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Abstract
This research examines and compares two sub periods, 1995-2008 and 2014-2017, of the Dutch
housing market in terms of house price determinants, under- or overvaluation (house price gap), and
potential corresponding bubble formation. The imputed rent model indicates that the Dutch housing
market was overvalued in the first sub period whereas house prices were undervalued during the
second sub period. The OLS regression models reveal that exogenous factors such as speculative
demand were driving house prices away from their fundamental value in the first period, causing
overvaluation. The housing market shows to be healthy at current time and house prices are
expected to be in line with their fundamental value in 2018. It can therefore be concluded that the
Dutch housing market was in a bubble in 2008, that current house prices reflect their fundamental
value, and are not expected to face bubble behaviour or experience corrections in the near future.
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1. Introduction
As of the beginning of the 20th century, housing prices were soaring in many countries around the
globe (Algieri, 2013). Price increases came to an end as the global financial crisis struck the United
States and evolved into the euro crisis (The Economist, 2013). The Dutch housing market was
affected as well as house prices declined by almost 20% in 5 years. However, in just 3.5 years house
prices have increased by an astonishing 23% to beat the all-time high of the Dutch house price index.
This rapid price surge has ensured that Dutch house prices are back at their pre-crisis level. (Trading
Economics, 2018) What were the determinants of the house prices in the Netherlands in the years
before the housing market collapsed in 2008? What are the determinants of the surge in house
prices in the years 2014-2017? Are there substantial similarities and/or differences between both
periods? Could a next bubble be forming since the house prices got back at their pre-crisis level in
such a short period of time? In other words, are Dutch housing prices deviating from their
fundamental value, and thus over- or undervalued? Based on this, can it be argued to what extent
the Dutch housing market, and more importantly, its prices, are resilient to a next global or an
economic slowdown? These sub questions lead to the following research question: “What is the
current situation of the Dutch housing market in comparison with 2008 in terms of house price
determinants, under- or overvaluation, and potential corresponding bubble formation?”
As of 2009, house prices started to decline rapidly, and people who recently bought a house were in
jeopardy of getting into financial distress (CBS, 2018). Within a short period of time, house prices
plunged below the value of their corresponding mortgage. Selling a house at that time resulted in a
debt to the bank representing the difference between the mortgage value and the value of the
house. Moreover, banks may face financial difficulties as well as many borrowers default on their
mortgage. The moment this happens on a large scale, the whole economy could be affected. If this
scenario unfolds in one country, it is likely that, according to Algieri (2013), other countries will be
contaminated as well since real house prices of European countries tend to co-move and are highly
synchronized. It is therefore valuable for a country to be aware of the current situation of its housing
market. That is, whether house prices represent their fundamental value and what may be the cause
of potential deviations from these fundamental values. In this way, the government might be able to
intervene timely to keep the house prices in line with fundamentals. The impact on and correction of
house prices can be limited and may even be prevented in case of an economic slowdown.
This thesis provides an evaluation of the Dutch housing market by defining the house price
determinants in two sub periods, computing the under- or overvaluation of current and historic
house prices and signifying corresponding bubble formations. In summary, this comes down to an
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overall price analysis of the Dutch housing market with the focus on the current situation and the
potential risk of bubble formation. The first sub period covers the years before the collapse of the
Dutch housing market in 2008 and ranges from 1995-2008. The second sub period captures the years
after the collapse in which the house prices started rising again, ranging from 2014-2017. By means
of an OLS regression, the effect of several fundamental factors on house prices is measured. In this
way it can be determined what the significant house price drivers were in both sub periods. In order
to determine if house prices were, or are still overvalued, the fundamental house price is estimated
based on two different approaches. The price-to-rent and the price-to-income ratio are used in
addition to the more sophisticated technique, the imputed rent model. Based on this fundamental
house price evaluation it can be concluded when housing bubbles were present and if the Dutch
housing market is currently in bubble territory. Finally, the OLS regressions of the house price drivers
of both sub periods may be useful in explaining potential differences in under- or overvaluation
between those sub periods.
The results of model one indicate that in the first sub period house prices were determined by the
number of houses sold, population growth, inflation rate, the interest rate, and the supply growth.
Model two shows that in the second sub period, the population growth and the disposable income
significantly influenced house prices. Furthermore, the imputed rent model (imputed-to-actual-rent
ratio) implies that in the years before the house price crash in 2008, prices were increasingly
deviating from their fundamental value and a potential bubble was forming. Currently, on the other
hand, house prices seem to be in line with their fundamental value. The imputed-rent-to-income
ratio corroborates these findings by showing high ratios around 2008 and low ratios at current time.
With high ratios indicating that cost of homeownership is increasing faster than income and vice
versa with regard to low ratios. On top of that, the fundamental house price calculated based on the
imputed rent model, shows that house prices were deviating from their fundamental value in the
years before 2008, and were thus overvalued. Current house prices in contrast, prove to be almost
perfectly at and even slightly below their fundamental value. Considering the overvaluation in the
first period, it indicates that house prices do not reflect their fundamental value and were driven by
other exogenous factors. Model one reflects this statement because despite the many significant
variables, merely 45% of the variation of the house prices is explained by the model. In model two, in
which only two variables are significant house price drivers, house price variation is explained by
52%. Findings also suggest that the combined effect of the fundamental variables differs between
the sub periods. One of the exogenous factors driving the house prices in the first period was the
speculative demand or investment sentiment, which is a well-known cause of bubble formations.
(Wheaton & Nechayev, 2008) Moreover, it is possible that part of the overvaluation in the first
4

period is caused by exogenous influences of the interest rate. These external influences can
represent monetary policy or tax policy revisions. Since these are not fundamental factors, they do
not explain the fundamental part of the house price. Instead, they explain the house price beyond
the fundamental value, the overvaluation. (Hirata, Kose, Otrok, & Terrones, 2012)
It can be concluded that the Dutch housing market was in a bubble in 2008, whereas currently there
are no signs of bubble formation. In fact, concerning the current situation of the Dutch housing
market, house prices were slightly undervalued in 2017 but are expected to reflect their fundamental
value at the end of 2018. The Dutch housing market is in a healthy state and does not require
invention from the government. Yet it is recommended that the housing market is monitored closely
so that when prices start to become overvalued, the government is able to intervene timely.
This research starts in section 2 with a literature review about bubbles, the Dutch housing market,
the main determinants of house prices, fundamental house price evaluations, and exogenous factors
and economic instability and interconnectedness. The methodological approach, including the
problem statement, variables, method, data and the data analysis are discussed in section 3. Section
4 reviews the results from the analysis performed on the house price determinants and the
fundamental house price evaluation. In section 5 the results are discussed and related to previous
research. Finally, section 6 concludes.

5

2. Literature review
In this chapter a literature review is provided regarding the evaluation of housing markets. First,
bubbles are explained and historic bubbles are reviewed. Thereafter, the different variables and
determinants used to examine house prices are discussed. Alternative methods for evaluating the
fundamental house price are provided and explained. At last, the relation between economic
instability and the interconnectedness of financial markets is clarified, together with possible
exogenous shocks that might affect house prices.

2.1 Bubbles
Classical economics do not support the concept of a bubble and state that the asset’s value
represents its market price. They do not contemplate bubbles and consider price swings only as
market fluctuations. (Levitin & Wachter, 2012) Nowadays, there is wide consensus about the
existence of bubbles. Speculative bubbles are defined by Stiglitz (1990, p. 13) as: “If the reason that
the price is high today is only because investors believe that the selling price is high tomorrow –
when ‘fundamental’ factors do not seem to justify such a price – then a bubble exists.” Historic
eminent speculative bubbles encompass the Dutch tulip mania of the 1630s, the Mississippi bubble
and the South sea bubble in the beginning of the 18th century, the Dot-com bubble in early 2000, and
the housing bubble. (Cheng & Kim, 2017)
The tulip mania started in 1634 in the Netherlands when investors entered the tulip market and
started trading in large numbers. Prices rose quickly to 5.500 guilders for single tulip bulbs. First,
tulips were luxury goods only bought by wealthy families. Then however, people from all classes and
foreign countries were buying tulip bulbs and sold many of their assets to participate in the mania.
People were buying the tulip bulbs to sell them at a higher price the next day; i.e. based on
speculation. By 1636 the bulbs were bought and sold on contract basis and were settled on future
dates. In many cases, at the time of the settlement the buyer did not have the money and the seller
did not own the bulb. This market basically functioned as a currently known futures market, as at the
settlement the difference between the contract and settlement price was paid. Prices inflated to
exceptional heights and a single rare tulip bulb could be sold for as much as the price of a house.
Finally, in 1637 the bubble burst and prices decreased overnight to 10% of their value at peak level.
(Garber, 1989)
The Mississippi bubble started in France in 1716 with John Law who used his position with the
government to found two companies, a bank called Banque Générale and the Mississippi Company.
The latter grew out to own the monopoly on all trade between France and countries outside Europe.
In 1719, the Mississippi Company bought the right to collect all French taxes and issued shares to the
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public. Banque Générale, established by Law, bought these shares and they were paid with
government debt. The shares rose twenty-fold before the end of that year since investors started to
invest in the companies’ shares. Just like in the tulip mania, people from all classes started to invest
in the Mississippi Company. Law introduced paper money which was issued by Banque Générale. The
money supply increased rapidly within one year since demand for Mississippi Company shares
increased and Banque Générale issued all the paper money that was demanded. Banque Générale
did not have enough silver and gold to cover all the paper money they issued. When in 1720
investors started to collect profits and changed their paper money for gold and silver, Banque
Générale could not suffice in the demand for precious metal. Shares of the Mississippi Company and
the value of paper money started to decline to 10% of their value and both companies collapsed. The
result was a recession in France and several other European countries. (Colombo, 2012)
In the beginning of the 1990s the internet caused many internet companies to arise and with it, the
Dotcom bubble was formed as of 1997. Investors saw great value in the vast majority of these
companies and invested heavily in them without analysing the companies into depth. Investors were
speculating to become rich and thought of all companies to become as successful as Amazon and
eBay. In fact, only a few per cent of all companies succeeded and the majority failed. On top of that,
the companies that survived were highly overvalued and prone to huge corrections.

