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my supervisor, for his guidance and invaluable advice during writing of this

thesis. I would like to express my gratitude to ČSOB, especially to Ing. Ondřej
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Abstract

The growth of household indebtedness in the last decade led to more attention

paid to this issue since it could threaten the stability of financial system in

the future. In the Czech Republic, this rise is mainly caused by the increased

number of mortgage loans, which are usually the largest financial burden that

debtors have to repay. For that reason, I focus on mortgages since their growth

has been the most significant in comparison with other loan types. The aim

of this thesis is to analyse how personal characteristics affect one’s decision

on the amount they choose to borrow in order to finance their housing needs.

For this purpose, I performed a multiple regression analysis applying several

estimation methods. By examining a random sample of ČSOB clients who have

taken out a mortgage, I discovered that person’s income, age, marital status,

education and region a person lives in are significant factors affecting debtor’s

choice about how much they borrow. Conversely, the number of children affects

the amount borrowed only at higher quantiles of the distribution, whereas it

is not a significant factor at lower quantiles. This thesis complements rather a

limited number of studies about the Czech household debt as it provides new

findings about a borrower’s decision.
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Abstrakt

Růst zadluženosti domácnost́ı v posledńım desetilet́ı vedl k větš́ı pozornosti

věnované tomuto problému, protože by v budoucnosti mohl ohrozit stabili-

tu finančńıho systému. V České republice byl tento r̊ust zp̊usoben převážně

zvýšeným počtem hypotečńıch úvěr̊u, které jsou obvykle největš́ı finančńı zátěž́ı,

kterou dlužńıci muśı splatit. Z tohoto d̊uvodu se soustřed́ım na hypotéky,

protože jejich nár̊ust byl v porovnáńı s ostatńımi typy p̊ujček největš́ı. Ćılem

této práce je analyzovat, jak osobńı charakteristika ovlivňuje, kolik peněz si

člověk rozhodne p̊ujčit, aby mohl financovat své bydleńı. Za t́ımto účelem jsem

použila mnohonásobnou regresńı analýzu a aplikovala několik metod odhadu.

Zkoumáńım náhodného vzorku klient̊u ČSOB, kteř́ı si vzali hypotéku, jsem

zjistila, že plat, věk, rodinný stav, vzděláńı a kraj, ve kterém osoba žije, jsou

signifikantńımi faktory ovlivňuj́ıćı dlužńıkovu volbu o výši p̊ujčené částky. Na

druhou stranu počet dět́ı ovlivňuje výši p̊ujčky jen ve vyšš́ıch kvantilech dis-

tribuce, zat́ımco v nižš́ıch kvantilech to neńı signifikantńı faktor. Tato práce

doplňuje poměrně limitované množstv́ı studíı o dluhu českých domácnost́ı,

protože poskytuje nové poznatky o tom, jak se lidé v př́ıpadě p̊ujček rozho-

duj́ı.

Klasifikace JEL D12, D14, G21
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Borrows and Who May Not Repay?. CERGE-EI Working Paper Series, 2011,

443.

2. CAMERON, A. Colin; TRIVEDI, Pravin K. Microeconometrics: methods and

applications. Cambridge university press, 2005.

3. COULIBALY, Brahima; LI, Geng. Choice of mortgage contracts: evidence

from the survey of consumer finances. Real Estate Economics, 2009, 37.4:

659-673.
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Chapter 1

Introduction

Over the past decade, many European countries have experienced an increase in

household debt. This issue may be problematic as the excessively high indebt-

edness of households can threaten the stability of financial system. Therefore,

household debt has been examined both from the macroeconomic point of view

and at the household level. The first approach assesses the causes of the rising

indebtedness or its effects on the economy and proposes possible policies in

order to sustain or reduce the current level of debt. Chmelar [1] examined the

connection between household debt and the last European recession. On the

other hand, analysis of the debt at the household level can help to understand

which groups are more likely to be indebted (Kempson et al. [2]). In the Czech

Republic, household debt has increased from 522,8 billion CZK in December

2005 to 1393,9 billion CZK in February 2016, of which approximately 70% con-

sists of mortgages. They are most likely the main attribute of the increasing

household debt as the amount owed for consumer credits or other loans has re-

mained relatively stable. Mortgage loans have increased from 282,6 billion CZK

in 2005 to 981,6 billion CZK in 2016 which is more than three times higher

than the initial amount [3]. Since loans for house purchases are usually the

largest financial burden households have to repay and also the largest part of

the total household debt, this thesis focuses particularly on mortgage loans in

the Czech Republic.

The main aim of this thesis is to examine personal characteristics which

influence the fact how high mortgage amounts people borrow. This approach

is different from the previous studies since the variation in amounts borrowed

is examined. On the other hand, researchers have examined more frequently

the probability of taking out a new loan, having difficulties with repayment or
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defaulting a loan based on the household characteristics (such as a number of

members, total income, age of household head etc.). Furthermore, the analysis

is usually performed on the total household debt without any distinguishing

what the money is owed for. As for the household debt in the Czech Republic,

Bičáková et al. [4] provides the most detailed analysis of the Czech household

debt. In the thesis, I examine a random sample of ČSOB clients who have

taken out a mortgage by performing a multiple regression analysis. The indi-

vidual factors influencing the amount of money a person decides to borrow are

examined so that it is possible to assess the effect of specific personal characte-

ristics of each client. I perform OLS estimation, LAD estimation and quantile

regression analysis in order to study the sample in detail.

The thesis is structured as follows: in Chapter 2, the summary of relevant

literature connected with the household debt is provided with main focus on

mortgages as they are the major loan type examined in the thesis. Chapter 3

describes the data that are analysed. Firstly, the general information about the

sample is provided and followed by the detailed descriptive statistics of each

variable included in the dataset obtained from ČSOB. The summary statistics

of each variable are supplemented with general features that can be observed.

The econometric analysis is described in Chapter 4. At first, the examined

variables are presented. This is followed by the list of hypotheses to be tested.

The following section of Chapter 4 discusses applied methods and reasons why a

particular method was chosen. In this chapter, 5 models are estimated applying

various methods depending on the form of a regression model or a sample

size. Since the sample includes a few observations with extreme values, the

applied estimation methods have to be chosen so that the results are plausible.

In Chapter 5, I comment on the results of all models and provide possible

explanation for each estimated effect. Chapter 6 concludes the thesis.



Chapter 2

Literature review

In this chapter, I present the findings of other authors’ studies which are related

to the examined topic. Since the aim of this thesis is to analyse the effect of

personal characteristics on the amount people borrow so that they are able to

finance their housing needs, I describe studies related to mortgage loans. Since

there has not been, to the author’s knowledge, any research that examines how

borrower’s characteristics influence one’s decision on the amount borrowed,

I include additional studies which focus on the connection between personal

characteristics and household debt in general as they are similar to the analysis

presented in this thesis. Finally, I comment on the research examining the

situation in the Czech Republic.

2.1 Mortgage Debt Growth

Many countries have experienced the growth of mortgage debt and thus, there

are studies aiming at explanation of the increasing indebtedness. Wolswijk [5]

analysed 15 European countries by applying pooled regressions and discovered

that financial deregulation measures, stock market growth and an increase in

house prices positively influenced mortgage lending. On the other hand, after-

tax interest rate has a negative effect. Additionally, he considered various fiscal

measures which could be used for balancing housing market. The evolution of

mortgage debt in Canada is examined by Fortin and Leclerc [6]. They ana-

lysed annual time-series data and discovered that the most significant factors

explaining the growth of mortgage indebtedness were housing prices and three

exogenous variables: nominal interest rate on mortgage, real per-capita income

and inflation rate. Crawford and Faruqui [7] points out that not only mortgage
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loans, but also consumer credits led to the growth of the Canadian household

debt. Georgarakos et al. [8] assessed attitude people living in 12 European

countries had towards mortgage debt. They examined which factors led to

financial distress among mortgage debtors and concluded that lower educa-

tion, health problem or unemployment resulted in financial difficulties in most

countries.

2.2 Mortgage Default Rate

Another problem that is connected with mortgage loans is default rate. The

situation in the United States was discussed by Mayer et al. [9]. They com-

mented on the rise in mortgage defaults and proposed possible explanations.

Contrary to previous opinions that the growth of defaults is caused by mort-

gage features, they concluded that the problem arose when borrowers with the

lowest credit scores were provided with mortgage. Furthermore, when house

prices declined, debtors had less incentive to pay off the debt. Quercia and

Stegman [10] provided a review of the literature analysing mortgage default

from the early studies.

2.3 Discrimination in Mortgage Market

Discrimination in mortgage lending market has been examined by many au-

thors. Ladd [11] found the evidence of discrimination against minorities by

mortgage lenders. Similarly, Bayer et al. [12] discovered differences in the like-

lihood of obtaining mortgage depending on the race or ethnicity as the result

of analysing 7 large metropolitan markets between 2004 and 2008. Apart from

placing a person at a disadvantage due to their race, different types of discrimi-

nation can be examined. Dietrich and Johannsson [13] modified the approaches,

that were previously used for detection racial discrimination, and applied them

for testing the presence of age and gender discrimination. They did not find

any evidence of the presence of this effect in mortgage lending.

2.4 Arrears in Repaying Mortgages

Since mortgage loans are usually very high, it is possible that some people

might have a problem with repaying the amount borrowed. Magri [14] used
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Eu-Silc data for Spain, Finland, France, Ireland, Italy, the Netherlands and

Great Britain in order to analyse the frequency of households which are in

arrears in repaying their mortgages. Moreover, they examined the effect of

various household characteristics on the probability of being in arrears esti-

mating a probit model. They discovered that increasing age of household head

resulted in lower probability. The same applies to education, income and work-

ing time. A higher number of household members increases the probability as

well. The issue of mortgage payment problems is also discussed by May and

Tudela [15] who focused only on the case of Great Britain, but they conducted

a more detailed analysis compared to Magri [14]. Their results suggest that

facing financial difficulties in the past increases the probability of having prob-

lem servicing the debt in the present. Unemployment appears to be the most

significant factor leading to mortgage payment problems jointly with interest

income. The most detailed analysis of British household indebtedness and the

risk of being in arrears is provided by Kempson et al. [2], but they do not con-

sider only mortgage debt, but total household debt. They found that younger

people were more likely to be in arrears. Having children and higher number

of credit commitments also increase the risk of being in arrears. The fact that

lower income leads to higher likelihood of having financial difficulties while re-

paying is in line with the previously mentioned studies. Additionally, Nettleton

and Burrows [16] examined the effect of being in mortgage arrears on debtor’s

health. They discovered that mortgage indebtedness worsened person’s well-

being. Additionally, men who face difficulties with repayment tend to visit

their general practitioners more frequently. The effect of the overall household

debt on debtor’s health in Germany was examined by Keese and Schmitz [17].

They discovered that household indebtedness strongly affected person’s mental

health.

2.5 Mortgage Choice Determinants

As the topic of this thesis is to examine decisions people make on the amount

they borrow, this section presents studies related to mortgage choice deter-

minants. Coulibaly and Li [18] analysed data from the Survey of Consumer

Finances in the United States in order to determine which factors influence

a borrower’s choice between fixed- and adjustable-rate mortgages in order to

revisit previous studies. They estimated a logit model analysing not only bor-

rower’s characteristics, but also relative pricing and other terms of a mortgage



2. Literature review 6

contract. They showed that risk-averse people tended to prefer fixed-rate mort-

gages. Furlong et al. [19] discovered that low-credit borrowers seemed to have

higher propensity to choose adjustable-rate mortgage. Furthermore, they exa-

mined the effect of house price appreciation on a borrower’s choice which mort-

gage type to take out. Additionally, Vickery [20] found the connection between

mortgage choice and movements in retail interest rate. In Australia, determi-

nants of mortgage choice were discussed by Dungey [21] as she examined the

effect of global financial crisis on people’s decisions which mortgage product to

choose analysing mortgage applications that originated between January 2003

and May 2009. The author used a logit model in order to predict probabili-

ties of preferring certain mortgage type for different groups of applicants. She

discovered that the recent crisis resulted in a significant change in borrower’s

preferences towards mortgage type. Moreover, individual characteristics are

also an important determinant. In another research paper, Dungey et al. [22]

assessed not only the effect of borrower’s characteristics on mortgage choice,

but also the role of regulatory capital requirements. The situation in Sweden

was examined by Hullgren [23] who analysed data collected by questionnaires

in Stockholm area. The results show that high income households tend to take

out adjustable-rate mortgages. Additionally, people seem to be influenced by

their bank advisers while choosing mortgage type. Hullgren and Söderberg [24]

also analysed differences between men and women and discovered that men’s

choices are influenced by age, low level of education and risk averseness, whereas

women’s decisions are affected by income, low financial literacy and increase in

interest rate.

