Charles University in Prague
Faculty of Social Sciences
Institute of Economic Studies

BACHELOR’S THESIS

Heterogeneous Agent Model of Housing
Market in Ireland

Author: Jiřı́ Teichman
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Abstract
This thesis studies the housing market in Ireland within the Heterogeneous
Agent Model (HAM) framework. The choice of Ireland for empirical research is
motivated by the impact of the recent property bubble on whole Irish economy.
At first, the thesis shows general features of HAMs and provides overview of
relevant literature. Subsequent survey of behavioral aspects influencing market
agents suggests presence of heterogeneity on housing markets. The behavioral
evidence for heterogeneity shows why HAMs are good choice for studying those
markets. For estimation of the model, we use the Irish data covering the period
between 1978 and 2014. Important feature of the HAM used in this thesis is
the switching between fundamental and momentum strategies. Because the
fundamental value has crucial role in the model, we considered its four approximations in our estimations. The estimation results imply that the housing
market agents in Ireland are heterogeneous. Interestingly, the nature of strategies used by the agents in the estimated model are dependent on the method
of fundamental value approximation. Additionally, the agents switch to the
strategy which performed better in previous periods. The simulations with
estimated models are able to replicate the market fluctuations. Moreover, the
simulations show how switching between strategies influences price dynamics.
The results of this thesis provide important evidence for suitability of HAMs
for housing markets and markets with long cycles in general.
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Abstrakt
Tato práce zkoumá trh nemovitostı́ v Irsku pomocı́ modelu heterogennı́ch agentů.
Volba Irska pro empirický výzkum je motivována dopadem nedávné bubliny
na trhu nemovitostı́ v Irsku na celou jeho ekonomiku. Nejprve se zaměřuje
na obecné vlastnosti HAM a souhrn relevantnı́ literatury. Z přehledu behaviorálnı́ch aspektů ovlivňujı́cı́ch agenty na trhu nemovitostı́ vyplývá, že na tomto
trhu může být přı́tomna heterogenita. Tento fakt naznačuje, že HAM je vhodnou volbou pro trh nemovitostı́. Pro odhad modelu použı́váme data z irského
trhu nemovitostı́ mezi lety 1978 a 2014. Tento model umožňuje přechod mezi
fundamentálnı́ a technickou analýzou cen. Jelikož je fundamentálnı́ cena velmi
důležitá v námi použı́vaném modelu, uvažujeme čtyři možnosti jejı́ aproximace.
Výsledky odhadu ukazujı́, že agenti na trhu nemovitostı́ v Irsku jsou heterogennı́. Zajı́mavé je, že povaha strategie použı́vané agenty se měnı́ v závislosti na
metodě aproximace fundamentálnı́ ceny. Dále jsme zjistili, že agenti přecházı́
na strategii, která byla v minulosti lepšı́. Simulace s odhadnutými modely
dokázaly napodobit tržnı́ fluktuace a navı́c ukázaly, jak přechod mezi strategiemi ovlivňuje dynamiku cen. Tyto výsledky ukazujı́, že HAM jsou vhodné
pro trhy nemovitostı́, a tedy i obecně pro trhy s dlouhými cykly.
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Chapter 1
Introduction
The housing markets attracted attention of researchers in the past decade.
This was the result of the drop in the house prices in many countries around
the world. Those price bubbles had an adverse effect not only on the economic
performance of the affected countries but also on the global economy. The burst
of the housing bubble in the United States had an especially severe impact on
the global economy as it triggered the subprime mortgage crisis which was one
of the main causes of the Global Financial Crisis.
In Ireland, the property bubble began to form in 1990s and bursted in 2007.
The increase of house prices in Ireland was among the highest in the world. At
first, the increase in house prices was caused by the astonishing performance
of Irish economy, but later increase in construction activity replaced other sectors as a key factor of economic growth in Ireland. This led to the creation
of bubble on the property market. Its burst had a severe impact on the construction industry and also on the banking industry which provided funding for
the construction activity. The Irish government faced extremely high deficits,
because the cost of bank guarantees and recapitalisation of banks was very
high in comparison with expectations. Those extreme events in the housing
market, which have a large impact on the whole economy, made researches
question whether available housing market models are proper representation of
the reality. Hence, researchers developed new models of housing market.
One of alternative approaches that could be employed are HAM. This class
of models departs from the traditional representative agent assumption and
enables accounting for differences among agents directly in the model. Those
heterogeneous agents are usually boundedly rational as opposed to the traditional rational agent assumption. This class of models is able to explain many
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stylized facts from real markets. Moreover, accounting for the heterogeneity of
the agents on the housing market might be even more helpful, because studies,
which we present in Chapter 3, pointed out that agents in the housing markets
are prone to behavioral biases. This stems from the fact that most of the market participants are not professionals but households for whom the choice of
house is connected with feelings and emotions. Although it is highly possible
that agents in housing markets are boundedly rational, there were only few
studies which estimated HAMs on the real world housing data. The combination of very interesting historical period in Ireland and limited amount of HAM
studies of housing markets provide a natural area of interest for research. To
our knowledge, this is the first application of HAM on the housing market in
Ireland. This thesis enhances the knowledge in empirical heterogeneous agent
modelling and provides another perspective on the recent housing bubble in
Ireland.
The first aim of the thesis is finding out whether there are different types
of agents in the housing market. Therefore, our first hypothesis is following:
There is significant heterogeneity in the estimated regimes. Additionally, we
want to find out whether agents switch between the strategies. Our second
hypothesis is following: The switching is significant in estimated HAM. In the
specification of HAM used in this thesis, the fundamental value has important
role. Therefore, our third hypothesis is following: The method of fundamental
value approximation has considerable effect on the model dynamics and estimation results. Another aim of the thesis is to show that the heterogeneous
agent framework is helpful for explaining the housing market cycles. Hence, our
fourth hypothesis is following: The estimated model is able to replicate fluctuations in the housing market. The heterogeneous agent model literature usually
focuses on markets with short cycles, e.g. security markets or forex markets.
The application of HAM on housing market can provide evidence about the
suitability of this class of models for markets with long cycles. Therefore, our
fifth hypothesis is following: The HAM is suitable for estimating markets with
long cycles.
The thesis is structured as follows. The Chapter 1 provides motivation for
the study of the topic and states hypotheses. The Chapter 2 provides a general
overview of the heterogeneous agent modelling. It states the main reasons for
the development of HAMs and why they are increasingly popular. The survey
of the heterogeneous agent literature is also part of the chapter. The Chapter
3 explains the reasons for heterogeneity of beliefs in the housing market. It
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discusses behavioral biases for households and even experts. The overview
of the HAMs of the housing market can be found at the end of the chapter.
The Chapter 4 provides an overview of the situation in Ireland. At first, it
focuses on the description of the housing market in Ireland. Then, it provides
a description of the bubble period and the crisis which took place in Ireland
after the burst of the bubble in 2007. The initial causes, the built up of the
bubble, and the crisis which followed are studied. The Chapter 5 describes
HAM which we estimate. Our model is based on the model from Kouwenberg
& Zwinkels (2014). The Chapter 6 provides a description of the data which we
use for the estimation. Additionally, it describes how the fundamental value is
calculated because the fundamental value is crucial for the estimation of the
model. The Chapter 7 provides and discusses estimation results. Additionally,
the chapter shows simulations with the estimation results. The Chapter 8
summarizes the findings of the thesis and gives concluding remarks.