In 2000, the

stock values of the NASDAQ started to decline and within one month, a value of one trillion dollar
had evaporated. Companies started to fall and the bubble had burst. (Geier, 2015)
The housing bubble in the US burst in 2006 whereas the housing bubble in the Netherlands collapsed
at the end of 2008 (Taylor, 2007; CBS, 2018). A house price bubble is argued, by Stiglitz (1990), to be
created when homebuyers willingly pay higher prices for houses with the expectation that house
prices will rise in the future. Along with this argument it is stated that the price increase has to be
explainable by its fundamentals, otherwise bubbles are created. (Haffner & de Vries, 2009)
Sometimes, however, the surge in house prices cannot be fully explained by its fundamentals. The
elasticity of supply1 plays a role in the extent to which prices can be explained by their fundamentals.
Housing markets can be either inelastic or elastic. In elastic markets, rising prices cause the
construction of newly built houses to increase as well. According to Glaeser (2008), when housing
supply is inelastic, house prices are supposed to increase more in times of bubble behaviour. In
addition, these bubbles ought to occur more often and last longer in inelastic housing markets. In the
United States, two price booms have been recorded in the period from 1980 until 2006. The first one
was during the 80s and the second one started in the mid-nineties and lasted until 2006. Both booms
1

The price elasticity of supply measures how much the quantity supplied changes when the price changes, in percentages.
(Economics Online)
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showed that in areas with more inelasticity, housing prices experienced higher increases than in
areas which were elastic. The elastic areas were even completely bypassed by bubbles during the
1980s. In the last price boom, there were also elastic areas that underwent major price increases. Yet
these booms were significantly shorter than the booms in areas with more inelasticity. An
explanation for this phenomenon is that in elastic housing markets more new houses are built than in
inelastic housing markets. Consequently the supply increases which puts downward pressure on
housing prices. Furthermore, results did not show any real relationship between bust periods, in
which prices declined, and the intensity of elasticity of different housing markets. (Glaeser, 2008)
Determining the timing of a bubble is crucial when investigating its cycle and the potential creation
of one. Levitin & Wachter (2012) state that in the United States house prices underwent high surges
from 1997 to 2006. This does not necessarily mean that the bubble started in 1997. The inflationadjusted house prices are used to see when bubble behaviour started to unfold. First in 2004 the
inflation-adjusted house price began to increase, meaning that the prices were floating away from
their fundamental value and indicating that this was the start of the bubble. However, the nominal
house price index was diverging from the rental consumer price index as of the year 2000, Levitin &
Wachter (2012) show. The diversion in the first three years until 2003 could be explained by low
interest rates and monetary policy. Yet these fundamentals had less influence on rising nominal and
inflation-adjusted prices from 2004 until 2006 as interest rates rose during this period. Levitin &
Wachter (2012) do not rule out that a bubble had been forming between 2001 and 2003 already, but
state that it is most likely that the bubble started to form in 2004. The housing bubble in the US is
argued by Taylor (2007) to be mainly caused by mishandled monetary policy in which the interest
rates were kept too low for a too long period of time. The interest rates were than increased too
rapidly. A counterfactual line of what the interest rates should have been, drawn by Taylor (2007),
shows that the interest rates should have been increased a few years earlier and much steadier. This
would have mitigated the impact of the crisis. (Taylor, 2007)

2.2 House price determinants
The house prices in the Netherlands increased tremendously from the 1990s until 2008 (CBS, 2018).
Several developments set this boost in motion, among which is the major increase of women
entering the labour market in the 1990s. The disposable income of many household increased which
stimulated the housing market. On top of that, regulations with respect to financing eased, leading to
higher borrowing capacity of households. (Ministry of the Interior and Kingdom Relations, 2014) In
2006 the US housing market collapsed and, as a response, the global financial crisis started in 2007 in
the US. The domino effect slowly started to unfold and more and more countries across Europe were
affected by the spill over effects of the United States. As countries are financially connected, the
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collapse of the financial system in the US was noticeable in Europe. Banks started to face bankruptcy
and had to be bailed out. Consumer confidence declined, more financial institutions felt the pressure
and the debt crisis started to unfold. (Landler, 2008) Dutch house prices started to fall as of the end
of 2008 and the housing market first showed recovery in 2014, after 5 years of decline. In the
beginning of 2018, the Dutch house price index was fully recovered and back at its all-time high
where it was ten years ago in 2008, just before the crisis struck the Netherlands. (CBS, 2018)
In the Netherlands, people spend a major portion of their income on housing costs. The total costs in
2012 for renters and home-owners as part of their income was 36% and 25% respectively, making
the Netherlands one of Europe’s top consumer spenders on housing. It also indicates that income is
an important factor when analysing the Dutch housing market. A second characteristic in which the
Netherlands stands out in comparison to most countries in Europe, is that the Dutch legal framework
makes it possible to have a mortgage which exceeds the value of the house in order to finance
renovations, among others. The ratio used to measure this percentage is called the loan-to-value
(LTV) ratio. Most European countries have an LTV ratio between 60-80%, whereas this ratio in the
Netherlands equals 101% which could be conceived as risky (European Central Bank, 2009). A third
aspect is that of the interest paid over one’s mortgage in the Netherlands, which is tax deductible.
This tax advantage provides an extra incentive of obtaining a mortgage instead of renting a house.
(Ministry of the Interior and Kingdom Relations, 2014) It is not unique to the Netherlands though,
because the US and many countries in Europe enjoy these tax advantages as well (European Central
Bank, 2009). Further, because of this tax advantage, the impact of mortgage rates on house prices
might be moderate relative to nations without these advantages.
Housing prices are determined by demand and supply (Girouard, Kennedy, Noord, & André, 2006). In
the case that prices are driven by rational demand and supply, prices are assumed to stay within a
certain range of their fundamental value. However, in case demand and supply are irrationally driven
by exogenous factors and variables, prices might float away from their fundamental values and
bubbles can be formed. (Haffner & de Vries, 2009) Previous studies provide many different variables
as fundamental factors determining house prices. Some authors consider the disposable income and
interest rates as underlying factors (Kranendonk & Verbruggen, 2008; Wheaton & Nechayev, 2008;
Hirata, Kose, Otrok, & Terrones, 2012), whereas others include explanatory determinants such as
supply growth of dwellings (Haffner & de Vries, 2009; de Wit, Englund, & Francke, 2010; Kranendonk
& Verbruggen, 2008), population growth and inflation rate (Wheaton & Nechayev, 2008; Algieri,
2013), and the number of houses sold (de Wit, Englund, & Francke, 2010).
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First of all, house prices can be influenced by the extent to which credit is available for households.
Meen (1998) states that credit availability influenced house prices in the United Kingdom and the
United States. Financial markets have eased since the 80s and restrictions on mortgages have
loosened. The result is that factors like interest rates and income have increasingly more impact.
Unsurprisingly, Haffner & de Vries (2009) state that interest rates and household income are two
variables which can determine changes in house prices. The falling interest rates and the increasing
household income were, according to them, the reason for the house prices to increase. This is also
in accordance with the economic plausibility which states that interest rates are negatively
correlated with house prices whereas income is positively correlated with house prices. However,
this view regarding the relationship between income and house prices is questioned by Gallin (2006).
Most literature studies quietly assume that co-integration2 exists between housing prices and
fundamentals but rarely test for it. Gallin (2006) proves with various tests that there is no cointegration between house prices and certain fundamentals, including income. This outcome does
not imply that income and housing prices do not influence each other, yet it shows that there is no
long-run relationship between the two variables. (Gallin, 2006) Kranendonk & Verbruggen (2008)
investigate the house prices in the Netherlands in the period from 1980 until 2007. They argue that
Dutch house price fundamentals include real disposable income, real interest rate, real financial
wealth of households and the number of dwellings. The total period was divided into sub periods of
about equal length. The results show positive relationships between disposable income and house
prices and between inflation rate and house prices in all three sub periods. The housing supply had a
negative effect on the house prices whereas the interest rate showed mixed results for the different
periods. The first hypothesis is therefore:
Hypothesis 1: An increase in disposable income has a positive effect on house prices.
One way of measuring why house prices have increased or are still increasing, as Wheaton &
Nechayev (2008) have argued, is to test whether the fundamental variables of house prices can
explain the actual surge in price. As for instance the employment and population grows, it is widely
understood that the rent and the prices of homes increase as well. Yet house prices are negatively
related to the cost of capital. Wheaton & Nechayev (2008) investigate the surge in housing prices by
looking at the effects of income growth, declining interest rates and population on the price. They
state that interest rates are expected to be negatively related to house prices and population growth
is positively related. Hirata et al. (2012) validate the first part of this statement with their findings
that interest rates have a negative relationship with house prices. The findings also exhibit that
2

Variables are said to be co-integrated when a long-run relationship between the two variables exists. (Gallin,
2006)
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interest rate has a delayed impact on house prices, since the more lags were added to the model, the
more significant the relationship proved to be. Furthermore, two different sub periods were
examined and the signs were equal for both periods. At least, this was only the case when sufficient
lags were added. The magnitude of the interest rate on the other hand, differed substantially
between two sub periods. The latter part of Wheaton & Nechayev’s (2008) statement is justified by
the results of Algieri (2013), which show that the population growth positively influenced house
prices. Just like the interest rate, the population growth evidently affects the house prices with a
certain delay. Hypotheses 2 and 3 are formulated as:
Hypothesis 2: An increase in interest rates has a negative effect on house prices.
Hypothesis 3: An increase in population growth has a positive effect on house prices.
In previous research, the Error Correction Model (ECM)3 is applied to measure such relationships.
Gallin (2006) criticizes the ECM approach by claiming that co-integration between house prices and
fundamentals does not exist and that the utilization of ECM’s may be inappropriate. As a result,
Wheaton & Nechayev (2008) utilize the single stage univariate model4. The model estimates house
prices on previous (lagged) house prices and several economic variables. The model was estimated a
second time by adding all variables in log form. The problem of autocorrelation can be solved in this
way. In order to control for second order autocorrelation, lagged price differences were added into
the model as well. When assessing the results based on both models, it was concluded that price
changes are stationary and autocorrelation was barely present. Autocorrelation had to be corrected
for though by using Autoregressive (AR) estimation5, i.e. adding lagged house prices as explanatory
variable. Standard Ordinary Least Squares (OLS) regressions6 resulted in incorrect results, Wheaton &
Nechayev (2008) claim. AR estimation is an ostensibly vital addition to models regressing price levels.
The forecasting results show that as of 2001 there should have been a correction in housing prices,
yet prices surged rapidly until 2005. In the vast majority of the regions that Wheaton & Nechayev
(2008) have been examining, there was a discrepancy between the forecast and the actual housing
price. Since the forecast errors were systematically significant, it is questioned whether some
exogenous factors would be influencing the housing market and its prices. Two factors are
considered as possible exogenous shocks to the housing market. The first factor, the rate of
homeownership, had increased which means that people were shifting from renting to owning

