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The core objective of this thesis is to investigate the time-varying volatility interlinkages of
four European securitized real estate markets (Finland, Germany, Sweden, and
Switzerland) following the research setting and methodology of Hoesli and Reka (2013).
Hence, employing the bivariate asymmetric t-BEKK model, the volatility dynamics are
examined both between the local securitized real estate markets and their corresponding
stock markets (national study) as well as between the local and global securitized real estate
markets (international study) during 2000-2013. The full data period is divided into two subperiods to examine the interlinkages also in different market conditions. The pre-crisis
period of July 2000 to June 2007 depicts the cycle of stable growth, whereas the crisis
period of July 2007 to December 2013 covers both the Global Financial Crisis (GFC) and
the European Sovereign Debt Crisis (EDC). The results display cross-asset and crossmarket volatility interlinkages on the national and international levels, respectively, but they
vary in terms of number and direction depending on the country under analysis. Generally,
all the markets are highly dependent on their own past shocks and volatilities. During the
crisis period, evidence of tightening interrelationships is clear for most of the countries. On
both study levels, the real estate market of Switzerland represents the most vulnerable
market during the period of uncertainty, whereas Sweden provides the best diversification
opportunities with decreasing interdependence. Finally, asymmetry is supported in most of
the cases indicating that the negative shocks have a more prominent effect on the current
conditional volatility than the shocks of opposite sign.
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kiinteistömarkkinan (Suomi, Saksa, Ruotsi ja Sveitsi) ajan myötä muuttuvia keskinäisiä volatiliteettisidoksia aikavälillä 2000-2013. Valittu tutkimusasetelma ja -menetelmä perustuvat
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ja maailmanlaajuisen kiinteistömarkkinan välillä. Tutkimusmenetelmänä käytetään kahden
muuttujan asymmetristä t-BEKK mallia. Tutkimuksen ajanjakso on jaettu kahteen lyhyempään jaksoon, jotta keskinäissidoksia voidaan tarkastella myös erilaisten markkinaolosuhteiden aikana. Finanssikriisiä edeltävä jakso ajalla heinäkuu 2000 - kesäkuu 2007 kuvastaa
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Sveitsin kiinteistömarkkinat ovat kaikkein alttiimpia epävakaan jakson aikana, kun taas

Ruotsin kiinteistömarkkinat tarjoavat parhaan mahdollisuuden hajauttamiseen perustuen
vähentyneisiin sidoksiin tutkittujen markkinoiden välillä. Suurimmassa osassa tapauksia tulokset tukevat teoriaa shokkien epäsymmetrisyydestä tarkoittaen, että negatiiviset shokit
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1

INTRODUCTION

Ever since the seminal work of Markowitz (1952) on portfolio theory, both investors and
academics have recognized the importance of understanding the relationships and
comovements between different assets and markets. The universal principle suggests that
investments should be allocated into several classes of financial assets that are segregated
from each other so that a possible downward trend in one investment would not transmit to
other investments. Further, international diversification is suggested for gaining benefit from
low correlations between national markets. During the past decades, however, globalization
of capital markets as well as increasing economic and financial integration, not to mention
the creation of free trade areas and currency unions, have led to progressively connected
and correlated national markets deflating the power of international diversification. This
chain of events has left investors seeking more efficient combinations of assets and markets
to reduce the effects of underlying interactions and improve their portfolio performance.
Real estate represents a popular asset class to include in mixed-asset portfolios due to their
documented benefits as diversifiers. That is, several studies have shown relatively low
correlations between real estate and other financial assets advocating their effectiveness
both in domestic and international portfolios (see for instance Webb and Rubens 1987;
Gordon, Canter and Webb 1998; Lu and Mei 1999; Hoesli, Lekander and Witkiewicz 2004).
Commonly, investing in real estate can be performed in two principal ways; through private
or public real estate, the former meaning direct exposure to real estate market, and the
latter purchasing a real estate security (Seiler, Webb and Myer 2001). Although both of
these vehicles have important roles in mixed-asset portfolios, the emergence of real estate
securities has made it possible especially for smaller and international investors to gain
exposure to real estate. Investing in public real estate certainly eases the disadvantages
related to private real estate, such as high costs of acquisition, intense management,
inconvenience of disposal, illiquidity, high transaction costs as well as the complexity of
investing internationally.
Moreover, securitized real estate makes an interesting asset class as it can be thought of
as a hybrid, that is, part real estate and part stock. Although it has been documented that
private and public real estate integrate at least in long-term with the public leading the
private thus, implying quicker incorporation of new information (see for instance Gyourko
and Keim 1992; Barkham and Geltner 1995; Oikarinen, Hoesli and Serrano 2011), a
number of previous articles have shown that the securitized real estate market resembles
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more that of common stock, while the underlying direct real estate market is segmented
from the stock market (see for instance Ling and Naranjo 1999).
Despite these characteristics and the fact that securitized real estate is a part of the local
stock market, findings on international diversification through common stock markets may
not apply straight to the securitized real estate markets. Indeed, there is some evidence
that real estate securities may provide even more considerable risk reduction through
international diversification than common stocks (see Eichholtz 1996). This is argued to
result from the nature of the underlying physical asset that makes the securitized real estate
markets more exposed to local factors than other financial markets, which on the contrary,
may be more influenced by daily news information. These attributes could also impact the
real estate securities to be less risky than other stocks during high levels of market
uncertainty (Glascock, Michayluk, and Neuhauser 2004). Considering these features and
advantages related to securitized real estate, studying its unique nature and dynamic
linkages with other assets and their global markets is an interesting and important issue.
Unlike the extensive amount of literature on interlinkage studies in the international stock
markets (see for instance Hamao, Masulis and Ng 1990; Theodossiou and Lee 1993;
Koutmos and Booth 1995; Karolyi 1995; Booth, Martikainen and Tse 1997), the
development of the securitized real estate line of study has been slower due to the lack of
long enough and quality time series data, as pointed out by Liow, Ho, Ibrahim and Chen
(2009). While a major part of the early securitized real estate research has concentrated on
examining the interaction with stocks using cointegration and return linkage methods (see
for instance Liu, Hartzell, Greig and Grissom 1990; Wilson and Okunev 1996), the
consequences of the recent global financial crisis emphasized the need to understand also
the origins and dynamics of listed real estate return volatility. Indeed, the global distress
and uncertainty that originated from the U.S. subprime mortgage crisis with a close relation
to real estate, caused the market volatility to increase into extreme levels and spill over the
world markets strengthening the latent interrelationships.
The developments on market integration and the latest crisis undermining the much-needed
diversification opportunities, combined with the fact of volatility being a key component in
measuring risk and thus, playing an essential role in asset allocation and portfolio selection,
address the motivation for volatility interlinkage studies. Furthermore, taking into account
the attractiveness of securitized real estate as an alternative asset class and a portfolio
diversifier, the knowledge of its cross-asset and cross-market volatility interdependencies,
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their direction, as well as how they evolve over time and under different market conditions
is crucial for investors, portfolio managers, risk managers, financial analysts and even for
policymakers.
Although a decent amount of attention has been directed on these features of securitized
real estate return volatility, especially in the aftermath of the 2007-2009 crisis (see for
instance Liow and Ibrahim 2010; Liow and Newell 2012; Pham 2012), surprisingly little
research has concentrated on examining them specifically in developed Europe. Indeed,
most of the securitized real estate studies have focused solely on major markets, such as
those of the U.S., the U.K., Australia and the Asia Pacific, or included from two to three
biggest markets in Europe (that is, France, Germany, and the U.K.) and individual smaller
markets (for example, Belgium, Italy, or the Netherlands) into a global mix. (See Tables 1
and 2 on pages 34-37 for more details). Therefore, the present thesis concentrates on
studying the smaller markets and specifically developed Europe as a region but adds also
Germany to establish a link to previous research.
Developed Europe represents a unique and important region for foreign investors as it has
experienced economic, financial, and monetary integration during the past three decades
and currently provides a free trade area and free mobility of skilled labor. Indeed, according
to the survey by EY (2019), Western Europe is recognized globally as one of the top three
most attractive regions for foreign direct investment and Europe in general as the most
attractive region in the world. Following this, a couple of sources have remarked that the
European real estate markets are still in vogue as they seem to draw a considerable amount
of domestic and international capital (see for instance JLL 2019; PwC and the Urban Land
Institute 2018). As noted in the PwC’s and Urban Land Institute’s report (2018, 24) “When
it comes to equity, European real estate is like a busy nightclub – as soon as one group
leaves, another seems to be ready to take its place”. Considering the economic importance
of the European region and the competitiveness of their real estate markets, not to mention
various forms of political uncertainty looming over the whole region, an analysis of the
volatility spillovers in the developed European listed real estate markets would be
meaningful and timely.
Thus, this thesis contributes to the existing literature by studying the issue of time-varying
volatility transmissions in four developed European securitized real estate markets, and
hence, aims to narrow the prevailing research gap. The countries chosen for the study are
Germany, Finland, Sweden, and Switzerland. In spite of obtaining a similar level of
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economic development, this set of countries provides an interesting sample of the chosen
region as it consists of large and small economies of the Economic and Monetary Union
(EMU) (Germany and Finland, respectively), one economy in the European Union (EU) but
outside the EMU (Sweden), and one economy outside the EU (Switzerland). All of these
countries also obtain different levels of market maturity on listed real estate. To address the
attractiveness of these economies for the study on a global scale, all four represent some
of the most competitive economies in the world as defined by the World Economic Forum
(2019) in their Global Competitiveness Report that benchmarks the drivers of long-term
competitiveness. Indeed, of these four countries, the lowest rank was 11 of the 141
evaluated economies. Furthermore, JLL’s (2018) Global Real Estate Transparency Index
that embodies comprehensive country comparisons of, for example, performance
measurement, market fundamentals, governance and legal environment among 100
countries, ranked Germany, Finland and Sweden among the 11 “highly transparent”
property markets, and Switzerland in the 15th place defined as “transparent” market, all
right behind the biggest markets in Europe (in other words France and the U.K.).
Moreover, this thesis adds to the existing literature through the applied research setting.
The national-level part of the study concentrates on examining the interlinkages between
local securitized real estate and the local broader stock market, which to the author’s
knowledge has not been studied previously on European securitized real estate in the
context of pure volatility transmission dynamics. On the international level, previous studies
on the volatility dynamics of Europe securitized real estate markets have concentrated on
examining the interlinkages across different European national markets (see for instance
Liow 2013). To the best of the author’s knowledge, no previous European securitized real
estate research has examined the volatility transmission dynamics between national and
global markets, in other words, whether the volatility in national markets is driven by global
shocks and vice versa.
Additionally, while the impacts of the recent global financial crisis (GFC) have been greatly
assessed in the comovement studies, only a couple of articles have paid attention to the
effects of the European sovereign debt crisis (EDC). Since the focus of this study is on the
European markets that were within a reach of the turmoil, there is a motivation to include it
into the analysis. As the beginning of EDC interlaced with the GFC, and it can be thought
of as the second phase of the global crisis, it is preferable to combine these two as the crisis
period in the study.

12

1.1 Objectives and research questions
The core objective of this thesis is to investigate the time-varying volatility interlinkages of
four European securitized real estate markets on both national and international levels from
July 2000 to December 2013. Thus, this two-fold research setting follows that of Hoesli and
Reka (2013). The national level refers to the relationship between the local securitized real
estate market and the local stock market, whereas the international level refers to the
relationship between local and global securitized real estate markets. The national-level
analysis is motivated by the unique nature of securitized real estate that is, being in part
stock, but also in part real estate. The international analysis enables the examination of
whether the conditional volatility in local markets is driven by global shocks and vice versa.
This issue is motivated by the previous studies that suggest securitized real estate to be
more sensitive to local and national activities than to global activities (see for instance
Eichholtz 1996; Liow 2010).
As the volatility interlinkages are examined from the viewpoint of portfolio diversification
benefits, the empirical analysis has two key implications: Whether the securitized real estate
should be included in a well-diversified domestic portfolio (national-level study), and
whether it should be utilized in international diversification (international-level study). If
domestic stock markets and securitized real estate are significantly interdependent, minimal
benefits could be achieved from the diversification. Furthermore, little or no risk reduction
could be achieved in a similar situation in the international setting.
In order to obtain a comprehensive view of the interlinkages, two sub-objectives are
constituted:
I)

The objective is to examine the volatility transmission dynamics in different market
conditions on both study levels.

This is achieved by dividing the full analysis period of 2000 to 2013 also into two subsamples: the pre-crisis period of July 2000 to June 2007 and the crisis period of July 2007
to December 2013. The latter covers the subprime crisis that originated in the U.S. in 2007,
further evolved into the global financial crisis of 2007-2009, and contributed to the Great
Recession of 2008-2012, and was later manifested into the European sovereign debt crisis
that peaked in 2010-2012. This aspect is motivated by the previous literature suggesting
that the periods of high volatility, a state usually characteristic for financial turmoils and
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crises, result in magnified volatility interdependencies across the financial markets. From
the viewpoint of diversification, this could mean reduced diversification benefits, when they
are most needed.
II)

The objective is to examine, whether the impact of negative shocks is more
prominent than that of the positive shocks of the same amplitude that is, the
presence of asymmetry effects – as suggested by financial theory.

In particular, this thesis aims to answer the following research questions:
1. Are there volatility interlinkages between the local securitized real estate market and
the local stock market (i.e. on the national level)?
The local securitized real estate markets are represented by the FTSE European Public
Real Estate Association (EPRA) / National Association of Real Estate Investment Trusts
(NAREIT) indices for each individual country. The local stock markets are proxied by the
OMX Helsinki Benchmark for Finland, the OMX Stockholm Benchmark for Sweden, the
DAX 30 Performance for Germany, and the Swiss Market Index for Switzerland. To note,
further in the thesis the national-level analysis is also referred to as a cross-asset analysis
or analysis between assets, since the real estate securities can be thought of as a
combination of an underlying real asset and a financial asset and thus, as a separate asset
class.
2. Are there volatility interlinkages between the local and global securitized real estate
markets (i.e. on the international level)?
The FTSE EPRA/NAREIT Developed Index is chosen as a benchmark for the global
securitized real estate market.
3. Do the shocks and volatility transmit differently in terms of direction and number
depending on the country under analysis?
As previous literature has shown the volatility linkages to vary, for example, in terms of
direction and number depending on the studied market, such comparison is performed also
for the countries chosen for this thesis. By direction, it is meant, whether the volatility
linkages are bidirectional (a two-way transmission between the markets) or unidirectional
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(a one-way transmission). From now on in this thesis, the abbreviation “number of
interlinkages” refers to the number of statistically significant coefficient estimates in the
MGARCH equation. It is also of interest, whether own shock and volatility transmissions are
more influential on the time-varying volatilities of the studied markets than the cross-market
transmissions.
4. Are the volatility interlinkages between the chosen markets emphasized during the
crisis period of 2007-2013?
More specifically, it is of interest here, whether the potential interlinkages change in terms
of number or direction when compared to the previous sub-period.
5. Does the impact of negative shocks on volatility differ from that of the positive shocks
of the same magnitude?
The empirical analysis of these research questions is performed by utilizing a multivariate
generalized autoregressive conditionally heteroskedastic (MGARCH) framework that
enables the investigation of time-varying volatility transmission dynamics between multiple
assets and markets. The popularity and success of MGARCH models on the matter have
been demonstrated in various studies concentrating either solely on securitized real estate
or the broader financial markets. Specifically, this thesis adopts a bivariate asymmetric 𝑡BEKK (𝑡-ABEKK) specification of the variance-covariance matrix, hence following the
methodology of Hoesli and Reka (2013). The ABEKK specification is chosen over other
MGARCH models as it guarantees the positive definiteness of the variance-covariance
matrix and allows for asymmetric effects in variances and covariances (Engle and Kroner
1995; Kroner and Ng 1998).

1.2 Limitations of the study
This thesis concentrates on examining time-varying volatility solely from the viewpoint of
volatility linkages between assets (national level) and markets (international level). Hence,
other factors affecting volatility, such as macroeconomic fundamentals and international
economic environment, are left out of this study. Further on, the full data sample
incorporates several notable events, such as the bear markets in 2000-2002 and the
implementation of the euro in 2002, however, the interest is on the impact of the global
financial crisis and the European sovereign debt crisis on the volatility dynamics. In this
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context, the reader should bear in mind that results obtained in this study may not be
generalizable to other financial turmoils.
As mentioned, the data period for the thesis is delimited to December 2013. Although there
would have been a possibility to perform a more up to date study by extending the analysis
to include the post-crisis period beginning in 2014, this period is left for future research.
Indeed, the inclusion of the post-crisis period would have enabled an examination on
whether the potential changes in the volatility dynamics are true consequences of the
chosen crises or if there is just a general upward trend in the market integration as
suggested by a couple of researchers (see for instance Case, Yang, and Yildirim 2012;
Huang and Zhong 2013; Liow 2010). However, the period incorporates influential events,
such as the Brexit vote in 2016 as well as the Brexit and recession in 2020, which longevity
and impacts on the market volatility are yet to be determined thus, complicating the
definition of whether it can be considered as a moderate period.
The chosen data frequency, specifically the daily observations, generate practicable issues
on the international-level analysis, where local securitized real estate markets have nonsynchronous trading hours and trading days with the global securitized real estate market.
Additionally, in some cases, the daily data may be too detailed or may emphasize the
general investor sentiment in the markets rather than the latent volatility dynamics that could
be detected with lower data frequencies, as suggested by Cotter and Stevenson (2006).
Nevertheless, this branch of study is left for future research, since for this thesis, there is
not long enough data series available to use the lower frequencies. Specifically, the daily
data is required to enable the comparative analysis between the two sub-samples.
The availability of the data places some limitations on the thesis. On the international-level
study, the global index consists of the developed securitized real estate markets alone since
the data for the emerging markets have been available only after 2005. Hence, this thesis
cannot provide a comprehensive review of the volatility interlinkages in the global context.
Furthermore, the exclusion of the local real estate securities from the broader national stock
market indices and the global index was not feasible. This could lead to some evidence of
interrelationships when there in reality is none. However, especially on the international
level, this may be a fairly minor problem as each of the national markets account for under
six percent of the global index (FTSE Russell 2020). Moreover, in this study, all of the
national indices are measured in the local currency, whereas the global index is dollar-
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denominated. Hence, there might be currency effects to consider in the international-level
analysis. However, this aspect is left for future research, as it is not the focus of this thesis.
To note, the descriptive analysis of the chosen return series shows differing skewness for
the securitized real estate market of Switzerland (REZ) in the pre-crisis period. Indeed, REZ
exhibits heavy positive skewness (1.000), whereas all other series display negative
skewness. Additionally, no adequate ABEKK model could be defined for Germany on the
international-level study during the full sample period. Therefore, the coefficient estimates
of this model will not be presented in the empirical results.
Here, the Student’s 𝑡-distribution is assumed for the full model residuals to capture the
excess kurtosis exhibited in the descriptive analysis. It is recognized by the author that the
chosen distribution may not describe all the features in the data at hand, such as the
asymmetry of the returns. However, as the hypothesis of normality is rejected at the 1 %
significance level for all the return series, the 𝑡-distribution provides a better fit for the data
at hand than the widely used normal distribution. Also, several researchers have argued the
superiority of conditional leptokurtic distribution in modeling financial time series (see for
instance Bollerslev 1987; Hsieh 1989; Fiorentini, Sentana, and Calzolari 2003). As the full
discussion of the true distribution lies beyond the scope of this thesis, this issue is not
investigated further. To ensure the validity of the inferences, an estimation method that is
robust to possible misspecification of the assumed distribution is employed. That is, the
standard errors are estimated under the quasi-maximum likelihood (QML) procedure
provided by Bollerslev and Wooldridge (1992).
The final limitation of the study is how the impacts on conditional volatility are interpreted.
Indeed, as the ABEKK model incorporates a quadratic form of parameterization, the direct
representations of these impacts are lost. That is, nothing can be said about the size or
magnitude of the volatility dynamics based on the direct coefficient rather the statistical
significance and evidence of linkages can be reported. The literature provides the news
impact surfaces (see Kroner and Ng 1998) to overcome this issue, but since the software
package applied for the model estimations, the RATS econometrics software version 10.0,
has its limitations, this again, is left for future research.

17

1.3 Organization of the study
The thesis has been organized in the following way. Section 2 covers the development of
research in the area of volatility dynamics as well as the previous literature concerning the
national and international level interdependencies in the securitized real estate markets.
Section 3 discusses the common characteristics of financial time series, and how these
features can be parameterized. Hence, the motivation for GARCH family models, and more
precisely for multivariate GARCH (MGARCH) models, is argued. Also, this section covers
five of the most common MGARCH specifications, extends the framework to incorporate an
asymmetric term, and represents the applied estimation method for the empirical analysis.
In section 4, the data for the thesis is described and the chosen model is specified according
to the features of the data. In section 5, the results of both national-level and internationallevel analyses are presented along with the residual diagnostics for model fitness. Finally,
section 6 summarizes the main conclusions and discusses them according to the set
research questions.
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2

LITERATURE REVIEW

In this section, the theoretical background alongside the previous literature is discussed in
detail to establish, what is already known about the studied topic. First, the framework of
portfolio diversification is presented extending the discussion into its advantages and
current challenges, as well as how these issues have led to a vastly growing field of
interdependence studies. The academic research on general stock market interactions is
discussed in-depth, as the public real estate securities are inherently stocks. Second, the
empirical findings on the comovements of securitized real estate with both the common
stock market and international public real estate markets are examined in relation to the set
research questions. Lastly, a summary of the main evidence is constructed.

