countries in our case and t represents the time 

period. 

SYS-GMM requires the additional assumption that the differences used as instruments 

are uncorrelated with the error term (in particular with the unobserved unit-specific 

effects). A sufficient condition for this to hold would be joint mean stationarity of the 

dependent variable and the independent variables, which may not be easily justifiable 

in many applications. An alternative would be the difference GMM estimator 

augmented by the Ahn-Schmidt nonlinear moment conditions. This estimator has 

better properties than the difference GMM estimator under high persistence but does 

not require the additional mean-stationarity assumption of the SYS-GMM estimator. 
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Overall, we find SYS-GMM to be the best estimation model in this thesis to be applied 

due to following three main reasons; i) SYS-GMM surmounts the endogeneity issue in 

our model as the lag of the dependent variable is suspected to be correlated with the 

error term, ii) SYS-GMM has the ability to estimate models having time invariant 

variables, and iii) SYS-GMM applies to the datasets that have smaller number of 

periods compared to those of observations.  
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6 Empirical estimation 

In this chapter we will execute the models as described in the methodology section and 

provide the empirical estimations. Initially we attempted to run Pooled OLS, RE, FE 

and GMM estimators to build our models based on the rigorous literature review. In 

Section I we illustrate the estimation of panel dataset models being applied in the 

current study subject to further testing and coefficient interpretations. Section II covers 

the discussion and estimations by making use of the GMM. In Section III we provide 

a discussion of the regression estimates outcomes. 

6.1 Empirical results 

The results and findings section is further sub-categorized for each hypothesis and their 

associated estimated panel models. 

6.1.1 Panel Dataset Models 

This section provides the estimation results of the basic panel data models that are 

comprised of Pooled OLS, RE and FE models for all hypotheses. In addition, both 

fixed and random effects models are also re-estimated by using STATA ‘robust’ syntax 

to overcome the heteroskedasticity, autocorrelation and cross-dependence issues in 

order to determine the most appropriate model. 

Referring to the Table A 4 in Appendix A, in our pooled OLS model, the regression 

results shows that the model is statistically fit for the data, F (6, 176) = 855.52, p < 

0.05. The R-square value indicates that 97.2% variability in the house prices is 

explained by the independent variables. The results further indicate that mortgage rates 

have a statistically significant and negative relationship with the house prices in the CE 

region. This supports our claim that as the interest rates decrease, house prices increase, 

and vice versa. The regression estimates also identify the relevance of the lagged house 

prices in explaining the current situation. This is as per the expectations because the 

previous period house prices values positively impact the current period house prices 

value and it is statistically significant at the 5% significance level.  

The pooled OLS regression estimates further indicate the insignificance for most of 

these variables on the dependent variables (house prices). We cannot rely on these 

results, there are inconsistencies across the panel models, and many variables do not 
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show any significance. Variables, such as CPI, Dwellings, and adjustablerate share 

similar values, but do not show any significance. LognominalGDP delivers 

inconsistent results in all panel models- in fixed effects it supports a negative 

relationship in between mortgage rates and house prices, whereas in RE it displays a 

positive yet still insignificant result. EURIBOR shows a negative relationship with 

house prices in FE, RE but it insignificant. We observe a quite high R-Squared value, 

which usually is an indicator for issues in the model. It can be that the regression 

coefficients are presenting noise rather than the genuine relationships of explanatory 

and dependant variable in the model. Our diagnostics test further support the fact that 

there are deficiencies in the model. 

The table below presents the results from the F-test comparing Pooled OLS with FE. 

Table 6. 1 Testing for Fixed Effects (F-test) 

F DF1 DF2 p-value 

6.85 2 155 0.0014  

Source: Stata output 

The F-test suggests that among pooled OLS and FE the most appropriate is the FE 

regression. Robustness checks follow with the heteroskedasticity, serial correlation and 

cross-sectional dependence test results. 

 

Table 6. 2 Autocorrelation, Heteroskedasticity & Cross-sectional Dependence 

Test 

Serial Correlation Test H0: No serial correlation 

Breusch-Godfreid/Wooldridge Test  

Pooled OLS F (1, 2) = 18.758, p-value = 0.0494  

Fixed Effects F (1, 2) = 18.758, p-value = 0.0841  

Heteroskedasticity Test H0: Homoskedasticity errors 

Breusch Pagan Test   

Pooled OLS Chi2 (1) = 65.16, p-value = 0.000  

Fixed Effects Chi2 (1) = 564.08, p-value = 0.000  

Cross-sectional Dependence Test H0: Cross-sectional dependence 

Pasaran CD Test   

Pooled OLS p-value =0.000  

Fixed Effects p-value = 0.000  

Source: Stata output 
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The findings of the diagnostic checks in the above table indicate that pooled OLS 

suffers from the presence of all these three issues: autocorrelation, heteroskedasticity 

and cross-sectional dependence. The serial correlation test for pooled OLS has a value 

of F (1, 2) = 18.758, p-value = 0.0494 which is lower than the 0.05 level of significance. 

Moreover, test for heteroskedasticity has a Chi2 (1) = 65.16, p-value = 0.000 which is 

also lower than the 0.05 level of significance. Also, Pasaran cross-sectional dependence 

test reveals an alpha value lower than the 0.05 level of significance. This shows that 

we should reject the null hypothesis of no serial correlation, homoskedasticity and 

cross-sectional dependence. On the other hand, FEs diagnostic checks shows that there 

is no issue of serial correlation in the estimated model, however, we do find presence 

of heteroskedasticity and cross-sectional dependence. These findings leads to the fact 

that our models are tainted and thus it was important to apply HAC robust errors to get 

rid of the presence of heteroskedasticity and cross-sectional dependence issue from the 

fixed and random effects models coefficients standard errors which are also presented 

in Table A4. 

