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Preface 
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that, I want to express my thanks to the other colleagues in the Economic Research 
Department for the great working atmosphere and insights into their field.   

Also, I was guided by two supervisors from the Eindhoven University of Technology: 
Theo Arentze and Jos Smeets. I would like to thank them for taking their time to gain 
a better understanding of house price modelling and coordinating the overall process. 

I would also like to thank Marc Francke, my supervisor from the University of 
Amsterdam. As an expert in the field of house price modelling, he provided sharp 
insights and set the bar high for this research. Besides that, I am very grateful he 
introduced me to Rabobank and therefore made this opportunity possible.   

To close, I would like to thank my family and friends for their belief in me and apologize 
for the lack of time I spend with them during the last couple of months of this research.  
Their continues support has been of great help and this paper could not have been 
achieved without them.  

All that remains now is to wish you much enjoyment in reading this paper.  

Niels van der Windt  
February 2015, Amsterdam 



 
 

Summary 

The objective of this study is to gain a more profound understanding of the Dutch 
house price dynamics. Understanding the behavior of house prices is of key interest for 
financial and governmental institutions since house prices play an important role on the 
economic activity. Insights into the dynamics of house prices also attracts the attention 
of academics as they are investigated by many scholars.  

The house price dynamics can be visualized by econometric models. These models 
determine the relation between house prices and its determinants. Currently, the existing 
models explaining Dutch house prices assume that the relationships between house 
prices and its determinants are similar over time. However, empirical evidence suggests 
that this relationship may exhibit different patterns. Only a handful of studies analyzed 
house price dynamics by taking into account different states of the housing market. Yet, 
none of these studies focused on the Dutch housing market. A contribution to academic 
literature and the economic environment is therefore made by this study through 
analyzing the house price dynamics in different states of the housing market in the 
Netherlands.  

The aim of this study is to provide a house price model that is able to reflect the behavior 
of real house prices in the Netherlands. This is not an easy task. Housing markets have 
some extraordinary characteristics since they are mostly characterized as inefficient 
markets; markets wherein actual prices deviate from their equilibrium price. At the same 
time, the heterogeneity of houses makes the price-setting of houses even more difficult. 
The complex nature of the housing market provides challenges for the econometric 
modelling of house prices. 

To allow for these peculiar housing market characteristics, an error-correction model 
functions well as a house price model. In an error-correction model, house prices are 
assumed to fluctuate around a long-term trend, i.e. an equilibrium price. This model can 
be econometrically estimated by two stages. The first stage in the modelling process is 
comprised of the estimation of the long-run equilibrium based on the levels of house 
price determinants. In the second stage, the short-run relationships are explored by 
including the differences in the determinants and the error-correction term. The 
addition of the error-correction denotes the deviation from the equilibrium, and tries to 
revert the actual house prices back to their equilibrium whenever these move away.  

In order to perform the empirical analysis, data is gathered from several public 
institutions. The dataset used in this research contains quarterly data covering the period 
between 1975Q1 and 2014Q3. The analyzed house price series is a constant-quality 
price index, i.e. correcting for the varying set of houses sold in each period. All variables 
used in this research are denoted in real terms.  

By means of a thorough analysis of the existing literature on both national and 
international housing market, the possible factors affecting Dutch house price 
developments are identified. To provide a good insight into the determinants of house 
price developments, several combinations of variables are tested on where eventually 
the best performing model is chosen based on the goodness-of-fit and several validity 



 
 

tests. Determinants having an impact on the long-run are identified as the real total 
gross disposable household income and the real mortgage interest rate. Turning to the 
short-run price fluctuations, the set of variables having a significant impact are lagged 
changes in house prices, the change in the nominal mortgage interest rate, the change 
in the real average gross income per household and the lagged error-correction term 
which represents the degree of over- or undervaluation of house prices. Indicating that 
the determinants significantly affect real house prices, all variables are found significant 
most of which at the 1% significance level. In relation to the other house price literature, 
this model gives a highly satisfactory explanation of real house price changes. 

Subsequently, a significant contribution to the literature on Dutch house price dynamics 
is made by exploring the changing relations in the house price dynamics over time. More 
specifically, this comprises of an analysis on the presence of structural breaks in the 
long-run relationship and an investigation on changes in the dynamics during different 
states of the Dutch housing market.  

At first, the presence of structural breaks in the long-run equilibrium is investigated. 
Structural breaks can be caused by an institutional, technical or legislative change. As a 
consequence, the relationship between house prices and its fundamentals change due 
to a break in the time series. Turning to the existing studies on Dutch house prices, 
none of these studies incorporated breaks in the model. However, two structural breaks 
are found by using extended co-integration test in the long-run equilibrium price. The 
breaks occurred in 1982 and 1991, both possibly as a result of policy changes that 
happened in these years. The breaks found show that the relations estimating the 
equilibrium of house prices have changed over time, which is a major contribution to 
the existing literature on Dutch house prices.  

Also interesting results emerge from the analysis on the house price dynamics in 
different states of the housing market. This analysis is done by implementing a Markov-
switching mechanism in the error-correction model. This model incorporates an 
unobservable state variable which shows the probability that the housing market is in a 
specific state, where the number of states are determined by likelihood tests. By means 
of a maximum likelihood estimation, the output of the Markov-switching model 
uncovers the house price dynamics in each state of the housing market.  

As a result, two different states of the housing market are identified. Moreover, it is 
found that the sensitivity of the Dutch house prices is state-dependent. These states 
denote a housing market in a stable condition and unstable condition. It is found that 
house prices are significantly affected by its determinants in a stable market. This is in 
contrast to house prices in an unstable market; a market wherein house prices 
disconnect from their fundamentals. In this state house prices are not reverting back 
towards their long-run equilibrium price and are unaffected by interest rates. It is 
recognized that an unstable housing market is mostly related to period with falling and 
volatile house prices. The findings are in line with the literature on international housing 
market by Nneji et al. (2013b) and Hall et al. (1997), who both show varying house price 
dynamics in the U.S. and U.K. housing market respectively. 

To provide more insights into the changing dynamics over time, this study investigated 
the presence of downward price rigidity. This implies that house price move more 
quickly to their equilibrium in an undervaluation than in an overvaluation as a result of 



 
 

sellers’ behavior. No proper evidence is found showing the presence of this 
phenomenon in the Dutch housing market. This confirms the findings from the 
research study by Verbruggen et al. (2005). 

Based on the estimated models, this study provided insights into the predictability of 
house prices. This was done by applying backcasting techniques which enabled the 
assessment of the performance of a model by comparing the model’s predictions of 
house prices in the past to the actual past house prices. It is seen that the periods 
wherein house prices are difficult to predict are characterized by worse conditions of 
the Dutch economy. These periods were also indicated by the Markov-switching model 
as the unstable periods wherein house prices disconnect from their fundamentals. 

An indication of house prices in the near future is provided based on the forecasting 
model. Forecasts of house prices are generated by using three economic scenarios which 
reflect (1) a delayed, (2) a moderate and (3) an accelerating recovery of the Dutch 
economy. It is expected that nominal house prices will grow in the near future. In 2015, 
nominal house prices are expected to increase by 2.5% during a delayed recovery of the 
Dutch economy. This increase is 3.0% in the case of a moderate or accelerating 
recovery. In 2016 nominal house prices are expected to rise even further in all three 
scenarios. 

The research study provided more profound understanding of Dutch house price 
dynamics. It created insights into the determinants of real house price developments, 
yet at the same time, concludes that the house price dynamics in the Netherlands are 
state-varying. A contribution is made since this is the first study proving this 
phenomenon for the Dutch market. However, as in any other study, several 
implications occur as a result of these findings. At first, one should be aware of the 
limitations of house price models that do not take changing relations in the housing 
market into account. The relations estimated in these models may exhibit changes over 
time, and thus may be incorrect. Furthermore, since this study shows that house prices 
disconnect in times of an unstable housing market the forecasts generated during these 
periods should be treated with caution. From a policy perspective, regard should be 
given to the state of the housing market to manage the impact effectively. 

As a result of this study, several directions for further research can be thought of. If 
data is available, a more specific study on the house price dynamics in different regions 
in the Netherlands could provide some interesting insights. Another suggestion 
concerns the state-varying house price dynamics. In addition to the findings of this 
study, it would be interesting to know which variables are the drivers of house prices in 
an unstable state of the housing market. Finally, additional research on forecasting the 
future state of the housing market  would provide a significant contribution to a better 
understanding of house price dynamics.   
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1. Introduction 

To begin with, this chapter gives an introduction into the research of this study. 
First the motive, the problem definition and the research questions will be 
discussed. In order to provide an answer to the research questions, this chapter 
elaborates on the research methodology next. Thereafter, the relevance of this 
research study is presented. To end, the structure of this study is outlined. 

 

1.1. Motive 

House prices have an important role on the economic activity. In the Netherlands, 
housing wealth as a fraction of households net wealth decreased from 50 to 40 percent 
between 2008 and 2012 (Statistics Netherlands, 2014). According to Case et al. (2001), 
a decline in housing wealth is followed by a decreasing level in households’ 
consumption. Therefore, changes in house prices lead to differences in the economic 
well-being of households. Furthermore, house price developments are important for 
banks and other mortgage lenders. Wheelock (2006) showed that a decline in house 
prices led to an increasing rate of mortgage defaults, which had an adverse effect on 
banks’ profits. Hence, if house prices are not monitored closely, a crash could have a 
large impact on the economy. Understanding the behavior of house prices is therefore 
of key interest for financial and governmental institutions. 

Insights into the dynamics of house prices also attracts the attention of academics as 
these are investigated in a large number of papers. For example, research studies 
analyzing these dynamics, and focusing on Dutch data at the same time, are Boelhouwer 
et al. (2004), Francke et al. (2009), OESO (2004), and Verbruggen et al. (2005). In these 
studies, house prices are modelled econometrically by an error-correction model. This 
model assumes that house prices move along a long-run equilibrium price that is based 
on house price fundamentals such as income and the interest rate.  

Econometric house price models are used for many purposes. Most scholars use these 
in order to explore the divers relations between house prices and its determinants, 
examples of studies are Boelhouwer et al. (2004), Capozza et al. (2002) and Hort (1998). 
More recently, the excessive increase of house prices prior to the recent financial crisis 
increased the interest of several academics. In order to analyze this sharp price increase, 
an overvaluation or bubble in the housing market prior to the financial crisis was 
investigated. For example, this is done by house price models used in Francke et al. 
(2009), IMF (2009) and Kranendonk and Verbruggen (2008). Furthermore, house price 
models are applied to investigate the impact of policy changes. For example, 
Timmermans (2012) analyzed the impact of lowering the loan-to-value-ratios on Dutch 
house prices.  Last but not least, the models can be used for forecasting purposes. In 
studies by the ECB (2010) and Francke et al. (2009) these models are used to generate a 
forecast of house prices for European countries and the Netherlands respectively.  
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However, it must be noted that the reliability of the house price models is sometimes 
questioned. Recently, Rabobank (2013) argued that the financial crisis has led to changes 
in Dutch house price dynamics. Therefore implying that the existing relationships in the 
models are currently incorrect. As a result, the possibility exists that the aforementioned 
models are not able to explain house prices in the post-financial crisis economic 
environment. Also Verbruggen et al. (2005) recognized that the relationships changed 
over time since their model does not produce significant coefficients when extending 
the sample period. Thus, an investigation on changing relations in the house price 
dynamics creates an interesting field of research.  

The question arises whether changes in the relations between house prices and its 
determinants occurred over time. From a more general perspective, it is possible that 
the house price dynamics depends on the state of the housing market, i.e. depending on 
which part of the cycle the housing market is in. However, note that all the 
aforementioned models do not incorporate the residential real estate cycle. 
Nevertheless, a few recent international studies have accounted the housing cycle by 
analyzing the relationship between macroeconomic variables and house prices. They 
showed that the relationships between the housing market and its determinants are 
state-varying. For example, a recent study by Nneji et al. (2013b) analyzing U.S. house 
price dynamics implements the housing cycle into a house price model. They developed 
a house price model that is able to switch between three regimes, namely a “boom”, 
“steady-state” and “crash” regime. Eventually, they found that the house price dynamics 
vary across different regimes. More interestingly, they recognized that house prices can 
be explained by its macroeconomic fundamentals in a “boom” and “steady-state”, 
where it cannot be explained during a “crash”. This finding implies that house prices 
disconnect from its fundamentals in a period of a crashing housing market. This is also 
confirmed by Hall et al. (1997) who already analyzed the price dynamics in a stable versus 
an unstable U.K. housing market. To conclude, the cyclical nature of the housing market 
provides challenges for the econometric modelling of house prices. 

Empirical evidence suggests that the relationship between house prices and its 
determinants may exhibit different patterns over time. Only a handful of studies 
analyzed house price dynamics by taking into account different states of the housing 
market. However, none of these studies focused on the Dutch housing market. A 
contribution to academic literature and the economic environment is therefore made 
by this study through analyzing the house price dynamics in different states of the 
housing market in the Netherlands.  

1.2. Problem definition and research questions 

The aim of this research is to provide a house price model based on quarterly data that 
is able to reflect the behavior of real house prices in the Netherlands. In addition to 
that, the house price dynamics over time are investigated by incorporating different 
states that the housing market was in. Furthermore, this study focuses on the forecast 
performance of the models proposed. In order to provide the answers from the 
foregoing, the research question and related sub-questions are as follows.  
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Research question: 

“Which model does economically and statistically best reflect the house price dynamics in the 
Netherlands?”  

Sub-questions:   

“What are the most important determinants of house price developments in the Netherlands?”  
“To what extent do the relations between Dutch house prices and its determinants vary over time?” 
“Which model generates the best forecast of house prices in terms of several model selection criteria?”  
“What is the short-term outlook on house prices in the Netherlands based on different conditions of the 
Dutch economy?” 

1.3. Scope 

This research environment of this study will be the house prices in the Netherlands. 
The Dutch housing market can be distinguished into two sectors, namely the owner-
occupied sector and the rental sector, anno 2014 accounting for 60% and 40% of the 
housing market respectively (Ministry of the Interior and Kingdom Relations; 2014).  

As of 2014, the owner-occupied housing sector consists of 4.4 million houses. House 
prices in this sector experienced a boom during the 1990s as a result of increases in the 
disposable income, relaxed home financing conditions, steady economic growth and 
rising consumer confidence (Ministry of the Interior and Kingdom Relations; 2014). 
The supply of housing could not keep up with the rising level of demand which pushed 
prices even higher. In 2008, like many other countries, the Netherlands was hit by the 
financial crisis, where its impact on the Dutch housing market was tremendous. 
Following a rapid growth of house prices, house prices decreased from Q3 2008 to Q4 
2013 by 20 percent in nominal terms, which accounted for a decrease of 27 percent in 
real terms (Statistics Netherlands, 2014). However, house prices have shown a slight 
recovery since the beginning of 2014. This is visible in Figures 1 and 2 showing the 
price development of house prices.  
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Besides the owner-occupied sector, the rental sector covers a large part of housing in 
the Netherlands (40%). The majority of this share is comprised of housing in the 
regulated sector which are mainly owned by housing associations and are restricted to 
rent conditions. The remaining part concerns non-regulated rental housing which have 
a rent price above the deregulation level and are mostly privately owned. In contrast to 
the owner-occupied sector, the rent levels of housing were less affected by the financial 
crisis.  

A remarkable characteristic of the Dutch housing market is the high inelastic supply-
side of housing. According to OESO (2004), the Dutch housing market’s inelasticity 
belongs to the highest compared to international housing markets which is caused by 
the strict regulations set by the Dutch government, and subsequently has an suppressing 
effect on the development of new housing. Besides that, the Netherlands is 
characterized by a very large residential mortgage debt (as % of GDP) compared to 
other European countries (European Mortgage Federation; 2012).  

This study focuses on the price development of the owner-occupied housing stock on 
a national level. The Dutch housing market is not homogeneous, therefore price 
developments may differ across market segments and geographic locations. To allow 
for this heterogeneity, this study makes use of a constant-quality price index reflecting 
the price of houses on a national level corrected for quality and location.  

1.4. Research design 

The analysis is comprised of three parts. In the first part of this research the relevant 
literature with regard to house price dynamics is discussed. First, the literature review 
sheds some light on house price determinants. Furthermore, the house price models 
commonly used in the academic literature are investigated. To end the first part, studies 
on changing house price dynamics over time are reviewed.  

The second part of this research focuses on modelling the house prices. An error-
correction model is estimated by the use of a dataset covering a period between 1975Q1 
and 2014Q3. During this analysis, possible breaks in the long-run equilibrium and 
breaks in the time series are thoroughly investigated. Subsequently, changes in the 
dynamics over time are discovered by using an asymmetric error-correction mechanism 
and a Markov-switching model.  

In the third and last part of this research, the forecast performances of the models are 
analyzed by using backcasting techniques. By means of the forecasting model, a short-
term forecast of house prices is generated based on three different economic scenarios.  

1.5. Relevance of the research 

On a practical level, managers in the real estate sector focusing on housing will benefit 
from the results of this study. The insights into the house price dynamics lead to a better 
understanding of the behavior of house prices. This study makes forecasts of house 
prices within a short-term perspective possible. Major advantages can be taken by a 
forecast generated by the models proposed in this study. For example, companies such 
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as real estate investors in housing, can take the forecast of house prices into account 
during their investment decision-making.  

Turning to the scientific relevance of this research, a new contribution to the existing 
literature is made by providing more profound understanding in the complexity of the 
Dutch house price dynamics. A novel aspect of this study is that it will explore the house 
price dynamics by taking the different states into account. This study will further 
contribute by analyzing house prices on a quarterly basis. In comparison with studies 
on annual data, little research is done on house price dynamics using quarterly data. The 
availability of an extensive dataset makes a more profound analysis of house price 
dynamics on a quarterly basis possible. 