3

An error correction model measures the short- and long-run equilibrium. (Wooldridge, 2013)
The univariate model is the simplest model with only one variable and it has a descriptive purpose. (Stephanie, 2014)
5
Autoregressive models can predict future values based on past values. (Wooldridge, 2013)
6
Ordinary Least Squares (OLS) regression is a method for estimating the relationship between a dependent and
independent variable(s). (Poston, 2008)
4
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homes. The shift from rent to ownership could be explained by an increase in credit availability
during this period. Algieri (2013) also states that in the Netherlands the lending standards, which
eased over the period before the crisis, had a positive impact on the prices. Regarding the second
factor, Wheaton & Nechayev (2008) argue that second- and investment home buying has increased
tremendously over the period 1998-2005. This would indicate that houses were becoming
increasingly interesting as an investment opportunity. An explanation for this is that long increases in
prices could result in speculative demand. The successive investment in houses, created by
increasing speculative demand, is what could lead to a potential bubble. Two approaches can be
used to measure the increase in home investments. The first one is to compare the number of new
houses built to the amount of new household formations. It is proven that, especially as of the year
2000, the construction of new houses outnumbered the new household formations. In these years,
the excess averaged between 30% and 60%. This surge in excess homes over new household
formations in combination with rising house prices indicates that demand is increasing from second
home buyers (investors). A second approach for measuring this statistic is to look at loan origination
records. These documents provide the exact purpose of financing, being either the purchase of a
primary, second property, or an investment property. An important aspect is that the net supply and
the availability of homes are more affected by homes bought for investment/second home than by
primary home purchases. Primary home buyers mostly move from their old home to a new home
which has a small effect on the vacancy of homes. Since house prices are responsive to changes in
housing vacancy and trading volume, second home buying can have an indirect impact on house
prices. (Wheaton & Nechayev, 2008)
Wheaton & Nechayev (2008) conclude that the surge in housing prices cannot be explained by the
three fundamental variables, income, employment, and interest rates, since all results showed
significant positive residuals7 with respect to the forecasted housing prices. If joint causation would
exist between the overvaluation of the prices and the two factors considered as possible exogenous
shocks, then bubble behaviour could be present. The principle of joint causation can be clarified by
assuming that for instance a surge in credit supply instigates home buying. Than home buying surges
even further, and with it the demand for credit, since people regard it a good investment. It is not the
credit expansion, but the investment sentiment that is the creation of a potential bubble. If it could
be proven that there is a causal relationship between the independent and dependent variables,
than it would be possible to eliminate the theory of a potential bubble. That is, did the increase in
credit supply and second home buying cause the prices to appreciate or vice versa? If the latter was
7

A residual is the difference between the observed value (actual house price) and the predicted value (fundamental house
price). A positive residual means that the observed value is higher than the predicted value; e.g. an overvaluation of the
house prices. (Wooldridge, 2013)
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true and the surge in price would cause the demand to increase, it would indicate that bubble
behaviour is present. At last, when a bubble has formed and an economic downturn sets in, investors
are able to sell their house more easily than primary house owners can. This in turn may lead to an
even bigger correction. (Wheaton & Nechayev, 2008)
Other demand side driven fundamentals, according to Algieri (2013), are population growth,
inflation, household wealth, interest rates, unemployment rate, and the availability of credit. The
effect of all these variables on the house prices have been modelled for France, Germany, Italy, the
Netherlands, Spain, the UK and the US. In all countries the model shows a positive effect with regard
to income, inflation rate and population growth and a negative effect for interest rate. Algieri (2013)
claims that expectations of higher inflation lead to higher demand for houses since people want to
protect themselves against raising prices. This increasing demand in turn, leads to increasing house
prices. Thus people are hedging against the risk that their wealth will decrease in value due to the
high inflation. The expectation with respect to the inflation rate results in the following hypothesis:
Hypothesis 4: An increase in the inflation rate has a positive effect on house prices.
Algieri (2013) also adds lagged house prices (house prices of previous periods) as an independent
variable to their model and the findings suggest that the current house prices are positively affected
by house prices of the previous period. De Vries & Boelhouwer (2008) explain that many studies
implement lagged house price as a predictive variable in their model. The reason for this is that it is
very likely that short-run autocorrelation exists in models with price equations, and adding lagged
house price corrects for this. On top of that, the independent variables were lagged as well as it is
expected that the effect of these variables is first noticeable after some time. Also from an
econometric perspective, potential endogeneity of for example inflation rate is smoothed by
including lagged values.
De Wit et al. (2010) examine the effect of the number of houses sold on house prices in the
Netherlands. Many different fundamentals have been taking into account by previous studies when
assessing house prices, but most lack to incorporate the number of house sales as an explanatory
variable in their model. De Wit et al. (2010) state that there is consensus in the literature about a
positive correlation between the rate of sales and house prices. However, studies that include the
rate of sale in their model show mixed results regarding the relationship with house prices.
Moreover, the time it takes before the effect of changes in the number of houses sold is noticeable in
the housing prices, remains inconclusive. Some authors lag the rate of sales in their models whereas
others simply implement the raw data. De Wit et al. (2010) argue that there is a delay in the effect
and therefore they incorporate lags into their model. Conforming expectation, the results show that
13

the rate of sales had a positive effect on house prices in the period 1985-2007. Therefore, the
hypothesis regarding the rate of sales is:
Hypothesis 5: An increase in the number of houses sold has a positive effect on house prices.
Most research only focuses on the demand side to examine the determinants for house prices. This is
not without reason, because the supply side experiences some limitations regarding constructions of
new homes. Besides, land is often limitedly available. Supply side constraints in combination with
other market imperfections assure house prices to be demand dependent. Nevertheless, Wheaton &
Nechayev (2008) state that it is better to also include supply side factors such as the housing stock.
Haffner & de Vries (2009) show the relation between housing prices and the number of newly built
owner-occupied dwellings over the period from 1980 until 2007. They point out that from the
beginning of 2000 the number of newly built owner-occupied dwellings decreased and together with
this decrease, the housing prices increased. As also argued by Haffner & de Vries (2009), this is fully
according to the economic expectation. As the new supply decreases, total supply increases less
rapidly which puts upward pressure on the price. De Wit et al. (2010) corroborate this view by
showing that their results are in line with their expectation that housing supply is negatively
correlated with house prices. The sixth hypothesis is therefore the following:
Hypothesis 6: An increase in the housing supply has a negative effect on house prices.
Various fundamental factors have been studied in order to determine how house prices are driven.
Not always do the findings lead to the expected or desired results, as was seen with respect to the
interest rate. The models of Kranendonk & Verbruggen (2008) and Hirata et al. (2012), exhibit
different directions and magnitudes of the effect of interest rates on house prices between their sub
periods. Both studies show however, that the magnitude of the interest rate on house prices is
declining. In the years before 2000, interest rates had a significant effect on house prices whereas
after 2000 the effect was negligible. Since in this research, both sub periods cover years after 1995, it
is expected that in both periods the effect will be the same. An additional study investigating house
prices in Sweden in different sub periods is the one performed by Svedberg & Trygger (2008). In
order to test if the model is table over time, that is, if the combined effect of the variables in the
model on the house price is the same in both sub periods, a dummy variable regression model was
estimated. This model makes it possible to include both periods in one regression so that differences
in effect of the variables between those periods can easily be observed. The expectation is, following
Svedberg & Trygger (2008), that the model is stable over time, resulting in the last hypothesis:
Hypothesis 7: The effect of the variables on the house prices is stable over time.
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2.3 Fundamental house price evaluation
The International Monetary Fund (IMF) (2008) assesses the housing market of European countries in
2008 in order to determine whether housing prices were in line with their fundamentals. In order to
determine the fundamental value, affordability ratio (measured by the lagged ratio of house price to
disposable income), disposable income growth, short- and long term interest rates, the growth of
credit, equity price changes, and the age of the working population were taken into account. With
these variables, the house price growth was modelled and compared to the actual house prices. The
discrepancy between the modelled fundamental price and the actual price was than defined as the
“house price gap”. The IMF (2008) states that the discrepancy can either be caused by omitted
variables in the model, or it can be interpreted as over- or undervaluation. Considering the latter,
countries’ sensitivity to house price corrections can be measured. The IMF (2008) concludes that real
prices deviated as much as 30% from their fundamentals in 2007 in Ireland, the United Kingdom and
the Netherlands. This, however, does not necessarily have to lead to a decline of 30% in nominal
house prices to close the gap and bring back the prices to their fundamental value. The house price
gap could also be reduced by moderate increases in house prices or stable house prices in
combination with increasing fundamental house prices generated by fundamental variables. This
means that the fundamental house price increases at a faster rate than real house prices, which
closes the house price gap without declining real house prices. On the other hand, these same
fundamentals could also change in reverse direction which could lead to downward pressure on real
house prices and increase the house price gap. An example would be decreasing income and tighter
credit expectations. (IMF, 2008)
The results from the IMF are invalidated by Kranendonk and Verbruggen (2008) by claiming that the
Dutch housing prices, in the years before the crisis, were perfectly at their fundamental value. This
claim was based on their model which suggests that the housing prices between 1980 and 2007 were
fully determined by fundamental supply and demand variables including real disposable income, real
interest rate, real financial wealth of households and the number of dwellings. This is in contrast to
their earlier research, in which they state that in 2003 the housing prices were overvalued by 10%. In
the years from 2003 to 2007 this discrepancy was corrected in such a way that in 2007 the prices
were back at their fundamental values. It is reasoned by Kranendonk and Verbruggen (2008) that this
correction was caused by the long-term equilibrium price to increase more than the actual price of
the Dutch houses. The equilibrium house price increased, among others, due to the mild rise in the
supply of dwellings. The reasoning for the contrasting results is that the IMF (2008) does not include
the supply of dwellings in their analysis.
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In the literature, fundamental house prices are estimated in several different ways, after which they
are compared to actual house prices in order to determine their under- or overvaluation. In addition,
as the contrasting conclusions of the IMF (2008) and Kranendonk & Verbruggen (2008) have proved,
different valuation methods can provide different results. The price-to-income (Malpezzi, 1999; Wu,
Gyourko, & Deng, 2011), price-to-cost (Glaeser, 2008) and price-to-rent ratio (Wu, Gyourko, & Deng,
2011) is used by many studies to determine the fundamental value of house prices. However,
Himmelberg et al. (2005) argue that it is impossible to correctly represent the costs of housing with
metrics such as price-to-rent and price-to-income ratios. Therefore, they utilize a more sophisticated
model, the imputed rent model. The ‘imputed rent’ is defined as the annual cost of owning a home
and is used to evaluate the fundamental house price. In effect, the imputed rent is compared to
actual rent or income to see if houses are correctly priced. The imputed rent is constructed based on
six factors by Himmelberg et al. (2005). The opportunity cost of an alternative investment, by means
of the risk free interest rate is the first factors. The property taxes, the tax deductibility of mortgage
rate payments, the maintenance costs, the expected capital gain, and the risk premium are the other
five components of the imputed rent formula. The risk premium represents the additional risk of
owning over renting. Their results indicate that house prices in the US were not mispriced since the
imputed-rent-to-actual-rent ratio was not higher in the early 2000s than it was in the past. However,
this does not necessarily mean that there was no bubble in the US, because according to Levitin &
Wachter (2012), the bubble first started forming in 2004. Additionally, Himmelberg et al. (2005) also
valuate house prices based on the price-to-rent and price-to-income ratios and compare the results
with their imputed rent model. Both ratios deviate from the imputed-rent-to-actual-rent ratio over
the majority of the sample period. Overall, the price-to-rent and price-to-income ratios show to be
less volatile and in some regions even flattened out over the sample period. The imputed-rent-toactual-rent ratio in contrast, proves to be more volatile in every region investigated by Himmelberg
et al. (2005). The results of the imputed rent model are therefore more valuable in assessing
potential house price gaps at different points in time, since the ratio can easily be compared to
historic heights. Moreover, the imputed rent can be used for an alternative measurement of housing
valuations, i.e. the imputed-rent-to-income ratio. High imputed-to-actual-rent ratios would indicate
the presence of a bubble. Yet if households are unable to pay the increasing housing costs, leading to
decreasing demand, house prices could still decline. The imputed rent to income ratio properly
reflects the underlying demand, and rising costs of homeownership does not mean that households
cannot afford them, if disposable income is increasing as well. In case the imputed rent grows faster
than the income, it can be stated that a bubble is forming.
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Furthermore, Hott & Monnin (2007) also criticize the price-to-rent and price-to-income ratios by
stating that these indicators only assess one fundamental component at a time. Taking into account
more fundamental factors is not a solution to this problem as it is difficult to interpret the combined
signals given by these variables, Hott & Monnin (2007) argue. Therefore, they apply the more
sophisticated imputed rent model as well and refer to Himmelberg et al. (2005) in doing so. As an
additional measure, the so called demand and supply model is used. The factors Hott & Monnin
(2007) use to compute the imputed rent are the mortgage rate, maintenance costs, property tax
rate, constant risk premium, and the expected capital gain. Contrary to Himmelberg et al. (2005), the
imputed rent model is used in a slightly different way as they do not calculate the imputed-rent-toactual-rent and the imputed-rent-to-income ratio. Instead, the rent model is used to calculate the
fundamental house price. The fundamental house price is first characterized as the sum of the
discounted future imputed rents. Thereafter, two interpretations of imputed rents are distinguished,
one for executing the imputed rent model, and the other one for the estimation of the demand and
supply model. For the rent model it is assumed that the imputed rent is equal to the actual rent
because in equilibrium, agents are indifferent between home owning and renting. Concerning the
demand and supply model, imputed rents are assumed to arise from the demand and supply
equilibrium in the housing market. At the end, the fundamental house price is calculated by dividing
the actual rent by the cost factors used to compute the imputed rent. This implies that the
fundamental house price is driven by current and future rent values and the cost factors of
homeownership. Several countries were evaluated, among which is the Netherlands. The results
highlight that the fundamental price calculated by the rent model was almost identical to the one
calculated by the demand and supply model in all countries. In the Netherlands, the fundamental
price increased steadily over the whole period whereas the actual house price is more volatile and
shows to be overvalued in 2006. (Hott & Monnin, 2007)
Two alternative ways of predicting fundamental house prices exist. The first one is the
Autoregressive Integrated Moving Average (ARIMA) model, which is used by Tse (1997). This model
however, is not widely used in determining the fundamental value of house prices. The second more
simple approach of estimating the fundamental value of house prices is to predict the fitted values of
the regression performed on these house prices. This approach is utilized by Foley (2004) and
Kranendonk & Verbruggen (2008). Foley (2004) models house prices on the housing supply, income,
population and the mortgage rate over the period 1979-2002 in Ireland. Based on this model, a
prediction of the house prices can be generated in the form of fitted values. This prediction then
reflects the house prices based on the four variables in the model, which are according to Foley the
main fundamental determinants of house prices in Ireland. Kranendonk & Verbruggen (2008) follow
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this same method but perform the analysis on the Netherlands in the period from 1980 to 2007.
House prices are modelled including variable such as income, interest rates, housing supply, and
inflation rate. The fundamental value is predicted in the same way as Foley (2004) does. The findings
display that house prices were perfectly at their fundamental value in 2007. However, these results
prove to be wrong as the Dutch housing market collapsed at the end of 2008. When prices are at
their fundamental value, they are unlikely to be affected by economic slowdowns, at least not to the
extent of the crash in 2008 (Algieri, 2013).