The HAC robust errors for fixed and random effects depicts that the values for standard 

errors have changed significantly. The robust fixed effects show the similar signs for 

the respected variables as suggested by the normal fixed effects model, yet we able to 

generate significant impact of mortgage rate, lognominalGDP and CPI on the house 

prices in the CEE region at the 5% level of significance. The results indicate that 

mortgagerate is negatively influencing the dependent variable. On the other hand, CPI 

has a positive relationship with house prices. The coefficient signs are in line with the 

economic intuition as higher CPI increases the prices of the house, and lower mortgage 

rates increase house prices.  
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This section provides the estimation results of the basic panel data models that are 

comprised of Pooled OLS, FE model and RE models for Hypothesis 3. The table A 5 

in Appendix A summarizes the regression estimates for these panel data models. In 

addition, both fixed and random effects models are also re-estimated by using STATA 

‘robust’ syntax to overcome the heteroskedasticity, autocorrelation and cross-

dependence issues to compare the models. 

When investigating the impact of mortgage rates on mortgage credit lending the pooled 

OLS results imply that mortgagerates have a negative impact on the mortgage lending 

in the CE region, which is also statistically significant (see Table A 5 in Appendix A). 

The pooled OLS results also show positive and statistically significant impact of 

Euribor on the mortgage lending. This does not fall in line with our expectations. In 

the FEs model, the coefficient sign of EURIBOR becomes negative, implying a 

negative relationship among EURIBOR and our dependant variable. However, 

EURIBOR is statistically insignificant. In addition, both pooled OLS and fixed effects 

model explain over 98% variation in the dependent variable. As discussed previously, 

the high R-squared may be an indicator of inefficiencies in our model.  

 

Table 6. 3 Testing for Fixed Effects (F-test) 

F DF1 DF2 p-value 

416.18 2 158 0.0000  

 

The F-test suggest among pooled OLS and FE the most appropriate is the FE model. 

Robustness checks follow with the heteroskedasticity, serial correlation and cross-

sectional dependence test results. 

 

Table 6. 4 Autocorrelation, Heteroskedasticity & Cross-sectional Dependence 

Test 

Serial Correlation Test H0: No serial correlation 

Breusch-Godfreid/Wooldridge Test  

Pooled OLS F (1, 2) = 17.834, p-value = 0.0518  

Fixed Effects F (1, 2) = 17.834, p-value = 0.0518  

Heteroskedasticity Test H0: Homoskedasticity errors 

Breusch Pagan Test   
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Pooled OLS Chi2 (1) = 6.22, p-value = 0.0127  

Fixed Effects Chi2 (1) = 57.74, p-value = 0.000  

Cross-sectional Dependence Test H0: Cross-sectional dependence 

Pasaran CD Test   

Pooled OLS p-value =0.000  

Fixed Effects p-value = 0.000  

 

The findings of the diagnostic checks indicate that pooled OLS suffers from the 

presence of all these three issues: autocorrelation, heteroskedasticity and cross-

sectional dependence. This shows that we should reject the null hypothesis of no serial 

correlation, homoskedasticity and cross-sectional dependence. On the other hand, fixed 

effects diagnostic checks show that there is no issue of serial correlation in the 

estimated model, however, we do find presence of heteroskedasticity and cross-

sectional dependence. These findings lead to the fact that our models are tainted and 

thus it was important to apply HAC robust errors to get rid of the presence of 

heteroskedasticity and cross-sectional dependence issue from the fixed and random 

effects models coefficients standard errors. Yet, even after applying HAC robust errors 

we still do not have the expected results in our empirical estimation. Therefore, as 

preliminarily discussed, we will turn to GMM to attempt correcting all the issues faced, 

which we mentioned in detail above. 

 

 

 

 

 

 

 

 

 

 



Empirical estimation  49 

6.1.2 GMM estimations 

As described in our methodology chapter, we employ one step difference and system 

GMM due to the reasons listed above and we aim to overcome the formerly 

encountered problems in our panel data models. It is important to note that this method 

differs from the two-step difference GMM and the system GMM methods suggested 

by Arellano and Bond (1991) and Blundell and Bond (1998), respectively, in two 

regards. First, it does not require the disturbances in the original model with fixed 

effects to be auto correlated and homoskedastic. Therefore, taking into account 

heteroskedasticity and autocorrelation would produce more efficient estimates 

(Schaffer, 2015). Second, it has an advantage over the two-step difference GMM and 

the system GMM methods in that the number of instruments does not increase with the 

number of periods (T), since it does not use dynamic instruments (i.e., the number of 

instruments does not vary with time periods). Hence, as T gets larger, the problem of 

weak instruments mentioned above can be avoided. The SYS-GMM model can surpass 

the issues presented by correlation of lagged depedant variable with the error term. 

Below, we have presented the results of one-step GMM for hypotheses 1 and 2. 

 

 Table 6. 5 GMM Regression Output H1 & H2 

 

Difference 

GMM 

(1) 

System 

GMM  

(2) 

Difference GMM 

Robust  

(3) 

System GMM 

Robust  

(4) 

Dependent variable: logPrices 

L.logPrices 0.862*** 0.873*** 0.862*** 0.873*** 

 
(0.000) (0.000) (0.000) (0.000) 

Euribor -3.7E-05 -0.00073 -3.7E-05 -0.00073 

 
(0.993) (0.86) (0.986) (0.728) 

L.Euribor 0.00205 0.00159 0.00205 0.00159 

 
(0.295) (0.424) (0.231) (0.239) 

L2.Euribor -0.00219 -0.0023 -0.00219** -0.00230*** 

 
(0.374) (0.36) (0.009) (0.001) 

Mortgagerate -0.00421** -0.00116 -0.00421*** -0.00116* 

 
(0.002) (0.142) (0.000) (0.014) 

lognominalGDP -0.112** 0.008 -0.112*** 0.008** 

 
(0.001) (0.13) (0.000) (0.004) 

CPI 0.000874 0.000539 0.000874*** 0.000539 
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(0.068) (0.103) (0.000) (0.252) 