Chapter 2
Heterogeneous agent models
Heterogeneous Agent Models offer alternative to more traditional models which
assume that all market agents are similar. Traditional models often assume
agents with rational expectations and that some form of Efficient Market Hypothesis (EMH) holds. Friedman (1953) argues that agents must behave rationally otherwise they will lose money and leave the market. Rational expectations were proposed by John F. Muth as the more accurate representation
of reality than adaptive expectations. They assume that the expectations of
agents tend to be distributed around the prediction of the theory, if they are
given the same information (Muth 1961). This process of forming expectations
became widely used, e.g. in Sargent & Wallace (1975). Fama (1970) state that
markets which fully reflect available information are called efficient. Moreover,
he states weak, semi-strong and strong form of EMH that can be tested. Those
forms differ in the amount of available information for investors. The EMH
implies that prices must reflect underlying information, otherwise there would
be traders that will use this mispricing to earn profit. Actions of traders subsequently push the price towards the value implied by available information.
In contrast to models assuming rational agents and efficient markets, HAMs
are based on the idea of interaction of more types of agents on markets that
might not be efficient. As stated in Hommes (2006), new models are based on
behavioral economics and agent based approach, where markets are populated
with boundedly rational, heterogeneous agents using rule of thumbs strategies.
The idea of boundedly rational agents is not new. Keynes (1936) claims that
the actions of people are result of animal spirits. This concept follows the idea
that people make decisions based on feelings and emotions, rather than calculations and rational judgment. The boundedly rational agents may consider
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only subset of behavior alternatives that are available. Moreover, they may not
anticipate all possible outcomes that may occur once the decision is made (Simon 1955). Those ideas may seem very simple, however they are very powerful
as they offer a broad range of possible behavioral patterns for agents in HAMs.
Heterogeneity of agents allows HAMs to compare different trading strategies
and behavioral biases. Moreover, some HAMs allow agents to switch between
strategies, thus they can provide evidence for the claim that irrational investors
will be driven out of the market. Heterogeneous agent framework also allows
to introduce models where there are investors using costly and more precise
strategies on the one side of the market and investors using simpler costless
rules on the other. All those features suggest that HAMs could better reflect
underlying economic reality than traditional models with single agent. On the
other hand, HAMs are inherently more complex than traditional models and
thus problems can arise in the estimation and interpretation of the results.
Because of this fact, HAMs appeared only recently and their development is
connected to the development of information technology and increase of computational capacities of computers.
This paragraph discusses some of the reasons for the increased popularity
of HAMs and bounded rationality framework stated by Hommes (2006). The
development of economic theory provided the following reasons for use of HAMs.
The first reason is introduction of no-trade theorems, which put in contrast high
daily trading volumes observed in the real markets and no trade on the theoretical markets, which are efficient and populated with the rational agents, even
if some of the agents possess private information. The first no-trade theorem
was proposed by Milgrom & Stokey (1982), in reaction to questions about the
nature of rational expectations equilibrium raised by preceding papers (e.g. Tirole 1982). The second one is the excess volatility puzzle, which points out the
fact that asset price movements exceed movements in the underlying economic
fundamentals. One of the first papers that studied this puzzle is from Shiller
(1981), who finds volatility in US stock market too high to be driven only by
fundamentals. The third one is the problem of unrealistically strong assumptions used in the traditional models such as rational expectations. Accounting
for the heterogeneity and bounded rationality of agents could help solve those
problems, because heterogeneous beliefs about the price could stimulate trade
between them. The excess volatility might be caused by agents that rely on the
momentum strategies. The bounded rationality could be closer to reality as
people have limited capacity to process information and also might not be able
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to obtain all of the relevant information. The decision about the strategy used
by agents, which can be included into the model, was another reason for higher
popularity of HAMs. The evolutionary approach for the strategy selection,
which was introduced by Nelson & Winter (1974), is an example of available
decision making rules. The empirical data, obtained in laboratory experiments
and surveys, provide support for the economic theories that propose bounded
rationality and heterogeneity of agents. For example, the paper from Porter
& Smith (2003) summarizes 72 laboratory asset market experiments that provide evidence against rational expectations. Frankel & Froot (1987) find proofs
against the rational expectations in survey data and suggest that accounting
for heterogeneity will be useful in the future research. Other factors that caused
increase of the HAM popularity are due to new discoveries in other branches of
science and availability of computers and their increased computational power.
The studies of nonlinear dynamics, chaos, and complex system in mathematics
and physics provide economists with new tools to study economic systems with
similar properties. Additionally, the development in computer technology and
availability of computational tools was important for the development of HAMs.

2.1

Heterogeneous agent model literature

We survey the literature related to the topic of heterogeneous agent modelling
in this section. There are several survey studies that provide a summary of
the history and recent development of the HAM related literature. One of
the latest surveys is conducted by Chen et al. (2012). It classifies the models
according to the amount of agent types that are on the market and summarizes
stylized facts explained by the models. Hommes (2006) conducts comprehensive
survey of HAMs spanning from their beginnings to more advanced models which
account for interactions between agents, costly sophisticated strategies, etc.
Other survey articles are LeBaron (2006) and Hommes & Wagener (2009).
A substantial part of HAM literature focuses on financial markets. This is
also true for Zeeman (1974) whose work is pioneering in the field of heterogeneous agent modelling. It models a stock market with two types of investors.
The first type is called fundamentalists and they base their decisions on the
fundamental value of stocks. The second type is called chartists and they base
their decisions on past performance of the stocks. This second type is commonly known as technical or momentum traders. Those two types of economic
agents are the most frequently used in HAM literature. A framework with fun-
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damentalist and chartist is also used in Frankel & Froot (1986) and it is the
first work that studies the foreign exchange market using HAM. They study
exchange rate of the US Dollar and conclude that the model is able to simulate the creation of speculative bubbles as convergence to rational equilibrium
is less than perfect. In Frankel & Froot (1991), empirical support for differing strategies of firms specialized in forecasting of foreign exchange market is
provided.
The model used in this thesis has its foundations in the HAM presented in
papers by Brock & Hommes (1997; 1998). Those papers incorporate evolutionary dynamics into HAM. In the latter paper they call the application of the
evolutionary dynamics on financial markets Adaptive Belief System. In this
setting, agents choose from a set of beliefs or prediction strategies. Agent’s
choice of strategy is rational and is based on predictor’s past performance.
Agents switch to predictors with the highest return, but this switching is not
perfect as the speed of switching is limited and depends on a parameter called
intensity of choice.
Effects of evolutionary dynamics on the stability and fluctuations of artificial markets are also studied in other papers. Day & Huang (1990) consider
a stylized stock market with fundamentalists, chartists and market maker and
show impact of changing weights of different agent types on market stability and fluctuations. An alternative switching mechanism based on contagion
process is introduced in Lux (1995). The contagion process is mechanism of
opinion formation, based on the interaction between agents. Similar processes
are studied in Föllmer (1974) and Kirman (1993). The learning and adaptation to market movements provides valuable insight into market dynamics. In
HAM with artificial markets, it enables to explain the creation of speculative
bubbles followed by crashes. Other HAMs using this framework are Arifovic
(1994), Sethi (1996), and Krusell & Smith (1996). The choice between sophisticated and simple saving rules in general equilibrium stochastic growth model
presented by Krusell & Smith is particularly interesting as HAMs focused on
macroeconomics are not frequent. Learning mechanisms are studied in detail
by Timmermann (1993) and Marimon (1996).
The models presented in Brock & Hommes (1997; 1998) become widely used
in HAM literature. As the model estimated in this thesis is based on their model,
this paragraph presents a brief overview of the related literature. De Grauwe &
Grimaldi (2005) develop a model of exchange rate with transaction costs. Brock
et al. (2005) introduce a model of the market with many heterogeneous agents.
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Diks & van der Weide (2005) explore herding behavior in HAM framework.
Constant relative risk aversion is incorporated in the asset pricing model from
Anufriev (2008). He & Li (2012) extend the original model from discrete to
continuous time. Most of the HAM literature focused on artificial markets.
However, there are several studies that use the HAM framework on the real
world data. Boswijk et al. (2007) estimated HAM using the annual US stock
prices data. The presence of financial contagion and heterogeneity of agents on
Asian stock markets is studied in de Jong et al. (2009). Baur & Glover (2014)
estimate HAM of the gold market on the data from London Bullion Market.

Chapter 3
Heterogeneity of beliefs in the
housing market
3.1

Behavioral aspects of housing market

The recent burst of the housing bubbles in many countries, e.g. USA, Spain
and Ireland, might lead to three questions. Are housing market agents homogeneous? Can we assume rationality? Does EMH hold for housing market? For
many people, buying a house is the most important investment decision of their
life. Moreover, for many of them it is not just an investment. It is the place
where they live. Thus, more considerations, other than price, are involved when
people decide about buying or selling the house. Emotional bond to the house
must be taken into account when people sell it as memories are connected to
the house. Additionally, factors like neighborhood, proximity to schools that
parents prefer for their children, proximity to the workplace, and many other
factors that cannot be assigned a cost must be taken into account. The efficiency of housing markets is also questionable because they are illiquid as it
takes time to buy or sell house. Case & Shiller (1989) find out that real prices
on single-family homes market are positively autocorrelated, and predictable
real interest rate changes are not included in prices. This finding supports the
view that the housing markets are inefficient. The inefficiencies are connected
to high transaction costs in housing market, e.g. real estate agents’ commission
and time-consuming gathering of data for available houses. Those costs make
exploitation of inefficiencies prohibitively expensive (Shiller 2007).
One might think that irrational behavior in housing markets is mainly a
problem of households. Bokhari & Geltner (2011) provide evidence that the
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same is true for large institutional investors. Even professional appraisers suffer from behavioral biases as concluded by Diaz & Hansz (2001) and Levitt &
Syverson (2008). Because of the evidence from behavioral real estate literature
against the EMH, we should consider whether housing markets populated by
boundedly rational agents can be a better representation of reality. Additionally, it is plausible to expect that different agents or groups of agents suffer from
different behavioral biases. Thus, in the housing market, heterogeneous agent
models arise as a natural alternative to models assuming efficient markets and
representative agent.
Brief overview of the most frequent behavioral factors that influence housing market is provided in this paragraph. More detailed survey of behavioral
finance can be found in Barberis & Thaler (2003) and overview of the behavioral real estate is presented in Seiler (2014). The following factors influence
decisions of families in the housing market. Emotions have an important role
in the decision to purchase a house as concluded by Levy et al. (2008). Very
important factor is overreaction to increases in prices. This arises as a mixture
of overoptimism about future price development and herd behavior of market
participants. The optimistic expectations of agents are reinforced by optimism
of others. This prevents small downward corrections of price and results into
very sharp correction in future as suggested by Case et al. (2003). Shiller (2005)
states, that people also underestimate the risks connected to the investment
and are overconfident about their judgment. Loss aversion is frequently observed on other markets as shown by Benartzi & Thaler (1995). Hence, it is
plausible that people do not want to realize loss on their largest investment.
Professional appraisers may also suffer from some of the following behavioral
biases. They are often influenced by reference points, e.g. their previous estimates and opinion of other experts as is shown by Diaz & Hansz (2001).
This bias is called anchoring. Gallimore (1996) suggests that there could be
confirmation bias among appraisers. This bias leads to ignoring alternatives
and finding evidence that reinforce the prior assessment of price. Principalagent problem is also present as appraisers withhold valuable information from
their customers. Levitt & Syverson (2008) have shown that appraisers sell their
houses at higher cost and their houses stay on the market longer. This is caused
by the relatively small commission in comparison with price of the house. All
market agents can be influenced by media coverage that shows large gains on
real estate investments and convinces them to participate in the market. Moreover, government tends to encourage houseownership as there is a popular view
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that it has a positive impact on society as concluded by Shiller (2007).