2.4 Exogenous factors
Next to the real supply and demand fundamentals determining the housing prices, there are
exogenous factors which can indirectly influence the housing prices. These exogenous factors, or
shocks, do not necessarily have to be national. Shocks originating from one country or continent can
also affect other countries, as the housing market of many countries is synchronized and house
prices in advanced economies move together. (Hirata, Kose, Otrok, & Terrones, 2012) It is argued by
Cesa-Bianchi (2011) that house price shocks occurring in the United States significantly affect house
prices around the globe. De Bandt et al. (2010) support this view by stating that house prices in the
United States drive house prices in other OECD countries. Hiebert and Vansteenkiste (2009) however,
report that house price spillovers in Europe are barely influenced by house price shocks.
According to Forrest & Yip (2011), the Dutch housing market is stabilized in many ways by the
government and is therefore characterized as strong and resilient. Moreover, the housing market
and in particular the mortgages are not conceived risky. As a result, Forrest & Yip (2011) state, the
impact of the global financial crisis was limited with regard to the housing market. However, the
economic slowdown pressurizes certain parts of the housing system to fall. Especially, when the
economy persists to deterioration, any housing market with many mortgaged households is in
jeopardy of increasing mortgage default. (Forrest & Yip, 2011)
Globalization, which is a mixture of international trade, migration, and globalized finance, has been
growing excessively the past 30 years and is turning into an increasingly important issue recently. The
globalized finance, in particular, is evolving to become an important driver for a crisis which has
already proven its potential worldwide collision in form of the global financial crisis in 2008. Several
financial crises have already struck the world such as the Mexican crisis in 1994, the Asian crisis in
1997, the Dotcom bubble in 2000, and the crisis in Argentina in 2001. These crises were mostly
limited to one country or region whereas the global financial crisis endangered all continents.
Financialization made its upsurge as companies increasingly use financial markets to finance their
investments, international financial transactions were enabled, and banks became more
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internationally intertwined. Over the years, this resulted in financial systems to be globally
interconnected to such extent that financial breakdowns in the United States enabled contagion to
take place and spread towards every continent in the world. In order to prevent globalization and its
globalized finance to present its weaknesses due to the interconnectedness of the world, the total
financial framework has to be co-ordinated egregious. (Huwart & Verdier, 2013) The IMF (2018)
validates this view by pleading that, in view of the interrelated financial markets, a shock in one
country can affect the housing market in another country by means of investment pullbacks by
international investors. This implies that economic instability can affect the housing market as well.
The argument of synchronization between housing markets is corroborated by Algieri (2013) by
stating that house prices of many European countries move together. Among the countries
investigated by Algieri (2013), Germany was the exception as house prices did not co-move with
house prices of other European countries. The German housing market showed stable price
movements over 40 decades and were in line with their fundamental value. As a result, German
house prices were not affected by the debt crisis.
According to Hirata et al. (2012) exogenous shocks can represent monetary policy, credit,
productivity, and uncertainty shocks. Monetary policy shocks, identified as changes in policy that
affect the interest rates as well as other house price fundamentals, are found to be not significantly
affecting global house prices, in contrast to previous research. This would indicate that the surprising
factor of the change in interest rates that drive house prices does not fully represent interventions
from the central bank. Interest rate shocks and monetary policy shocks however, seem to be
different. Shocks exclusively in the interest rate affect house prices whereas shocks in monetary
policy do not. Hirata et al. (2012) explain this by claiming that interest rate shocks can be caused by
different factors than monetary policy, such as spillovers from crises and revisions in tax policies.
Although interest rates are normally seen as fundamental determinants of house prices, interest rate
shocks in this case are considered exogenous since the shocks do not result from shocks in income,
house prices or credit. This means that factors that influence house prices indirectly, via fundamental
house price drivers, are considered exogenous factors. Furthermore, the impact of exogenous credit
shocks (increasing credit supply) on housing prices was found to be negligible. Favara & Imbs (2014)
on the other hand report that credit expansion significantly affects housing prices. First, these
contrasting results can be explained by the fact that Hirata et al. (2012) measure the effect of
changes in credit supply caused by exogenous factors whereas Favara & Imbs (2014) look at the
absolute change in credit supply. It can therefore be the case that during the examined period hardly
any exogenous shocks occurred, which can lead to the corollary that no relationship was detected.
Also, Hirata et al. (2012) are looking at effects at a global level while Favara & Imbs (2014) only
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scrutinize the United States. Yet Borowiecki (2009) concludes as well that exogenous credit supply
shocks do not affect house prices in the long-run. Another shock investigated by Hirata et al. (2012) is
the productivity shock which appears, unsurprisingly, to increase global output. Output in this case
consists of income from households and businesses combined. Positive yet insignificant results
suggest that income does not influence house prices, while, according to the economic theory,
income and housing prices are positively correlated. At last, uncertainty shocks, measured by the
volatility of equity prices of the G-7 countries8, showed mixed results and only suggested to have a
significant positive effect on the G-7 countries and insignificant effect on the 18 OECD countries9.
Overall, the uncertainty shocks explain the largest part of the housing prices and this seems to be
justified by the fact that uncertainty is present in most countries. (Hirata, Kose, Otrok, & Terrones,
2012)

8

The G-7 is an organization established to discuss world issues and represents 7 countries being the United States, France,
Germany, Italy, Japan, the UK and Canada. (Sawe, 2017)
9
The organization for Economic Co-operation and Development (OECD) consists of 20 countries around the world with the
purpose of improving economic and social development of people globally. (OECD)
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3. Methodological approach
This chapter starts with an overview of, and brief discussion about the different variables used for
the models in this research. This is followed by a description of the methods used for the analysis.
Next to this, the data utilized in this research is described. Finally, the procedures followed by
performing the analysis are explained.

3.2 Variables
In this research, two different sets of data are required. One data set is obtained for the regression
analysis of house prices and a second data set is collected for the evaluation of the fundamental
house price value.
At first, the dataset for the regression analysis of the house prices is divided into two sub periods.
The first timeframe covers the years as of 1995 up to the crash in 2008, while the second period
considers the years as of which the house prices started rising again, 2014-2017. The dependent
variable in this case is the average house price per year in the Netherlands during the period of 1995
until 2017. However, these average house prices are determined based on the houses sold in that
particular period. This means that these prices do not reflect the real average house price. For
example, if in 2016 mostly small apartments were sold whereas in 2017 mostly villas were sold, than
this would indicate that the average price in 2016 was much lower than in 2017 while this is not
necessarily the case. The price index for existing owner-occupied homes corrects for this issue. (CBS,
2018) Haffner & de Vries (2009) as well as Algieri (2013) also use the house price index in their
model. Therefore, the dependent variable used for this research is the price index for owneroccupied homes. Numerous variables exist that can influence house prices but only the core
variables, on which the hypotheses were formulated, have been taken into account. Based on
previous literature, the chosen independent variables of which the effect on the housing prices is
estimated are the following:
-

Interest rate, being the ECB marginal lending facility rate.

-

Number of house sales, reflecting the number of sold dwellings per month.

-

Total disposable income, representing the net total disposable income in the Netherlands
per month.

-

Inflation rate. The Dutch Consumer Price Index is used as a measure of inflation.

-

Population growth. The total population growth in the Netherlands, that is, the net increase
in numbers per month.
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-

Supply growth. The supply growth represents the net increase in the Dutch housing stock
calculated by the newly built owner-occupied dwellings, subtracted by the demolished
dwellings and plus or minus any corrections.

With respect to the determination if past and recent house prices reflect their fundamental value,
two different approaches are applied. Both of these approaches were discussed in the literature
review as well. For the first approach (price-to-rent and price-to-income ratio), the house price index,
the rent index, and the income index have been used. In order to obtain the income index, the total
disposable income, as also described above, is transferred into an index. In this way, the ratios can be
compared on the same scale. Regarding the second approach, the imputed rent model, the imputed
rent-to-actual-rent ratio and the imputed-rent-to-income ratio have been calculated. The imputed
rent is computed by multiplying the user cost of owning a home by the house price index. The user
costs are based on six factors, according to Himmelberg et al. (2005) and Hott & Monnin (2007),
which are used in this research as well. The second dataset, used for computing the fundamental
value based on the second approach (the imputed rent model), consists of the following variables:
-

Mortgage rate, reflecting the average yearly mortgage rate paid in the Netherlands.