Dwellings 3.01E-05 5.97E-05 3.01E-05 5.97E-05 

 
(0.629) (0.345) (0.38) (0.071) 

Adjustablerate -0.00012 -0.00013 -0.00012 -0.00013 

 
(0.45) (0.426) (0.367) (0.361) 

L.Adjustablerate 8.24E-05 0.000107 8.24E-05 0.000107 

 
(0.628) (0.515) (0.463) (0.284) 

N 174 177 174 177 

Wald Statistic 9898.58*** 10478.30*** 2008.61*** 3.19e+11*** 

Sargan/Hansen test 173.67*** 16.72 16.72 16.72 

Arellano-Bond AR(2) 
 

0.882 0.784 0.861 0.677 

p-values in parentheses 
  

* p<0.05, ** p<0.01, *** p<0.001 

Source: Stata 
 

 

The coefficient values of our variables seem to be uniform in our models. Moreover, 

coefficient of lagged house prices is statistically significant in all models.  Therefore, 

the previous values of the house prices are able to explain its future values. In SYS-

GMM we observe a negative relationship in between lagged EURIBOR and house 

prices. By taking the lags for EURIBOR, our models delivered the expected results. To 

see GMM regression outputs in the models where EURIBOR lags are not taken please 

refer to Table A6 and A7 in Appendix A. The robust system GMM results further 

indicate that Euribor, lagged by two quarters has a negative and significant impact on 

the price of the houses. The reason for taking the lags for EURIBOR was that as effects 

of the looser monetary conditions need time to impact the other variables. This supports 

our first hypothesis, that is, low interest rates set by the ECB leads to increase in the 

price of the houses in the CE region.  

The regression output suggests a negative relationship in between mortgagerate and 

the house prices in the CE region, which is statistically significant at the 5% level of 

significance. This is consistent to the early work of Ahearne et al. (2005) who find that 

low interest rates are starting points for further increase in house prices. Egert and 

Mihaljek (2007), Abelson et al (2005), Posedel and Vizek (2011) also confirmed that 

among other variables they included in their studies, interest rates are the accelerators 

of house prices. Furthermore, another macroeconomic variable, nominal GDP exerts a 

positive influence on the prices of house. The nominal GDP has a beta value of 0.008 
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depicting that one percent increase in the regions nominal GDP rate increases the house 

prices by 0.8 percent in the region keeping other factors constant. The findings also 

show a negative influence of adjustable rates at the level but when we checked the 

dynamic effects of adjustable rate it changes to be positive but statistically 

insignificant. This also partially supports our second hypothesis that a higher take of 

adjustable rate mortgages is associated with a greater increase in house prices. The 

Wald statistic suggests that the variables in our model are significant. AR (2) test 

further confirms statistical significance. Lastly, the Hansen statistic result does not 

reject the hypotheses of exogenous instruments. 

For the third hypothesis, in which we investigate the relationship between the 

EURIBOR rate and mortgage credit lending in the CE region, Table 6.7 presents the 

output for our GMM estimation. 

 

Table 6. 6 GMM Regression Output H3 

  

Difference 

GMM 

(1) 

System 

GMM  

(2) 

Difference 

GMM Robust  

(3) 

System GMM 

Robust  

(4) 

Dependent variable: logCredit 
   

L.logCredit 
0.997*** 0.995*** 0.997*** 0.995*** 

  
(32.34) (90.63) (36.39) (155.81) 

Euribor 
-0.00282 -0.00232 -0.00282 -0.00232 

  
(-0.69) (-0.57) (-1.42) (-1.07) 

L. Euribor 
0.00133 0.00174 0.00133 0.00174 

 (0.7) (0.90 (0.87) (1.43) 

L2.Euribor 
0.00226 0.00231 0.00226 0.00231 

 (0.92) (0.92) (1.6) (1.43) 

Mortgagerate 
0.00127 -0.00133 0.00127 -0.00133*** 

  
(0.81) (-1.46) (1.03) (-3.88) 

lognominalGDP 
0.158*** 0.00212 0.158*** 0.00212 

  
(3.47) (0.23) (4.7) (0.29) 

GDPdeflator 
-0.00043 0.00018 -0.00043 0.00018 

  
(-0.78) (0.35) (-1.08) (0.94) 

Dwellings 
9.83E-05 6.84E-05 0.0000983*** 6.84E-05 

  
(1.57) (1.09) (4.0) (1.67) 

Adjustablerate 
-0.00012 -7.2E-05 -0.00012 -0.0000717** 
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(-1.19) (-0.90) (-1.49) (-3.11) 

_cons 
 -0.0286  -0.0286 

  
 (-0.38)  (-1.83) 

N 174 177 174 177 

Wald Statistic 29629.5*** 460239.27*** 37.12*** 2.20e+08*** 

Sargan/Hansen test 0.171 0.112 0.171 0.112 

Arellano-Bond AR(2) 0.545 0.665 0.102 0.139 

t statistics in parentheses         

* p < 0.05, ** p < 0.01, *** p < 0.001 

Source: Stata   

 

The coefficient values of our variables seem to be uniform in our models. Moreover, 

coefficient of lagged mortgage credit is statistically significant in all models.  

Therefore, the previous values of the mortgage credit are able to explain its future 

values. In SYS-GMM we observe a negative relationship in between EURIBOR and 

house prices, but this result is statistically insignificant. Unexpectedly, with the lags of 

EURIBOR taken, the coefficients become positive, yet remaining insignificant. To see 

GMM regression outputs in the models where EURIBOR lags are not taken please 

refer to Table B 4 in Appendix B.  

According to Egert and Mihaljek (2007), monetary policy becomes less and less 

effective in contributing to credit growth at abnormally low rates. On the other hand, 

the results for SYS-GMM imply a negative and significant relationship in between 

mortgage rates and mortgage credit lending. This is in line with our expectations. The 

nominal GDP yields a positive and significant result only in Difference GMM models. 

