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ABSTRACT

Investments in home improvements or renovations alter the value of a home. The level of this
investment into one’s own home could be influenced by the Loan-To-Value ratio leading to a possible
extra way limits on Loan-To-Value ratios influence housing prices. This thesis attempts to shed light
on the relationship between the Loan-To-Value ratio of a home purchase and the level of home
improvement or renovations an individual invests in later on. It does so by using a collection of
regressors from the broader literature on home improvement and performing both an Ordinary Least
Squares (OLS) and an Instrumental Variable regression (IV). Results from the OLS regression show
that though there is reason to assume the Loan-To-Value ratio is impactful on home improvements
from a theoretical standpoint, it ceases to be a significant predictor if the size of a home is taken in to
account. This thesis also confirms previous research on the determinants of home improvement as it
finds that the age of a home, the length of time an individual has lived there and a person’s income
are significant predictors. The results of the IV regression support this conclusion, but as instruments
used are relatively weak the results from this IV regression could be biased and lack substantial
statistical explanatory power.
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INTRODUCTION

When one invests in their own home by performing: a renovation, small house repairs or
even a complete remodel, one spends money that afterwards is fixed to the house in
guestion. These actions alter the value of a home that can be sold after its value has been
changed. Because of this, this document refers to all actions of this nature as Own Home
Investments (OHI). In other words: OHI does not discriminate between renovation, repairs or
remodeling. Previous research into the determinants of OHI has never included the Loan-To-
Value ratio (LTV), which is an individual ratio that is calculated by dividing the value of a
home by the size of the mortgage acquired to finance this home. In this thesis the possible
influence LTV has on OHl is explored empirically, while keeping in mind the possibility of
endogeneity caused by an individual’s opinion on the value of housing.

The housing market is relatively closely tied to the whole economy as Reinhart and Rogoff
illustrate in their 2009 study that indicates there is a strong bond between housing busts and
historical banking crisis (Reinhart & Rogoff, 2009). This connection between recessions and
the housing market is also supported by the 1960-2007 cross-country study by Claessens et
al. They implicate that economic output losses are three times the size of what they would
be in a recession if there is a corresponding housing crisis (Claessens, Ayhan, & Terrones,
2008). Because the Netherlands has high levels of home ownership and high housing prices,
the mortgage debt levels in the Netherlands are extremely high. The Netherlands has also
been among countries that have seen the steepest rise in mortgage debt (Ronald & Doal,
2011). The ratio of mortgage debt to GDP in the Netherlands reached more than 100 % in
2009, indicating that the wider economy and the housing market are especially intertwined
in the Netherlands (IMF, 2011).

An important aspect of the housing market are housing prices. Housing prices tend to be
influenced by core economic and demographic principles such as income, GDP, population
growth etc. in times of normalcy (Geng, 2018). Strong expectations about housing market
behavior can move housing prices determinants away from these factors that would
normally be dominant in shaping the price of housing (Shiller R. J., 2008) (McCue & Belsky,
2007) (Burnside, Eichenbaum, & Rebelo, 2011).

Because the housing market represents such a large part of the national economy through
the value of assets and the size of the corresponding debts, the actions people take to
change the value of their home can be impactful for the economy as a whole. Dipasquale
points out that if the homeownership rate is large, a “major way in which the supply of
housing adjusts to changing market conditions is through the investment and maintenance
decisions of owners of housing units” (Dipasquale, 1999). As the Netherlands boasts a high
homeownership rate one could say that Own Home Investments play a large role in the
Netherlands as well.

In 2008 a global housing crisis brought much attention to the housing market internationally,
but locally in the Netherlands the attention of lawmakers was caught as well. A surge in
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housing price demand led to housing price inflation which in turn reduced foreclosures and
increased credit ratings. In the United States this allowed individuals to borrow more which
in turn drove up prices. (Taylor, 2007). When this housing bubble burst in 2008 housing
prices faced a steep decline. The 2008 housing crisis prompted a shift from normal housing
price drivers as it sparked unprecedented behavior on the housing market. Similar to many
other countries, the Netherlands became concerned with LTV after its effects on the stability
of the housing market became a central focus. The Dutch response has in part been a roof
on the LTV. In many ways this limit seems like a logical response as indebtedness has been a
driver of the housing market crash as illustrated by Oswald and Wenli’s case (Oswald &
Wenli, 2017). Geanakoplos supports this idea as he claims that restricting LTV in times of
prosperity is one of the most important measures a government can take in ensuring a crash
does not occur. (Geanakoplos, 2010).

The legal maximum on the LTV as suggested by the Dutch government started at 105% in
2013 and was to lowered by 1% each year until a roof of 100% was achieved in 2018
(Rijksoverheid, 2020). This however, has not been the only response to the housing crisis.
The Dutch government also saved banks with financial packages, supplied benefits to middle
and small companies, increased budgets for local governments, implemented broad social
security measures and lowered taxes on the acquisition and sale of housing (Rijksoverheid,
2011) (Rijksoverheid, 2021). At this time the European bank continued lowering interest
rates (ECB, 2021). In order to promote homeownership, the Netherlands employs mortgage
interest relief methods through deductibility. This kind of interest relief has been shown to
be most beneficial for wealthy households (IMF, 2009) (IMF, 2010) (OECD, 2011). The Dutch
government implemented such a wide range of measures that it is hard to identify
empirically what the impact of each individual measure has been on housing prices and the
economy as a whole.

The 2008 housing crisis and the level of response needed to re-energize the Dutch economy
truly indicate the perceived importance of the housing market. It also becomes clear that
monetary policy used to control overall economic behavior can affect the housing market in
a significant way. This creates a dilemma for any government that faces unfavorable housing
prices as often monetary policy that could be used to change housing price behavior is also
highly influential on other aspects of the economy. As the Netherlands is a part of the
European monetary union, interest rates are set by the European bank, further complicating
the use of interest based monetary policy to tackle disproportionate housing prices. In order
to identify policy options that could be used to direct the housing market towards a social
optimum, relationships need to be identified and documented. This is done in order to
ensure housing prices don’t rise to quickly in prosperous times, and crash too hard during
economic hardship. The possible connection between LTVs and OHI constitutes such a
relationship.

Available literature on Loan-To-Value ratios tend to focus on what rates are appropriate and
the relationship between LTVs and boom bust behavior of the housing market. Literature
that focusses on OHI tends to emphasize the role of these kinds of investments on housing
prices. Research looking into the determinants of OHI often looks at income and social
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capital as explanatory variables. No research has been found that analyses the impact LTV
has on OHI. Given the idea that LTVs are instrumented by the government to combat
increasingly high mortgages, and the direct relationship between OHI and housing prices, it
seems prudent to look into the effect the LTV has on OHI from a policy and academic
standpoint.

RELATED LITERATURE

Before any kind of statistical analysis can be carried out, it’s important to have a notion of
the possible mechanisms through which LTV affects OHI. A regression also needs to include
the determinants of OHI as described in literature. For this reason an overview of empirical
research on OHI has been included here. Firstly though it is important to gain understanding
of the leverage cycle.

HOW IS THE LTV RELATED TO HOUSING PRICES?

The leverage cycle states that leverage and housing prices are positively correlated with each
other forming a feedback loop that enlarges fluctuations in the housing market.
Geanakoplos describes the relationship between leverage and housing prices in the
following manner: “If they (buyers) can get their hands on more money through more highly
leveraged borrowing (that is, getting a loan with less collateral), they will spend it on the
assets and drive those prices up.” (Geanakoplos, 2010). Leverage is effectively described as
an important determinant for housing prices as it enables buyers to spend more on a house.
Much of this behavior can be attributed to differences between individuals. For some, the
utility of a house is simply higher than others. Because of this they are willing to get a higher
loan in order to acquire this property. But the utility a buyer expects from a home also has to
do with the expectations this buyer has about the behavior of the housing market. If one
expects housing prices to rise for years to come, but no one else shares this sentiment, it
seems logical that one is willing to pay more for a property than those who do not believe
housing prices will rise.

Instead of leverage one could use the Loan-To-Value ratio (LTV). Leverage is closely related
to the LTV in the following manner:

LTV = 1 — Leverage™!

If, for example, one takes out a mortgage for 80% of the value of a property and pays the left
over 20% with personal funds, the LTV equals 0.8 and the leverage equals 5. Though this
ratio is synchronous and therefore LTV can always be expressed as leverage and vice versa,
leverage is not at all related to mortgage height and housing price in a linear fashion.
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Because of this and because governments, including the Dutch government, more often
refer to LTV and not leverage, this thesis works with LTV instead of leverage.