-

The property tax. The property tax represents the average yearly tax payment for owning a
house. This was calculated by multiplying the average effective income tax rate by the
owner-occupied dwelling forfait10. Since it is of high complexity to compute the exact
average effective tax per year, an average of 40% for the whole period was assumed.

-

Tax deductibility. This had to be calculated by multiplying the effective income tax rate by
the mortgage rate. For simplicity it was assumed that the LTV was 100% for the whole
period, meaning that the yearly tax deductibility can be viewed as a benefit for the total
value of the house.

-

Maintenance costs. The maintenance costs are assumed to be a constant fraction of the
house price, equalling 1% yearly.11

-

Expected capital gain. The expected capital gain per year represents the growth rate of the
house price index from periodt to periodt+1.

-

The risk premium. The compensation for the additional risk of owning a home instead of
renting a home.

10

Owner-occupied dwelling forfait is income from homeownership regarding the Dutch income tax (article
3.112 Wet Inkomstenbelasting 2001).
11
The average yearly maintenance costs for a dwelling are approximately 1%. (Woonderhoud, 2018)
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3.3 Method
First of all, the dataset is divided into two sub periods. The first sub period covers the years 19952008 and the second period runs from 2014 until 2017. The determinants of house prices in the first
sub period, 1995-2008, have to be modelled and then the same regression has to be performed for
the second sub period, covering the years 2014-2017. Then the results may be used later in the
research to explain potential differences in house price gaps between both sub periods. Next to that,
the fundamental value of the house prices over the whole sample period is estimated. The estimated
fundamental value is then compared to the actual house prices in order to determine whether house
prices can be explained by their fundamentals. If both values deviate, and thus a house price gap is
present, it can be ascertained that house prices are either under- or overvalued. Possible differences
in under- or overvaluation between both sub periods may be explainable by the comparison of house
price drivers in the first part of the research.
At first the regression is performed by OLS for both periods, after which it can be determined which
model suits the data best. Since this research consists of a single entity, being the Netherlands, and is
performed over time, a time-series approach is utilized. Following the literature, when estimating a
model containing house prices, standard OLS does not seem to provide reliable results.
Autoregressive estimation has to be applied, meaning that the lagged price has to be included as an
explanatory variable in the model. (Wheaton & Nechayev, 2008) Both models (for sub period one
and two) are tested for all possible time series problems. After testing for autocorrelation, nonstationarity and co-integration, it can be concluded which model type is best suitable for the data per
sub period. A third model is estimated, called the dummy variable regression model. With this model
the difference per variable and the combined variables between the sub periods can be tested.
The second part of the analysis comprises the estimation of the fundamental house prices and the
subsequent comparison with the actual house prices. Previous studies apply several different
techniques of measuring the fundamental value, two of which are used in this research. The first
approach applied is the one used by Glaeser (2008), Wu et al. (2011), and Malpezzi (1999), where the
deviation between the fundamental value and the actual house price is determined based on the
price-to-rent ratio and the price-to-income ratio. Both ratios are graphed over the period 2003-2017.
A second approach, being the imputed rent model, is applied in two different ways, following the
literature. The first way, as also applied by Himmelberg et al. (2005), encompasses the imputed rentto-actual rent ratio and the imputed rent-to-income ratio. The height of these ratios provides an
indication of overvaluation and possible corresponding bubble behaviour. These ratios are also
graphed over the period ranging from 2003 until 2017 and compared to the ratios in the first
approach. The second alternative way the imputed rent model is used in this research, as introduced
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by Hott & Monnin (2007), is the computation of the fundamental house price value based on the
yearly imputed rent and the rent index. These values are then transformed into an index and
compared to the house price index to see when house prices deviated from their fundamental value.
The reason for the chosen timeframe, 2003-2017, is that the mortgage rate, which is needed for the
computation of the imputed rent, is only available as of 2003.

3.4 Data
The OLS model in this research is performed by using one dependent variable, being the price index
for owner-occupied homes in the Netherlands over the period from 1995 up to and including 2017.
All data is collected monthly in order to obtain sufficient observations to perform a time series
analysis on both sub periods. The monthly house price index is readily available from the database
Statline CBS. Concerning the independent variables, the number of houses sold, population growth,
the inflation rate, and the number of new dwellings, are also retrieved from the Statline CBS
database. The number of new dwellings is only quarterly available and is therefore interpolated to
monthly data. The same interpolation procedure is applied with respect to the population growth,
which is only yearly available. The interest rate and the disposable income are obtained from the
Thomson Reuters Eikon database. The disposable income has to be interpolated to monthly data as
well since only yearly data is available.
The data concerning the fundamental analysis of house prices in the Netherlands can be partly
copied from the data already obtained for the first model. Only in this analysis the data is collected
yearly. The yearly house price index is obtained from the Statline CBS database. The yearly rent index
and the total disposable income per year are retrieved from Thomson Reuters Eikon database. In
order to be able to compute the price-to-income ratio and for this ratio to be comparable with the
other ratios, the total disposable income has to be transferred into an index. In the rent index the
year 2010 represents the base year with value 100, the same year has been taken as a basis in the
income index as well. Furthermore, the user cost per year are calculated based on six factors, which
logically also represent yearly data. The first factor is the mortgage rate which is obtained from the
Thomson Reuters Eikon database. Data on the mortgage rate is only available as of 2003, which is the
reason that these models are estimated over the time period from 2003 until 2017. The second
factor is the property tax rate, calculated by multiplying the average effective income tax rate by the
owner-occupied dwelling forfait. The latter two rates are retrieved from the Navigator database. The
third factor is the tax deductibility, computed by the already obtained mortgage rate and the
effective income tax rate. The maintenance costs are the fourth factor, and the constant term of 1%
is obtained from the Woonderhoud (2018). The expected capital gain, representing the fifth factor, is
calculated based on the house price index obtained from the Statline database. To calculate the
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expected capital gain for 2017, the average house price index of the first four months of 2018 is used
as the expected value for 2018. The last factor, the risk premium, is assumed to be a constant
fraction of the house price equalling 2% per year, following the practices of Himmelberg et al. (2005).

3.5 Data analysis
In this section the procedures of the OLS regressions for the estimation of the house price drivers are
described. This is followed by the analysis performed concerning the fundamental house price value
which is then compared to the actual house price.
3.5.1 House price determinants
OLS time series regressions of both sub periods 1995-2008 and 2014-2017 are performed in order to
obtain insight into the significant price determinants of both sub periods. The house price index is
transformed into a growth rate to make it compatible with the variables expressed in percentages,
such as interest rate. The disposable income is implemented in growth rates as well. The inflation
rate is expressed in an index and has to be transformed into growth rates in order to make it
compatible with the house price growth. Furthermore, the population growth and the number of
houses sold are divided by thousand, as in this way the results are easier to interpret; i.e. without
dividing these variables, the generated coefficients were too small to interpret. The population
growth, the number of houses sold, and the supply growth are not transformed into growth rates
since they are already expressed in absolute growth values. It would not make sense to take the
growth rate of the absolute increase since it can than produce negative values while the absolute
increase in that period could still be above average. First of all the correlation matrix was generated
and it shows that the interest rate and the mortgage rate are highly correlated. Based on this
correlation, it would be better to remove one of the two variables from the model. Seen from the
fact that the data on the mortgage rate is only available as of 2003, the mortgage rate is removed.
Removing the mortgage rate improves the model, as the R2 increases and the t-values decreases. It
also solves the potential collinearity issue that might arise when including both mortgage rate and
interest rate in the model. In order to check for causality, the granger causality Wald test is
performed for both sub periods. No significant causality could be detected between house prices and
the independent variables. Secondly, for both periods the variables are tested on normality. The
kurtosis and skewness are generated to see if the variables were normally distributed. The kurtosis of
a standard normal distribution is 3, so any value close to 3 indicates that the data is normally
distributed. The value for the skewness has to be as close to zero as possible, than the data is
normally distributed. Regarding the first sub period, 1995-2008, the supply growth has a skewness of
0.8 meaning that the distribution is positively skewed. To make the data more normally distributed,
the log of the supply growth is taken. This results in skewness of zero and a kurtosis close to 3 which
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makes the data normally distributed. Regarding the second sub period, 2014-2017, population
growth and interest rate are positively skewed. Both were corrected with the log and their
distribution improved. Supply growth is negatively skewed and is thus corrected with the exponent.
Before the exponent could be used however, the data had to be divided by 100.000 because
otherwise the exponent would generate extremely large numbers. The results however, barely
improved. When testing the supply log for this period, it resulted in a skewness of almost zero and a
kurtosis of 2.5. Therefore, also for the second period the supply log is used.
Next to that, it is examined after what time the independent variables affect the dependent variable.
De Vries & Boelhouwer (2008) state that house prices can experience autocorrelation in the short
run. This can be accounted for by adding lagged house price as an independent variable in the model,
which, according to de Vries & Boelhouwer (2008), many models do. Algieri (2013) for instance, also
adds past values of house prices as independent variable in their model. When adding the lagged
house price as an explanatory variable (meaning that the house price of the previous period also
affects the house price of the current period), the model improved with respect to both periods. This
process is called autoregressive estimation (AR) and, according to Wheaton & Nechayev (2008), it is
vital to house price models since standard OLS produces biased estimates. Moreover, Algieri (2013)
adds lags to the variables income, interest rate, inflation rate, and change in population in his model.
Concerning the number of houses sold, de Wit et al. (2010) stated that some models use lags and
others do not. There is no clear evidence for which is better and it differs per model. In order to
determine how many lags have to be added per explanatory variable, a few tests were performed.
The first test involved running an OLS regression (including the normalized data; e.g. in log form) with
four different lags per variable, and every lag representing subsequent quarters of a year. In this way
it can be seen in which quarter the effect is most significant per variable. The quarter with the most
significant effect is assigned to the corresponding variable. The OLS regression is then performed
again including the specific lags per variable. The second test criterion, the Akaike’s information
criterion (AIC)12, is used for determining the number of lags per variable applied in both OLS
regressions.
The variables have been transformed into their correct form (e.g. log form) and the appropriate
number of lags has been added, after which the regression could be performed. It was started with
an OLS regression of the first sub period and all different time series tests were applied to determine
the most appropriate model. Model one represents the first sub period, resulting in the following
equation:

12

The lowest AIC is the best model. (StataCorp, 2018)
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Pricet = β1 + β2Pricet-3 + β3Houses_soldt-8 + β4Populationt + β5Inflationt-11 + β6Interestt-9 +
β7Incomet-24 + β8Supplyt-12 + εt

(1)

At first sight, only two variables show high t-values in combination with super significant effects. A
plot including all variables has been generated in order to see if there are signs of non-stationarity.
From the plot it could be seen that the variables are not exploding, which means that the variables
are likely to be stationary. The next step is to plot the residuals and to check for autocorrelation. The
residuals do not show any swings over time which could have been an indication of autocorrelation.
Although the t-values do not show to be inflated (which is an indication of autocorrelation),
autocorrelation results in unreliable t-values whereas the coefficients remain unbiased. To formally
test for autocorrelation, the Durbin-Watson (DW) test was performed. Stata calculates the following
statistic: Durbin-Watson d-statistic (8, 131) = 2.047557.
The critical boundaries of the DW-statistic are (based on 8, 131):
-