2.1 Portfolio diversification and history of interdependence studies
The modern portfolio theory (MPT) introduced by Markowitz (1952) can be considered as
the foundation for the present understanding of financial markets, financial decision-making,
and risk management. In his paper, Markowitz (1952) presented the principle of risk-return
tradeoff through the concept of mean-variance analysis, where risk is depicted as the
variance of returns and returns as expected returns. According to the presented theory, an
investor can either maximize expected return for a given level of variance or minimize
variance for the desired level of expected return. These alternatives comprise an efficient
frontier that is the set of optimal portfolios. Here, all the portfolios yield the same risk-return
tradeoff, but different investors will assess the tradeoff individually based on their personal
risk-return preferences. Additionally, the MPT argues that the risk and return of individual
security should not be evaluated by itself, but rather by how the security contributes to the
risk and return of an entire portfolio. (Elton and Gruber 1997, 1744-1745)
Building on the MPT, Sharpe (1964) proposed the capital asset pricing model (CAPM) that
introduces the decomposition of the portfolio’s risk. The total risk of a portfolio consists of
two components: the unsystematic and systematic risk. The former, also known as firmspecific risk and idiosyncratic risk, comprises the variances of the individual securities,
whereas the latter, also known as portfolio risk and market risk, comprises the covariances
between these individual securities. According to the underlying ideas of MPT and CAPM,
the total risk of a portfolio declines as the number of different securities increases. In fact,
this risk reduction is a result of diversifying away the unsystematic portion of the total
portfolio variation. The diversification effect arises as the unsystematic risks of the not
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perfectly positively correlated individual securities offset each other. Following this, it is thus
desirable to allocate the investments not only into securities from different issuers but also
into securities in different asset classes and across industries that do not move together as
a response to new information. The covariance terms indicating a risk associated with the
market and thus common to all securities, cannot be reduced through diversification, but
only through asset allocation. Consequently, for a well-diversified portfolio, the total risk is
fundamentally the systematic proportion of the total portfolio variance. (Markowitz 1952;
Ross, Westerfield and Jaffe 2002, 268-269)
As it is generally more likely for companies within a country to be affected similarly by the
changes in the domestic economic characteristics, papers such as Grubel (1968), Levy and
Sarnat (1970), Grubel and Fadner (1971) and Solnik (1974) show that allocating the
investments internationally, further increases the diversification benefits due to the low
correlation between the national equity markets. However, a number of studies have shown
that as a result of progressive globalization as well as growing economic and financial
integration, the international financial markets have become increasingly connected and
correlated diminishing the potential benefits of international diversification (see for instance
Koch and Koch 1991; Longin and Solnik 1995; Bekaert and Harvey 2000; Baele 2005;
Baele and Inghelbrecht 2009). Furthermore, several researchers have found evidence of
time-varying comovements between national equity markets, as the correlations seem to
strengthen during periods of high volatility (see for instance Lee and Kim 1993; Erb, Harvey
and Viskanta 1994; Longin and Solnik 1995, 2001; Ramchand and Susmel 1998; Chesnay
and Jondeau 2001). Thus, indicating international diversification to be even less effective
when most needed. On the other hand, Ang and Bekaert (2002) conclude that regardless
of the evidence on time-varying comovements, international diversification is still beneficial
even during highly volatile bear markets.
These findings on international equity market comovements as well as the emergence of
global financial crises have led to extensive empirical literature in the field of cross-market
interlinkages in the last three decades. Undoubtedly, the knowledge of underlying
interactions between various assets and markets plays a significant role especially in
portfolio selection and asset allocation. The first studies in the field concentrate on
examining the return (first moment) and volatility (second moment) dynamics in the
international stock markets (see for instance Hamao et al. 1990; Theodossiou and Lee
1993; Lin, Engle and Ito 1994; Koutmos and Booth 1995; Karolyi 1995; Booth et al. 1997;
Theodossiou, Kahya, Koutmos and Christofi 1997).
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Particularly, the interactions between the conditional second moments have been of
interest. For instance, Hamao et al. (1990) utilize the GARCH (1,1)-M model to study the
interdependence of daily price changes and volatility across the U.S., the U.K., and Japan.
They report significant evidence of volatility spillovers from both the U.S. and the U.K. to
Japan and from the U.S. to the U.K. but remark an asymmetry as the spillover effects from
Japan to the U.S. and the U.K. are much weaker. Theodossiou and Lee (1993) extend the
paper of Hamao et al. (1990) by including also Canadian and German stock markets into
the study. Using a multivariate GARCH-M model and weekly data they find significant crossmarket volatility spillovers from the U.S. to all of the chosen stock markets indicating that
the U.S. influences considerably the volatility of these markets. Cross-market volatility
spillovers are also found from the U.K. to Canada and from Germany to Japan. They
highlight that the reported interdependencies of Germany with the U.S. and Japan are weak,
indicating that Germany is the least integrated of all the chosen markets. Additionally, they
do not find any own volatility spillovers in the U.K. and Canadian markets. They argue this
to indicate that for these two countries the conditional volatility is imported from abroad.
Consistently, Lin et al. (1994) document cross-market interlinkages in volatilities from the
U.S. to Japan, but they also evidence spillover effects from Japan to the U.S. hence,
indicating a bidirectional interrelationship.
In contrast with the previous findings, Susmel and Engle (1994) examine the relationship
between the U.S. and the U.K. stock markets using an ARCH model and find only a little
evidence of volatility spillover effects between the markets. Similarly, using bivariate
GARCH processes Karolyi (1995) finds that the influence of the U.S. price changes on the
volatility of the Canadian stock market is much weaker than what is found previously. He
argues that the inferences about the magnitude and persistence of volatility transmissions
depend notably on the model choice, where GARCH models report smaller spillover effects
and less persistent volatility than traditional VAR models.
Extending the symmetric view of volatility transmissions, Bae and Karolyi (1994) investigate
the dynamics of the U.S. and Japan stock market volatility by applying an asymmetric
GARCH model. They find significant evidence of asymmetric volatility transmissions
between the markets. Adding to this study, Koutmos and Booth (1995) include also the U.K.
among the studied markets and adapt an extended multivariate EGARCH model.
Consistently, they show that negative news in the originating market have a considerably
more prominent effect on the volatility in the next market than positive news. Booth et al.
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(1997) concentrate on volatility interactions among the Scandinavian stock markets
excluding Iceland. Using a multivariate EGARCH model they conclude that only three
significant volatility spillovers are found between the markets, a unidirectional effect from
Sweden to Norway, and a bidirectional effect between Sweden and Finland. However, all
of the exhibited interdependencies are found to be asymmetric.
As remarked above, much of the available literature on stock market volatility
interdependencies has primarily concentrated on the major developed economies, such as
the U.S., the U.K., Japan, Canada, and to some extent Germany. More recently the
attention has been directed to Europe (see for instance Kanas 1998; Baele 2005; Harkmann
2014) and emerging markets, such as countries in Asia-Pacific, Latin America, and Africa
(see for instance Bekaert and Harvey 1997; Liu and Pan 1997; Worthington and Higgs
2004; Caporale, Pittis and Spagnolo 2006; Bekiros 2014; Kuttu 2014). In most cases, there
is significant evidence of volatility transmissions between the countries under analysis,
though there are intrinsic differences in their nature, source, and magnitude.
Also, the impacts of recent financial crises on volatility interdependencies have been
explored in several studies. For instance, Koutmos and Booth (1995) and Kanas (1998) are
among those, who analyze the repercussions of the stock market crash in 1987. Both
papers using different variations of the EGARCH model conclude that the number and
intensity of volatility spillovers have increased notably during the post-crash period,
indicating growth in the level of interdependence between the studied markets. Unlike these
papers, Theodossiou et al. (1997) do not find a statistical change in the behavior of volatility
during the post- 1987 crash period, except for the U.S., for which volatility is surprisingly
lower during the post-crash period. When considering the correlations of returns, they
document doubled correlations between the U.K. and Japan during the post-crash period.
Caporale et al. (2006) employ a bivariate GARCH-BEKK model to investigate the impacts
of the Asian financial crisis in 1997 on the U.S., European, Japanese, and Southeast Asian
stock markets. They show a transition from bidirectional to unidirectional volatility spillovers
following the outburst of the crisis, suggesting that the crisis runs from the distressed
markets to the others. Karunanayake, Valadkhani, and O'Brien (2010) find that both the
1997 Asian crisis and the Global financial crisis in 2008-2009 amplified significantly the
volatility interdependencies between the U.S., the U.K., Australia, and Singapore.
Additionally, the U.S. is found to be the main influencer on the volatilities of smaller markets.
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Parallel to the interdependence studies, the so-called contagion approach has also drawn
attention after the witnessed crises (see for instance King and Wadhwani 1990; Forbes and
Rigobon 2002; Bekaert, Harvey and Ng 2005; Saleem 2009; Bekaert, Ehrmann, Fratzscher
and Mehl 2014). It is necessary to clarify here, what is meant by volatility spillover or
interdependence and financial contagion as there is a widespread controversy surrounding
these terms. According to the definition of Forbes and Rigobon (2002), financial contagion
refers to a significant increase in cross-market linkages after a relevant shock or crisis to
one country or group of countries, whereas volatility spillover or interdependence indicates
volatility transmission across markets that exists in all states of the economy. On the
contrary, Bekaert et al. (2005) argue that contagion cannot simply be interpreted as an
amplified correlation of market returns during a crisis period, but as a correlation that
exceeds the expectations from economic fundamentals. The literature, however, utilizes
several different methodologies to measure contagion. Thus, the distinction between these
terms seems to essentially be model dependent. What could generally be agreed to is that
both of these terms describe transmission mechanisms, which in most cases, appear to
change after a negative shock, such as a financial crisis, hits an economy. (Rigobon 2019,
70)
Although a large body of volatility interdependence studies has concentrated on
international stock markets, the presence of spillover effects has also been examined, for
instance, in foreign exchange (see Huang and Yang 2002; Melvin and Melvin 2003), bond
(see Cifarelli and Paladino 2006; Conefrey and Cronin 2015) and commodity markets (see
Jiang, Marsh and Tozer 2015; Zhang and Sun 2016) as well as between the major financial
markets within a group of countries (see Liow 2015). Next, the interdependence studies in
the field of securitized real estate are discussed in detail.

2.2 Relationship between securitized real estate and stock markets
Considering the previous findings on real estate as beneficial diversifiers in mixed-asset
portfolios, and the superiority of listed property to direct real estate in terms of liquidity,
accessibility, and related costs, much of the literature has focused on the dynamics of
securitized real estate markets. Especially, the relationship with the general equity market
has been of interest, since the real estate securities can be thought of as a combination of
an underlying real asset and a financial asset.
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The vast majority of this literature has concentrated on the linkages in their returns, as well
as on the subject of integration and segmentation. For instance, applying a single-factor
(CAPM) model, Liu et al. (1990) find that the underlying direct real estate market of the U.S.
is segregated from its stock market, but when it comes to the country’s securitized real
estate market it is, indeed, integrated with the broader stock market. Employing multifactor
asset pricing models, Ling and Naranjo (1999) investigate whether the U.S. private and
public real estate markets integrate with the stock markets. They report that during the
1990s, the public real estate market has become increasingly integrated with the market of
non-real estate stocks. However, their results, consistent with those of Liu et al. (1990), fail
to support the integration hypothesis for the private real estate market and that of stocks. In
the same vein, Clayton and Mackinnon (2003) using a multifactor model show that the U.S.
securitized real estate market is more closely related to the large-cap stock factor until the
late 1980s, but during the 1990s, the small-cap stock factor increases in importance.
Evidence of integration between real estate securities and mainstream equities, by means
of asset pricing models, has also been documented by, for example, Li and Wang (1995)
and Peterson and Hsieh (1997).
Other researchers employing time series analysis in the sense of cointegration
methodology, have reached similar conclusions (see Chaudhry, Myer and Webb 1999;
Glascock, Lu and So 2000; Tuluca, Myer and Webb 2000; Liow and Yang 2005; Lin and
Lin 2011; Yunus 2012). For instance, Glascock et al. (2000) explore the integration of REIT,
stock, and bond returns using cointegration and bivariate vector autoregressive (VAR)
models. They report cointegration between REITs and common stocks from 1992 through
1996, but not from 1972 to 1991, indicating that the diversification benefits of REITs are
diminishing after 1992. Further, Liow and Yang (2005) document evidence of cointegration
and long-term co-memories between securitized real estate and stock markets, when
examining four major Asian economies. Consistently, Yunus (2012) finds that in the long
run, each securitized property market is cointegrated with its respective stock market, when
studying ten developed economies located in North America, Europe, Australia, and Asia.
Despite the strong evidence of a significant relationship between securitized real estate and
common stocks, a number of authors have reported contradictory findings. Wilson and
Okunev (1996) explore the securitized property and stock markets in the U.S., the U.K., and
Australia, and find an absence of any long-run cointegration between the domestic markets,
indicating potential risk-reduction benefits. Likewise, the results of Wilson, Okunev, and
Webb (1998) support the hypothesis of market segmentation for all these three developed
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countries both domestically and internationally even, when possible structural breaks are
incorporated into cointegration testing. Okunev and Wilson (1997) provide an alternative
approach to conventional linear cointegration tests. Utilizing nonlinear techniques, they
show the presence of fractional integration between the U.S. stocks and real estate
securities. However, the nonlinear relation is found to be weak and the deviations between
the two markets prolonged.
As a comparison to this literature, the findings on volatility transmission have generally been
more consistent. Stevenson (2002) was the first to investigate volatility spillovers between
REITs and a variety of equity sectors. Using monthly data from the U.S. during 1975-2001
and several univariate GARCH and EGARCH models with exogenous variables, he
observes differing findings between these specifications. The former provides mixed
evidence of relationships with both large-cap and value stocks, whereas the latter reveals
highly significant evidence for both small-cap and value stocks. He argues that the
EGARCH results are more intuitive, as previous studies have shown similarities between
REITs and value stocks (see for instance Chiang and Lee 2002). Extending the univariate
framework, Cotter and Stevenson (2006) apply a bivariate VAR-BEKK model to examine
the return and volatility transmission between REITs and the mainstream U.S. equity indices
over 1999-2003. Contrasting their findings with those of Stevenson (2002), they argue that
the data frequency might affect the results, as the linkages between REITs and large-cap
sectors are enhanced considerably here, where daily data is analyzed. They suggest that
this could indicate the investor sentiment increasing in importance on a daily basis, while
the more intuitive linkages are devolved to the background due to the higher frequency data.
Additionally, they report rising conditional correlations over the sample period.
In order to explore further the time-varying interrelationships between listed property and
general equity markets, researchers have applied several other multivariate model
specifications. Liow and Ibrahim (2010) examine the long- and short-term comovements of
volatilities in a unique way by employing a component-GARCH (C-GARCH) methodology
of Engle and Lee (1999), the principal component analysis (PCA) and the canonical
correlation analysis (CCA). Using the latent factors extracted through the factor analysis of
12 securitized real estate markets (Australia, Canada, France, Germany, Hong Kong,
Japan, Netherlands, Singapore, Sweden, Switzerland, the U.K., and the U.S.) and their
corresponding domestic stock markets, they document significant volatility comovements
between securitized real estate and broader stock markets both long- and short-term.
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Further, Case et al. (2012) apply a bivariate DCC-GARCH model with structural break
dummies to study monthly conditional correlations between the U.S. REIT and stock
markets over 1972-2008. Their results address that during the so-called modern REIT era
1991-2001, the conditional correlations declined significantly from 70.7 % to 30.0 %,
whereas after the inclusion of REITs into stock market indices in September 2001, the
correlations experienced steady increase up to 59.0 %, indicating reduced portfolio
diversification properties. Huang and Zhong (2013) apply also the DCC-GARCH model, but
use it as a seven asset system of commodity, REIT, Treasury Inflation-Protected Securities
(TIPS), the U.S. equity, the U.S. bond, international equity, and international bond markets.
Using daily data over 1999-2010 and repeating the analysis with monthly data over 19702010 for robustness check, they document an upward trend in the time-varying correlations
between the U.S. REIT and the U.S. equity markets hence, align with the findings of Cotter
and Stevenson (2006) and Case et al (2012).
In line with the studies examining volatility spillovers in the international equity markets, a
couple of papers have confirmed asymmetric properties in the interactions between real
estate securities and the common stock market. For instance, Yang, Zhou, and Leung
(2012) study conditional correlation dynamics among the S&P 500, the U.S. corporate bond,
the U.S. commercial mortgage-backed securities (CMBS), and both the U.S. equity and
mortgage REITs using daily index returns over 1999-2008. By means of multivariate
asymmetric generalized dynamic conditional correlation (AG-DCC) GARCH model of
Cappiello, Engle, and Sheppard (2006), they report the presence of strong time-varying and
asymmetric volatilities in all asset returns as well as highly significant asymmetry in the
correlations between REITs and the stock market. Other similar studies include Liow (2012)
on weekly conditional correlations across eight Asian securitized real estate markets and
their corresponding stock markets at the local, regional and global levels over 1995-2009,
and Hoesli and Reka (2013) on volatility spillovers and correlation behavior among real
estate securities and domestic stock markets of the U.S., the U.K. and Australia over 19902010. However, studying the weekly global stock market and public real estate returns of
16 economies over 1995-2015, Liow and Newell (2016) conclude that no asymmetries are
detected in the conditional correlations. Though, they find evidence of asymmetric
volatilities in some of the studied real estate markets.
Additionally, several authors have documented that the securitized real estate markets are
characterized by increasing stock market linkages during the recent financial crises (see for
instance Liow 2012; Huang and Zhong 2013; Liow 2015; Liow and Newell 2016). Going
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beyond the GARCH framework, Kallberg, Liu, and Pasquariello (2002) utilize the BLS
technique (Bai, Lumsdaine, and Stock 1998) to investigate the regime shifts between public
real estate and equity markets across eight developing Asian economies. They report
structural breaks in volatility that emerge rather concurrently among the studied economies
during the 1997 Asian crisis. They argue that these regime shifts indicate a higher relative
risk for public real estate after the evidenced breaks. Further, Hui and Chan (2014) employ
Forbes-Rigobon, coskewness, and cokurtosis tests to explore contagion during the recent
global financial crisis (GFC). Concentrating on the real estate securities and equity markets
of Hong Kong, the U.S., and the U.K., they show bi-directional contagion between the
markets. They also confirm that the U.S. is the source of the crisis, as the contagion
between the U.S. markets is found to be most significant. Somewhat conversely, using a
mixed-copula framework to investigate the repercussions of the GFC, Simon and Ng (2009)
conclude that the impact of the crisis on the tail dependencies seems to be rather low
indicating possible hedging attributes of REITs during downturns of the U.S. equity market.