2.6 Personal Characteristics and Household Debt

Bover et al. [25] examined the distribution of household debt across euro area

countries and factors that influenced it. As for secured debt, they discovered

that age, income and education level of household members had a significant

effect, but their importance varied across selected countries. Farinha [26] ana-

lysed the situation in Portugal using data from 1994 and 2000 in order to assess

the effect of gender, age, education, work status, income, marital status and

the number of persons living in the household on the probability of holding

debt and also on the outstanding amount of debt. The results suggest that

higher income and higher education both lead to higher probability of holding

debt. Additionally, these factors also increase the outstanding debt amount.



2. Literature review 7

2.7 Czech Household Debt

Although household indebtedness in the Czech Republic has significantly in-

creased since 2005, there are not many research papers which would focus on

this phenomenon and aim at its analysis. Czech Statistical Office [27] issued a

short article regarding the growth and development of the debt, but it did not

provide any econometric analysis of this problem. On the other hand, Bičáková

et al. [4] conducted the most detailed analysis of household debt in the Czech

Republic. Firstly, they examined the development of household credit mar-

ket from 2000 to 2008 and claimed that the share of households having a loan

had not significantly changed over this period, whereas the amount of debt out-

standing had raised. The amount increased particularly for younger households

as a result of increased mortgage lending. Secondly, they used another dataset,

the Statistics on Income and Living Conditions for 2005–2008, which included

household-level micro data. They estimated probit and tobit models in order

to determine the probability of having a loan, the probability of taking out a

new loan and the amount of a new loan. They discovered that higher income,

higher number of members in a household and presence of children increased

the probability of having a loan. On the other hand, higher age and longer

duration of marriage have the opposite effect. The probability also decreases

with higher education of household members. They discovered that these vari-

ables had the same effect on the likelihood of taking out a new loan and the

amount borrowed. Finally, they proved that there was considerable variation in

borrowing across regions in the Czech Republic which is significantly connected

with economic conditions in the given region.

The contribution of this thesis is explaining the variation in mortgage

amount by analysing factors that influence the amount borrowed in a way

that has not been applied yet. As the availability of micro data containing

information about household financial situation is limited, I examine a dataset

which has different features compared to data analysed in the previous work

and therefore this thesis could possibly discover new phenomena in a borrower’s

choice.



Chapter 3

Data Description

In this chapter, I comment on the origin of the examined dataset and present a

detailed description of its structure in order to determine general features and

relations in the sample.

3.1 Origin of Data

Since the main objective of this thesis is to analyse factors affecting the amount

of money a person borrows, it was essential to work with a sample of people

which contains personal data. For this purpose, ČSOB provided me with a

random sample of its clients who have taken out a mortgage. The dataset was

created in September 2015.

The anonymised data include information about 2,000 persons who have in

total 2,149 mortgage loans. Clients who have more than 1 mortgage loan were

also kept in the sample so that the largest possible dataset could be analysed.

Furthermore, 70 observations which did not include information about marital

status or region a person lives in were deleted. Since only 3.3% observations

were removed, this approach should not significantly influence the results. The

final examined dataset contains 2,078 entries. Since there are some extremely

high values which could distort the results, the size of the sample is not constant

for all regression models, as it depends on the robustness of a particular method

used for the analysis.
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3.2 Descriptive Statistics

In this section, I provide description of all variables which are included in the

dataset. Data can be divided into two categories. The first category consists of

variables which directly relate to a mortgage contract, whilst variables in the

second category provide personal information about a client. Moreover, some

variables had to be modified so that they have a proper form which could be

examined.

Since data from ČSOB are analysed, I used additional comments in the

dataset explaining meaning of each variable which were written by ČSOB em-

ployee and information about ČSOB products on its website [28] in order to

describe mortgage-related variables that are in the sample.

3.2.1 Mortgage

ČSOB provided two sums of money which stand for mortgage loan. These are

initially arranged mortgage amount and actual withdrawn amount. In most

cases, the differences between them are negligible or they do not differ at all.

Nevertheless, I decided to use the actual withdrawn amount in the models. I

removed 1 observation, because the value of actual withdrawn amount was miss-

ing. The range of values is relatively wide. The lowest amount borrowed is only

199,599 CZK in comparison with the highest amount which is 20,823,484 CZK.

I added the median value into Table 3.1, because it may better express how

much people actually borrow as it is not distorted by extreme values. The me-

dian value of 1,500,000 CZK suggests that people borrow rather lower amounts.

This can also be seen in Figure 3.1 as high amounts are very rare.

Variable Mean Median Std. Dev. Min Max
actual 1,860,425 1,500,000 1,559,037 199,599 20,823,484
arranged 1,822,263 1,500,000 1,512,913 200,000 23,255,151

Table 3.1: Actual withdrawn amount and arranged amount (CZK)

3.2.2 Type

People can choose between two mortgage types which are provided by ČSOB

and this type depends on what the loan is meant for. The more frequent type

is a classic mortgage used for financing housing needs, which is secured by real

estate. On the other hand, the second type called American mortgage allows
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Figure 3.1: Distribution of mortgages

clients to buy anything they want, but the loan has to be secured by real estate

as well. It offers lower interest rate than ordinary loan. Only 56 people in

the sample have taken out American mortgage, while remaining 2,022 people

have a classic mortgage. Since American mortgage is not meant for financing

housing, its mean is much lower than the mean of a classic mortgage. This is

summarized in Table 3.2.

Another division can be made based on the loan amount to real estate value

ratio. The standard ratio is 70%, but in case of a classic mortgage it is possible

to have even higher - 85% or 100%. In the sample, there are 1,021 mort-

gages with standard ratio, 826 clients have ratio equal to 85% and 231 clients

borrowed amount up to 100% of the real estate value. I do not differentiate

between these types in the analysis and use all observations irrespective of the

type.

Variable Mean Std. Dev. Min Max N
american 784,797 523,092 200,000 3,200,200 56
classic 1,850,996 1,521,260 199,599 20,823,484 2,022

Table 3.2: American and classic mortgage (CZK)

3.2.3 Interest rate

While considering whether to take out a mortgage or not, people usually re-

gard interest rate as an important determinant. As a result of low interest
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rates, mortgages are becoming more affordable to wider range of people [29].

This might be one of the factors responsible for the growth of household in-

debtedness. In the dataset, current interest rate and average interest rate,

which is computed from the beginning of repayment period up to now, can be

compared. Table 3.3 shows that there are small differences between these two

interest rates.

Variable Mean Std. Dev. Min Max
average 3.921631 1.166988 1.28 8.98
current 3.410342 1.122128 1.16 9.59

Table 3.3: Average and current interest rate

3.2.4 Repayment

Monthly payments and repayment period are closely related. Thus, these vari-

ables are described together. The dataset directly includes information about

payments, but the repayment period had to be computed based on the date

when a person terminates mortgage withdrawals and the date when the last

payment is supposed to be paid.

These variables show how burdensome mortgage can be. Not only does a

person have to pay a relatively high sum each month, but also the repayment

period can be very long. Thus, debt to income ratio was generated in order to

discover percentage of income that is used for repayment. Since some repay-

ment amounts are higher than income, it is probable that these clients are not

paying off the loan by themselves, but for instance with a spouse or a partner.

Furthermore, the data include information about outstanding debt, which is

yet to be repaid. The results are summarized in Table 3.4.

Variable Mean Std. Dev. Min Max
repayment 9,390 7,818 382 118,180
period 23.280 7.066 5.005 42.312
debt 1,545,176 1,382,225 2490 20,823,484
DTI ratio 0.347 0.277 0.00065 2.47650

Table 3.4: Repayment amount (CZK), repayment period in years,
outstanding debt (CZK), and debt to income ratio
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3.2.5 Date and Fixation

The dataset includes various important dates related to the loan. The first vari-

able states the date of execution. After signing the contract, clients are allowed

to draw the funds. They can decide how they want to draw the mortgages so

that it satisfies their needs. The duration of drawing is known, because the

date of the first drawing and the date of the last drawing are provided. After

terminating mortgage withdrawals, clients commence repayment of the loan.

Another two dates are connected with mortgage repayment. The first one

is the date when the next monthly repayment is supposed to be paid. The

second one tells the date of the very last repayment. Due to these dates, it

is possible to compute the duration of repayment period. Additional variables

show information about fixation. During this period, annual interest rate does

not change. Both the length of fixation and the date, when annual interest rate

will stop to be fixed, are known.

In the following section, I describe variables which characterize each client

in the sample.

3.2.6 Gender

One of the most important factors affecting the sum of money borrowed I would

like to examine is gender. Figure 3.2 shows that it is much more likely that a

person who borrows in order to finance housing needs is male.

The ratio male to female is approximately 7:3. One possible explanation

for this could be that in case of married couples husband is usually the one

who takes out a mortgage. It is not likely that this disproportion could be

the result of gender discrimination in Czech mortgage market. Furthermore,

not only do male clients account for 70% of the sample, but they also borrow

higher amounts in comparison with female clients. Maybe this is because men

earn higher salaries in comparison with women and therefore men can afford to

pay higher instalments. This fact applies to the examined sample as well, but

specific values about salary are provided in section 3.2.11 Income. Details about

mortgage loan amounts depending on gender are summarized in Table 3.5.
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Variable Mean Std. Dev. Min Max
female 1,665,411 1,333,244 199,599 15,379,058
male 1,886,837 1,576,855 200,00 20,823,484

Table 3.5: Mortgage amount by gender (CZK)

Figure 3.2: Gender distribution

3.2.7 Age

The following variable deals with a person’s age. It provides the information

about a client’s current age. In order to use this variable in the analysis, it had

to be modified. Since the dataset includes the date of execution, I was able

to compute a person’s age at the time of taking out a mortgage, which would

help me assess the effect of age on the amount of money borrowed. From now

on, I work with the modified variable in the analysis.

I am interested not only in the age effect, but also in the age distribution

in the sample, because it may reveal some interesting facts and patterns. The

summary statistics are provided in Table 3.6 and the distribution can be seen

in Figure 3.3.

The youngest person in the sample is only 18 years old which is the lowest

possible age for applying for a loan. The oldest person is 71 years old. These

values are very rare as in both cases only 1 person of that extreme age is present

in the dataset. The mean age equals 35 years and the median is 34 years. People
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aged 30–40 account for 1018 observations in the sample. This suggests that

borrowers are probably waiting to take out such a high loan until they have

a permanent job and a stable income so that they do not face any financial

difficulties while repaying the mortgage. Another possible reason for this could

be the connection between house purchases and starting a family, because they

usually occur almost simultaneously. As the average age at which couples start

a family increased in the past years, this change could possibly influence their

decisions on taking out a mortgage and subsequently buying a house. The

mean age of women at childbirth in the Czech Republic in 2013 was 29.9 years,

which confirms that women have their first child at higher age [30].

Figure 3.6 shows that the distribution is slightly skewed to the right. The

coefficient of skewness equals 0.687. This feature indicates that young people

borrow more frequently in comparison with elderly people. This might be

because the repayment period is usually long and elderly person would not

manage to repay the debt.

Variable Mean Std. Dev. Min Max
age 35.07796 8.22743 18 71

Table 3.6: Age at the time of taking out a mortgage

Figure 3.3: Age distribution
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3.2.8 Marital Status

This variable tells the information whether a client is married, single or di-

vorced. There are few categories that are very rare. These are widowed, in

registered partnership or living with a partner. In order not to have too many

variables in the analysis, the least frequently cases are covered in the main

categories stated above. I decided to do this so that even more observations

are not deleted. In the sample, there are 9 widowed persons who I regarded as

single. The same applies for 4 people having a partner, since people who de-

scribed themselves as single can also have one, but they did not state so. Only

1 person in the sample is in registered partnership who I regarded as married.

The description of loan amounts borrowed by main categories is summarized

in Table 3.7.

Married people have the highest amount borrowed of all groups on average.

This might be because they can use two incomes for repayment. On the other

hand, single and divorced people probably have to pay off the mortgage on their

own which restricts the loan amount they can afford. Furthermore, divorced

clients constitute the smallest proportion and the amount they borrow is the

lowest as well. One possible explanation for this could be related to age, since

the mean age of divorced people is 40 years and therefore they do not borrow

such high amounts.

Variable Mean Std. Dev. Min Max N
married 1,952,957 1,566,422 199,599 18,993,469 1108
single 1,729,231 1,514,288 200,000 20,823,484 698
divorced 1,528,616 1,201,393 200,000 9,950,000 272

Table 3.7: Marital status and amount borrowed (CZK)

3.2.9 Number of Children

All observations about the number of children a person has lie between 0 and

9. The mean value equals 0.679 and the median value is even lower - 0 children.

Although it is usual to have rather fewer children at this time, the values are

lower than expected. The distribution is shown in Figure 3.4. As in the previous

cases, the distribution is skewed to the right. The coefficient of skewness equals

10.08.