Lower bound: 1.463 (dl)

-

Upper bound: 1.729 (du)

Since 2.047557 is higher than 1.729 and lower than 4-1.729=2.271 it is concluded that there is no
evidence of autocorrelation in the model, as can be seen in figure one above. However, the downside
of the DW test is that only one lag is tested, thus one month. This does not provide sufficient
reliability to conclude that the model does not contain autocorrelation. Therefore, the general test,
in which unlimited lags can be included, was performed. The general test consists of an OLS
regression including lagged residuals:
Pricet = β1 + β2Pricet-3 + β3Houses_soldt-8 + β4Populationt + β5Inflationt-11 + β6Interestt-9 +
β7Incomet-24 + β8Supplyt-12 + β8et-1 + ….β19et-12

(2)

Twelve lags are included and the significance was checked per lag. The regression shows that two of
the lags are significant, indicating that autocorrelation may be present. The major drawback of the
general test is that it is a rough indication and it could pick up multiple short- and long-run cycles. For
this reason, the Prais-Winsten regression (a treatment for autocorrelation) was performed as a
robustness check for the presence of autocorrelation. The Prais-Winsten regression model does not
show much improvement compared to the standard OLS regression model since the t-values barely
decreased. On top of that, the rho has a value of -0.085, indicating that the residuals in the current
period are only -8.5% correlated with the residuals of the previous period. It is therefore concluded
that there is no autocorrelation in model one. The model was then tested for non-stationarity. To
test whether the data is non-stationair, every variable has to be checked for stationarity based on the
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Dickey-Fuller (Dfuller) test. The Dfuller test was performed three times, once without a constant,
once with a constant and once with a constant and a trend. The tests provide a Test-Statistic which
has to be smaller than the critical values (also generated by the Dfuller test) in order to be stationary.
The results lead to the conclusion that all variables are non-stationary except for the lagged house
price and the inflation rate, meaning that the data is non-stationary. The next step is to test for cointegration between the variables, indicating that a long-run relationship exists. In order to test for
this, the Dfuller test was performed on the residuals to see whether they are stationary. If the
residuals prove to be stationary, the variables are said to be co-integrated, meaning that a long-run
relationship exists between the variables. In that case OLS can be used for the long-run. On the other
hand, if the residuals are non-stationary, it means that the variables are not co-integrated and the
ARDL model has to be used. The residuals prove to be stationary since the t-statistic is lower than the
5% critical value. However, the constant is insignificant thus the test was performed again without a
constant. The residuals again show to be stationary, meaning that OLS can be used for the long-run.
The test procedure for period one is found in Appendix 1.
The second sub period was tested in the same way as the first sub period, resulting in model two:
Pricet = β1 + β2Pricet-6 + β3Houses_soldt-6 + β4Populationt-3 + β5Inflationt-12 + β6Interestt-5 +
β7Incomet-14 + β8Supplyt-12 + εt

(3)

The same procedure as described above was followed a second time for this model. The OLS
regression, the plots of the variables, as well as the residuals do not show signs of autocorrelation or
non-stationarity. Regarding the DW test, Stata calculates the following statistic: Durbin-Watson dstatistic (8, 39) = 2.509348
The critical boundaries of the DW-statistic are (based on 8, 39):
-

Lower bound: 0.878 (dl)

-

Upper bound: 1.807 (du)

The DW-statistic of 2.509348 is higher than the du value of 1.807, but it is also higher than the 4-du
value of 4 – 1.807 = 2.193. This means that it is inconclusive if autocorrelation is present. Therefore,
the general test has been performed, which signifies that none of the lags were significant. The
conclusion is that autocorrelation is not present in model two. Again, the data was tested for nonstationarity. Unsurprisingly, the Dfuller test for non-stationarity suggests that all variables are nonstationary except for the lagged house price and the inflation rate, which is the same result as in
model one. The co-integration test implies that the variables are co-integrated and thus it can be
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concluded that the OLS model can be used in model two as well. The test procedure of period two
can be found in Appendix 2.
Furthermore, in order to test whether the combined effect of the variables differed in both periods, a
dummy variable model is created which allows for a regression including both sub periods. First, a
period dummy variable is created with value one for both sub periods and value zero for the period
between the sub periods. In this way, both periods can be captured together in the model.
Thereafter, for every variable a dummy variable is made that takes value zero for the first sub period
and value one for the second sub period. This allows for all variables to be included a second time in
the model and only representing the data of the second sub period. Before the model could be
estimated, the variables of both periods had to be implemented in the same form in order to be
comparable. The variables are normalized for both periods combined, resulting in log forms for the
interest rate and the supply growth. The equation for estimating model three is:
Pricet = β1 + β2Pricet-3 + β3Houses_soldt-8 + β4Populationt + β5Inflationt-11 + β6Interestt-9 +
β7Incomet-24 + β8Supplyt-12 + β9DHouses_soldt-6 + β10DPopulationt-3 + β11DInflationt-12 + β12DInterestt-5 +
β13DIncomet-14 + β14DSupplyt-12 + εt

(4)

To test whether the model is stable over time, that is, whether the joint effect of the variables is the
same in both sub periods, the F-test is performed. In order to do this, the so called restricted model
has to be estimated as well, including only the dummy variables covering the second sub period:
Pricet = β1 + β2Pricet-3 + β3D2Houses_soldt-6 + β4D2Populationt-3 + β5D2Inflationt-12 +
β6D2Interestt-5 + β7D2Incomet-14 + β8D2Supplyt-12 + εt

(5)

Equation 4 and 5 are then estimated and the following formula is applied for computing the test
statistic:
,
where F is the test value,
5),

(6)
is the residuals sum of squares from the restricted model (equation

is the residuals sum of squares from the unrestricted model (equation 4), m is the number

of variables in the restricted model, n is the number of observations, and k is the degrees of freedom
from the residuals. The procedures regarding model 3 can be found in Appendix 3.
3.5.2 Fundamental value estimation
First of all, it is started with approach one and the price-to-rent ratio and the price-to-income ratio
have been calculated for the period 2003-2017. The following two formulas are applied:
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,

(7)

where PRrt is the price-to-rent ratio, Pt is the house price index, and Rt is the rent index.
,

(8)

where PIrt is the price-to-income ratio, Pt is the house price index, and It is the income index created
from the total disposable income per year in the Netherlands.
Since these ratios are likely to be inadequate in providing a full understanding of the fundamental
value, as both ratios only take one factor into account, the more sophisticated imputed rent model
(approach two) is created. (Himmelberg, Mayer, & Sinai, 2005) As discussed earlier, the imputed rent
model is used in two different ways to determine the fundamental value. First, the imputed-toactual-rent ratio and the imputed-rent-to-income ratio are computed in order to examine deviations
between fundamental and actual house prices. The imputed rent represents the yearly costs of
homeownership. In contrast to the ratios in equation 7 and 8, the imputed rent model assesses
different factors such as risk, taxes, tax benefits, costs, and gains (Hott & Monnin, 2007). It therefore
provides a more reliable indication of the fundamental house price value. The costs of
homeownership can then be compared to the cost of renting or income levels. The imputed rent is
calculated by multiplying the house price index by the yearly user cost of housing. The user costs are
computed based on six factors, leading to the following equation:
(9)
where ut represents the user cost of homeownership per year, mt is the mortgage rate, ptt is the
property tax rate, tdt is the tax deductibility, mct is the maintenance costs, gt+1 is the expected capital
gain, and rpt is the risk premium.
The property tax rate is calculated by,
(10)
where itt is the effective income tax rate, and oft is the owner-occupied dwelling forfait.
The tax deductibility is computed by,
(11)
The imputed rent can then be computed by,
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(12)
Next, the imputed rent is transferred into an index, thereby enabling the imputed rent to be
dividable by the rent index, resulting in a ratio. Moreover, the imputed rent model is now also
comparable to the price-to-rent ratio since now all variables are in index form. The imputed-rent-toincome ratio can also be computed at this moment and is called the imputed income model.
Subsequently, the imputed-to-actual-rent ratio and the imputed-rent-to-income ratio are computed
by the following formulas:
,

(13)

where IRRt is the imputed-to-actual-rent ratio.
,

(14)

where IRIrt is the imputed-rent-to-income ratio.
Approach one and two (price-to-rent ratio versus imputed-to-actual-rent ratio; price-to-income ratio
versus imputed-rent-to-income ratio) are plotted in the same graph to give an indication whether
both models provide the same results. In this way it can also be concluded which model is best and
should form the basis for the conclusions to be made about the fundamental house price value.
Following the research of Hott & Monnin (2007), the imputed rent model is used in a second way
where the fundamental house price value is calculated and compared to the actual house price. The
fundamental house price value can be calculated by the following formula:

∑
where

,

∏

(15)

is the fundamental house price, δ is the depreciation (assumed to be 1%) of the

house price value,

is the imputed rent, and

= 1 + mt + ptt + mct + rpt. (Hott & Monnin,

2007) The fundamental house price is determined by the current and future imputed rents and the
costs factors of homeownership (mortgage rate, property taxes, maintenance costs and risk
premium). However, in equilibrium people are indifferent between renting and home owning and
the imputed rent should be equal to the actual rent (Rt). Therefore, according to the rent model, the
fundamental house price (

is:
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∑

∏

(16)

The fundamental house price is calculated based on equation 16 for the years 2003-2017. These
values though, are not readily comparable to the actual house price index and first have to be
transformed into an index as well. In order to compare two indices, the base year representing 100
should be the same for both. Therefore, both indices are transformed to have their base of 100 to
start in 2003. However, in this case the fundamental value and the actual price are equal in 2003,
indicating that at that point houses were correctly priced, while in reality this does not need to be
the case. In order to solve this problem, an overvaluation of 30% in 2007 is assumed, based on prior
literature (IMF, 2008; Hott & Monnin, 2007). The value of the house price index in 2007 is thus
assumed to be 130% and the corresponding fundamental value (100%) can be calculated. The
fundamental house price index is calculated again based on the fundamental value calculated in
2007. Now both the fundamental house price index and the actual house price index can be
compared and potential house price gaps can be determined. Finally, the house price gaps can be
compared to the imputed rent ratios to see if the results support each other.
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4. Results
In this section the results of the first sub period are discussed, followed by the results of the second
sub period. Further, the results of both fundamental house price valuations are reviewed.