The leverage cycle exacerbates fluctuations in the housing market, therefore a bust scenario
is often preceded by a boom in housing prices. The Netherlands is currently facing such a
boom in housing prices even though limits have been placed on the LTV by the government.
The behavior seen in the Netherlands corresponds to that predicted by the leverage cycle
(Hessel & Peeters, 2011)

Most studies on the subject focus on extreme fluctuations in the market and the
corresponding extremes in leverage or LTV. In a study conducted by the IMF a correlation
between average LTV ratios to housing prices is found using empirical data. The IMF finds
that “both Loan-To-Value (LTV) ratios and the prevailing contract type play a role in
amplifying house price dynamics.” (IMF, 2011, p. 150). They use panel regression to find that
a 10% increase in household credit leads to a 6 % increase in nominal house prices in OECD
countries. The impact of the average LTV on housing price appreciation has been found
significant in an empirical study of 50 US states conducted by Crowe et al. if they included
state affects. The data shows a rise of 0.273 to 0.429 in housing price appreciation per
increase of a percentage point in the LTV (Crowe, Dell'Ariccia, Igan, & Rabanal, 2011).

The ideas posed in by Geanakoplos in his literature regarding the leverage cycle are
supported by Towbin and Weber (2015). They claim that between 1996 and 2006 about 30%
of the increase in housing prices can be attributed to house price expectation shocks making
it the most important driver (Towbin & Weber, 2015) . Case and Shiller find that a high level
of respondents in their survey research claim to be motivated by investment purposes. This
shows that when buying a house not only individual utility, but value development of the
house is taken in to account. An individual’s expectations regarding housing price
developments should therefore be a mayor influence when buying a home and determining
what Loan-To-Value ratio is appropriate (Case & Shiller, 2003).

Shiller (2007) claims that expectations regarding future housing prices played a big part in
the creation of housing bubbles (Shiller R. J., 2007). And though a bubble is by definition not
the same as a consistent long term price increase, it does constitute an increase in housing
prices though temporarily. Lambertini et al find that shocks in housing price expectations
explain a fair share of house price movements (Lambertini, Mendicino, & Punzi, 2013).

DETERMINANTS OF OHI IN LITERATURE

It is clear that LTV ratios have impact on housing prices. Less clear are the determinants of OHI.
Helms claims in his 2002 study that “nearly all existing empirical studies” find that
determinants of housing renovation are almost always unsignificant except for the age of
the home (Helms, 2002). This lack of significant predictors in literature illustrates that much
research is still to be done on the subject, but also that OHI might simply be hard to predict.
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Potepan (1989) has used micro level data of the 1979 income dynamics panel study to look
at the decisions of individuals choosing between home improvement or moving. It is
Potepan’s position that the height of interest rates and the height of one’s income are
important factors determining the attractiveness of home improvements for households
that have a fixed-rate mortgage (Potepan, 1989). Montgomery, though at odds with the
conclusions drawn by Potepan, finds income an influential determinant for household
spending on home improvement as well. Montgomery also concludes that the age of the
house and the length of time households occupy a house are relevant determinants for Own
Home Investments. Montgomery gives an indication that though the speed of economic
growth seems to be relevant for decisions regarding OHI, it is likely that these decisions are
based on price expectations (Montgomery, 1992). Empirical evidence presented by
Mendelsohn points to the idea that the age of a specific home is the only relevant predictor
for home improvements (Mendelsohn, 1977). A similar conclusion has been reached by
Chinloy who focusses on the cost of maintenance (Chinloy, 1980). Shear and Bogdon also
come to the conclusion that age is a relevant factor, but in their research it is not the only
significant predictor. Shear finds that structural soundness is a relevant factor as well (Shear,
1983). This seems logical, as a home would not need to be repaired if it is not broken.
Bogdon finds that besides age square footing is a relevant determinant for renovation
(Bogdon, 1992). This is a logical and intuitive conclusion as a large castle for example would
require more maintenance at least from a cost perspective than a single story apartment.

Social capital is an important factor in determining renovations in central Eastern European
countries. The study by Cirman et al supports the idea that physical characteristics of a home
are important determinants for renovation, but it also illustrates that the social and
therefore hard to quantify environment of an individual opting for a renovation is a
determining factor (Cirman, Mandic, & Zoric, 2013). The idea that social capital is a relevant
factor is supported by Helms who instead of social capital dubs it “neighborhood effects”
(Helms, 2002).

The determinants found throughout the previously described quantitative research seem to
be logical, intuitive and statistically relevant. These determinants for OHI are: the age of a
home, the amount of time the current homeowner has resided in this particular home, social
capital, the size of a home, structural soundness, short term interest rates and income.

WEAKNESSES OF RESEARCH SO FAR

The gquantitative research found on own home improvement often stems from microdata
and thus this type of research faces corresponding weaknesses. Research on LTV ratios and
OHl is also often derived from microdata sets that are survey based (Cirman, Mandic, &
Zoric, 2013) (Deniz, Heedon, Claessens, & Habermeier, 2011) (Chinloy, 1980) (Shear, 1983)
(Gerlach-Kristen & Lyons, 2018) (Lambertini, Mendicino, & Punzi, 2013). In these surveys
there are differences between individuals that can cause idiosyncratic behavior. Financial
literacy for example can have an impact on the data causing bias to occur. This would be
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exceptionally impactful for research that includes questionnaires about an respondent’s
financial situation which is the case for most. Another weakness of survey based micro
datasets and corresponding research are the scope and the timing of these surveys. As
Korteweg and Sorensen propose in their research on the estimation of Loan-To-Value ratios
and foreclosure behavior, there is another shortcoming similar to financial literacy that could
create bias in survey data (Korteweg & Sorensen, 2012). They point out that in research such
as the work by Meltzer, homeowners might not be informed in a complete manner (Melzer,
2012). The differences that exist between microdata sets and the conclusions drawn from
these sets illustrate how these sets are to a certain degree biased. Research by Cirman et al,
for example, which focusses on OHI in Eastern Europe, is obviously biased because all data
comes from these Eastern European surveys (Cirman, Mandic, & Zoric, 2013). Who is to say
some amount of variation does not stem from cultural differences? Cross-country data could
help reduce this weakness but as data would need to be on the individual level, the
weaknesses of survey-based research remain. Chinloy reports on the difficulty of
differentiating between spending on the house and the land upon which the house is built
(Chinloy, 1980). Often questions in surveys do not differentiate between these two. In any
situation where costs are shared between homeowners the results of surveys can also be
inaccurate as shear proposes (Shear, 1983). If a survey is international, language issues could
create bias when answering questions as connotations could differ.

In order to use these sources consistently the results of all relevant research should be
placed next to each other as shall be attempted in the methodology chapter when choosing
regression predictors. Theoretical research on LTVs and OHI can be based on discrete choice
models. These models are a simplification of reality like all models and thus face their own
shortcomings. Though often cited, the leverage cycle by Geanakoplos is an example of such a
theoretical model that makes sizable assumptions (Geanakoplos, 2010). The first is that
individuals behave rationally for example.

THEORY HYPOTHESIS

The previous paragraphs have emphasized the importance of the housing market for the
general economy and how prices are a key element of the housing market. It has also
become clear that when one invests into one’s own home, the value of a property can
increase. The leverage cycle illustrates how on a macro level, Loan-To-Value ratios can
influence housing prices, but can Loan-To-Value ratios also influence Own Home
Investment? If so, should it be included in the pantheon of predictors for OHI as described by
Dipasquale (1999)? Literature and intuition insinuate there are many theoretical
mechanisms through which LTV could influence OHI. Two of these mechanisms are discussed
here: debt overhang, and more OHI through a higher level of capital. This chapter also
contains ideas about possible endogeneity by individual appreciation for houses or housing
price developments.
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DEBT OVERHANG

Debt overhang is often defined as a state for an organization or entity where the debt one
has accumulated is so large that this entity cannot take on additional debt even if this would
be beneficial. When one relates this concept to the housing market the consequences seem
clear from an intuitive standpoint. If one has a mortgage that is so large that a bank will not
allow a second loan to finance OHI, this Own Home Investment cannot take place. There is
more to this story however, as Melzer explains in his 2012 paper on debt overhang. Melzer
claims that because individuals who are at risk of losing their collateral through loan default
know what constitutes that collateral, they are less likely to invest in said collateral (Melzer,
2012). In other words: if a homeowner is unable to pay their mortgage and they are at risk of
losing their home, they lose incentive to invest in said home. Meltzer illustrates that those
who face default spend less on their house, and more on assets such as cars and appliances
that are not seen as collateral for the mortgage. This idea has earlier applications in the
corporate world with corporate debt overhang (Myers, 1977). This proves that “A long-
standing and important idea in finance theory is that leverage can distort investment
decisions” (Melzer, 2012). The higher a mortgage is compared to the value of a house the
more likely it is that that homeowner cannot pay their mortgage in case of a crash. Because
of this one could theorize that through this mechanism high LTVs lead to lower OHI.