More than a half of the sample consists of childless persons. One possible

reason might be that these people take out a mortgage before starting a family.
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The number could possibly be influenced also by a client’s age, since elderly

people were starting a family at the time when having more than just one child

was more common. The effect of number of descendants on loan amount that

a parent borrows will be examined in the econometric analysis. The average

amount of money borrowed for each group by number of children is summarized

in Table 3.8.

Variable Mean Std. Dev. Min Max N
childless 1,810,885 1,551,301 200,000 20,823,484 1,266
1 child 1,756,421 1,119,084 199,599 8,500,000 515
2 children 2,151,026 2,161,080 250,00 18,993,469 127
3 children 1,595,273 1,033,404 250,000 6,700,000 98
4 children 2,000,573 1,470,822 480,000 6,700,000 29
5 children 2,033,349 1,354,590 350,000 6,390,000 33
6 children 2,594,741 2,783,737 300,000 7,263,189 7
7 children 10,623,393 10,623,393 10,623,393 1
8 children 0
9 children 3,050,000 3,464,823 600,000 5,500,000 2

Table 3.8: Number of children and amount borrowed (CZK)

Figure 3.4: Distribution of number of children



3. Data Description 17

3.2.10 University Degree

The data include information whether a client obtained bachelor’s degree, mas-

ter’s degree or none. In the analysis, I do not distinguish between degree types.

I consider person to have a university degree if they obtained either bachelor’s

or master’s degree, therefore variable where both possibilities are combined

without differentiation was generated. In the original dataset, only 36 people

have bachelor’s degree, while 513 people obtained master’s degree. Because

of the small number of clients with bachelor’s degree, it is better to create

only one category in order to avoid having too many variables with few obser-

vations. The difference between amounts borrowed by people with university

degree and without degree is summarized in Table 3.9. The results show that

more than one fourth of the sample has a university degree. Furthermore, they

also borrow higher loan amounts.

Variable Mean Std. Dev. Min Max N
degree 2,176,388 1,617,533 238,000 18,993,469 549
no degree 1,695,112 1,453,173 199,599 20,823,484 1,529

Table 3.9: University degree and amount borrowed (CZK)

3.2.11 Income

Monthly income is a crucial factor I would like to examine. ČSOB provided me

with estimated income of each client. The lowest income is 8,000 CZK, while

the highest income equals 1,556,508 CZK. This seems to be extremely high

value for someone who needs to borrow money. It might be due to an error.

Another explanation could be connected with the method which was used to

determine a person’s income. For instance, if the client did some profitable

business in the past months and the income was estimated as the average value

of money earned during this period, it would be feasible to have such a high

salary. Nevertheless, it still does not explain why this client borrowed almost

1,800,000 CZK which is relatively close to his monthly income.

The connection between amount borrowed and income will be examined in

the next chapter. Therefore, only values connected directly with income are

presented. I include not only the mean value, but also the median value as the

mean could be affected by extremely high salaries. Additionally, I include these

values separately for male and female clients in order to show the difference
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between them. This is summarized in Table 3.10. The distribution is shown in

Figure 3.5.

The summary table shows that there are quite considerable differences be-

tween the mean and the median. The values show that women earn less money

in comparison with men. It might be one of the reasons why they are found

in the sample less frequently. Based on the income distribution, it is evident

that loans are taken out by people with rather lower income as distribution is

considerably skewed to the right.

Variable Mean Median Std. Dev. Min Max
income 40,992.6 27,650 70,531.69 8,000 1,556,508
female 32,921.29 24,166 33,147.02 8,000 461,500
male 44,315.43 29,287.5 80,835.34 8,000 1,556,508

Table 3.10: Income (CZK)

Figure 3.5: Income distribution

3.2.12 Region

Initially, I was interested in the distribution of indebtedness across regions of

the Czech Republic. Since such data are not available, I use distribution of

people who have taken out a mortgage by region they live in. The examined

dataset includes information about postcode for each person. Thus, it was
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possible to determine the region where a client lives. Some people do not live

in the Czech Republic and therefore they were removed from the sample.

Table 3.11 summarizes the number of people living in each of 14 Czech

regions and how much money they borrow. People living in Prague borrow the

highest amounts. They also form more than 20% of the sample which is shown

in Figure 3.6.

Variable Mean Std. Dev. Min Max N
Prague 2,700,197 2,288,715 200,000 20,823,484 445
Central Bohemian Region 1,791,027 1,261,911 250,000 13,924,384 211
South Bohemian Region 1,504,371 976,930.1 250,000 5,000,000 115
Plzeň Region 1,553,488 1,237,972 260,100 9,700,000 112
Karlovy Vary Region 1,308,233 898,900.8 320,000 4,200,000 72

Úst́ı nad Labem Region 1,465,681 997,450 199,599 6,700,000 123
Liberec Region 1,552,823 1,131,499 200,000 7,000,000 89
Hradec Králové Region 1,707,620 1,463,090 259,000 10,000,000 132
Pardubice Region 1,412,873 732,499.4 200,000 3,600,000 113
Olomouc Region 1,461,447 976,777.7 238,000 6,700,000 139
Moravian-Silesian Region 1,690,093 1,030,006 300,000 5,500,000 157
South Moravian Region 1,712,422 1,029,153 231,172 5,500,000 198
Zĺın Region 1,495,288 1,177,448 310,000 7,263,189 112
Vysočina Region 1,457,068 969,126.9 200,000 6,000,000 60

Table 3.11: Distribution of mortgage amount by regions

Figure 3.6: Distribution of clients by region



Chapter 4

Econometric Analysis

In this chapter, I provide the analysis about how personal characteristics in-

fluence one’s decision on the amount they choose to borrow so that they are

able to finance their housing needs. In order to determine the effect each

dependent variable has on the amount of borrowed money, I use a multiple

regression analysis. I apply various estimation methods in order to assess how

the amount borrowed changes depending on individual characteristics of each

client in the sample. It is very likely that the loan amount is influenced by

other factors as well. These might be for instance interest rate or monthly re-

payment amount. Nevertheless, these variables are not included in the models

since I would like to examine only the effect of client’s characteristics and not

factors that are directly connected with the mortgage. It is possible to leave

out mortgage-connected variables as they are probably not correlated with the

variables included in the analysis and thus, zero conditional mean assumption

should not be violated. Therefore, only variables which are described in the

last part of Chapter 3 are used.

As can be seen in the previous chapter, there are few observations that

attain extremely high values compared to the rest of the dataset. Even though

they are very rare, they could negatively impact the models. Therefore, me-

thods or models which are supposed to prevent this from happening are chosen.

Statistical software used for the analysis is Stata 13.0.1 All tests are performed

at 0.05 significance level.

1http://www.stata.com/stata13/

http://www.stata.com/stata13/
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4.1 Variables

As already mentioned, I analyse only the impact of personal characteristics on

the amount borrowed. Some variables expressing this information about each

client were modified so that they could be included in the models. The list of

analysed variables, their form and necessary modifications is described below.

The main objective is to explain variation in the amount of money borrowed.

Thus, the dependent variable in the analysis is the mortgage amount which a

client decided to take out. This variable is labelled as mortgage and is expressed

in CZK.

Independent variables used in the models are each client’s personal cha-

racteristics so that it is possible to determine how they affect the dependent

variable. These are gender, age, marital status, number of children, university

degree, income and region. Variable gender was transformed into a dummy

which attains only values 0 or 1. Since male persons account for 70% of the

sample, male gender is the base group used for comparison. Therefore, the

transformed dummy variable is labelled as female. The same applies for region,

but I generated 13 dummy variables for each region except for Prague because

it is the base region due to the highest number of people living in the capital

city who have taken out a mortgage. They are labelled as follows: cb, sb, pl,

kv, ul, li, hk, pa, ol, ms, sm, zl and vy.

Another variable that needed to be transformed is marital status. People

were divided into 3 categories according to the division in the previous chapter.

Therefore, 2 dummies called divorced and single are generated, while married

people are regarded as the base group the comparison is made with. The last

dummy variable that was generated is university degree. It attains 1 when a

person obtained a university degree and 0 otherwise.

The remaining variables do not need to be modified, because their form

has already been suitable for the analysis without any changes. These are age

expressed in years, number of children and income in CZK.

4.2 Hypotheses

In this section, I present hypotheses that will be tested based on the results of

the regression models. Furthermore, expected outcomes are presented jointly

with the possible explanation.
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Hypothesis 1: People with higher income borrow higher amounts.

I expect that the higher income people have, the higher amount they bor-

row. Since mortgage loan usually accounts for the largest part of person’s

debt, its repayment may lead to financial difficulties if a debtor has to use a

large part of their income for repayment. Since the amount of monthly instal-

ment is determined by the amount borrowed, it is probable that people with

lower income will borrow lower amount so that they are able to repay the debt

without difficulties. On the other hand, rich people can afford paying higher

monthly payments. Since people with higher salary tend to buy more expen-

sive goods including a house, they might borrow more money in order to buy

a more luxurious dwelling. I assume that income is the most influential factor

people take into consideration while taking out a mortgage.

Hypothesis 2: Men borrow higher amounts than women.

Male persons are expected to borrow higher amounts compared to female per-

sons. Since I assume that income is the main determinant of mortgage amount,

men are supposed to borrow higher amounts as they tend to earn more money

in comparison with women.

Hypothesis 3: A person’s age is a significant factor influencing the amount

borrowed.

I expect that a person’s age is an important factor that influences how much

money a person borrows. Younger people do not have such financial means for

repayment, therefore they cannot afford to borrow high amount of money. On

the other hand, as people get older they are more likely to earn more money

and therefore they can borrow more. I expect that this positive effect of age

eventually becomes negative since elderly people after retirement usually earn

less money compared to their salary while working. Another reason that older

people borrow lower amounts could be that they adjust the repayment period

so that they manage to pay off the whole debt.
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Hypothesis 4: People who have obtained a university degree borrow higher

amounts compared to people with primary or secondary education.

I assume that people who have obtained either bachelor’s or master’s degree are

supposed to have higher salaries compared to people who have only primary or

secondary education. As already mentioned, I expect that higher income leads

to higher amount borrowed and therefore people with a university degree are

more likely to borrow higher sums for their housing needs.

Hypothesis 5: People living in Prague borrow higher amounts compared to

people living outside Prague.

Since Prague is the capital city of the Czech Republic, it is supposed to be

demanded locality for living. This would result in higher dwelling prices as

people are willing to pay more for a house or a flat in Prague. In order to

afford a dwelling in the capital city, I expect that people need to borrow more

money. Therefore, people living in Prague are expected to owe higher amounts

as for mortgage loans.

4.3 Methods

In this section, I present analytical methods used for estimating regression

models. Each method is described together with the explanation why it was

chosen for the analysis. Since the sample evinces feature which needs to be paid

attention, I aim to use methods which could possibly correct it. Otherwise, the

obtained results would not be plausible.

Firstly, I comment on the problematic values that occur in the sample.

Secondly, the description of estimation methods is provided.

4.3.1 Outliers

The sample contains observations which have extremely high values compared

to the rest of the dataset. These observations called outliers are problematic due

to their unusual values since they can distort the results and therefore special

treatment is required. This issue was examined by Rousseeuw and Leroy [31]

who summarized robust methods which could be applied so that outliers do

not affect estimated coefficients. In the sample, this problem applies to the
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(a) Mortgage amount (b) Income

Figure 4.1: Outliers

dependent variable mortgage and independent variable income which can be

seen in Figure 3.1 and Figure 3.5 in the previous chapter where the distributions

of both problematic variables are presented.

For displaying outliers Tukey’s box plots 4.1 were created where the number

of these outlying observations can be visible both for mortgage and income. All

amounts presented in the graphs are expressed in thousands of CZK. In case

of mortgage, the 95th percentile equals 4,280,000 CZK and the 99th percentile

equals 7,363,708 CZK, whereas the highest amount borrowed is approximately

20,000,000 CZK. The range of outlying observations is relatively wide and the

values of outliers compared to the rest of the sample are extreme, indeed. In

case of income, the range of outlying observations is even wider. The 95th

percentile equals 95,667 CZK and the 99th percentile is 261,048 CZK. Thus,

the highest amount of 1,556,508 CZK has to be treated with caution. I de-

cided to consider observations to be outlying if their value is higher than the

99th percentile. Therefore, incomes higher than 261,048 CZK and mortgage

amounts higher than 7,363,708 CZK are regarded as outliers, since lower values

still seem feasible. Due to relatively large number of these suspicious observa-

tions, it is necessary to adjust chosen estimation method so that the results are

trustworthy.