4.1 House price determinants
The output of the best fit OLS regression model for the first sub period, as seen in table 1, shows that
the number of houses sold, the population growth, the inflation rate, the interest rate and the supply
growth had a significant effect on the house prices in the period 1995-2008. Since all of them show
the expected sign, which is in accordance with the literature, and are significant at a 5% level at least,
hypotheses two to five are accepted. Moreover, the house prices of the previous year had a
significant positive effect on the current house prices. The disposable income shows a positive yet
insignificant effect and therefore, hypothesis one is rejected. This is in contrast to most previous
studies how reported positive significant relationships. However, Wheaton & Nechayev (2008) also
state that house prices could not be explained by income.
Table 1 - OLS regression first sub period 1995-2008, with house price as dependent variable

The best fit OLS regression model for the second sub period, as seen in table 2, suggests that the
number of houses sold, the population growth, the inflation rate, the interest rate and the disposable
income significantly affected house prices in the period 2014-2017. However, only the population
growth and the disposable income are significant at a 1% and 5% level, respectively. Since the
hypotheses are tested at a 5% level, hypotheses one and three are accepted. The number of houses
33

sold, the inflation rate, and the interest rate are significant at a 10% level. Moreover, the number of
houses sold and the interest rate show the opposite sign of what was expected. The hypotheses
(two, four and five) with respect to these three variables are rejected. This result is not fully in
contrast to previous literature however, since several studies report mixed results between sub
periods with regard to the number of houses sold and the interest rate (de Wit, Englund, & Francke,
2010; Kranendonk & Verbruggen, 2008). The supply growth shows a negative yet insignificant effect,
meaning that hypothesis six is rejected. The direction of the sign is in line with the expectation based
on the literature and economic plausibility. The effect shows not to be significant however. It cannot
be stated that this is in contrast to the previous studies since this period has never been examined
before. It can be explained though by the fact that relatively few observations have been used, which
decreases the quality of the model. At last, the price growth of the previous period shows to
significantly affect the house prices of the current period.
Table 2 - OLS regression second sub period 2014-2017, with house price as dependent variable

The most substantial differences between both sub periods are with respect to the number of houses
sold, the interest rate, the disposable income, and the supply growth. The effect of the number of
houses sold is positive in the first sub period whereas the effect is negative in the second sub period.
Also the interest rate shows the expected negative significant effect in the first period while in the
second period the effect was positive and not significant at a 5% level. Moreover, the disposable
income is insignificant in the first period, but shows to be a significant house price driver in the
second period. At last, house prices are negatively and significantly affected by the supply growth in
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the first period, while in the second period the effect shows to be insignificant. The similarities in
both periods are that the house prices are positively driven by the population growth and the house
prices of previous periods.
It can be concluded that house prices in the first sub period are driven by the number of houses sold,
the population growth, the inflation rate, the interest rate, and the supply growth. In the second sub
period, house prices are determined by the population growth and the disposable income.
Table 3 - Sub period comparison, dummy variable regression

Table 3 provides the results from the dummy variable regression model in which the difference in
effect can be seen per variable between the sub periods. It can be seen that from the dummy
variables, which represent the second sub period, only the inflation rate and the number of houses
sold are significant at a 5% and 10% level, respectively. This means that the effect of the inflation rate
on the house price is the same in both periods. The sign of the number of houses sold has
transformed from positive in the first period to negative in the second period, as was also observed
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from model one and two. The other variables are not significant and are therefore not stable over
time. To test whether the second period is significantly different from the first period, the F-test has
been performed.

> Fcrit = 2.07
The test value is higher than the critical value at a 5% level, meaning that the result is insignificant.
Hypothesis 7 suggests that the effect of the variables on the house prices is stable over time. In
model 3, depicted in table 3, it is found that the effect is not stable over time. Thus, hypothesis 7 is
not supported. This means that the effect on the house prices of the fundamental variables defined
in both models differs between both sub periods.

4.2 Fundamental value estimation
In figure 1 the results of the imputed rent model are depicted together with the more simplistic
price-to-rent ratio. It can be seen that the price-to-rent ratio, as well as the price-to-income ratio
depicted in figure 2, do not provide any useful information regarding the fundamental value and thus
the status of the actual house prices. The ratios only show a small decrease as of 2008 until 2013,
reflecting the house price decreases in the Netherlands. However, both ratios are flattened out over
the whole period and are therefore inadequate in providing insight into the differences in house
price valuation before and after the crisis. This is in accordance with the results obtained by
Himmelberg et al. (2005), who show for multiple regions that the price-to-rent and price-to-income
ratios are less volatile than the imputed-to-actual-rent ratio. The volatility of the imputed-to-actualrent ratio can be clearly seen in figure 1 as well. This volatility can be interpreted in the following
way. If the ratio increases, signifying that owning a home is becoming relatively more expensive than
renting a home, the demand for houses should, economically speaking, decrease and put downward
pressure on house prices. However, if concurrently the house prices are increasing, it would indicate
that house prices are not driven by fundamentals. It can be seen that in the years from 2006 until
2009 the ratio was increasing steeply. During this period, at least until 2008, the house prices were
also increasing rapidly. This could be an indication that house prices were rising above their
fundamental value in this period to form a potential bubble. Next to that, in the years from 2009
until 2013 the imputed-to-actual-rent ratio was the highest of the whole sample period.
Simultaneously, the Dutch housing market experienced considerable downturn in house prices,
proving that this technique is able to reveal periods of over-valuated house prices. A last key
observation is that from 2014 until 2017, the imputed-to-actual-rent ratio continuously declines to
eventually end up below zero in 2017. The costs of homeownership are decreasing relative to rental
costs and this decreasing ratio is accompanied by rising house prices. From an economic perspective
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it makes sense because when homeownership is getting relatively cheaper than renting, demand for
houses should increase, leading to higher prices. It can therefore be stated that the current rise in
house prices can be explained by fundamentals and thus the Dutch housing market is not mispriced
at the moment.
Figure 1 - Imputed-to-Actual-Rent Ratio versus Price-to-Rent Ratio

The additional measurement of house price valuation, the imputed-rent-to-income ratio, is depicted
in figure 2. The price-to-income ratio is included as well, and just as concluded by Himmelberg et al.
(2005), the line is almost identical to the price-to-rent ratio depicted in figure 1. In the years from
2006 until 2009 it can be seen that the imputed-rent-to-income ratio is increasing rapidly. If this
happens in combination with an increasing imputed-to-actual-rent ratio, it can be a reliable
indication of a bubble market. (Himmelberg, Mayer, & Sinai, 2005) Based on the low imputed rent to
income ratio in the last two years, it can again be concluded that house prices are currently correctly
priced.
Figure 2 - Imputed-Rent-to-Income Ratio versus Price-to-Income Ratio
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In figure 3 the fundamental house price (dashed line) is compared to the actual house price (solid
line). It can be seen that the deviation between the fundamental and the actual price, known as the
house price gap, is becoming larger from 2003 until 2008. The increasing house price gap, and thus
overvaluation, together with the increasing imputed-to-actual-rent and imputed-rent-to-income
ratios, provides reliable evidence of a housing bubble which was forming before the housing crash in
2008. Besides, in 2012 the actual house price crosses the fundamental house price after which it
becomes undervalued. After a few years of undervaluation, the house price gap closes as the actual
price increases faster than the fundamental price in the last two years. Finally, the graph shows that
in 2017, the actual house prices are almost perfectly at their fundamental value. This confirms the
statements made earlier that, currently, the Dutch housing market is almost correctly priced (slightly
undervalued), whereas in the years before the crash in 2008 the housing market was overvalued. It
also gives a strong indication that the Dutch housing market was in bubble territory in the years
around the crash. The current house prices do not reflect such a situation in which a bubble is
forming since house prices are slightly undervalued.
Figure 3 - Observed price versus fundamental price
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5. Discussion
The current situation of the Dutch housing market and the corresponding house price gap differ from
that in the first sub period. Some connections and possible explanations can be given based on the
regression analysis. However, these results have to be scrutinized further before definite conclusions
can be formed in explaining why both periods differ. The analysis reveals that five out of six
fundamental variables significantly affected house prices in the first sub period. However, as the Rsquared indicates in model one, the independent variables explain only 45% of the variation in the
house prices. One could argue that there are omitted variables in the model that account for the
other 55%. Yet, in model two, 52% of the variation in house prices is explained by the independent
variables. In this second sub period only two variables significantly affected house prices and the
model counted substantially less observations than the first period, which decreases the explanatory
power of the model. Despite these facts, house price variations are better explained in the second
period than in the first period. It is therefore unlikely that this explanatory difference between both
models can be fully assigned to omitted fundamental variables. In addition, the imputed rent ratios
indicate the presence of bubble formation in the first period and simultaneously the house price gap
increased to 30% in 2008. Therefore, it is expected that these fundamentals do not fully explain the
house price in the first period and that the overvaluation is caused by exogenous factors.
A possible exogenous factor, as also considered by Wheaton & Nechayev (2008), can be increasing
speculative demand which can result from long periods of rising prices. Wheaton & Nechayev (2008)
argue that this so called investment sentiment is the creation of a potential bubble. A measurement
for existing or increasing speculative demand, is the level of second- and investment home buying.
The construction of new dwellings over the number of new household formations gives an indication
of the degree of home investment. In table 19 in appendix 3 it can be seen that in the years from
2004 until 2009 indeed there was an excess of new dwellings over new households ranging from 448% whereas in the years from 2015 until 2017 there was shortage of new dwellings. Based on the
aforementioned facts it can be concluded that demand from investors and second home buyers was
increasing in the years before the crisis. This provides an indication that speculative demand was
increasing during that time, that house prices were therefore rising above their fundamental value
and that a potential bubble was forming. In the last three years on the other hand, it appears that
there was a shortage of new dwellings in comparison to new household formations. Speculative
demand was not present but the shortage of dwellings could be a reason for the rising house prices
during this period. If that is the case, it would not give rise to bubble behaviour because excess
demand over supply causes prices to rise, economically speaking. In this case, one would expect to
see a negative significant effect of the supply growth in the second sub period. However, model two
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shows a negative yet insignificant effect. It can be reasoned that the effect is not significant because
few observations were used in the model. Another potential exogenous factor that can explain the
overvaluation in the first period is the interest rate. Interest rates negatively affected house prices in
the first period whereas there was no significant effect in the second period. As argued by Hirata et
al. (2012), interest rates can, next to their fundamental effects also include exogenous (external)
effects. It can be the case that these external factors such as revisions in monetary or tax policies
affected interest rates in the first period which caused house prices to rise above their fundamental
value. Exogenous factors do not directly affect house price. Instead, they affect fundamental
variables like interest rates who then affect house prices. This effect is not measured as a
fundamental effect, but as an exogenous effect which can explain the house price increase beyond
its fundamental value. In the second period such exogenous effect is not present as it is ascertained
that the interest rate does not significantly affect house prices during that period. Furthermore, the
disposable income did not affect house prices in the first period whereas it was a significant house
price determinant in the second period. This also provides an indication that there are other factors
besides income that have been driving house prices above their fundamental value in the first
period. Finally, the dummy variable regression analysis also shows that the effect of the fundamental
variables on the house prices differs between both sub periods. That is, in both periods the
independent variables have a different effect on house prices. An explanation for this difference may
be that in the first period house prices are also driven by different exogenous factors as explained
above. In the second period this is not the case and therefore house prices deviate from their
fundamental value in the first period and are undervalued in the second period. The difference in
effect can also be explained by the difference in the number of observations between the periods.
The second period is much shorter than the first period which could cause the results in the second
period to be less significant since more observations increases the reliability of the model.
Nevertheless, based on the difference in effect of the house price determinants between both
periods, one can expect that the house price gap also differs between both periods. This expectation
is met by the imputed rent model.
As previous studies already suggest, it is concluded in this research as well that the Dutch housing
market was in a bubble in 2008 as house prices were floating away from their fundamental value.
The current situation in contrast, which has not been examined before, shows that Dutch house
prices are slightly undervalued. Consequently, it can be concluded that currently the Dutch housing
market is not in bubble territory. Algieri (2013) argues that when house prices are correctly priced, or
at least not overvalued, they are resistant to economic slowdowns and not prone to price
corrections. It can therefore be concluded that the Dutch housing market is unlikely to experience
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house price declines in the near future. Government intervention is not necessary at the moment but
the Dutch housing market has to be monitored closely since the house prices are increasing at a
faster rate than the fundamental house price value. Several scenarios can be drawn for the future of
the Dutch housing market. One scenario can be that the house prices keep on rising at a faster rate
than the fundamental house price, as was the case for the last three years. House prices will then
surpass the fundamental house price and become overvalued. When looking at the house price index
in 2018, which is already valued 6% higher than in 2017, it can be expected that the actual price will
exceed the fundamental price within a short period of time. The second scenario is that the
affordability sealing will be reached soon and house price increases become moderate. Since the
fundamental price also increases relatively moderate, actual house prices will run parallel to
fundamental values in this latter scenario.