3.2

Heterogeneous agent models of housing market

The behavioral biases and inefficiency of housing markets result in need for a
model that could include those findings. The HAMs can account for different
behavioral patterns of agents and certain inefficiencies, e.g. transaction costs.
The HAMs of housing market are relatively new field of research. Sommervoll
et al. (2010) present HAM with three types of agents: buyers, sellers, and
mortgagees. The buying and selling of houses is represented by auction and
buyers can place only limited amount of bids each period. The agents are
endowed with different budgets and price of the house is allowed to deviate
from expected price. The simulations show that the model can replicate market
fluctuations and inclusion of mortgage financing can lead to a sharp decline in
prices. In HAM from Dieci & Westerhoff (2012) demand for housing is created
as an interaction between real and speculative demand. The real demand
is decreasing in prices as higher prices discourage from buying a house for
consumption. The speculative demand is driven by price dynamics and depends
on types of speculators that participate in the market. Extrapolative and
mean-reverting speculative strategies are considered. The paper suggests that
speculators are destabilizing for the market and that the model is able to create
bubbles and crashes. Burnside et al. (2011) developed HAM with a contagion
process of switching between three different agent types. Tomura (2013) in his
HAM of whole economy focuses on how shocks influence various macroeconomic
indicators and the housing market.
There are only a few studies which estimated HAMs on the real world housing data. Nevertheless, this branch of HAMs recently attracted attention of
researchers. US housing market data are used in articles from Kouwenberg &
Zwinkels (2014; 2015). In those papers fundamentalist and chartist interaction
is studied in the framework of a model based on HAM from Brock & Hommes
(1997; 1998). Out-of-sample forecast with estimated parameters is presented in
Kouwenberg & Zwinkels (2014). The HAM outperformed other models, considered in the study, in the out-of-sample forecast. In Kouwenberg & Zwinkels
(2015), estimated coefficients are used in simulation of endogeneous dynamics
and sensitivity analysis. The particularly interesting dataset is used in Eich-

3. Heterogeneity of beliefs in the housing market

12

holtz et al. (2015). They use the Herengracht Index, which is price index of
houses located in the center of Amsterdam. The index is unique, because it
tracks house price data for 357 years. Such a long time series are seldom available and the results of their analysis can be very informative. The dataset is
studied using traditional HAM with fundamentalists and chartists. They estimated the coefficients of the model and studied the weights of the agent types.
Although there is high variation in weights over time, in the second half of
the 20th century importance of chartists increased. This finding is particularly
important as most of empirical studies are conducted on data from this period
as pointed out by Eichholtz et al. (2015). We should take this into account
when we interpret empirical studies from this period and collecting accurate
data from contemporary housing markets should have high priority. Also the
collection of past data similarly as for Herengracht index will be helpful for
future housing markets research. Capozza & Israelsen (2007) estimate influence of momentum traders and fundamentalists on the real estate investment
trusts data. The influence of fundamentalist is statistically significant, while
momentum traders did not have a statistically significant impact. They suggest
that this is due to the higher efficiency and lower transaction cost of real estate
investment trusts.

Chapter 4
Irish property bubble and housing
market in Ireland
This chapter presents an overview of the Irish housing market during the period
between 1978 and 2014. An important event during this period was property
bubble, which begun in the late 1990s and bursted in 2007. General overview of
the Irish economy during the observed period is also provided as it is interconnected with the housing market. This interconnection became more significant
during the bubble period. The burst of the property bubble had severe impact
on the Irish economy because the banking sector was subsequently in the deep
crisis and the government faced growing deficits.

4.1

Irish housing market

At first, we examine the development of prices on the housing market. The
prices for second hand houses increase for most of the period, but sharp decline
is visible after the burst of the bubble in 2007. From the beginning of the
observed period to 1983, prices grew very fast. After a slight decline in 1984,
growth in prices slowed down until 1995. The period between 1995 and 2007 is
characterized by unprecedented growth in prices. As prices more than quadrupled in this period, question about their sustainability arise. Although Gross
Domestic Product (GDP) per capita increased rapidly in this period, Donovan
& Murphy (2013) suggest that after 2001 the GDP growth was mainly driven
by the construction industry. The concerns about sustainability of prices were
confirmed in the second quarter of 2007, when prices began to fall. After the
sharp decline, prices fluctuated and did not show a clear pattern. More details
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Figure 4.1: House prices in Ireland
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are shown in Figure 4.1a. Similar pattern can be observed in the development
of new house prices as can be seen in Figure 4.1b.
Housing completion data provide evidence for the rising influence of construction industry after 1995. Until 1995, number of yearly house completions
was below 30 thousand. Since 1995, the number soared and reached peak of
93 thousand completions in 2006. This huge construction activity proved ultimately unsustainable and a large drop of completions followed. Only 8301
new houses were built in 2014, a historic minimum. The rent prices were more
volatile during the observed period as can be seen in Figure 4.2. The increase in
rents was more steady and not so dramatic as in the case of house prices. This
could serve as an indicator of existing speculative bubble in the housing market, because rents are frequently used as a determinant of fundamental prices
in the housing market (e.g. Hott & Monnin 2008). Nevertheless rents were not
inert to speculative activity on the housing market as can be seen on the spike
in rents between 2005 and 2008. Rents are crucial factor for determination of
fundamental prices in the housing market in our model because they quickly
adapt to changes in underlying economic fundamentals.
Rising importance of the construction industry is also visible on the increase of spending on construction other than family houses. The value of
non-residential buildings production peaked at the beginning of 2007, followed
by sharp decline. However, the value of production started to increase in the
past two years. Also, value of civil engineering works peaked at the end of 2007
and then declined. Thus, a similar pattern is visible in the non-residential con-
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Figure 4.2: Rents in Ireland
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Source: OECD.Stat

struction as well as in the residential construction. The number of construction
permissions granted can be seen as a possible indicator of the bubble, because
they reflect future construction activity and thus expectations of people about
the housing market. From Figure 4.3, we can see that the peaks in the number
of construction permits granted occured in 2000 and 2004. The 2004 peak was
followed by a minor decline until the burst of the bubble in 2007 when number
of permits plummeted. The minor decline in the number of permits granted
after the peak may indicate decrease of optimism about the housing market,
which is later confirmed after the collapse of prices. Permits for constructions
excluding dwellings do not show a similar decline before the burst of the bubble. This may be caused by overoptimism of developers who might not realize
that prices are inflated until the collapse of prices in 2007.
Annual index of employment in building and construction industry for the
period is in Figure 4.4a. In Figure 4.4b, the impact of the formation and burst
of the bubble is visible. Employment in construction rose from 118 thousand
workers to 276 thousand and then fell to 97 thousand. Those fluctuations exemplify the impact of the construction industry on the rest of the economy.
This large drop of available jobs in construction industry influenced the unemployment rate and the total number of employed as can be seen in Figure 4.4c
and Figure 4.4d, respectively.
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Figure 4.3: Construction activity
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4.2