2.3 International linkages between securitized real estate markets
Similar to the broader equity market, investors can benefit their portfolios by diversifying
internationally into various national real estate markets with low reciprocal correlations.
Moreover, as shown by Eichholtz (1996), real estate securities may provide even more
considerable risk reduction through international diversification than common stocks and
bonds. He suggests that a reason for this could stem from real estate securities being more
influenced by local factors. The increasing integration of the international financial markets
has, however, steered the real estate research into investigating a potential common global
factor in the national markets. For instance, Ling and Naranjo (2002) document the
presence of a worldwide systematic risk factor in international securitized real estate
markets. Further, Yunus (2009) finds a cointegrating relationship among the real estate
markets of the U.S., Japan, Australia, Hong Kong, and the U.K., whereas those of France
and the Netherlands seem to provide potential long-term diversification benefits for the U.S.
based investor. Utilizing a three-index model with time-varying integration score properties,
Liow (2010) reports that the studied 13 developed real estate markets are more strongly
integrated with their corresponding local equity markets than with the global real estate and
stock markets, though there is an upward trend for the latter two over 1989-2009.
Taking a more comprehensive outlook on the comovements in international real estate
markets, Garvey, Santry, and Stevenson (2001) implement long-term analysis with
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cointegration techniques and short-term analysis of causal relationships and volatility
spillovers across four economies in the Asia-Pacific. They find evidence of minimal
comovements in both of the analyses. In a similar research setting, Liow, Ooi, and Gong
(2005) examine the relationship among four Asian and four European listed property
markets as well as between the regional listed property markets of Asia and Europe. They
report minimal evidence of cointegration among the individual markets of Asia and Europe
and lack of long-term interaction between the regional markets. In the case of volatility
transmissions, own volatility spillovers are found to be more influential on the conditional
volatility than the cross-market spillovers for both within and across the examined regions.
Additionally, among Asian markets, the number of significant cross-market volatility
spillovers is found to be greater compared to that of European markets, but the magnitude,
sign, and direction vary in both cases. Thus, these findings support the same argument as
those of Garvey et al. (2001) that there could be international diversification benefits for the
investors both in the long- and short-term.
Using monthly returns and a multivariate DCC-GARCH model, Liow et al. (2009) examine
the international linkages across five national and three regional real estate securities
markets. They use the results of corresponding broader stock markets as comparisons for
the real estate findings throughout the analysis. In line with the evidence suggesting that
real estate markets are less connected with each other, they document significantly lower
conditional correlations across all securitized real estate markets than those across the
stock markets. Moreover, they find that the conditional correlations are strongly and
positively connected to changes in the conditional volatilities. Zhou (2010) and Zhou (2012)
have also contributed to this strand of literature by studying the comovements among
international real estate markets as well as international linkages among REIT returns and
volatilities, respectively, through a novel approach of wavelet methodology.
Potential asymmetries in the interdependencies across international securitized real estate
markets have been subject to much attention, as they can have a significant impact on
portfolio diversification strategies. Utilizing the Asymmetric Dynamic Covariance (ADC)
model proposed by Kroner and Ng (1998) and synchronously priced daily data, Michayluk,
Wilson and Zurbruegg (2006) investigate the volatility spillover effects and correlation
structure between the real estate security markets of the U.S. and the U.K. over the period
2000-2003. They report an asymmetric effect on both the volatilities and correlations
between the markets, although in terms of volatilities, an asymmetry is evidenced only from
the U.S. to the U.K. Additionally, the U.S. market is found to have a greater influence on the
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U.K. market than the reverse, but significant spillovers appear into both directions.
Extending this static methodology, Liow, Chen, and Liu (2011) employ a multivariate
regime-dependent ADC model to examine, whether there are multiple regime changes and
volatility transmission across the securitized real estate markets of the U.S., the U.K.,
Japan, Hong Kong, and Singapore. They show significant and asymmetric volatility
spillovers across the five markets under different volatility regimes and conclude that the
magnitudes of the spillovers are eminently sensitive to changes in these different economic
environments.
Further, adopting an asymmetric DCC model and pairwise estimation, Liow (2011)
concentrates on studying the weekly dynamic conditional correlations across 11 European
publicly traded real estate markets over 1999-2010. Their results reveal low to moderate
time-varying conditional correlations between the examined markets, of which
approximately 36 % exhibit asymmetric properties. Liow and Newell (2012) use both a fourvariable asymmetric VAR-BEKK model and the volatility spillover index methodology by
Diebold and Yilmaz (2009) to examine the dynamics of volatility spillovers and conditional
correlations between the securitized real estate markets of Mainland China, Hong Kong,
and Taiwan, but also between them and the real estate securities markets in the U.S. over
the period 1995-2009. They find strong evidence of asymmetric cross-market shock
transmissions from the U.S. to each of the Greater China markets. However, no asymmetric
effects are found across the three national markets. Additionally, own shock and volatility
transmissions are found highly significant for all of the examined markets, whereas only a
few cross-market interlinkages are reported. In the case of conditional correlations, rather
low levels are found both across the national markets and between them and the U.S., but
the relationship is found stronger for the former. These results on correlations indicate that
the markets within the geographic area of Greater China are more interdependent, whereas
the U.S. markets could serve as an international diversifier.
In the same vein, Hoesli and Reka (2013) employ a bivariate VAR - asymmetric 𝑡-BEKK
model and news impact surfaces proposed by Kroner and Ng (1998) to explore volatility
spillovers between the securitized real estate markets of the U.S., the U.K. and Australia
and their corresponding equity markets (national level), but also between the local and
global securitized real estate markets (international level) over 1990-2010. They document
asymmetric effects on both of the studied levels. Moreover, on the national level, they detect
the strongest spillover effects in the U.S., whereas the markets of the U.K and Australia
exhibit rather low spillovers. The international level analysis shows that the three local
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markets have a greater influence on the global market’s volatility than what is found for the
inverse. The authors argue that this is due to the fact that all of the studied local markets
are among the most actively traded securitized real estate markets both globally and
regionally and are also important in terms of economic depth.
Despite the choice of methodologies, the majority of the studies concentrating on the
importance played by various financial crises have found evidence of increased market
volatility and strengthened interlinkages across the listed real estate markets (see for
instance Gerlach, Wilson and Zurbruegg 2006; Liow 2011; Ryan 2011; Liow and Newell
2012; Pham 2012; Hoesli and Reka 2013; Hui and Chan 2013; Liow 2013; Liow and Angela
2017; Liow and Ye 2017; Yunus 2018). Using different variations of vector autoregressive
(VAR) models, Ryan (2011) concludes evidence of diminished diversification opportunities
during both the 1997 Asian crisis and the GFC for several international listed real estate
markets as a result of increased cointegration. Pham (2012) detects increased correlations
and market volatility during the GFC when studying developed and emerging markets in
Asia with an EGARCH model. He also finds Singapore, Hong Kong, and South Korea to be
the most influential markets in terms of cross-market volatility spillovers, and that the
exhibited spillover effects vary in magnitude and direction.
Further, Liow (2013) derives the daily conditional volatilities from a seven-variable VARVECH model to construct volatility spillover indices (by Diebold and Yilmaz 2012) for seven
European developed securitized real estate markets during 1990-2011. Through the
indices, he analyzes the variance decomposition of each market and finds that over the full
sample period, France is the most significant source of the volatility spillovers across the
markets. When considering the GFC period (2007-2009), he reports a significant increase
in the total volatility spillovers accompanied by Germany emerging as the “volatility leader”.
As a comparison, a more moderate increase is detected during the transition phase of the
euro (1999-2002). Additionally, during the full period, Switzerland affects and is affected the
least among the markets. This, however, changes during the crisis, when all
interdependencies are heightened. Overall, he concludes that the studied markets exhibit
diverse but rather tight linkages in volatilities, which could be explained by the differing
attributes of the listed real estate markets as well as by the geographical proximity and close
economic relationships, respectively.
Hui and Chan (2013) concentrate also on the European listed real estate markets, but
through various contagion tests. They report significant evidence of contagion across the
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markets during the European sovereign debt crisis (EDC), of which the strongest impact is
found between Greece and the U.K. / France. Liow and Angela (2017) document both
contagion and magnified cyclical comovements during the turbulent period of the GFC.
Consistent with previous findings, they conclude that the developed real estate markets
have become increasingly connected in the long-term but might provide some risk-reduction
attributes in the short-term as the correlations, although increased due to the GFC, are
found to fluctuate generally between low and moderate level. Parallel arguments are
provided by Liow and Ye (2017), who examine whether the GFC affected the linkages
between eight developed securitized real estate markets and two world markets of listed
real estate and common stocks by adopting univariate and multivariate switching regime
beta models (SRBMs). They find a significant increase in the volatility for all the studied
markets, as well as heightened linkages with the two world markets for the three European
markets. However, the three Asian markets are found to be less influenced by the crisis.
Finally, they argue that it is important to investigate the securitized real estate separately
from the common stock markets, as the two markets are found to behave differently due to
the GFC. In contrast, Milunovich and Trück (2013) find only a little evidence of contagion
between national, regional, and international REIT markets during the GFC. As a
comparison, evidence of excess relationship is detected for a few national REITs and
regional and international equity markets.
Next, a summary is presented to highlight the previous findings on real estate securities
related to the set research questions and to address the research gap.

2.4 Summary of the previous findings
To summarize the previous literature on the interrelationship between securitized real estate
and the broader equity markets, most of the studies on cointegration have provided strong
evidence of linkages between the two markets, although the same is not found for direct
real estate and equity markets. Moreover, there is evidence that this integration has
exhibited an increasing trend since the early 1990s. Clayton and Mackinnon (2003) also
found that since the 1990s, real estate securities have resembled more small-cap than
large-cap stocks. The potential interdependence in their conditional second moments has
been investigated by means of several different GARCH specifications and associative
methodologies. Despite this variety, the findings generally suggest some sorts of volatility
interlinkages, comovements, or conditional correlations between the two markets. Similarly
to cointegration studies, a couple of studies have documented an upward trend in the time-
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varying correlations during the study periods beginning from the late 1990s. Hence to some
extent, it could be concluded that the securitized real estate markets and those of common
stocks are increasingly connected both in the long- and short-term, indicating mitigated riskreduction properties. These results are conceivable in the sense that real estate securities
are, indeed, inherently stocks.
The empirical findings on international listed real estate markets suggest, however, that the
real estate securities and common stocks should not be treated as substitutes, but the
former should be studied as a separate asset class. Namely, there is evidence that the
national securitized real estate markets are less connected with each other than with their
respective local stock markets. Further, the comovements across international securitized
real estate markets have been found to exhibit significantly lower intensity than those across
the international equity markets. It is argued that these differences in interlinkage dynamics
could arise, correspondingly, from differing underlying risk-return dynamics. That is, the
national listed real estate markets, and especially their underlying direct markets, tend to
be more influenced by local factors rather than global factors leading to asynchronous
developments among different national markets. For stock markets, the reverse applies.
The locality argument is also somewhat supported by the findings on volatility
interdependence, where for listed real estate, own shock and volatility transmissions are
generally found to be more influential on the conditional volatility than the cross-market
transmissions. When detected, the latter are reported weaker and fewer in number. As a
comparison, Theodossiou and Lee (1993) did not find any own volatility spillovers for a
couple of national equity markets. Moreover, there is some evidence for listed real estate
that stronger cross-market interactions are found within geographical regions than across
them. It is argued that this result is not surprising, since markets within a region or a
continent tend to exhibit closer economic relationships with each other, leading to generally
similar characteristics and parallel economic development. Thus, it could be concluded that
investing internationally into real estate securities may provide even more effective portfolio
diversification than common stocks, as the former are less subject to global factors.
However, some studies have shown an indication of the global interactions tightening in
recent years.
A number of researchers have extended the interrelationship studies both between
securitized real estate and stock markets as well as among international securitized real
estate markets by accounting for an asymmetry effect in the volatility transmissions and
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conditional correlation dynamics. That is, investigating whether negative and positive news
shocks entering the markets have differing effects on these interactions. In line with the
findings on broader stock markets, these studies on listed real estate report rather
consistent results on negative shocks from one market having larger effects on other
market’s volatility and/or on their reciprocal correlation structure than positive shocks.
However, the documented asymmetries vary in magnitude and direction and are not found
among all the studied markets. Additionally, the majority of these studies found the
asymmetric models to be more efficient in describing the examined data. Hence, there is at
least some evidence of asymmetric interdependencies between the listed real estate and
the broader stock markets, and across international listed real estate markets.
Several researchers have also studied the impacts of recent financial crises on listed real
estate markets and their interrelationships with these two market levels. A comparison
between the findings of these studies is challenging as numerous different methodologies
have been employed. It can, however, be stated that most of the studies report some sorts
of changes as a result of the turbulent periods. That is, increased market volatility,
heightened interdependence between the markets as well as evidence of contagion.
However, differences were documented on how strongly the studied markets and
geographical areas reacted during these periods. Thus to summarize, the interrelationships
between the stock and public real estate markets as well as among the international real
estate markets seem to be sensitive to different economic environments and generally, to
strengthen at various degrees during the periods of high volatility leading to diminished
diversification opportunities. What should also be remarked is that majority of the crisis
studies have concentrated on the impacts of the recent global financial crisis, and only a
couple of studies, such as Liow and Newell (2016) between global stock and listed real
estate markets, and Hui and Chan (2013) across international public real estate markets,
have considered the involvement of the European sovereign debt crisis.
In general, the academics have also observed variation in the nature of volatility linkages
depending on the market or region under analysis. Differences have been found, inter alia,
on the intensity, number, and direction of the volatility transmissions. By direction, it is
meant, whether there is a one-way or a two-way transmission between the markets. It is
argued that these variations are intuitive, as markets of different sizes and maturities as well
as with differing levels of trade linkages and cooperation are expected to behave
distinctively.
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The previous interlinkage studies on both the national and international level are
summarized in Tables 1 and 2, respectively. The cointegration studies have not been
included as the focus is on higher-order moments. First, these tables provide important
information about the research gap in the securitized real estate literature. As can be seen,
much of the previous research on both levels has focused primarily on the U.S. and other
major securitized real estate markets, such as the U.K., Australia, Hong Kong, Japan, and
Singapore. This is mainly due to the relative size, maturity, and data availability of these
markets. In the aftermath of the global financial crisis, the research has been expanded to
cover also other areas, such as smaller or developing markets in the Asia-Pacific region
and Europe as well as various emerging markets. Despite this trend, the amount of studies
focusing specifically on securitized real estate markets in Europe has remained surprisingly
scarce. That is, none on the national level and three studies on the international level (Liow
2011; Hui and Chan 2013; Liow 2013). Indeed, most of the studies have included only from
two to three biggest markets in Europe (that is, France, Germany, and the U.K.) and
individual smaller markets (for example, Belgium, Italy, or the Netherlands) into a global
mix. This thesis intends to contribute to this line of research and thus, aims to condense the
prevailing research gap.
The markets chosen for the thesis are Germany, Finland, Sweden, and Switzerland. The
four markets have been studied followingly on the national level: Germany (Liow and
Ibrahim 2010; Liow 2015; Liow and Newell 2016), Sweden (Liow and Ibrahim 2010),
Switzerland (Liow and Ibrahim 2010) and none for Finland. However, none of these studies
focus on the pure volatility transmission dynamics between the local real estate and the
local stock markets. Instead, they apply different approaches to study the comovements
(Liow and Ibrahim 2010; Liow 2015) or study the relationship between domestic real estate
and global stock market (Liow and Newell 2016).
On the international level, the four markets have been studied as follows: Germany (Liow
et al. 2005; Liow 2011; Hui and Chan 2013; Liow 2013; Liow and Ye 2017), Sweden (Liow
2011; Liow 2013), Switzerland (Liow 2011; Liow 2013) and Finland (Liow 2011). These
studies concentrate on studying the interdependencies among the national real estate
markets (Liow 2011; Hui and Chan 2013; Liow 2013) or regional markets (Liow et al 2005).
As an exception Liow and Ye (2017) investigate the relationship between national and
global real estate markets that is, applying the research setting chosen for the international
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Table 1. Previous studies of listed real estate on the national level (continues on the next page)
Author(s)

Countries

Research period

Data frequency

Methodology

Kallberg et al. (2002)

China, Hong Kong, Indonesia, Malaysia,

1992-1998

monthly

Granger causality tests, the BLS technique for structural

the Philippines, South Korea, Taiwan,

breaks, and rolled volatility through moving standard

and Thailand.

deviation model

Stevenson (2002)

the U.S.

1975-2001

monthly

Cotter and Stevenson (2006)

the U.S.

1999-2003

daily

GARCH and EGARCH models
Bivariate VAR-BEKK model and time-varying conditional
correlations derived from the BEKK model

Simon and Ng (2009)

the U.S.

2004-2008

daily

Mixed-copula framework

Liow and Ibrahim (2010)

Australia, Canada, France, Germany,

1984-2006

monthly

Component-GARCH model, the principal component

Hong Kong, Japan, Netherlands,

analysis (PCA) and the canonical correlation analysis

Singapore, Sweden, Switzerland, the

(CCA)

U.K., and the U.S.
Case et al. (2012)

the U.S.

1972-2008

monthly

Bivariate VAR-DCC-GARCH model with structural break
dummies

Liow (2012)

Asian-developed markets: Australia,

1995-2009

weekly

1999-2008

daily

Bivariate asymmetric DCC-GARCH model

Hong Kong, Japan and Singapore, and
Asian-developing markets: China,
Malaysia, the Philippines, and Taiwan.
Yang et al. (2012)

the U.S.

Five-variable VAR - asymmetric generalized DCCGARCH model

Hoesli and Reka (2013)

Australia, the U.K., and the U.S.

1990-2010

weekly

Bivariate VAR - asymmetric 𝑡-BEKK model, and copula
framework with structural break tests

Huang and Zhong (2013)
Hui and Chan (2014)

the U.S.
Hong Kong, the U.K., and the U.S.

1999-2010

daily

1970-2010

monthly

2004-2012

daily

Seven-variable DCC-GARCH model
Contagion framework using the Forbes-Rigobon, the
coskewness and the cokurtosis tests
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Liow (2015)

The G7 nations: Canada, France,

1997-2013

weekly

Five-variable asymmetric VAR-BEKK model, the principal

Germany, Italy, Japan, the U.K., and the

component analysis (PCA), a generalized VAR

U.S.

framework in variance decomposition and the volatility
spillover index methodology

Liow and Newell (2016)

Non-Asian markets: Belgium, France,

1995-2015

weekly

Bivariate AR - asymmetric DCC-GARCH model, a

Germany, Italy, the Netherlands, Spain,

generalized VAR framework in variance decomposition

the U.K. and the U.S., and Asian

and the beta spillover index methodology

markets: Australia, China, Hong Kong,
Japan, Malaysia, the Philippines,
Singapore, and Taiwan.
Notes: This table lists the previous interlinkage studies on the national level that is, between the securitized real estate and common stock markets, that are referred to in this thesis.
The referred cointegration studies have not been listed as the focus is on higher-order moments. The search for previous literature was conducted by means of the LUT Finna search
engine for international e-materials. The search was initially run using the following parameters: “volatility spillovers”, “securitized real estate”, and “stock markets”. Then the literature
review sections of the resulted studies were examined and searched further to identify the core frame of research in the area of securitized real estate and volatility dynamics. Hence
to the best of the author’s knowledge, the listed studies are the most frequently and recently referred to in the previous literature.
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Table 2. Previous studies of listed real estate on the international level (continues on the next page)
Author(s)

Countries

Research period

Data frequency

Methodology

Garvey et al. (2001)

Australia, Hong Kong, Japan, and Singapore

1993-2001

weekly

Engle-Granger cointegration test, Granger causality test,

Liow et al. (2005)

Asian markets: Hong Kong, Japan, Malaysia

1987-2003 (Asia)

weekly

and Singapore, and European markets:

1993-2003 (Europe)

and GARCH model
Johansen multivariate cointegration test, two four-country
and one two-region extended EGARCH models

France, Germany, Italy, and the U.K.
Additionally, regional markets of Asia and
Europe.
Michayluk et al. (2006)

the U.K. and the U.S.

2000-2003

daily

Bivariate Asymmetric Dynamic Covariance (ADC) model

Liow et al. (2009)

Hong Kong, Japan, Singapore, the U.K., and

1984-2006

monthly

Bivariate AR - asymmetric DCC-GARCH model

1990-2009

monthly

Wavelet analysis using the continuous wavelet

the U.S., and regional markets of America,
Europe, and Asia/ Far East.
Zhou (2010)

Australia, Hong Kong, Japan, Singapore, the
U.K., and the U.S.

Liow (2011)

Austria, Belgium, Finland, France, Germany,

transformation (CWT)
1999-2010

weekly

Italy, the Netherlands, Spain, Sweden,

Bivariate asymmetric DCC-GARCH model, long-memory
tests and multiple structural break methodology

Switzerland, and the U.K.
Liow et al. (2011)

Hong Kong, Japan, Singapore, the U.K., and

1990-2009

daily

1995-2009

weekly

the U.S.
Liow and Newell (2012)

Hong Kong, Mainland China, Taiwan, and

Five-variable VAR - Multivariate regime-dependent ADC
model

the U.S.

Four-variable VAR - asymmetric BEKK model, the volatility
spillover index methodology and time-varying conditional
correlations derived from the BEKK model

Pham (2012)

Hong Kong, Japan, Malaysia, Singapore,

2006-2011

daily

MA with dummy variable - EGARCH model

1990-2009

daily

Wavelet analysis using the maximal overlap discrete

South Korea, Taiwan, and Thailand.
Zhou (2012)

Australia, France, Hong Kong, Japan,
Singapore, the U.K., and the U.S.

wavelet transform (MODWT)
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Hoesli and Reka (2013)

Australia, the U.K., and the U.S.

1990-2010

weekly

Hui and Chan (2013)

France, Germany, Greece, Italy, Spain and

2005-2011

daily

Bivariate VAR - asymmetric 𝑡 -BEKK model, and copula
framework with structural break tests

the U.K.
Liow (2013)

France, Germany, Italy, the Netherlands,

Contagion framework using the Forbes-Rigobon, the
coskewness and the cokurtosis tests

1990-2012

daily

Sweden, Switzerland, and the U.K.

Seven-variable VAR-VECH model, a generalized VAR
framework in variance decomposition and the volatility
spillover index methodology

Milunovich and Trück

Asia-Pacific markets: Australia, Hong Kong,

(2013)

Japan, New Zealand and Singapore,

2004-2011

weekly

Multi-factor asset pricing - EGARCH model and excess
correlation framework

European markets: Belgium, France, the
Netherlands, and the U.K., and North
American countries: Canada and the U.S.
Additionally, regional markets of Europe,
North America and Asia-Pacific, and world
markets of global stock and global real
estate.
Liow and Angela (2017)

Hong Kong, Japan, Singapore, the U.K., and

2000-2014

weekly

the U.S.
Liow and Ye (2017)

Australia, France, Germany, Hong Kong,
Japan, Singapore, the U.K., and the U.S.,

Univariate spectral and bivariate cross-spectral analyses,
and contagion framework using co-spectral density

2000-2015

weekly

Univariate and multivariate, one and two-factor switching
regime beta models (SRBMs)

and world markets of global stock and global
real estate.
Notes: This table lists the previous interlinkage studies on the international level that is, between the national and/or global securitized real estate markets, that are referred to in this
thesis. The referred cointegration studies have not been listed as the focus is on higher-order moments. The search for previous literature was conducted by means of the LUT Finna
search engine for international e-materials. The search was initially run using the following parameters: “volatility spillovers”, “securitized real estate”, and “international”. Then the
literature review sections of the resulted studies were examined and searched further to identify the core frame of research in the area of securitized real estate and volatility
dynamics. Hence to the best of the author’s knowledge, the listed studies are the most frequently and recently referred to in the previous literature.
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level of this thesis. However, they utilize completely different methodologies and examine
different types of linkages, thus leaving a gap for volatility transmission study in this setting.
To summarize, this thesis adds to the existing literature also through the applied research
setting thus, by studying the issue of time-varying volatility transmissions between the four
developed European securitized real estate markets and their corresponding local stock
markets as well as the global real estate market.
What should also be noted from Tables 1 and 2 is that couple of different return frequencies
are used across the studies. There is no clear dominance of a certain frequency, but daily,
weekly and monthly frequencies are used rather evenly in number. Although the majority of
the studies found parallel evidence of interdependence among the examined markets, this
issue with data frequency makes the comparisons between the documented results difficult
and less accurate. The two tables also address the popularity of the GARCH framework in
modeling financial time series and examining the dynamics of conditional second moments.
Especially, several different multivariate GARCH specifications have been widely applied
to investigate the time-varying volatility transmission and conditional comovements in
securitized real estate markets. This is due to their ability to parameterize the conditional
covariances and correlations as well as to identify the magnitudes and sources of the
interactions, thus enabling a comprehensive understanding of the time-varying relationships
across various asset classes and markets. Next, the GARCH framework and motivation for
these models are discussed in detail.
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3

METHODOLOGY

Considering the fact of volatility being a key component in measuring assets’ and portfolios’
risk and thus, playing an important role in portfolio selection and asset allocation, the need
for modeling its latent nature and possible interlinkages comes with no surprise. As
demonstrated in the previous section, the models of the GARCH family have been widely
recognized as valuable tools in exploring the nonlinear behavior of financial time series, and
especially, in describing the dynamics of the second moments over time. Indeed, the
GARCH models are able to capture features that are characteristic for the financial data,
and which the traditional linear econometric models fail to explain.
The first of these characteristics, leptokurtosis, indicates that the asset returns tend to follow
a distribution with a higher peak at the mean and correspondingly fatter tails than in a normal
distribution. This implies that extreme values, such as large price changes, are more likely
to occur than a normal distribution would suggest. (Brooks 2008, 379-380; Tsay 2005, 9).
Second, financial time series exhibit inherent phenomenon, where large returns tend to
follow large returns of either sign and consistently, small returns tend to follow small returns.
Hence, volatility has a tendency to occur in clusters as first noted by Mandelbrot (1963).
This behavior is considered to originate from the information arrivals, which themselves are
time-varying in the sense that they appear unevenly over time. Finally, volatility seems to
react asymmetrically depending on the nature of the stocks arriving at the market. That is,
negative shocks, such as large price falls, appear to have a more prominent effect on
volatility than positive shocks of the same magnitude, the phenomenon also referred to as
the leverage effect, and first reported by Black (1976). (Brooks 2008, 380)
Moreover, financial time series are likely to exhibit heteroscedasticity indicating that the
variance of the errors is not constant but varies over time. This state violates the assumption
of homoscedasticity of the classical linear regression model (CLRM) and if ignored, the
standard error estimates could be wrong leading to delusive inferences about the results of
the model. Regarding the presented characteristics, there certainly is motivation to consider
the models that are able to parameterize these prominent features and describe, how the
variance of the errors evolves. (Brooks 2008, 134 & 386)
Next, the univariate and multivariate models of the GARCH family are presented in the
natural order with a couple of the most applied extensions, following a brief introduction of
the used estimation method.
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3.1 Univariate GARCH models
In order to understand the ARCH processes, it is crucial to define the conditional mean and
variance of return series 𝑟 . The conditional mean equation can be written as

𝜇 = 𝛦[𝑟 |Ω

𝑟 = 𝜇 +𝜀 ,

] and 𝜀 ~ 𝑁(0, 𝜎 ) ,

where 𝜀 refers to the error term or the shock of an asset return at time 𝑡 , and Ω

(1)

denotes

the information set available at time 𝑡 − 1. When considering ARCH processes, almost any
form of econometric models is applicable for the conditional mean equation that depicts
how the dependent variable 𝑟 varies over time. The conditional variance of 𝜀 , denoted by

𝜎 , can be written as

𝜎 = 𝑣𝑎𝑟(𝜀 |Ω

)= 𝛦

𝜀 − 𝛦(𝜀 ) |Ω

where again 𝜀 is the error term at time 𝑡, and Ω

,

(2)

is the information set at time 𝑡 − 1. It is

generally assumed that 𝐸(𝜀 ) = 0, thus

𝜎 = 𝑣𝑎𝑟(𝜀 |Ω

) = 𝛦[𝜀 |Ω

].