On the other hand, dwellings, which represents the growth rate at which residential 

buildings are built from one quarter to another shows a positive relationship with our 

dependant variable. This comes in line with our expectations, when the demand of 

residential property increases, also mortgage credit lending goes through an increase. 

The output shows a negative relationship between adjustable rate mortgage share and 

mortgage credit lending in SYS-GMM. 

Lastly, to examine the fourth hypothesis in this thesis, we have examined bank’s 

profitability via NIM and ROAA; therefore, we have two one-step GMM models. We 

employ the one-step GMM estimator to take care of heteroskedasticity, autocorrelation 

and endogeneity issues. Below in Table 6.8 we present the output for our last 

hypotheses. The results indicate that the coefficient of the lagged profitability 
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(dependent variable) is reconciliated across both NIM and ROAA models. The results 

further imply that in the one-step system GMM, when taking lags of EURIBOR, the 

variable itself becomes of statistical significance in the SYS-GMM Robust errors 

model. In addition, when taking the second lag of EURIBOR its coefficient sign 

becomes positive. This is evidence to support our claim that there exists a positive 

relationship in between EURIBOR and the bank profitability measure; ROAA. The 

coefficient sign fulfills our expectations and further supports the belief that with lower 

interest rates, bank profitability deteriorates. Once again, it takes the lags of EURIBOR 

to yield the desirable results, given that as explained above, the effects of looser 

monetary conditions need time to impact the other variables. Holding all other 

variables constant, a one percent increase in the EURIBOR rate decreases the banks’ 

ROAA approximately by 17.8 %, lagged by two quarters. 

In a similar way, the leverage ratio also has a negative and statistically significant 

influence on the bank’s profitability, in line with our expectations. The expected effect 

of the leverage rate on profitability is negative. The results indicate that one percent an 

increase in the leverage rate in the CE region, decreases the banks profitability (either 

measured via Net Interest Margin or Return on Average Assets) by 18.9 percent and 

8.26 percent respectively, keeping all other bank-specific, macroeconomic and 

industry specific factors constant. The leverage rate may increase due to two reasons: 

debt may rise, or total assets may fall. Therefore, an increase in debt limits a bank’s 

opportunity to lend money and therefore profitability. But this association might 

change depending on which variable is used as the dependent variable, since a higher 

leverage rate causes lower equity or assets, which may have different impacts on ROA 

and ROE. We expect GDPgrowth to have a positive impact on bank profits, since, as 

the economy grows, banks tend to offer more loans and hence can earn more profits. 

However, we do not get significant results for GDP growth on profitability. On the 

other hand, an increase in the bank’s asset exhibits a positive significant impact on the 

profitability of the banks. All bank- specific and macroeconomic variables in the 

regression are lagged, similar with (Aydemir & Ovenc, 2016).  

While the central bank directly controls theshort-term rate through its policy rate, it 

indirectly affects the shape of the yield curve (specifically, the slope of the yield curve) 

through its impact on market participants’ expectations about the future path of the 

policy rate (Borio et al., 2015). The results suggest a negative relationship in between 

the slope of the yield curve and ROAA, statistically significant at 5 % significance 

level. The econometric analysis further confirms that crisis (dummy variable) also has 

negative impact on NIM when the GDP growth rate is less than 0. HHI has a positive 

relationship with the banks’ profitability. The regression results with HHI as a 
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parameter of market structure show a significant coefficient. This result suggests 

that HHI is a significant factor in bank profitability, as expected. HHI movement is 

affected by all banks' market shares. An increase in bank shares will increase HHI 

which further increases the bank’s profitability. Our results are quite consistent to those 

of Aydemir and Ovenc (2016). Below we present the results of two step GMM, with 

dependant variables; NIM and ROAA. 

Table 6. 7 GMM Regression Output H4 

 

System 

GMM 

(1) 

System GMM 

Robust Errors 

(2) 

System 

GMM 

(3) 

System GMM 

Robust Errors 

(4) 

 
NIM NIM ROAA ROAA 

L.NIM 0.209*** 0.209 
  

 
(0.000) (0.005) 

  
L.ROAA 

  
0.236*** 0.236*** 

   
(0.000) (0.000) 

Euribor -0.134 -0.134 0.122 0.122 

 
(0.823) (0.081) (0.72) (0.514) 

L.Euribor 0.252 0.252*** -0.223 -0.223 

 
(0.747) (0.000) (0.616) (0.07) 

L2.Euribor -0.0701 -0.0701 0.178 0.178** 

 
(0.901) (0.419) (0.577) (0.002) 

L.Leverage -0.189*** -0.189 -0.0826*** -0.0826 

 
(0.000) (0.168) (0.000) (0.274) 

L.Assetsgrowth 0.0222* 0.0222 0.0125* 0.0125 

 
(0.033) (0.228) (0.036) (0.184) 

L.GDPgrowth -0.0873 -0.0873 0.032 0.032 

 
(0.387) (0.233) (0.576) (0.544) 

Slope -0.155 -0.155 -0.168 -0.168** 

 
(0.478) (0.327) (0.176) (0.003) 

HHI 58.43*** 58.43* 17.24** 17.24** 

 
(0.000) (0.049) (0.001) (0.009) 

Crisis -0.623 -0.623* 0.224 0.224 

 
(0.468) (0.013) (0.645) (0.385) 

N 318 318 318 318 

Wald Statistic 336.14*** 7.48*** 129.21*** 7.29 
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Sargan Test 0.295 0.295 0.282 0.282 

Arellano-Bond AR(2) 0.454 0.201 0.304 0.216 

p-values in parentheses 
  

* p < 0.05, ** p < 0.01, *** p < 0.001 

Source: Stata 
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7 Conclusion 

The current state of the prolonged low interest rate environment, especially in the euro 

area, while supporting economic growth and preventing deflation, is suspected to pose 

a great threat to the soundness of the financial system both in the EU countries as well 

as in the neighboring regions, such as in countries of Central Europe. Low interest rates 

may lead to new emerging risks and encourage structural changes in the financial 

system. Previous literature on the topic discuss technology and demographics-driven 

structural changes of post-Great Recession accommodative policies which have helped 

re-establish at least a moderate economic growth, creating what has been labeled the 

“new normal” economy. This “new normal” economy, with interest rates at 

unprecedented low levels has brought to attention several risk channels among which 

are: a notable pick-up in house prices and mortgage lending, deteriorating bank 

profitability and increased risk-taking from the side of banks. In this thesis we build 

three different models for the various research channels; however, they all commonly 

share the 3-month EURIBOR rate as an explanatory variable.  