4.3.2 Ordinary Least Squares

As Wooldridge [32] describes this method, OLS is based on the estimation

of regression coefficients that minimize the sum of squared residuals and is

commonly used for analyses. Due to its computational mechanics, this method

is susceptible to extreme values as their residuals can considerably influence
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resulting coefficients. Since the sample contains a lot of outliers, it is necessary

to either adjust the regression model or the sample size while using OLS.

In the first case, I use logarithmic forms of variables mortgage and income.

This approach suppresses the outlying values as it decreases variation in both

variables. Apart from solving outlier problem, Wooldridge [32] also points out,

that model with dependent variable in a logarithmic form often more closely sa-

tisfies the assumptions behind this method. The disadvantage of this approach

is that the estimated coefficients have percentage interpretation.

Using the second approach, the form of problematic variables does not have

to be changed, but I adjust the sample size and remove some of the influential

observations. In this case, the estimated coefficients show the effect of each

variable in CZK. I delete observations with mortgage value or income value

higher than 99th percentile. This has been done in two steps. At first, 20 ob-

servations with values of mortgage higher than 7,363,708 CZK are removed and

after that I remove another 15 observations with values of income higher than

261,048 CZK. It means that the adjusted sample has 2,043 observations. Not

all extremely high observations are removed, but only those with the highest

values since I aim to maintain the size of the sample as large as possible for

the analysis. Nevertheless, I believe it is necessary to restrict these suspicious

values, even though the number of observations decreases. Since approximately

1.7% values were deleted, this reduction should not influence the results.

4.3.3 Least Absolute Deviations

In case that I want to analyse the dataset without removing any observation

and estimate coefficients which provide interpretation in CZK, the use of robust

method that is not as susceptible to outliers as OLS is needed. For this purpose,

LAD is performed on the original sample of 2,078 observations. Instead of

minimizing the sum of squared residuals, LAD is based on minimizing the sum

of absolute residuals [33]. By applying both LAD and OLS, I can compare the

results and see how influential outliers are.

LAD estimator is also known as median regression estimator as it estimates

the parameters of the conditional median of dependent variable given inde-

pendent variables rather than conditional mean estimated by OLS, since the

median is not affected by extreme values as much as the mean. This method is

a special case of quantile regression which is described in the following section

[32].
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4.3.4 Quantile Regression

I perform quantile estimation in order to examine how the effect of each in-

dependent variable changes at different parts of the distribution. Compared

to OLS method, estimated coefficients are not fixed, but they vary across the

distribution. This enables me to study estimated effects in more detail [33, 34].

The conditional quantiles that are examined are q = 0.1, 0.25, 0.5, 0.75, 0.9.

The median regression is also included so that I can compare the results with

other quantiles. I apply this method in order to estimate only the model with-

out logarithmic forms as it evinces more variation in the dependent variable.

4.4 Models

4.4.1 Model I

Firstly, I perform OLS regression with logarithmic forms of variables mortgage

and income. It is possible to use logarithm as both variables attain only positive

values. While establishing the regression model, I studied scatter plots showing

the relationship between mortgage and each independent variable in order to

include the most appropriate form of independent variable which best fits the

data. I included variable age2 since it better captures the relationship between

mortgage and age. This variable is labelled as agesq in the analysis.

The first regression model denoted as Model I is defined in Equation 4.1.

log(mortgage)i =β0 + β1femalei + β2agei + β3age
2
i + β4singlei+

β5divorcedi + β6childreni + β7degreei+

β8 log(income)i + β9cbi + β10sbi + β11pli + β12kvi+

β13uli + β14lii + β15hki + β16pai + β17oli + β18msi+

β19smi + β20zli + β21vyi + ui

(4.1)

I perform post-estimation diagnostic in order to verify whether the model

satisfies CLM assumptions. At first, Breusch-Pagan test is performed in order

to see whether the model suffers from heteroskedastic errors. Since p-value

equals 0.0246, I reject the null hypothesis of homoskedasticity at 0.05 signi-

ficance level. Therefore, heteroskedasticity-robust standard errors are used so

that t statistics are valid. Residual-versus-fitted plot is shown in Figure 4.2a.
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(a) Residual-versus-fitted plot (b) Histogram of residuals

Figure 4.2: Model I: homoskedasticity and normality assumptions

Secondly, I plot histogram of residuals and test for normality by Shapiro-Wilk

test that yields p-value equal to 0.00030. Thus, I reject the null hypothesis of

normally distributed residuals at 0.05 significance level. Since the examined

sample is large, this should not be problematic as t statistics and F statistics

are asymptotically valid [32]. This graph is shown jointly with normal density

function in Figure 4.2b.

In order to exclude the possibility of having a general functional form

misspecification, Ramsey’s regression specification error test (RESET) is per-

formed. The null hypothesis, that there is no omitted variable, means that the

model does not suffer from a functional form misspecification [32]. Since the

p-value equals 0.5781, I cannot reject the null hypothesis at 0.05 significance

level. In other words, I did not find enough evidence to confirm that the model

is misspecified.

The estimated coefficients are summarized together with t statistics in Ta-

ble 4.1. At first, I test significance of variable agesq in order to verify that

a quadratic function of age more accurately captures relationship between

amount borrowed and age of a client than a linear function. The t test confirms

that agesq is statistically significant at 0.05 significance level. I also test the

joint significance of variables age and agesq. The F test yields p-value equal

to 0.0000 and therefore I can conclude that variables age and agesq are also

jointly significant. The quadratic form allows the marginal effect to vary for

various age values.

The estimated coefficients have percentage interpretation as the dependent

variable is in a logarithmic form. Since I have log-level model for the majority

of independent variables, the interpretation of β is %∆y = (100β)∆x where

y denotes dependent variable and x denotes independent variable. This does



4. Econometric Analysis 28

OLS
log(mortgage)

female -0.0884**
(-2.94)

age 0.0522**
(3.22)

agesq -0.000722**
(-3.29)

single -0.0619
(-1.81)

divorced -0.171***
(-3.82)

children -0.0271
(-1.87)

degree 0.157***
(4.74)

log(income) 0.174***
(6.86)

cb -0.298***
(-5.80)

sb -0.516***
(-7.65)

pl -0.471***
(-7.68)

kv -0.648***
(-7.69)

ul -0.528***
(-7.87)

li -0.476***
(-6.92)

hk -0.392***
(-5.72)

pa -0.470***
(-7.60)

ol -0.520***
(-8.50)

ms -0.392***
(-6.65)

sm -0.346***
(-7.12)

zl -0.517***
(-7.63)

vy -0.472***
(-5.64)

cons 11.89***
(33.21)

R2 0.18
N 2,078

t statistics in parentheses
* p < 0.05, ** p < 0.01, *** p < 0.001

Table 4.1: Model I results
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not apply to variable log(income). The coefficient interpretation of income is

%∆y = β%∆x [32].

Results of Model I

In this part, I comment on the coefficients of each independent variable and

provide possible explanation of the estimated effects. The coefficient of female

suggests that women borrow about 8.8% lower amounts compared to men who

are supposed to be the base group. Based on the previous data examination, the

ratio men:female in the sample is 7:3. It means that not only do women borrow

lower amounts, but also they borrow less frequently. One possible reason for

this could be that women earn less money and therefore they cannot allow to

repay relatively high monthly repayment sums.

The effect of age cannot be seen directly based on the coefficients as a

quadratic function is included in the model. The effect is not constant be-

cause it depends on the value of the independent variable. As the coefficient

of age is positive and the coefficient of agesq is negative, the regression line

has a parabolic shape. It means that there is a maximum point where the

independent variable has no effect on the dependent variable. Before this

point, age has a positive effect on mortgage and after this point, the effect

becomes negative. The turning point can be computed according to this for-

mula: age∗ = |β̂2/(2β̂3)| [32]. After substituting 0.0522 for β̂2 and - 0.000722

for β̂3, the turning point value is obtained and it equals 36.15 years. It means

that for people aged 18–36, one additional year increases the amount of money

they decide to borrow. For people who are older than 36 years, the amount

of money borrowed decreases as they become older. I compute the effect for

the median, lower and upper quantile values so that it is possible to assess how

the effect of age changes. The median value is 34 years and the corresponding

change equals 0.003104. Thus, at the median age one additional year increases

the loan amount by 0.31%. The change for the lower quantile value, which is

29 years, equals 1.032% meaning that the effect is more than three times larger

than for the median value. Finally, the effect at the upper quantile value of 40

years equals -0.556%. It means that one additional year decreases the amount

a person borrows by 0.556%.

One possible explanation for this feature could be that elderly people do

not want to borrow high amounts because they might not manage to repay the

whole debt. Furthermore, income after retiring is usually lower compared to
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money earned while working. On the other hand, young people are more likely

to have higher salary as they get older and also gain more working experience.

Thus, they can afford to borrow higher amount of money.

The coefficient of single is not significant at 0.05 significance level. It means

that there is not a significant difference between amounts borrowed by single

people and by married people who are the base group. Conversely, the coeffi-

cient of divorced is significant even at 0.01 level. Divorced people borrow 17.1%

lower sums than married people. This could be because of the fact that married

people have the use of two salaries, while divorced people probably repay the

debt on their own. This might be also related to age as divorced people are

usually older and they probably want to avoid being heavily indebted at higher

age.

The results suggest that the number of children does not have any effect

on the amount a person decides to borrow since the coefficient of children is

not significant at 0.05 significance level. Based on the distribution of number

of children in the sample, it is evident that people who take out a mortgage

are mostly childless. This means that people who borrow money in order to

finance their housing needs have rather smaller number of children, but it does

not influence the amount they borrow.

The coefficient of degree is significant at 0.05 significance level. People

with a university degree (bachelor’s or master’s) borrow 15.7% higher amounts

compared to people who did not obtain any university degree. A possible

explanation might be that people with a university degree are more likely to

have higher income. In the sample, the difference between mean values for

people with degree and without degree is almost 14,000 CZK. Thus, they can

afford to repay the amount borrowed with lower probability of default.

The effect of income on mortgage is positive. It means that the higher the

salary is, the higher amount a person borrows. This might seem a little bit

illogical that richer people would be more indebted regarding mortgages. One

reason for this could be that richer people are more likely to buy expensive and

luxurious goods. This may apply to housing as well. Because it takes some

time to earn enough money in order to buy a house, they take out a mortgage

so that they can buy it immediately and do not have to wait. As their income

is high, it does not seem probable that they would face financial difficulties

while repaying the debt.

All coefficients of regions a person lives in are statistically significant at

0.05 significance level. Since I did not include dummy variable for Prague in
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order to avoid dummy variable trap, the coefficients show the differences be-

tween each region and the capital city. As all values are negative, people living

in Prague borrow the highest amounts among all regions of the Czech Republic.

People living in Central Bohemian Region borrow 29.8% lower amounts com-

pared to Prague which is the lowest difference. On the other hand, people from

Karlovy Vary Region borrow 64.8% lower amounts. This might be connected

with dwelling prices. Apartment prices in Prague are higher than in the rest of

the country [29]. Since Prague is the capital city, it offers more job vacancies

which might be the main incentive why people wish to live in Prague. Because

more than one fifth of the sample consists of Prague residents, I decided to

examine whether the distribution of people in the sample by region is the same

as the distribution of people living in the Czech Republic. For this purpose,

I conducted chi-squared test with the null hypothesis of the identical distri-

bution. Based on the test result, the distributions are statistically different

at 0.05 significance level. The number of people living in Prague who have

taken out a mortgage is 77% higher than the expected frequency based on the

distribution of people by regions in the Czech Republic.

4.4.2 Model II

In this part, I estimate the regression model without logarithmic forms of vari-

ables mortgage and income using the trimmed sample of 2,043 observations.