MORE CAPITAL

If one has more income, it seems intuitive that one has more to spend if costs stay the same.
The idea that this holds up for home improvements as well is supported by Bogdon’s
dissertation on the subject. She concludes that the relationship between own home
improvement expenditure and income is inelastic, but also shows that these elasticities can
vary widely and also differ greatly per type of renovation. Thus the income elasticity can
range from 0.15 for roof replacements to 0.84 for new additions (Bogdon, 1992). This
conclusion makes intuitive sense, as a roof needs to be repaired when broken, but a new
addition to one’s home is more of a luxury. Not all Own Home Investments are made
strategically, sometimes something just needs to be repaired in order to keep a house
functioning. Consequently, it can be said that the apparent intuitive correlation between
income and home improvement is not as straight forward as one might think. When one
thinks of an individual whose income is so constricting that there is almost no realistic way
to pay for Own Home Investment, it seems clear that a lack of funds means Own Home
Investments are impossible.

Thus income is a determining factor for OHI, but what about the LTV? If one where to
imagine two homeowners in a hypothetical scenario that have similar income and whose
houses are worth the same, it becomes possible to see how LTV could be relevant here. If
one of these hypothetical individuals has a higher LTV than the other, their mortgage will be
higher even though the home has the same value. Thus their monthly payments would be
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higher as well, meaning they have less to spend each month and therefore less to spend on
OHI. This effect is illustrated in the following model in which income, savings and expenses
are the same for individuals a and b:

capital, = income + savings — mortgage, — expenses
capital, = income + savings — mortgage, — expenses

mortgage, > mortgage ;, - capital, < capital,

When presented like this one could see that an increase in income or smaller mortgage
payments amount to the same result in this case: more capital and therefore more available
funds for OHI. We could therefore summarize that if one earns more, one has more cash
available for Own Home Investments, and when one has a lower LTV because of a lower
mortgage the effect is similar to earning more from a liquidity availability standpoint. The
assumption would be that a lower higher LTV would mean a higher mortgage and therefore
lower OHI because of a lack of funds.

INDIVIDUAL APPRECIATION OF HOUSING

Research points towards specific determinants for OHI as discussed in the previous chapter.
Often these drivers are related to the house itself such as its age and physical state, but
another important factor is an individual’s opinion on the housing market in general.

People have different views on the housing market and they speculate on these views. One
such view is an individual’s opinion on housing prices. Do they correctly represent actual
value or is the housing market overvalued? These views on housing prices affect an
individual’s behavior when choosing how high a mortgage to accept as has been explained
by the leverage cycle. The same opinion however could be impactful on OHI as Dipasquale
illustrates.

Dipasquale points out that if many people own a home, the decisions these people make
regarding OHI are highly impactful on the supply of housing which would ultimately affect
prices (Dipasquale, 1999). When an individual is capable of investing in one’s own home it
seems logical that they keep in mind the expected return on this investment. When
regarding housing it becomes difficult to separate the utility people derive from the
investment in one’s own home that stems from a more enjoyable home, or the utility
derived from a possible increased value of the house itself.

10
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High housing
price scenario:

p Return on
InvestmentY =R

Decision to conduct home
improvement or renovation
=|nvestment Y

1p Low housing price
scenario:
Return on
investment Y <R

FIGURE 1: DIFFERENT SCENARIOS MEAN DIFFERENT PAYOFFS FOR OHI

A small discrete choice example illustrating the decisions an homeowner faces when
choosing to invest in their own home is shown in figure 1

The above model shows that even though the exact quantities are unknown, it’s possible to
say that individuals who contemplate home remodeling have an incentive to think about
housing price developments and weigh their opinion on this topic in their decision making
process.

The previously discussed leverage cycle illustrates how individual personal ideas about
market overvaluation or behavior can influence If one is more confident that housing prices
will rise one might be open to bigger loans. This is the most basic way of explaining how
expectations regarding housing price development influence Loan-To-Value ratios.

THE POSSIBILITY OF ENDOGENEITY BY INDIVIDUAL VIEWS ON THE HOUSING
MARKET AND PERSONAL PROPERTY UTILITY

Though many possible mechanisms exist through which LTV could influence OHI the
mechanisms that have been discussed here give sufficient reason to conduct empirical tests.
When doing so there is the danger of possible omitted variable bias. The omitted variables in
guestion are respondent’s personal opinion on the housing market and an individual’s
personal property utility.

It has by now been established in the literature section of this thesis that it’s not
unreasonable to assume an individual’s views on housing market behavior are impactful on
OHl and LTV. This creates a problem when one tries to gain understanding of the
relationship between LTV and OHI due to a bias that is known as omitted variable bias.
Because housing price development expectations impact both LTV and OHI it becomes
difficult to tell how much of the perceived influence of LTV on OHI stems from its own
behavior, and how much is simply caused by housing price development expectations.

11
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In his work about the leverage cycle Geanakoplos states that personal preference means
that some individuals value some properties higher than their peers causing them to accept
higher LTV ratios for said property (Geanakoplos, 2010). It seems logical then, that if one
cares more for a specific property, one also invests more in said property. If an individual is
willing to get a mortgage twice the size of a property’s value for example, it seems plausible
that this individual is also willing to spend more to keep the value of this property equal or
even raise said value. This personal property utility could also be a cause of omitted variable
bias.

RESEARCH QUESTION

Theory points to a connection between the Loan-To-Value ratio and Own Home Investment.
Two mechanisms have been hypothesized, but it is likely many more exist. There are also
variables that influence both LTV and OHI. An individual’s opinion on the housing market or
an individual utility of a specific home could both lead to an individual accepting a higher
LTV. But these factors could also influence the amount of OHI. These hypothesized
relationships are illustrated in figure 2.

Loan-To-Value + »: Risk of Debt overhang > Own House
ratio of house of " + Investments
an individual = 5 Capital > by individual

b1t LA,

Personal property utility

Personal opinion on housing market

FIGURE 2: AN OVERVIEW OF RELATIONSHIPS, HYPOTHESIZED MECHANISMS AND ENDOGENEITY

As expectations about the housing market and external variables such as interest rates and
housing market behavior could influence both the LTV and OHI, the question then becomes
how much of the increase OHI can truly be attributed to an individual’s Loan-To-Value ratio,
and how much is simply caused by omitted variables that impact both the LTV and Own
Home Investments. Given the effect of OHI on housing price, and housing prices role as an
important fundamental of the housing market, the importance of gaining better understand
of these effects for the overall economy seems clear. Policy should reflect the true effects
that include the impact of omitted variables. If this is done governments can work towards
policy that benefits society in an optimal fashion.

Based on the above described relationships the hypothesis proposed in this thesis is that
higher Loan-To-Value ratios lead to lower Own Home Investments if opinions on the value of
houses are not modelled as an omitted variable. When omitted variables are taken in to

12
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account this relationship could lose significance. Thus this thesis aims to answer the
following question:

Does a lower Loan-To-Value ratio lead to more Own Home Investment when talking into
account possible endogeneity by Individual views on the housing market?

In order to answer this main question, it is important to first look at the effect of LTV on OHI
without taking in to account the possibility of endogeneity. The first sub-question would thus
be: ‘Is LTV a significant predictor for OHI?’. The direction of the relationship and the level of
statistical significance should help in understanding the relationship between LTV and OHI. It
will still be unclear how much of this relationship is caused by an individual’s opinion on the
housing market. Because if this the following sub-question needs to be answered: ‘Is an
individual’s opinion on the value of houses a cause of endogeneity?’.