41

6. Conclusion
In the first sub period, 1995-2008, house prices were significantly affected by the number of houses
sold, the population, the inflation rate, the interest rate, and the supply growth. In the second sub
period, 2014-2017, house prices were significantly driven by the population growth and the
disposable income. With respect to the fundamental value estimation, the price-to-rent and price-toincome ratio does not provide adequate information to determine whether potential house price
gaps existed in the period from 2003-2017. The reason for this is that the ratios are almost perfectly
stable over the entire sample period, which is in accordance with previous research. The imputed
rent model in contrast, produces increasing ratios in the years running up to the crisis. Increasing
imputed-to-actual-rent and imputed-rent-to-income ratios in combination with rising prices, give a
strong indication of bubble formation. During the second sub period however, both ratios have
declined and even became zero in 2017. Decreasing homeownership costs generate more demand
for dwellings which leads to increasing prices. Based on this it can be stated that currently the Dutch
housing market is correctly priced and there is no house price gap. The fundamental house price
value calculated based on the imputed rent model confirms these findings by showing that as of
2003 house prices were floating away from their fundamental value and the house price gap
increased, leading to a bubble in 2008. Momentarily, house prices are almost perfectly at their
fundamental value and even show to be slightly undervalued. Therefore, the Dutch housing market is
currently resilient to economic instability and unlikely to face corrections in the near future.
Consequently, government intervention is not necessary as the housing market seems healthy.
Model one shows that in the first period, even though many variables significantly influenced house
prices, house price increases could not be fully explained by the fundamental variables. Model two in
contrast, shows higher explanatory power of the house price increases while only two fundamental
variables significantly affected house prices. It is concluded that exogenous factors were driving
house prices away from their fundamental value in the first period. One of these exogenous factors is
the speculative demand which shows to be present in the first sub period as there was an increase in
second- and investment home buying. Increasing speculative demand, or investment sentiment, in
combination with increasing prices is an indication of bubble formation. With regard to the second
period, speculative demand was non-existing since the new-dwellings-to-new-households ratio was
negative during the last three years. This indicates that there was a shortage of dwellings in the
second sub period which might be an explanation for the rapid surge in house prices. Furthermore,
the interest rate could contain exogenous components which influenced house prices in the first
period and drove them away from their fundamental value. At last, the dummy variable model
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suggests that the model is not stable over time and that the effect of the fundamental variables on
house prices differs between both sub periods.
Based on the above it can be concluded that the Dutch housing market was in a bubble in 2008, that
current house prices almost reflect their fundamental value (are slightly undervalued) and are not
expected to face bubble behaviour or experience corrections in the near future.
It is important to notice that the real estate economy can differ substantially between different
regions within a country and so does its price elasticity. Therefore, studies examining housing
markets on a national level may provide biased results. In addition, data was not monthly available
for all variables and some variables had to be interpolated from yearly or quarterly into monthly
data. Due to this procedure a lot of data is lost and especially in regressions with little observations
like the second sub period, results may be biased. Furthermore, in the fundamental value analysis it
is assumed that people can switch back and forth between owning and renting. However, in reality
this is a costly course of events which makes it not entirely realistic.
It is therefore recommended for future research to also perform the analysis on different regions of
the Netherlands in order to see if the results differ and in what regions the house prices seem to
deviate most from their fundamental values. Moreover, the regression analysis may be performed
including monthly data for all variables and over a longer time period to prevent the analysis from
producing biased estimates. Finally, further research is needed to clarify the differences in the
specific house price determinants between both sub periods and the exogenous factors which
caused the bubble in 2008.
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Appendix
Appendix 1 – First sub period
Figure 4 - Plot to check for non-stationary variables

Figure 5 - Residuals

Table 4 - Durbin-Watson test

Table 5 - General test
Source

SS

df

MS

Model
Residual

19.5094132
14.3900826

19
87

1.02681122
.165403249

Total

33.8994959

106

.319806565

Std. Err.

Number of obs
F( 19,
87)
Prob > F
R-squared
Adj R-squared
Root MSE

price_growth

Coef.

price_growth
L3.

t

P>|t|

.480741

.2424792

1.98

0.051

houses_sold1
L8.

.0400611

.0175738

2.28

pop_grwth1

.0339527

.0452817

0.75

CPI
L11.

.2609259

.1044693

int_rate
L9.

-.0760751

total_di_growth
L24.
supply_log
L12.
r
L1.
L2.
L3.
L4.
L5.
L6.
L7.
L8.
L9.
L10.
L11.
L12.
_cons

=
=
=
=
=
=

107
6.21
0.0000
0.5755
0.4828
.4067

[95% Conf. Interval]

-.0012127

.9626948

0.025

.0051312

.074991

0.455

-.0560497

.123955

2.50

0.014

.0532818

.4685701

.09552

-0.80

0.428

-.2659313

.1137812

.6124748

.2313584

2.65

0.010

.1526248

1.072325

-.327343

.0882433

-3.71

0.000

-.5027361

-.1519498

-.1605218
.3126043
-.1337049
.0540018
.3059494
.1764306
.1700463
.160477
.2080827
-.0758487
-.0142902
.1062425

.1040983
.1052915
.2463359
.109351
.1073812
.1402275
.1165655
.1183124
.1229116
.1170505
.1183116
.1108248

-1.54
2.97
-0.54
0.49
2.85
1.26
1.46
1.36
1.69
-0.65
-0.12
0.96

0.127
0.004
0.589
0.623
0.005
0.212
0.148
0.178
0.094
0.519
0.904
0.340

-.3674285
.1033259
-.6233241
-.1633452
.0925176
-.1022867
-.0616403
-.0746818
-.0362175
-.3084992
-.2494473
-.1140338

.0463849
.5218826
.3559143
.2713488
.5193811
.455148
.4017329
.3956358
.4523829
.1568017
.2208669
.3265188

2.245039

.8407034

2.67

0.009

.57405

3.916028

48

Table 6 - Prais-Winsten regression

Table 7 - Results Dickey-Fuller test

Table 8 - Augmented Dickey-Fuller test with constant
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Table 9 - Augmented Dickey-Fuller test without constant

Table 10 - OLS regression model one first sub period
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Appendix 2 – Second sub period
Figure 6 - Plot to check for non-stationary variables

Figure 7 - Residuals

Table 11 - Durbin-Watson test

Table 12 - General test
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Table 13 - Results Dickey-Fuller test

Table 14 - Augmented Dickey-Fuller test with constant

Table 15 - Augmented Dickey-Fuller test without constant
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Table 16 - OLS regression model two second sub period
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Appendix 3 – Others

Table 17 - Dummy variable regression, comparison both sub periods
Source

SS

df

MS

Model
Residual

22.582876
33.0584408

13
152

1.73714431
.217489742

Total

55.6413168

165

.337220102

Std. Err.

Number of obs
F( 13,
152)
Prob > F
R-squared
Adj R-squared
Root MSE

t

P>|t|

=
=
=
=
=
=

166
7.99
0.0000
0.4059
0.3551
.46636

price_growth

Coef.

[95% Conf. Interval]

price_growth
L3.

.4062286

.0797252

5.10

0.000

.248716

.5637411

houses_sold1
L8.

.0275781

.0127427

2.16

0.032

.0024024

.0527538

pop_grwth1

.0661573

.0221377

2.99

0.003

.0224201

.1098946

CPI
L11.

.2060504

.0788959

2.61

0.010

.0501763

.3619245

int_log
L9.

-.1067288

.1744246

-0.61

0.542

-.4513384

.2378809

total_di_growth
L24.

.1710601

.2296863

0.74

0.458

-.2827297

.6248499

supply_log
L12.

-.2953176

.084366

-3.50

0.001

-.461999

-.1286362

D2houses_sold1
L6.

-.0492975

.0269363

-1.83

0.069

-.1025155

.0039204

D2pop_grwth1
L3.

.0557905

.057797

0.97

0.336

-.0583987

.1699797

D2CPI
L12.

.418283

.200209

2.09

0.038

.0227312

.8138347

D2int_log
L5.

-.2205986

.532919

-0.41

0.679

-1.273483

.8322862

D2total_di_growth
L14.

.4015469

1.798797

0.22

0.824

-3.152326

3.95542

D2supply_log
L12.

-.0452194

.0581504

-0.78

0.438

-.1601069

.069668

_cons

2.007541

.7501922

2.68

0.008

.5253907

3.489691
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Table 18 - Restricted model containing only dummy variables
Source

SS

df

MS

Model
Residual

11.3596327
47.9974326

7
172

1.62280467
.27905484

Total

59.3570653

179

.331603717

price_growth

Coef.

Std. Err.

price_growth
L3.

.4229348

.0707017

D2houses_sold1
L6.

-.0325073

D2pop_grwth1
L3.

Number of obs
F( 7,
172)
Prob > F
R-squared
Adj R-squared
Root MSE

t

=
=
=
=
=
=

180
5.82
0.0000
0.1914
0.1585
.52826

P>|t|

[95% Conf. Interval]

5.98

0.000

.2833802

.5624895

.0298057

-1.09

0.277

-.0913393

.0263247

.0135143

.0473662

0.29

0.776

-.0799796

.1070081

D2CPI
L12.

.4099367

.208643

1.96

0.051

-.0018937

.8217672

D2int_log
L5.

-.0835895

.5901731

-0.14

0.888

-1.248504

1.081325

D2total_di_growth
L14.

.9333626

1.743885

0.54

0.593

-2.508809

4.375534

D2supply_log
L12.

.0092239

.0628281

0.15

0.883

-.1147895

.1332374

_cons

.322366

.0617476

5.22

0.000

.2004854

.4442466

. di (47.9974326-33.0584408)/7
2.1341417
.
. di 33.0584408/152
.21748974
. di 2.1341417/.21748974
9.8126086
. di invFtail(7, 152, 0.05)
2.0703107

Table 19 – Investment sentiment, measured by excess new dwellings over new households
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