Irish economy during the property bubble

For a thorough understanding of the Irish property market it is necessary to
become familiar with economic and political situation in Ireland. The following
overview of the Irish economy and political situation puts focus on factors
leading to economic downturn in 2008. The large part of the observed period is
covered by so called Celtic tiger period, which began in mid-1990s and ended in
2008. This period was characterised by high production growth as illustrated
in Figure 4.5 by GDP and GDP per capita growth. “During the period Ireland
went from one of the poorest economies to the second richest in EU” (Baldwin
& Wyplosz 2009).
The main reason of a very fast growth in 1990s were friendly environment
for foreign investment, low taxes, and focus on information technologies. Membership in European Union and access to its markets, structural funds, and
cohesion funds were also important for fast growth. Due to this favorable environment, some of the largest IT companies have headquarters for European
Union in Ireland, e.g. Google. The economic growth had also positive impact
on other indicators and statistics. The unemployment rate sharply decreased
and labor force participation rate began to increase during the Celtic tiger period. The participation rate is currently stable at the average of Organisation
for Economic Co-operation and Development (OECD) countries, while previ-
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Figure 4.4: Employment in Ireland
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ously Ireland was among the OECD countries with the lowest participation
rates. The increase in participation further boosted production and is one of
the causes of very fast growth. This growth in production is similar to those
experienced by so called Asian tigers. Topel et al. (1999) show how fast growth
is achieved by increase in participation rate. Furthermore, Ireland, a country
long known for emigration, experienced a net immigration during the boom period. This was in sharp contrast with emigration of 1980s as stated in O’Riain
(2000). The immigrants were not only emigrants returning to Ireland, but also
non-Irish-born immigrants mainly from Eastern Europe.
Despite this astonishing performance, the crisis has its roots in this period
and is caused mainly by domestic factors. World events such as dot-com bub-
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Figure 4.5: Gross Domestic Product of Ireland
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ble and Global financial crisis presented adverse shocks to the Irish economy,
but their impact was amplified by the bad decisions of Irish government and
risky lending of Irish banks. The collapse of the dot-com bubble in 2000 caused
the slowdown of Irish economy. Orientation of Irish industry on information
technologies made the Irish economy particularly vulnerable to this bubble.
Cassidy et al. (2005) show that exports declined and competitiveness deteriorated because of rising domestic costs and appreciation of euro vis-á-vis dollar.
The Irish government decided to adopt measures preventing the downturn of
the economy. One of the measures was interest relief on borrowings for rented
residential properties, which was presented in the Budget for 2002. This is
one of the signs of the increasing reliance of Irish economy on the construction
industry after the burst of the dot-com bubble. Another sign was increasing dependence of the government budget on construction activity and other
cyclical taxes. Donovan & Murphy (2013) show that property related revenue
increased from 8.3% in 2002 to 18% in 2006. Government expenditures rose
again after 2000. Thus, in case of crisis, government faces high deficits, because
the cyclical taxes decrease and spending increases.
Not only government became closely tied to performance of the construction industry. The banking industry also formed tight relation with it. The
banks’ lending to the construction industry grew rapidly and became increasingly riskier. The banks introduced new financial instruments, e.g. 100 percent
mortgages or interest rollovers for commercial loans (Donovan & Murphy 2013).
Fast growth of the amount of money lent by banks was allowed by wholesale
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funding and led to the increase of exposure to global financial markets as shown
by Duggar & Mitra (2007). Peer pressure was also an important factor in the
banking industry as the high profitability of Anglo Irish Bank, which was heavily involved in the risky lending, forced managers of other banks to adopt a
similar strategy as otherwise they may be removed by investors. In his report Nyberg (2011) provides evidence for inefficient supervision of the banks
before the crisis. The auditors insufficiently communicated with financial regulators and the banks’ board. Another problem was that audits covered only
previous periods and future prospects were covered only if the going concern
assumption is questioned. Irish financial market authorities also failed to discipline the banks. Despite the evidence of the existing property bubble and
high exposure of Irish economy to the construction industry, they did not take
resolute action. The supervisors failed to perform sufficient stress tests and
verify adequate risk management. This lack of supervision allowed banks to
pursue aggressive lending strategies.
The connection between the construction industry and the rest of the economy described above resulted in the banking and fiscal crisis. The house prices
in the United States began to decline in 2006. This triggered the subprime
mortgage crisis and subsequent financial crisis. This crisis lead to problems of
many financial institutions and recession in many countries. The prices on the
Irish housing market began to decline in 2007. This lead to a slowdown in the
construction industry. Employment decreased as a result of lower construction activity. These factors caused the decline of cyclical taxes and resulted
in a lower budget surplus in 2007. As the uncertainty of the global financial
markets increased, the banks found themselves under growing pressure. Their
share prices began to decline.
The bankruptcy of Lehman Brothers on September 15, 2008, had a severe
impact on global financial markets. This resulted in very low liquidity of global
financial markets. For Irish banks, that were heavily reliant on foreign funding,
the sudden drop of market liquidity resulted in serious liquidity problems. The
banks sought assistance from government. After negotiations it responded by
guarantee for almost all financial liabilities of the Irish banks. At the time, the
government and regulatory authorities thought that Irish banks face only temporary liquidity problems and did not fully understand long-term risk. This
risk was connected to banks’ exposure to the housing market. This lack of understanding of the situation led the government to adopt measures under which
no Irish bank is permitted to fail as suggested by Nyberg (2011). The banks
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faced large losses on loans to developers and from mortgages. The government
guarantee of banks and their recapitalization resulted in very large budget
deficits in the following years. As the deficit was predicted to reach 32% of
GDP in 2010, the Irish government had to negotiate rescue agreement with the
International Monetary Fund and the European Union. The downturn in the
housing market combined with poor supervision of banking industry resulted
in severe economic crisis in Ireland. The government debt soared, banks have
to be bailed out, and Anglo Irish Bank was nationalized. This considerable
effect of the housing market on whole economy provides us with motivation for
studying the house price dynamics in the following chapters.

Chapter 5
Heterogeneous agent model of
housing market
This chapter presents HAM of housing market which we estimate in this thesis.
The model was developed by Kouwenberg & Zwinkels (2014) and then used
for forecasting the housing market in the United States. The model is based
on HAM created by Brock & Hommes (1997; 1998). The positive serial correlation of real estate returns in the short term and the reversion of prices to
the fundamental value in long term are used in the construction of the model.
Those two elements, which are present on the housing market, are represented
by fundamentalist and chartist forecasting rules in the model.
The fundamentalist forecasting rule is based on the belief that house prices
will return back to the fundamental value. The function which will represent
this forecasting rule in the returns equation has the following form:
E f [Rt+1 ] = α(Pt − Ft ),

(5.1)

where Pt is the logarithm of the real house price, Ft is logarithmized fundamental value of the house and α is a mean reversion coefficient. Thus, we expect
α < 0.
The chartist forecasting rule is based on the belief that past prices provide
information about future prices. Thus, the function representing chartist forecasting rule in the returns equation is a function of past returns and has the
following form:
c

E [Rt+1 ] = β

L
X
l=1

Rt−l+1 ,

(5.2)
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where the real return on housing Rt+1 is defined as difference Pt+1 − Pt and
L is the amount of returns used in the forecasting rule. We assume that L is
integer between 1 and 12. β is autoregressive coefficient because it depends on
past returns.
By including time varying weights of those two rules in the standard Vector
Error Correction Model (VECM), HAM tries to capture boom and bust cycles
on housing markets. Moreover, the changing weights themselves provide insight in what kind of strategies are used in different parts of market cycle and
how much their relative importance varies. The housing HAM includes fundamentalist and chartist rules because during the boom the expectations appear
to be driven by extrapolative strategies, which are disconnected from underlying economic fundaments. On the contrary, strategies based on fundamentals
should drive the burst of the bubble. The costly exploitation of housing market
inefficiencies contributes to two specifics of the housing market as pointed out
by Kouwenberg & Zwinkels (2014): prolonged periods of boom, when prices
of housing are above fundamentals and subsequent severe corrections, when
price fall towards the fundamental value. Those properties could be observed
on the housing market in Ireland during the Celtic tiger period. Thus, use of
model with different strategies varying in time on housing market seems as a
reasonable choice and could be able to explain housing market dynamics in
detail.
The proposed housing HAM has the following form:
Rt+1 = c + Wt (Zt )α(Pt − Ft ) + [1 − Wt (Zt )]β

L
X

Rt−l+1 + t+1 ,

(5.3)

l=1
−1

Wt (Zt ) = [1 + exp(γZt )] ,

(5.4)

where Wt (Zt ) ∈ [0, 1] is the weight assigned to the fundamentalist forecasting
strategy at time t, and [1−Wt (Zt )] is the weight of chartist forecasting strategy.
In equation (5.4), logistic function determines the weights conditional on Zt .
The parameter γ is called intensity of choice in HAM literature. As its name
suggests, it controls for the sensitivity of the weight Wt (Zt ) to the relative performance of the two forecasting strategies. When γ = 0, the model reduces
to VECM, with both weights constantly equal to 1/2. Under the definition of
transition variable Zt used in this thesis, positive value of parameter γ means
that the weight shifts to better performing forecasting rule. Thus, we expect
γ > 0 in our estimation because people should choose a strategy that offers
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better prediction of return. In comparison with VECM which is shown in equation (5.5), the proposed housing HAM have the following parameter restrictions
δ0 = 0, δ1 = 1 and βl = β for all l = 1, . . . , L.
Rt+1 = c + α(Pt − δ0 − δ1 Ft ) +

L
X

βl Rt−l+1 + t+1 .

(5.5)

l=1

The transition variable Zt is defined by the following equations:
Zt =
ztf

=

ztc =

K
X

ztf − ztc
ztf + ztc

,

(5.6)

|α(Pt−k − Ft−k ) − Rt−k+1 | ,

k=1
K
X

L
X

k=1

l=1

β

(5.7)

!
Rt−k−l+1

− Rt−k+1 ,

(5.8)

where ztf and ztc are the historical forecast errors of the fundamentalist forecasting strategy and chartist forecasting strategy, respectively. Thus, Zt is a
function which compares relative forecasting errors of the two strategies over
previous K periods. We assume that K is integer between 1 and 12. The
method of switching based on the past relative performance of different strategies is inspired by Brock & Hommes (1997; 1998).
In the estimation of model, we use the procedure suggested by Kouwenberg
& Zwinkels (2014). At first, equations (5.3)-(5.4) and (5.6)-(5.8) are combined
into a single nonlinear equation, which is a nonlinear polynomial of Rt , and Ft
is given as an exogenous variable. This equation is then estimated by quasimaximum likelihood method. The switching mechanism used in the model
is similar to that in smooth transition autoregressive models. The likelihood
ratio test is used to test significance of γ because the standard t-test cannot
be utilized due to the non-linear structure of the switching function. At first,
the model with constant weights (γ = 0 and Wt = 1/2) is estimated. Then,
the unrestricted model is estimated and we test whether smooth transition of
weights added explanatory value. To optimize the number of lags L in the
chartist forecasting rule and the number of past forecasting errors K in the
transition variable we estimate models for all 144 combinations of K and L
and select the model with lowest Akaike Information Criterion (AIC).