1.6. Outline 

This paper will proceed as follows. At first, a discussion on the literature of house price 
determinants, house price models and changes in the house price dynamics over time is 
presented. Secondly, the data sources used in this research are described. The third 
section contains a detailed description of the models applied in this research. The 
following section comprises of an empirical analysis, where the models are defined and 
their validity is tested. This section also elaborates on changes in the house price 
dynamics over time. Subsequently, the forecast performances of the models are tested 
followed by a forecast of house prices based on three economic scenarios. Finally, the 
results are summarized in the concluding section. In addition, several implications and 
recommendations are discussed.   
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2. Literature review 

Before starting the empirical analysis, this chapter will discuss the relevant 
academic literature. In order to provide a good overview this is divided into three 
parts. The first part sheds light on house price determinants wherein both 
international housing markets as well as the Dutch housing market are 
considered. In the second part of the literature review, commonly used house 
price models are discussed. To end, an analysis of studies with regard to 
changing house price dynamics across time are discussed.   

 

2.1. House price determinants 

According to The Dutch Central Bank (Galati et al., 2011), house prices can be 
distinguished into three main types; macroeconomic drivers, institutional/geographic 
drivers, and funding arrangements. This review of house price determinants will first 
focus on the aforementioned drivers. Furthermore, several studies recognized that 
house prices are also affected by speculative behavior and seasonality. These factors will 
be discussed subsequently.    

2.1.1. Macroeconomic drivers 

Starting off with the literature on international housing markets, macroeconomic drivers 
are documented in a number of papers, including the ones by Adams and Füss (2010), 
Case (2000), DiPasquale and Wheaton (1994), Englund and Ioannides (1997), Hort 
(1998), and Malpezzi (1999). An analysis of the variables used in the aforementioned 
studies are discussed below.   

Adams and Füss (2010) analyzed real house prices in 15 OECD countries. In order to 
examine these, they used the nominal long-term interest rate, construction costs and 
economic activity as explanatory variables. The last mentioned, economic activity, is a 
function of the following macroeconomic variables: real money supply, real 
consumption, real industrial production and employment. Adams and Füss show that 
the impact of these determinants vary across the analyzed countries.  

Analyzing the same countries, Englund and Ioannides (1997) also compared the house 
price dynamics between the countries. They found changes in the following factors to 
have an impact on house price changes: the lagged growth in real house prices, the real 
mortgage interest rate, and the real GDP growth rate. They did not find a significant 
impact of a factor denoting the supply-side of the housing market as population or 
construction costs.  

A study by Hort (1998) analyzed house price fluctuations in Sweden. She concluded 
that changes in real user costs, total real gross income, real construction costs and a time 
trend were found to have a significant impact on house prices. The time trend functions 
as a proxy for some unobserved factors which are not accounted for in the model.  
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Turning to the U.S., the house price dynamics in several metropolitan areas were 
analyzed by Malpezzi (1999). He found that price changes are a result of changes 
population growth, income growth, and in the mortgage interest rate.   

With regard to the Netherlands, several studies have tried to explain house price 
movements. For instance, the CPB Netherlands Bureau for Economic Policy Analysis 
(Verbruggen et al., 2005) analyzed the macroeconomic house price determinants from 
five different studies. Subsequently, they tested most of these variables to examine 
whether house prices respond to these factors. Ultimately, the CPB created a model 
using the real disposable income, inflation, nominal interest rate, households’ wealth, 
and the housing stock as explanatory variables. Remarkably, CPB argued that the house 
price in 2000 disconnected from her fundamentals due to an extreme shortage, which 
ultimately led to an increase in house prices of 17.5%. As a consequence, CPB treats 
the price development in that year differently in their model.  

Francke et al. (2009) also compared several Dutch house price models provided by the 
OTB and CPB. They estimated a house price model using the real modal labor income 
and the real mortgage interest rate, however they did not include a supply-side factor.  

Lastly, OESO (2004) introduced a house price model including both a supply as well as 
a demand-side. In order to assess house prices, OESO used the housing stock, real 
household wealth, real income and the real mortgage interest rate as determinants.  

Several house price studies used the construction costs to reflect the supply-side of 
housing, however the inclusion of this variable is somewhat questionable. According to 
Meen (2002), construction costs can only be included in a system wherein a full stock 
equilibrium occurs. However, since the supply-side of housing is inelastic, which is 
especially the case in the Netherlands, the market is assumed to be out of equilibrium 
(almost) all the time. Besides, the addition of new supply is related to the profitability 
of new construction which is a function of house price and construction costs (Tsai, 
2012). House prices affect future housing supply because developers depend their 
decision making on current housing prices. Therefore, changes in the construction are 
subjected to changes in house prices, which does increase the difficulty of adding these 
in a house price model. Concluding, the existing literature provides reasons to omit the 
construction costs as an explanatory variable in a house price model. 

To recap, a wide variety of macroeconomic variables are used to explain house price 
movements. Nevertheless, it can be concluded from the foregoing that income and 
interest rate are confirmed in the majority of the existing literature (e.g. Adams and Füss, 
2010; Hort, 1998; Verbruggen et al. 2005; Francke et al., 2009).  

2.1.2. Institutional/geographic drivers 

Most studies analyzing the relevance of institutional or geographic drivers conducted a 
research on disaggregated data on regions or cities. For instance, Himmelberg et al. 
(2005) analyzed 46 metropolitan areas in the U.S. and emphasized that house price 
dynamics are a local phenomenon. In addition, analyzing the same areas, Green et al. 
(2005) compared the supply elasticity in these regions. They found that the elasticity 
differs substantially from place to place, where more regulated areas showed lower 
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elasticities of supply. Moreover, a study focusing on the Netherlands by De Vries and 
Boelhouwer (2005) provided evidence that the housing supply can have a different 
impact across regions. It can therefore be concluded that geography is important when 
considering house price dynamics on a regional level.  

The role of demographics is investigated in Takáts (2012), who compared 22 countries 
and found a significant impact of demographics on house prices. Also Mankiw and Weil 
(1989) found a highly significant impact on house prices. However, the opposite is 
found by Englund and Ioannides (1997), Engelhardt and Poterba (1991), and Hort 
(1998). Focusing on the Netherlands, Francke (2010b) contributed with a study on price 
developments in regions with a shrinking population in the Netherlands. He shows that 
the household size significantly affects price development. No evidence was found of a 
significant impact on house price by changes in the number of households or 
population. Besides, the majority of studies on Dutch house prices did not find 
demographics to have a significant impact.  

2.1.3. Funding arrangements 

Another driver concerns funding arrangements. For instance, Tsatsaronis and Zhu 
(2004) analyzed the impact of macroeconomic factors on house prices taking into 
account the role of mortgage financing. They analyzed three groups of countries formed 
by mortgage finance characteristics. Significant differences in the effect of 
macroeconomic factors on house prices between these groups were found. In addition, 
Calza et al. (2013) provided evidence that shocks to monetary policy in fact has a 
significantly stronger impact on house prices and residential investment in countries 
with more flexible and developed mortgage markets. 

Turning to studies assessing the role of funding arrangements with regard to house 
prices in the Netherlands, Francke et al. (2014) analyzed the effect of credit conditions 
on the Dutch housing market. In their study, a credit conditions index (CCI) is 
estimated which represents the changes in supply of credit over time, apart from 
changes in interest rates and income. Ultimately, they showed that credit conditions are 
attributable to a large decrease in house prices in the recent financial crisis. Moreover, 
Timmermans (2012) showed that the changes in the loan-to-value mortgage cap has an 
impact on house prices. Additionally, Swank et al. (2002) found that favorable tax 
conditions tend to create house price explosions.  

2.1.4. Other factors 

In addition to the aforementioned factors, house prices are also affected by speculative 
behavior and seasonality.  

Reservation prices1 set by participants in the housing market are usually based on 
existing sales. When there are not enough comparable sales available, participants have 
to use sales distant in time or location. This phenomenon has its impact on house prices 

                                                      
1 The price a buyer is willing to pay for a house or, in case of a seller, the price the seller is willing 
to sell his house for.   
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because it leads to a real estate market that is associated with lagging house prices, 
resulting in a market that is usually characterized as inefficient (Capozza et al., 2002). 
Inefficiencies in housing markets lead to prices that do not immediately incorporate 
market information and thus exhibit smooth behavior, this is also known as price 
inertia. This smoothing or speculative behavior is incorporated in several house price 
models by the inclusion of a lagged change in the house price. Examples of models 
implementing a lagged growth of house price are Boelhouwer et al. (2004), Francke et 
al. (1999) and Hort (1999). Hort also describes this component as a bubble builder, 
since the expectations of house owners drives prices up resulting in the formation of a 
bubble.  

Another relevant issue for this research is the seasonality in house prices. Ngai and 
Tenreyro (2013) found that house price increases are larger in the second and third 
quarters, than during the fourth and first quarters of a year. Also Boelhouwer and De 
Vries (2004) noticed that house prices changes more in the first half of the year than 
the second half. This academic knowledge of seasonality has to be taken into account 
since this research study makes use of quarterly data.  

2.1.5. Overview of determinants 

As can be noted from the previous sections, the house price determinants in the existing 
literature are diverse. To give a complete overview, the house price determinants used 
in studies examining house prices in the Netherlands are summarized in Table 1.  

2.2. House price models 

Housing markets have some extraordinary characteristics. For instance, supply cannot 
immediately react to demand for housing. This is especially so in the highly regulated 
Dutch housing market (Swank et al., 2002). As a consequence, housing markets are 
characterized by low-elasticity of supply. This results in a housing market wherein 
supply and demand are rarely in equilibrium. Besides this feature, several studies 
recognize housing markets as inefficient markets (Case and Shiller, 1989; Malpezzi, 
1999). For instance, Case and Shiller (1989) recognized that house prices are predictable; 
a change in house prices last year can be used to predict the change of house prices in 
this year. 

2.2.1. Error-correction house price models 

To allow for these peculiar housing market characteristics, an error-correction model 
(ECM) functions well as a house price model. Another advantage of an ECM is that it 
combines both levels and differences in house price determinants. An ECM consists of 
two models, namely a long- and short-term one. The long-term model estimates an 
equilibrium or long-run house price. The short-term model attempts to explain the 
short-run relationships and captures the impact from the deviation of actual house 
prices from the equilibrium price in the previous period. As a result, an ECM is able to 
explain long- and short-run relationships between fundamentals and house prices. A 
graphical presentation of real house prices in an error-correction model is depicted in 
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Table 1. Variables explaining house price changes in the Netherlands 

    Article 

Variable   (1) (2) (3) (4) (5)c (6)d (7)e 

         
Long-term model         

Construction costs        X 

Housing stock   X  X   X 

Real GDP        X 

Real household wealth   X  X    

Real income a   X X X  X  

Real (mortgage) interest rate   X X X  X X 

User costs  X       

         

Short-term model         

Deviation from long-run equilibrium X X  X  X X 

Housing stock   X  X   X 

Lagged house price X  X   X X 

Real (mortgage) interest rate X X X X X X X 

Real GDP        X 

Real household wealth  X      

Real income a  X X X X  X X 

Return on stock markets     X   

Scarcity on the housing market     X   

Seasonal/Annual effects X   X X   

Unemployment rate     X   

         

Statistics     
Sample period 

 
1975 
2002

1970 
2002

1974 
2004

1981 
2003

1985 
2003 

1965 
2009 

1970 
2011 

Data frequency b  HY Y Q Y Q Y Y 

R² Long-term 0.75 0.76 - 0.98 - 0.99 0.94 

 Short-term 0.76 - - 0.89 0.73 - 0.85 
                  

Articles:  
(1) Boelhouwer et al. (2004) 
(2) OESO (2004) 
(3) Hofman (2005) 
(4) Verbruggen et al. (2005) 
(5) Brounen and Huij (2004) 
(6) Francke et al. (2009) 
(7) Timmermans (2012) 
 
Source: Van der Windt (2014) 

Comments: 
(a) Diversity in type of income (e.g. gross 

disposable income, net disposable income)  
(b) M = Monthly, Q = Quarterly,  

HY = Halfyearly, Y = Yearly 
(c) Brounen and Huij (2004) use the variables to 

explain nominal house price changes 
(d) Francke et al. (2009) use a linear trend in their 

long-term model.  
(e) Timmermans (2012) uses the LTV ratio also  
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Figure 3. Examples of error-correction models in the house price literature are Francke 
(2010a), Hort (1998), Malpezzi (1999) and Meen (2002).  

 

With regard to house price models, a distinction can be made in demand-side and 
demand-and-supply-side models. Demand-side models determine house prices by using 
variables that explain the demand for housing only, whereas demand-and-supply 
models add supply-side variables. In these latter models, there is a feedback from supply 
to house prices. Studies using demand-side models are Boelhouwer et al. (2004), Francke 
et al. (2009), and Hofman (2005). Francke et al. (2009) proposed to expand their model 
by using a supply factor, but Boelhouwer et al. (2004) did not find extra explanatory 
power of adding housing supply to their current model. In addition, Hofman (2005) 
stated that the supply of housing in the Netherlands is very inelastic and therefore does 
not take a supply-side into account. Studies that do not omit supply-side variables are 
OESO (2004), Verbruggen et al. (2005), and Timmermans (2012). However, these 
studies did not find strong significant estimates for the supply-side variables. In order 
to give a complete view on the determinants of house prices, the relevancy of supply-
side factors will be analyzed in this study as well. 

To use an ECM correctly, the variables in the model should satisfy several conditions, 
e.g. co-integration2 of the used variables. Remarkably, the majority of models estimating 
the house prices in the Netherlands (e.g. Timmermans, 2012; Boelhouwer et al., 2004; 
Verbruggen et al., 2005) do not satisfy these, therefore the use of an error-correction 
model is not fully appropriate in these cases. Also Gallin (2006) shows some 
contradicting evidence with regard to the co-integration relationships of house prices 
and income. By using a large panel set of U.S. date, he shows that income and house 
prices are not co-integrated. Concluding, the question arises whether house prices are 
really fluctuating around a co-integrated trend determined by its fundamentals. It is also 
possible that house prices are indeed trend-reverting, but that the trend is changing over 
time. This topic will be further elaborated on in paragraph 4.2.   

                                                      
2 Co-integration is a statistical property of time series variables. Time series are co-integrated if 
they share a common trend. More about co-integration will be elaborated on in the Model 
section of this paper.  
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2.2.2. Models allowing for changes in the house price dynamics 

The majority of studies on house price dynamics use linear regression type models. In 
other words, these studies assume that the house price determinants have a similar 
impact on house prices over the analyzed sample period. In contrast, a handful of 
studies analyzed house prices by allowing for differences in the house price dynamics 
over time. In these studies, non-linear switching regression models are used to analyze 
whether house price dynamics vary across different regimes.  

Several studies analyzing the house price dynamics over time implemented the Markov 
switching model of Hamilton (1989), also known as the regime switching model. This 
model has been widely applied to analyze economic and financial time series, see e.g., 
Hamilton (1989, 1990) and Goodwin (1993), among many others. This model involves 
multiple equations denoting the behavior of time series in different “regimes” or 
“states”. The switching mechanism is controlled by an unobservable state variable that 
follows a first-order Markov chain (Kuan, 2002). The probabilities calculated by the 
Markov chain determine in what state the housing market is in. A more detailed 
explanation of the Markov switching model is presented in the Model section of this 
paper. 

Applications of the Markov switching mechanism in house price studies are presented 
in Hall et al. (1997) and Nneji et al. (2013b). The former analyzed house price dynamics 
in the U.K. to show whether the error-correction differs between the two regimes in 
the housing market, namely a stable and unstable one. More recently, Nneji et al. (2013b) 
employed a three-state Markov-switching model. In their study, they analyzed the link 
between the U.S. housing market and macroeconomic variables, taking into account the 
real estate market cycle. In comparison with Hall et al. (1997), they included three 
regimes, namely a “boom”, “steady-state” or “crash” regime. Note that an error-
correction term is not included in the study of Nneji et al. (2013b).  

2.3. Changing house price dynamics 

As  mentioned in the previous paragraph, several studies provided empirical evidence 
that suggests that the house prices show a different behavior over time. The literature 
distinguishes changes in house price dynamics as a result of (1) a structural break, and 
(2) the state of the housing market. Both aforementioned topics will be discussed in the 
following two paragraphs.  

2.3.1. Structural breaks in the house price dynamics 

A structural break may be the change as a result of some unique economic event (Glynn 
et al., 2007). This event can be caused by an institutional, technical or legislative change. 
As a consequence, the relationship between house prices and its fundamentals may 
change due to a structural break in the time series. Turning to the existing studies on 
house prices, the minority of studies incorporates breaks in a model. The ones that do, 
usually capture policy changes in order to reflect the house price dynamics.  

Yan et al. (2010) modelled house prices in Beijing. In order to deal with the reform of 
the financing system where the government strengthened the requirements for down 
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payments and loan-to-value ratios they included a shadow price of credit constraints. In 
order to do so, they used the new residential mortgage loans as a measure of the degree 
of credit rationing. In addition, they used two dummies reflecting a land supply and a 
foreign exchange rate regime shift. Then finally, they added a dummy that denotes the 
impact of government regulations on the housing market self-adjustment mechanism 
(the error-correction). All added dummies used in their study turned out to be 
significant.  

Furthermore, a study focusing on house price dynamics in Singapore (Lum; 2002) uses 
two policy dummies. These dummies represented the liberalization of funds for 
acquiring private residential properties and the deregulation of the public housing 
market, where only the latter turned out to be significant.  

Another study incorporating the impact of policy changes is provided by Drake (1993), 
who analyzed house price dynamics for the UK housing market. He had to find a 
method of dealing with the change of regime in the mortgage market during the 1980s. 
As a result, he included a dummy in the short-term equation to estimate UK house 
prices. 

Some difficulties occur when trying to incorporate the impact of policy changes in a 
house price model. Firstly because it is difficult to examine at which time the event had 
an impact on house prices. Secondly, it must be considered whether the impact has an 
immediate or gradual effect. Dummies may also capture other (unobservable) effects 
than of policy, therefore, incorporating structural changes by dummy variables is not 
preferred. Another question that arises is whether a policy impact will have a structural 
(permanent) or only temporary impact on house prices.  