Our findings suggest that house prices are further driven by low interest rates imposed 

by the ECB, and the effect is lagged by two quarters as looser monetary conditions 

need time to impact our dependant variables. Subsequently, we were able to support 

our first raised hypothesis: Low interest rates set by ECB increase house prices in the 

CE region. Besides bank-specific variables, we found significant results for 

macroeconomic variables such as GDP and CPI, which were in line with our 

expectations. Furthermore, a decrease in the mortgage rate increases mortgage lending 

in these countries, however we couldn’t support the second hypothesis that states that 

low interest rates imposed by ECB increase mortgage lending. Also, for the third 

hypothesis, we inferred statistically insignificant results for the ability of share of 

ARMs to describe house price changes. Lastly, in our study of 27 banks, we find that 

ROAA declines by approximately by 17.8 %, given a one percent increase in the 3-

month EURIBOR. To summarize, all our findings suggest that economies operating 

under the low interest environment are not as sound as they should be. The risk 

channels associated with the low interest rate environment may be the cause of 

financial instability and a possible bubble in the housing market.  

This study could be further improved by including more variables of study and longer 

time periods. The study would yield results of greater interest if it were to include 

Western Balkans as there are very limited studies on that region. Econometrically, this 
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is euro-area-neighborhood, removing the often-problematic endogeneity bias in 

estimating impact of various policies. Lastly, an additional identified risk channel is 

that of increased bank risk taking to compensate for the low margins. We did not 

investigate this channel in the thesis; however, it could be a benchmark for further 

improvement. 
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Appendix A 

Annexure- A (Descriptive Statistics & Correlation Matrix for Hypothesis 1, 2 and 

3) 

Table A  1 Descriptive Statistics of Variables (Overall) 

Variable Obs Mean 

Std. 

Dev. Min Max 

Prices 183 103.7687 21.66232 51.96791 180.41 

Credit 183 1402240 1408512 99752 4443340 

Mortgage rate 183 5.922186 2.868405 1.96 13.26 

Nominal GDP 183 3088325 3520648 242191.8 1.20E+07 

GDP deflator 183 94.22606 9.599833 68.9263 115.8998 

Dwellings 183 1.249386 13.9666 -40.866 66.40671 

Euribor 183 1.185739 1.629225 -0.4129 5.1131 

Adjustable rate 183 53.6779 37.26917 1.96 100 

 

Table A  2 Descriptive Statistics of Variables for each Country 

Country 

 

Statistics Prices Credit 

Mortgage 

rate 

Nominal 

GDP 

GDP 

deflator Dwellings Euribor 

Adjustable 

rate 

Czech  

Republic 

Min 73.8225 195690 1.96 843323 86.50345 -23.2206 -0.4129 1.96 

Max 152.6 1315270 5.74 1223099 110.5064 31.80723 5.1131 90.32 

 
Mean 105.4797 763899.2 3.661311 1032787 96.49918 0.773837 1.185739 46.18467 

 
Std Dev. 18.94977 306355 1.227518 93884.44 6.158317 10.82249 1.638251 21.69156 

 
Skewness 0.673651 -0.13964 0.261279 0.395343 0.34013 0.410294 1.02781 0.104557 

 
Kurtosis 3.346153 2.206968 1.770206 2.590633 2.418209 3.345602 2.8747 2.974992 

 
Obs 61 61 61 61 61 61 61 61 

Hungary Min 82.16919 1851570 4.36 5311589 68.9263 -40.866 -0.4129 2.7 

 
Max 180.41 4443340 13.26 1.20E+07 115.8998 66.40671 5.1131 40.87 

 
Mean 110.8152 3275290 8.747541 7835599 91.37648 0.838339 1.185739 15.79803 

 
Std Dev. 25.83759 625284.4 2.802738 1733892 12.83749 19.35174 1.638251 11.21199 
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Skewness 1.477326 -0.24618 -0.4966 0.811502 0.029861 0.602248 1.02781 0.523238 

 
Kurtosis 4.21136 2.757909 1.74682 2.751855 2.072265 4.220951 2.8747 2.05835 

 
Obs 61 61 61 61 61 61 61 61 

Poland Min 51.96791 99752 3.57 242191.8 79.82014 -22.7055 -0.4129 88.24 

 
Max 119.9245 257844 7.96 580923.2 107.8345 29.07479 5.1131 100 

 
Mean 95.01139 167531 5.357705 396589.3 94.80251 2.135982 1.185739 99.05098 

 
Std Dev. 16.28831 45185.61 1.399637 93676.16 7.935356 9.943994 1.638251 2.850893 

 
Skewness 1.586814 0.288058 0.050077 0.078429 -0.5324 0.007584 1.02781 -3.00345 

 
Kurtosis 4.918128 1.998375 1.70004 2.124556 2.098996 3.713443 2.8747 10.27157 

 
Obs 61 61 61 61 61 61 61 61 

Total Min 51.96791 99752 1.96 242191.8 68.9263 -40.866 -0.4129 1.96 

 
Max 180.41 4443340 13.26 1.20E+07 115.8998 66.40671 5.1131 100 

 
Mean 103.7687 1402240 5.922186 3088325 94.22606 1.249386 1.185739 53.6779 

 
Std Dev. 21.66232 1408512 2.868405 3520648 9.599833 13.9666 1.629225 37.26917 

 
Skewness 1.030268 0.762884 0.753787 0.962065 -0.43909 0.544375 1.02781 0.110123 

 
Kurtosis 5.91369 1.98086 2.481875 2.371493 2.957932 5.715191 2.8747 1.421249 

 
Obs 183 183 183 183 183 183 183 183 

 