Chapter 6
Data and fundamental value
6.1

House prices and rent

The average second hand house prices are obtained from the Central Statistics Office of Ireland and are provided by The Department of the Environment,
Community & Local Government. This dataset contains quarterly observations
from 1978Q1 to 2014Q4. For the estimation of the model used in this thesis,
we use the house prices that were at first deflated by the consumer price index
and then logarithmized. The consumer price index data are obtained from the
Internatitonal Monetary Fund. The rents have an important role in our model
because the fundamental price of houses is derived from them. Specifically, the
imputed rent, which is the cost of owning a house for a certain period, is used.
For construction of quarterly changes of yearly imputed rents, we use the estimate of the average value of imputed rent provided by Callan (2007), which is
e3200 per annum. This estimate is our benchmark price. Frequently used approach in the imputed rent calculation is the opportunity cost approach, which
takes various factors into account, e.g. mortgage rate, loss of the interest rate
on an alternative investment, depreciation of the house and its maintenance,
property tax, and capital gains. This approach is suggested in Hott & Monnin
(2008), and Davis et al. (2008) use it to estimate average annual imputed rent
in the United States. This estimate is used in the paper of Kouwenberg &
Zwinkels (2014) to approximate the fundamental value of houses. Nevertheless, Callan (2007) uses a capital matket approach, because data from Living
in Ireland Survey provide only a small sample of non-owner occupied housing
and there is a high amount of information about the capital value of houses.
The capital market approach uses the adjusted value of equity reported by
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the homeowner. The consumer price index for rents, imputed rents, repairs &
maintenance is used to extrapolate the benchmark price to the whole period
between 1978Q1 and 2014Q4. This consumer price index is obtained from the
OECD iLibrary. The imputed rent is then deflated similarly as the house prices.

6.2

Fundamental value

The fundamentalist part of our model is dependent on the fundamental value
of houses. As this true fundamental value is naturally unknown, we need to
find the approximation of the fundamental value to be able to estimate the
model. Kouwenberg & Zwinkels (2014) state that this approximation does
not have to be equal to the true fundamental value, but it is necessary to
be able to compute this estimate using information at time t. Moreover, the
house prices and fundamental value estimate should be co-integrated and prices
should revert to the fundamental value.
To obtain the approximation of fundamental value, the model by Hott &
Monnin (2008) with adjustments from Kouwenberg & Zwinkels (2014) is used.
This approximation is calculated as the sum of the discounted future imputed
rents, under the assumption of no-arbitrage between renting and buying. In this
setting, the fundamental value is not conditional on any exogenous information
other than rent and price data. Their model differs from other models of the
housing market by the fact that they derive the capital gains from the expected
future fundamentals. The model is given by the following equation:

#
" ∞
X δ i Ht+i
δEt (Ht+1 )
δ 2 Et (Ht+2 )
Ht
+
+
+ . . . = Et
. (6.1)
Pt =
Qi
Rt Rt Et (Rt+1 ) Rt Et (Rt+1 Rt+2 )
R
t+j
j=0
i=0
The model is further simplified by the following assumptions. The rents
increase at the fixed rate g each period, and the discount rate is constant.
Under these assumptions, the model has the following form:

Ft =

1+g
Ht ,
r−g

(6.2)

where Ht is the rent in period t, g is the growth rate, and r is the discount
rate. The discount rate r is equal to the unconditional expected return to
housing. Expected return due to capital gains after depreciation, plus expected

6. Data and fundamental value

26

rent yield E(H/P ) are equal to the expected return to housing. Under the
assumption of no-arbitrage between renting and buying, the long run rate of
capital gains is equal to the growth rate of rents g. From this follows the
equation r = g + E(H/P ). Thus, for computation of the fundamental value
approximation the following equation is used:

Ft =

1+g
Ht ,
E(H/P )

(6.3)

where E(H/P ) is the unconditional expected rent yield.
Similarly as in Kouwenberg & Zwinkels (2014), we use imputed rent and
house prices for the calculation of fundamental value. To get the approximation
of the fundamental value, we need the values of growth rate g and unconditional
expected rent yield E(H/P ). We obtain approximations of g and E(H/P ) in
two steps. At first, we calculate yearly growth rate of rents as Ht /Ht−4 and the
rental yield as Ht /Pt . Then, there are several alternatives by which we calculate
the estimates of g and E(H/P ). Those alternatives result from the several
possibilites of calculating the average of historical available observations for g
and E(H/P ) in each quarter. The simplest methods are Cumulative Moving
Average (CMA) and Simple Moving Average (SMA). The CMA is average of
all of the data up until the period in which it is computed. The SMA is mean
of certain specific number of periods which precede the period in which it
is computed. The CMA approach is used in Kouwenberg & Zwinkels (2014).
This option may be problematic as it takes values from all time periods into
account. Therefore, values from the distant past have nontrivial impact on
current average. On the other hand, if the number of periods for the SMA
is low it could be influenced by short time fluctuations in prices and rents,
and as a result it is more volatile. This in turn results in higher volatility of
the fundamental price. We can see the choice between these two approaches
as a trade-off between long-term stable growth in rents, which implies steady
increase in fundamental value, and giving higher weight to current observations,
which results in more volatile fundamental value.
The next section raises concerns about the suitability of those two methods
for calculation of g and E(H/P ). Hence, we also consider two alternatives
with changing weights of observations in time. The first alternative is linearly
weighted. We use Weighted Moving Average (WMA), which is given by the
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following equation:
W M At =

txt + (t − 1)xt−1 + · · · + 2x2 + x1
.
t + (t − 1) + · · · + 2 + 1

(6.4)

The second alternative is exponentially weighted. We use Exponentially
Weighted Moving Average (EWMA), which is given by the following equation
EW M At = λYt + (1 − λ)EW M At−1 ,

(6.5)

EW M A1 = Y1 .
The coefficient λ is number between 0 and 1. Higher value of λ results into
2
faster declining weights of past observations. We use λ = T +1
. This number is
relatively small, but it is chosen to reflect the long-term stability of fundamental
value, and avoid large fluctuations in growth rates and rent-price ratios.

6.3

Descriptive statistics of data

Table 6.1 presents descriptive statistics of real prices and fundamental values of
houses in logarithmic form. The descriptive statistics for changes of real prices
and fundamental values and deviations between them are also included in the
table.
Table 6.1: Descriptive statistics of prices
P
∆P F(CMA) ∆F(CMA) F(SMA) ∆F(SMA) P-F(CMA) P-F(SMA)
Mean
11.980 0.007
11.621
0.004
11.988
0.007
0.359
0.053
Median
11.725 0.001
11.567
0.006
11.699
0.007
0.271
0.002
Max
12.897 0.158
12.150
0.107
13.108
0.118
1.131
0.687
Min
11.309 -0.117
11.211
-0.175
11.408
-0.199
-0.227
-0.449
Standard deviation
0.525 0.042
0.205
0.039
0.547
0.045
0.406
0.219
Skewness
0.267 0.433
0.806
-1.263
0.498
-0.986
0.404
0.564
Kurtosis
1.403 4.235
2.735
7.732
1.760
7.145
1.828
3.305
Autocorrelation Q(-1)
0.991 0.088
0.966
0.354
0.990
0.558
0.989
0.971
Autocorrelation Q(-2)
0.982 0.136
0.915
0.032
0.977
0.266
0.977
0.930
Autocorrelation Q(-3)
0.973 0.141
0.865
0.065
0.961
0.246
0.964
0.884
Autocorrelation Q(-4)
0.962 0.294
0.812
-0.041
0.944
0.156
0.949
0.832
Autocorrelation Q(-8)
0.913 0.235
0.655
-0.084
0.869
0.005
0.878
0.609
Autocorrelation Q(-12) 0.848 0.212
0.578
-0.005
0.788
0.111
0.797
0.436
Autocorrelation Q(-16) 0.773 0.170
0.498
-0.012
0.686
0.032
0.705
0.284
Autocorrelation Q(-20) 0.687 0.092
0.449
0.006
0.579
-0.043
0.596
0.138

The mean and median of the deviations of real price from fundamental values is positive and thus the real prices are on average higher than fundamental
values approximated both by CMA and SMA method. The data for the fundamental value calculated via CMA show low volatility. On the other hand,
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Figure 6.1: Real prices and fundamental values
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Note: Logarithm of real prices and calculated fundamental values

volatility of fundamental value calculated via SMA, that takes average of last
20 quarters, is even higher than the volatility of prices. From Figure 6.1a, we
can see that the real price fluctuates around the fundamental value calculated
via CMA until 1995 and then the real price starts to increase rapidly, while the
fundamental price increases only slightly during that period. After the increase
of the real price, only its partial correction towards the fundamental value follows and at the end of the observed period there is a stable gap between them.
This gap may be caused by the influence of old rent-price ratios, which are
higher than the current ones and this may result in underestimated fundamental value. In Figure 6.1b, we can see that the real price fluctuates around the
fundamental value calculated via SMA until 1995. Then both increase until
2007. During this period, the fundamental value is lower than the real price.
However, the real price declines steadily after 2007, whereas fundamental value
continues to increase and then is sharply corrected. Because of this pattern and
high volatility of fundamental value calculated via SMA, we should be careful
in the estimation of our model with this fundamental value.
Because the estimates of growth rates of rents and unconditional expected
rent yields are very important in the calculation of the fundamental value estimates, Table 6.2 presents their descriptive statistics. The descriptive statistics
for their CMAs and SMAs are also presented in this table. Graphs of the growth
rate and rent-price ratio are presented in Figure 6.2. Figure 6.3 provides graphs
of their moving averages. The growth rate of rents is very volatile as can be seen
from the graph and exhibits high short-term positive autocorrelation which, in
medium term, becomes negative. Its mean is very close to 0 during the observed
period.