(3)

According to Equation 3, the conditional variance of the normally distributed error term 𝜀
with mean zero is equal to the conditional expected value of squared 𝜀 . Usually Ω

, for

both conditional mean and variance, consists of all linear functions of the past returns.
Together, the conditional mean and variance equations form a full model for 𝑟 . (Brooks
2008, 387-388; Tsay 2005, 100-101)

3.1.1 The ARCH model
The ARCH model introduced by Engle (1982) specifies the current value of the variance of
the error term, 𝜎 , as a function of the previous values of the squared errors. Hence, the
variance of the error term is conditional on past information. In the general case, the
conditional variance depends on q lags of squared errors. The ARCH(q) model can be
expressed as

𝜀 = 𝑧𝜎

𝑧 ~ 𝑁(0, 1) , 𝜎2𝑡 = 𝛼0 + ∑𝑞𝑖=1 𝛼𝑖 𝜀2𝑡−𝑖 ,

(4)
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where 𝑧 depicts normally distributed standardized error terms with mean zero and variance
1, and 𝜎 is a time-dependent standard deviation. Due to this, also the error term 𝜀 will be
conditionally normally distributed with mean zero and variance 𝜎 . Both the standardized
Student-𝑡 and generalized error distributions could also be assumed for 𝑧 . In Equation 4,

𝛼 is the constant term and 𝛼 is the ARCH term. All of these coefficients are required to be
non-negative to ensure the positiveness of the conditional variance estimations. In other
words, it is required that 𝛼 > 0 and 𝛼 ≥ 0 for 𝑖 = 1, 2, 3,..., q. The lagged error terms
will, by definition, be non-negative due to their quadratic form. (Brooks 2008, 388-389; Tsay
2005, 102-103)
Regardless of creating the basis for volatility modeling and analyses, the ARCH models
have not been employed frequently in practice because of the problems related to them.
For example, the required value of q lags to capture all of the dependence might be very
large, leading further to a non-parsimonious model with a higher probability of violating the
non-negativity constraints. Here, the parsimonious model refers to a model with a minimum
number of parameters and great explanatory power. The model that overcomes some of
these problems, the generalized ARCH (GARCH) model, will be introduced next. (Brooks
2008, 391-392)

3.1.2 The GARCH model
The GARCH models, originally proposed by Bollerslev (1986), are widely applied in finance
studies. They add to the basic ARCH model by incorporating the fitted variance from the
model during the previous period. In the general case, the conditional variance depends on
q lags of squared errors and p lags of its own previous values. The GARCH(p,q) model can
be written as

𝜀 = 𝑧𝜎

𝑧 ~ 𝑁(0, 1) ,

𝜎 = 𝛼 + ∑

𝛼 𝜀

+ ∑

𝛽𝜎

,

(5)

where 𝛼 is the constant term, 𝛼 are the ARCH parameters, and 𝛽 are the GARCH
parameters. The non-negativity constraints for the coefficients are 𝛼 > 0, 𝛼 ≥ 0 and

𝛽 ≥ 0. In addition, the coefficients are required to meet the constraint of stationarity in
variance, defined as ∑

( , )

(𝛼 + 𝛽 ) < 1, where it is assumed that 𝛼 = 0 for 𝑖 >

𝑞 and 𝛽 = 0 for 𝑗 > 𝑝. To see this, the unconditional variance of 𝜀 is considered:
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𝑣𝑎𝑟(𝜀 ) =

∑

( , )

(

(6)

)

If the constraint is violated by ∑

( , )

(𝛼 + 𝛽 ) ≥ 1, a non-positive denominator or

denominator equal to zero would lead to either Equation 6 violating the basic expectation
that variance should be positive or Equation 6 not being defined at all, respectively.
However, no strong theoretical evidence is suggested to support this state of nonstationarity in variance. (Brooks 2008, 392 & 394; Tsay 2005, 114)
GARCH models are considered superior to ARCH models, since they avoid overfitting and
therefore, are less likely to violate the non-negativity constraints. Generally, higher-order
GARCH models are rarely applied in practice as a GARCH(1,1) model is considered to be
sufficient in capturing the dependence of volatility in the data. (Brooks 2008, 393-394)

3.2 Multivariate GARCH models
Although the multivariate GARCH (MGARCH) models exhibit close resemblance to the
univariate models, they extend the univariate volatility modeling by allowing the specification
of not just the conditional variances, but also the time-varying covariances. (Brooks 2008,
432). As the core objective of this thesis is to examine the dynamic linkages between the
volatility processes of a couple of assets and markets, applying an MGARCH model serves
this purpose.
The multivariate framework of volatility modeling can be illustrated by rewriting the
univariate case. Considering a 𝑘 -dimensional multivariate return series 𝑹 = (𝑟 , . . . , 𝑟 )′,
the general representation is

𝑹 = 𝝁 + 𝜺,

𝝁 = 𝛦[𝑹 |𝛷

] and

𝜺 ~ 𝑁(0, 𝚺 ),

where 𝝁 is the conditional mean vector of 𝑹 given the past information 𝛷

(7)

. The

conditional mean equation is usually specified through a multivariate time series model, for
example, a vector autoregressive moving average (VARMA) model. In Equation 7, the

𝑘 × 1 vector of the error terms at time 𝑡 is represented by 𝜺 and it is assumed to follow a
multivariate normal distribution with mean zero and conditional variance-covariance matrix
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𝚺 . The conditional variance-covariance matrix of 𝜺 is a 𝑘 × 𝑘 positive-definite matrix and
determined as

𝚺 = 𝑐𝑜𝑣(𝜺 |𝛷

(8)

).

(Tsay 2005, 443)
Despite the usefulness of MGARCH models, they also involve two noteworthy problems:
ensuring the positive semi-definiteness of the conditional variance-covariance matrix 𝚺
and the rapidly increasing number of parameters, when several assets are concerned. The
first one is crucial as variances cannot be negative and covariances should be the same
regardless of in which order the two series are entered into the process. In other words, all
numbers on the principal diagonal should be non-negative and the matrix should be
symmetric. The second one is important to notice in order to ensure a feasible estimation.
(Bauwens, Laurent and Rombouts 2006, 81; Brooks 2008, 434)
In the following subsections, five different and commonly used specifications of 𝚺 are
introduced. These are the VECH and DVECH models by Bollerslev, Engle, and Wooldridge
(1988), the BEKK model by Engle and Kroner (1995), the constant conditional correlation
(CCC) model by Bollerslev (1990) and the dynamic conditional correlation (DCC) model by
Engle (2002). The former three can be thought of as direct extensions of Bollerslev’s (1986)
univariate GARCH model, and the latter two fall into a category of nonlinear combinations
of univariate GARCH models (Bauwens et al. 2006, 81).

3.2.1 The VECH models
Bollerslev et al. (1988) developed the VECH specification of the conditional variancecovariance matrix 𝚺 by following the univariate GARCH process. The idea behind the
VECH specification is that each element of 𝚺 , that is, each conditional variance and
covariance depends on the lagged squared error terms, the error cross-products, and the
lagged values of the elements of 𝚺 . The VECH(p,q) model can be written as

𝑉𝐸𝐶𝐻(𝚺 ) = 𝑪 + ∑
𝜺 |𝛷

~ 𝑁(0, 𝚺 ),

𝑨 𝑉𝐸𝐶𝐻(𝜺

𝜺

)+ ∑

𝑩 𝑉𝐸𝐶𝐻 𝚺

,

(9)
(9)
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where 𝑉𝐸𝐶𝐻(∙) expresses an operator that stacks the lower triangular portion of a
symmetric matrix into a vector with a single column, 𝑪 is a
vector, 𝑨 , 𝑖 = 1,...,q, and 𝑩 , 𝑗 = 1,...,p, are 𝑘(𝑘 + 1) ×

𝜺 is a 𝑘 × 1 vector of error terms and 𝛷

𝑘(𝑘 + 1) × 1 parameter

𝑘(𝑘 + 1) parameter matrices,

is the information set at time 𝑡 − 1. The VECH

model is eminently general and has the problem, as noted previously, with the number of
parameters to be estimated. For instance, even in the simple bivariate case (𝑘 = 2), the
conditional variance and covariance equations involve altogether 21 parameters. Hence, a
model with a larger number of assets would quickly become too arduous to estimate in
practice. (Bauwens et al. 2006, 82; Brooks 2008, 434)
To overcome this problem, Bollerslev et al. (1988) proposed a simplified model in which
each conditional variance and covariance 𝜎

,

depends solely on the previous value of

𝜀 , 𝜀 , and its own past values. This is achieved by assuming the matrices 𝑨 and 𝑩 to be
diagonal. Thus, the model is known as the diagonal VECH (DVECH). When considering the
simple GARCH(1,1) process, the model can be written as

𝜎

,

= 𝑐 + 𝛼 𝜀,

𝜺 |𝛷

𝜀,

+ 𝛽 𝜎

,

, 𝑖, 𝑗 = 1, . . . , 𝑘, 𝑖 ≤ 𝑗,

(10)
(10)

~ 𝑁(0, 𝚺 ),

where 𝑐 , 𝛼 , and 𝛽 are parameters. In the bivariate case, the number of parameters to
be estimated is reduced to 9, but again with multiple assets, the problem remains.
Furthermore, the oversimplifying assumption of the off-diagonal elements being zero results
in an additional shortcoming: any latent dynamic dependencies between volatility series are
lost. Moreover, VECH and DVECH models may not produce a positive definite conditional
variance-covariance matrix 𝚺 unless strong restrictions are imposed on the parameters.
(Bauwens et al. 2006, 82-83; Tsay 2005, 449)

3.2.2 The BEKK model
To ensure the positive definiteness of 𝚺 , Engle and Kroner (1995) proposed the BEKK
specification (acronym from Baba, Engle, Kraft, and Kroner), which is a restrictive
representation of the initial VECH model. The BEKK(p,q) model can be written as

𝚺 = 𝑪𝑪 + ∑

𝑨 (𝜺

𝜺

)𝑨 + ∑

𝑩 𝚺

𝑩 ,

(11)
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where 𝑪 is a lower triangular matrix of parameters, and 𝑨 and 𝑩 are 𝑘 × 𝑘 parameter
matrices. Contrary to the VECH models, the positivity of 𝚺 is imposed easily due to the
quadratic forms of the last two terms on the right-hand side of Equation 11, provided that
the constant term 𝑪𝑪 is positive definite. However, the model has its disadvantages. First,
the quadratic form of the parameterization results in parameters that are hard to interpret
as they do not represent directly the impact of lagged shocks 𝜺

and volatilities 𝚺

on

the elements of 𝚺 . Second, the number of parameters to be estimated is still a problem,
although, in the bivariate BEKK(1,1) model, the number is reduced to 11 (𝑘(5𝑘 + 1)/2).
(Bauwens et al. 2006, 83; Tsay 2005, 451-452)

3.2.3 The conditional correlation models
Turning now to the alternative approach for constructing MGARCH models: the nonlinear
combinations of univariate GARCH models. Contrary to the models discussed previously,
the models of this category are preferable in terms of practicality of the estimation process
as the number of parameters is reduced significantly due to the imposed restrictions and
specification process. On the other hand, it may be more complicated to obtain theoretical
results, for instance on stationarity. (Bauwens et al. 2006, 88)
To construct a simple parameterization of the conditional variance-covariance matrix 𝚺 ,
Bollerslev (1990) suggested the Constant conditional correlation (CCC) model that
assumes the correlations to be time-invariant, hence constant over time. Instead of directly
specifying the conditional variance-covariance matrix, the CCC model concentrates on
constructing it stepwise. First, each of the conditional variances is modeled with a chosen
univariate GARCH specification, which are then estimated jointly. Equation 12 depicts the
conventional univariate GARCH(1,1) specification for the conditional variances.

𝜎

,

=𝑐 + 𝛼 𝜀,

+𝛽 𝜎

,

,

𝑖 = 1, … , 𝑘

(12)

Second, the off-diagonal elements of 𝚺 , the conditional covariances, are modeled indirectly
via the constant conditional correlation matrix 𝜌

𝜎

,

= 𝜌

𝜎 ,𝜎

,

,

𝑖, 𝑗 = 1, … , 𝑘, 𝑖 ≠ 𝑗

and the estimated conditional variances:

(13)
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It is important to remark that although the correlations are fixed, the conditional covariances
are not.
Given Equations 12 and 13, the full conditional variance-covariance matrix 𝚺 can be
expressed as:

𝚺 = 𝑫 𝑷𝑫 ,

𝑫 = 𝑑𝑖𝑎𝑔 𝜎

,

,…,𝜎

and 𝑷 = 𝜌

,

,

(14)

where 𝑫 is the 𝑘 × 𝑘 diagonal matrix of the conditional standard deviations on the principal
diagonal, and 𝑷 is the 𝑘 × 𝑘 time-invariant conditional correlation matrix. 𝚺 is ensured to
be positive definite for all 𝑡 if all the 𝑘 conditional variances are positive, and the conditional
correlation matrix 𝑷 is positive definite. (Bollerslev 1990). As a comparison to the models in
previous sections, there are only 9 parameters to be estimated in the bivariate case. When
the number of assets increases, the reduction of the parameters is more prominent.
Previous literature, however, has shown evidence against the assumption of constant
correlations among stock market returns (see for instance Longin and Solnik 1995; Tse
2000; Bera and Kim 2002). Following this, Engle (2002) suggested the Dynamic conditional
correlation (DCC) model, a generalization of the CCC model that assumes the conditional
correlation matrix to vary over time, in other words, 𝑷 = 𝑷 . Given this assumption, the
DCC model can be defined as
(15)

𝚺 = 𝑫𝑷𝑫,

where 𝑫 is defined as in Equation 14. The 𝑘 × 𝑘 time-varying conditional correlation matrix

𝑷 is formulated as follows
𝑷 = 𝑑𝑖𝑎𝑔(𝑸∗ )

𝑸 𝑑𝑖𝑎𝑔(𝑸∗ )

𝑸 = (1 − 𝛼 − 𝛽)𝑸 + 𝛼𝑢
𝑢, =

,

, 𝑖 = 1, … , 𝑘,
,

𝑢

(16)

,
+ 𝛽𝑸

,

(16)
(16)

47

where 𝑸 , with the typical element 𝑞

,

, is the 𝑘 × 𝑘 symmetric positive definite covariance

matrix estimated through a multivariate GARCH process. 𝑸∗ is a matrix with the square
roots of each element in 𝑸 and 𝑑𝑖𝑎𝑔(∙) denotes the operator that stacks the principal
diagonal elements of 𝑸∗ into a 𝑘 × 𝑘 diagonal matrix. 𝑸 is the 𝑘 × 𝑘 unconditional variance
matrix of standardized residuals 𝑢 , , and 𝛼 and 𝛽 are non-negative scalar parameters
satisfying 𝛼 + 𝛽 < 1. To summarize, the operation of 𝑷 divides the covariances in 𝑸 by
the product of the corresponding conditional standard deviations in 𝑸∗ :

𝜌

,

=

,
,

(17)
,

3.3 Models incorporating leverage term
So far, this section has focused on models that can detect both volatility clustering and
leptokurtosis in the data. However, they fail to address leverage effects, that is, any viable
asymmetries in volatility originating from unexpected positive and negative news. A
considerable amount of previous literature has shown that for equity returns, negative
events tend to lead to larger effects on markets, as well as to larger increase in both
volatilities and conditional covariances than positive events (see for instance Koutmos and
Booth 1995; Bekaert and Wu 2000; Martens and Poon 2001; Ang and Bekaert 2002).
Revisiting the univariate framework, several formulations accounting for leverage effects
have been suggested in the literature (Glosten, Jagannathan and Runkle 1993; Nelson
1991; Zakoian 1994). Of these, only the GJR model proposed by Glosten et al. (1993) will
be presented in detail as it provides the foundation for a number of multivariate asymmetric
extensions. The model adds to the standard GARCH model (see Equation 5) by
incorporating a leverage term that accounts for possible asymmetries. The GJR(p,q) model
can be written as

𝜎 = 𝛼 + ∑

where 𝐼

𝐼

𝛼 𝜀

+ ∑

𝛽𝜎

is a dummy variable for negative 𝜀

=

1 𝑖𝑓 𝜀
0 𝑖𝑓 𝜀

< 0,
≥ 0.

+∑

𝛾𝐼

𝜀

,

(18)

, that is,

(19)
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Here, leverage effects (𝛾 > 0) are detected through a dummy variable that follows the
literature by emphasizing the effects of negative shocks. The non-negativity constraints for
the coefficients are 𝛼 > 0, 𝛼 > 0, 𝛽 ≥ 0 (Equation 18), thus similar to those of the
original GARCH models. For the model to be acceptable even in the case of 𝛾 < 0, it is
required that 𝛼 + 𝛾 ≥ 0 for all the cases. (Brooks 2008, 405; Tsay 2005, 130)
In a multivariate framework, it is desired that the extensions allow for asymmetric effects
not only in the variances but also in the covariances (Kroner and Ng 1998, 818). Here, an
asymmetric extension in the multivariate framework is introduced only for the BEKK model
since it is the model specification employed in the empirical analysis of this study. Following
the univariate approach of Glosten et al. (1993), Kroner and Ng (1998) proposed a natural
extension of the BEKK model by incorporating an additional quadratic form, the asymmetry
term, that is dependent on the outer product of the vector of negative return shocks. Thus,
letting 𝜼 = min[0, 𝜺 ], the asymmetric BEKK(1,1) model can be written as

𝚺 = 𝑪𝑪 + 𝑨𝜺

𝜺

𝑨 + 𝑩𝚺

𝑩 + 𝑮𝜼

where 𝑮 is a 𝑘 × 𝑘 parameter matrix, and 𝜼

𝜼

𝑮 ,

(20)

is a 𝑘 × 1 column vector that takes into

account the signs of the shocks 𝜺 , that is,

𝜼

=

𝜺
0

𝑖𝑓 𝜺
𝑖𝑓 𝜺

< 0,
≥ 0.

(21)

Again, this model setting follows the phenomenon suggested by the literature by
emphasizing the effects of negative shocks 𝜺

.