Table A  3 Pearson Correlation Analysis 

 
1 2 3 4 5 6 7 8 

         
1. Prices 1 

       
2. Credit 0.3167 1 

      
3. Mortgage rate -0.3036 0.6008 1 

     
4. Nominal GDP 0.4183 0.9259 0.4967 1 

    
5. GDP deflator 0.6621 -0.0738 -0.7022 0.0251 1 

   
6. Dwellings -0.0036 -0.0518 -0.1531 0.0105 0.0963 1 

  
7. Euribor -0.3494 -0.0927 0.422 -0.124 -0.7283 -0.0762 1 

 
8. Adjustable rate -0.4364 -0.7942 -0.2599 -0.7707 -0.0527 -0.0175 0.0919 1 
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Table A  4 Panel Regression Output H1 & H2 

 

Pooled 

OLS 

(1) 

Fixed 

Effects  

(2) 

Random 

Effects 

(3) 

Fixed Effects  

Robust 

Errors 

(4) 

Random 

Effects  Robust 

Errors 

(5) 

Dependent variable: logPrices 

L.logPrices 0.933*** 0.880*** 0.885*** 0.880** 0.885*** 

 
(0.000) (0.000) (0.000) (0.001) (0.000) 

Euribor 0.00334 -0.0021 -0.00282 -0.0021 -0.00282 

 
(0.481) (0.588) (0.48) (0.639) (0.427) 

Mortgagerate 

-

0.00252** -0.00405* -0.0011 -0.00405* -0.0011 

 
(0.003) (0.011) (0.256) (0.034) (0.051) 

lognominalGDP 0.011889 -0.0936* 0.00674 -0.0936* 0.00674 

 
(0.061) (0.023) (0.291) (0.024) (0.332) 

CPI 0.000354 0.000603 0.000409 0.000603* 0.000409 

 
(0.248) (0.273) (0.31) (0.015) (0.476) 

Dwellings 0.000132 2.45E-05 5.64E-05 2.45E-05 5.64E-05 

 
(0.106) (0.746) (0.468) (0.658) (0.139) 

Adjustablerate 0.0000171 -6.3E-05 -3.1E-05 -6.3E-05 -3.1E-05 

 
(0.816) (0.571) (0.67) (0.215) (0.544) 

_cons 0.230** 0.852*** 0.230** 0.852* 0.230* 

 
(0.002) (0.000) (0.002) (0.018) (0.012) 

N 180 180 180 180 180 

R-square 0.972 0.979 NA 0.979 NA 

Adjusted R-square 0.970 0.975 NA 0.976 NA 

F-statistics / Wald chi2 855.52 322.60 7264.68 NA NA 

Sig. 0.0000 0.0000 0.0000 NA NA 

p-values in parentheses 
   

* p < 0.05, ** p < 0.01, *** p < 0.001 

Source: Stata 
  

 



Appendix A  69 

Table A  5 Panel Regression Output H3 

 

Pooled  

OLS 

(1) 

Fixed 

Effects  

(2) 

Random 

Effects  

(3) 

Fixed 

Effects  

Robust 

Errors 

(4) 

Random 

Effects  

Robust 

Errors 

(5) 

Dependent variable: 

logCredit 

L.logCredit 0.983*** 0.995*** 0.994*** 0.995*** 0.994*** 

  (0.000) (0.000) (0.000) (0.000) (0.000) 

Euribor 0.00299*** -0.0002 0.000479 -0.0002 0.000479 

  (0.001) (0.953) (0.893) (0.909) (0.504) 

Mortgagerate -0.00176** 0.00139 -0.00148 0.00139 -0.00148** 

  (0.009) (0.379) (0.135) (0.389) (0.003) 

lognominalGDP 0.00987 0.158*** 0.00399 0.158 0.00399 

  (0.163) (0.001) (0.691) (0.056) (0.714) 

CPI -0.00031 -0.00039 0.000161 -0.00039 0.000161 

  (0.108) (0.478) (0.773) (0.408) (0.606) 

Dwellings 1.41E-05 9.19E-05 5.38E-05 9.19E-05 5.38E-05 

  (0.83) (0.152) (0.437) (0.157) (0.405) 

Adjustablerate -0.000149* -0.0001 -7.1E-05 -0.0001 -0.0000705* 

  (0.02) (0.297) (0.422) (0.364) (0.012) 

_cons 0.0942** -0.925* -0.0169 -0.925 -0.0169 

  (0.008) (0.027) (0.836) (0.121) (0.386) 

N 180 180 180 180 180 

R-square 0.999 0.995 NA 0.995 NA 

Adjusted R-square 0.998 0.994 NA 0.994 NA 

F-statistics / Wald chi2 53859.68*** 1389.76*** 37598.87*** NA NA 

Sig. 
   