6. Data and fundamental value

29

Table 6.2: Descriptive statistics of growth rate and rent-price ratio
Mean
Median
Min
Max
Standard deviation
Skewness
Kurtosis
Autocorrelation Q(-1)
Autocorrelation Q(-4)
Autocorrelation Q(-8)
Autocorrelation Q(-12)

r-p ratio growth rate CMA of r-p ratio CMA of growth rate SMA of r-p ratio SMA of growth rate
0.035
0.002
0.044
-0.020
0.035
0.008
0.039
0.006
0.045
-0.006
0.039
0.003
0.013
-0.295
0.035
-0.175
0.015
-0.047
0.062
0.233
0.060
0.009
0.054
0.091
0.015
0.095
0.005
0.036
0.015
0.029
-0.008
-0.257
-0.326
-2.612
-0.091
0.635
1.389
4.131
2.514
10.128
1.249
3.081
0.977
0.838
0.941
0.965
0.995
0.961
0.938
-0.042
0.863
0.719
0.970
0.675
0.889
-0.257
0.779
0.488
0.917
0.351
0.820
-0.010
0.695
0.394
0.842
0.138

Figure 6.2: Growth rate of rents and rent-price ratio
0.06

0.2

0.05

0.1

0.04
0.0
0.03
-0.1
0.02
-0.2

0.01

-0.3

0.00
1980

1990

2000

(a) Growth rate of rents

2010

1980

1990

2000

2010

(b) Rent-price ratio

The CMA of growth rate is stable and close to zero with the exception of the
beginning of the period, where it was heavily influenced by the large negative
growth rates. The SMA of growth rate fluctuates more than the CMA. This
may result into the higher fluctuations of the estimated fundamental value.
With exception of the period between 1992 and 2000 where the rent-price ratio
decreases, it was stable throughout the period. This persistence is supported by
its high positive short and medium-term autocorrelation. Both CMA and SMA of
the rent-price ratio exhibit stable development over time. The SMA responded
faster to the drop in the rent-price ratio, but its increase at the end of period
may indicate that prices were too much disconnected from the real value of
housing. The CMA of rent-price ratio is more conservative and does not respond
as quickly to the drop as the SMA. The difference between CMA and SMA is
nontrivial, as even small changes in the rent-price ratio may result into the large
change in the approximated fundamental value. The slow reaction of the CMA
to the decrease of the rent-price ratio may cause serious underestimation of the
fundamental value in the second half of the sample. It might be appropriate
to use some kind of weighted average to give higher importance to current
observations, but not completely ignore past observations. The problems might
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Figure 6.3: Moving averages of growth rates and rent-price ratios
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Table 6.3: Descriptive statistics of prices for weighted averages
Mean
Median
Max
Min
Standard deviation
Skewness
Kurtosis
Autocorrelation Q(-1)
Autocorrelation Q(-2)
Autocorrelation Q(-3)
Autocorrelation Q(-4)
Autocorrelation Q(-8)
Autocorrelation Q(-12)
Autocorrelation Q(-16)
Autocorrelation Q(-20)

F(WMA) ∆F(WMA) F(EWMA) ∆F(EWMA) P-F(WMA) P-F(EWMA)
11.699
0.006
11.508
0.005
0.281
0.472
11.587
0.006
11.453
0.007
0.216
0.403
12.370
0.117
12.160
0.11
0.982
1.175
11.243
-0.174
11.130
-0.182
-0.217
-0.083
0.287
0.040
0.293
0.04
0.350
0.346
0.873
-0.988
0.679
-1.625
0.632
0.579
2.394
7.356
2.231
9.347
2.101
2.185
0.975
0.386
0.980
0.331
0.987
0.982
0.940
0.072
0.950
0.024
0.972
0.966
0.905
0.101
0.920
0.052
0.955
0.949
0.869
-0.030
0.889
-0.019
0.935
0.929
0.754
-0.076
0.779
-0.075
0.845
0.835
0.679
-0.007
0.697
0.011
0.749
0.729
0.596
-0.013
0.605
0.004
0.643
0.612
0.531
0.011
0.528
0.001
0.526
0.478

be caused by the nature of price dynamics which we observe because the period
of price stability was followed by a rapid increase in prices. Hence, we cannot
fully understand whether the large drop in the rent-price ratio was driven by
the fundamental factors or only by the speculative increase in prices.
The fundamental value have important role in our model. Although the true
fundamental value is unknown, its approximation used in estimation should be
as precise as possible. Because of the concerns about the suitability of the two
methods of calculating averages of the growth rate and rent-price ratio, the
fundamental values calculated from them might not be optimal. Therefore, we
also consider fundamental values approximated form weighted averages in this
thesis. The weighting could account for the changing weights of information
that agents process, hence we can obtain less volatile fundamental value which
can better account for current information. This is also interesting from the-
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Figure 6.4: Real prices and fundamental values for weighted averages
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Note: Logarithm of real prices and calculated fundamental values for weighted averages.

Table 6.4: Descriptive statistics of growth rate and rent-price ratio for
weighted averages
Mean
Median
Min
Max
Standard deviation
Skewness
Kurtosis
Autocorrelation Q(-1)
Autocorrelation Q(-4)
Autocorrelation Q(-8)
Autocorrelation Q(-12)

WMA of r-p ratio WMA of growth rate EWMA of r-p ratio EWMA of growth rate
0.042
-0.005
0.048
-0.047
0.044
0.005
0.053
-0.040
0.028
-0.186
0.032
-0.112
0.060
0.029
0.060
-0.001
0.008
0.037
0.009
0.032
-0.427
-3.387
-0.617
-0.509
1.843
15.653
1.844
2.123
0.967
0.946
0.982
0.982
0.917
0.564
0.925
0.916
0.850
0.282
0.847
0.823
0.773
0.233
0.766
0.736

oretical viewpoint as agents often give higher weight to current observations
and fundamental value approximated with weighted averages could be closer
to their percieved fundamental value. The two weighted averages we use for
approximation of fundamental value are WMA and EWMA. The descriptive
statistics of fundamental values approximated from weighted averages is in Table 6.3. From Figure 6.4, we can see that for both weighted averages the real
prices revert close to the fundamental value. However, the real price still remains above the fundamental value in the end of the period.The descriptive
statistics of the weighted averages of growth rate and rent-price ratio are presented in the Table 6.4 and their values are plotted in Figure 6.5. WMA is
smoother than SMA and responds faster to current changes as expected. The
averages calcualted via EWMA are smoother in comparison with those from
other methods.
It is noteworthy that not only the real house prices, but also their changes
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Figure 6.5: Weighted averages of growth rate and rent-price ratio
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Table 6.5: Unit root test results
t-statistics p-value
P
-0.927
0.780
F(CMA)
-1.528
0.519
F(SMA)
-1.081
0.726
F(WMA)
-0.909
0.786
F(EWMA)
-0.931
0.779

are positively autocorrelated. Thus, the data provide evidence for persistent
trends in prices and growth rates for up to five years. This confirms findings
about autocorrelation in house prices and their growth rates presented by Case
& Shiller (1989). There is a strong positive correlation between real price and
fundamental price. The value of correlation is 0.708 and 0.917 with fundamental
value calculated via CMA and SMA, respectively. Our expecations about the
nature of real prices and fundamental values are confirmed as there is strong
evidence for the presence of unit root in them (see Table 6.5).
As the model used in this thesis is related to vector error correction models, we need real prices and fundamental value to be cointegrated in order to
be able to estimate our model properly. From theory, we expect that prices
and fundamental values should not be far from each other or display different
trends in the long run, otherwise the fundamental value may not be properly
approxiamted. Hence, real house prices and their fundamental values should be
cointegrated. To test for cointegration, we use the method described in Engle
& Granger (1987). At first, we run so-called cointegration regression. If we
test for cointegration between two variables, this is an ordinary least squares
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Table 6.6: Cointegration test results

Cointegration test CMA
Cointegration test SMA
Cointegration test WMA
Cointegration test EWMA

t-statistics p-value
-2.597
0.009
-1.690
0.086
-2.035
0.040
-1.657
0.092

regression of one of the variables on the other. Then we test for the unit root in
residuals from the cointegration regression. The null hypothesis in this test is
non-cointegration and alternative hypothesis is cointegration. The paper from
Engle & Granger (1987) suggest several test statistics. We use Augmented
Dickey-Fuller test on the regression residuals because it is suggested as the
best alternative in the paper. From Table 6.6, we see that cointegration between prices and fundamental values is statistically significant at 10% level if we
use traditional critical values for t-test. However, under much stricter critical
values presented by Engle & Granger , cointegration is not significant at 10%
level. We must take into account that we encoutered very specific period, where
for prolonged time real prices were disconnected from fundamentals. However,
the values tend to move together in the beggining and the end of the period.
Thus, there is some evidence for cointegration. In future, stronger evidence for
cointegration could be obtained with longer observed period.