3.4 Maximum likelihood estimation
As discussed earlier, linear econometric models are insufficient in detecting and explaining
certain underlying characteristics of financial data. Consistently, the estimation method
used for conventional linear models, the method of ordinary least squares (OLS), is not
applicable for the models of the GARCH family. To address this briefly, OLS seeks the
parameter values of the model by minimizing the residual sum of squares (RSS), which is
derived only from the components in the conditional mean equation. The conditional
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variance equation is, hence, disregarded. Additionally, where the GARCH models are
applied due to the heteroscedasticity and serial correlation of the errors 𝜺 (also known as
residuals), OLS requires them to be homoscedastic and serially uncorrelated to result in
reliable inferences. (Brooks 2008, 44 & 394-395)
A more appropriate estimation method for the GARCH models is the maximum likelihood
estimation, which seeks the most likely parameter values given the actual data. The
estimation procedure involves the construction of a log-likelihood function (LLF), which is
then maximized to generate the parameter values. The LLF is specified under the auxiliary
assumption of i.i.d. distribution (independent and identically distributed) for the standardized
residuals 𝒛 . The most generally applied distribution in the literature is the normal
distribution or in a multivariate case, the multivariate normal distribution. Assuming
normality for 𝒛 leads to simultaneously assuming conditional normality for the residuals 𝜺 :

𝜺 = 𝒛𝚺

/

,

𝒛 ~ 𝑖. 𝑖. 𝑑 𝑁(0, 1), 𝜺 |𝛷

~ 𝑁(0, 𝚺 )

(22)

In this case, the LLF without a constant term for universal MGARCH model can be written
as

𝐿 (𝜃) = − ∑

(𝑙𝑜𝑔|𝜮 | + 𝜺 𝜮 𝜺 )

(23)

where 𝜃 is a vector of parameters and 𝑇 is the length of the time series observed. (Bauwens
et al. 2006, 96; Brooks 2008, 395 & 399).
A voluminous literature has shown however that financial asset returns and the residuals
from financial time series models are almost always leptokurtic thus, rejecting the
hypothesis of conditional normality (see, for instance, the seminal works by Mandelbrot
1963 and Fama 1965). In particular, for financial asset returns, extreme values are more
likely to occur resulting in a higher kurtosis coefficient (>3) and fatter tails than those of the
normal distribution. While the LLF will still generate consistent parameter estimates as long
as the conditional mean and the conditional variance are specified correctly, the standard
error estimates, in other words, the estimates of the prediction accuracy, will be
inappropriate in the case of misspecified distribution. (Bauwens et al. 2006, 96-97; Brooks
2008, 399 & 602)
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To prevail on this issue, it could be desirable to search for other probability distributions with
greater descriptive validity. One alternative is the multivariate Student’s 𝑡-distribution, which
can be characterized as a leptokurtic distribution allowing more observations in the tails and
thus, typically achieving a better fit (see, for instance, Blattberg and Gonedes 1974). The
Student’s 𝑡 -distribution includes an additional parameter, the degrees of freedom parameter

𝑣 that controls the heaviness of the tails. When this parameter estimate tends to infinity, the
Student’s 𝑡 -distribution approaches the normal distribution. Another proposed alternative is
a mixture of normal distributions that can be specified to account for the excess kurtosis but
also for the possible skewness in the distribution of the residuals (see, for instance, Kon
1984). (Bauwens et al. 2006, 97; Brooks 2008, 603)
Even these alternative leptokurtic distributions, however, might not be able to explain the
true distribution of the residuals. In this case, an estimation method and inference procedure
that are robust to misspecification of the assumed residual distribution should be used. This
type of procedure is called the quasi-maximum likelihood (QML), under which the standard
errors are computed according to the methods provided by Bollerslev and Wooldridge
(1992) to ensure their validity. (Brooks 2008, 399 & 602)
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4

DATA AND SPECIFICATION OF THE MODEL

The data used in this study is collected from Thomson Reuters DataStream and it consists
of daily total return indices for four national and one global securitized real estate markets
as well as for four national stock markets over the period of July 3, 2000 to December 31,
2013, thus, totaling 3,522 observations for each market. Working with daily data bears a
few issues compared to lower frequency data, such as weekly or monthly. Indeed, the
application of daily quoted international indices, as is done in the international level study,
involves problems caused by non-synchronous trading hours and trading days. According
to Martens and Poon (2001), the use of daily data can underestimate the true correlations
between the markets that are located in different time zones. On the contrary, the majority
of the previous studies on securitized real estate, as reviewed in the sub-section 2.4, have
found parallel evidence of interlinkages among the examined markets despite the chosen
data frequency.
Although recognizing the potential issues, the daily frequency is chosen to ensure a
sufficient amount of observations for both the sub-samples. Indeed, the GARCH models
are data-intensive, and operate better with daily data (Brooks 2008, 390). Additionally, the
usage of daily observations enables obtaining information of dynamic linkages that may last
only a couple of days. This is important as the information and uncertainty tend to transmit
promptly between the markets. Michayluk et al. (2006) remark that less developed
securitized real estate markets might have slower reactions to foreign news due to the lower
liquidity of the markets. However, as the chosen securitized real estate markets can be
considered as developed ones, the liquidity should not be an issue. The use of daily data is
not an issue in the national-level study, where the interlinkages are examined between the
local real estate and the local stock market, that is, between the markets within the same
country. In this thesis, any missing data points are replaced by the price observation of the
previous trading day.
The four national markets chosen for the study are Germany, Finland, Sweden, and
Switzerland. Although these countries are relatively similar in terms of the level of economic
development and geographical location, they embody various attributes that make them
distinctive of each other and thus, interesting for the study at hand. Indeed, this set of
countries provides an interesting sample of the chosen region as it consists of large and
small economies of the Economic and Monetary Union (EMU) (Germany and Finland,
respectively), one economy in the European Union (EU) but outside the EMU (Sweden),
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and one economy outside the EU (Switzerland). All these countries also obtain different
levels of market maturity on listed real estate.
Similarly to several other studies concentrating on securitized real estate markets (see for
instance Yunus 2009; Hoesli and Reka 2013; Liow 2013), the FTSE European Public Real
Estate Association (EPRA) / National Association of Real Estate Investment Trusts
(NAREIT) indices are chosen as proxies for the national and global securitized real estate
markets. The FTSE EPRA/NAREIT Global Real Estate Index Series is designed to track
the performance of real estate equities worldwide by incorporating both the Real Estate
Investment Trusts (REITs) and Real Estate Holding and Development companies. The
indices have been available from the beginning of 2000 for several individual markets and
are suitable for investment and performance analyses as well as for the creation of
derivatives and index-tracking funds. The indices are calculated by the free-float marketcap-weighted method. (FTSE Russell 2020)
The FTSE EPRA/NAREIT Developed Index is chosen as a benchmark for the global
securitized real estate market to collect as long data sample as possible. Indeed, this index
is chosen instead of the FTSE EPRA/NAREIT Global Index, as the latter’s data is available
only after 2005, due to the lack of information on emerging securitized real estate markets.
Hence, the chosen global index covers only developed markets worldwide. What should be
noted is that the studied national markets are included in the global index, as the exclusion
is not available for these countries. However, this presents a fairly minor issue if at all, since
the weights of these countries in the global index are relatively small, that is, for Finland
(0.33 %), Germany (5.70 %), Sweden (2.02 %) and Switzerland (1.27 %) (FTSE Russell
2020). From now on in the study, the securitized real estate indices are denoted as REF
(Finland), REG (Germany), RES (Sweden) and REZ (Switzerland), and REW for the global
index.
As mentioned above, the securitized real estate itself can be divided further into two types:
The Real Estate Operating Companies (REOCs) and the Real Estate Investment Trusts
(REITs). The REOC stocks are a more traditional form of investment, and they do not differ
from other equities by means of regulation. That is, they are subject to corporate tax and
have more freedom in managing and controlling their operations. On the contrary, the REIT
refers to a tax-exempt real estate company that in return, is governed to distribute most of
its net profits as dividends, the proportion generally between 80-100 percentages
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depending on the national legislation. (Corporate Finance Institute 2020; European Public
Real Estate Association 2019). REITs are a relatively new form of investment in Europe.
The benchmark indices for national stock markets are the OMX Helsinki Benchmark
(OMXHB) for Finland, the OMX Stockholm Benchmark (OMXSB) for Sweden, the DAX 30
Performance (DAX30) for Germany and the Swiss Market Index (SMI) for Switzerland. The
OMXHB is a free-float adjusted market capitalization-weighted index that includes 50 to 70
largest and most traded stocks on the Helsinki Stock Exchange. The index represents the
majority of sectors and acts as an indicator of the overall trend of the market. (Nasdaq
2020a). The OMXSB is constructed equally to OMXHB but for the NASDAQ OMX
Stockholm. In May 2020, the index consisted of 91 stocks. (Nasdaq 2020b). The OMXHB
and OMXSB indices are chosen over the commonly used OMX Helsinki 25 and OMX
Stockholm 30 indices due to the availability of total return data. The DAX 30 Performance
comprises the 30 largest German blue-chip stocks trading on the Frankfurt Stock Exchange
and embodies approximately 80 percent of Germany’s market capitalization (DAX 2020). It
is also recognized as one of the most important indices in Europe (Kuepper 2018). The SMI
tracks the performance of the 20 largest and most liquid stocks of Swiss Performance Index
(SPI) trading on the SIX Swiss Exchange and covers around 80 percent of market
capitalization in Switzerland. Hence, it mirrors the overall Swiss equity market and is
calculated as a free-float adjusted capped weight index. (Six Swiss Exchange 2020)
Total return indices are preferred over price indices as they demonstrate the performance
of the markets more accurately by accounting for both the capital gains and the dividends.
All the national indices are measured in the local currency, whereas the global index is
denominated in U.S. dollars. Hence, there might be currency effects to consider in the
international level study, although a couple of studies have reported that there is generally
no significant differences in the overall results when tested under different currency settings
(see for instance Hamao et al. 1990; Yunus 2009; Liow et al. 2011). However, as the
currency effects are not the focus of this thesis, this branch of study is left for future
research.
As addressed before, previous literature suggests that the volatility spillovers are magnified
during periods of crises and financial turmoil (see for instance Liow and Newell 2012; Liow
2013). Hence, to examine the volatility transmission dynamics in different market conditions
on both study levels, the full dataset (3,522 days) is divided into two sub-samples: the precrisis period from July 2000 to June 2007 (1,825 days) and the crisis period from July 2007
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to December 2013 (1,697 days). Although there would have been a possibility to perform a
more up to date study by extending the analysis to include the post-crisis period beginning
in 2014, the data sample was delimited to December 2013, as the period itself presents as
an eventful era for Europe. Indeed, the full sample period covers the bear markets in 20002002 caused by the bursting of the dot-com bubble in 03/2000, the introduction and
implementation of the euro in 2002, and the 2007 subprime crisis that originated in the U.S.,
further evolved into to the global financial crisis (GFC) of 2007-2009 as well as contributed
to the Great Recession of 2008-2012, and was later manifested into the European
sovereign debt crisis (EDC) that peaked in 2010-2012. While each of these events has likely
had an impact on the markets’ volatility, the main focus of this thesis is on the GFC and the
EDC. To note, the period from 2014 to 2020 includes interesting events as well, such as
the Brexit vote in 2016 and the COVID-19 pandemic followed by the stock market crash
and recession in 2020, but the final consequences and longevity of these events are yet
unknown. Hence, the post-crisis period is left for future research.
Both the GFC and the EDC are included in the crisis period of this study. Although separate
crises could have differing impacts on the market volatility, here, the two are preferred in
the same period as the beginning of the EDC interlaced with the GFC, and it can be thought
of as the second phase of the worldwide crisis which separation from the first one could be
problematic. Dating the start and end of the crisis period is not unambiguous as there is, for
example, no clear consensus of when the GFC first started. Figure 1 displays the timeline
for a couple of key dates during the early stages of the GFC. As can be seen, the subprime
mortgage problems started to spread at an accelerating pace from the beginning of July
2007. Similarly, the interdependence studies focusing on the effects of the GFC seem to
generally agree with the starting date to be around the beginning of the third quarter of 2007
(see Appendix 1). This observation is also supported by the official timeline of the Bank for
International Settlements (BIS 2009). Thus, the starting point for the crisis period is chosen
as July 2007 following the data presented above. The end date of the EDC is similarly
vague, but for this thesis, it is set to 31th of December 2013. This is due to Ireland, which
was also the first eurozone country to fall into recession in September 2008, exiting the
bailout program as the first eurozone country in December 2013, and demonstrating the
success of emergency measures in Europe. Spain and Portugal followed quickly after this
improving their situation by 2014. (CNN 2020)
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Figure 1. The Global Financial Crisis timeline in 2007 (Council on Foreign Relations 2020; Federal Reserve Bank of St. Louis n.d.; Guillén
n.d.)
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Figure 2 depicts the development of the chosen indices over the full sample period of July
2000 to December 2013. The variables are scaled to 100 to enable a better comparison.
The reaction to the financial crisis is evident for all the indices at the beginning of the third
quarter of 2007. Another bending in the development seems to be during the third quarter
of 2011. The real estate market of Germany together with the local stock markets exhibit a
downward trend also from 2000 to 2002 representing the bear markets during those years.

Figure 2. The price development of all nine indices from 2000 to 2013

4.1 Descriptive statistics and volatility
For the empirical analysis, the total return indices are converted into a series of returns. The
continuously compounded daily returns for each market (𝑟 ) are derived as the natural
logarithm of the current price divided by that of the previous period and multiplied by 100.
The conversion can be written as

𝑟 = 100 × ln

,

(24)

where 𝑃 is the total return index of market 𝑖 at time 𝑡 .
Table 3 reports the descriptive statistics of the daily return data on all nine markets, as well
as the statistical tests for normality, stationarity, and autocorrelation. The statistics are
reported for the full sample (Panel A) and the two sub-periods (Panel B and C).
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Table 3. Descriptive statistics of daily return series
REF

RES

REG

REZ

OMXHB

OMXSB

DAX30

SMI

REW

Panel A: Full period
Mean (%)
Std. Dev. (%)
Max (%)
Min (%)
Skewness
Kurtosis
Jarque-Bera
PP (24)
KPSS (24)
Q (24)-R
Q2(24)-R

0.041
1.829
14.329
-10.509
-0.014
8.726
4,809.55***
-59.48***
0.07
33.05
1,901.83***

0.055
1.500
12.114
-7.579
0.009
8.638
4,663.70***
-55.90***
0.06
68.90***
3,858.63***

-0.003
1.679
13.781
-12.908
-0.051
11.271
10,037.30***
-55.93***
0.10
56.02***
2,721.89***

0.026
0.786
7.745
-5.255
0.026
12.112
12,180.95***
-60.30***
0.07
33.53*
986.01***

-0.012
1.987
15.562
-19.588
-0.375
11.430
10,507.90***
-59.98***
0.09
34.68*
530.25***

0.014
1.509
9.167
-8.281
0.002
6.658
1,962.96***
-60.00***
0.13*
52.20***
2,931.04***

0.009
1.559
10.798
-8.875
-0.007
7.686
3,221.41***
-60.47***
0.09
43.65***
3,597.39***

0.011
1.218
10.788
-8.108
-0.036
9.656
6,500.81***
-58.38***
0.09
63.49***
4,222.83***

0.036
1.159
7.713
-9.730
-0.553
12.897
14,548.32***
-51.62***
0.09
148.91***
7,115.05***

0.082
1.082
7.156
-6.352
-0.564
9.303
3,115.72***
-42.74***
0.09
47.40***
498.11***

0.022
1.475
10.812
-12.908
-0.082
13.632
8,592.64***
-40.74***
0.10
60.31***
491.19***

0.036
0.572
7.745
-4.909
1.000
27.712
46,714.89***
-49.87***
0.08
80.02***
179.30***

-0.015
2.209
15.562
-19.588
-0.541
12.388
6,787.26***
-43.21***
0.02
30.32
177.78***

0.014
1.426
7.920
-8.281
-0.079
5.975
674.62***
-42.99***
0.07
39.02**
853.95***

0.008
1.559
7.553
-8.875
-0.107
6.373
868.35***
-44.48***
0.05
54.59***
2,654.94***

0.016
1.162
6.485
-7.333
-0.145
8.530
2,330.09***
-42.17***
0.05
40.81**
1,897.50***

0.069
0.674
2.777
-4.382
-0.562
5.681
642.22***
-34.11***
0.07
105.90***
379.02***

0.026
1.847
12.114
-7.579
0.163
6.646
947.51***
-38.18***
0.06
53.89***
1,709.20***

-0.031
1.874
13.781
-9.954
-0.016
9.458
2,949.05***
-38.54***
0.11
30.08
1,998.25***

0.014
0.965
5.861
-5.255
-0.172
7.386
1,368.85***
-39.74***
0.11
31.17
646.60***

-0.010
1.718
9.538
-7.813
0.032
6.092
676.25***
-41.58***
0.06
25.11
922.78***

0.013
1.593
9.167
-7.601
0.063
6.995
1,129.57***
-41.94***
0.10
40.47**
1,830.73***

0.010
1.560
10.798
-7.434
0.101
9.094
2,628.33***
-40.94***
0.05
38.40**
1,374.97***

0.004
1.275
10.788
-8.108
0.055
10.349
3,819.27***
-40.42***
0.05
66.69***
2,264.68***

0.001
1.515
7.713
-9.730
-0.405
8.879
2,490.07***
-36.44***
0.09
78.65***
2,887.43***

Panel B: Pre-crisis period
Mean (%)
Std. Dev. (%)
Max (%)
Min (%)
Skewness
Kurtosis
Jarque-Bera
PP (24)
KPSS (24)
Q (24)-R
Q2(24)-R

0.091
1.490
6.854
-7.797
-0.244
6.937
1,196.05***
-49.43***
0.03
54.38***
138.75***

Panel C: Crisis period
Mean (%)
Std. Dev. (%)
Max (%)
Min (%)
Skewness
Kurtosis
Jarque-Bera
PP (24)
KPSS (24)
Q (24)-R
Q2(24)-R

-0.014
2.133
14.329
-10.509
0.111
8.030
1,792.53***
-38.49***
0.09
38.61**
993.92***

Notes: Jarque-Bera tests the null hypothesis of normality on return series. The stationarity of the return series is tested with the Phillips-Perron test (PP) and the Kwiatkowski,
Phillips, Schmidt, and Shin test (KPSS). The former has the existence of a unit root under the null hypothesis and the latter has the stationarity under the null hypothesis. Q (24)R and Q2(24)-R are the Ljung-Box Q statistics on raw and squared returns, respectively. This test assesses the null hypothesis of no serial correlation. The selected lag length
for the tests is shown in parenthesis. *, **, and *** denote significance at the 10 %, 5 %, and 1 % level, respectively
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For the full sample, Sweden (RES) exhibits the highest (0.055 %) and Germany (REG) the
lowest (-0.003 %) average daily return among the securitized real estate markets, whereas
among the stock markets Sweden (OMXSB) has the highest (0.014 %) mean value and
Finland (OMXHB) the lowest (-0.012 %). However, all the mean returns are close to zero
due to the use of daily data. Comparison between the two sub-samples shows a decline in
the daily averages in the crisis period, except for OMXHB and Germany’s stock market
(DAX30), which averages are slightly higher than in the pre-crisis period. Additionally, the
daily averages of the securitized real estate markets outweigh those of the stock markets
in the pre-period. In the crisis period, only RES and the real estate market of Switzerland
(REZ) have higher average returns than the stock markets, whereas REG and the real
estate market of Finland (REF) have the lowest mean values of all nine markets.
Among the real estate markets, REF is the most volatile (1.829 %) and REZ the least volatile
(0.786 %) market in terms of standard deviation during the full sample. For the stock
markets, the same order applies as OMXHB has the highest (1.987 %) and the stock market
of Switzerland (SMI) the lowest standard deviation (1.218 %). These settings apply also for
the two sub-periods. In the pre-period, the stock markets exhibit greater risk than their
corresponding securitized real estate markets, whereas in the crisis-period, the inverse
applies for each pairwise market except for Switzerland, which real estate market is less
risky than the country’s stock market. This leads to REZ being the least volatile market of
all nine markets during the crisis period. Overall, REF and REG perform worst during the
crisis period with the lowest average returns and the highest volatility of them all. A
comparison between the two sub-periods indicates higher volatility for all but OMXHB during
the crisis period, mirroring the effect of the global financial turmoil on market volatility. The
statistics of maximum and minimum display the range of daily variations.
Each series exhibit non-zero skewness, thus indicating a non-normal distribution of the
returns. For the full sample, returns show mainly slight skewness of either sign, whereas
the two sub-samples display heavier asymmetry in the distribution. Interestingly, the results
show negative skewness for all return series in the pre-crisis period, except for REZ that
shows heavy positive skewness (1.000). Additionally, the crisis period exhibits more positive
skewness compared to the negative dominated pre-period. The returns show excessive
kurtosis for all the markets during all sample periods as the statistics are greater than 3
which is, the statistic of normal distribution. These results lead to highly significant JarqueBera test statistics as the null hypothesis of normality is rejected at the 1 % significance
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level for all returns series. Hence, the results imply leptokurtic distribution with fatter tails for
all the series, an attribute typical for financial data.
The stationarity of the return series is tested by applying confirmatory data analysis. That
is, using a test of unit root and a test of stationarity jointly. For the unit root test, the PhillipsPerron (PP) procedure is chosen instead of the Augmented Dickey-Fuller (ADF) test, as the
PP embodies an automatic modification to the DF test to allow for the serial correlation in
the residuals (Brooks 2008, 330), a feature expected for the data at hand. The PP test has
the existence of a unit root under the null hypothesis, which is desired to be strongly rejected
for the stationary series. For the stationarity test, the Kwiatkowski, Phillips, Schmidt, and
Shin (KPSS) procedure is chosen. Contrary to the PP test, the KPSS has the stationarity
under the null hypothesis. Hence, it is desired to see insignificant KPSS test statistics to
ensure stationarity. Both tests are applied with 24 lags. For all of the return series the
confirmatory analysis results as stationary at the 5 % significance level, and thus, the returns
can be used for further model estimations.
The univariate Ljung-Box Q statistic with 24 lags is employed on both raw and squared
returns in order to test for the time dependence and serial correlation of the returns,
respectively. With some exceptions, the null hypothesis of no autocorrelation is strongly
rejected indicating serial time dependence in the raw returns. Hence, supporting the
application of autoregressive (AR) modeling for the returns. For the squared returns, all of
the test statistics result as highly significant indicating serial correlation. As the squared
daily returns are suggested for a volatility proxy in the literature (Brooks 2008, 386), based
on the results, it could be said that volatility is time-dependent. Figure 3 supports these
results by showing clear volatility clusters for all the return series during the entire data
period. What can also be noted by the visual inspection is that the crisis period shows
considerable clusters for all the return series indicating a volatile period. Interestingly, the
stock market of Finland (OMXHB) exhibits larger volatility clusters during the bear markets
in 2000-2002 and the implementation of the euro in 2002 than during the crisis period.
These events in the pre-crisis period seem to be prominent also for the remaining stock
markets. For securitized real estate markets, these are notable only for Finland and
Germany which adopted the euro as their currency. For the global real estate market, the
effect is absent.
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Figure 3. Daily returns of all nine indices over 2000 to 2013
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Table 4 reports the results of the residual diagnostics tests that are needed to assess the
suitability of the multivariate GARCH (MGARCH) models for the selected return series. The
existence of autoregressive conditional heteroscedasticity (ARCH) effects is tested using
the multivariate Lagrange multiplier (LM) test, as described in Hacker and Hatemi-J (2005).
The test is applied to the residuals obtained from the correctly specified mean model (see
sub-chapter 4.3). The null hypothesis of the test states that there are no ARCH effects in
the residuals. Panel I reports the results for the national-level study (between the local
securitized real estate market and the local stock market) and Panel II for the internationallevel study (between the local and global securitized real estate markets). The results
indicate highly significant ARCH effects (at 1 % level) for all the pairwise markets during
each sample period and hence, the MGARCH specification is justifiable for further
modeling.
Table 4. Residual diagnostics for pre-MGARCH modeling
Finland
Panel I: National level
Full period
1391.03***
Pre-crisis
483.43***
Crisis
1261.69***
Panel II: International level
Full period
4409.98***
Pre-crisis
788.93***
Crisis
2520.67***

Sweden

Germany

Switzerland

2467.15***
893.04***
2098.13***

3708.16***
2182.02***
3666.16***

2981.06***
1060.61***
2496.49***

4895.43***
912.07***
2652.63***

4873.50***
1162.55***
3555.94***

4096.68***
659.49***
2581.10***

Notes: This table presents the results of the multivariate Lagrange multiplier (LM) test that assesses the
existence of autoregressive conditional heteroscedasticity (ARCH) effects. The null hypothesis is that there
is no evidence of ARCH effects in the mean model residuals. *, **, and *** denote significance at the 10 %,
5 %, and 1 % level, respectively