DATA

The data used in this research stems from the Dutch household survey and the central Dutch
statistical agency (DHS data acces, 2021) (CBS, 2021). Every year about 2000 respondents fill
in the DHS survey that contains a wide range of questions regarding mortgages, housing
market expectations and other factors. All quantitative research on own home improvement
discussed in this thesis uses microdata to express statistical determinants for Own Home
Investment. The reason microdata is often used in research on OHl is also the same reason
micro data is used in this thesis: because of its disaggregated level of information. Data
availability is an important factor in this. Discrete choice models that are sometimes used
often give only theoretical implications, and macro data on Own Home Investment would
not be suitable to aid in determining factors such as housing price development expectations
which need to be measured on the individual level. The Dutch Household survey is thorough
and has also been running since 1993. Because of this, this particular survey is well suited to
conduct research on OHIl and LTV ratios.

As claimed by Helms one of the shortcomings of microdata sets such as the one used here is
that not all data filled out by respondents corresponds to the same point in time (Helms,
2002). In this specific case the date of home acquisition and survey response are rarely
equal. In other words, one could say respondents fill out their opinion on housing price
development at the time of the survey, but when they fill out the size of their mortgage this
corresponds to the mortgage at the time of home acquisition which could be many years
earlier than the survey. When looking at the causality between elements the shortcomings
that are caused by this data property are obvious. It is impossible to do any kind of
regression that has LTV as a dependent variable, because all possible independent variables
occur later in time. This automatically leads to the biggest assumption made in this thesis:
individual opinions about housing over and under valuation stay similar over time. This
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thesis assumes in other words, that an individual who believes the market is overvalued at
the time of the survey also thought this was the case when they acquired their property.

Because housing prices can differ quite extensively between individuals it is hard to
distinguish between housing and mortgage prices that are real and very high or low, and
housing prices that have simply been filled out by respondents. Often questions regarding
large sums in euros are meant to be filled in as one thousandth of the actual number.
Respondents are asked for example to fill out the size of their mortgage (*1000). This kind of
guestioning has obviously confused some respondents, but it is hard to determine if a
respondent simply has a very cheap or expensive mortgage or has filled out the
guestionnaire wrong. Because of this difficulty the decision has been made in this thesis to
not correct or delete individual cases put place a cap on LTV at 5. This means that this thesis
considers every individual who has filled out the survey in such a way that the Loan-To-Value
ratio is higher than five has not filled out the survey correctly. As the Loan-To-Value ratio is
calculated using mortgage and housing price at the time of purchase this means that if a
respondent has incorrectly filled out either one of these questions to an extend that leads
the LTV to be higher than 5 this respondent is deemed to not be representative. The height
of the level has been chosen at 5 because it seems very rare that a real-life situation includes
a scenario where an individual acquires a mortgage that is five times the value of the
acquired property.

The data set is missing individual level data regarding social capital. In order to correctly use
social capital as a predictor a researcher would need to know something about the level of
social integration of a respondent in their neighborhood. This could be done by asking
respondents how well they know their neighbors for example. Because of a lack of data in
this aspect social capital cannot be taken in to account when performing the regressions.
There is also no real data available on the personal property utility. Because of this lack of
information it is impossible to include it in the statistical research. The data set also lacks
data on structural soundness which could be a relevant predictor for OHI.

Though the size of the data set is substantial with around 2000 respondents per year, the
amount of respondents who filled out all questions required to answer questions posed in
this thesis is significantly smaller. The questions on OHI have been added in 2012, therefore
there is no data on the subject before this date seriously limiting the amount of data
available. Because of this, more complicated analysis using follow-up questions becomes
extremely complicated as these questions enjoy very few responses. This lack of data creates
limitations on the possibilities for specific research methods.
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EMPIRICAL APPROACH

The empirical approach used in this research knows three distinct steps. Firstly, a normal OLS
regression is performed to gain understanding of the determinants of Own Home
Investment and see how they align with the determinants described in the literature section.
This regression could also be used later on in a comparison between the Instrumental
Variable regression and this regular one. The variables used in this regression are largely the
same as in the next step and stem from the related literature as has been discussed in the
literature chapter. The second step of the empirical approach is the IV regression itself.
Lastly, the quality of the IV regression is evaluated empirically.

THE DEPENDENT VARIABLES

The dependent variable in this case is OHI and like the other microdata used it stems from
the DHS household survey (DHS data acces, 2021). In this thesis small home repairs are not
seen as being substantially different then large home improvements such as an extra
bathroom. Whilst research has shown that elasticities for these different kind of home
improvement or repairs vary wildly (Bogdon, 1992), this research does not discriminate
between different types of home improvement. The dependent variable is measured in
euros and shows how much a household has spent on home improvements in the past year
(CBS, 2021). As an evaluation of OHI has demonstrated it is a highly skewed variable the
logarithm of OHlI is used instead of OHI.

INDEPENDENT VARIABLES

As the focus of this thesis lies with the effect Loan-To-Value ratios have on Own Home
Investment, the LTV is the most important independent variable. In order to gain insight in
the hypothesized relationship between LTV and OHI a complete regression must be created
that incorporates the elements that according to literature are most influential. These
control variables have all been discussed in the previous literature chapter. They have been
summarized here in a table that indicates what variable has been found a significant
predictor by whom, and whether or not the data is available for integration in a regression.
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Variable: Included because of research by: Data
availability:
Interest rates (short term) (Potepan, 1989) (CBS, 2021)
period of construction of house (Chinloy, 1980) (Cirman, Mandic, & Zoric, (DHS data

2013) (Potepan, 1989) (Bogdon, 1992)
(Shear, 1983)

acces, 2021)

(Lambertini, Mendicino, & Punzi, 2013)

Length of time living in house (Cirman, Mandic, & Zoric, 2013) (DHS data
acces, 2021)
income (Bogdon, 1992) (Cirman, Mandic, & Zoric, (DHS data
2013) (Montgomery, 1992) acces, 2021)
Social capital (Helms, 2002) unavailable
Size of house (Bogdon, 1992) (DHS data
acces, 2021)
Structural soundness (Shear, 1983) unavailable
House price expectations (Case & Shiller, 2003) (Shiller R. J., 2007) (DHS data

acces, 2021)

TABLE 1: DETERMINANTS FOR OHI IN LITERATURE

Out of the control variables proposed by literature there are those who cannot be
incorporated into this research because of data availability. The variables in question are
structural soundness and social capital. Social capital is hard to measure and the
guestionnaire that is the main data source for this thesis contains no questions that could
serve as a relevant proxy for social capital. Because of this social capital cannot be used in
the regressions even though its relevance has been established. The second variable for

which there is no data available is the structural soundness. It seems obvious that this is an
important factor when looking at OHI, especially for the renovation side. The lack of
available data on this topic means that the regressions will lose some significant explanatory
power.

The above discussed variables are to be included in the regression based on the support for
their influence in literature. There are other factors that literature does not support as they
have not been found to be significant predictors in the past. These other factors must
nevertheless be included in at least some of the regressions in order to check robustness but
also gain some level of completeness. The variables should include an indication of macro-
economic development in the form of GDP, an indication of housing market development
and an indication of demographic development.

Economic development is obviously important for housing prices as buying a home is the
biggest investment or expense many individuals will make in their lifetime. As discussed in
the introduction, there is proof that the broader economy and the housing market are
heavily intertwined. Thus GDP is a sensible element to add to the regression as a control
variable for economic activity. OHl is also related to housing demand and supply as Shear
proposed, since individuals weigh the options to move or renovate against each other
(Shear, 1983). Because of this it is relevant to add a measure of the supply of housing. By
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subtracting the amount of houses from the number of households in the Netherlands it is
possible to create a variable that is an indication of this housing supply relative to the
demand. This measure of the supply of housing does not show the complete picture,
especially during a shortage. Often a housing shortage is disproportionally impactful on
those who have yet to buy their first home (McKee, 2012). In order to take this extra
element in to account as well a variable should be added that illustrates the demographics of
the Dutch population. A percentage indicating the share of Dutch population between 20
and 40 years old could be seen as a proxy for the amount of people in the age group that is
searching for their first home.