NA NA 

p-values in parentheses           

* p<0.05, ** p<0.01, *** p<0.001 

Source: Stata 
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Table A  6 GMM regression output H1 & H2 (without lags) 

 

Difference 

GMM 

(1) 

System 

GMM  

(2) 

Difference 

GMM Robust  

(3) 

System GMM 

Robust  

(4) 

Dependent variable: logPrices 

L.logPrices 0.862*** 0.873*** 0.862*** 0.873*** 

 
(0.000) (0.000) (0.000) (0.000) 

Euribor -3.7E-05 -0.00073 -3.7E-05 -0.00073 

 
(0.993) (0.86) (0.986) (0.728) 

L.Euribor 0.00205 0.00159 0.00205 0.00159 

 
(0.295) (0.424) (0.231) (0.239) 

L2.Euribor -0.00219 -0.0023 -0.00219** -0.00230*** 

 
(0.374) (0.36) (0.009) (0.001) 

Loans -0.00421** -0.00116 -0.00421*** -0.00116* 

 
(0.002) (0.142) (0.000) (0.014) 

lognominalGDP -0.112** 0.008 -0.112*** 0.008** 

 
(0.001) (0.13) (0.000) (0.004) 

GDPdeflator 0.000874 0.000539 0.000874*** 0.000539 

 
(0.068) (0.103) (0.000) (0.252) 

Dwellings 3.01E-05 5.97E-05 3.01E-05 5.97E-05 

 
(0.629) (0.345) (0.38) (0.071) 

Adjustablerate -0.00012 -0.00013 -0.00012 -0.00013 

 
(0.45) (0.426) (0.367) (0.361) 

L.Adjustablerate 8.24E-05 0.000107 8.24E-05 0.000107 

 
(0.628) (0.515) (0.463) (0.284) 

N 174 177 174 177 

Wald Statistic 9898.58*** 10478.30*** 2008.61*** 3.19e+11*** 

Sargan/Hansen test 173.67*** 16.72 16.72 16.72 

Arellano-Bond 

AR(2) 
0.882 

0.784 0.861 0.677 

p-values in parentheses 
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* p<0.05, ** p<0.01, *** p<0.001 

Source: Stata 
  

Table A  7 GMM regression output H3 (without lags) 

  

Difference 

GMM 

(1) 

System 

GMM  

(2) 

Difference 

GMM 

Robust  

(3) 

System 

GMM 

Robust  

(4) 

Dependent variable: logCredit 
   

L.logCredit 0.999*** 0.998*** 0.999*** 0.998*** 

  (32.32) (86.92) (38.84) (95.62) 

Euribor -0.00321 -0.00278 -0.00321 -0.00278 

  (-0.78) (-0.67) (-1.23) (-0.98) 

Loans 0.00138 -0.00123 0.00138 -0.00123* 

  (0.87) (-1.33) (0.91) (-2.26) 

lognominalGDP 0.156*** 0.00123 0.156*** 0.00123 

  (3.43) (0.13) (4.46) (0.14) 

GDPdeflator -0.00034 0.000291 -0.00034 0.000291** 

  (-0.59) (0.54) (-0.72) (2.6) 

Dwellings 9.65E-05 6.66E-05 0.0000965*** 6.66E-05 

  (1.54) (1.06) (5.03) (1.8) 

Adjustablerate -0.0002 -0.00016 -0.0002 -0.00016 

  (-1.17) (-1.03) (-1.08) (-0.87) 

L.Adjustablerate 0.0001 0.000114 0.0001 0.000114 

  (0.59) (0.67) (0.36) (0.44) 

_cons 
 

-0.0482 
 

-0.0482 

  
 

(-0.60) 
 

(-0.89) 

N 174 177 174 177 

Wald Statistic 29689.62*** 461643.21*** 1.41e+11*** 3.30e+07*** 

Sargan/Hansen test  
   

Arellano-Bond AR(2) 0.597 0.740 0.115 0.258 

t statistics in parentheses         

* p < 0.05, ** p < 0.01, *** p < 0.001   
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Source: Stata 

Table A  8 List of Banks 

Country Bank 

CZ Expobank CZ a.s. 

CZ Ceska Sporitelnaa.s. 

CZ Ceskoslovenska Obchodni Banka A.S.- CSOB 

CZ Komercni Banka 

CZ J&T Banka as 

CZ Modra pyramida stavebni sporitelna as 

CZ Czech Export Bank-CeskaExportni Banka 

CZ StavebníSporitelnaCeskéSporitelny as 

CZ Raiffeisen stavební sporitelna AS 

CZ Ceskomoravska Zarucni a Rozvojova Banka a.s.-Czech Moravian 

Guarantee and Development Bank 

HU OTP Bank Plc 

HU UniCredit Bank Hungary Zrt 

HU K&H Bank Zrt 

HU Raiffeisen Bank Zrt 

HU MKB Bank Zrt 

HU Erste Bank Hungary ZRT 

HU CIB Bank Ltd-CIB Bank Zrt 

HU Budapest Bank Nyrt-Budapest Hitel-és Fejleszési Bank Nyrt 

 

HU Hungarian Export-Import Bank Private Ltd 
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HU FHB Mortgage Bank Plc-FHB Jelzalogbank Nyrt. 

 

HU Commerzbank Zrt 

 

HU KDB Bank Europe Ltd 

 

HU Keler Rt – Központi Elzamolohaz es Ertektar (Budapest)  

HU Magyar Cetelem Bank Rt 

 

POL mBank SA 

 

POL Bank Millennium 

 

POL SGB Bank SA 

 

Selection of banks made by author. Central banks are not included in the table. 
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Appendix B 

Annexure – B (Descriptive Statistics & Correlation Matrix for Hypothesis 4) 

 

Table B  1 Descriptive Statistics of Variables (Overall) 

Variable Obs Mean Std. Dev. Min Max 

NIM 324 3.634849 3.99429 -0.351 26.139 

ROAA 324 0.938448 2.364957 -7.582 14.987 

Leverage 324 11.9306 5.94246 0.583236 37.42981 

Assets growth 324 8.55568 21.21184 -74.9641 194.3423 

HHI 324 0.08844 0.014883 0.0559 0.1155 

GDP growth 324 2.25542 3.174864 -6.69956 7.034828 

Euribor 324 1.741473 1.507644 -0.00123 4.834775 

Slope 324 1.19873 1.58501 -3.59167 3.3275 

Crisis 324 0.179012 0.383956 0 1 

 

Table B  2 Descriptive Statistics of Variables for each Country 

Country 

 