2.3.2. House price dynamics in different states of the market 

Empirical findings show that the house price dynamics vary between different housing 
market’ conditions. In the existing literature, different house price dynamics are found 
in case of an over- or undervaluation of house prices. Besides that, the house price 
dynamics are found to be varying across the residential real estate cycle. Lastly, some 
studies show that the house prices dynamics differ between a stable and unstable 
housing market. These three types of changing dynamics will be discussed in this 
paragraph. 

Starting off with the literature that suggests that house prices’ adjustment to its long-
run equilibrium price is different in case of an under- or overvaluation . Gao et al. (2009) 
and Abelson et al. (2005) found that in the U.S. undervalued house prices adjust more 
quickly than in case of an overvaluation, this feature is also known as downward price 
rigidity. This can be explained by sellers in weak markets that are often unwilling to sell 
their house at current market prices. In case of the Netherlands, Verbruggen et al. (2005) 
analyzed this phenomenon. They did not find a strong significant asymmetric 
adjustment of house prices. Due to the interest nature and use of previous academic 
literature, in this research study, the existence of an asymmetric error-correction will 
also be investigated. 
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According to Hort (1998), real house prices have shown a tendency to move in cycles 
with a number of booming years followed by a sequence of busts. Several studies 
analyzed the house price dynamics by incorporating the cyclical behavior of house 
prices at the same time.  

Using computed probabilities from a regime (or state) switching model, Nneji et al. 
(2013a) found a structural break in the price-to-rent ratios of U.S. house prices between 
1960 and 2011. By taking this break into account, the data were split into two sub-
periods. Subsequently, the house price dynamics in both sub-periods were analyzed to 
show whether the deviation of house prices from their fundamental values comes from 
the presence of an intrinsic bubble or rational speculative bubble. Intrinsic bubbles are 
a result of an overreaction to changes in economic fundamentals, where rational bubbles 
are not driven by fundamentals but arise due to high expectations of future house prices. 
Nneji et al. conclude that in the first period (1960-1999) there is evidence of an intrinsic 
bubble, whereas deviations in the second period are characterized by a rational bubble. 
So, different house price dynamics were found between the two sub-periods in the U.S. 
housing market.  

Hall et al. (1997) found that the error-correction adjustment differs significantly between 
regimes. More specifically, they found that house prices correct the deviations from the 
long-run equilibrium (error-correction) in a stable regime. On the contrary, these do not 
adjust to the equilibrium level when the housing market is in an unstable state, indicating 
that house prices in this state are not related to their long-run equilibrium level.  

More recently, Nneji et al. (2013b) employed a three-state switching model. In their 
study, they analyzed the link between the U.S. residential real estate market and 
macroeconomic variables, while taking into account the real estate market cycle. In 
comparison with Hall et al. (1997), they included three regimes, namely a “boom”, 
“steady-state” or “crash” regime. The macroeconomic variables included are the short 
term interest rate, the term spread, inflation rates and disposable income. They showed 
that the sensitivity of house prices to economic changes is regime-dependent. More 
interestingly, they found that house prices are insensitive to changes in the economic 
variables during a crash regime. In line with the findings of Hall et al. (1997), it can be 
concluded that the housing market disconnects from its economic fundamentals. This 
implies that the existing house price models using macroeconomic variables are not able 
to explain or forecast house prices during a period of a crashing housing market.   

Confirmed by the existing literature, it can be concluded that house price dynamics 
differ over time. Where Nneji et al. (2013a; 2013b) focused on booms and busts in house 
price series in the U.S., Hall et al. (1997) determined the house price dynamics based on 
a stable and unstable U.K. housing market. With regard to the Netherlands, there is no 
study analyzing possible changes in house price dynamics over time. An investigation 
on this subject might result in more profound understanding of the house price 
behavior over time.  
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2.4. Chapter summary 

From the existing literature, both on the international and the Dutch housing market, 
it can be concluded that the income and the mortgage interest rate are the most relevant 
house price determinants.  

The peculiarities of the housing market provide challenges for econometric modelling. 
Housing markets are characterized as inefficient due to an in-elastic supply-side and a 
predictable behavior. Besides that, house prices show a reverting tendency towards their 
fundamental price; a price wherein supply and demand are in equilibrium. In the existing 
literature, the house price dynamics are usually explained in an econometric error-
correction framework; a framework wherein house prices move along a long-run 
equilibrium price.  

Lastly, the existing literature provides evidence that house price dynamics vary over 
time. Changes are found as a result of structural breaks, for example caused by policy 
changes. Furthermore, the dynamics may change due to different housing market 
conditions. It is recognized by several academics that the house price dynamics vary 
over the residential real estate cycle, or that the dynamics are different between a stable 
or unstable housing market. A study investigating the changes in house price dynamics 
in the Netherlands will lead to a more profound understanding of the behavior of Dutch 
house prices.  
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3. Data 

Following the review of the existing literature on the dynamics of house prices, 
this chapter will discuss the available data for this research. The aim of this study 
is to test as many potential house price determinants as possible. Data for this 
research are divided into house prices and variables reflecting the demand- and 
supply-side of the Dutch housing market. The data employed in this research 
consists of 159 observations on a quarterly basis, covering the period from 
1975Q1 to 2014Q3.  

 

 

3.1. House price index 

In order to analyze owner-occupied house price movements over a long period, indices 
obtained from two sources are combined in this study. For the first part of the house 
price index, the period to 1995Q1, the repeat sales price index of Van Bussel et al. (1996) 
is used. As the name suggests, this index is based on houses that are repeatedly sold, 
where the price change between transactions at different points in time is used to 
estimate the price development. From 1995 onwards the sale price appraisal ratio 
(SPAR) index of CBS (Statistics Netherlands, 2008) is applied. In addition to the repeat-
sales index, the SPAR index includes houses that are only sold once as well. This can be 
done by using an appraisal of the dwelling instead of the missing transaction price for 
the first observation.   

The obtained time series are both constant-quality price indices, i.e. correcting for the 
varying set of houses sold in each period. Price indices based on averages and medians 
assume that the underlying set of properties and its characteristics are equal over time. 
However, this is a questionable assumption. It might be more realistic to assume that 
the set of properties can differ over time, this results in a sample selection bias if taking 
averages or medians. This issue is covered when using the repeat sales and the SPAR 
house price indices. Both indices measure a constant-quality price development of 
owner-occupied houses, however they are constructed differently. This may have some 
implications when estimating the house price models. However, no problems are 
expected since these indices are combined frequently in the existing literature. 

As mentioned earlier, Boelhouwer and De Vries (2004) and Ngai and Tenreyro (2013) 
concluded that house price changes are seasonally affected. With regard to the house 
price index in this study, seasonality is indeed observed. Therefore the house price index 
is seasonally adjusted by the X-12-ARIMA application provided by the U.S. Census 
Bureau. 

In order to create a real variable, the house price index is deflated by the harmonized 
consumer price index (also known as the harmonized index of consumer prices; HICP). 
Most house price studies use the ordinary consumer price index (CPI) instead of the 
harmonized one. However, since the CPI includes housing expenditures, the HICP is a 
more appropriate measure. The HICP is provided by Statistics Netherlands.   
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3.2. Determinants 

The analyzed time series reflecting the demand- and supply-side of housing are the gross 
domestic product (both national and per household), the gross disposable household 
income (both national and per household), the unemployment rate, the savings of 
households (both national and per household), the mortgage interest rate (real and 
nominal), and the number of owner-occupied houses.  

The gross domestic product (GDP) is obtained from Datastream. The nominal quarterly 
series are seasonally adjusted and deflated by the gross domestic product deflator. The 
use of the GDP deflator is more appropriate than the commonly used price deflator 
based on the CPI. The former reflects all prices of goods and services produced 
domestically per period, whereas in the latter this is a reflection of a fixed ‘basket of 
goods’.  

Another demand-side measure used in this study is the gross disposable household income. 
Before 1995, none of the available income series were available on a quarterly basis. 
Furthermore, it was noted that the changes in income depend heavily on the season. 
Controlling for these seasonality results in a series that is still highly volatile. In order to 
avoid these problems, the annual income series is interpolated to create a quarterly time 
series. Finally, the income series is deflated by the consumer expenditure deflator 
provided by Statistics Netherlands.  

The employment in the Netherlands is also taken into account. This is done by analyzing 
the effect on house prices of the unemployment rate, provided by Eurostat. The 
unemployment rate is available on a quarterly frequency and is seasonally adjusted.  

The mortgage interest rate is provided by Statistics Netherlands. These interest rates are 
based on a 5-year annuity mortgage. To create an interest series in real terms, the 
nominal interest rate should be reduced by the expected inflation. In order to create a 
variable that measures expected inflation, a model is created to predict inflation for each 
time in the sample period. The expected inflation follows from an ARMA(7,7) model 
with monthly dummies, wherein the monthly CPI time series are forecasted. The orders 
(the number of lagged autoregressive and moving average parameters; 7,7) in the ARMA 
model are chosen based on the AIC, SEE and Adjusted R-squared. The results from 
the selection criteria are presented in Appendix C, Table 1. The final estimation results 
of the ARMA(7,7) model are presented in Appendix C, Table 2. For each observation, 
monthly forecasts are made (up to 12-months ahead) and annualized to calculate the 
expected inflation. Finally, the nominal interest rate is deducted by the expected 
inflation to create a real variable.  

The savings of households as a percentage of gross household income are provided on an 
annual frequency by Statistics Netherlands. In order to create a variable reflecting the 
amount of savings of households, the savings rate (%) is multiplied by the real gross 
disposable household income.  

Two demographic demand-side variables are included in this study, namely population 
(the number of individuals) and the number of households in the Netherlands. Both 
variables were provided by Statistics Netherlands and are only available on an annual 
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frequency. To include these variables in the quarterly model, missing values in the time 
series were estimated by linear interpolation.   

A variable reflecting the supply-side of the market is the housing stock. This variable 
denotes the number of owner-occupied houses in the Netherlands. Data on the supply 
of housing units were provided by Statistics Netherlands on an annual frequency, 
therefore, the data are interpolated to quarters.   

3.3. Data description 

All variables, except both mortgage interest rate variables, are expressed in natural 
logarithms. Logarithms are used to incorporate the relative changes of a variable in the 
model. For example, house prices are denoted as 	 ln  where the  represents 
the nominal price. The first differences are denoted as ∆	 	 ln ln  which is 
proportional to the percentage difference. Table 2 presents a summary of the variables 
used in this study. Descriptive statistics of these variables are shown in Table 3.  

Table 2. Variable description 

Variable Description 

ht Log house price index - Log HICP * 

yt Log total gross disposable household income - Log CED ** 

y.avt Log gross disposable household income per household – Log CED 

gdpt Log gross domestic product - Log GDP deflator 

gdp.avt Log gross domestic product per household – Log GDP deflator 

ut Log unemployment rate 

Inom,t Nominal mortgage interest rate 

Ireal,t Nominal mortgage interest rate - Expected inflation 

popt Log population of working age 

hht Log number of households 

st Log total savings of households - Log CED 

s.avt Log average savings per household - Log CED 

hst Log housing stock owner-occupied 

* HICP: Harmonized index of consumer prices 
** CED: Consumer expenditure deflator 

 
According to the descriptive statistics in Table 3, real house prices increased by 0.40% 
per quarter on average, this results in an average growth rate of 1.6% per year between 
1975Q1 and 2014Q3. However, the growth rates differed considerably over time as can 
be seen in Figures 4 and 5. According to Figure 6, the average income per household 
show a similar path wherein the periods of crisis can be easily identified. In the periods 
after 1982 and 2008 income fell rapidly, which as a result also drove house prices down. 
A peak in the nominal mortgage interest rate was reached in 1982, as can be seen in 
Figure 7. Also, this period was characterized by high inflation. Over the sample period 
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mortgage interest rates were moving along a downward trend. In 2014Q3, the nominal 
mortgage interest rate is at its lowest, namely 3.3%. Figures of the other variables used 
in this research are provided in Appendix B, Figures 1 to 13.   
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Table 3. Descriptive statistics 

Variable Description Obs Mean Std. Dev. Min Max 

Yt x € 1,000,000 159 58,784 11,383 39,567 72,896 

Y.AVt x € 1 159 9,267 615 8,231 10,450 

GDPt x € 1,000,000 159 115,833 30,725 69,354 162,028 

GDP.AVt x € 1 159 18,077 2,394 14,753 22,373 

Ut % 159 5.33 1.46 2.50 8.75 

Inom,t % 159 7.01 2.39 3.32 1.31 

Ireal,t % 159 4.31 1.97 0.07 8.30 

POPt  159 10,600,000 675,275 9,082,033 11,400,000 

HHt  159 6,301,963 904,221 4,561,000 7,638,817 

St x € 1,000,000 159 9,084 1,407 6,596 12,553 

S.AVt x € 1 159 1,458 229 1,003 2,071 

HSt  159 3,045,891 912,534 1,583,471 5,780,414 

∆ ht  158 0.0040 0.0212 -0.0567 0.0605 

∆ yt  158 0.0037 0.0058 -0.0060 0.0186 

∆ y.avt  158 0.0005 0.0058 -0.0100 0.0135 

∆ gdpt  158 0.0052 0.0111 -0.0503 0.0566 

∆ gdp.avt  158 0.0020 0.0111 -0.0540 0.0518 

∆ ut  158 0.0025 0.0495 -0.2498 0.1082 

∆ Inom,t  158 -0.0004 0.0038 -0.0140 0.0153 

∆ Ireal,t  158 0.0002 0.0061 -0.0145 0.0242 

∆ popt  158 0.0014 0.0038 -0.0257 0.0159 

∆ hht  158 0.0033 0.0016 0.0007 0.0066 

∆ st  158 0.0019 0.0250 -0.0462 0.0616 

∆ s.avt  158 -0.0014 0.0250 -0.0504 0.0592 

∆ hst   158 0.0082 0.0143 0.0023 0.1326 

3.4. Chapter summary 

The data used in this research covers the period between 1975Q1 and 2014Q3. For this 
period, quarterly data is obtained directly or interpolated from yearly observations. This 
resulted in a total of 159 observations. The analyzed house price series is a constant-
quality price index, i.e. correcting for the varying set of houses sold in each period. All 
variables are in real terms and, except for the mortgage interest rate, expressed in natural 
logarithms. 
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4. The model 

In the previous chapter the variables with regard to house prices and its 
determinants were provided. In order to determine the relationship between 
these, econometric modelling techniques are used. Starting off with a 
description of the commonly used error-correction house price model. 
Subsequently, the model is modified to investigate structural changes in the 
house price dynamics. Finally, the model will be equipped with a switching 
mechanism in order to investigate the house price dynamics in different states 
of the Dutch housing market.  

 

4.1. The error-correction model 

The error-correction model is estimated by using an Engle and Granger two-step 
procedure (Engle and Granger, 1987). As mentioned earlier, in an error-correction 
model, house prices are assumed to fluctuate around a long-term trend. This model can 
be econometrically estimated by two stages; the first stage is depicted as the long-term 
model and the second stage is depicted as the short-term model. The two stages of the 
Engle and Granger two-step procedure and several modifications incorporating the 
possible changes in the dynamics are described in the following sub-paragraphs. 

4.1.1. The long-term model 

The first stage in the modelling process of an error-correction price model is comprised 
of the estimation of a long-term model which determines the long-run equilibrium 
house price and is also known as the fundamental house price. The long-run equilibrium 
is estimated by regressing the levels of house price determinants on real house prices. 
This is shown in equation (1), wherein coefficients are estimated by ordinary least 
squares (OLS).  

 ∗
, 	 	…	 	 , 	  (1) 

 
In the above equation, ∗ denotes the estimated long-run equilibrium house price, ,  

represent a k-number of house price determinants and  is the error-term.   

To use an error-correction model, the long-run relation between house prices and its 
determinants has to meet the conditions of a co-integrating relation. Co-integration 
implies that the variables share a common trend. In order to formally satisfy the 
conditions of a long-term co-integrating relationship, the residuals obtained from the 
co-integrating regression have to be stationary. To confirm stationarity in the residuals 
obtained from the co-integration regression, Augmented Dickey Fuller (ADF) tests on 
the residuals should meet the critical values for co-integration tests provided in 
MacKinnon (2010).  

In order to ultimately estimate the short-term model (paragraph 4.1.3), the residuals are 
extracted from the long-run equation. These denote the deviation from the actual house 
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price  in relation to the estimated fundamental house price ∗ 	. Resulting in the 
error-correction term  as is calculated in equation (2). 

 ∗ (2) 

4.1.2. Structural breaks in the long-run equilibrium  

The long-term model in equation (1) assumes that the fundamental relationships 
between house prices and its determinants are similar over time. However, as mentioned 
in the literature chapter, it might be that the relationships contain one or more structural 
breaks.  

In the existence of a break, some difficulties occur to confirm a co-integrating relation 
when using the ordinary ADF-test. This was noted by Beyer, Haug, and Dewald (2009), 
as they showed that a break in a co-integrating relation results in a spurious unit root 
that leads to a rejection of co-integration. Therefore, other tests have to be performed 
that take into account breaks in the co-integrating relation. More specifically, the tests 
by Gregory and Hansen (1996) should be applied in case of one structural break. In the 
existence of two breaks, tests by Hatemi-J (2008) provide evidence of a co-integrating 
relation between house prices and its determinants.   

Finally, in the existence of breaks, the model in equation (1) is adjusted to a model taking 
into account the breaks, resulting in equation (3). In this equation, the existence of one 
break in the long-run is included:  

 ∗
, 	 	…	 	 , , 	 	…	 	 , 	  (3) 

where 1 ̂  and ̂ is the estimated time of the break which is endogenously 
determined. If more than one structural break is found, another set of dummy variables 
for the breaks is added to the equation. Equation (3) includes changes to the slope of 
the parameters. Note that also breaks in the intercept or a trend can be included to 
correct for structural changes.  

4.1.3. The short-term model 

After completion of the first stage in the error-correction modelling process, the short-
term model can be estimated. In the second stage, the short-run relationships are 
explored by including the residuals from the long-run equilibrium model (1), or model 
(2) in the presence of one or multiple breaks. In the short-term model, the differences 
of house price determinants (∆ ,  are used to explain the short-run changes in house 
prices (∆ ). Note that the house price determinants in the short-run can be different 
than the ones in the long-run. The addition of the first lag of the error-correction term 
(  or ∗ ) to the short-term model will capture the impact of deviations 
from the long-run equilibrium. This second stage attempts to explain the deviation from 
the equilibrium, and tries to put the actual house prices back to their equilibrium 
whenever these move away. The short-term model is presented in equation (4). 