TABLE 2: MACROECONOMIC, HOUSING MARKET AND DEMOGRAPHIC CONTROL VARIABLES

Variable: Included as a: Data
availability:
GDP Control variable for economic (CBS, 2021)
development
Amount of households minus Control variable for housing market (CBS, 2021)
amount the number of houses development
Percentage of population between Control variable for demographic (CBS, 2021)
20 and 40 years old development

AN OLS REGRESSION FOR THE LOGARITHM OF OHI

As discussed, a standard OLS regression can give an indication of the effect of LTV on OHI.
The identification of incorporated variables stems from literature. It is clear that the age of
the home should be included as it is the only variable that is consistently significant in
literature. Because Cirman et al pointed to the amount of time an individual has been living
in their home as a relevant factor this has been included as well (Cirman, Mandic, & Zoric,
2013). This also makes intuitive sense as it seems logical that an individual who just moved is
more likely to invest in one’s own home than someone else. Income has been included as a
control variable as Bogdon and Montgomery point out it can be relevant for OHI (Bogdon,
1992) (Montgomery, 1992). In order to include an individual’s opinion on housing price
behavior the percentage that individual thinks the housing market is over or under valuated
at the time of the questionnaire has been added as an independent variable. Lastly, two
macroeconomic variables have been added: the Dutch GDP expressed in millions of euros
and short term interest rates. Because data regarding OHl is only present for years later than
2011, the regression will focus on the period between 2011 and 2020. For reasons
highlighted in the data chapter, datapoints with an LTV higher than 5 have not been taken
into account.
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The below formula describes the regression discussed:
Y} =g+ pZ; + uQ; + wgA; + wpB; + w C; + -+ ¢
Dependent variable:
e Y =logarithmic function of Own Home Investment in euros in the past year
Independent variable:
e Z=LTV:the Loan-To-Value ratio at the time of home acquisition

Control variables:

e Q= percentage the housing market is over or under valuated according to the
respondent

e A =the period a house was built with 5-year intervals

e B =the year of acquisition of the house

e C=incomein euros

e D =Dutch GDP in the year of the survey in millions of euros

e E =short term interest rates on a yearly basis

e F =percentage the housing market is over or under valuated according to the

respondent
Independent variable Z = Dependent variable
LTV Y = OHI

v

[

Control variables: Q, A ... F

FIGURE 3: VISUALIZATION OF REGRESSION SETUP

AN INSTRUMENTAL VARIABLE REGRESSION

After a standard IV regression has been performed an Instrumental Variable approach is
used that can shed some light on the possibility of omitted variable bias caused by an
individual’s opinion about housing market prices. The data from the survey rarely concerns
the same individuals, therefore it cannot be described as panel data. Because of this the
fixed effects methodology or time series models proposed (Rossi, 2014) are not feasible
directions in order to deal with possible endogeneity problems. As the nature of the
explanatory variable is continuous, and essential heterogeneity is a concern, the most logical
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path forward is an Instrumental Variable approach (Sande & Ghosh, 2018). The first step in
this process is determining possible instruments for the LTV.

CHOOSING INSTRUMENTS

In order to conduct an Instrumental Variable regression and gain better understanding of
the possible endogeneity of housing price development expectations the correct
instruments must be chosen. These instruments must enjoy some level of causality with the
first stage, be independent of Own Home Improvements and satisfy the exclusion
restriction.

The likelihood of satisfying the relevance assumption or first stage causality becomes larger
when Instrumental Variables clearly describe the unit of analysis and are more related to the
data set. An instrument that satisfies these conditions has been found in the survey. This
instrument is the answer to the question: ‘would you have gotten a higher mortgage if you
would be allowed to do so?’. In order to satisfy the independence assumption or increase
the likelihood that the exogeneity assumption is satisfied, an Instrumental Variable should
be more distant from the unit of analysis whilst retaining a causal connection with the first
stage. This would require instruments that lie further away from the data set such as
regulatory or environmental variables (Sande & Ghosh, 2018). The instrument that has been
found in this paper that approaches these conditions is the limit the Dutch government
places on the maximum legal LTV.

LTV MAXIMUM

The LTV maximum is an indicator of the highest LTV that the government considers legal.
Dutch regulators have created a maximum for the LTV in order to diminish behavior as
described by the leverage cycle (Rijksoverheid, 2020). This method has become more
common globally and limits on LTV ratios are widely used in a number of countries. This LTV
roof can be used as an instrument to perform a more specific analysis of the relationship
between the LTV and housing prices in the Dutch case.

Since the implementation of LTV limits by the Dutch government, average LTV ratios of
newly built properties have slowed down noticeably. Loan level data from the Dutch
national bank shows that average LTVs for those entering the housing market for the first
time has steadily gone down since the implementation of the limits on LTV (Rijksoverheid,
2020). This would seem to indicate that the maximum LTV ratio could be used as a possible
instrument for the LTV ratio itself. This idea is supported by evidence by Wong et al. (2011),
who see a limited effect of maximum LTV ratios on mortgage delinquency in a cross-country
study (Wong, Fong, & Choi, 2011). Similarly, Gerlach-Kristen and Lyons (2018) show using
micro-data that defaults tend to be more common in countries with high LTV ratios,
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indicating there is a connection between LTV ratios and the amount of individuals who
cannot pay back their mortgage (Gerlach-Kristen & Lyons, 2018).

There are however also sources who place doubt on the use of limits on Loan-To-Value
ratios as an instrument for the Loan-To-Value ratio itself. Deniz et al. find that limits on Loan-
To-Value and debt-to-income ratios are associated with a decline in house price appreciation
which is in line with other findings discussed so far. They however also find that the limits a
government places on LTVs also alter expectations (Deniz, Heedon, Claessens, &
Habermeier, 2011). The reason for performing an IV based regression is to understand the
effect of LTV on OHI whilst taking into account the possible endogeneity of individual
expectations of housing market prices. Because of this a connection between these
expectations and a legal maximum on LTV would mean that LTV Is not a good instrument.

Grodecka uses Swedish microdata to illustrate that an LTV limit might even raise household
prices whilst the debt-to-GDP ratio remains the same. This illustrates that an LTV limit could
affect housing prices without altering LTV ratios (Grodecka, 2020). This idea is supported by
research by Crowe et al. who find there is a positive correlation between the LTV maximum
and housing prices (Crowe, Dell'Ariccia, Igan, & Rabanal, 2011).

More recent research using loan level data points to very specific percentages of 70% to 80%
for uninsured homes and 90% for houses that are insured (de Haan & Mastrogiacomo,
2020). This specific cap is an obvious indication of the fact that an LTV limit can impact the
LTV.

o First stage causality: The causal relationship between LTV and the maximum legal
LTV must still be checked statistically. Data from the DNB shows that changes in the
maximum legal LTV have had a significant effect on the average height of LTV
(Rijksoverheid, 2020).

¢ Independence assumption: The maximum legal LTV influences housing prices only
through the treatment variable which in this case is the LTV itself. There is no reason
to assume a limit on LTV has a direct impact on OHI without the intermediary step of
LTV in between.

WOULD YOU HAVE GOTTEN A BIGGER MORTGAGE?

This specific question in the survey asks respondents to state if they would have gotten a
higher mortgage if this would have been accepted by the bank. This question is a good
indicator if an individual were willing to get the highest loan they could get. As the LTV is
calculated by looking at the size of a loan relative to the price of a house this indication could
be a relevant instrument. There is no real literature on the subject as the question is specific
tot his data set. Except for intuition pointing to the appropriateness of this measure as an
instrument for Loan-To-Value ratios, there is no academic support for this as of yet.
Statistical evaluation of this instrument shown in the results could help illuminate the
appropriateness of this instrument ex ante. For now one could carefully say that as an
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instrument, the answer to the question if people would have gotten a higher mortgage if
they could does not break the independence assumption. Individuals buying a house with a
loan can only affect the value of their property through the size of the loan they take out.
Because of this, this instrument influences housing price only through the LTV satisfying the
independence assumption. It’s also clear there is some first stage causality as those who
wish to borrow a high sum also acquire higher mortgages when possible, and mortgage size
is an element of the LTV the first stage causality seems satisfied in theory.

o First stage causality: the causal relationship between the answer to the question:
would you have gotten a bigger mortgage” and the LTV seems to be causal enough to
use this instrument. It’s safe to say that those who would not have gotten a bigger
mortgage did not borrow the maximum they could and vice versa.

¢ Independence assumption: There is no reason to assume that the answer to the
guestion: would you have gotten a bigger mortgage” has a direct influence on OHI.

OPERATIONALIZATION OF IV

Now that two possible instruments have been chosen, they can be added to the
Instrumental Variable regression in the manner visualized in figure 4.