Statistics NIM ROAA Leverage 

Assets 

growth HHI 

GDP 

growth Euribor Slope Crisis 

Czech 

Republic 

Min -0.351 -2.525 5.252663 -74.9641 0.0966 -4.80257 -0.00123 0.483333 0 

Max 3.88 2.069 37.42981 194.3423 0.1155 6.853522 4.834775 3.3275 1 

 
Mean 2.023033 0.937692 14.22088 10.61391 0.104933 2.714 1.741473 1.826625 0.25 

 
Std Dev. 0.95199 0.667987 6.945289 25.25611 0.005348 3.327419 1.511627 0.946559 0.434828 

 
Skewness 0.201787 -1.15106 1.288538 3.383372 0.402871 -0.73961 0.762426 0.150247 1.154701 

 
Kurtosis 2.389342 7.214548 4.092411 26.65598 2.19003 2.830455 2.435973 1.670339 2.333333 

 
Obs 120 120 120 120 120 120 120 120 120 

Hungary Min 1.052 -7.582 0.583236 -25.7028 0.0763 -6.69956 -0.00123 -3.59167 0 

 
Max 26.139 14.987 34.01006 130.1374 0.0873 4.822851 4.834775 3.009167 1 

 
Mean 5.123214 0.963482 9.851427 8.905805 0.082542 1.559468 1.741473 0.817881 0.166667 

 
Std Dev. 5.053316 3.227282 4.621576 19.92471 0.003245 3.125853 1.509816 1.914856 0.373792 

 
Skewness 2.802445 1.190785 1.033311 1.730798 -0.248 -1.36221 0.762426 -0.86231 1.788854 

 
Kurtosis 10.24708 7.814472 6.617578 10.38772 2.07664 4.433669 2.435973 2.850761 4.2 
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Obs 168 168 168 168 168 168 168 168 168 

Poland Min 1.304 -0.911 8.265141 0.0559 0.0559 1.391892 -0.00123 -0.35833        0 

 
Max 3.019 2.681 20.07862 0.0692 0.0692 7.034828 4.834775 1.907265 0 

 
Mean 2.061861 0.824139 13.99911 0.060992 0.060992 3.974594 1.741473 0.883044 0 

 
Std Dev. 0.475308 0.621228 4.102794 0.004704 0.004704 1.634208 1.526669 0.701802 0 

 
Skewness 0.037614 0.128552 0.109575 0.400309 0.400309 0.191855 0.762426 -0.158 . 

 
Kurtosis 1.970693 4.698991 1.42713 1.589952 1.589952 2.376426 2.435973 2.03574 . 

 
Obs 36 36 36 36 36 36 36 36 36 

Total Min -0.351 -7.582 0.583236 -74.9641 0.0559 -6.69956 -0.00123 -3.59167 0 

 
Max 26.139 14.987 37.42981 194.3423 0.1155 7.034828 4.834775 3.3275 1 

 
Mean 3.634849 0.938448 11.9306 8.55568 0.08844 2.25542 1.741473 1.19873 0.179012 

 
Std Dev. 3.99429 2.364957 5.94246 21.21184 0.014883 3.174864 1.507644 1.58501 0.383956 

 
Skewness 3.823785 1.582513 1.322464 3.007175 -0.1503 -1.07568 0.762426 -1.16079 1.67459 

 
Kurtosis 18.64774 14.05687 5.63735 24.70061 2.504771 4.088875 2.435973 4.394775 3.804252 

 
Obs 324 324 324 324 324 324 324 324 324 

 

Table B  3 Pearson Correlation Analysis 

 
1 2 3 4 5 6 7 8 9 

1. NIM 1 
        

2. ROAA 0.622 1 
       

3. Leverage -0.3927 -0.3097 1 
      

4. Assets growth -0.0087 0.178 0.0881 1 
     

5. HHI -0.1635 0.005 0.1876 0.1432 1 
    

6. GDP growth -0.0791 0.0355 0.1214 0.1559 -0.0127 1 
   

7. Euribor 0.0156 0.1613 0.1414 0.2686 0.0649 0.168 1 
  

8. Slope -0.1132 -0.2021 0.0451 -0.1862 0.2596 -0.243 -0.7157 1 
 

9. Crisis -0.0195 -0.0385 -0.0249 -0.1149 0.2022 -0.7774 -0.2635 0.3348 1 

Arellano-Bond AR(2) 0.454 0.201 0.304 0.216 

p-values in parentheses 
  

* p < 0.05, ** p < 0.01, *** p < 0.001 
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Table B  4 One-Step GMM Regression Output H4 (without lags) 

 

System 

GMM 

(1) 

System GMM 

Robust Errors 

(2) 

System 

GMM 

(3) 

System GMM 

Robust Errors 

(4) 

 
NIM NIM ROAA ROAA 

L.NIM 0.451*** 0.451** 
  

 
(0.000) (0.005) 

  
L.ROAA 

  
0.418*** 0.418*** 

   
(0.000) (0.000) 

L.Euribor -0.049 -0.049 -0.031 -0.031 

 
(0.822) (0.794) (0.817) (0.634) 

L.Leverage -0.204*** -0.204*** -0.0909*** -0.0909*** 

 
(0.000) (0.000) (0.000) (0.000) 

L.Assetsgrowth 0.0335** 0.0335* 0.0146* 0.0146 

 
(0.002) (0.035) (0.036) (0.084) 

L.GDPgrowth -0.134 -0.134 0.0277 0.0277 

 
(0.203) (0.061) (0.669) (0.294) 

Slope -0.143 -0.143 -0.103 -0.103 

 
(0.488) (0.505) (0.417) (0.116) 

HHI 55.25*** 55.25*** 16.87** 16.87*** 

 
(0.000) (0.000) (0.004) (0.000) 

Crisis -0.878 -0.878 0.18 0.18 

 
(0.324) (0.17) (0.743) (0.183) 

N 288 288 288 288 

Wald Statistic 384.98*** 469.39*** 150.67*** 784.36 

Arellano-Bond AR(2) 0.904 0.928 0.128 0.162 

p-values in parentheses 
  

* p<0.05, ** p<0.01, *** p<0.001 

Source: Stata 

 

 
   

 