4.2 Unconditional correlations
The preliminary analysis of the interdependencies is performed by analyzing the
correlations between the chosen pairwise markets. As the unconditional correlations are
time-invariant, they do not capture the dynamic linkages between the variables. Hence,
those are left for MGARCH modeling.
Spearman rank correlation is used for the analysis instead of a more common Pearson
correlation since the former measures a monotonic relationship between two continuous
variables without an assumption of linearity, normality, and homoscedasticity (Laerd
Statistics 2018a; Laerd Statistics 2018b). Indeed, since the descriptive statistics display the
rejection of both normality and homoscedasticity for all the return series, hence, leading to
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a nonlinear structure in the data at hand, a coefficient that is not relying on these
assumptions is preferred as a measure of association.
Table 5 reports the correlation coefficients for each country on both the national and
international levels. For the full sample, the correlations are on a relatively similar level,
when comparing within a country on the two study levels, but they seem to be slightly lower
on the international level for all the countries. A comparison between the two sub-samples
reveals the eminent effect of the crisis on the interrelationships on both study levels, hence
reducing the diversification potential when most needed. Indeed, the correlations
heightened from weak level (varying between 0.1168 and 0.3704) to either moderate or
strong level relationships (varying between 0.4318 and 0.7199). This result is supported by
the previous literature (see for instance Longin and Solnik 1995; Chesnay and Jondeau
2001). Again, the international context exhibits weaker interdependencies in the crisis
period. This is in line with the previous literature suggesting that the securitized real estate
markets are more affected by local than global factors (see for instance Eichholtz 1996).
For all the sample periods and both study levels, Sweden seems to have the highest
correlation, whereas Switzerland has the lowest coefficients. None of the pairwise markets
exhibit negative correlation, that is, an inverse relationship.
Table 5. The unconditional Spearman’s correlations of the pairwise markets
Finland
Panel I: National level
Full period
0.3577***
Pre-crisis
0.1383***
Crisis
0.5794***
Panel II: International level
Full period
0.3527***
Pre-crisis
0.1509***
Crisis
0.5055***

Sweden

Germany

Switzerland

0.5551***
0.3704***
0.7199***

0.4316***
0.2441***
0.6124***

0.3163***
0.1168***
0.4888***

0.4226***
0.2572***
0.5410***

0.3982***
0.2259***
0.5337***

0.3061***
0.1249***
0.4318***

Notes: This table presents Spearman’s correlations on the return series. The pairwise markets per country
are the local securitized real estate and the local stock markets on the national level and the local and
global securitized real estate markets on the international level. *, **, and *** denote significance at the 10
%, 5 %, and 1 % level, respectively

4.3 Model specification
The estimations are performed using bivariate systems, thus there are in total four pairwise
markets to be analyzed on both the national and international levels. Considering the three
periods under analysis (that is, full, pre-crisis, and crisis periods), this results in 24 models
in its entirety to be specified and estimated. The conditional mean equation is modeled as
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a bivariate vector autoregressive process (VAR) that encompasses two conditional return
equations of which each depends on the market’s own returns and the returns of the other
market lagged p period. For simplicity, the first order bivariate VAR (i.e. VAR(1)) can be
written as:

𝑟 = 𝑘 + 𝑑 𝑟

+𝑑 𝑟

+𝜀 ,

(25)

𝑟 = 𝑘 + 𝑑 𝑟

+𝑑 𝑟

+𝜀 ,

(25)

where 𝜀

is an error term with 𝐸(𝜀 ) = 0, and 𝐸(𝜀 𝜀 ) = 0. (Brooks 2008, 290; Tsay

2005, 309)
As the behavior of the time-varying mean returns is not of interest in this study, the results
on mean coefficients are not reported. However, to ensure that the possible effects found
in the MGARCH results are not caused by the misspecification of the mean equation, it is
important to determine the correct orders (p) of the VAR processes that capture all the
autocorrelations from the model residuals. A common way to do this is to use the lag
selection criteria. However, these tests assume homoscedasticity, and as witnessed by the
portmanteau tests in sub-chapter 4.1, the data at hand is characterized by highly significant
heteroscedasticity. Hence, the results of these traditional information criteria could be
derailed by the GARCH error processes. Instead, the orders of the VAR processes are
determined based on the results of the Hosking (1981) variant of the multivariate Q statistic
on jointly standardized residuals from the full MGARCH model. The null hypothesis of the
diagnostic test is that there is no serial correlation left in the residuals. If the model is
adequate, in other words correctly specified, the residuals should result mutually serially
uncorrelated. Hence, the test statistic would then result as insignificant.
The testing was performed by estimating the full MGARCH model first with VAR(1) and
examining the model diagnostics. If the null hypothesis was rejected, then the procedure
was repeated with VAR(2) and further on until the model was able to capture all the
autocorrelation. Table 6 shows the model order of the conditional mean equation for each
of the modeled pairs. The detailed residual diagnostics are reported at the end of Tables 712 and analyzed in sub-chapter 5.1.
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Table 6. The specified model orders of VAR and ABEKK processes (q=ARCH, p=GARCH)
Full
Panel I: National level
Finland VAR 1 – ABEKK (1,1)
Sweden VAR 4 – ABEKK (1,1)
Germany VAR 1 – ABEKK (1,2)
Switzerland VAR 1 – ABEKK (3,3)
Panel II: International level
Finland VAR 1 – ABEKK (1,1)
Sweden VAR 1 – ABEKK (1,1)
Germany VAR 1 *no ABEKK(p, q)
Switzerland VAR 1 – ABEKK (1,1)

Pre-crisis

Crisis

VAR 1 – ABEKK (1,1)
VAR 1 – ABEKK (1,1)
VAR 1 – ABEKK (1,1)
VAR 1 – ABEKK (1,1)

VAR 1 – ABEKK (1,1)
VAR 1 – ABEKK (1,1)
VAR 1 – ABEKK (1,1)
VAR 1 – ABEKK (2,3)

VAR 1 – ABEKK (1,1)
VAR 1 – ABEKK (2,1)
VAR 1 – ABEKK (1,1)
VAR 1 – ABEKK (1,1)

VAR 1 – ABEKK (1,1)
VAR 1 – ABEKK (1,1)
VAR 1 – ABEKK (1,1)
VAR 1 – ABEKK (1,1)

Following the methodology of Hoesli and Reka (2013), an asymmetric 𝑡 -BEKK specification
of the variance-covariance matrix is applied. The asymmetric BEKK model (ABEKK), which
was first proposed by Kroner and Ng (1998), incorporates a leverage term that accounts for
possible asymmetries. The asymmetry aspect is motivated empirically by, for example,
Black (1976), Koutmos and Booth (1995), and Liow and Newell (2012). The BEKK
specification is preferred to alternative MGARCH models as the positive definiteness of the
variance-covariance matrix is guaranteed due to the quadratic forms of the ARCH, GARCH,
and leverage terms (Engle and Kroner 1995). Additionally, in the bivariate setting, the
number of parameters to be estimated remains reasonable and unlike, for example DVECH
model, the model specification allows for dynamic dependence between the volatility series
(Tsay 2005, 449 & 452).
Although it is generally suggested that the GARCH (1,1) process is sufficient in capturing
the conditional heteroscedasticity in the data, here, the orders of the ABEKK models are
determined based on the residual diagnostics to ensure model fitness and to minimize any
inference errors. The properties of the jointly standardized residuals from the full model
were tested by applying the multivariate LM test for ARCH effects. Again, the null hypothesis
of the test suggests that there are no ARCH effects left in the residuals. Hence, for a wellspecified conditional variance equation, the test statistic should result as insignificant.
The final model specifications for each of the modeled pairs are shown in Table 6. The
remarks after the mean model orders display the chosen order of the ABEKK model. As
can be seen, a few higher-order models were defined for the pairwise indices. This
observation may be explained by the day-of-the-week effect due to the application of daily
returns. Indeed, previous literature has documented differences in daily return variances
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depending on the weekday as a result of investor behavior (see for instance French and
Roll 1986). Furthermore, no adequate ABEKK order could be defined for Germany on the
international-level study during the full sample, hence, implying a need for a more complex
model which is out of the scope of this thesis. Therefore, the coefficient estimates of this
model will not be presented in the empirical results. Again, the detailed residual diagnostics
are reported at the end of Tables 7-12 and analyzed in sub-chapter 5.1.
For simplicity, the ABEKK order of (1,1) is used for presenting the full model in detail. The
bivariate VAR(p) - asymmetric 𝑡-BEKK(1,1) model can be written as

𝑹 = 𝑲+𝑫 𝑹
𝑟
where 𝑹 = 𝑟

𝜺 = 𝑧𝚺

/

, 𝑲=

𝑘
𝑘

, 𝑫 =

+ 𝜺 ,
𝑑
𝑑

𝑑
𝑑

𝑐
𝑐

𝜺

𝑨 + 𝑩𝚺

𝑎
0
, 𝑨= 𝑎
𝑐

𝑎
𝑎

𝑟
= 𝑟

, 𝑹

𝑩 + 𝑮𝜼

, 𝑩=

𝑏
𝑏

(26)

𝑝 > 0,

, with 𝑧 ~ 𝑖. 𝑖. 𝑑 𝑆𝑡𝑢𝑑𝑒𝑛𝑡-𝑡(𝑣). Hence 𝜺 |𝛷

𝚺 = 𝑪𝑪 + 𝑨𝜺

where 𝑪 =

+ ⋯+ 𝑫 𝑹

𝜼
𝑏
𝑏

𝜀
, 𝜺 = 𝜀

and where

~ 𝑆𝑡𝑢𝑑𝑒𝑛𝑡-𝑡 (0, 𝚺 , 𝑣), with

(27)

𝑮
𝑔
, 𝑮 = 𝑔

𝑔
𝑔

,

where 𝑪 is a lower triangular matrix of constant terms, and 𝑨, 𝑩, and 𝑮 are 2 × 2 parameter
matrices. The matrices 𝑨 and 𝑩 capture the effects of lagged shocks (ARCH) and lagged
conditional volatilities (GARCH) on the elements of the variance-covariance matrix 𝚺 ,
respectively. The leverage effect is measured by 𝑮, where 𝜼 = min[0, 𝜺 ]. Thus, if 𝜺 is
negative, it is defined as 𝜺 and zero otherwise indicating that a negative shock 𝜺

has a

larger impact on the elements of the conditional variance-covariance matrix 𝚺 than a
positive shock 𝜺

of the same magnitude – the phenomenon suggested by the financial

theory. Specifically, the diagonal parameters of the matrices 𝑨 and 𝑩 (i.e. 𝑎 , 𝑎 and

𝑏 , 𝑏 ) represent the effects of own past shocks and past volatility of a market (𝑖 or 𝑗) on
its conditional volatility, respectively. The impact of own negative shocks is represented by
the diagonal parameters of the matrix 𝑮 (i.e. 𝑔 and 𝑔 ). The cross-market effects, in other
words, the shock and volatility spillovers between the two markets, are captured by the off-
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diagonal elements of 𝑨 and 𝑩 (i.e. 𝑎 , 𝑎 and 𝑏 , 𝑏 ), whereas the off-diagonal parameters
of 𝑮 (i.e. 𝑔

and 𝑔 ) represent the asymmetric negative impact of a market on the other

market.
As a disadvantage, the quadratic form of the ABEKK parameterization results in parameters
that are hard to interpret as they do not represent directly the impact of lagged shocks 𝜺
and volatilities 𝚺

on the elements of 𝚺 (Bauwens et al. 2006, 83). That is, nothing can

be said about the size or magnitude of the volatility dynamics based on the direct
coefficients. To overcome this problem, Kroner and Ng (1998) propose the news impact
surfaces, in other words 3D graphs, to display the impact size of last period’s shocks on
conditional variance, covariance, and correlation. Here, the software applied for the model
estimations does not allow for 3D graphing, and the higher-order ABEKK model would make
the graphing problematic, hence, this aspect is left for future research. Instead, the direct
coefficient estimates are interpreted in terms of statistical significance to examine the
evidence of volatility dynamics.
As indicated by Equations 26 and 27, the error terms 𝜺 , also known as residuals, are
assumed to follow a bivariate Student’s 𝑡-distribution with zero mean, conditional variancecovariance matrix 𝚺 and degrees of freedom parameter 𝑣. As the value of the degree of
freedom parameter denotes the order of the existence of the moments, it is appropriate for
MGARCH models to assume that 𝑣 > 2 in order to ensure 𝚺 (the conditional second
moment) being always interpretable as a conditional variance-covariance matrix.
Additionally, the Student’s 𝑡 -distribution approaches the normal distribution, when the
parameter tends to infinity. Thus, it is assumed that 2 < 𝑣 < ∞. (Bauwens et al. 2006, 97).
Here, the Student’s 𝑡 -distribution is preferred to a bivariate normal distribution as the former
provides a better fit for the data at hand for which the hypothesis of normality is rejected at
the 1 % significance level. Indeed, the 𝑡-distribution can be characterized as a heavy-tailed
distribution and due to this, it is more appropriate for capturing the excess kurtosis displayed
in the descriptive statistics (Tsay 2005, 108 & 482). Also, several researchers have argued
the superiority of conditional leptokurtic distribution in modeling financial time series (see
for instance Bollerslev 1987; Hsieh 1989; Fiorentini et al. 2003).
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It is recognized, however, that the assumed distribution may not be the correct one for each
series, and as a symmetric distribution, it does not account for the asymmetries in the
returns. Even with the skewness and high level of heteroscedasticity found in the data at
hand, this issue is not investigated further as the full discussion of the true distribution lies
beyond the scope of this thesis. Instead, an estimation method robust to heteroscedasticity
and misspecification of the assumed distribution is employed to ensure the validity of
inferences concerning the coefficient estimates. That is, the standard errors are estimated
under the quasi-maximum likelihood (QML) procedure provided by Bollerslev and
Wooldridge (1992). This procedure has also been utilized in several previous volatility
dynamics studies (see for instance Baele 2005; Cotter and Stevenson 2006; Liow and
Newell 2012; Liow 2015).
The computations of conditional mean and variance equations are implemented in RATS
econometrics software version 10.0. The BFGS algorithm is applied for the optimization of
the likelihood function. Additionally, as there are several parameters to estimate, the
simplex algorithm is utilized as a preliminary estimation method for a number of iterations
before switching to BFGS to help the model converge.
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5

EMPIRICAL RESULTS

This section reports the results of the ABEKK model estimations. The results are interpreted
at the 5 % significance level for all the tests. The core objective of this study is to examine
the time-varying cross-asset (national) and cross-market (international) volatility
interdependencies of four European securitized real estate markets. As a reminder, the
research questions established in the introduction are:
1. Are there volatility interlinkages between the local securitized real estate market and
the local stock market (i.e. on the national level)?
2. Are there volatility interlinkages between the local and global securitized real estate
markets (i.e. on the international level)?
3. Do the shocks and volatility transmit differently in terms of direction and number
depending on the country under analysis? (See the detailed explanations for
abbreviations “direction” and “number” in the sub-section 1.1)
4. Are the volatility interlinkages between the chosen markets emphasized during the
crisis period of 2007-2013?
5. Does the impact of negative shocks on volatility differ from that of the positive shocks
of the same magnitude?
In order to answer these questions, this section is divided into three sub-chapters. First, the
validity of the ABEKK models is examined through the distribution parameter and the
residual diagnostic tests. Second, the results of the national-level study are investigated,
followed by the international-level analysis. Further, the latter two sub-chapters are divided
into third-level sections to enable analysis between the two sub-periods.

5.1 Diagnostic tests
The estimated degree of freedom parameters (𝑣) of the bivariate Student’s 𝑡 -distributions
are reported at the end of Panel A of Tables 7-12. As can be seen, the coefficient estimates
for all the models are highly significant (at 1 % level), hence suggesting, that the models
capture at least some of the excess kurtosis in the data.
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Panel B of Tables 7-12 displays the full model residual diagnostics for each of the 24 models
estimated. The fitness of the mean and variance-covariance equations is examined by
means of the multivariate Q statistic and the multivariate Lagrange multiplier (LM) test on
the jointly standardized residuals, respectively. Both tests are applied with 24 lags. First,
the results indicate a well-specified mean equation as all the multivariate Q statistics are
insignificant at the 5 % significance level. Indeed, the null hypothesis of no serial correlation
cannot be rejected for any of the estimated models.
Similarly, the multivariate LM tests result in insignificant test statistics at the 5 % level
indicating that the defined models fit the data fairly well. The former applies to each model
except for Germany on the international level during the full sample period of July 2000 to
December 2013. The notes of Table 10 show the test statistic for an ABEKK(2,3) model,
where the standardized residuals came closest to passing the diagnostic test. Here, the
significant test statistic implies that there is still conditional heteroscedasticity left in the
model residuals, hence, signaling that the model is not sufficient to capture all the features
in the data. This is true even though there is a notable reduction of the conditional
heteroscedasticity when compared to the results of the LM test applied on the bare mean
equation residuals (see sub-chapter 4.1). Due to this, the coefficient estimates of this model
will not be presented in the table.

5.2 National analysis
This section reports and analyzes the results for the national-level study. The national level
refers to the relationship between the local securitized real estate market and the local stock
market. To elaborate, the following pairs are analyzed: REF–OMXHB, RES–OMXSB, REG–
DAX30, and REZ–SMI. The interpretation of the parameters is done as follows: (1) denotes
the local real estate market and (2) the corresponding stock market. The 𝑎, 𝑏, and 𝑔 denote
for the ARCH terms, GARCH terms, and asymmetric terms, respectively. Thus, 𝑎 , 𝑏 ,
and 𝑔

(𝑎 , 𝑏 , and 𝑔 ) measure the own market effects of the local real estate (the

stock) market on its conditional volatility, and 𝑎 , 𝑏 , and 𝑔

(𝑎 , 𝑏 , and 𝑔 ) measure

the cross-asset effects from (to) the local real estate market. First, the full sample is
examined, followed by the two sub-sample periods.
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5.2.1 Full sample period
The empirical results for the full sample of July 2000 to December 2013 are reported in
Panel A of Table 7.
Table 7. Results of the 𝑡 -ABEKK model on the national level from 07/2000 to 12/2013
(continues on the next page)
Finland
Panel A: t-ABEKK estimations
a11
0.188***
a12
0.005
a21
0.016
a22
0.134***
a11,t-2
a12,t-2
a21,t-2
a22,t-2
a11,t-3
a12,t-3
a21,t-3
a22,t-3
b11
0.969***
b12
-0.010**
b21
-0.005*
b22
0.984***
b11,t-2
b12,t-2
b21,t-2
b22,t-2
b11,t-3
b12,t-3
b21,t-3
b22,t-3
g11
0.175***
g12
0.089***
g21
0.028
g22
0.138***
g11,t-2
g12,t-2
g21,t-2
g22,t-2
g11,t-3
g12,t-3
g21,t-3
g22,t-3
5.242***
DoF (𝑣)
Log-likelihood
-12,616.42
Panel B: Diagnostic tests
MVQ (24)-Z
84.95
ARCH (24)-Z
212.54

Sweden

Germany

Switzerland

0.180***
0.038*
0.005
0.082***

0.251***
0.063***
0.006
0.045
0.066
-0.069***
-0.014
0.151***

0.967***
-0.012***
-0.006***
0.979***

0.949***
-0.009*
-0.005
0.959***

0.228***
0.039*
0.038***
0.251***

0.243***
0.062**
0.035
0.298***
0.032
-0.000
0.003
0.058

6.337***
-10,424.31

6.871***
-11,070.21

0.343***
0.042
-0.014
0.010
0.231***
0.069
0.060***
0.075
-0.167
-0.160***
-0.037***
0.073
0.000
-0.000
0.000
0.000
0.254
0.127
0.005
0.103
0.735***
-0.027
-0.005
0.837***
0.257***
0.064
0.012
0.382***
0.320***
-0.069
-0.001
0.441***
0.233***
-0.117
0.031
0.388***
5.717***
-7,905.76

113.96
248.45*

93.17
234.31

94.11
237.33

Notes: In Panel A, the 𝑎, 𝑏, and 𝑔 denote for the ARCH terms, GARCH terms, and asymmetric terms, respectively.
Thus, 𝑎 , 𝑏 , and 𝑔 (𝑎 , 𝑏 , and 𝑔 ) measure the own market effects of the local real estate (the stock) market on
its conditional volatility, and 𝑎 , 𝑏 , and 𝑔 (𝑎 , 𝑏 , and 𝑔 ) measure the cross-asset effects from (to) the local real
estate market. DoF (𝑣) are the estimated degree of freedom parameters of the bivariate Student’s t-distributions. In
Panel B, MVQ (24)-Z and ARCH (24)-Z are the multivariate Q statistic and the multivariate Lagrange multiplier (LM) test
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on the jointly standardized residuals of the full model, respectively. The former test assesses the null hypothesis of no
serial correlation, whereas for the latter, the null hypothesis is that there is no evidence of autoregressive conditional
heteroscedasticity (ARCH) effects. The selected lag length for the tests is shown in parenthesis. *, **, and *** denote
significance at the 10 %, 5 %, and 1 % level, respectively

The leading diagonal elements of matrices 𝑨, 𝑩, and 𝑮 demonstrate that the current
conditional volatilities of both the local real estate and the corresponding stock markets are
strongly driven by their own previous shocks, past volatilities, and asymmetric effects,
hence, displaying a setting typical for a GARCH process. Indeed, these parameters exhibit
as highly significant (at 1 % level) for almost all of the pairwise markets. What should be
noted, however, is that for Germany and Switzerland, the own effects stem also from the
earlier lag periods. That is, Germany’s stock market is affected by its own shocks coming
from the second-order lag period (𝑎

) instead of the first one. Moreover, the real estate

,

market of Switzerland displays highly significant own shocks arriving from both the first and
second periods (𝑎

and 𝑎

), whereas for the country’s stock market no significant own

,

symmetric shocks are found (𝑎 , 𝑎

,

, and 𝑎

). However, there is evidence of own

,

asymmetric shocks as highly significant parameter estimates are reported for both the real
estate and stock markets of Switzerland in all the prior three periods (𝑔 , 𝑔

𝑔 , 𝑔

,

, and 𝑔

,

,

,𝑔

,

,

). Further, for Switzerland significant own past volatilities are

coming as far as from the third-order lag period (𝑏

and 𝑏

,

,

).