Instrumental Treatment variable Dependent variable
Variables: —_ | Z=LTV —3 | Y=0HI

W = the maximum

legal LTV

X = would you have

gotten a bigger loan? \ f

Controle variables A to F and Q = opinion on housing
market prices

FIGURE 4: VISUALIZATION OF IV REGRESSION

The operationalization of the experiment shown in the diagram above knows three distinct
elements. Firstly, there is the reduced form, secondly there is the first stage, and lastly the
2SLS second stage.

Reduced form:

Vi = o+ pW;+ puXi +yoQi + waodi + -+ wroF; + €
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The reduced form in this case states that the value “Y” or Own Home Investment by
household “i” at time of survey T can be estimated using the maximum legal LTV as
Instrument “W”, “if people would have accepted a larger mortgage” as Instrument Q, and
control variables "A” to “F”.

awsn
|

First stage:
Zi =X+ OWir + OXir +v1dir + @1Birye + -t ey
Z =0+ OW;r + ®X;r + v1dir + w1 Birye +

The first stage regression estimates a value for LTV based on control variables A to F and
Instruments W and X.

Two-Stage least squares (2SLS) second stage:
Y; = oG+ AysisD; + VA0 + 0B+ -+ ey

The 2SLS second stage shows how value “Y” denoting the logarithm of the amount of money
spent on OHI by respondent “i” can be estimated by using the estimated values for LTV for

household “i” Z and control variables A to F.

EVALUATING THE INSTRUMENTAL VARIABLES EMPIRICALLY

In order gain a better understanding of the validity of instruments and the different models
in general several test can be performed. The strength of the instruments needs to be
evaluated numerically, and the level of endogeneity can be quantified. Though these values
would not give a complete view of the situation they can strengthen or weaken the validity
of the analysis.

When assessing the relevance of IVs it is important to look at the first stage data. By looking
at the at the Cragg-Donald Wald F-statistic and comparing it to Stock-Yogo values from their
2005 paper the strength of instruments can be assessed (Stock & Yogo, 2005). The for this
thesis relevant critical values described by Stock and Yogo are presented in table 3.

TABLE 3: CRITICAL VALUES FOR THE WEAK INSTRUMENT TEST

Accepted level of bias Critical Values for the Weak Instrument Test (Stock & Yogo, 2005)
0.05 15.75 16.88 17.70 17.70 18.30 18.30 18.76
0.10 9.48 9.92 10.22 10.22 10.43 10.43 10.58
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Though the comparison of the F-statistic with the critical values described by Stock-Yogo is
the method preferred in this thesis other options exist as well. If instruments are weak, the
preferred estimator is Moreira’s Conditional Likelihood Ratio (Bascle, 2008). If a single
instrument is used it should be possible to conduct an Anderson Rubin test (Anderson &
Rubin, 1949). If both instruments are used a conditional likelihood test should prove most
informative. Both these tests as does the Cragg- Donald Wald test have a zero hypothesis
that claims the coefficient of the endogenous regressor equals to the interceptor of the
regression line. If this hypothesis is rejected the instruments are endogenous which is not
preferred as it indicates that the instruments might not be strong enough to draw
conclusions from (Andrews, 2005).

RESULTS

The results of the standard OLS regressions are shown in table 4. As the dependent variable
is the logarithm of Own Home Investments, the coefficients can be interpreted as percentual
change in Own Home Investment.

The different models illustrate different versions of the regression, some of which
incorporate more control variables than others. Model 1 includes the basic results of a
regression that does not take into account macroeconomic developments and only includes
data from the DHS data set. Models 2 and 3 do feature macroeconomic factors, namely GDP
and short-term interest rates. They are not statistically significant, with or without the
addition of the percentage that indicates an individual’s belief the market is over or under
valuated. Thus the results shown here are in line with Potepan and Bogdon, but unlike
research conducted by Potepan short term interest rates do not appear to be statistically
significant (Potepan, 1989). Models 4 and 5 feature the living room size which serves as an
indication of the size of a home. Bogdon finds this is a significant predictor and it is seen here
that this is the case with this data set as well (Bogdon, 1992). The size of a home’s living
room seems to be a significant though weak predictor for OHI. The addition of the size of a
living room means that the LTV will cease to be statistically significant. Models 6 and 7
include the number of households relative to the available homes in the Netherlands and
the percentage of individuals between 20 and 40 years old. One could assume that they
would be influential predictors for OHI based on the research by Shear who illustrates that
individuals weigh OHI and moving to a new home against each other (Shear, 1983). The
inclusion of these variables seems does not change much of the overall regression and their
coefficients are not statistically significant.
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TABLE 4: OLS REGRESSION RESULTS

Regressions

logarithm of Own Home Investment Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7
b/se b/se b/se b/se b/se b/se b/se
LTV -0.214* -0.221* -0.212* -0.162 -0.114 -0.222* -0.214*
(0.09) (0.09) (0.09) (0.10) (0.10) (0.09) (0.09)
period house built (5-year intervals) -0.039%**  -0.039*** -0.038***  -0.039*** -0.037***  -0.039***  -0.038***
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Year house acquired (year) 0.010%**  0.012%** 0.011***  0.012*** 0.010%** 0.012%** 0.011%**
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Total net income of household
(euro* 1000) 0.147*** 0.141%** 0.148%** 0.112%** 0.130%** 0.141%** 0.148%**
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
Percentage housing market over or
under valuated 0.013 0.015 0.013 0.016
(0.01) (0.01) (0.01) (0.01)
GDP ( in millions of euros) -0.000 0.000 -0.000 -0.000 0.000 0.000
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Short term interest rates 0.121 0.205 -0.032 0.014 0.593 0.532
(0.17) (0.18) (0.20) (0.21) (0.76) (0.78)
size living room (square meters) 0.002* 0.002*
(0.00) (0.00)
number of households minus
available houses 0.000 -0.000
(0.00) (0.00)
percentage of population between
20 and 40 years old -0.744 -0.484
(1.23) (1.27)
constant -13.487**  -16.294*** -14.463**  -15.884** -12.578* -0.591 -4.260
(4.65) (4.58) (4.69) (4.91) (5.11) (26.45) (27.27)
R-sqr 0.052 0.051 0.054 0.047 0.050 0.051 0.054
dfres 2235 2520 2233 2138 1890 2518 2231
BIC 7916.3 9053.1 7928.4 7574.0 6655.6 9068.1 7943.2
* p<0.05, ** p<0.01, ***  p<0.001
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In line with literature it has been found here that the age of a home is an significant
predictor for Own Home Investment (Chinloy, 1980) (Cirman, Mandic, & Zoric, 2013)
(Potepan, 1989) (Bogdon, 1992) (Shear, 1983). The correlation found here is negative, and it
shows that households will spend around 0.04% more on own home improvements per 5-
year age increase of a home. Similarly robust results are found for income and the age a
house was acquired. A home which has been bought in a more recent year can lead to an
0.01 % increase in Own Home Investment. An increase in yearly income of a household of
1000 euros is associated with an increase Own Home Investment of 0.11 to 0.15 %. It
appears that the LTV is a significant predictor for Own Home Investment as hypothesized. An
increase in The LTV of 1 percentage point is associated with a decrease in Own Home
Investment of 0.21 to 0.22 %. This seems to correspond to the hypothesis that those with a
higher LTV have less to spend on OHI or that they have less incentive to do so as they are at
higher risk of default. A respondent’s opinion about the housing market, which is expressed
as the percentage they think the housing market is overvalued or under valuated, does not
prove to be a significant predictor for Own Home Investment. Thus the hypothesis that this
was so does not hold up in this regression.

It is worth mentioning that the R-squared value of all models lies between 0.05 and 0.06,
indicating that only a little over 5 % of the variance in Own Home Investment can be
explained by the predictors taken into account in this model. Thus over 94% of variance
must be explained by other factors. As discussed, there are two major predictors that could
not be incorporated in this model but should be from a theoretical standpoint. The first is
social capital, and the second is structural soundness. It is possible that at least some of the
variance left unexplained here can be attributed to these two missing variables.

The OLS regression is informative regarding the relationship between LTV and OHI. This
thesis also takes interest in the influence of LTV on OHI whilst taking in to account the fact
that different variables might impact both LTV and OHI. The Instrumental Variable regression
that has been performed shows that when this effect is taken in to account the LTV is not a
significant predictor for OHI, though these results are most likely biased as the F-statistic
illustrates. Only model 8 has a F-value that is higher than the prescribed value by Stock and
Yogo for the 5% bias threshold (Stock & Yogo, 2005). The other models have F-values that
are higher than the 10% bias threshold. This means that the chance that the models are
biased by more than 10% is small. Though this may be the case, the instrumented variables
explain very little variance in LTV. Because of this, conclusions from the Instrumental
Variable regression should interpreted carefully and in a reserved manner.