Thus, the coefficients do not have percentage interpretation, but express the

effect in CZK. Simultaneously, I estimate the identical model using the unmodi-

fied dataset of 2,078 observations so that I can compare how much outliers affect

the coefficients. I decided to add variable income2 denoted as incomesq based

on the results of performed Ramsey’s RESET test. In case that only variable

income is included, the test yields p-value equal to 0.0198. Therefore, I re-

ject the null hypothesis of no omitted variable at 0.05 significance level. After

adding incomesq, the p-value equals 0.0810 and thus, I cannot reject the null

hypothesis of no omitted variable at 0.05 level.
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(a) Residual-versus-fitted plot (b) Histogram of residuals

Figure 4.3: Model II: homoskedasticity and normality assumptions

Based on the performed RESET tests, the regression model has the follow-

ing form denoted as Equation 4.2:

mortgagei =β0 + β1femalei + β2agei + β3age
2
i + β4singlei+

β5divorcedi + β6childreni + β7degreei + β8incomei+

β9income
2 + β10cbi + β11sbi + β12pli + β13kvi + β14uli+

β15lii + β16hki + β17pai + β18oli + β19msi + β20smi+

β21zli + β22vyi + ui

(4.2)

As in the previous case, Breusch-Pagan test for heteroskedasticity is per-

formed. The p-value of 0.0000 suggests that the model suffers from hete-

roskedastic errors since I reject the null hypothesis of homoskedasticity at

0.05 significance level. This can be seen in Figure 4.3a. To correct this feature,

I estimate the model using heteroskedasticity-robust standard errors. Subse-

quently, I test normality of residuals using Shapiro-Wilk test. I can conclude

that residuals are not normally distributed as the p-value equals 0.0000 and

therefore I reject the null hypothesis of normality. Nevertheless, the statistical

inference is valid due to large sample size. The histogram of residuals pre-

sented jointly with normal density function is shown in Figure 4.3b. Based on

the results, Model I satisfies the CLM assumptions better in comparison with

Model II. The estimated coefficients are presented in Table 4.2. I include also

the estimated coefficients of the identical regression model using 2,078 original

observations with all outliers so that the comparison of their effects can be

made.



4. Econometric Analysis 33

OLS OLS
mortgage mortgage

female -154,644.5** -138,559.3*
(-3.15) (-2.25)

age 112,783.2*** 68,133.3
(6.32) (1.27)

agesq -1,522.9*** -828.1
(-6.57) (-1.11)

single -82,451.5 -42,102.2
(-1.40) (-0.53)

divorced -259,453.0*** -296,411.5***
(-3.78) (-3.56)

children -41,998.7 -46,097.9
(-1.56) (-1.35)

degree 293,257.6*** 157,775.7*
(4.87) (1.97)

income 10.48*** 13.65***
(4.30) (5.13)

incomesq -0.0000287 -0.00000919***
(-1.69) (-5.43)

cb -567,773.8*** -748,919.9***
(-6.28) (-6.00)

sb -782,743.9*** -996,466.0***
(-7.12) (-7.71)

pl -789,514.8*** -997,128.9***
(-7.60) (-7.20)

kv -1,014,686.3*** -1,215,259.6***
(-8.81) (-9.11)

ul -795,782.7*** -1,042,694.8***
(-7.52) (-8.36)

li -753,290.1*** -960,449.6***
(-5.86) (-6.73)

hk -640,927.1*** -757,754.2***
(-5.47) (-5.02)

pa -808,318.1*** -1,023,750.0***
(-8.47) (-8.43)

ol -838,928.4*** -1,034,755.3***
(-8.74) (-8.76)

ms -634,179.4*** -844,014.1***
(-6.14) (-7.00)

sm -627,472.4*** -824,526.4***
(-6.57) (-7.39)

zl -784,903.6*** -1,006,011.4***
(-6.88) (-7.18)

vy -760,295.8*** -950,338.1***
(-5.59) (-6.41)

cons 61,311.6 818,764.5
(0.18) (0.90)

R2 0.17 0.21
N 2,043 2,078

t statistics in parentheses
* p < 0.05, ** p < 0.01, *** p < 0.001

Table 4.2: Model II results using both reduced and original sample
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Results of Model II

After estimating model without logarithmic forms, I examine the effect of each

independent variable in terms of money. As the coefficients have the same sign

as in case of Model I, no possible explanation of observed features is needed

since the effect has already been described in the previous part. Therefore, the

main focus is put on the magnitude of coefficients and differences using both

sample sizes. The coefficient of female shows that women borrow on average

154,644 CZK lower amounts compared to men. This is a significant difference

as variable female is significant even at 0.01 significance level. This does not

apply to the second version of Model II. The coefficient is 16,085 CZK lower

and significant at 0.05 level. The coefficients of age variables evince significant

inconsistencies. According to the results of the model using the trimmed sample

with the reduced number of outliers, both age and agesq are highly significant

and thus affect the amount borrowed. On the other hand, if I do not reduce

the sample and perform the regression analysis without removing some outlying

observations, the effect of age is not significant. As in the previous model, a

quadratic function is used so that the effects vary depending on values of age.

Based on the signs of coefficients, the quadratic function has a parabolic shape

with a maximum value. The turning point when the effect becomes negative

is equal to 37.03 years which is 1 year higher compared to Model I result.

The negative coefficient of single shows that single people borrow lower

amounts compared to married people, but this difference is not different from 0

as single is not significant even at 0.1 significance level. On the other, divorced

people borrow 259,453 CZK lower amounts and the difference is statistically

significant. The number of children does not influence the decision on the

amount of money a person borrows as the coefficient of children is not signifi-

cant. Conversely, a university degree has a positive effect and is statistically

significant at 0.05 level. People who obtained a university degree are supposed

to borrow 293,257 CZK higher amount. As for the model using all observations,

the effect is smaller and less significant.

Since I included not only income, but also incomesq, the effect of money

earned is not constant, because it depends on the particular income value.

Although incomesq is significant at 0.1 significance level, F test shows that

income and incomesq are jointly significant at 0.05 level and thus, it is reason-

able to include this variable into the model. As already mentioned, the model

with both income variables is more appropriate based on RESET test results.
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The signs of coefficients mean that relationship between mortgage and income

approximates to a parabolic shape. For low income people, higher salary leads

to an increase in the amount borrowed. After the turning point, the effect

becomes negative resulting in lower loan amount. The turning point equals

182,578 CZK. After such a high income, the effect of money earned decreases.

As for the second version of Model II, the turning point equals 742,655 CZK

which seems to be extremely high since it is most likely affected by outlying

observations. I computed the magnitude of effect for the lower quantile value,

the median value and the upper quantile value. The 25th percentile value

is 18,426 CZK and the corresponding effect equals 9.42 CZK. It means that

an increase in income by 1 CZK results to increase in amount borrowed by

9.42 CZK. For the median value of 27,650 CZK, the effect is 8.89 CZK. The

75th percentile equals 95,667 CZK which is still lower than the turning point

and therefore the effect is positive. An increase in salary by 1 CZK means that

a person borrows 4.98 CZK higher amount. Only 34 people in the sample earn

more than the turning point is. It means that the effect of income is positive

for the majority of the sample. Nevertheless, including incomesq allows the

effect to differ for various values.

All dummy variables denoting region a person lives in are significant which

means that there are considerable differences between amounts people borrow

in Prague and in the rest of the Czech Republic. All estimated coefficients of

the second model probably overestimate the differences as all values are higher

compared to the model using reduced sample. The smallest difference is in

Central Bohemian Region where people borrow on average 567,773 CZK lower

amounts compared to the capital city. Conversely, people living in Karlovy Vary

Region borrow lowest amounts. This is in line with the results of Model I.

4.4.3 Model III

In this and the following section, I estimate regression models by LAD. This

method is more robust to outliers as it does not minimize the sum of squared

residuals, but the sum of absolute values of residuals [32]. In the previous

sections, I used two approaches in order to decrease the effect of outlying ob-

servations on the estimated coefficients by reducing their number and using

logarithmic forms of dependent variable mortgage and independent variable

income so that it is possible to estimate the model by OLS and obtain plau-

sible results. Even though including logarithmic forms decreased the variation
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Figure 4.4: Model III: residual-versus-fitted plot

in problematic variables, there still could be rare values compared to the rest

of the sample. Thus, both regression models with logarithmic forms and with-

out logarithmic forms are estimated by LAD. The estimated coefficients are

presented together with coefficients estimated by OLS in the previous section

so that it is possible to assess the effect of outliers.

Firstly, I estimate the model where variables mortgage and income are in

logarithmic forms and therefore the coefficients represent the percentage effect.

This model denoted as Model III has the identical form as Model I which is

defined in Equation 4.1.

In statistical software Stata, LAD is performed by qreg or qreg2 commands.

The 0.5 quantile is set by default and does not have to be changed. The

latter option computes robust standard errors in case of heteroskedasticity.

Simultaneously, it performs Machado-Santos Silva test for heteroskedasticity

in order to determine whether robust standard errors are necessary [35, 36].

Based on Machado-Santos Silva test, I cannot reject the null hypothesis of

homoskedasticity at 0.05 significance level as obtained p-value equals 0.139.

Thus, the model is estimated using qreg command since no robust standard

errors are needed because the residuals are homoskedastic. Scatter plot of

residuals on the y axis and fitted values on x axis is shown in Figure 4.4. The

estimated coefficients are summarized in Table 4.3.

Results of Model III

Almost all coefficients are very similar to those estimated by OLS. Moreover,

their statistical significance does not differ at all. Based on the coefficient of

variable female, women borrow 11.4% lower amounts compared to men. This is

approximately 2.5% higher percentage than the coefficient estimated by OLS.

The difference between male and female clients in the sample is statistically

significant at 0.05 significance level.
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LAD OLS
log(mortgage) log(mortgage)

female -0.114** -0.0884**
(-2.97) (-2.94)

age 0.0638*** 0.0522**
(4.35) (3.22)

agesq -0.000888*** -0.000722**
(-4.72) (-3.29)

single -0.0714 -0.0619
(-1.63) (-1.81)

divorced -0.194*** -0.171***
(-3.52) (-3.82)

children -0.0255 -0.0271
(-1.55) (-1.87)

degree 0.185*** 0.157***
(4.54) (4.74)

log(income) 0.142*** 0.174***
(5.51) (6.86)

cb -0.267*** -0.298***
(-4.09) (-5.80)

sb -0.472*** -0.516***
(-5.76) (-7.65)

pl -0.525*** -0.471***
(-6.36) (-7.68)

kv -0.616*** -0.648***
(-6.22) (-7.69)

ul -0.473*** -0.528***
(-5.95) (-7.87)

li -0.515*** -0.476***
(-5.70) (-6.92)

hk -0.465*** -0.392***
(-6.00) (-5.72)

pa -0.465*** -0.470***
(-5.63) (-7.60)

ol -0.534*** -0.520***
(-7.02) (-8.50)

ms -0.322*** -0.392***
(-4.44) (-6.65)

sm -0.416*** -0.346***
(-6.22) (-7.12)

zl -0.650*** -0.517***
(-7.84) (-7.63)

vy -0.524*** -0.472***
(-4.88) (-5.64)

cons 12.06*** 11.89***
(31.62) (33.21)

R2 0.18
N 2,078 2,078

t statistics in parentheses
* p < 0.05, ** p < 0.01, *** p < 0.001

Table 4.3: Model III and Model I comparison
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Both coefficients of variables age are statistically significant and F test

confirms that age and agesq are also jointly significant at 0.05 significance level.

The combination of signs of coefficients means that age firstly has a positive

effect on the amount borrowed and afterwards the effect becomes negative. The

turning point, where the effect changes, equals 35.92 years. It is almost identical

to the point computed based on OLS coefficients as it equals 36.15 years. Since

the magnitude of the effect depends on the value of age, I compute it for the

median value, lower quantile value and upper quantile value. An increase from

the median age of 34 years to 35 years increases the amount of money borrowed

by 0.341%. If I substitute the lower quantile value instead of the median, one

additional year increases the loan amount by 1.229%. Since the upper quantile

value is higher than the turning point, the effect is negative and an increase

from 40 years to 41 years decreases the amount by 0.724%. As for Model I which

was estimated by OLS, these three effects are 0.31%, 1.032% and -0.556%.

Single persons borrow 7.14% lower amounts than married persons. This

differs from the OLS coefficient by 0.95%. Since variable single is not statisti-

cally significant at 0.05 significance level, the fact whether a person is married

or single does not play an important part in deciding how much money they

borrow. On the other hand, there is a significant evidence that divorced people

borrow lower amounts compared to married people as variable divorced is sta-

tistically significant at 0.05 significance level. The estimated difference using

LAD is 2.3% higher compared to the result estimated by OLS.

The coefficients of children are almost identical as their difference is only

0.16%. The magnitude of the estimated effect means that one additional child

decreases the loan amount by 2.55%. Nevertheless, the number of children does

not have any effect on the amount of money borrowed which is in line with the

results of Model I because variable children is not statistically significant at

0.05 significance level.

On the other hand, obtaining a university degree increases the amount a

person borrows by 18.5%. It means that people with a university degree tend

to borrow higher amounts compared to people with primary or secondary edu-

cation. If I compute the exact number for the median value of 1,500,000 CZK,

university degree raise the amount borrowed by 277,500 CZK which is not

negligible. The difference is statistically significant at 0.05 significance level.

The effect of income can be seen directly. Since both variables mortgage

and income are in logarithmic forms, there is no need to multiply the coefficient

by 100 in order to obtain the percentage effect. It means that if income increases
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by 1%, the amount borrowed increases by 0.142%. I compute the exact changes

for the median values of income and mortgage in order to assess the effect.