Concentrating on the cross-asset interlinkages, no significant symmetric shock
transmissions are captured for Finland and Sweden. For Germany, highly significant
unidirectional shock transmissions are found from the local real estate market to the broader
stock market in the prior two periods (𝑎

and 𝑎

,

). For Switzerland, there exists a

unidirectional shock transmission from the stock market to the real estate market in the
second-order lag period (𝑎

,

), and in the third period, the cross-asset shock spillover is

bidirectional between the two markets (𝑎

,

and 𝑎

,

). When considering the

asymmetric effects, no significant shock spillovers are found for Switzerland. For Finland
and Germany, however, negative news in the real estate markets have a significant impact
on the conditional volatility of their corresponding stock markets (𝑔 ). Conversely for
Sweden, there is a highly significant asymmetric effect from the stock market to the local
real estate market (𝑔 ). Furthermore, the examination of the past volatilities reveal that
Sweden exhibits highly significant bidirectional volatility spillovers between the two markets
(𝑏

and 𝑏 ). Additionally, a significant (at 5 % level) volatility spillover is detected from the

real estate market of Finland to its broader stock market (𝑏 ).
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The results indicate that all the pairwise markets are interdependent at least to some extent
during the full sample. However, no clear distinction can be made among the countries as
which of them is the most susceptible to the identified interlinkages between the markets.
Indeed, most of these linkages are significant at the highest level (1 %), and similar amounts
are found for the countries, that is, two for Finland and Switzerland, and three for Sweden
and Germany. The asymmetry in the volatility dynamics is strongly supported both by own
previous shocks and their interlinkages except for Switzerland where the response to news
arriving from the other market resulted as symmetric.

5.2.2 Pre-crisis period
Panel A of Table 8 presents the results for the pre-crisis period of July 2000 to June 2007.
Table 8. Results of the 𝑡 -ABEKK model on the national level from 07/2000 to 06/2007
Finland
Panel A: t-ABEKK estimations
a11
0.269***
a12
0.047*
a21
-0.028
a22
0.136***
b11
0.915***
b12
-0.028
b21
0.000
b22
0.989***
g11
0.089
g12
0.049
g21
0.063
g22
0.084
4.257***
DoF (𝑣)
Log-likelihood
-6,537.83
Panel B: Diagnostic tests
MVQ (24)-Z
66.38
ARCH (24)-Z
172.77

Sweden

Germany

Switzerland

0.217***
0.067***
0.001
0.010
0.956***
-0.013**
-0.003
0.982***
0.153***
-0.012
0.045**
0.269***
6.066***
-5,178.74

0.310***
0.088***
0.026
-0.011
0.935***
-0.023**
-0.006
0.964***
0.211***
0.072*
0.023
0.351***
6.699***
-5,658.21

0.413***
0.011
-0.047
-0.047
0.821***
0.036
-0.002
0.950***
0.182**
-0.151***
0.031
0.422***
5.767***
-3,606.36

91.41
220.04

97.29
222.19

99.61
179.84

Notes: In Panel A, the 𝑎, 𝑏, and 𝑔 denote for the ARCH terms, GARCH terms, and asymmetric terms, respectively.
Thus, 𝑎 , 𝑏 , and 𝑔 (𝑎 , 𝑏 , and 𝑔 ) measure the own market effects of the local real estate (the stock) market on
its conditional volatility, and 𝑎 , 𝑏 , and 𝑔 (𝑎 , 𝑏 , and 𝑔 ) measure the cross-asset effects from (to) the local real
estate market. DoF (𝑣) are the estimated degree of freedom parameters of the bivariate Student’s t-distributions. In
Panel B, MVQ (24)-Z and ARCH (24)-Z are the multivariate Q statistic and the multivariate Lagrange multiplier (LM) test
on the jointly standardized residuals of the full model, respectively. The former test assesses the null hypothesis of no
serial correlation, whereas for the latter, the null hypothesis is that there is no evidence of autoregressive conditional
heteroscedasticity (ARCH) effects. The selected lag length for the tests is shown in parenthesis. *, **, and *** denote
significance at the 10 %, 5 %, and 1 % level, respectively

The estimated parameters indicate highly significant (at 1 % level) own past shocks
affecting the conditional volatility of each of the real estate markets (𝑎 ). Interestingly, the
same applies only to Finland among the broader stock markets (𝑎 ). Indeed, the other
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three stock markets, that is, Sweden, Germany, and Switzerland display insignificant
coefficients for own symmetric shocks. The examination of the own asymmetric shocks
reveals, however, that these three stock markets exhibit highly significant asymmetric
effects instead (𝑔 ). Finland differs from the other countries also in the way that no
asymmetric effects are found for either of the markets under analysis (𝑔

and 𝑔 ). As

expected, all of the markets demonstrate highly significant own GARCH terms indicating
strong time-persistence in the conditional market volatilities (𝑏

and 𝑏 ).

Concerning the cross-asset interlinkages, two highly significant unidirectional shock
transmissions are detected: from the real estate markets of Sweden and Germany to their
corresponding stock markets (𝑎 ). In the same vein, there are two significant (at 5 % level)
unidirectional volatility spillovers for these two countries originating from their local real
estate markets (𝑏 ). Further, the stock market of Switzerland indicates a highly significant
response to negative shocks coming from its local real estate market (𝑔 ). Conversely,
Sweden exhibits a significant asymmetric effect of opposite direction, that is, a negative
shock from the broader stock market to its real estate market (𝑔 ).
In general, the results suggest that the conditional volatility of both the real estate and stock
markets are highly dependent on their own past shocks and volatilities. Further, only a few
shock and volatility spillovers are detected between the local securitized real estate and
stock markets. A comparison between the countries implies Finland’s real estate market to
be the most separated from its broader stock market as the results do not support any crossasset spillovers for the country. Additionally, no significant asymmetric effects were
identified in its own past shocks. Hence, there could be significant diversification
opportunities in cross-asset allocation for Finland during a period of moderate market
conditions. Sweden’s real estate market, on the other hand, seems to be the most integrated
of all the countries as significant shock and volatility transmissions are originating from the
real estate market and a significant asymmetric shock impacting the conditional volatility of
the real estate market.
Interestingly, most of the interlinkages found in the full and pre-crisis periods are
unidirectional from the local real estate markets to the corresponding stock markets. This
result seems in a way counterintuitive as one would expect the broader stock markets to
impact the smaller real estate markets rather than the other way around, or to see a twoway interrelationship between the markets. The results could, however, be explainable due
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to the choice of data frequency. Indeed, the daily data could be too detailed to capture all
the latent relationships between the markets. As suggested by Cotter and Stevenson
(2006), the general investor sentiment may play a more considerable role in explaining the
linkages between the markets, when the daily data is analyzed instead of lower frequencies
such as weekly or monthly.

5.2.3 Crisis period
Panel A of Table 9 introduces the results for the crisis period of July 2007 to December
2013.
Table 9. Results of the 𝑡 -ABEKK model on the national level from 07/2007 to 12/2013
(continues on the next page)
Finland
Panel A: t-ABEKK estimations
a11
0.230***
a12
0.034
a21
-0.108***
a22
-0.008
a11,t-2
a12,t-2
a21,t-2
a22,t-2
a11,t-3
a12,t-3
a21,t-3
a22,t-3
b11
0.963***
b12
-0.013**
b21
-0.007
b22
0.982***
b11,t-2
b12,t-2
b21,t-2
b22,t-2
g11
0.066
g12
0.053
g21
0.278***
g22
0.264***
g11,t-2
g12,t-2
g21,t-2
g22,t-2
g11,t-3
g12,t-3
g21,t-3
g22,t-3
6.840***
DoF (𝑣)
Log-likelihood
-5996.15

Sweden

Germany

Switzerland

0.207***
0.052
-0.103
-0.049

0.281***
0.096***
-0.105***
-0.105***

0.963***
-0.011
-0.005
0.973***

0.951***
-0.009
-0.006
0.955***

0.210***
0.084*
0.162**
0.285***

0.193***
0.029
0.147**
0.373***

6.914***
-5216.15

7.512***
-5373.06

0.241***
0.091
-0.174**
-0.054
0.239***
0.002
-0.138**
-0.077
0.018
-0.116**
0.002
0.190***
-0.161
-0.240
0.184
0.697*
0.847***
0.064
-0.059
0.581*
0.233**
-0.011
0.093
0.421***
0.355***
-0.026
0.044
0.392***
0.168
0.286***
0.154**
0.033
6.268***
-4217.79
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Panel B: Diagnostic tests
MVQ (24)-Z
97.63
ARCH (24)-Z
216.51

110.25
237.70

67.77
205.49

89.68
241.44

Notes: In Panel A, the 𝑎, 𝑏, and 𝑔 denote for the ARCH terms, GARCH terms, and asymmetric terms, respectively.
Thus, 𝑎 , 𝑏 , and 𝑔 (𝑎 , 𝑏 , and 𝑔 ) measure the own market effects of the local real estate (the stock) market on
its conditional volatility, and 𝑎 , 𝑏 , and 𝑔 (𝑎 , 𝑏 , and 𝑔 ) measure the cross-asset effects from (to) the local real
estate market. DoF (𝑣) are the estimated degree of freedom parameters of the bivariate Student’s t-distributions. In
Panel B, MVQ (24)-Z and ARCH (24)-Z are the multivariate Q statistic and the multivariate Lagrange multiplier (LM) test
on the jointly standardized residuals of the full model, respectively. The former test assesses the null hypothesis of no
serial correlation, whereas for the latter, the null hypothesis is that there is no evidence of autoregressive conditional
heteroscedasticity (ARCH) effects. The selected lag length for the tests is shown in parenthesis. *, **, and *** denote
significance at the 10 %, 5 %, and 1 % level, respectively

Similarly to the periods analyzed previously, the local real estate markets are highly
dependent on their own past shocks also during the crisis period (𝑎 ). For Switzerland,
evidence of strong shock persistence is reported as there are highly significant own shocks
arriving from both the first and second-order lag periods (𝑎

and 𝑎

). When it comes

,

to the stock markets, significant own shock effects are found only for Germany (𝑎 ) and
for Switzerland in the third period (𝑎

,

). Further, all the markets except Finland’s real

estate indicate significant response to own negative market events (𝑔 ). Additionally, both
markets of Switzerland exhibit highly significant asymmetric shocks also in the second
periods (𝑔

,

and 𝑔

,

). Considering the GARCH terms, highly significant own past

volatilities are detected for the local real estate and the broader stock markets of Finland,
Sweden, and Germany. Interestingly, highly significant own volatility effect is found in the
second-order lag period for the real estate market of Switzerland (𝑏
effects are found for its corresponding stock market (𝑏

and 𝑏

,

,

), but no own

).

The inspection of cross-asset interlinkages shows significant symmetric shock
transmissions originating from the broader stock markets for Finland, Germany, and
Switzerland (𝑎 ). For Germany, the interrelationship is actually bidirectional as there is also
a highly significant shock effect impacting the country’s stock market (𝑎 ). Moreover, the
pairwise markets of Switzerland exhibit significant symmetric shocks arriving from the stock
market also in the second period (𝑎
(𝑎

,

,

) and an inverse transmission in the third period

). Proceeding to the past volatilities, only one significant volatility spillover is

identified, that is, from the real estate market of Finland to its corresponding stock market
(𝑏 ). In terms of asymmetry, significant unidirectional shock transmissions are found from
the stock markets to the real estate markets of Finland, Sweden, and Germany ( 𝑔 ). For
Switzerland, a bidirectional shock interaction is detected between the markets in the thirdorder lag period (𝑔

,

and 𝑔

,

).
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A general comparison between the two sub-samples reveals an evident effect of the
financial turmoil on the interdependencies between the markets. Indeed, the number of
spillovers between the analyzed markets is emphasized during the uncertain times as there
are twelve significant linkages detected in the crisis period compared to the six in the precrisis period. Additionally, a couple of bidirectional interrelationships were found in the crisis
period whereas all the linkages found in the pre-period resulted as unidirectional. Moreover,
the results display a transition from spillovers originating from the local real estate markets
in the pre-period to those arriving from the stock markets in the crisis period. This finding is
intuitive as one would, indeed, expect the broader stock market to transmit the uncertainty
to its smaller sectors. These results implying that the securitized real estate markets are
characterized by increasing stock market linkages during the financial crises are supported
by the previous literature (see for instance Hui and Chan 2014; Liow 2012). Thus, in general,
these findings suggest diminished diversification opportunities during the market
turbulence.
To analyze further the shift between the two sub-periods, following number of interlinkages
were found for each of the countries: three (none) in the crisis (pre-crisis) period for Finland,
one (three) for Sweden, three (two) for Germany, and five (one) for Switzerland. Hence, the
impact of the financial turmoil has been particularly prominent for both the real estate
markets of Finland and Switzerland as their interdependence with the countries’ stock
markets has tightened notably in the crisis period. Surprisingly, Sweden’s real estate market
is the most segregated among all the countries in the crisis period as only one significant
(at 5 % level) cross-asset asymmetric transmission could be identified. This is an intriguing
finding, as in the pre-crisis period, Sweden’s markets were the most integrated of them all.

5.3 International analysis
This section presents the analysis for the international-level study. The international level
refers to the relationship between the local and global securitized real estate markets.
Hence, the following pairs are investigated: REF–REW, RES–REW, REG–REW, and REZ–
REW. The parameters are interpreted in a similar manner as on the national level. Here, (1)
stands for the local real estate market and (2) for the global real estate market. Again, the

𝑎, 𝑏, and 𝑔 denote for the ARCH terms, GARCH terms, and asymmetric terms, respectively.
Thus, 𝑎 , 𝑏 , and 𝑔

(𝑎 , 𝑏 , and 𝑔 ) measure the own market effects of the local
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(the global) real estate market on its conditional volatility, and 𝑎 , 𝑏 , and 𝑔

(𝑎 , 𝑏 ,

and 𝑔 ) measure the cross-market effects from (to) the local real estate market.

5.3.1 Full sample period
The empirical results for the full sample of July 2000 to December 2013 are reported in
Panel A of Table 10.
Table 10. Results of the 𝑡-ABEKK model on the international level from 07/2000 to 12/2013
Finland
Panel A: t-ABEKK estimations
a11
0.166***
a12
0.007
a21
-0.027
a22
0.243***
b11
0.966***
b12
-0.001
b21
-0.013
b22
0.952***
g11
0.100***
g12
-0.024
g21
0.309***
g22
0.258***
6.224***
DoF (𝑣)
Log-likelihood
-10,449.51
Panel B: Diagnostic tests
MVQ (24)-Z
97.76
ARCH (24)-Z
228.33

Sweden

Germany

0.161***
0.034**
-0.057*
0.215***
0.963***
0.009
-0.012
0.940***
0.208***
-0.047**
0.198***
0.280***
7.728***
-9,377.48
111.74
246.55*

Switzerland
0.293***
0.048
0.068*
0.241***
0.893***
-0.005
0.013
0.951***
-0.209***
-0.155**
-0.064
0.259***
6.441***
-7,399.41

N)
N)

88.98
184.77

Notes: In Panel A, the 𝑎, 𝑏, and 𝑔 denote for the ARCH terms, GARCH terms, and asymmetric terms, respectively.
Thus, 𝑎 , 𝑏 , and 𝑔 (𝑎 , 𝑏 , and 𝑔 ) measure the own market effects of the local (the global) real estate market on
its conditional volatility, and 𝑎 , 𝑏 , and 𝑔 (𝑎 , 𝑏 , and 𝑔 ) measure the cross-market effects from (to) the local real
estate market. DoF (𝑣) are the estimated degree of freedom parameters of the bivariate Student’s t-distributions. In
Panel B, MVQ (24)-Z and ARCH (24)-Z are the multivariate Q statistic and the multivariate Lagrange multiplier (LM) test
on the jointly standardized residuals of the full model, respectively. The former test assesses the null hypothesis of no
serial correlation, whereas for the latter, the null hypothesis is that there is no evidence of autoregressive conditional
heteroscedasticity (ARCH) effects. The selected lag length for the tests is shown in parenthesis. *, **, and *** denote
significance at the 10 %, 5 %, and 1 % level, respectively
N) For Germany the multivariate Q statistic and LM test resulted as 90.58 and 254.02**, respectively. These test
statistics are for a VAR(1) - ABEKK(2,3) model, where the standardized residuals came closest to passing the LM test.
Here, the statistically significant test statistic implies that the model is not adequate, and therefore the coefficient
estimates are not presented in the table.

As a reminder, the coefficient estimates for Germany are not presented in Table 10 as no
adequate model was found for the pairwise markets. Expectedly, all the diagonal
parameters of matrices 𝑨, 𝑩 and 𝑮 result as highly significant indicating the importance of
own past shocks, volatilities, and asymmetric effects in modeling current conditional
volatility of the local and global real estate markets. Based on the off-diagonal elements of
matrix 𝑩 no significant volatility spillovers between the studied markets can be identified
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(𝑏

and 𝑏 ). However, evidence of a few significant shock transmissions and cross-market

asymmetric effects is reported. Indeed, a significant (at 5 % level) unidirectional shock
transmission is found from the local real estate market of Sweden to the global market (𝑎 ).
When considering the impact of negative shocks, a highly significant asymmetric response
is detected from the global market to the real estate market of Finland (𝑔 ). Conversely, a
unidirectional spillover is found from the local to the global real estate market in the case of
Switzerland (𝑔 ). For Sweden, a significant bidirectional interrelationship is found between
the markets indicating that bad news in either market affect the other market (𝑔

and 𝑔 ).

Here, the local real estate market of Sweden appears to be more strongly linked with the
global real estate market in terms of volatility than the other two markets. Further, results
on Finland imply that the local real estate market is susceptible to negative risk transfers
from the global market. Interestingly, the conditional volatility of the global market seems to
be affected by negative market events in Switzerland’s real estate market – a finding that is
rather counter-intuitive. Again, the asymmetry in volatility dynamics is strongly supported
both by own previous shocks and their interlinkages.

5.3.2 Pre-crisis period
Panel A of Table 11 reports the results for the pre-crisis period of July 2000 to June 2007.
Here, the local real estate markets exhibit highly significant own past shocks affecting their
current conditional volatility (𝑎 ). The same cannot be said for the global real estate market
where the symmetric ARCH terms are insignificant in each case except for Germany ( 𝑎 ).
However, the asymmetric coefficient estimates demonstrate that the own negative news
have a highly significant impact on the global market’s conditional volatility in every case
(𝑔 ). Also, the local real estate markets with the exception of Switzerland display significant
own asymmetric effects (𝑔 ). The examination of the GARCH effects show highly
significant volatility persistence for almost all the markets (𝑏

and 𝑏 ). In the case of

Sweden, the pairwise markets are affected by their own past volatilities coming from the
second-order lag period (𝑏

,

and 𝑏

,

).
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Table 11. Results of the 𝑡-ABEKK model on the international level from 07/2000 to 06/2007
Finland
Panel A: t-ABEKK estimations
a11
0.162***
a12
-0.009
a21
0.333***
a22
0.082
b11
0.954***
b12
0.029
b21
-0.043
b22
0.865***
b11,t-2
b12,t-2
b21,t-2
b22,t-2
g11
0.101**
g12
-0.041
g21
0.026
g22
0.473***
5.174***
DoF (𝑣)
Log-likelihood
-4,759.29
Panel B: Diagnostic tests
MVQ (24)-Z
79.15
ARCH (24)-Z
212.25

Sweden

Germany

Switzerland

0.281***
-0.030
0.050
0.133
0.331*
0.077
-0.132
-0.370
0.883***
0.071**
-0.062
0.728***
0.155***
-0.010
0.229***
0.474***
7.364***
-4,047.04

0.286***
0.010
0.004
0.073**
0.945***
-0.001
-0.001
0.934***

0.431***
0.068**
-0.023
0.007
0.813***
-0.047
0.041
0.919***

0.212***
0.021
0.023
0.321***
7.111***
-4437.90

0.077
0.087
-0.013
0.371***
6.053***
-2894.35

99.99
233.12

100.09
247.28*

96.74
182.62

Notes: In Panel A, the 𝑎, 𝑏, and 𝑔 denote for the ARCH terms, GARCH terms, and asymmetric terms, respectively.
Thus, 𝑎 , 𝑏 , and 𝑔 (𝑎 , 𝑏 , and 𝑔 ) measure the own market effects of the local (the global) real estate market on
its conditional volatility, and 𝑎 , 𝑏 , and 𝑔 (𝑎 , 𝑏 , and 𝑔 ) measure the cross-market effects from (to) the local real
estate market. DoF (𝑣) are the estimated degree of freedom parameters of the bivariate Student’s t-distributions. In
Panel B, MVQ (24)-Z and ARCH (24)-Z are the multivariate Q statistic and the multivariate Lagrange multiplier (LM) test
on the jointly standardized residuals of the full model, respectively. The former test assesses the null hypothesis of no
serial correlation, whereas for the latter, the null hypothesis is that there is no evidence of autoregressive conditional
heteroscedasticity (ARCH) effects. The selected lag length for the tests is shown in parenthesis. *, **, and *** denote
significance at the 10 %, 5 %, and 1 % level, respectively

Focusing on the cross-market interdependencies, two significant symmetric shock
spillovers are detected: from the global market to the real estate market of Finland (𝑎 ),
and from the real estate market of Switzerland to the global market (𝑎 ). Only one
interlinkage on past volatilities is identified, that is, from the real estate market of Sweden
to the global market in the second-order lag period (𝑏

,

). Also in the case of Sweden,

one asymmetric shock transmission is found from the global real estate market to its local
market (𝑔 ).
Similarly to the pre-crisis period on the national level, the real estate market of Sweden
seems to be the most interdependent with the global real estate market. Here, the local
market of Germany appears to be the most isolated from the global market as no
interrelationships can be identified between the two markets. Asymmetry in volatility
dynamics is strongly supported for the own effects, but only one asymmetric cross-market
transmission is found.
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The findings of both full and pre-crisis periods, however, display curious evidence of a few
unidirectional linkages from the local real estate markets to the global market in the case of
Sweden and Switzerland. These results are indeed counter-intuitive especially regarding
the two countries in question. Both of these can be considered as relatively small securitized
real estate markets as they account only for 2.02 and 1.27 percent of the developed global
index, respectively (FTSE Russell 2020). Thus, one would not expect the two local markets
to have an impact on the volatility of the world market. A possible explanation for these
findings might be an information bias due to the application of non-synchronous daily
returns. That is, the local real estate markets may appear to influence the global market
simply due to the former ones closing the trading first, as suggested by Michayluk et al.
(2006). Hence, these results should be interpreted with caution.