Chapter 7
Results
7.1

Estimation of parameters

This chapter presents the estimation results of the model from Chapter 5. In
the estimation, we employ four different fundamental values which were shown
in the previous chapter. Other data utilized in the estimation are also described
in previous chapter. Table 7.1 provides estimation results for model without
switching and Table 7.2 results with switching.
Table 7.1: Estimation results without switching
CMA

α
β
c
LL
AIC
L
n

-0.005
(0.017)
0.185∗∗∗
(0.059)
0.003
(0.003)
264.632
-518.822
6
148

SMA
∗∗∗

0.154
(0.036)
-0.155
(-0.155)
0.004
(0.003)
245.952
-481.391
1
129

WMA

EWMA

0.001
-0.008
(0.021)
(0.020)
0.179∗∗∗ 0.188∗∗∗
(0.063)
(0.060)
0.002
0.004
(0.003)
(0.003)
264.579 264.667
-518.717 -518.892
6
6
148
148

Note: Standard errors in parentheses
∗∗∗
p < 0.01; ∗∗ p < 0.05; ∗ p < 0.1

At first, we desribe the estimates that use the fundamental value calculated
via CMA. The ‘CMA’ column of Table 7.1 provides the estimation results for
the model with constant weights (γ = 0). To select the model with the optimal number of lags for the autoregressive part of the model L, we use Akaike
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Table 7.2: Estimation results with switching
CMA

α
β
γ
c
LL
AIC
K
L
n

∗∗∗

0.015
(0.017)
0.151∗∗∗
(0.019)
8.596∗
(4.594)
0.001
(0.003)
266.853
-523.284
1
4
148

SMA
∗∗∗

0.180
(0.035)
-0.364∗
(0.187)
1.288∗∗
(0.626)
0.004
(0.003)
242.778
-475.044
2
1
129

WMA

EWMA

∗∗∗

0.023
-0.051∗∗∗
(0.006)
(0.009)
∗∗∗
0.165
0.189∗∗∗
(0.037)
(0.055)
7.246∗∗∗ 13.604∗∗∗
(2.813)
(4.928)
0.000
0.008∗∗∗
(0.003)
(0.003)
267.288 266.988
-524.135 -523.534
1
4
4
2
148
148

Note: Standard errors in parentheses
∗∗∗
p < 0.01; ∗∗ p < 0.05; ∗ p < 0.1

Information Criterion of the model. The estimation results suggest that L = 6
is optimal. The results of estimation are consistent with our expectation about
parameters as α < 0 and β > 0. However, α is not statistically significant for
any conventional significance level. Thus, there is not statistically significant
evidence for the presence of mean reversion strategy in this estimated model.
β is statistically significant and positive. This finding serves as an evidence
for the presence of momentum trading strategies in the housing market as the
house price returns are positively correlated. The price changes in the past six
quarters are estimated to account for 18.5/2 = 9.25% of the price change in
the following quarter.
The ‘CMA’ column of Table 7.2 provides the estimation results of the model
which allows the dynamic change of weights for the fundamental and trendchasing strategies. The weights depend on the relative past performance of the
two strategies and speed with which people react to those past information.
As in the previous model, we use the AIC to decide the optimal number of
lags L, and additionally the optimal number of lags K which we take into
account for the comparison of past forecast errors in the transition variable.
During the search for optimum number of lags for the model, we encountered
numerical problems. The inverse matrix for the hessian matrix was badly
conditioned in the model with lowest AIC. Hence, the covariance matrix might
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contain numerical errors. Therefore, we used the model with lowest AIC and
without badly conditioned hessian matrix. The same method is used wherever
we encountered similar problems. Our optimal number of lags is L = 4 and K =
1. The estimation results show that both coefficients α and β are statistically
significant. β is positive as was expected. Hence, the momentum trading
strategy is present as in the model with constant weights. On the other hand,
the positive value of α is in contradiction with our expectation about its sign.
This implies that future returns increase when the price is above fundamentals
and vice versa. Therefore, the fundamentalist behave completely different than
was expected in this estimated model. They base their strategy on a belief
that the house price in the future will diverge from the fundamental value
even further, instead of the belief, that the house prices will revert to the
fundamental value, which was suggested in the theoretical part of the thesis.
In the estimate we have two strategies that reinforce the current trend and no
strategy which is primary mean reverting. Mean reversion in this estimate is
driven by the momentum traders because they believe that after the negative
returns this trend will continue and ultimately they cause the reversion of price
to the fundamental value. These results might be caused by our data, where
real prices were above the fundamental value for a large part of the observed
period. Moreover, the reversion to the fundamental value after the burst of the
bubble was only partial. The switching parameter γ is statistically significant
at 10% significance level and positive. Additionally, the test statistic from
likelihood ratio test is 4.443 and suggests that there is statistically significant
difference between models with and without switching. The decrease in the AIC
serves as additional evidence for the added value of including smooth transition
mechanism in the model. The positive value of γ confirms our premise from the
theoretical part, that the market agents switch to better performing strategy.
This follows from the fact that weight Wt increases if in the past four periods
(i.e. in the past year) the fundamental part of the model had a more precise
forecast of the future returns than the autoregressive part. Figure 7.1b presents
histogram of the weight Wt in the observed period and its descriptive statistics
is shown in Table 7.3.
The minimum of 0.0005 and the maximum of 0.9995 along with the standard
deviation of 0.3327 suggest that the weights of the strategies varied widely
during the period. The mean of 0.4853 and median of 0.5216 imply that none
of the strategies dominated in the period. The size of autocorrelation in Wt is
0.1505 which implies low dependence on the previous weights. The relatively
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Table 7.3: Descriptive statistics of weights
CMA

Mean
Median
Min
Max
Standard Deviation
Skewness
Kurtosis
Autocorrelation Q(-1)
Autocorrelation Q(-2)
Autocorrelation Q(-4)
Autocorrelation Q(-8)
Autocorrelation Q(-12)

SMA

WMA

EWMA

0.4853 0.5007 0.4855
0.5216 0.4983 0.5161
0.0005 0.2603 0.0008
0.9995 0.7245 0.9991
0.3327 0.0974 0.3254
-0.0508 -0.1284 -0.0269
1.7505 2.7676 1.7945
0.1505 0.5611 0.1299
-0.0359 0.1407 0.0125
0.1373 0.2410 0.2028
0.1842 -0.1064 0.2125
-0.0016 -0.1791 0.0124

0.4065
0.3834
0.0003
0.9998
0.3530
0.2135
1.5095
0.7873
0.6790
0.3818
0.4465
0.2362

large fluctuations and low autocorrelation could be caused by high intensity of
choice parameter and the fact that the strategies behave similarly in certain
cases. Figure 7.1 presents the changes of Wt in time along with the difference
between price and the fundamental value. For most of the period, there is no
clear pattern in Wt . Nevertheless, during the peak of the bubble the weight was
quite stably around 0.5. The second anomaly in the Wt is observable shortly
after the burst of the bubble, where the weight of the fundamental strategy was
very close to 0 for several periods. This pattern confirms what we stated about
the nature of mean reversion in previous paragraph because the momentum
strategy outperforms the fundamental strategy in cases of prolonged decrease of
prices, while the prices are still above the fundamental value. This is caused by
the positive estimates of both α and β because positive α implies an increase in
price when prices are above fundamentals and positive β implies that the trend
will continue (which in our case means that prices continue to decline). Hence,
in contrast to the estimation of the model with the US data in Kouwenberg &
Zwinkels (2014), the autoregressive part of the model had higher weight during
the burst of the bubble in the estimation with the Irish data.
Similarly, as we estimated the model using the fundamental value calculated
via CMA method, we estimate it using the fundamental value approximation
from SMA method. For the model with constant weights, optimal number
of autoregressive coefficients is L = 1. α is the only statistically significant
coefficient. The positive value of α is in conflict with the expected direction of
the effect for the fundamentalist part of the model. The optimal L for the model
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Figure 7.1: Weights of fundamentalists
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with switching is 1, and the optimal number of periods for which we compare
past performance of the two strategies K is 2. The estimate of γ is statistically
significant at 5% level. Moreover, the AIC is higher for the model with switching
and the log-likelihood decreased. This unexpected results could be caused by
computational problems resulting from the complicated nature of estimated
model. Additionally, the fundamental value calculated via SMA method might
not be an ideal representation of the true fundamental value as it could be
expected that the true value should be quite stable and its trend changes only
slowly over time. This is not true for the fundamental value calculated via
SMA method, which is even more volatile than the real price. Because of this
problems we cannot decide whether the model without switching is preferred
to the model with switching for the SMA fundamental price. The estimated
coefficients of α and β in the model with switching have opposite signs than we
expected from the theory. The coefficient α is statistically significant and β is
close to being statistically significant at 5% significance level. The estimation
results are presented in the ‘SMA’ columns of Tables 7.1 and 7.2, and Figure
7.1 presents characteristics of weights Wt .
In the following paragraphs, the results of estimation with weighted averages are presented. The estimation results of the model with fundamental
value calculated via WMA method are qualitatively similar to those from CMA
method. Therefore, even use of linear weighting on factors influencing fundamental value does not provide evidence for the presence of the trend chasing
and mean reversion in the model. The estimation results can be found in the
‘WMA’ column of Table 7.1 and 7.2.
On the other hand, the estimation of the model with the fundamental value
calculated via EWMA provides results that are in line with our theoretical predictions. From the ‘EWMA’ column of Table 7.1, we can see that, similarly as in
previous estimated models without switching, only one of the parameters is statistically significant. This parameter is β and it is positive as we expected. The
optimal number of lags for the autoregressive part of the model is L = 6. More
interesting results are obtained in the estimation of our model with switching
for the fundamental value calculated via EWMA method. As can be seen in the
‘EWMA’ column of Table 7.2, all of the coefficients are statistically significant
and have expected signs. The results are presented for the optimal number
of lags K = 4 and L = 2. The α is lower than 0 which is consistent with
our theoretical predictions. This implies presence of market agents who believe
that the real price will revert to the fundametntal value in the future. Our
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Figure 7.2: Real price and weight of fundamentalists