If income increases by 1% from 27,650 CZK to 27,926.5 CZK, the amount

borrowed will increase from 1,500,000 CZK to 1,502,130 CZK.

All coefficients regarding regions people live in are statistically significant

at 0.05 significance level. Coefficients of variables cb, sb, kv, ul, pa and ms

are smaller while coefficients of variables pl, li, hk, ol, zl and vy are larger

compared to those estimated by OLS. Since all coefficients are negative, people

living in Prague take out the highest mortgage amounts in the Czech Republic.

This might suggest that Prague residents are more likely to have higher debt

as the costs related to housing in the capital city are probably higher. Central

Bohemian Region appears to be the second most expensive region regarding

housing which makes people borrow more money. Conversely, people living

in Karlovy Vary Region borrow on average 65% lower amounts compared to

Prague.

4.4.4 Model IV

In this part, I compare the results of Model II, which were estimated by OLS

using reduced sample of 2,043 observations, and a model with identical form

estimated by LAD while using the original sample of 2,078 observations. The

reduction was made so that the most extreme outliers do not affect the results.

Since LAD is a robust method often used in order to obtain more plausible

coefficients in presence of outliers, there is no need to reduce the sample size.

The regression model denoted as Model IV has the identical form as Model II

that is written in Equation 4.2.

As in the previous case, I performed Machado-Santos Silva test for hete-

roskedasticity detection. Since the obtained p-value equals 0.0000, I reject

the null hypothesis of homoskedasticity at 0.05 significance level. Thus, the

estimation was performed using Stata command qreg2 which computes hete-

roskedasticity robust standard errors by default. Heteroskedasticity can be seen

in Figure 4.5 as residuals tend to increase with higher fitted values. The esti-

mated coefficients are presented jointly with Model II coefficients in Table 4.4.

Results of Model IV

Due to the composition of the examined sample which contains a lot of out-

liers, Model IV is supposed to yield the most plausible results having CZK
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LAD OLS
mortgage mortgage

female -167,919.5*** -154,644.5**
(-3.41) (-3.15)

age 82,523.8*** 112,783.2***
(4.57) (6.32)

agesq -1,144.2*** -1,522.9***
(-4.87) (-6.57)

single -87,483.7 -82,451.5
(-1.58) (-1.40)

divorced -220,156.5** -259,453.0***
(-3.03) (-3.78)

children -44,935.5* -41,998.7
(-2.11) (-1.56)

degree 298,368.8*** 293,257.6***
(4.59) (4.87)

income 7.456** 10.48***
(3.27) (4.30)

incomesq -0.00000493*** -0.0000287
(-3.45) (-1.69)

cb -473,840.3*** -567,773.8***
(-4.92) (-6.28)

sb -773,331.1*** -782,743.9***
(-6.67) (-7.12)

pl -831,575.3*** -789,514.8***
(-8.93) (-7.60)

kv -898,262.0*** -1,014,686.3***
(-5.42) (-8.81)

ul -738,293.7*** -795,782.7***
(-6.41) (-7.52)

li -823,331.4*** -753,290.1***
(-8.08) (-5.86)

hk -737,316.3*** -640,927.1***
(-7.59) (-5.47)

pa -752,379.2*** -808,318.1***
(-7.07) (-8.47)

ol -847,120.9*** -838,928.4***
(-7.34) (-8.74)

ms -533,571.2*** -634,179.4***
(-4.15) (-6.14)

sm -694,025.8*** -627,472.4***
(-7.39) (-6.57)

zl -965,433.6*** -784,903.6***
(-10.13) (-6.88)

vy -840,863.8*** -760,295.8***
(-7.90) (-5.59)

cons 506,334.4 61,311.6
(1.50) (0.18)

R2 0.17
N 2,078 2,043

t statistics in parentheses
* p < 0.05, ** p < 0.01, *** p < 0.001

Table 4.4: Model IV and Model II comparison
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Figure 4.5: Model IV: residual-versus-fitted plot

interpretation. Women are estimated to borrow 167,919 CZK lower amounts

than men which is 13,275 CZK higher than OLS coefficient. The difference

between female and male persons is statistically significant at 0.05 significance

level.

Both age variables are individually significant, but also jointly statistically

significant at 0.05 significance level. It means that age and agesq most likely

capture the true relationship between mortgage amount and person’s age which

appears to be changing depending on the value of age. The turning point where

the effect of age changes from positive to negative is 36.06 years. This is 1 year

lower compared to the result of Model II.

As for marital status, married people tend to borrow the highest amounts

of all groups. Single people borrow 87,483 CZK lower amounts, but it does not

significantly differ from married people as variable single is not statistically sig-

nificant at 0.05 significance level. Divorced people borrow even lower amounts

compared to married people. The amount borrowed by a divorced person is

on average 220,156 CZK lower and this difference is statistically significant at

0.05 significance level.

The main difference between Model IV and all other models is that variable

children is statistically significant at 0.05 level. It means that the number of

children has an effect on the amount of money a parent borrows. One additional

child decreases the amount borrowed by 44,935 CZK. A possible explanation for

this effect could be that having children is financially demanding. The more

children people have, the more money they need in order to support them.

On the other hand, people who have a lot of children might want to buy or

construct a larger house which is more expensive, but based on the negative

sign of the coefficient this effect does not seem to be probable.

The coefficient of variable degree shows the difference between people with

a university degree and people with primary or secondary education. Univer-
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sity degree increases the amount of borrowed money by 298,368 CZK. This is

very significant as variable degree is statistically significant at 0.05 significance

level. This is almost identical to the coefficient obtained by performing OLS

estimation on the reduced sample.

Based on the coefficients of dummy variables denoting region a person lives

in, there is a significant difference between Prague and the rest of the Czech

Republic. Amounts borrowed in the capital city are considerably higher. People

living in Central Bohemian Region borrow 473,840 CZK lower sums which is

the smallest difference. All coefficients are lower than those estimated by OLS

using the same sample of 2,078 observations. It means that due to outliers the

OLS coefficients related to regions were overestimated.

4.4.5 Model V

In the previous sections, I used LAD estimation method which estimated the

conditional median. In this section, I extend this concept and estimate other

conditional quantiles. This estimation method called quantile regression pro-

vides more detailed analysis compared to OLS which computes the mean effect.

I can analyse how the effects of particular variables change for various parts

of distribution [37]. It means that the estimated coefficients are not fixed,

but might differ depending on the chosen quantile. For the estimation of the

quantile regression lines the following quantiles are used: 0.1, 0.25, 0.5, 0.75,

0.9. Estimation is performed on the model which provides interpretation of

coefficients in CZK, because these coefficients evince larger variation compared

to coefficients having percentage interpretation and thus might better express

the changes across quantiles. For each quantile estimation, I test whether

homoskedasticity assumption is violated using Machado-Santos Silva test and

according to the result, corresponding standard errors are computed so that

t statistics are valid.

In this part, I estimate the model with variable mortgage as the dependent

one. Lower index q standing for the given quantile is added so that it is obvious

that βs are not fixed. The form of the regression model is shown in Equation 4.3.
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mortgagei =β0,q + β1,qfemalei + β2,qagei + β3,qage
2
i + β4,qsinglei+

β5,qdivorcedi + β6,qchildreni + β7,qdegreei + β8,qincomei+

β9,qincome
2 + β10,qcbi + β11,qsbi + β12,qpli + β13,qkvi+

β14,quli + β15,qlii + β16,qhki + β17,qpai + β18,qoli+

β19,qmsi + β20,qsmi + β21,qzli + β22,qvyi + ui

(4.3)

The estimated coefficients corresponding to quantiles 0.1, 0.25, 0.5, 0.75,

0.9 are presented in Table 4.5. All quantile regression models suffer from hete-

roskedasticity and therefore robust standard errors which are asymptomati-

cally valid in presence of heteroskedasticity are computed using Stata command

qreg2. Table 4.5 shows not only how the coefficients vary, but also the changes

of significance of particular variables. The development of quantile regression

coefficients for each variable is plotted in Figure A1 in Appendix so that it is

easier to assess the changes across the distribution. The dashed line in each

figure represents OLS estimates. The two dotted lines delimit 95th confidence

interval for OLS estimates. The continuous line represents the quantile regres-

sion estimates. It is complemented with shaded area depicting 95th confidence

interval.

Results of Model V

In this section, I comment on the quantile regression results. The interpretation

of estimated coefficients is provided together with the overall effects of each

variable across the distribution which can be analysed based on the Figure A1.

Furthermore, I test whether the estimated coefficients significantly differ for

given quantiles.

Variable female represents the amount women borrow relative to men. At

the 10th percentile of the conditional distribution, the difference is 44,838 CZK,

but it is not statistically significant at 0.05 level. As for the 25th percentile,

median and 75th percentile, the difference increases reaching the highest value

at the 75th percentile. Female persons take out approximately 178,000 CZK

lower mortgage amounts compared to male persons. At the 90th percentile

the difference shrinks to 152,903 CZK and it is not statistically significant.

The results plotted in Figure A1a show that female has quite a uniform effect

except for the 45th percentile. This deviation can be seen with a few other
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q = 0.1 q = 0.25 q = 0.5 q = 0.75 q = 0.9
mortgage mortgage mortgage mortgage mortgage

female -44,838.1 -99,431.5** -167,919.5*** -177,860.6* -152,903.9
(-1.32) (-2.69) (-3.41) (-2.49) (-1.22)

age 23,449.9 25,312.8 82,523.8*** 153,993.6*** 190,407.3***
(1.66) (1.72) (4.57) (5.92) (3.69)

agesq -407.1* -466.0* -1144.2*** -2,064.0*** -2,329.6**
(-2.22) (-2.47) (-4.87) (-6.39) (-3.21)

single -92,655.5* -87,060.6 -87,483.7 -95,931.6 -53,504.6
(-2.12) (-1.81) (-1.58) (-0.97) (-0.33)

divorced -108,280.9* -117,627.6* -220,156.5** -366,830.1*** -548,755.0**
(-2.32) (-2.38) (-3.03) (-3.90) (-2.75)

children -26,983.9 -6,264.5 -44,935.5* -100,571.3** -171,462.4**
(-1.58) (-0.35) (-2.11) (-2.92) (-2.62)

degree 144,306.2*** 211,596.4*** 298,368.8*** 208,830.5* 262,882.0
(3.30) (4.39) (4.59) (2.28) (1.45)

income 1.432* 2.033** 7.456** 16.88*** 32.08***
(2.13) (2.78) (3.27) (9.37) (8.23)

incomesq -0.00000106* -0.00000163** -0.00000493*** -0.0000111*** -0.0000210***
(-2.05) (-2.78) (-3.45) (-9.68) (-8.52)

cb -239,116.5** -386,784.7*** -473,840.3*** -761,475.7*** -1,344,335.1***
(-3.22) (-5.21) (-4.92) (-4.39) (-4.88)

sb -422,314.2*** -672,097.8*** -773,331.1*** -994,506.9*** -1,345,294.9***
(-6.06) (-7.74) (-6.67) (-3.48) (-4.87)

pl -346,750.4*** -473,052.7*** -831,575.3*** -1,051,413.7*** -556,729.7
(-3.97) (-5.85) (-8.93) (-5.92) (-0.59)

kv -516,713.9*** -809,811.2*** -898,262.0*** -1,140,968.1*** -1,711,028.9***
(-6.49) (-9.69) (-5.42) (-4.91) (-5.67)

ul -460,784.0*** -621,973.7*** -738,293.7*** -982,524.0*** -1,672,545.3***
(-5.69) (-6.60) (-6.41) (-5.08) (-5.98)

li -417,991.1*** -586,114.1*** -823,331.4*** -1,158,419.1*** -1,501,001.3**
(-5.45) (-6.65) (-8.08) (-5.31) (-2.96)

hk -469,770.3*** -477,970.7*** -737,316.3*** -876,131.5*** -1,032,575.8**
(-5.58) (-5.47) (-7.59) (-4.24) (-2.71)

pa -353,619.1*** -553,001.1*** -752,379.2*** -1,046,218.9*** -1,567,291.6***
(-4.17) (-7.06) (-7.07) (-5.75) (-5.22)

ol -452,821.6*** -634,418.6*** -847,120.9*** -1,174,880.9*** -1,510,356.7***
(-6.04) (-7.88) (-7.34) (-6.19) (-4.83)

ms -389,041.5*** -521,580.9*** -533,571.2*** -883,653.6*** -1,252,985.1***
(-5.35) (-6.26) (-4.15) (-4.62) (-4.08)

sm -301,885.2*** -466,305.7*** -694,025.8*** -812,751.1*** -1,306,050.3***
(-4.10) (-5.69) (-8.39) (-3.88) (-4.78)

zl -430,688.4*** -676,925.8*** -965,433.6*** -1,051,980.9*** -1,280,382.9***
(-6.02) (-8.26) (-10.13) (-5.22) (-3.76)

vy -316,566.3** -475,833.8*** -840,863.8*** -971,860.4*** -1,718,655.9***
(-2.69) (-5.16) (-7.90) (-4.53) (-5.72)

cons 682,355.7* 1,090,238.1*** 506,334.4 -102,498.8 -197,057.3
(2.46) (3.89) (1.50) (-0.20) (-0.22)

N 2,078 2,078 2,078 2,078 2,078

t statistics in parentheses
* p < 0.05, ** p < 0.01, *** p < 0.001

Table 4.5: Model VI results for various quantiles
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variables as well. A possible reason for that could be that these deviations

are caused by outliers as the whole sample of 2,078 observations is used for

the analysis. Apart from this deviating difference, all coefficients are within

the confidence interval of the OLS estimate. The test for equality of coeffi-

cients across quantiles supports the uniform effect as I cannot reject the null

hypothesis of identical coefficients.