 ∆ ∆ ,
∗ ∆ , 	  (4) 
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The  and  capture the degree of serial correlation and the extent of mean-reversion 
respectively. The lagged changes in growth of house price (∆ , ) can be seen as bubble 
builders which capture the market’s inefficiency, where the deviation from the long-run 
equilibrium ( ∗ ) functions as a bubble burster (Francke et al., 2009).   

The short-term model is the final model estimating the house prices on a short-term 
outlook and can ultimately be used to generate a short-term forecast of house prices.  

4.2. State-varying house price dynamics 

To gain more profound understanding of possible changes in the house price dynamics 
over time, several analyses are done. First of all, the speed of the adjustment of house 
prices to their fundamental values is analyzed by exploring these in case of an over- and 
undervaluation. Secondly, the state of the housing market is taken into account. In order 
to do so, a Markov switching mechanism is implemented in the error-correction house 
price model.  

4.2.1. Asymmetric error-correction of house prices 

Most studies on house prices use a symmetric error-correction term. Symmetric as in a 
similar speed of adjustment to the fundamental price when actual house prices are 
under- or overvalued (i.e. h h∗ 0 or h h∗ 0 respectively). However, several 
studies (Abelson et al., 2005; Gao et al., 2009) show that an undervaluation of house 
prices adjusts more quickly than in the case of an overvaluation, this feature is also 
known as downward price rigidity. This can be explained by sellers in weak markets that 
are often unwilling to sell their house at current market prices. An ECM with an 
asymmetric error-correction is specified in equation (5). In model (5), the 

∗  shows the degree of overvaluation and the .  operator controls this 
so the component only has a (positive) value if house prices are overvalued,  measures 
the degree of mean-reversion in case of undervaluation and  denotes the difference in 
mean-reversion between an under- and overvaluation. The degree of mean-reversion in 
the case of an overvaluation can be estimated by . 

 ∆ ∆ ,
∗ 	 ∗ ∆ , 	  (5) 

4.2.2. Markov-switching error-correction house price model  

The Markov switching model of Hamilton (1989), also known as the regime or state 
switching model, makes it possible to analyze a nonlinear relationship between the 
growth in house prices and changes in the house price determinants. The Markov 
switching model is only suitable for stationary data. Hence, the used variables must have 
a mean and variance that is constant over time. This means that only the short-term 
model allows a Markov switching mechanism. Combining the Markov switching 
mechanism and the error-correction house price model results in multiple equations 
that denote the short-term behavior of house prices in different “regimes” or “states”, 
as is shown in equation (6).  
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(7)

(8) 

∆ 		
∆ ,

∗ ∆ ,

∆ ,
∗ ∆ ,

 

As in the short-term model proposed in paragraph 4.3, the  and  capture the degree 
of serial correlation and the extent of mean-reversion respectively. The lagged changes 
in growth of house price (∆ , ) capture the market’s inefficiency. Note that 
specification (6) includes two different regimes (  and ). To determine the number of 
regimes in the model, likelihood tests are performed. The test criteria give insights in 
the optimal number of regimes.  

Switching between the regression is controlled by an unobservable state variable  
that follows a first-order Markov chain. For each specific regime, the above equations 
give insights into the serial correlation, the extent of mean-reversion and the sensitivity 
of house prices to changes in the house price determinants. Also the errors in the model 
are state-varying.  

The state variable follows a first order Markov chain. In particular, only the current 
value in this state variable depends on the past value. This can be seen in the following 
transition matrix (this example includes two regimes):  

P 	
Pr 1	|	 1 Pr 2	|	 1

Pr 1	|	 2 Pr 2	|	 2
	  

				P 	
	 	
	 		  

Where 	 , 1,2  denotes the transition probabilities of 	  given that 	 , 
i.e. 	  refers to the transition probabilities from state  to . As a final result, the 
probability series3 are estimated which show the probability that the housing market is 
in a specific state. A maximum likelihood estimation is used to determine the unknown 
parameters ( , , , , 	 in the Markov switching model. A more technical description 
regarding the estimation of probabilities can be found in Hamilton (1989).  

The results from the probability matrix can be used to determine to what extent the 
housing market moves from one state to another. Furthermore, the expected duration 
(ED) the housing market stays in a specific state can be calculated as follows:  

ED 1
1  

4.3. Chapter summary 

House prices are usually explained by an error-correction model. In an error-correction 
framework, house prices are assumed to fluctuate around a long-term trend. This model 
can be econometrically estimated by two stages; the first stage is depicted as the long-
term model and the second stage is depicted as the short-term model.  

                                                      
3 A distinction can be made into filtered and smoothed probabilities. The filtered probabilities 
are estimated using the information up to time , where the smoothed probabilities take into 
account the entire sample period. Smoothed probabilities will be presented in this research. 

(6) 
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The first stage in the modelling process of an error-correction price model is comprised 
of the estimation of a long-term model which determines the long-run equilibrium 
house price and is also known as the fundamental house price. In the second stage, the 
short-run relationships are explored by including the residuals from the long-run 
equilibrium model which represent the error-correction term. The addition of the error-
correction denotes the deviation from the equilibrium, and attempts to revert the actual 
house prices back to their equilibrium whenever these move away. 

In order to analyze the changes in the house price dynamics, the existence of structural 
breaks in the long-run equilibrium are investigated by applying co-integration tests that 
endogenously determine the time of the breaks. Secondly, to analyze the existence of 
downward price rigidity, the error-correction model is implemented with an asymmetric 
error-correction. This makes it possible to show whether an undervaluation of house 
prices adjusts more quickly than in the case of an overvaluation. Lastly, a Markov-
switching model is used to analyze changes in the house price dynamics between 
different states of the housing market. In this Markov-switching model, an 
unobservable state variable is estimated which shows the probability that the housing 
market is in a specific state, where the number of states are determined by likelihood 
tests. By means of a maximum likelihood estimation, the output of the Markov-
switching model uncovers the house price dynamics in each state of the housing market.  
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5. Modelling house price developments 

This chapter is comprised of the empirical analysis on the house price dynamics. 
The analysis first focuses on the validity of variables since these have to meet the 
requirements of an ECM. Secondly, this chapter will start the modelling process 
by estimating the long-term model. Emphasis will be given to the breaks in the 
long-term relationships. Thirdly, the analysis will continue by determining the 
short-term model that is able to explain the house prices on a quarterly basis. 
During this part, attention will also be given to changing relationships over time. 
Finally, the capability of the models to use these for forecasting purposes will be 
tested.  

 

5.1. Testing the validity of variables  

In order to satisfy the conditions of an error-correction model (ECM), the variables 
have to be valid. The validity checks concern the order of integration of the variables 
and correlation between the variables, to avoid multicollinearity in the regressions.  

An ECM requires co-integration between the dependent variable, the house price, and 
the independent variables; the house price determinants. To be added in a co-integration 
relation, series have to be integrated of order one or in short: I(1). This means that the 
levels of the series have to be non-stationary4 (contain a unit-root), where at the same 
time the first differences of the series are stationary (not contain a unit-root). 

To test for order of integration, several tests are employed. All of the series are tested 
for a unit root against both mean stationarity and trend stationarity. This is done by 
augmented Dickey-Fuller (ADF) tests. The ADF test assumes that there is no structural 
break in the time series. As a consequence, if such breaks are present, tests as the ADF 
do not perform well because these are then biased towards the non-rejection of a unit 
root (Perron, 1989). Since it is likely that there are structural breaks in the series, one 
can use tests provided by Zivot and Andrews (1992) and Clemente, Montanés, and 
Reyes (1998).  

The interpretation of the unit root test and its results are presented in Appendix C, 
Table 3 to 5. Without allowing for a break in the series, several variables do not have 
the required property to be used in the ECM, i.e. are not I(1). These variables should 
be treated with some caution or excluded from the models. Testing for a unit root 
allowing for one break in the series displays that all variables are I(1) except for the log 
number of households and the log housing stock. Not unexpected, most of the breaks 
are found in 1982 and 2008; both during periods of financial crisis. Allowing for two 

                                                      
4 Variables whose mean and variance change over time are non-stationary, where stationary time 
series exhibit a mean and variance that is constant over time.  
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breaks in the series does not confirm the log number of households and the log housing 
stock to be I(1). This variables should be treated with caution in the regression.  

Turning to the real house price series, it can be noticed from the Clemente, Montanés, 
and Reyes tests that two significant breaks are found. These breaks occur in 1981Q2 
and 2007Q4 (breaks with a gradual impact) or 1983Q2 and 2011Q4 (breaks with 
immediate effects). All breaks are found during a period of crisis; indicating that the 
behavior of house prices exhibits changes during periods of crisis. In the modelling 
process, attention should be given to the breaks found.  

As a last data validity check, correlation matrices are examined to avoid potential of 
multicollinearity in the regressions. These matrices are provided in Appendix C, Tables 
6 and 7, for both the levels and first differences of the series respectively. From these 
correlations it is concluded that problems as a result of perfect multicollinearity will not 
occur in this study.  

5.2. Long-term relationships 

In order to follow the Engle and Granger two-step procedure as explained in the model 
section,  first the long-term models are estimated. The variables used in the long-term 
relationships are specified in contemporaneous and level form. In the long-term model, 
the levels of the house price determinants ( ) determine the level of real house prices 
( . Several models are considered leading to the selection of the final long-term model 
which will be presented in paragraph 5.2.5. 

5.2.1. Estimating the long-term models 

In order to determine the long-term model, several combinations of variables are tested 
to provide a good insight in the determinants of the long-run equilibrium house price. 
The estimation results for six different models are provided in Table 4.  

Starting off with model (1) that includes GDP and the mortgage interest rate, both 
coefficients are strongly significant and show the correct sign; GDP affects house prices 
positively, whereas interest rates have a negative effect on house prices.  

In model (2), GDP is replaced by the total gross disposable income of households. In 
order to reflect the demand-side of housing, a measure of income which is used to 
determine the maximum obtainable amount of mortgage is probably a better 
measurement and makes more sense economically wise. The goodness of fit does not 
significantly differ in terms of the R-squared and the RMSE, the F-statistic does increase 
slightly in comparison with model (1). 

The total gross disposable income can be seen as a function of the number of 
households and the average disposable income per household. It is possible to replace 
the total gross disposable income variable by the latter two variables, this transformation 
is carried out in model (3). Here the coefficient of the mortgage interest rate loses some 
significance, where the effect on house prices of income increases, implying that if 
households income increases by 1% house prices respond with an increase of 3.7%.  
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Table 4. Estimation results long-term models 

 Model 

Variables (1) (2) (3) (4) (5) (6) 

gdpt 0.885   

 (12.82)   

Ireal,t -5.712 -6.519 -4.011 -5.807 -6.111 -6.720 

 (-7.174) (-7.946) (-4.894) (-5.603) (-7.221) (-8.079) 

y,t 1.140 2.492 1.566 

 (12.06) (8.992) (9.053) 

y.av,t 3.675   

 (14.70)   

hht 0.320 0.969   

 (2.717) (6.692)   

ut -0.487   

 (-9.948)   

hst -0.889  

 (-4.560)  
Trend  -0.00197 
  (-2.383) 
Constant -10.50 -28.42 -38.85 -14.58 -48.70 -38.69 
 (-12.69) (-12.01) (-20.13) (-6.282) (-11.58) (-9.224) 
   
No. of observations 159 159 159 159 159 159 
Adjusted R-squared 0.755 0.742 0.841 0.754 0.764 0.745 
R-squared 0.759 0.745 0.844 0.759 0.768 0.750 
RMSE 0.177 0.182 0.143 0.178 0.174 0.181 
F 225.1 235.7 425.0 233.9 298.0 219.0 

Robust t-statistics in parentheses. Dependent variable: Log real house price (ht) 
 
 
This coefficient is high compared to the ones found in the existing literature (where it 
is mostly around 1.0). Besides, the number of households is significant at the 5% level 
only.  

In model (4), the income variable is replaced by another macroeconomic demand-side 
variable; the unemployment rate. The unemployment rate shows a significant and 
correct sign; a decrease in unemployment pushes the house prices up.  

Other demand-side factors as the savings of households (both total and average per 
households) and the population (in combination with total disposable income) do not 
turn out to be significant or show an unexpected sign in the long-term. This is in line 
with studies that do not find demographics factors to have a significant impact on 
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national house prices (Englund and Ioannides, 1997; Engelhardt and Poterba, 1991; 
Hort, 1998). The results of the insignificant variables are not reported in this study. 

So far, demand-side models are mentioned only. A specification including the supply-
side of housing is shown in model (5). In this model, the stock of owner-occupied 
houses together with the total gross disposable households income and the mortgage 
interest rate are included. The coefficient of the owner-occupied housing stock shows 
the correct sign, implying that if the number of housing units increases relative to 
demand, house prices will decrease.  

All models are tested with a time trend, where the best performing model is shown as 
model (6) in Table 4. This model includes the total gross disposable household income 
and the mortgage interest rate and the time trend. The time trend turns out to be 
negative, indicating that house prices decreased in price over time as a result of some 
unobserved factors. Examples of unobserved factors are the depreciation of housing or 
the increasing interest in more sustainable housing which eventually lower the prices of 
the existing owner-occupied stock.  

5.2.2. The extent of over- or undervaluation 

The error-terms denote the deviation of the actual house price from the long-run 
equilibrium price estimated in each of the long-term models; indicating the extent of 
over- or undervaluation of house prices. For all six long-term models, the errors are 
shown in Figures 14 to 19 in Appendix B.  

It can be observed that the majority of the models follow the same path and show a 
degree of under- and overvaluation that makes economic sense; prior to the periods of 
rapidly falling house prices, these were highly overvalued. However, looking more 
closely to the extent of over- and undervaluation over time, it appears that these differ 
between the models. Especially model (3) and (4) differ from the others in the period 
1993 to 2002. These models both include the number of households. Hence, the 
valuation of house prices is dependent on the variables chosen in the long-term model. 
In order to assess the extent of over- or undervaluation house prices accurately, 
emphasize should be given to the choice of variables in the house price model. 

5.2.3. Validity of the long-term models 

In order to use an error-correction model correctly, the house price and its determinants 
included in the model have to be co-integrated. Therefore, several tests are employed 
to analyze the existence of a co-integrating relationship in the estimated long-term 
models. These test results are provided in Table 8 in Appendix C.  

The Augmented Dickey Fuller t-statistics which are tested against the critical values 
provided by MacKinnon (2010) do not significantly confirm the presence of co-
integration over the entire sample period (1975Q1-2014Q3). Note that these tests do 
not allow for a structural break in the time series. Therefore, tests allowing for one break 
by Gregory and Hansen (1996) are performed. Only the results from model (3) show 
evidence confirming a co-integration relationship (at the 10% significance level) based 
on the former mentioned tests. Finally, tests allowing for two breaks are executed. These 
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tests by Hatemi-J (2008) confirm a co-integrating relationship (at a 1% significance 
level) in model (2); this one includes total gross disposable households income and the 
mortgage interest rate.  

Based on the results of the unit-root tests discussed in paragraph 5.1, it can be concluded 
that model (2) is the only model that includes variables that formally satisfy the 
conditions to be added in an error-correction framework; these are integrated of order 
one, i.e. I(1). 

Additionally, the aforementioned co-integration tests are done by using the same 
models with data on an annual frequency. The tests on annual data confirm the previous 
results obtained. In order to test the reverting tendency of house prices to its 
fundamental values, the significance of the error-correction term in the short-run 
relation also has to be considered. This will be elaborated on in paragraph 5.3.  

5.2.4. Breaks in the equilibrium 

In model (2), endogenous breaks in the co-integrating relationship are found in 1982 
and 1991. These breaks occur due to changes in the relation between house prices, 
households income and mortgage interest rates. Several reasons can be thought of 
explaining these breaks. Starting with the first break, in 1982, the Akkoord van Wassenaar 
(Wassenaar Agreement) had a major impact on the incomes of Dutch households. The 
agreement was signed to restrain wage growth in return for the adoption of policies to 
reduce the unemployment and inflation rate. It had a significant impact on Dutch 
households and the economy, this is also seen from the unit root tests of the variables 
indicating a break in several series in 1982 (Appendix C, Table 4).  

There are several possible explanations for the break found in 1991. The first reason 
comprises a major tax reform in 1990. In that year, marginal rates were decreased by 
the government which resulted in a lower net effect of the tax deductibility of mortgage 
interest payments. Boelhouwer et al. (2004) did not find an immediate effect of this 
event on house prices, however this does not mean that the relationships between 
income and house prices has possibly changed. Another explanation is the introduction 
of a policy widening the conditions for the maximum obtainable amount of mortgage. 
From 1991 onwards, it was possible to obtain a mortgage loan on two incomes and 
where these were both taking into account for the entire 30-year mortgage loan period. 
This policy increased the maximum obtainable mortgage amount for households since 
the second income was previously only taking into account for an 8-year period from 
1988, and a 5-year period from 1986. 

Estimating the model by taking into account the two breaks, results in several 
insignificant coefficients and large abrupt changes in the extent of over- or 
undervaluation on the break dates. This problem arises due to difficulties in estimating 
a ‘long-run’ equilibrium price by using the intervals between the breaks (1975-1982, 
1982-1991, 1991-2014). Nevertheless, since co-integration is confirmed to some extent, 
the error-correction obtained from model (2) might work well representing the extent 
of over- or undervaluation of house prices.  
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5.2.5. Final long-term model 

Considering the validity of the variables and the presence of co-integration (including 
two breaks), and the economic and statistical significance of the coefficients, long-term 
model (2) performs the best with estimating the long-run equilibrium house price. An 
overview of the final model specification and its validity tests is shown in Table 5.  

Looking at the final long-term model more closely, the coefficients in the model have 
to be interpreted as follows: (i) a 1% increase in the real total households’ disposable 
income increases real house prices by 1.14%, (ii) a 1% point increase in the real 
mortgage interest rate reduces real house prices by 6.52%.  