expectation about the sign of β are also confirmed as it is positive. This fact
serves as evidence for the presence of the momentum strategy in the estimated
model. The positive value of γ means that agents switch to better performing
strategy. Additionaly, the log-likelihood test statistics of 4.642 suggest that the
added value of switching is statistically significant at 5% level. The weights’
dynamics is especially noteworthy because we see that creation of the bubble
was caused by the momentum traders as we expected. On the other hand,
the burst of the bubble was clearly driven by fundamentalists as their share is
close to 1 during the price correction. Figure 7.2 presents real price and weight
dynamics in one graph to illustrate the close relationship between them. The
fast transition to the fundamental strategy shortly after the bust is especially
noteworthy as it confirms the claim that corrections in housing market are fast
and severe. Similarly, the claim that housing markets are prone to prolonged
periods of price increases is confirmed. This is connected to large stable share
of chartist for the whole bubble period. Those findings are consistent with our
expectation from theoretical part and similar to the findings of Kouwenberg &
Zwinkels (2014) for US market. More details about weights are presented in
Figure 7.1 and Table 7.3.
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Summary of results

In the previous section, we have seen that estimation results vary substantially
for our model when we estimate it with different fundamental values. Therefore,
the method of calculating averages of growth rate of rents and rent-price ratio
influence estimation results as was predicted in previous chapter. Our concerns
about suitability of the CMA and SMA were confirmed as the parameters from
estiamation did not have expected signs. This results into presence of two
strategies that reinforce price momentum in CMA estimation results. Interesting
fact is that the price reversion in this estimate is driven by chartists, who
outperform fundamentalist when prices return to fundamentals. These results
are given by the nature of observed period, where unprecedented growth of price
occurs, and people could be tempted to believe that this trend will continue
for a long time. The only estimated model with parameters that have expected
direction of effects was the one with EWMA calculated fundamental value. This
shows that weighting can be helpful in finding more suitable fundamental value
as we noted earlier. On the other hand, the estimation with WMA yielded
similar results as CMA. Thus, we should be carefull with interpretation of
results, because for EWMA the choice of weighting is arbitrary. Longer time
series and more precise data for growth rate and rent-price ratio could be very
helpful in future studies of this topic.

7.3

Endogenous dynamics

In this section, we use the estimation results to simulate the house prices. The
aim of this exercise is to find out whether HAM is able to create dynamics that
could shed the light on housing market fluctuations. We use the similar method
as in Kouwenberg & Zwinkels (2015). In the simulation, we consider equtions
(5.5)-(5.8) with parameter values estimated with CMA and EWMA fundamental
value. We use the assumption of constant fundamental value Ft = 10. With
some given starting house prices, we iteratively use the equations (5.5)-(5.8)
to generate the house price data up to the point we have the same amount
of observations as we have in our dataset. The simulation without stochastic
error term does not yield interesting results both for CMA and EWMA.
More interesting results are obtained when we add noise to the simulation.
Based on the information about the volatility of returns, we consider 0.01, 0.04,
and 0.1 as alternative values of σ 2 in N (0, σ 2 ), which is our noise term. Figure
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7.3 shows simulation results for parameters estimated from CMA fundamental
value. The addition of noise proves very valuable as we can observe fluctuations
or prolonged periods of price increases. In Figure 7.3a, we observe fluctuations
around the fundamental value which is feature often encountered in HAM litereture. The weight dynamics in Figure 7.3d confirms the intuition behind our
interpretation of the estimation results because the reversion of prices to fundamental value is driven by momentum traders. This is supported by weights
close to 0 in the periods of reversion. Similar patterns are observable for all of
the values of σ 2 , although not as clearly as in the mentioned cases.
Figure 7.4 presents simulation results for parameters estimated from EWMA
fundamental value. The simulation with small noise shows that momentum
strategy dominated the market and prices increased during the whole period
as we can see in Figures 7.4a and 7.4b. This is caused by the fact that once the
momentum strategy dominated the market then, without large negative shocks,
fundamentalists were constantly outperformed by chartists. Moreover, high
intensity of choice allowed to switch quickly from fundamental to momentum
strategy, which reinforced the pattern. With higher noise fluctuations appear.
Additionally, the pattern in weights confirms that rapid increases in prices
are caused by high weight of momentum strategy. On the other hand, when
prices revert towards the fundamental value, the weight of momentum traders
declines. This is clearly visible in Figures 7.4e and 7.4f. This weight dynamics is
very close to the one which we observed in Irish market. Especially, the period
when weights of fundamentalists was close to 0. The fast switching between the
strategies which can be observed in 7.4f is caused by high intensity of choice.
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Figure 7.3: Simulation results (CMA)
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Figure 7.4: Simulation results (EWMA)
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Chapter 8
Conclusion
In the thesis, the housing market in Ireland is studied and the Heterogeneous
Agent Model is estimated with Irish housing market data. Ireland experienced
rapid growth during the Celtic Tiger period and the demand for houses increased. As a result, house prices soared during the boom. The construction
activity grew rapidly as well as employment in construction industry. Irish
economy was increasingly dependent on the construction industry as it has
replaced IT industry as the main driver of economic boom. After the drop
of house prices, the dependency on the construction industry resulted in huge
impact on the whole economy. The banks had to be bailed out, unemployment
soared, and the government became excessively indebted.
This boom and bust cycle of the housing market with severe impact on
the whole economy motivated the use of the HAM with time-varying weights
of forecasting strategies for studying the data. In the HAM literature these
models are able to simulate market fluctuations. Hence, it could improve our
understanding of the housing market dynamics. Our model consists of two different forecasting strategies between which agents can decide. The fundamental
strategy is based on the fundamental value estimate and momentum strategy
tracks past price development. The weights that are assigned to each strategy
switch dynamically in time. The assigned weight is based on the relative past
performance of the two forecasting strategies. The fundamental value derived
in the thesis is based on the rents and real house prices. In the estimation
of our model, quarterly house prices and approxiamtion of fundamental value
are used. To obtain the fundamental value which is best description of reality,
we considered four apprioximations of fundamental value. This is motivated
by instability of the growth rate of rents and the rent-price ratio during the
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period.
The estimation results show that there is significant heterogeneity between
the two forecasting strategies. Moreover, the incorporation of switching between the strategies is shown to contribute additional explanatory value to the
model. We obtained two different results about the nature of strategies. When
we use fundamental value with CMA approxiamtions, the fundamental strategy shows tendency to drive the real price away from the fundamental value.
This is in sharp contrast with our expectations as the fundamental strategy
should serve as a mean reverting element in our model, i.e. it should correct
the real price towards fundamental value. Very interesting is the fact that the
momentum strategy becomes the main factor of price correction. These results
may be caused by relatively short time period we have observed. Moreover,
the period is dominated by an enormous increase of house prices after 1995
where real price was above fundamental price for a long time period and mean
reversion started only recently. The estimation results with fundamental value
approximated via EWMA are in line with our expectations about strategies. The
fundamental strategy is mean reverting, whereas momentum strategy reinforces
the trend. This pattern is visible on the weights of the two strategies as during
the bubble period most of the agents used momentum strategy and after its
burst large part of them switched to fundamental strategy. Moreover, the fast
switching after the bust, and prolonged period of boom characterized by stably
high weight of chartists is consistent with the nature of housing markets. The
use of EWMA provided results which we expected from the economic theory.
To decide between these two alternatives longer period is needed. Moreover,
additional studies that provide the fundamental value estimates will be helpful.
The simulated dynamics of our models give us additional insight into the
factors behind housing market fluctuations. Parameters from models estimated
with both CMA and EWMA fundamental value are able to replicate market
fluctuations in the simulation. Additionally, from the dynamics of weights we
can see how the creation of bubbles and subsequent crashes are influenced by
the agents who switch their strategies.
This paragraph summarizes results of hypotheses stated in Introduction
and provides recommendations for future research based on the results. The
significant heterogeneity in the estimated regimes is present in the estimated
model. Moreover, the switching between the strategies is statistically significant and adds explanatory value to the model. As the estimated parameters
have different signs for various fundamental value approxiamtion, we see that
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the choice of approximation method has considerable influence on the model
dynamics and estimation results. Therefore, the method of the fundamental
value approximation should have plausible theoretical foundations. Additionally, it should reflect the nature of the specific market. The model is able to
replicate the fluctuations in the Irish housing market. These results show that
HAM could be suitable for markets with long cycles. However, to confirm the
suitability of HAM, more studies will be needed as there were only few that estimated HAM on the empirical data from markets with long cycles, e.g. housing
markets.
The studies estimating HAMs on real world data are not frequent. Therefore,
this thesis provides valuable insight in the real world housing market dynamics.
Unlike the Kouwenberg & Zwinkels (2014), we encountered different results for
various methods of fundamental value approximation. Hence, the approximation method should be chosen carefully in future studies. Additional empirical
studies will be helpful in determining whether our reults are unique or there
is general pattern. This implies broad possibilites for future research in the
heterogeneous agent modelling.
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