A person’s age is expressed as a quadratic function. The results in Fi-

gures A1b and A1c show that variable age increases for higher quantiles while

variable agesq decreases. It suggests that the marginal effect of age is not

constant for chosen quantiles as the slope of the parabolic curve changes. If I

compute the turning point when the effect of age on mortgage amount becomes

negative for each quantile, these values are obtained: 28.8 years, 27.16 years,

36.06 years, 37.3 years and 40.86 years. According to the results, age has a less

significant effect on the amount borrowed at the left tail of the distribution. It

means that age is more important factor at the higher quantiles.

Variable single is significant at 0.05 significance level only at the 0.1 quan-

tile. All coefficients are almost identical except for the 90th percentile and

they do not differ from the OLS coefficient. This would suggest that the dif-

ference between the loan amount a single person borrows and the loan amount

taken out by a married person does not change across the distribution. This

is plotted in Figure A1d. On the other hand, divorced people tend to borrow

lower amounts relative to married people as we move along the distribution

to the right and variable divorced is statistically significant at all quantiles.

At the 90th percentile the difference is 548,755 CZK. At the left tail of the

conditional distribution the effect of being divorced estimated by OLS seems

to be underestimated compared to the quantile regression coefficients. Con-

versely, OLS overestimates the difference at the 60th and higher percentiles.

The coefficients are plotted in Figure A1e.

The number of children does not have any effect on the amount of money

borrowed at the lower quantiles, but it might be a factor parents take into

consideration while taking out a mortgage at the higher quantiles as variable

children is statistically significant at 0.05 level for the median, 0.75 quantile and

0.9 quantile. The overall effect of children is increasing as shown in Figure A1f

since one additional child leads to a higher reduction in the amount borrowed

as the coefficients decrease across the distribution. As in the previous cases,

there is a deviation at approximately 0.45 quantile. At the 90the percentile,

one additional child decreases the amount borrowed by 171,462 CZK which is
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the largest effect.

People who have obtained a university degree tend to borrow higher amounts

compared to people without university degree. The difference is statistically

significant at all quantiles apart from the 0.9 quantile. The development of

coefficients can be seen in Figure A1g. The highest value of the coefficient is at

the median. According to the figure where the quantile regression coefficients

are plotted, the estimated effect of having university degree is higher that the

OLS estimated almost across the whole distribution.

Income coefficients show the most obvious variation across the distribution

compared to the other variables as shown in Figures A1h and A1i. This is

confirmed by the test for equality of coefficients, because in case of both income

and incomesq I reject the null hypothesis that coefficients do not significantly

differ at 0.05 significance level. As income is statistically significant for all

examined quantiles, it appears to be the major factor affecting the amount

borrowed. Since income enters the model as a quadratic function, the differen-

ces in coefficients across the distribution result in the shape changes of the

parabola. The combination of negative and positive sign means that person’s

salary has a positive effect at first which at some point becomes negative.

Since these turning points for all examined quantiles are extremely high and

the examined sample includes less than 0.2% of observations with such a high

salary, the effect of income in the sample seems to be always positive. It is

likely that people with such high incomes did not take out any mortgage and

therefore they are not among the debtors. In that case, income would indeed

have a negative effect as it prevents people from borrowing. Therefore, in

the model variable incomesq adjusts the curvature of the regression line which

seems to fit the data better than a linear line.

As for the variables standing for a Czech region a client lives in, almost

all coefficients tend to be decreasing across the distribution. Apart from the

coefficient of pl at the 90th percentile, all coefficients are statistically signi-

ficant at 0.05 significance level. This means that the amounts people borrow

in the capital city are significantly higher than in other regions of the Czech

Republic. As already examined, not only do people living in Prague borrow

higher amounts, but they also borrow much frequently as they borrow almost

twice as often as they are estimated to given the population distribution.



Chapter 5

Discussion of Results

In this chapter, I firstly summarize the main findings which were discovered

based on the econometric analysis. The aim of this study is to explain the

variation in mortgage amount by personal characteristics which has not been,

to the author’s knowledge, examined. Therefore, it is not possible to compare

obtained results with other studies. I comment on the influence of each variable

on the amount people borrow in order to finance housing needs based on the

results of Model I-V together with arguments that most likely explain the esti-

mated effect. The magnitude of the effect is computed as the average of OLS

coefficient and LAD coefficient for a particular variable. Furthermore, I test

hypotheses which are stated in the previous chapter. The results of Models I-IV

estimated by OLS or LAD are summarized in Table A1. Quantile regression co-

efficients for Model V are presented separately in Table A2. Finally, I comment

on the plausibility of estimated results.

5.1 Gender

There is a significant difference between men and women. This does not ap-

ply only to the proportion of each gender in the sample, but also the amounts

of money borrowed are not identical. Men take out a mortgage more than

twice as frequently as women since they account for the 70% of persons who

are currently repaying the mortgage. A most likely explanation is that in case

of married couple it is usual that husband is the one who arranges and signs

the contract. The reason why women borrow lower amounts could be con-

nected with their income. The median income is 5,000 CZK lower compared

to the median income earned by men. Therefore, women might not afford to
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take out such a high mortgage since they would not be able to repay it. I

obtained various results depending on the method, but the coefficients were

very similar. Women borrow approximately 160,000 CZK lower amounts. This

difference changes only slightly across the distribution. The model using loga-

rithmic form of the dependent variable estimated approximately 10% difference

in borrowed amounts between men and women. The hypothesis connected with

gender was stated as follows: Men borrow higher amounts than women. I test

the null hypothesis H0 : β1 = 0 against one-sided alternative H1 : β1 < 0.

The result of t test suggests that I reject the null hypothesis that there is no

difference between amounts borrowed by men and women at 0.05 significance

level. Therefore, gender is an important factor affecting how much a person

decides to borrow as men tend to take out higher mortgage amounts.

5.2 Age

A person’s age does not have a constant effect on the amount borrowed. Peo-

ple aged 18–36 years borrow higher amounts as they are getting older. Each

additional year increases the amount borrowed depending on the current age.

One explanation for this could be that as people grow older, they are more

likely to have higher salary. This might influence their decision on how much

money they want to borrow. Additionally, people usually have a stable job

with increasing age and thus, they do not have to be afraid of being without

sufficient financial means for repayment. The highest proportion of the sample

consists of people aged 30–40 years. This might suggest that people take out

a mortgage in order to finance their housing needs after they start a family as

people tend to have their first child later compared to the previous generations.

At the age of 36, the effect of age becomes negative and each additional year

decreases the amount borrowed. A possible reason for this could be that people

do not want to be highly indebted at their old age as they might not manage to

repay the whole amount. Hypothesis 3 was phrased as follows: A person’s age

is a significant factor influencing the amount borrowed. Since age is expressed

as a quadratic function, I test not only individual significance of age variables,

but also joint significance. After performing t test and F test, I can confirm

that age is a statistically significant factor since I reject the null hypothesis

that coefficients of age variables are equal to 0 at 0.05 significance level.
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5.3 Marital Status

Married people account for more than one half of the examined sample. This is

very likely connected with the traditional process of getting married, starting a

family and constructing or buying a house. Furthermore, married couples can

use two salaries for repayment which might encourage them to borrow more.

There is not a significant difference between amounts borrowed by married

persons and single persons. It is very likely that even though single people

are not married, they have a partner who pays off the debt with them. On

the other hand, divorced people might take out a mortgage so that they can

finance a new house or flat after divorce. Thus, they borrow lower amounts

since they might repay the debt on their own. There is a significant difference

between divorced people and married people as for the loan amount. A divorced

person borrows approximately 240,000 CZK or 18% lower amounts relative to

a married person.

5.4 Number of Children

Children might function as possible incentive for taking out a mortgage as pa-

rents wish to provide their children with a stable environment. As for the effect

of the number of children on the amount borrowed, higher number of children

leads to lower mortgage amount. This effect is significant at higher quantiles of

the distribution as suggested by the quantile regression results. At the left tail

of the distribution, the number of children does not seem to affect the amount

parents borrow. One possible explanation for the negative effect might be that

as the number of children increases, so does the amount of money spent for

their needs. This decreases the sum which can be used for the repayment. On

the other hand, it is possible that people with more children wish to have a

larger dwelling for them which is more expensive. Nevertheless, this effect is

not probably that frequent since the estimated coefficients are always negative.

One additional child decreases the mortgage amount by 45,000 CZK at the 0.5

quantile. The percentage effect is about 2.6%.

5.5 University Degree

People with either bachelor’s or master’s degree account for approximately

one quarter of the examined sample. Having a university degree increases
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the amount of money borrowed and the difference compared to people with-

out university degree is statistically significant. University graduates borrow

approximately 290,000 CZK or 17% higher amounts. A possible explanation

could be as in the previous cases connected with income. Since people who

have obtained a university degree are more likely to have a well-paid job, they

can afford higher monthly repayment sums as it does not burden their income

that much. Hypothesis 4 was phrased as follows: People who have obtained

a university degree borrow higher amounts compared to people with primary or

secondary education. In that case, I test the null hypothesis H0 : β7 = 0 against

one-sided alternative H1 : β7 > 0. Based on the result of t test, I reject the

null hypothesis that education does not have any effect on the amount a person

borrows at 0.05 significance level. Thus, people with higher education tend to

borrow higher amounts.

5.6 Income

Most of the effects that were examined could be linked with income. It is very

likely that when people decide on the amount of money they would like to

borrow, income is the main factor. As taking out a mortgage puts a burden

on clients, they have to consider how much they borrow so that they do not

face financial difficulties while repaying the debt. The effect of income is posi-

tive which means that higher income leads to higher amount borrowed. This

suggests that richer people tend to borrow more money and therefore are more

indebted regarding mortgages. A possible explanation for this could be that

they have higher living standard and thus, they wish to buy a luxurious house

which is more expensive. Since it takes some time to earn money for that even

with high monthly salary, it is more convenient to borrow money and buy a

new house immediately. The effect of income is not constant and depends on

the level of person’s salary. As people earn higher sums, an additional increase

in income decreases the effect. Based on the results of model with logarithmic

forms, 1% increase in salary leads to 0.15% growth in the amount borrowed.

The hypothesis related to salary is formulated as follows: People with higher

income borrow higher amounts. For testing this hypothesis, I use t statistics

obtained by estimating the model with logarithmic form. I test H0 : β8 = 0

against one-sided alternative H0 : β8 > 0. The performed t test suggests that I

can reject the null hypothesis at 0.05 significance level which means that higher

income indeed leads to higher amount borrowed.
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5.7 Region

The results of all models show that there is a disparity between amounts bor-

rowed in Prague and in the rest of the Czech Republic. People living in regions

outside the capital city borrow significantly lower amounts for their housing

needs. A most likely explanation is that Prague is a desired locality with

higher dwelling prices. People have to borrow more money so that they can

afford to buy a property there. The average mortgage amount is approximately

500,000 CZK higher than in Central Bohemian Region, where people borrow

the second highest amounts. It is possible that people who do not want to live

directly in Prague decide to live in Central Bohemian Region as it is close to

the capital city. On the other hand, people living in Zĺın Region and Karlovy

Vary Region borrow the lowest amounts. In both cases, it is approximately

60% lower compared to Prague. Since Prague residents account for more than

one fifth of the sample, they seem to be more likely to take out a mortgage.

Therefore, chi-squared test was performed and it confirmed that people from

Prague borrow almost twice as much as they are supposed to based on the

population distribution across regions. The last hypothesis mentioned in the

previous chapter was stated as follows: People living in Prague borrow higher

amounts compared to people living outside Prague. If I test each coefficient of

dummy variable expressing the difference between Prague and the region a per-

son lives in, I can reject the null hypothesis H0 : βj = 0 against H1 : βj < 0 at

0.05 significance level in all cases. In other words, I have found enough evidence

to claim that people living in Prague tend to borrow higher amounts as the

differences between Prague and other Czech regions are statistically significant.