Other studies using the real disposable household income as an explanatory factor 
estimating the long-run equilibrium house price are Verbruggen et al. (2005) and OESO 
(2004). They found coefficients of 0.841 and 1.333 respectively, where this research 
study found one of 1.14. Studies using the real mortgage interest rate found coefficients 
of -8.59 (Francke et al. 2009), -3.1 (OESO, 2004), and -5.91 (Verbruggen et al., 2005). 
The coefficients found in the final long-term model in this study, are within the 
aforementioned range as well. So, the estimated coefficients are in line with the existing 
literature. Note that the findings differ slightly due to the set of variables and the sample 
period studied.  

The long-term model’s estimations of the real (long-run) house price and the actual 
house price are depicted in Figure 8. The residuals (the deviation of the actual house 
price from the long-run equilibrium) are added in this figure as well. According to the 
long-term model, it can be concluded that the overvaluation was high prior to the 
financial crisis of 2008, namely 24%. On the last date of the sample period, in 2014Q3, 
the actual house price is 12% below its long-run equilibrium.   
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Table 5. Final long-term model 

Variable Coefficient  Co-integration test               ADF-test 

Ireal,t -6.519 *** MacKinnon (2010): 

 (0.820)  No break -1.906  

y,t 1.140 *** Gregory and Hansen (1996): 

 (0.0945)  One break in level -3.300  

Constant -28.420 *** One break in trend -3.650  

 (2.366)  One break in regime -3.990  

  One break in regimetrend -5.040  

No. of observations 159  Hatemi-J (2008): 

Adjusted R-squared 0.742  Two breaks in regime  -7.644 *** 

R-squared 0.745     

RMSE 0.182   

F 235.7     

Robust standard errors in parentheses. Dependent variable: Log real house price (ht). 
Significance level: *** p<0.01. 
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5.3. Short-term relationships 

After the long-term relationships are determined, the subsequent step is comprised of 
the estimation of the relations relevant in the short-term. Using the error-correction 
term obtained from the final long-term model, several combinations of variables are 
tested for their relevancy in the short-term. As mentioned in the model section, the 
short-term model explains the quarterly growth in real house prices (∆ ).  

5.3.1. Determination of the short-term models 

Several combinations of variables are tested to determine the short-term relationships. 
As a starting point, all models contain a lagged component of the house price growth 
as a ‘bubble builder’ and the error-correction term as the ‘bubble burster’ (see paragraph 
4.1 on the error-correction model for detailed background information).  

 

Table 6. Estimation results of the short-term models 

 Model 

Variables (1) (2) (3) (4) 

∆ ht-1 0.838 0.515 0.530 0.535 

(17.30) (4.930) (4.943) (5.067) 

∆ ht-2  0.443 0.450 0.452 

 (4.448) (4.405) (4.381) 

∆ ht-4  -0.145 -0.245 -0.236 

 (-2.226) (-2.551) (-2.478) 

∆ ht-6   0.103 0.122 

  (1.742) (2.066) 

∆ Inom,t-1 -0.474 -0.622 -0.605 -0.549 

(-2.232) (-2.902) (-2.856) (-2.651) 

∆ y.avt-2  0.246 0.200  

  (2.006) (1.665)  

ectt-1 -0.0136 -0.0131 -0.0144 -0.0161 

(-4.161) (-3.495) (-3.802) (-4.472) 
    

No. of observations 152 152 152 152 
Adjusted R-squared 0.820 0.850 0.852 0.850 
R-squared 0.823 0.856 0.858 0.856 
RMSE 0.00846 0.00772 0.00767 0.00770 
F 178.0 116.0 101.7 116.2 
Durbin-Watson 2.639 2.002 2.048 2.048 

Robust t-statistics in parentheses. Dependent variable: ∆ Log real house price (∆ ht) 
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A number of short-term models are tested in this study, the best performing ones are 
outlined in Table 6. Several models have incorporated the growth of house prices up to 
six lags, this shows the relevance of the lagged developments for the current growth in 
house prices. Not surprisingly, the first lag (∆  has the largest impact in all cases. 
Furthermore, the estimation results show that the fourth lag has a negative sign. The 
net effect of all serial correlation coefficients remains positive, this shows that house 
prices are positively affected by its lagged changes. Also, it is found that the nominal 
mortgage interest rate performs better than the real series. Economically speaking, a 
better fit with nominal instead of real mortgage interest rates might mean that 
households do not consider inflation to a large extent when contemplating for a 
mortgage loan.  

According to Table 6, model (3) is the best performing model. It performs best in terms 
of the adjusted R-squared (0.852) and the RMSE (0.00767). All coefficients in the 
presented models show the expected sign. The results of model (3) have to be 
interpreted as follows, (i) the serial correlation coefficient (∆  shows that if real 
house appreciation was 1% last quarter, real house prices increase of 0.53%. The 
coefficients of other lags of the change in real house price have to be interpreted in a 
similar way; (ii) a 1% point increase in the nominal mortgage interest rate will reduce 
real house price appreciation by 0.61%; (iii) a 1% increase in the real average gross 
disposable income per household in the second to last quarter, results in a real house 
price increase of 0.20%; lastly, (iv) the error-correction term of -0.014 implies that it 
takes approximately 69 quarters, or 17 years, to come back to the long-run equilibrium 
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ceteris paribus. For example, when houses are 10% undervalued in the previous quarter, 
it will increase real house price appreciation in this quarter by 0.14%. The average time 
it takes for house prices to revert back to their equilibrium (17 years) is long when 
comparted to the existing literature. For example, Timmermans (2012) determined an 
average duration of mean-reversion of 9 years, whereas Verbruggen et al. (2005) found 
house prices to revert back in around 3 years, the latter is also found by Francke et al. 
(2009). The differences might be explained by the set of variables and sample period 
that was studied.  

Estimations of the model with the least error (model 3) are depicted in Figure 9. It is 
plotted together with the actual growth of real house prices. Turning to the residuals, it 
shows that some periods are difficult to explain, especially periods of volatile 
movements around 1982 and 2012.  

Aforementioned models have some difficulties tracking the turning points in the house 
price growth. This is probably due to the inclusion of the lagged components of house 
price in the model. In order to try to solve this problem, models without the inclusion 
of these lags are analyzed as well. These models, model (5) to (8) are presented in Table 
9 in Appendix C, and explain house prices by lags of the mortgage interest rate in 
combination with the lags of the average gross disposable households income (R2 = 
0.51), the average GDP per household (R2 = 0.39),  and the unemployment rate (R2 = 
0.38). The aforementioned models perform significantly worse when explaining growth 
in house prices in comparison with the models including house price lags. The capability 
to track the turning points is not significantly better as well. This proves the importance 
of incorporating the effects of the inefficiency of the housing market.  

5.3.2. Validity of the short-term models 

The error-correction terms, which are extracted from the final long-term model, turn 
out to be significant in all models, showing the fundamental-revering tendency of house 
prices. For all short-term models, co-integration is confirmed by testing the residuals 
for a unit-root using the critical values obtained from MacKinnon (2012).   

The Durbin-Watson statistics have to be around 2.0 to confirm that the residuals are 
not serially correlated. The tests turn out to be positive for models (1) to (4), which are 
also the best performing short-term models. Models (5) to (7) do not include lags of 
house prices and thus do not correct for serial correlation as a result of real estate 
markets’ inefficiency. This is confirmed by the low and problematic Durbin-Watson 
statistics of these models (these are all smaller than 1.0).  

5.4. Analyzing the changes in the dynamics over time 

The previously estimated price models analyzed the linear relationship between house 
prices and its determinants. These models assumed that the relationships are similar 
over time which can be incorrect to assume. In the upcoming paragraphs, changes in 
the house price dynamics over time are analyzed. First, the behavior of house prices to 
its long-run equilibrium is analyzed, wherein adjustments are made to the error-
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correction mechanism. Secondly, a Markov switching model is applied to analyze the 
behavior of house prices across different states.    

5.4.1. Asymmetric error-correction mechanism 

It is expected that undervalued house prices adjust more quickly to the fundamental 
price (the long-run equilibrium) than in case of an overvaluation. This is due to 
downward price rigidity; sellers in weak markets are often unwilling to sell their house 
for market price, and thus wait to lower their asking prices. In order to give insights into 
this different behavior of house prices, all previously estimated short-term models are 
equipped with an asymmetric error-correction mechanism. The estimation outcomes of 
these models are presented in Table 10 and 11 in Appendix C.  

An asymmetric error-correction is found significant in only one of the seven models. 
This model (no. 7), includes lags of the growth in unemployment rates and lags of the 
development of mortgage interest rates. It proves that undervalued house prices adjust 
to their fundamental values in 6 years, whereas this takes 24 years in case of an 
overvaluation. However, the model explains only 39% of the house price growth. 
Besides that, the large Durbin-Watson statistic shows that we have to be cautious when 
interpreting the results from the model. Therefore, it cannot provide proper evidence 
for showing the asymmetric error-correction. This is in line with findings by Verbruggen 
et al. (2005), who did not find a significant asymmetric error-correction for the Dutch 
case as well.  

5.4.2. Markov state-switching model  

In order to analyze the house price dynamics in different states of the housing market, 
a Markov switching mechanism is implemented in the error-correction framework.  

The used independent variables to investigate changing dynamics in different states are: 
the first lag of the growth in house prices, the first lag of the change in the nominal 
interest rate and the first lag of the error-correction term. Only the first lag of the growth 
in house prices is included in the Markov model since the inclusion of more lags did 
not perform better estimating the probabilities and coefficients.  

In order to compare the dynamics between different states correctly, the variables used 
are standardized. This means that the variables have a mean of zero and a standard 
deviation of one. The coefficients have to be interpreted as follows: a standard deviation 
increase in the change the house price determinant (∆ ) has an impact of β times the 
standard deviation of the growth in house prices (∆ ).   

5.4.2.1. Selection of the number of states 
First, the number of states is determined by using the Hannan-Quinn, Akaike and 
Schwarz information criterion. These show the quality of a model; the lower the 
criterion, the better the model. According to Table 7, all three criteria show that a two-
regime model is the most appropriate. 
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5.4.2.2. Estimation results 
As explained in the model section of this research, the estimated coefficients by a the 
Markov switching model are state-dependent. The estimation results for both states are 
provided in Table 8.  

All explanatory variables are significant when explaining house prices in the first state. 
This is in contrast to the second state, wherein only the lagged growth in house price 
turns out to be significant. This implies that house prices are not significantly returning 
to their fundamental long-run equilibrium price and are not affected by changes in the 
mortgage interest rate. Therefore, the first state is considered to be a reflection of a 
stable market, whereas the second state displays unstable conditions (hence the naming 
of the two different states).   
 

Table 8. Estimation results Markov state-switching error-correction model 

 State 

Variables (1) Stable market  (2) Unstable market  

∆ ht-1 0.937 *** 0.619 *** 

 (0.030)  (0.169)  

∆ Inom,t-1 -0.023 ** -0.019  

 (0.012)  (0.049)  

ectt-1 -0.007 *** -0.010  

 (0.002)  (0.011)  
    
S.E. of regression 0.024    Sum squared resid. 0.0856  
Durbin-Watson statistic 2.553    Log likelihood 384.14  
Akaike info criterion -4.766    Schwarz criterion -4.5714  
Hannan-Quinn criter. -4.687       

Standardized coefficients. Robust errors in parentheses. Dependent variable: ∆ ht  
 

The effect of the past growth in house prices turns out to be significant in both states, 
however, it is lower in an unstable market (0.619) than in a stable market (0.937), 
implying that people take past movements into a lesser account than in an unstable 
market. A possible explanation for this behavior is that participants have difficulties 
assessing the direction that the market is going to move due to its unstable character. 
The significant error-correction term found in a stable market is -0.007, which is a 

Table 7. Selection criteria determining the number of states 

Information criterion 1 state 2 states 3 states 

AIC -4.61418 -4.76608 -4.74047 
SIC -4.55578 -4.57142 -4.39007 
HQIC -4.59046 -4.68702 -4.59816 



Modelling house price developments in the Netherlands  Page 48 of 91 
 

standardized coefficient. The unstandardized coefficient is -0.0134, which is equal to 
non-switching linearly estimated short-term model (1) estimated in Table 6.   

 

Moving on, the periods wherein house prices switch from one state to another are 
analyzed. The estimated state probabilities over time are plotted in Figure 10 and 11. It 
turns out that the housing market is in a stable state most of the time. The unstable 
periods are mostly visible of falling and volatile house prices. More specifically, the 
unstable periods between 1980-1983 and 2008-2013 can be explained by rapidly falling 
house prices and worsening economic conditions. Furthermore, the unstable periods 
around 1994 might be a result of wider credit conditions that boosted the house prices 
(Statistics Netherlands; 1999) which were not explainable by the model. Another 
unstable period in 2003 may be a result of volatile house price changes that were hard 
to capture by the model.  

The estimated probability matrix together with the expected duration of the specific 
states are provided in Table 9 and 10. The probability that the housing market moves 
from a stable to an unstable state is 6.3%, vice versa the probability is 31.8%. This means 
that the housing market is, on average, 4 years in a stable state, whereas this is only 1 
year in an unstable state.   

Table 9. Transition probabilities 

  Regime (t)   

Regime (t-1) (1) Stable market (2) Unstable market 

(1) Stable market  0.937 0.318 
(2) Unstable market  0.063 0.682 
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Table 10. Expected durations 

  Regime (t) 

Time (1) Stable market (2) Unstable market 

Quarters 15.8 3.1 
Years 4.0 0.8 

 
The findings above are in line with Verbruggen et al. (2005), where also no significant 
results for their model before 1981 was found. The period that Rabobank (2013) 
experienced difficulties predicting the house price is also identified by the switching 
model. It should be mentioned that the unstable periods create difficulties for predicting 
house prices. This will be explained in the next chapter with regard to forecasting house 
prices. 

Compared to the previous literature on international housing markets, the findings of 
this study show similar conclusions. Nneji et al. (2013b) concluded that U.S. house prices 
are not significantly affected by their usual determinants during periods of busts. Also 
Hall et al. (1997), focusing on the U.K. housing market, found that in unstable periods 
the house prices do not revert back to their long-run equilibrium price. These features 
are confirmed for the Dutch case by the findings from this study.  

5.5. Chapter summary 

In this chapter, the dynamics of house prices were investigated. The first part focused 
on estimating the long- and short-run relationships between house prices and its 
determinants. At first, the long-run equilibrium price was determined by the real total 
gross disposable household income and the real mortgage interest rate. Two structural 
breaks as a result of policy changes were found in this long-run equilibrium. Secondly, 
the relevant factors in the short-term were investigated. It was found that the growth in 
house prices are explained by its lagged changes, changes in the nominal mortgage 
interest rate, changes in the real disposable income per household and the deviation 
from the long-run equilibrium.  

Since it was found in the existing literature on international housing markets, the house 
price dynamics may have experienced changes over time. Therefore, possible changes 
in the Dutch house price dynamics were investigated. At first, the models were tested 
for an asymmetric error-correction. However, no evidence for this behavior was found. 
Besides that, by means of a Markov switching mechanism, differences in the house price 
dynamics over time were investigated by analyzing these in different states of the 
housing market, a stable and unstable one. Where house prices are significantly affected 
by its determinants in a stable market, they are not driven by its determinants in an 
unstable state. As a result, in an unstable state house prices do not move towards their 
long-run equilibrium and are not affected by interest rates. Also, an unstable housing 
market is mostly related to periods with falling and volatile house prices. To conclude, 
it is confirmed that house price dynamics differ over time.   
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6. Forecasting house prices 

Now that the house price dynamics are uncovered, this chapter will analyze the 
predictability of house prices based on the estimated models. It will start by 
selecting the best forecasting model. This is done by applying backcasting 
techniques. Subsequently, three economic scenarios are presented which 
ultimately serve as input for generating the forecasts of house prices for each 
scenario. To end, the short-term forecasts of Dutch house prices from one 
quarter to two years ahead are presented.  

 

6.1. Analyzing the forecasting performance 

In order to assess the performance of the estimated models in terms of forecasts, 
backcasting techniques have to be applied. By using backcasts, it is possible to assess 
whether the estimated coefficients from the models are able to predict the actual house 
prices in the sample period studied. In these cases, the information up to time t is used 
to generate a forecast for time t+n (n-step quarter ahead forecast) for each observation 
in the sample period. For example, a one-step ahead forecast for 2000Q1 is done by 
using the estimated models with the available data up to 1999Q1 as input. Note that in 
these backcasts the estimated parameters are based on data from the entire sample 
period. In this procedure, forecasts are made up to eight quarters ahead. In case of more 
than a one-step ahead forecast, the forecast of the house price in t+1 serves as input for 
the forecast of t+2, and so on.   

The error-correction framework makes forecasting more challenging since the error-
correction is determined by the house price itself. The fundamental, long-run 
equilibrium, house price is determined by the long-term model using actual values of 
the real total gross disposable household income and the real mortgage interest rate. 
Finally, the deviation from the actual (or forecasted) house price from this fundamental 
value provides the error. In the short-term models, the error term is lagged one quarter. 
Thus, it is an actual value for the house price at t+1. When assessing forecasts for more 
than one quarter ahead, the error-correction is based on the forecasted value of the 
house price.  

6.1.1. Criteria for model selection 

The forecasts of the models are compared to the actual values by using three criteria: 
the root mean squared forecast error (RMSE), the mean absolute forecast error (MAE), 
and the mean forecast error (ME). To begin with, the criteria RMSE  is defined as 
follows: 

1
,  
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The ,  is the n-step ahead forecast from time t and  is the actual house price at 
time  ,  is the total sample size that includes the observations for which it is 
possible to estimate forecasts for. The other two criteria, the mean absolute forecast 
error (MAE) and the mean forecast error (ME), are defined as: 

	
1

	 ,  

 

	
1

	 ,  

 

In all three cases, a model is said to be better than another if the criterion (RMSE, MAE, 
or ME) is smaller.  