Like for the normal OLS regression discussed earlier, the fist Instrumental Variable model is
quite basic and does not take in to account macroeconomic developments. Its visible that in
this model neither the LTV or the respondent’s opinion on the over or undervaluation of the
housing market are significant predictors for OHI. Models 9 and 10 do include GDP and
short-term interest rates but they are not significant. Models 11 and 12 show that the size of
a living room is a significant predictor for Own Home Investment. Models 13 and 14 show
that demographics and the supply of houses relative to the amount of households are not
significant predictors. The age of a house, how long someone has been living there, and
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TABLE 5: IV REGRESSION RESULTS

second stage of Instrumental Variable regression (2 instruments)

Model 8 Model 9 Model 10 Model11  Model 12 Model 13  Model 14
logarithm of Own Home

Investment b/se b/se b/se b/se b/se b/se b/se
LTV -1.828 -1.309 -1.448 -1.070 -1.095 -1.267 -1.272
(1.11) (1.20) (1.08) (1.14) (1.06) (1.23) (1.09)
period house built (5-year
intervals) -0.058***  -0.052** -0.053***  -0.050** -0.049** -0.051** -0.051***
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
Year house acquired (year) 0.015%** 0.015***  0.014***  0.015***  0.014** 0.015%**  0.014***
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Total net income of household
(euro) 0.165*** 0.154***  0.162***  0.120***  0.138***  (0.153***  (0.160***
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
Percentage housing market
over or under valuated 0.012 0.013 0.012 0.015
(0.01) (0.01) (0.01) (0.01)
GDP ( in millions of euros) -0.000 -0.000 -0.000 -0.000 0.000 0.000
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Short term interest rates 0.071 0.146 -0.107 -0.054 0.467 0.358
(0.18) (0.19) (0.23) (0.23) (0.80) (0.82)
size living room (square
meters) 0.002 0.002
(0.00) (0.00)
number of households minus
available houses 0.000 -0.000
(0.00) (0.00)
percentage of population
between 20 and 40 years old -0.598 -0.253
(1.27) (1.32)
constant -21.364**  -21.570**  -20.284**  -20.591** -17.882* -8776 -14.172
(7.27) (7.29) (7.05) (7.74) (7.79) (28.83) (30.16)
N 2241 2527 2241 2146 1899 2527 2241

First stage statistics

F (first stage) 17.75%** 15.59%** 13.58***  14.31%***  12.78***  12.47**%*  11.03***

* p<0.05, ** p<0.01,  *** p<0.001
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income are consistently significant. In all models they show significance above the 0.001
threshold. The size of a home as represented by the living room size is also a significant
predictor above the 0.05 threshold. Thus one could say that the age of a home, the length of
time someone has lived there, an individual’s income and the size of a house are all
significant predictors for OHI. This thesis finds conclusions that align with earlier literature
on the subject by (Chinloy, 1980) (Cirman, Mandic, & Zoric, 2013) (Potepan, 1989) (Bogdon,
1992) (Shear, 1983) (Montgomery, 1992). The significance of the LTV in the regular OLS
regression does not hold up in IV and because if this one could say that the influence the LTV
appears to have on OHI is most likely caused by the size of a home or other variables that
are not present in the model.

DISCUSSION AND CONCLUSION

In this thesis the relationship between LTV and OHI has been assessed using different
regression based techniques. It has been found that when controlling for macroeconomic
and demographic factors, a higher LTV leads to lower OHI. This relationship loses significance
however if a control variable for the size of a home is added: the size of the living room.
Other predictors for OHI that have been found significant in existing literature have also
been reestablished as significant predictors for OHI with a modern data set. Because of this
conformation of existing conclusions with a new data set, this thesis has added to the overall
larger literature on OHI determinants. The determinants that have been found significant in
this thesis are the age of a home, how long an individual has lived there, and income. When
LTV is instrumentalized in an Instrumental Variable regression, the relationship between LTV
and OHI loses significance. This indicates that the relationship between LTV and OHI could be
a symptom of omitted variable bias. Instruments however are not very strong, so any and all
conclusions from the Instrumental Variable regression are not strong enough to base policy
on. The origin of the omitted variable bias remains unclear, as the hypothesized source
remains statistically unsignificant. It has been found that an individual’s opinion on the
overvaluation of the housing market is not a significant source of bias as it does not correlate
with predicted LTV or OHI. Overall one could say that policy makers might refrain from
regulating OHI through LTV’s as it is doubtful a significant impact can be made.

The exact nature of the omitted variable bias could be a topic of future research. It could
also be prudent to look into specific mechanisms such as debt overhang with a large data set
in order to understand if specific mechanisms are influential predictors for OHI. As this thesis
assumes that individual opinions of respondents regarding the overvaluation of the housing
market stay constant over time, future research could be conducted to see if the conclusions
presented here hold up without this assumption. In order to conduct such research, the
opinions of respondents need to be known at the time they buy a home instead of at the
time they fill out a survey. In order to continue the search for a more complete set of
determinants for OHI future research should include structural soundness as well as social
capital. A last possible direction of future research would be to separate specific parts of OHI
based on elasticity before looking into determinants. The elasticity of specific home
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improvements is an indication of its level of necessity or luxury. By separating them from
each other a more inclusive set of regression formulas could be created.
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APPENDIX A

This appendix contains the results of the Instrumental Variable regression described in the method
chapter if the legal LTV limit has been taken out as an instrument. This table serves as a comparison
table to understand how results differ if the weakest instrument is removed.

TABLE 6: IV REGRESSION RESULTS WITH ONE INSTRUMENT

second stage of Instrumental Variable regression ( 1 instrument )

Model 8 Model 9 Model 10 Model11  Model 12 Model 13  Model 14
logarithm of Own Home
Investment b/se b/se b/se b/se b/se b/se b/se
LTV -1.507 -1.356 -1.517 -1.028 -1.042 -1.348 -1.516
(1.08) (1.18) (1.09) (1.15) (1.07) (1.18) (1.10)
period house built (Syear -0.054***  -0.052** -0.054***  -0.049** -0.049** -0.052** -0.054%**
intervals)
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
. 0.014%** 0.015***  0.014***  0.015***  0.013** 0.015***  0.014***
Year house acquired (year)
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Total net income of household 0.161%** 0.155%** 0.163***  0.119*%**  0.137***  0.154***  (0.163***
(euro)
(0.03) (0.03) (0.03) (0.02) (0.02) (0.03) (0.03)
Percentage housing market 0.012 0.013 0.012 0.014
over or under valuated
(0.01) (0.01) (0.01) (0.01)
GDP (in millions of euros) -0.000 -0.000 -0.000 -0.000 0.000 0.000
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Short term interest rates 0.069 0.142 -0.104 -0.050 0.457 0.317
(0.18) (0.19) (0.23) (0.23) (0.80) (0.85)
size living room (square 0.002 0.002
meters)
(0.00) (0.00)
number of households minus 0.000 -0.000
available houses
(0.00) (0.00)
percentage of population -0.587 -0.200
between 20 and 40 years old
(1.27) (1.35)
-19.797**  -21.796**  -20.610** -20.374** -17.597* -9.410 -16.457
constant
(7.32) (7.46) (7.18) (7.77) (7.84) (28.95) (30.56)
N 2241 2527 2241 2146 1899 2527 2241
* p<0.05, ** p<0.01, *** p<0.001

29



Master thesis Bernd Oldenburg 11-06-2021

REFERENCES

Anderson, T. W., & Rubin, H. (1949). Estimation of the Parameters of Single Equation in a Complete
System of Stochastic Equations. Annals of Mathematical Statistics, 46-63.

Andrews, D. W. (2005). Inference with Weak Instruments. Harvard University.

Bascle, G. (2008). Controlling for endogeneity with Instrumental Variables in strategic management
research. Strategic organisation.

Bogdon, A. S. (1992). The determinants of homeowner expenditures for renovation, alteration and
repair. Harvard: ProQuest Dissertations Publishing.

Burnside, C., Eichenbaum, M., & Rebelo, S. (2011). Understanding Booms and Busts in Housing
Markets. Cambridge, Massachusetts: National Bureau of Economic Research: NBER Working
Paper 16734.