5.8 Unbiasedness

The coefficients obtained from Models I-V were in most cases very similar.

Therefore, the analysis provided consistent results which should be plausible.

Since I examined only ČSOB clients, it is possible that the results might be

biased. Nevertheless, Hypotečńı banka, a.s. provided me with the summary

statistics of its clients who have taken out a mortgage between 2004 and 2014.

These additional data include information about the average age, ratio of men

and women, education and average amount of mortgage. The average age is 35

years which is identical with the average age of the analysed sample. The same

applies to the proportion of men and women which is 7:3 in both datasets.
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The average amount of mortgage taken is 1,628,705 CZK. This is a little bit

lower than the average value in the ČSOB which might be affected by outlying

observations. Since the values are almost identical, I assume that the analysed

sample provided by ČSOB could represent the whole population of people who

have taken out a mortgage and therefore the estimated results should not be

biased.



Chapter 6

Conclusion

The aim of this thesis was to examine borrower’s characteristics and their effect

on household debt in the Czech Republic. Since the growth of mortgage loans

has greatly contributed to the increase in household indebtedness, I focused

on the analysis of factors which influence the mortgage amount that people

borrow in order to finance their housing needs as mortgages are usually the

largest financial burden that has to be repaid. Most studies analysing household

indebtedness considered the effect of personal characteristics on the probability

of having a loan or being in arrears while repaying. In this thesis, I examined

dataset of ČSOB clients who have taken out a mortgage in order to determine

which factors affect how much money they decided to borrow. This is a different

approach to household debt compared to the previous studies which could

possibly discover new interesting facts about a borrower’s choice.

Firstly, I examined the dataset in detail in order to discover patterns which

could provide some information about the distribution of people in the ana-

lysed sample. Subsequently, I performed a multiple regression analysis so that

it is possible to assess not only each variable’s effect, but also its magnitude

and significance. Since the dataset included a few observations with extremely

high values compared to the rest of the sample, estimation methods used for

the analysis had to be adjusted so that the obtained results were not affected

by unusual values. I estimated 4 models using OLS and LAD. Additionally,

the fifth quantile regression model was estimated in order to analyse whether

the effects of personal characteristics on the amount borrowed vary across the

distribution. I discovered that the mortgage amounts people borrow increased

with income. Furthermore, having a university degree also positively affects the

amount borrowed. A person’s age has firstly a positive effect which becomes
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negative at the age of 36. As for gender, men borrow significantly higher

amounts in comparison with women. Based on the composition of the exa-

mined sample, it appears that people who borrow are very frequently childless

suggesting that the number of children affects whether a person takes out a

mortgage or not, but the results show that the number of children does not

have any effect on the amount borrowed at the left tail of the distribution. On

the other hand, the number of children negatively affects parents’ decision on

the amount they choose to borrow at the higher quantiles. Additionally, there

is not any difference between amounts borrowed by married and single people,

whereas divorced people take out the lowest mortgages. Finally, I found a

disparity among regions in the Czech Republic showing that people living in

Prague owe more money for mortgage loans.

This analysis was partly limited by the unavailability of data about total

household debt and mortgage debt which would contain personal information

about debtors. Therefore, this research could be extended depending on the

structure of data. One possible improvement of the performed analysis could

be the influence of work status on the amount borrowed, since this variable

was not used in the analysis. Another extension which could complement this

research question is analysing the probability whether a person takes out a

mortgage depending on their personal characteristics. In that case, the exa-

mined dependent variable would be a dummy variable expressing whether a

person has taken out a mortgage or not. For this approach, the analysis would

not be performed on people who have taken out a mortgage, but on a random

sample taken from the whole population. Another recommendation for future

research could be assessing the effects of borrower’s characteristics on the overall

level of debt without focus on mortgages, although mortgage loans account for

the highest proportion of household debt.
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Appendix

In this part, figures and tables which complement the econometric analysis

and summarize the results are presented. Figure A1 shows the quantile regres-

sion results so that it is possible to see the variation in coefficients across the

distribution. Table A1 provides the summary of all coefficients estimated by

OLS and LAD, whereas the results of quantile regression analysis are presented

separately in Table A2.

(a) Coefficients of female (b) Coefficients of age

(c) Coefficients of agesq (d) Coefficients of single
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(e) Coefficients of divorced (f) Coefficients of children

(g) Coefficients of degree (h) Coefficients of income

(i) Coefficients of incomesq (j) Coefficients of cb
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(k) Coefficients of sb (l) Coefficients of pl

(m) Coefficients of kv (n) Coefficients of ul

(o) Coefficients of li (p) Coefficients of hk
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(q) Coefficients of pa (r) Coefficients of ol

(s) Coefficients of ms (t) Coefficients of sm

(u) Coefficients of zl (v) Coefficients of vy

Figure A1: Development of coefficients across the distribution
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OLS OLS LAD LAD
Model I Model II Model III Model IV

log(mortgage) mortgage log(mortgage) mortgage
female -0.0884** -154,644.5** -0.114** -167,919.5***

(-2.94) (-3.15) (-2.97) (-3.41)

age 0.0522** 112,783.2*** 0.0638*** 82,523.8***
(3.22) (6.32) (4.35) (4.57)

agesq -0.000722** -1,522.9*** -0.000888*** -1144.2***
(-3.29) (-6.57) (-4.72) (-4.87)

single -0.0619 -82,451.5 -0.0714 -87,483.7
(-1.81) (-1.40) (-1.63) (-1.58)

divorced -0.171*** -259,453.0*** -0.194*** -220,156.5**
(-3.82) (-3.78) (-3.52) (-3.03)

children -0.0271 -41,998.7 -0.0255 -44,935.5*
(-1.87) (-1.56) (-1.55) (-2.11)

degree 0.157*** 293,257.6*** 0.185*** 298,368.8***
(4.74) (4.87) (4.54) (4.59)

log(income) 0.174*** 0.142***
(6.86) (5.51)

income 10.48*** 7.456**
(4.30) (3.27)

incomesq -0.0000287 -0.00000493***
(-1.69) (-3.45)

cb -0.298*** -567,773.8*** -0.267*** -473,840.3***
(-5.80) (-6.28) (-4.09) (-4.92)

sb -0.516*** -782,743.9*** -0.472*** -773,331.1***
(-7.65) (-7.12) (-5.76) (-6.67)

pl -0.471*** -789,514.8*** -0.525*** -831,575.3***
(-7.68) (-7.60) (-6.36) (-8.93)

kv -0.648*** -1,014,686.3*** -0.616*** -898,262.0***
(-7.69) (-8.81) (-6.22) (-5.42)

ul -0.528*** -795,782.7*** -0.473*** -738,293.7***
(-7.87) (-7.52) (-5.95) (-6.41)

li -0.476*** -753,290.1*** -0.515*** -823,331.4***
(-6.92) (-5.86) (-5.70) (-8.08)

hk -0.392*** -640,927.1*** -0.465*** -737,316.3***
(-5.72) (-5.47) (-6.00) (-7.59)

pa -0.470*** -808,318.1*** -0.465*** -752,379.2***
(-7.60) (-8.47) (-5.63) (-7.07)

ol -0.520*** -838,928.4*** -0.534*** -847,120.9***
(-8.50) (-8.74) (-7.02) (-7.34)

ms -0.392*** -634,179.4*** -0.322*** -533,571.2***
(-6.65) (-6.14) (-4.44) (-4.15)

sm -0.346*** -627,472.4*** -0.416*** -694,025.8***
(-7.12) (-6.57) (-6.22) (-8.39)

zl -0.517*** -784,903.6*** -0.650*** -965,433.6***
(-7.63) (-6.88) (-7.84) (-10.13)

vy -0.472*** -760,295.8*** -0.524*** -840,863.8***
(-5.64) (-5.59) (-4.88) (-7.90)

cons 11.89*** 61,311.6 12.06*** 506,334.4
(33.21) (0.18) (31.62) (1.50)

N 2,078 2,043 2,078 2,078

t statistics in parentheses
* p < 0.05, ** p < 0.01, *** p < 0.001

Table A1: Estimated coefficients for Models I-IV
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Quantile regression
q = 0.1 q = 0.25 q = 0.5 q = 0.75 q = 0.9

mortgage mortgage mortgage mortgage mortgage
female -44,838.1 -99,431.5** -167,919.5*** -177,860.6* -152,903.9

(-1.32) (-2.69) (-3.41) (-2.49) (-1.22)

age 23,449.9 25,312.8 82,523.8*** 153,993.6*** 190,407.3***
(1.66) (1.72) (4.57) (5.92) (3.69)

agesq -407.1* -466.0* -1144.2*** -2,064.0*** -2,329.6**
(-2.22) (-2.47) (-4.87) (-6.39) (-3.21)

single -92,655.5* -87,060.6 -87,483.7 -95,931.6 -53,504.6
(-2.12) (-1.81) (-1.58) (-0.97) (-0.33)

divorced -108,280.9* -117,627.6* -220,156.5** -366,830.1*** -548,755.0**
(-2.32) (-2.38) (-3.03) (-3.90) (-2.75)

children -26,983.9 -6,264.5 -44,935.5* -100,571.3** -171,462.4**
(-1.58) (-0.35) (-2.11) (-2.92) (-2.62)

degree 144,306.2*** 211,596.4*** 298,368.8*** 208,830.5* 262,882.0
(3.30) (4.39) (4.59) (2.28) (1.45)

income 1.432* 2.033** 7.456** 16.88*** 32.08***
(2.13) (2.78) (3.27) (9.37) (8.23)

incomesq -0.00000106* -0.00000163** -0.00000493*** -0.0000111*** -0.0000210***
(-2.05) (-2.78) (-3.45) (-9.68) (-8.52)

cb -239,116.5** -386,784.7*** -473,840.3*** -761,475.7*** -1,344,335.1***
(-3.22) (-5.21) (-4.92) (-4.39) (-4.88)

sb -422,314.2*** -672,097.8*** -773,331.1*** -994,506.9*** -1,345,294.9***
(-6.06) (-7.74) (-6.67) (-3.48) (-4.87)

pl -346,750.4*** -473,052.7*** -831,575.3*** -1,051,413.7*** -556,729.7
(-3.97) (-5.85) (-8.93) (-5.92) (-0.59)

kv -516,713.9*** -809,811.2*** -898,262.0*** -1,140,968.1*** -1,711,028.9***
(-6.49) (-9.69) (-5.42) (-4.91) (-5.67)

ul -460,784.0*** -621,973.7*** -738,293.7*** -982,524.0*** -1,672,545.3***
(-5.69) (-6.60) (-6.41) (-5.08) (-5.98)

li -417,991.1*** -586,114.1*** -823,331.4*** -1,158,419.1*** -1,501,001.3**
(-5.45) (-6.65) (-8.08) (-5.31) (-2.96)

hk -469,770.3*** -477,970.7*** -737,316.3*** -876,131.5*** -1,032,575.8**
(-5.58) (-5.47) (-7.59) (-4.24) (-2.71)

pa -353,619.1*** -553,001.1*** -752,379.2*** -1,046,218.9*** -1,567,291.6***
(-4.17) (-7.06) (-7.07) (-5.75) (-5.22)

ol -452,821.6*** -634,418.6*** -847,120.9*** -1,174,880.9*** -1,510,356.7***
(-6.04) (-7.88) (-7.34) (-6.19) (-4.83)

ms -389,041.5*** -521,580.9*** -533,571.2*** -883,653.6*** -1,252,985.1***
(-5.35) (-6.26) (-4.15) (-4.62) (-4.08)

sm -301,885.2*** -466,305.7*** -694,025.8*** -812,751.1*** -1,306,050.3***
(-4.10) (-5.69) (-8.39) (-3.88) (-4.78)

zl -430,688.4*** -676,925.8*** -965,433.6*** -1,051,980.9*** -1,280,382.9***
(-6.02) (-8.26) (-10.13) (-5.22) (-3.76)

vy -316,566.3** -475,833.8*** -840,863.8*** -971,860.4*** -1,718,655.9***
(-2.69) (-5.16) (-7.90) (-4.53) (-5.72)

cons 682,355.7* 1,090,238.1*** 506,334.4 -102,498.8 -197,057.3
(2.46) (3.89) (1.50) (-0.20) (-0.22)

N 2,078 2,078 2,078 2,078 2,078

t statistics in parentheses
* p < 0.05, ** p < 0.01, *** p < 0.001

Table A2: Estimated coefficients for Model V
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