6.1.2. Forecast performance analysis 

In this forecast performance analysis five different models, which were estimated in the 
modelling section, are assessed. Model (1) to (4) contain lagged components of the 
growth in house prices (∆  and only model (5) does not. The Markov-switching 
model is not considered here. This is due to the fact that the Markov-switching model 
functions well explaining house prices in-sample, but performs worse in out-of-sample 
forecasting (Crawford & Fratantoni, 2003). This is mainly due to difficulties predicting 
the unobservable state variable which determines the specific state the housing market 
is in. 

For the five estimated models, one- to eight-step ahead forecasts are made and analyzed. 
The test results containing the RMSE, MAE and ME are presented in Table 11. When 
looking at the RMSE, model (3) performs best in all n-steps ahead forecasts. Also for 
the MAE, it holds that model (3) outperforms the other models for all except the two-
step ahead forecast. Turning to the ME criteria, model (1) shows the best performance. 
However, the RMSE and MAE criterion should be valued most, whereas the ME is the 
least important test of the three.  

Another performed test comprises the analysis of the performances over time. One-
year ahead forecasts of models (1) to (5), over 2000Q1 to 2010Q15 are depicted in 
Figure 11. Note that the lines in this graph represent a unique forecast for each 
observation. For example, the forecast on 2001Q1 is made on 2000Q1. The graph 
shows that the forecasts of models (1) to (4) follow a rather similar path, whereas model 
(5) deviates the furthest from the actual house prices. No significant differences 
between model (1) to (4) are noted over time. Concluding, the analyses show that model 
(3) performs best in terms of forecasting. 

                                                      
5 A graph containing a 10-year period gives a better overview in order to compare the 
performances of the different models.  
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The forecasts for the one-year ahead forecasts of the final selected forecasting model 
are shown in Figure 13. Not unexpectedly, the unstable periods pointed out by the 
Markov switching-model, are in most cases similar to the periods that are difficult to 
forecast.  Graphs containing the other n-step ahead forecasts are plotted in Appendix 
B; Figures 20 to 27. 

 

Table 11. Forecast performance statistics short-term models 

  Model  

Forecast horizon (1) (2) (3) (4) (5) 

Root Mean Square Forecast Error (RMSE) 

One-step ahead 0.00846 0.00772 0.00767 0.00770 0.01292 
Two-step ahead 0.01493 0.01381 0.01372 0.01382 0.02280 
Three-step ahead 0.02281 0.02176 0.02165 0.02187 0.05716 
Four-step ahead 0.03165 0.03054 0.03035 0.03082 0.04073 
Five-step ahead 0.04105 0.03957 0.03913 0.03992 0.04839 
Six-step ahead 0.04948 0.04770 0.04704 0.04827 0.05537 
Seven-step ahead 0.05777 0.05597 0.05519 0.05714 0.06191 
Eight-step ahead 0.06662 0.06425 0.06351 0.06646 0.06794 

Mean Absolute Forecast Error (MAE) 

One-step ahead 0.00607 0.00553 0.00544 0.00547 0.00967 
Two-step ahead 0.01140 0.01051 0.01034 0.01025 0.01738 
Three-step ahead 0.01717 0.01678 0.01652 0.01652 0.03379 
Four-step ahead 0.02423 0.02348 0.02309 0.02364 0.03168 
Five-step ahead 0.03192 0.03130 0.03096 0.03151 0.03770 
Six-step ahead 0.03890 0.03805 0.03768 0.03874 0.04320 
Seven-step ahead 0.04579 0.04485 0.04453 0.04610 0.04848 
Eight-step ahead 0.05264 0.05227 0.05196 0.05400 0.05325 

Mean Forecast Error (ME) 

One-step ahead 0.00004 0.00014 0.00024 0.00025 0.00100 
Two-step ahead 0.00005 0.00034 0.00062 0.00065 0.00212 
Three-step ahead 0.00025 0.00063 0.00116 0.00124 0.02605 
Four-step ahead 0.00036 0.00080 0.00167 0.00182 0.00453 
Five-step ahead 0.00059 0.00114 0.00240 0.00266 0.00572 
Six-step ahead 0.00117 0.00185 0.00345 0.00383 0.00674 
Seven-step ahead 0.00215 0.00264 0.00459 0.00510 0.00757 
Eight-step ahead 0.00237 0.00309 0.00537 0.00604 0.00810 
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6.2. Economic scenarios: input for the forecasts 

The house price forecasts are generated by using three different economic scenarios. 
These scenarios contain expectations for the variables which are necessary in the final 
forecasting model. More specifically, these are defined as the mortgage interest rate, the 
total gross disposable household income and the inflation rate. In addition, the number 
of households is needed to calculate the average income per household. No differences 
for this variable are expected between the proposed scenarios. According to the CBS, 
the number of households will increase by 50.000 a year. This number is used in the 
proposed scenarios in this study.  

The economic scenarios in this research are depicted as a “delayed recovery”, a 
“moderate recovery” (baseline scenario), and an “accelerating recovery” of the Dutch 
economy.  The assumptions for these scenarios are provided in Table 12 in the 
Appendix C. A short description of the mentioned scenarios is presented in the 
following paragraphs.  

The delayed recovery scenario assumes that the economy will stabilize slowly and it will start 
recovering at the beginning of 2016. In the upcoming two years, inflation will remain 
low and stay far below its historical average of 2.0%. Nominal mortgage interest rates 
will continue to decrease until they will hit their bottom of 2.90% in 2016. This will 
eventually increase up to 3.10% at the end of 2016. Furthermore, the growth in real 
household income is slow but present and will increase only by 1% in 2015 and 1.25% 
in 2016.   

In the moderate recovery scenario, which is the baseline scenario, the economy is stabilizing 
and grows moderately in the upcoming years. Inflation will increase slowly up to their 
historical levels, this will be around 1.3% at the end of 2016. Where at the same time 
the mortgage interest rates are at their lowest in 2015 and these will finally increase up 
to 3.8% in 2016Q4. Real household income will increase by 1.5% in 2015 and these will 
further increase by 2.0% in 2016.  

In the last scenario, the accelerating recovery scenario, the recovery of the economy will 
immediately take place. During this time, inflation rates and mortgage interest rates  are 
increasing rapidly. Inflation rates are moving quickly to their historical levels. Mortgage 
interest rates reached their bottom during 2014 and start to increase quickly up to 4.00% 
at the end of 2016. In this scenario, income growth is high; 2.1% in 2015 and this will 
grow faster by 3.3% in the year following. 

6.3. Final forecasts of house prices 

Before discussing the forecasts that are generated by the model, some caveats will be 
mentioned first. The first one concerns the performance of the forecasting model. The 
performances presented in Table 11 show that its accuracy declines rapidly as the 
prediction is further away from now. However, note that the prediction that is generated 
by the model does show the most likely value of house prices. Another caveat is that, 
as shown by the Markov switching model, house prices in periods of an unstable 
housing market are difficult to predict and explain. The predictions presented here 
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assume that the house prices will be in a stable state without disconnecting from its 
fundamentals.   

Turning to the forecasts of house prices, where predictions are made for 2014Q4 until 
2016Q4, Figure 14 shows the forecasts of the nominal growth of house prices per 
quarter in percentages.  

The most recent actual value of house prices is available for 2014Q3. During this 
quarter, nominal house prices have shown an increase of 0.42%. For all scenarios, and 
thus also for the delayed recovery scenario, house prices will increase further based on 
the estimated model. The percentage growth per quarter will also increase over time. 
Where in 2014 nominal house prices will increase from 0.39% to 0.43% during the 
fourth quarter, this increase will range from 1.09% to 1.42% in the fourth quarter of 
2016.   

Looking at the forecasts more closely, it is remarkable that in 2015Q3 the growth in 
house prices during the moderate recovery scenario is higher than in the accelerating 
recovery scenario. This can be explained by the assumptions for the changes in the 
mortgage interest rate and income. In 2015Q2, the real mortgage interest rate decreases 
sharply in the moderate recovery scenario which has a positive impact on the house 
prices. Where, at the same time, this increased during the accelerating recovery which 
moves house prices down. In addition to that, the large increases in income in the 
accelerating recovery scenario was not high enough to dampen the effect on house 
prices of the increasing interest rates. 
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Figure 14. Forecast of house prices 
(Nominal growth % - seasonally adjusted)
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Besides looking to the changes of house prices per quarter, attention is paid to its 
cumulative change. In Figure 15, the three scenario forecasts of the house price index 
is shown. An overview of the cumulative changes per year is shown in Table 12. Based 
on the forecasting model, nominal house prices will increase from 2.5% to 3.0% in 
2015. This increase is the highest in the moderate recovery scenario due to relatively 
large income increases and a relatively low interest rate environment compared to the 
other scenarios. In 2016, house prices grow the fastest during a period of an accelerating 
recovery of the economy. Note that because the accuracy of the forecast done for 2016 
is lower than for 2015, it is better to interpret the forecast of 2016 as an indication that 
house prices will increase even further.   
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Figure 15. Forecast of house prices 
(Nominal index - 2014Q3 = 100 - seasonally adjusted)

Actual house prices

Forecast house prices ("Delayed recovery")
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Forecast house prices ("Accelerating recovery")

Table 12. Forecasts of the nominal house price growth (%) 

Period 
Delayed 
recovery

Moderate 
recovery

Accelerating 
recovery 

2014Q4 0.39% 0.40% 0.43% 
2015 2.47% 3.04% 3.03% 
2016 4.03% 4.41% 5.19% 
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6.4. Chapter summary 

In this chapter on forecasting house prices, the most accurate forecasting model has 
been defined and determined first. This was done by applying backcasting techniques 
which enables the assessment of the performance of a model by comparing the model’s 
predictions of house prices in the past to the actual past house prices.  

The selected forecasting model scores best in terms of the root mean squared error 
(RMSE) and the mean absolute error (MAE). This model includes lags of the growth in 
house price, a lag of the nominal mortgage interest rate, a lag of the real gross disposable 
income per household, and the error-correction term which represents the degree of 
over- or undervaluation of house prices. Forecasts of house prices are generated by 
using three economic scenarios which reflect (1) a delayed, (2) a moderate and (3) an 
accelerating recovery of the Dutch economy. These are furthermore comprised of 
different expectations for the Dutch economy, wherein the degree of recovery changes.   

By means of the forecasting model, it is assumed that house prices will rise in the near 
future. This is the case for all three scenarios, and thus for the worse delayed recovery 
scenario also. Nominal house prices will increase by 2.5% to 3.0% in 2015. In 2016, it 
is expected that these will increase further. Notwithstanding, regard should be given to 
the accuracy of the predictions.   
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7. Conclusion  

This chapter recapitulates the most important findings of this study which 
provide answers to the research questions. Furthermore, the implications as a 
result of this research will be outlined. Consequently, the research limitations 
which will be presented. This chapter ends by discussing several 
recommendations with regard to the implementation of the results and further 
research directions.  

 

7.1. Conclusions 

An extensive investigation of studies on both national and international housing 
markets form the basis of an in-depth research study on the dynamics of house prices 
in the Netherlands. The objective of this thesis was to gain more profound 
understanding in Dutch house price dynamics. The insights provided by this study are 
related to the following three subjects: (1) the house price determinants, (2) the changing 
house price dynamics over time and (3) the forecasting of house prices. The most 
important findings and conclusions for each subject will be discussed next. 

The first part of this research is comprised of the analysis on the possible house price 
determinants. In order to explore the possible factors affecting house price 
developments, academic literature on both national and international housing markets 
was thoroughly investigated. The variables influencing real quarterly house price 
fluctuations in the long- and short-term are subsequently explored by means of an error-
correction model. Determinants having an impact on the long-run are identified as the 
real total gross disposable household income and the real mortgage interest rate. 
Turning to the short-run price fluctuations, the set of variables having a significant 
impact are lagged changes in house prices, the change in the nominal mortgage interest 
rate, the change in the real average gross income per household, and the lagged error-
correction term. To conclude, this research identified the house price determinants and 
concluded that the determinants affect real house price changes, as all variables are 
found significant most of which at the 1% significance level. In relation to the other 
house price literature, this model gives a highly satisfactory explanation of real house 
price changes.  

Secondly, a significant contribution to the literature is given by exploring the changing 
relations in the house price dynamics over time. More specifically, this comprises of an 
analysis on the presence of structural breaks in the long-run relationship and an 
investigation on changes in the dynamics during different states of the Dutch housing 
market.  

Turning to the analysis on breaks in the long-run equilibrium, two structural breaks are 
found by using extended co-integration tests. Breaks are found in 1982 and 1991, 
implying changes in the relation between real house prices, the real total gross 
disposable household income and real mortgage interest rates in these years. Several 
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reasons can be thought of explaining these breaks. The first break, in 1982, was probably 
a results of the Wassenaar Agreement which had a major impact on the incomes of 
Dutch households and the economy. Turning to the second break, two explanations 
can be given. One reason is the major tax reform in 1990. As a second explanation, the 
introduction of a policy widening the conditions for the maximum obtainable amount 
of mortgage is possible. The breaks found show that the relations estimating the 
equilibrium of house prices have changed over time. This is a major contribution to the 
existing literature on Dutch house prices.  

Also, interesting results emerge from the analysis on the house price dynamics in 
different states of the housing market. It is found that the sensitivity of the Dutch house 
prices is state-dependent. By means of a Markov-switching error-correction model two 
different states of the housing market were identified. These states denote a housing 
market in a stable and unstable condition. It is found that house prices are significantly 
affected by its determinants in a stable market. This is in contrast to house prices in an 
unstable market; a market wherein house prices disconnect from their fundamentals. In 
this unstable state house prices are not reverting towards their long-run equilibrium 
price and are unaffected by interest rates. It is seen that an unstable housing market is 
usually related to a period with falling and volatile house prices. This research proves 
that the house price dynamics in the Netherlands are state-varying, which was currently 
not investigated in the existing literature. The findings are in line with the literature on 
international housing markets by and Hall et al. (1999) and Nneji et al. (2013b) analyzing 
the U.S. and U.K. housing market respectively.  

To provide more insights into the changing dynamics over time, this study investigated 
the presence of downward price rigidity. This implies that house price move more 
quickly to their equilibrium in an undervaluation than in an overvaluation as a result of 
sellers’ behavior. No proper evidence is found showing the presence of this 
phenomenon in the Dutch housing market. This also confirms the findings from the 
research study by Verbruggen et al. (2005). 

The third part of this research focused on forecasting house prices. In order to give 
insights into the predictability of house price developments, backcasting techniques 
were applied. From the analysis, it can be concluded that the periods wherein house 
prices are difficult to forecast are mostly characterized by worse conditions of the Dutch 
economy. This is confirmed by the Markov switching model, which showed that most 
of these periods are related to a housing market that is unstable. By means of the 
backcasts and several selection criteria, the best forecasting model has been chosen. The 
model that generates the forecasts includes lagged changes in house prices, the change 
in the nominal mortgage interest rate, the change in the real average gross household 
income per household, and the lagged error-correction term.  

An indication of house prices in the near future is provided. In order to do so, three 
economic scenarios were developed, where each represents another degree of recovery 
of the Dutch economy. It is expected that nominal house prices will grow in the near 
future. They will increase between 2.5% and 3.0% in 2015 and in 2016 nominal house 
prices are expected to rise even further. Notwithstanding, regard should be given to the 
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accuracy of the predictions. This will be discussed in the following paragraphs under 
the implications and limitations.  

7.2. Theoretical and practical implications 

From a theoretical point of view, this research provided some new and interesting 
insights that are related to the existing literature on house prices. It is found that the 
house price dynamics vary across different states of the housing market. These findings 
concern the majority of the house price studies focusing on the Netherlands since these 
studies deploy a linear approach to house prices, i.e. assume that the dynamics are 
similar over time. In order to analyze the house price determinants carefully and to 
investigate other relations to house prices, studies must take into account the possibility 
of changing relations over time.  

Practically, several implications as a result of this research can be mentioned. It is 
recognized that forecasts made by a linear model have some difficulties predicting house 
prices. This is mainly due to unstable periods wherein house prices disconnect from 
their fundamentals, which was indicated by the Markov-switching model. This means 
that the existing house price models, which are not state-varying, should be used with 
some caution.  

Also, from a policy perspective an interesting implication occurs. During periods 
characterized with unstable markets, policies related to these variables do not have a 
significant result on house prices. Policy changes that are set up to stimulate the housing 
market and that are for example aimed to decrease mortgage interest rates, will not have 
an impact on house prices during a housing market that is unstable. As a result, the 
impact of new policy is difficult to measure in these periods.  

7.3. Research limitations 

As in most studies, there are also limitations to be identified within this research. There 
are two main limitations in this study worth mentioning. The first concerns the validity 
of the used error-correction models. To formally satisfy the conditions of an error-
correction model, the variables used in the long-term model have to be co-integrated. 
This is however not the case for all models. Despite that co-integration is not 
significantly confirmed, it is expected that the results are interpretable because other 
model statistics are satisfactory and estimations are in line with other studies.  

Another limitation concerns the data used in this study. The sample period covers a 
long period from 1975 to 2014. Therefore, the time series used in this study may have 
exhibit changes in the measurement methods. Also the interpolation of yearly data to 
quarterly observations might have resulted in some data inaccuracies. Besides that, not 
all factors that have an impact on house prices are included in this study due to data 
unavailability.  
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7.4. Recommendations 

As a result of this study, several recommendations with regard to the implementation 
of the research will be discussed. To close, some recommendations for further research 
directions are provided. 

The forecasts based on the three economic scenarios provide a good view on house 
prices in the near future. Companies such as real estate investors in housing, can take 
the forecast of house prices into account during their investment decision-making. 
However, the users should be aware of some possible inaccuracies. As indicated by the 
backcasts and the Markov-switching model, house prices in some periods are hard to 
explain and predict. Although the model performs well in comparison with the existing 
house price models, one should always be aware of the small inaccuracies of an 
econometric model. Therefore, the forecasts provided have to be considered as an 
indication of future house prices.  

Another recommendation concerns the future usability of the forecasting model. This 
model is estimated by using data from 1975 to 2014. New policies governing the Dutch 
housing market could provoke structural changes in Dutch house price dynamics. The 
impact of these new policies might have an impact on the relations estimated, making 
this model less reliable. Therefore, if new policies are introduced that may have a large 
impact on the relations estimated in the model, the model should be reconsidered.  