Case, K. E., & Shiller, R. J. (2003). is There a Bubble in the Housing Market? Brookings Papers on
Economic Activity, 299-342.

CBS. (2021, 05 16). monitor-koopwoningmarkt. www.cbs.nl: https://www.cbs.nl/nl-
nl/visualisaties/monitor-koopwoningmarkt

CBS. (2021, 05 16). Statline. www.CBS.nl: https://opendata.cbs.nl/#/CBS/nl/

Chinloy, P. (1980). The Effect o f Maintenance Expenditures on the Measurement o f Depreciation in
Housing . Journal of Urban Economics, 86-107 .

Cirman, A., Mandic, S., & Zoric, J. (2013). Decisions to Renovate: Identifying Key Determinants in
Central and Eastern European Post-socialist Countries. Urban Studies, 3378—-3393.

Claessens, S. M., Ayhan, K., & Terrones, M. E. (2008). What Happens During Recessions, Crunches and
Busts? Washington: Inter-national Monetary Fund: IMF Working Pape.

Cragg, J. G., & Donald, S. G. (1993). Testing Identifiability and Specification in Instrumental Variable
Models. Econometric Theory, 222 — 240.

Crowe, C., Dell'Ariccia, G., Igan, D., & Rabanal, P. (2011). Policies for Macrofinancial Stability: Options
to Deal with Real Estate Booms. IMF.

de Haan, L., & Mastrogiacomo, M. (2020). Loan to Value Caps and Government-Backed Mortgage
Insurance: Loan-Level Evidence from Dutch Residential Mortgages. De Economist , 453—473.

Deniz, |., Heedon, K., Claessens, S., & Habermeier, K. (2011). Do Loan-To-Value and debt-to-income
limits work?: evidence from Korea. Washington, District of Columbia: International Monetary
Fund.

DHS data acces. (2021, 05 16). www.dhsdata.nl: https://www.dhsdata.nl/site/users/login

Dipasquale, D. (1999). Why Don't We Know More About Housing Supply? The journal of real estate
finance and economics, 9-23.

30



Master thesis Bernd Oldenburg 11-06-2021

ECB. (2021, 05 16). Key ECB interest rates. www.ecb.europa.eu:
https://www.ecb.europa.eu/stats/policy_and_exchange_rates/key _ecb_interest_rates/html
/index.en.html

Geanakoplos, J. (2010). The Leverage Cycle. National Bureau of Economic Research.
Geng, N. (2018). Fundamental Drivers of House Prices in Advanced Economies. IMF.

Gerlach-Kristen, P., & Lyons, S. (2018). Determinants of mortgage arrears in Europe: Evidence from
household microdata. International Journal of Housing Policy, 545-567.

Grodecka, A. (2020). On the Effectiveness of Loan-to-Value Regulation in a Multiconstraint
Framework. Journal of money, credit and banking, 1231-1270.

Helms, A. C. (2002). The economics of housing renovation: Three empirical studies. lllinois: ProQuest
Dissertations Publishing.

Hessel, J., & Peeters, J. (2011). Housing bubbles, the leverage cycle and the role of central banking.
Amsterdam: De Nederlandsche Bank NV.

IMF. (2009). Debt Bias and Other Distortions: Crisis-Related Issues in Tax Policy. Washington, June:
Fiscal Affairs Departmen.

IMF. (2010, July). United States: Selected Issues Paper. IMF Country Report No. 10/248, :
www.imf.org/external/pubs/cat/longres.aspx?sk=24106.0.

IMF. (2011). Houswing finance and financial stability - back to basics? In IMF, Global finance stability
report (pp. 111-157). IMF.

Korteweg, A., & Sorensen, M. (2012). Estimating Loan-To-Value and foreclosing behaviour.
Cambridge: National Beuro Of Economic Research.

Lambertini, L., Mendicino, C., & Punzi, M. T. (2013). Expectation-Driven Cycles in theHousing Market:
Evidence from Survey Data. Journal of Financial Stability, 518—529.

McCue, D., & Belsky, E. S. (2007). Why Do House Prices Fall? Perspectives on the Historical Drivers of
Large Nominal House Price Declines. Harvard University Joint Center for Housing Studies
Working Paper W07-3.

McKee, K. (2012). Young People, Homeownership and Future Welfare. Policy Review , 853-862.

Melzer, B. T. (2012). Mortgage Debt Overhang:Reduced Investment by Homeowners with Negative
Equity. Northwestern University.

Mendelsohn, R. (1977). Empirical Evidence on Home Improvements. Journal of Urban Economics,
459-468 .

Montgomery, C. (1992). Explaining Home Improvement in the Context of Household Investment in
Residential Housing. Journal of urban economics, 326-350.

Myers, S. (1977). Determinants of Corporate Borrowing. Journal of Financial Economics, 147-175.

OECD. (2011). Housing and the Economy: Policies for Renovation. Paris: Economic Policy Reforms
2011—Going for Growth.

31



Master thesis Bernd Oldenburg 11-06-2021

Oswald, F., & Wenli, L. (2017). Recourse and residential mortgages: The case of Nevada. Journal of
Urban Economics, 1-13.

Potepan, M. J. (1989). Interest Rates, Income, and Home Improvement Decisions. Journal of urban
economics, 282-294.

Reinhart, C. M., & Rogoff, K. S. (2009). This Time is Different, Eight Centuries of Financial Folly.
Princeton, New Jersey: Princeton University Press.

Rijksoverheid. (2011, 07 06). Overdrachtsbelasting; tijdelijk verlaagd tarief bij verkrijging woningen.
wetten.overheid.nl: https://wetten.overheid.nl/BWBR0030217/2011-07-06/0/informatie

Rijksoverheid. (2020, 06 11). Bijlage Hypotheekschuldmonitor en update aanpak aflossingsvrije
hypotheken. rijksoverheid:
https://www.rijksoverheid.nl/documenten/kamerstukken/2020/06/11/bijlage-
hypotheekschuldmonitor-en-update-aanpak-aflossingsvrije-hypotheken

Rijksoverheid. (2020, 06 11). Bijlage Hypotheekschuldmonitor en update aanpak aflossingsvrije
hypotheken. www.rijksoverheid.nl:
https://www.rijksoverheid.nl/documenten/kamerstukken/2020/06/11/bijlage-
hypotheekschuldmonitor-en-update-aanpak-aflossingsvrije-hypotheken

Rijksoverheid. (2020, 01 01). Wettenbank. Overheid.nl:
https://wetten.overheid.nl/BWBR0032503/2020-01-01

Rijksoverheid. (2021, 05 16). Kredietcrisis. www.rijksoverheid.nl:
https://www.rijksoverheid.nl/onderwerpen/kredietcrisis/aanpak-kredietcrisis-nederland-
financiele-sector

Ronald, R., & Dol, K. (2011). Housing in the Netherlands before and after the global financial crisis. In
E. Elgar, Housing markets and the global financial crisis: the uneven impact on households
(pp. 93-112). Cheltenham: Amsterdam Institute for Social Science Research.

Rossi, P. E. (2014). Even the Rich Can Make Themselves Poor: A Critical Examination of IV Methods in
Marketing Applications. Marketing Science.

Sande, J. B., & Ghosh, M. (2018). Endogeneity in survey research. International Journal of Research in
Marketing, 185-204.

Shear, W. (1983). Urban Housing Rehabilitation and Move Decisions. Southern Economics Journal,
1030-1052.

Shiller, R. J. (2007). Understanding Recent Trends in House Prices and Homeownership. Proceedings -
Economic Policy Symposium - Jackson Hole, 89—-123.

Shiller, R. J. (2008). The Subprime Solution—How Today’s Global Financial Crisis Happened, and What
to Do about It . Princeton, New Jersey: Princeton Univer-sity Press.

Stock, J., & Yogo, M. (2005). Testing for Weak Instruments in Linear IV Regression . Andrews DWK
Identification and Inference for Econometric Models. New York: Cambidge University Press,
80-108.

Taylor, J. (2007). Housing and monetary policy. Natunal beuro of economic research. Cambridge:
Natunal beuro of economic research.

32



Master thesis Bernd Oldenburg 11-06-2021

Towbin, P., & Weber, S. (2015). Price Expectations and the U.S. Housing Boom . IMF Working Papers .

Wong, E., Fong, T., & Choi, H. (2011). Loan-To-Value ratio as a macroprudential tool - hongkong SAR's
experience and cross-country evidence. Hong Kong Monetary Authority Working Paper,
01/2011.

33