This research provides several suggestions for further research directions. The first 
suggestions aims for a more specific research based on the current findings. This study 
explains and forecasts national house price developments. A further investigation of 
house price dynamics in different regions would be possible if data is available on a 
regional level. This would allow one to generate forecasts of house prices for specific 
regions in the Netherlands.  

Another suggestion concerns the state-varying house price dynamics. Where house 
prices can be explained in a stable state, these cannot be explained during unstable 
conditions by the determinants found in this study. In addition to the findings of this 
study, it would be interesting to research what variables would explain house prices in 
an unstable state of the housing market.  

The final suggestion for further research direction is on forecasting the future state of 
the housing market. It would be interesting to know what factors make the housing 
market transform from one state to another. Additional research on this subject would 
provide a significant contribution to a better understanding of house price dynamics, a 
topic that is highly relevant in today’s changing economy.  
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Appendices 

Appendix A: Data sources 

Construction costs index. Statistics Netherlands (1975Q1 – 2014Q3) – Quarterly data 

Consumer expenditure deflator. Statistics Netherlands (1975Q1 – 2014Q3) – Quarterly data 

Consumer price index. Statistics Netherlands (2005 = 100) (1975Q2 – 2014Q3) – Quarterly 
data 

Gross domestic product. EUR, Datastream (1975Q1 – 2014Q3) – Quarterly data 

Gross domestic product deflator. Datastream (2005=100) (1975Q1 – 2014Q3) – Quarterly 
data  

Net household disposable income. OECD Economic Outlook, EUR. (1975Q1 – 2014Q3) – 
Annual data 

Harmonized consumer price index. Eurostat (2005 = 100) (1975Q1 – 2014Q3) – Quarterly 
data  

House price index. Repeat sales index, Mahieu and Van Bussel  (1975Q1 – 1994Q4), Sales 
Appraisal Ratio index, Statistics Netherlands (1995Q1 – 2014Q3) – Quarterly  

Housing stock. Statistics Netherlands (1975 – 2014) – Annual data 

Mortgage interest rate. Average 5-year rate on repayment loans, Statistics Netherlands 
(1975Q1 – 2014Q2) – Quarterly data 

Number of households. Statistics Netherlands (1975 – 2014) – Annual data 

Unemployment rate. Eurostat (1975Q1 – 2014Q3) – Quarterly data 
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Appendix B: Figures 
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Figure 2. Log real gross disposable 
household income (y)

11,00

11,20

11,40

11,60

11,80

12,00

12,20

1975Q1 1984Q1 1993Q1 2002Q1 2011Q1

Figure 4. Log real gdp (gdp)
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Figure 6. Log unemployment (u)
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Figure 5. Log real gdp average (gdp.av)
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Figure 3. Log real gross disposable 
income per household (y.av)
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Figure 1. Log real house price (h)
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Figure 8. Real mortgage interest rate 
(Ireal)
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Figure 12. Log real savings per 
household (s.av)
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Figure 9. Log population (pop)
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Figure 11. Log real savings (s)
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Figure 7. Nominal mortgage interest 
rate (Inom)
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Figure 14. Error-correction term 
(Model 1)
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Figure 15. Error-correction term 
(Model 2)
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Figure 16. Error-correction term 
(Model 3)
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Figure 17. Error-correction term 
(Model 4)
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Figure 18. Error-correction term 
(Model 5)
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Figure 20. Log actual house prices vs. one-step ahead forecast 
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Figure 21. Log actual house prices vs. two-step ahead forecast 
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Figure 19. Error-correction term 
(Model 6)
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Figure 22. Log actual house prices vs. three-step ahead forecast 

Actual house price Three-step ahead forecast
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Figure 23. Log actual house prices vs. four-step ahead forecast 
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Figure 24. Log actual house prices vs. five-step ahead forecast 
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Figure 25. Log actual house prices vs. six-step ahead forecast 

Actual house price Six-step ahead forecast
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Figure 26. Log actual house prices vs. seven-step ahead forecast 

Actual house price Seven-step ahead forecast
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Figure 27. Log actual house prices vs. eight-step ahead forecast 
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Appendix C: Tables 

Table 1. Different ARMA models of Inflation - Selection criteria 

Model AIC Adjusted R-squared SEE 

ARMA(6,6) -8.88595 0.63260 0.00279 
ARMA(6,7) -8.89557 0.63677 0.00277 
ARMA(7,6) -8.89042 0.63519 0.00278 
ARMA(7,7) -8.91320 0.64405 0.00274 
ARMA(8,8) -8.89941 0.64040 0.00276 
 
Table 2. ARMA(7,7) model (Dependent variable: ∆ cpi) 

Variable Coefficient Std. Error t-Statistic Prob.   

MONTH2 0.0025 0.0007 3.3993 0.0007 
MONTH3 0.0064 0.0007 9.3063 0.0000 
MONTH4 0.0027 0.0008 3.2783 0.0011 
MONTH5 -0.0005 0.0007 -0.6571 0.5114 
MONTH6 -0.0042 0.0007 -5.7336 0.0000 
MONTH7 0.0003 0.0006 0.5797 0.5624 
MONTH8 0.0006 0.0007 0.7989 0.4247 
MONTH9 0.0057 0.0007 8.3349 0.0000 
MONTH10 0.0000 0.0008 0.0465 0.9629 
MONTH11 -0.0013 0.0007 -1.8898 0.0594 
MONTH12 -0.0045 0.0007 -5.9946 0.0000 
AR(1) 0.2808 0.0781 3.5968 0.0004 
AR(2) 0.5879 0.0633 9.2850 0.0000 
AR(3) -0.2330 0.0570 -4.0898 0.0001 
AR(4) -0.0630 0.0602 -1.0466 0.2958 
AR(5) 0.5376 0.0585 9.1877 0.0000 
AR(6) 0.4432 0.0594 7.4635 0.0000 
AR(7) -0.5778 0.0731 -7.9091 0.0000 
MA(1) -0.2185 0.0601 -3.6358 0.0003 
MA(2) -0.5382 0.0495 -10.8648 0.0000 
MA(3) 0.1381 0.0356 3.8789 0.0001 
MA(4) 0.0964 0.0379 2.5432 0.0113 
MA(5) -0.5513 0.0381 -14.4784 0.0000 
MA(6) -0.3993 0.0389 -10.2628 0.0000 
MA(7) 0.7675 0.0511 15.0340 0.0000 

R-squared 0.6602 S.E. of regression 0.0027 
Adjusted R-squared 0.6440 Sum squared resid. 0.0038 
Log likelihood 2386.99 Akaike info criterion -8.9132 
Durbin-Watson stat 2.0295 Schwarz criterion -8.7116 
 Hannan-Quinn criter. -8.8343 
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Table 3. Unit root tests: Augmented Dickey-Fuller (1/2) 

Variable Test specification ADF Test Statistic 

Log real house price (ht) Levels (intercept) -1.154  

Levels (intercept & trend) -3.322 * 

First differences (intercept) -3.377 ** 

First differences (intercept & trend) -3.440 * 
Log real gross 
disposable household 
income (yt) 

Levels (intercept) -1.171  

Levels (intercept & trend) -1.267  

First differences (intercept) -3.111 ** 

First differences (intercept & trend) -2.879  
Log real average gross 
disposable income per 
household (y.avt) 

Levels (intercept) -1.711  

Levels (intercept & trend) -2.378  

First differences (intercept) -3.099 ** 

First differences (intercept & trend) -3.087  
Log real gdp (gdpt) Levels (intercept) -1.044  

Levels (intercept & trend) -1.668  

First differences (intercept) -3.216 ** 

First differences (intercept & trend) -4.004 ** 
Log real average gdp 
per household (gdp.avt) 

Levels (intercept) -0.696  

Levels (intercept & trend) -2.733  

First differences (intercept) -3.166 ** 

First differences (intercept & trend) -3.153 * 
Log unemployment (ut) Levels (intercept) -2.483  

Levels (intercept & trend) -3.051  

First differences (intercept) -4.646 *** 

First differences (intercept & trend) -4.641 *** 
Nominal mortgage 
interest rate (Inom,t) 

Levels (intercept) -1.372  

Levels (intercept & trend) -3.705 ** 

First differences (intercept) -5.051 *** 

First differences (intercept & trend) -5.041 *** 
Real mortgage interest 
rate (Ireal,t) 

Levels (intercept) -1.400  

Levels (intercept & trend) -3.743 ** 

First differences (intercept) -7.285 *** 

First differences (intercept & trend) -7.424 *** 
Log population of 
working age (popt) 

Levels (intercept) -3.119 ** 
Levels (intercept & trend) -1.850  
First differences (intercept) -10.495 *** 
First differences (intercept & trend) -11.021 *** 

Rejected the null hypothesis of a unit root at 10% (*), 5% (**), or 1% (***) level. The 
number of lags is determined by the AIC.  
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Table 3. Unit root tests: Augmented Dickey-Fuller (2/2) 

Variable Test specification ADF Test Statistic 

Log number of 
households (hht) 

Levels (intercept) -2.767 ** 

Levels (intercept & trend) -1.783  

First differences (intercept) -1.958  

First differences (intercept & trend) -2.990  
Log real savings of 
households (st) 

Levels (intercept) -2.211  
Levels (intercept & trend) -2.092  
First differences (intercept) -2.659 * 
First differences (intercept & trend) -2.668  

Log real savings per 
household (s.avt) 

Levels (intercept) -1.487  
Levels (intercept & trend) -2.293  
First differences (intercept) -2.856 * 
First differences (intercept & trend) -2.802  

Log housing stock (hst) Levels (intercept) -2.076  
Levels (intercept & trend) 0.862  
First differences (intercept) -0.866  
First differences (intercept & trend) -2.498  

Rejected the null hypothesis of a unit root at 10% (*), 5% (**), or 1% (***) level. The 
number of lags is determined by the AIC.  
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Interpretation of Table 3. Unit root tests: Augmented Dickey-Fuller 

In order to use an error-correction model correctly, the variables in the model should 
be integrated of order one, I(1). To confirm a variable to be I(1), the levels of the series 
should be non-stationary (contain a unit root); the levels have a mean and variance that 
change over time. In addition to that, the first differences of the series should be 
stationary (not contain a unit root); exhibit a mean and variance that is constant over 
time. All series are tested for a unit-root against both mean stationarity and trend 
stationarity. In this case, the null hypothesis of a unit root is tested using Augmented 
Dickey-Fuller (ADF) tests.  Note that these ADF tests do not take into account breaks 
in the series. 

Looking at the tests with the inclusion of an intercept, it turns out that levels of the log 
population and the log number of households are mean-stationary. Turning to the 
differences of the series, all variables expect the log number of households and the log 
housing stock are not mean-stationary. As a result, all variables except the log number 
of households and log housing stock are formally allowed in an ECM framework 
(without the inclusion of a trend). 

With the inclusion of a trend in the tests, the null hypothesis of a unit root for the levels 
of the series is rejected for the log real house price, the nominal and real mortgage 
interest rate series. The null hypothesis of a unit root cannot be rejected for the 
differences of most series. Only the first differences of the log real house price, log real 
gdp, log unemployment, log population and both interest rate series show the correct 
specifics. To conclude, an ECM that includes a trend is not preferred since most of the 
variables, under which the house price variable, do not meet the requirements.  
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Table 4. Unit root tests: Zivot-Andrews (1/3) 

Variable Test specification Break (t) Test statistic 

Log real house price 
(ht) 

Break in intercept 1995Q2 -4.575  

Break in slope of trend 1981Q3 -4.099  

Break in intercept & slope of trend 1995Q2 -4.345  
Log real gross 
disposable 
household income 
(yt) 

Break in intercept 2007Q2 -3.099  

Break in slope of trend 2001Q1 -3.625  

Break in intercept & slope of trend 1999Q2 -3.730  

Log real gross 
disposable income 
per household (y.avt) 

Break in intercept 1993Q2 -3.510  

Break in slope of trend 2006Q1 -2.901  

Break in intercept & slope of trend 1993Q2 -3.395  
Log real gdp (gdpt) Break in intercept 2008Q3 -2.380  

Break in slope of trend 2007Q3 -2.748  

Break in intercept & slope of trend 2006Q2 -2.720  
Log real average gdp 
per household 
(gdp.avt) 

Break in intercept 1996Q2 -2.983  

Break in slope of trend 2008Q2 -2.300  

Break in intercept & slope of trend 2005Q2 -2.278  
Log unemployment 
(ut) 

Break in intercept 1996Q3 -3.343  

Break in slope of trend 2008Q1 -3.387  

Break in intercept & slope of trend 1997Q3 -3.720  
Nominal mortgage 
interest rate (Inom,t) 

Break in intercept 1995Q1 -4.199  

Break in slope of trend 2003Q3 -3.814  

Break in intercept & slope of trend 1982Q1 -4.675  
Real mortgage 
interest rate (Ireal,t) 

Break in intercept 1996Q1 -4.891 ** 

Break in slope of trend 1986Q2 -4.464 ** 

Break in intercept & slope of trend 1991Q3 -5.016 * 
Log population of 
working age (popt) 

Break in intercept 1984Q1 -3.370  

Break in slope of trend 1995Q2 -3.643  

Break in intercept & slope of trend 1995Q1 -3.641  
Log number of 
households (hht) 

Break in intercept 1981Q2 -3.778  
Break in slope of trend 1990Q1 -3.916  
Break in intercept & slope of trend 1988Q2 -4.468  

Log real savings of 
households (st) 

Break in intercept 1998Q2 -3.059  

Break in slope of trend 1991Q3 -4.388 * 

Break in intercept & slope of trend 1988Q2 -4.818  
Log real savings per 
household (s.avt) 

Break in intercept 1998Q2 -3.362  
Break in slope of trend 1991Q3 -4.124 * 
Break in intercept & slope of trend 1988Q2 -4.671   

Rejected the null hypothesis of a unit root at 10% (*), 5% (**), or 1% (***) level. The 
number of lags is determined by the AIC.  
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Table 4. Unit root tests: Zivot-Andrews (2/3) 

Variable Test specification Break (t) Test statistic 

Log housing stock 
(hst) 

Break in intercept 2008Q2 -1.598  
Break in slope of trend 1999Q4 -2.469  
Break in intercept & slope of trend 1997Q2 -2.485  

∆ Log real house 
price (ht) 

Break in intercept 1985Q2 -4.249  

Break in slope of trend 1999Q1 -4.374 * 

Break in intercept & slope of trend 1982Q1 -4.886 *** 
∆ Log real gross 
disposable 
household income 
(yt) 

Break in intercept 2001Q2 -6.271 *** 

Break in slope of trend 1997Q1 -5.691 *** 

Break in intercept & slope of trend 1983Q2 -6.430 *** 

∆ Log real gross 
disposable income 
per household (y.avt) 

Break in intercept 2001Q2 -5.773 *** 

Break in slope of trend 1997Q1 -5.350 *** 

Break in intercept & slope of trend 1983Q2 -6.114 *** 
∆ Log real gdp (gdpt) Break in intercept 2008Q2 -7.173 *** 

Break in slope of trend 1998Q2 -6.853 *** 

Break in intercept & slope of trend 1983Q1 -7.376 *** 
∆ Log real average 
gdp per household 
(gdp.avt) 

Break in intercept 2008Q2 -7.003 *** 

Break in slope of trend 1998Q1 -6.645 *** 

Break in intercept & slope of trend 1983Q2 -7.154 *** 
∆ Log 
unemployment (ut) 

Break in intercept 2001Q1 -5.218 ** 

Break in slope of trend 1998Q1 -4.847 ** 

Break in intercept & slope of trend 1982Q1 -5.268 ** 
∆ Nominal 
mortgage interest 
rate (Inom,t) 

Break in intercept 1981Q4 -5.593 *** 

Break in slope of trend 1983Q1 -5.122 *** 

Break in intercept & slope of trend 1981Q4 -5.888 *** 
∆ Real mortgage 
interest rate (Ireal,t) 

Break in intercept 2002Q1 -9.621 *** 

Break in slope of trend 1982Q2 -9.599 *** 

Break in intercept & slope of trend 1994Q2 -9.622 *** 
∆ Log population of 
working age (popt) 

Break in intercept 1982Q1 -11.331 *** 

Break in slope of trend 1982Q2 -11.116 *** 

Break in intercept & slope of trend 1983Q4 -11.643 *** 
∆ Log number of 
households (hht) 

Break in intercept 1993Q2 -4.178  

Break in slope of trend 2004Q3 -3.816  

Break in intercept & slope of trend 1993Q2 -4.281  
∆ Log real savings of 
households (st) 

Break in intercept 1990Q2 -8.865 *** 
Break in slope of trend 2008Q3 -8.502 *** 
Break in intercept & slope of trend 1990Q2 -9.005 *** 

Rejected the null hypothesis of a unit root at 10% (*), 5% (**), or 1% (***) level. The 
number of lags is determined by the AIC.  
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Table 4. Unit root tests: Zivot-Andrews (3/3) 

Variable Test specification Break (t) Test statistic 

∆ Log average 
savings of 
households (s.avt) 

Break in intercept 1990Q2 -8.806 *** 
Break in slope of trend 2008Q3 -8.846 *** 
Break in intercept & slope of trend 1990Q2 -8.944 *** 

∆ Log housing 
stock (hst) 

Break in intercept 1994Q2 -3.614 *** 

Break in slope of trend 2007Q1 -3.120 *** 

Break in intercept & slope of trend 1994Q2 -3.915 *** 

Rejected the null hypothesis of a unit root at 10% (*), 5% (**), or 1% (***) level. The 
number of lags is determined by the AIC.  
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Interpretation of Table 4. Unit root tests: Zivot-Andrews  

Unit root tests by Zivot and Andrews (1992) allowing for one structural break are 
performed. These tests take into account one of the following three types of breaks: (1) 
a break in the intercept, (2) a break in the change of the slope of the linear trend, and 
(3) a break in the intercept and slope of the trend. These three types of tests are 
performed for both the level and differences, and are presented in Table 4. The position 
of the break is endogenously estimated on the most significant t-statistics where the t-
statistic from the ADF test of unit root is at a minimum. In other words, the break date 
is selected based on where the strongest evidence against the null hypothesis of unit 
root is found.  

It turns out that most of the variables are I(1) with the inclusion of a break. Only the 
real mortgage interest rate and the log number of households do not show the right 
specifics in this case. Where some variables did not meet the requirements by using an 
ADF-test (without a break), they showed the right specific if taking into account a break. 
For example, in the ADF-test the log real house price turned out not to be I(1) with the 
inclusion of a trend. However, with the inclusion of a break in slope of the trend or a 
break in the intercept and slope of the trend, both showed that the house price series is 
I(1). As is the case in the ADF tests, the log number of households is also not I(1) with 
allowing one break in the series.  
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Table 5. Unit-root tests: Clemente, Montanès and Reyes (1/2) 

Variable Test 
Break 1 
(t) 

Break 2 
(t) 

Significant 
breaks? 

Test 
statistic 

Log real house price (ht) AO 1982Q2 2001Q1 Yes -3.950  

IO 1994Q4 2012Q2 No -4.577  
Log real gross disposable 
household income (yt) 

AO 1990Q2 2001Q2 Yes -3.286  

IO 1987Q4 1992Q4 Yes -3.859  
Log real gross disposable 
income per household (y.avt) 

AO 1990Q2 2001Q2 Yes -1.436  

IO 1992Q4 2010Q4 No -4.257  
Log real gdp (gdpt) AO 1987Q4 1998Q2 Yes -3.559  

IO 1982Q4 1993Q4 Yes -4.485  
Log real gdp per household 
(gdp.avt) 

AO 1989Q2 1998Q2 Yes -3.606  

IO 1986Q4 1993Q3 Yes -3.878  
Log unemployment (ut) AO 1981Q4 2000Q3 No -3.705  

IO 1982Q1 1996Q3 No -3.414  
Nominal mortgage interest 
rate (Inom,t) 

AO 1983Q2 1997Q2 Yes -3.870  

IO 1981Q2 1994Q3 Yes -5.105  
Real mortgage interest rate 
(Ireal,t) 

AO 1994Q2 1999Q4 Yes -4.889  

IO 1991Q1 1995Q3 Yes -5.071  
Log population working age 
(popt) 

AO 1986Q1 1995Q2 Yes -3.581  
IO 1983Q3 2009Q2 No -3.844  

Log number of households 
(hht) 

AO 1987Q1 1999Q4 Yes -2.858  

IO 1978Q4 1987Q4 Yes -3.774  
Log savings of households 
(st) 

AO 1990Q2 2000Q2 Yes -2.736  
IO 1987Q4 1997Q4 Yes -3.801  

Log average savings of 
households (s.avt) 

AO 2000Q2 2010Q2 Yes -3.583  
IO 1997Q4 2008Q4 No -3.488  

Log housing stock (hst) AO 1989Q1 2001Q1 Yes -2.914  
IO 1986Q4 1993Q4 Yes -4.758  

∆ Log real house price (ht) AO 1983Q2 2011Q4 Yes -3.556  

IO 1981Q4 2007Q2 Yes -4.312  
∆ Log real gross disposable 
household income (yt) 

AO 1983Q3 2001Q3 Yes -3.476  

IO 1987Q4 1989Q4 Yes -4.009  
∆ Log real gross disposable 
income per household (y.avt) 

AO 1984Q3 2001Q4 Yes -3.455  

IO 1992Q4 2000Q4 Yes -4.124  
∆ Log real gdp (gdpt) AO 1982Q2 2008Q3 No -3.699  

IO 1982Q3 2007Q4 No -16.209 *** 
∆ Log real average gdp per 
household (gdp.avt) 

AO 1982Q2 2008Q3 No -3.562  

IO 1982Q3 2008Q4 Yes -5.337  

Rejected the null hypothesis of a unit root at 10% (*), 5% (**), or 1% (***) level. 

  



Modelling house price developments in the Netherlands  Page 83 of 91 
 

Table 5. Unit-root tests: Clemente, Montanès and Reyes (2/2) 

Variable Test  Break 1 (t) Break 2 
(t) 

Significant 
breaks? 

Test 
statistic 

∆ Log unemployment 
(ut) 

AO 1996Q1 2000Q3 Yes -7.712 *** 

IO 1995Q1 2000Q4 Yes -5.492  
∆ Nominal mortgage 
interest rate (Inom,t) 

AO 1979Q3 1982Q2 No -3.382  

IO 1981Q2 1982Q3 Yes -6.699 ** 
∆ Real mortgage 
interest rate (Ireal,t) 

AO 1980Q4 1982Q4 No -5.589 * 

IO 1981Q1 1983Q1 No -5.946 * 
∆ Log population 
working age (popt) 

AO 1981Q3 2009Q3 No -3.669  
IO 1981Q4 2009Q4 No -5.600 ** 

∆ Log number of 
households (hht) 

AO 1986Q4 1993Q3 Yes -4.017  

IO 1987Q1 1992Q4 No -4.782  
∆ Log savings of 
households (st) 

AO 1988Q3 1989Q3 Yes -3.856  
IO 1987Q4 1989Q4 Yes -4.299  

∆ Log average 
savings of households 
(s.avt) 

AO 1988Q3 1989Q3 Yes -3.880  

IO 1999Q4 2000Q4 Yes -2.569  

∆ Log housing stock 
(hst) 

AO 2000Q3 2010Q3 Yes -2.916  

IO 1980Q4 1999Q4 Yes -3.618  

Rejected the null hypothesis of a unit root at 10% (*), 5% (**), or 1% (***) level. 
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Interpretation of Table 5. Unit root tests: Clemente, Montanès and Reyes 

Finally, the variables are tested for two structural breaks in the series. In these cases two 
types of unit root tests are performed: (1) an additive outliers (AO) model, which allows 
for a sudden change in the mean of the series, and in an (2) innovational outliers (IO) 
model, that incorporates a gradual shift in the mean of the series. In these tests, the 
breaks are determined endogenously by the data.  

As can be seen from Table 5, all levels of the series are non-stationary. In order to 
confirm a variable to be I(1), the first differences have to be stationary as well. This is 
only the case for the log real gdp, the log unemployment, both mortgage interest rate 
series and the log population. However, in some cases the breaks found are not 
significant. As is the case for tests in case of one break, most of the breaks are found in 
1982 and 2008. From the unit-root tests allowing for two breaks, it is noted that most 
of the series should be treated with one break because then hese are I(1).  
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Table 6. Correlation matrix - Levels of the variables 

 ht yt y.avt gdpt gdp.avt ut Inom,t Ireal,t popt hht st s.avt hst 
ht 1.000             
              
yt 0.802 1.000            
 0.000             
y.avt 0.896 0.840 1.000           
 0.000 0.000            
gdpt 0.827 0.988 0.801 1.000          
 0.000 0.000 0.000           
gdp.avt 0.937 0.937 0.878 0.962 1.000         
 0.000 0.000 0.000 0.000          
ut -0.705 -0.572 -0.817 -0.537 -0.648 1.000        
 0.000 0.000 0.000 0.000 0.000         
Inom,t -0.729 -0.866 -0.652 -0.882 -0.830 0.395 1.000       
 0.000 0.000 0.000 0.000 0.000 0.000        
Ireal,t -0.650 -0.456 -0.559 -0.501 -0.621 0.467 0.517 1.000      
 0.000 0.000 0.000 0.000 0.000 0.000 0.000       
popt 0.661 0.969 0.711 0.953 0.848 -0.416 -0.828 -0.315 1.000     
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000      
hht 0.680 0.970 0.684 0.971 0.869 -0.406 -0.874 -0.365 0.986 1.000    
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000     
st -0.161 0.388 0.174 0.284 0.083 -0.043 -0.189 0.261 0.503 0.444 1.000   
 0.043 0.000 0.028 0.000 0.300 0.595 0.017 0.001 0.000 0.000    
s.avt -0.786 -0.525 -0.466 -0.625 -0.726 0.335 0.627 0.590 -0.428 -0.498 0.556 1.000  
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000   
hst 0.748 0.980 0.726 0.989 0.913 -0.441 -0.883 -0.424 0.976 0.994 0.361 -0.573 1.000 
  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000   
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Table 7. Correlation matrix - First differences of the variables 

 ∆ ht ∆ yt ∆ y.avt ∆ gdpt ∆ gdp.avt ∆ ut ∆ Inom,t ∆ Ireal,t ∆ popt ∆ hht ∆ st ∆ s.avt ∆ hst 
∆ ht 1.000             
              
∆ yt 0.446 1.000            
 0.000             
∆ y.avt 0.484 0.964 1.000           
 0.000 0.000            
∆ gdpt 0.279 0.279 0.269 1.000          
 0.000 0.000 0.001           
∆ gdp.avt 0.297 0.258 0.286 0.990 1.000         
 0.000 0.001 0.000 0.000          
∆ ut -0.321 -0.393 -0.384 -0.293 -0.287 1.000        
 0.000 0.000 0.000 0.000 0.000         
∆ Inom,t -0.087 0.154 0.172 0.375 0.382 -0.055 1.000       
 0.277 0.053 0.031 0.000 0.000 0.495        
∆ Ireal,t 0.124 0.088 0.062 0.287 0.272 0.123 0.452 1.000      
 0.119 0.269 0.436 0.000 0.001 0.123 0.000       
∆ popt 0.060 0.112 0.084 0.024 0.009 0.344 0.185 0.085 1.000     
 0.453 0.163 0.293 0.769 0.908 0.000 0.020 0.289      
∆ hht -0.139 0.136 -0.133 0.037 -0.103 -0.036 -0.066 0.097 0.102 1.000    
 0.081 0.088 0.096 0.647 0.199 0.650 0.414 0.227 0.204     
∆ st -0.217 0.556 0.546 0.047 0.041 -0.152 0.180 -0.073 -0.080 0.038 1.000   
 0.006 0.000 0.000 0.560 0.608 0.057 0.024 0.360 0.318 0.632    
∆ s.avt -0.209 0.548 0.554 0.044 0.048 -0.150 0.184 -0.079 -0.086 -0.024 0.998 1.000  
 0.009 0.000 0.000 0.579 0.553 0.060 0.021 0.322 0.281 0.768 0.000   
∆ hst 0.258 0.438 0.280 0.189 0.107 -0.150 0.104 0.123 0.293 0.588 -0.031 -0.068 1.000 
  0.001 0.000 0.000 0.017 0.183 0.061 0.195 0.123 0.000 0.000 0.695 0.397   
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 Table 8. Co-integration tests  

Co-integration test 
criteria 

Specification 
Model  

(1)   (2)  (3)   (4)   (5)  (6)   

MacKinnon  No break (ADF t-statistic) -1.685 -1.979 -2.084 -2.624 -2.112 -2.089  
              
Zivot-Andrews; allowing 
for one break 

Change in level (ADF) -3.060 -3.390 -4.390 -3.780 -3.810 -3.630  
Break (t) 1982Q4  1982Q3  2003Q3  2001Q2  2003Q1  2003Q1  
Change in trend (ADF) -3.790 -3.630 -5.400 * -3.910 -4.010 -  
Break (t) 1982Q4  2003Q1  2001Q1  2008Q3  1987Q2  -  
Change in regime (ADF) -3.310 -4.080 -5.130 -3.830 -5.050 -5.210  
Break (t) 1982Q2  1990Q3  2001Q1  2003Q2  1990Q1  1993Q3  
Change in regime & trend (ADF) -4.620 -5.210 -5.500 -5.030 -5.910 -  
Break (t) 2001Q3  1993Q3  2007Q4  2006Q4  1991Q1  -  

              
Hatemi-J (2008); allowing 
for two breaks 

Changes in regime (ADF) -5.317 -7.625 *** -5.766 -5.950 -6.073 -  

First break (t) 1992Q2  1982Q3  1993Q4  1991Q2  1989Q3  -  

Second break (t) 1998Q1   1991Q1  1999Q3   1997Q2   1995Q3  -   

Rejected the null hypothesis of a unit root at 10% (*), 5% (**), or 1% (***) level.  
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Table 9. Estimation results short-term models (5) to (7) - (without lags of ∆ht) 

 Model 

Variables (5) (6) (7) 

 x = y.avt x = gdp.avt x = ut 

∆ xt-1 1.044 0.759 -0.136 

 (5.407) (4.176) (-3.440) 

∆ xt-4 1.039 0.580 -0.0827 

 (5.432) (3.977) (-2.289) 

∆ xt-8 0.877 0.263 -0.0269 

 (5.242) (2.015) (-0.903) 

∆ Inom,t-1 -1.300 -1.991 -0.822 

 (-3.960) (-4.467) (-1.922) 

∆ Inom,t-2 -1.164 -1.032 

 (-3.624) (-2.673) 

∆ Inom,t-3 -0.871 -0.948 

 (-2.709) (-2.230) 

∆ Inom,t-4 -0.719 -0.926  

 (-2.289) (-2.603)  

ectt-1 -0.0138 -0.0214 -0.0205 

 (-1.938) (-3.050) (-3.118) 
  
No. of observations 150 150 150 
Adjusted R-squared 0.544 0.395 0.379 
R-squared 0.568 0.419 0.408 
RMSE 0.0129 0.0149 0.0151 
F 22.57 17.30 11.06 
Durbin-Watson 0.706 0.986 0.533 

Robust t-statistics in parentheses. Dependent variable: ∆ Log real house price (∆ ht) 
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Table 10. Estimation results short-term models (1) to (4) with an asymmetric error-
correction 

 Model 

Variables (1) (2) (3) (4) 

∆ ht-1 0.835 0.515 0.531 0.536 
 (15.88) (4.900) (4.892) (5.016) 

∆ ht-2  0.443 0.450 0.452 
  (4.430) (4.395) (4.370) 

∆ ht-4  -0.146 -0.247 -0.237 
  (-2.211) (-2.547) (-2.460) 

∆ ht-6   0.106 0.123 
   (1.746) (2.017) 

∆ Inom,t-1 -0.464 -0.619 -0.613 -0.552 
 (-2.249) (-2.916) (-2.934) (-2.704) 

∆ yt-2  0.245 0.203  

  (1.969) (1.686)  

ectt-1 -0.0155 -0.0135 -0.0133 -0.0157 
 (-2.447) (-2.171) (-2.154) (-2.627) 

ectplust-1 0.00291 0.000709 -0.00178 -0.000801 
 (0.381) (0.0946) (-0.233) (-0.105) 
     

No. of observations 152 152 152 152 
Adjusted R-squared 0.819 0.849 0.851 0.849 
R-squared 0.823 0.856 0.859 0.856 
RMSE 0.00848 0.00775 0.00770 0.00773 
F 141.3 105.3 95.9 107.9 
Durbin-Watson 2.629 2.000 2.053 2.050 

Robust t-statistics in parentheses. Dependent variable: ∆ Log real house price (∆ ht)  
 

  



Modelling house price developments in the Netherlands  Page 90 of 91 
 

Table 11. Estimation results short-term models (5) to (7) with an asymmetric error-
correction (without lags of ∆ht) 
 

 Model 

Variables (5) (6) (7) 

 x = y.avt x = gdp.avt x = ut 

∆ xt-1 1.080 0.774 -0.135 

 (5.334) (3.941) (-3.359) 

∆ xt-4 1.086 0.590 -0.0797 

 (5.515) (4.087) (-2.204) 

∆ xt-8 0.902 0.272 -0.0280 

 (5.093) (2.140) (-0.972) 

∆ Inom,t-1 -1.359 -2.035 -0.745 

 (-4.125) (-4.480) (-1.727) 

∆ Inom,t-2 -1.252 -0.902 

 (-3.790) (-2.393) 

∆ Inom,t-3 -0.901 -0.907 

 (-2.795) (-2.193) 

∆ Inom,t-4 -0.761 -0.942  

 (-2.471) (-2.578)  

ectt-1 -0.00352 -0.0176 -0.0385 

 (-0.339) (-1.850) (-4.339) 

ect+t-1 -0.0152 -0.00589 0.0279 

 (-1.160) (-0.409) (2.291) 
  
No. of observations 150 150 150 
Adjusted R-squared 0.545 0.391 0.392 
R-squared 0.572 0.419 0.424 
RMSE 0.0129 0.0149 0.0149 
F 22.50 15.00 12.07 
Durbin-Watson 0.736 1.018 0.531 

Robust t-statistics in parentheses. Dependent variable: ∆ Log real house price (∆ ht) 
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Table 12. Description of the three economic scenarios 

Quarter

Delayed recovery Moderate recovery (Baseline scenario) Accelerating recovery 

Inflation 1 

Nominal 
mortgage 
interest rate 

Real income 
growth (%)2 Inflation 1 

Nominal 
mortgage 
interest rate 

Real income 
growth (%)2 Inflation 1 

Nominal 
mortgage 
interest rate 

Real income 
growth (%)2 

2014Q4 0.35% 3.00% 0.20% 0.40% 3.10% 0.30% 0.50% 3.15% 0.35% 
2015Q1 0.30% 3.00% 0.20% 0.60% 3.10% 0.35% 0.80% 3.15% 0.40% 
2015Q2 0.30% 3.00% 0.20% 0.80% 2.90% 0.35% 0.90% 3.15% 0.40% 
2015Q3 0.50% 2.90% 0.20% 0.80% 3.00% 0.40% 0.90% 3.20% 0.60% 
2015Q4 0.50% 2.90% 0.30% 0.90% 3.20% 0.40% 1.10% 3.40% 0.70% 
2016Q1 0.60% 2.90% 0.30% 1.00% 3.40% 0.40% 1.20% 3.50% 0.80% 
2016Q2 0.70% 3.00% 0.30% 1.10% 3.50% 0.50% 1.30% 3.60% 0.80% 
2016Q3 0.70% 3.00% 0.40% 1.20% 3.60% 0.50% 1.40% 3.80% 0.80% 
2016Q4 0.80% 3.10% 0.40% 1.30% 3.80% 0.60% 1.60% 4.00% 0.90% 
1 Harmonized consumer price index (y-o-y %) 
2 Growth in the total real gross disposable household income. 

 

 