5.3.3 Crisis period
Panel A of Table 12 represents the estimations for the crisis period of July 2007 to
December 2013.
Table 12. Results of the 𝑡-ABEKK model on the international level from 07/2007 to 12/2013
Finland
Panel A: t-ABEKK estimations
a11
0.122**
a12
-0.019
a21
0.211***
a22
0.178***
b11
0.964***
b12
-0.008
b21
-0.019*
b22
0.968***
g11
0.201***
g12
0.051
g21
0.035
g22
0.256***
8.715***
DoF (𝑣)
Log-likelihood
-5616.82
Panel B: Diagnostic tests
MVQ (24)-Z
105.45
ARCH (24)-Z
203.99

Sweden

Germany

Switzerland

-0.027
-0.018
-0.016
0.178***
0.975***
0.011
-0.013
0.953***
0.268***
0.016
0.126**
0.284***
9.647***
-5274.40

-0.036
0.093***
-0.175***
-0.150***
0.963***
-0.002
-0.006
0.966***
0.315***
0.078*
-0.040
0.245***
12.493***
-5258.87

0.073
-0.121***
0.127***
0.197***
0.919***
-0.035**
0.008
0.973***
-0.433***
-0.183**
0.140***
-0.202***
8.354***
-4415.95

115.59*
230.03

78.73
207.51

84.43
214.83

Notes: In Panel A, the 𝑎, 𝑏, and 𝑔 denote for the ARCH terms, GARCH terms, and asymmetric terms, respectively.
Thus, 𝑎 , 𝑏 , and 𝑔 (𝑎 , 𝑏 , and 𝑔 ) measure the own market effects of the local (the global) real estate market on
its conditional volatility, and 𝑎 , 𝑏 , and 𝑔 (𝑎 , 𝑏 , and 𝑔 ) measure the cross-market effects from (to) the local real
estate market. DoF (𝑣) are the estimated degree of freedom parameters of the bivariate Student’s t-distributions. In
Panel B, MVQ (24)-Z and ARCH (24)-Z are the multivariate Q statistic and the multivariate Lagrange multiplier (LM) test
on the jointly standardized residuals of the full model, respectively. The former test assesses the null hypothesis of no
serial correlation, whereas for the latter, the null hypothesis is that there is no evidence of autoregressive conditional
heteroscedasticity (ARCH) effects. The selected lag length for the tests is shown in parenthesis. *, **, and *** denote
significance at the 10 %, 5 %, and 1 % level, respectively
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The own ARCH effects for the local real estate markets exhibit as insignificant for each of
the markets apart from Finland (𝑎 ). In comparison, the own previous shock effects are
highly significant for the global real estate market in each of the analyzed pairs (𝑎 ). When
considering the asymmetric terms, both the local and global real estate markets exhibit a
highly significant response to own negative news in each case (𝑔

and 𝑔 ).

Correspondingly, all the markets indicate highly significant time-persistence in conditional
volatility (𝑏

and 𝑏 ).

The investigation of the cross-market parameters reveals a couple of significant spillovers.
Indeed, there is a highly significant unidirectional symmetric shock transmission from the
global market to the local real estate market of Finland ( 𝑎 ). Moreover, both Germany and
Switzerland indicate highly significant bidirectional shock interlinkages with the global
market (𝑎

and 𝑎 ). The finding for Germany is intuitive as it belongs among one of the

most developed real estate markets on a global scale and is also a considerable influencer
in its region, and thus, one could expect a two-way interdependence between the two
markets. Focusing on the off-diagonal GARCH terms, only one significant unidirectional
volatility spillover is reported from the local market of Switzerland to the global market (𝑏 ).
For Sweden, a significant asymmetric parameter (𝑔 ) indicates that the local real estate
market responds asymmetrically to shocks arriving from the global market. Furthermore,
there is a bidirectional asymmetric shock spillover found between the two markets in the
case of Switzerland (𝑔

and 𝑔 ).

In the same vein with the national-level analysis, the comparison between the two subsamples implies an apparent impact of the crisis on the market interdependencies. Indeed,
during the crisis period nine significant cross-market spillovers were detected whereas only
four could be identified for the pre-crisis period – a finding consistent with the previous
literature (see for instance Liow and Newell 2012; Liow 2013; Liow and Ye 2017). Here,
however, interrelationships were found to a lesser extent than on the national-level study
where the corresponding numbers of transmissions were twelve for the crisis period and six
for the pre-crisis period. This observation is supported by the previous literature where the
national real estate markets are found to interact more with their corresponding stock
markets than with the international markets (see for instance Liow 2010). In other words,
the national real estate markets are more prone to local than global factors depicting the
nature of the underlying physical asset.
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In addition to the transition in the numbers of interlinkages, the directions of them have
altered too. That is, a couple of bidirectional interlinkages were found in the crisis period
whereas all the linkages found in the pre-period resulted as unidirectional. This is in line
with the finding of the national-level study. Furthermore, there is a clear dominance of the
global real estate market in the crisis period. Indeed, compared to the pre-crisis period the
global market has grown in the importance of affecting the conditional volatility of the local
real estate markets.
Closer examination of the country-level changes reveals that the real estate markets of
Switzerland and Germany appear to be the most vulnerable markets during the financial
turmoil, whereas Sweden’s real estate market is again the most segregated of them all as
only one significant (at 5 % level) asymmetric cross-market shock spillover could be
identified. Indeed, the following number of interlinkages were found for each of the
countries: one (one) in the crisis (pre-crisis) period for Finland, one (two) for Sweden, two
(none) for Germany, and five (one) for Switzerland. Similarly to the national-level analysis,
Sweden’s real estate market has shifted from the most integrated market in the pre-crisis
period to the least integrated one in the crisis period. This finding is truly intriguing especially
in terms of available diversification benefits when they are most needed.

83

6

CONCLUSIONS

This thesis investigates the presence of the time-varying volatility interlinkages in four
European securitized real estate markets from July 2000 to December 2013. The analysis
is conducted by means of bivariate asymmetric 𝑡-BEKK (𝑡 -ABEKK) models following the
methodology of Hoesli and Reka (2013). Hence, the MGARCH framework that enables the
investigation of volatility dynamics between multiple assets and markets, is utilized.
The analysis of the interrelationships is two-fold following the research setting of Hoesli and
Reka (2013). Indeed, the interlinkages have been examined on the national level, that is,
between the local securitized real estate market and the corresponding local stock market,
as well as on the international level referring to analysis between the local and global
securitized real estate markets. The four markets chosen for the study are Finland, Sweden,
Germany, and Switzerland. The FTSE European Public Real Estate Association (EPRA) /
National Association of Real Estate Investment Trusts (NAREIT) indices are used as
proxies for the local and global securitized real estate markets. Further, the following indices
are applied as benchmarks for the local stock markets: the OMX Helsinki Benchmark for
Finland, the OMX Stockholm Benchmark for Sweden, the DAX 30 Performance for
Germany and the Swiss Market Index for Switzerland. All the time series consist of daily
total return indices.
The full data period of July 2000 to December 2013 is divided into two sub-periods: the precrisis period of July 2000 to June 2007, and the crisis period of July 2007 to December
2013, thus enabling the examination of the volatility transmission dynamics in different
market conditions. The pre-period can be considered as a cycle of stable growth, whereas
the crisis period covers both the Global Financial Crisis and the European Sovereign Debt
Crisis.
The analysis between the local real estate markets and their corresponding stock markets
(national study) indicates that during the full sample period all the pairwise markets are to
some extent interdependent in terms of volatility. Interestingly, most of the identified
unidirectional interlinkages display that the real estate markets influence the current
conditional volatility of the stock markets rather than the inverse. Two bidirectional
transmissions are also found: bidirectional volatility transmission in the case of Sweden and
bidirectional symmetric shock transmission arriving from the prior third period in the case of
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Switzerland. Asymmetric shock transmissions are found for all countries except for
Switzerland.
During the pre-crisis period, only a couple of interlinkages are detected, and again, those
are mostly transferring from real estate to stock markets. This is an interesting finding as
the securitized real estate market is a sector of the broader stock market and thus one could
expect it to be affected by the shocks and volatility arriving from the larger market or to
exhibit a bidirectional relationship with the other market. One explanation for the finding
could be that the use of daily data enhances the significance of general investor sentiment,
while the latent and more intuitive relationships may be devolved to the background as
suggested by Cotter and Stevenson (2006). Alternatively, this finding could be due to the
steady growth of housing and construction that took place after 2002 causing the real estate
to lead the larger market. This effect is somewhat visible in Figure 2 where the development
of all the real estate markets outperforms those of the stock markets. Further on, the results
in this period show solely unidirectional transmissions between the studied markets. For
Finland’s real estate market, no interlinkages are found indicating it to be the most isolated
market from its corresponding stock market. Here, the asymmetry in the cross-asset
transmissions is supported only for Sweden and Switzerland.
The volatility interlinkages became more prominent during the crisis period as the number
of overall interlinkages doubled from the pre-crisis period and a couple of bidirectional
spillovers are found in addition to the unidirectional transmissions. Also, the general
direction of the spillovers shifted from those originating from real estate to those arriving
from the stock markets indicating that the market turbulence spilled from the larger markets
to the smaller sectors. The results also demonstrate the predominance of shock
transmissions in impacting the current conditional volatility as eleven shock transmissions
are found compared to the one volatility transmission found from the real estate market of
Finland to its corresponding stock market. In addition, the shock transmission mechanism
is found to be asymmetric for all the countries implying that the markets were more sensitive
to negative news coming from the other markets than those of the opposite sign.
Country-wise, all markets exhibit an increase in the number of identified interlinkages except
Sweden where the number is surprisingly decreasing. Switzerland’s real estate market
results as the most vulnerable to the turbulence as the number of interlinkages increased
from one in the pre-period to five in the crisis period.
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The analysis between the local and global real estate markets (international study) was
performed only for Finland, Sweden, and Switzerland during the full sample period as no
adequate model was found for Germany. Again, the predominance of shock transmissions
is demonstrated as no volatility transmissions are found for the studied countries. Here,
Finland’s real estate market is driven by negative foreign news as a unidirectional
asymmetric shock is found to arrive from the global market to the local market. For Sweden
and Switzerland, the identified transmissions are interestingly found to be inverse indicating
that the local markets would affect the conditional volatility of the global market.
During the pre-crisis period, only a little evidence of the volatility interlinkages is found, and
all of them are unidirectional. Again for Sweden and Switzerland, curious evidence of
spillovers from the rather small local real estate markets to the global market is identified.
These findings could be explainable due to the use of daily data and the potential
information bias followed by that. Indeed, as suggested by Michayluk et al. (2006), the local
real estate markets could appear to influence the global market simply due to the former
ones closing the trading first. Hence, these findings should be interpreted with caution.
Further on, in the case of Germany, no interlinkages are found between the studied markets
indicating its local real estate market to be the most segregated market from the global
market. Here, the asymmetric response is supported only for the case of Sweden where a
unidirectional asymmetric shock transmission is detected from the global market to the local
market.
The number of volatility interlinkages identified in the crisis period has again more than
doubled when comparing the two sub-periods, and a couple of bidirectional transmissions
are found in addition to the unidirectional transmissions. Moreover, the global market has
grown in the importance of affecting the current conditional volatility of the local markets
suggesting that the turbulence is, indeed, spilling from the world to the national markets.
Considering that the U.S. accounts for more than 50 percent of the global index (FTSE
Russell 2020), this finding is highly intuitive. In the same vein with national analysis, the
results demonstrate the predominance of shock transmissions in impacting the current
conditional volatility as eight shock transmissions are found compared to the one volatility
transmission found from the local market of Switzerland to the global real estate market.
Interestingly, asymmetric effects are identified only for Sweden and Switzerland whereas
Finland and Germany exhibit symmetric shock spillovers.
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Similarly to the national-level study, in the case of Germany and Switzerland, both countries
exhibit an increase in the number of detected interlinkages during the crisis period whereas
Sweden again displays a decreasing number of interlinkages. Interestingly, for Finland’s
real estate market the number of interdependencies has stayed the same during the two
sub-periods suggesting that the market was not affected by the crises. Again, Switzerland’s
real estate market resulted as the most vulnerable market to the turbulence as the number
of interrelationships increased from one in the pre-period to five in the crisis period.

To summarize the findings, cross-asset and cross-market volatility interlinkages were found
for most of the countries during all periods, however, they vary in terms of number and
direction depending on the country under analysis. Consistent with previous findings (see
for instance Ling and Naranjo 1999; Cotter and Stevenson 2006; Liow and Ibrahim 2010;
Yunus 2012), the general results on the national-level study suggest that the local
securitized real estate markets are not segmented from their corresponding stock markets,
but rather resemble those of the common stocks. On the international level, the conditional
volatility of the local markets appears to be driven to some extent by global shocks at least
during the crisis period. Further on, only a few volatility transmissions were found for the
markets compared to the number of the identified shock transmissions indicating that the
markets are driven by the general market sentiment and news arrivals. Additionally, this
finding could be due to the daily data being too detailed to capture all the latent
interrelationships in the data. In general, the empirical analysis suggests that the current
conditional volatility is also strongly driven by the own past shocks and volatilities of the
studied markets.
Moreover, the impact of the market turbulence is evident on both study levels as tightened
interrelationships were found for most of the countries during the crisis periods implying that
the crises undermined the much-needed diversification opportunities. This finding is
supported by previous literature (see for instance Hui and Chan 2014; Liow 2012; Liow and
Newell 2012; Liow 2013; Liow and Ye 2017). However, interdependencies were found to a
lesser extent on the international level suggesting that the local real estate markets may,
indeed, be more affected by the local than global factors. This is in line with existing
literature (see for instance Eichholtz 1996; Liow 2010). Asymmetry is supported in most
cases for both the own and cross-market shocks which is consistent with existing literature
(see for instance Michayluk et al. 2006; Liow et al. 2011; Liow and Newell 2012; Hoesli and
Reka 2013). However, for Finland during the pre-crisis period on the national level, no
asymmetry was found for either the own or cross-market effects.
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Keeping in mind that nothing can be said about the sizes and magnitudes of the found
volatility interlinkages, but rather about their statistical significance, here, the results are
examined from the viewpoint of portfolio diversification. On the national level and during the
pre-crisis period, Finland’s securitized real estate represents as the most appealing to be
included into a well-diversified domestic portfolio as no interlinkages were identified
between the market and its broader stock market. On the international level, the credit goes
to Germany’s real estate which similarly did not exhibit any interlinkages with the global
market, and thus, it could serve as a good diversifier in an international portfolio. Moreover,
Sweden provides the best diversification opportunities during the period of uncertainty on
both study levels as the number of volatility interrelationships for its real estate market
decreased from the pre-crisis period to the crisis period. In comparison, on both study levels,
Switzerland’s real estate market suffered most due to the crises as the interlinkages grew
in number and shifted from unidirectional to bidirectional when compared to the pre-crisis
periods. Additionally on the international level, no change between the two sub-periods was
detected for Finland indicating that its real estate securities could turn out to be useful in an
international portfolio.
This thesis makes a couple of noteworthy contributions to the existing literature of timevarying second-moment interrelationships in securitized real estate markets. First, this
study adds to the thin body of research in Europe by examining the four European
developed markets, while the majority of the previous literature has concentrated primarily
on the U.S. and other major securitized real estate markets. Second, by means of the
applied research setting, this study provides additional evidence on how the studied
markets interact with respect to their corresponding stock markets and the global market
instead of concentrating on the interrelationships among the national real estate markets.
Third, the present study confirms previous findings on market turbulence and asymmetric
shocks affecting the interdependencies in conditional volatility. Furthermore, this study has
gone some way towards enhancing the understanding of how different parties could benefit
from including the European real estate securities into their domestic and international
portfolios. Hence, this thesis provides implications for investors, portfolio managers, risk
managers, and financial analysts. Considering the role of real estate and housing markets
in triggering the recent global financial crisis, the results could be applicable even for
policymakers as noted by Hoesli and Reka (2013).
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The most noteworthy extension to the current study would be to construct news impact
surfaces (see Kroner and Ng 1998) to enable the examination of sizes and magnitudes of
the captured volatility interdependencies. Additionally, the robustness of the current results
could be studied in terms of lower data frequency and potential currency effects. Further,
future research could investigate the impact of whether other conditional distributions would
provide a better fit for the data at hand, and whether this choice affects significantly the
results on the detected interdependencies. One interesting aspect could be to extend the
current research to cover also the emerging real estate markets once long enough time
series could be formed. Indeed, the diversification opportunities could be explored by
comparing the interlinkages found with the developed and emerging markets. Moreover,
here the time-varying volatility dynamics are examined solely from the viewpoint of volatility
interlinkages between the chosen assets and markets. For future research, it would be
interesting to consider also the effects of different macroeconomic and international
economic factors, such as inflation, taxation, interest rates, and international trade, on the
conditional volatility.

89

REFERENCES
Ang, A. & Bekaert, G. 2002. International Asset Allocation With Regime Shifts. The Review
of Financial Studies, vol. 15, no. 4, pp. 1137-1187.
Bae, K-H. & Karolyi, G. A. 1994. Good news, bad news and international spillovers of stock
return volatility between Japan and the U.S. Pacific-Basin Finance Journal, vol. 2, no 4, pp.
405-438.
Baele, L. 2005. Volatility Spillover Effects in European Equity Markets. Journal of Financial
and Quantitative Analysis, vol. 40, no. 2, pp. 373-401.
Baele, L. & Inghelbrecht, K. 2009. Time-varying Integration and International diversification
strategies. Journal of Empirical Finance, vol. 16, no. 3, pp. 368-387.
Bai, J., Lumsdaine, R. L. & Stock, J. H. 1998. Testing For and Dating Common Breaks in
Multivariate Time Series. Review of Economic Studies, vol. 65, no. 3, pp. 395-432.
Barkham, R. & Geltner, D. 1995. Price Discovery in American and British Property Markets.
Real Estate Economics, vol. 23, no. 1, pp. 21-44.
Bauwens, L., Laurent, S. & Rombouts, J. V. K. 2006. Multivariate GARCH Models: A
Survey. Journal of Applied Econometrics, vol. 21, no. 1, pp. 79-109.
Bekaert, G. & Harvey, C. R. 2000. Foreign Speculators and Emerging Equity Markets.
Journal of Finance, vol. 55, no. 2, pp. 565-613.
Bekaert, G. & Harvey, C. R. 1997. Emerging equity market volatility. Journal of Financial
Economics, vol. 43, no. 1, pp. 29-77.
Bekaert, G., Ehrmann, M., Fratzscher, M. & Mehl, A. 2014. The Global Crisis and Equity
Market Contagion. Journal of Finance, vol. 69, no. 6, pp. 2597-2649.
Bekaert, G., Harvey, C. & Ng, A. 2005. Market Integration and Contagion, The Journal of
Business, vol. 78, no. 1, pp. 39-69.

90

Bekaert, G. & Wu, G. 2000. Asymmetric volatility and risk in equity markets. The Review of
Financial Studies, vol. 13, no. 1, pp. 1-42.
Bekiros, S. D. 2014. Contagion, decoupling and the spillover effects of the US financial
crisis: Evidence from the BRIC markets. International Review of Financial Analysis, vol. 33,
pp. 58-69.
Bera, A. K. & Kim, S. 2002. Testing constancy of correlation and other specifications of the
BGARCH model with an application to international equity returns. Journal of Empirical
Finance, vol. 9, no. 2, pp. 171-195.
BIS. 2009. 79th Annual Economic Report, 2008/09 [online document]. [Accessed 9 June
2020]. Available at https://www.bis.org/publ/arpdf/ar2009e.pdf.
Black, F. 1976. Studies of Stock Price Volatility Changes. Proceedings of the 1976 Meetings
of the Business and Economics Statistics Section, American Statistical Association, pp.
177-181.
Blattberg, R. C. & Gonedes, N. J. 1974. A Comparison of the Stable and Student
Distributions as Statistical Models for Stock Prices. The Journal of Business, vol. 47, no. 2,
pp. 244-280.
Bollerslev, T. 1990. Modelling the Coherence in Short-Run Nominal Exchange Rates: A
Multivariate Generalized ARCH Model. Review of Economics and Statistics, vol. 72, no. 3,
pp. 498-505.
Bollerslev, T. 1987. A Conditionally Heteroskedastic Time Series Model for Speculative
Prices and Rates of Return. The Review of Economics and Statistics, vol. 69, no. 3, pp.
542-547.
Bollerslev, T. 1986. Generalised Autoregressive Conditional Heteroskedasticity. Journal of
Econometrics, vol. 31, no. 3, pp. 307-327.
Bollerslev, T., Engle, R. F. & Wooldridge, J. M. 1988. A Capital-Asset Pricing Model
with Time-Varying Covariances. Journal of Political Economy, vol. 96, no. 1, pp. 116-131.

91

Bollerslev, T. & Wooldridge, J. M. 1992. Quasi-maximum likelihood estimation and
inference in dynamic models with time-varying covariances. Econometric Reviews, vol. 11,
no. 2, pp. 143-172.
Booth, G. G., Martikainen, T. & Tse, Y. 1997. Price and volatility spillovers in Scandinavian
stock markets. Journal of Banking and Finance, vol. 21, no. 6, pp. 811-823.
Brooks, C. 2008. Introductory Econometrics for Finance. 2nd ed. New York: Cambridge
University Press.
Caporale, G., Pittis, N. & Spagnolo, N. 2006. Volatility transmission and financial crises.
Journal of Economics and Finance, vol. 30, no. 3, pp. 376-390.
Cappiello, L., Engle, R. F. & Sheppard, K. 2006. Asymmetric dynamics in the correlations
of global equity and bond returns. Journal of Financial Econometrics, vol. 4, no. 4, pp. 537572.
Case, B., Yang, Y. & Yildirim, Y. 2012. Dynamic Correlations Among Asset Classes: REIT
and Stock Returns. The Journal of Real Estate Finance and Economics, vol. 44, no. 3, pp.
298-318.
Corporate Finance Institute. 2020. Real Estate Operating Company (REOC) [online
document]. [Accessed 24 May 2020]. Available at
https://corporatefinanceinstitute.com/resources/knowledge/finance/real-estate-operatingcompany-reoc/.
Chaudhry, M., Myer, F. & Webb, J. 1999. Stationarity and Cointegration in Systems with
Real Estate and Financial Assets. The Journal of Real Estate Finance and Economics, vol.
18, no. 3, pp. 339-349.
Chesnay, F. & Jondeau, E. 2001. Does Correlation Between Stock Returns Really Increase
During Turbulent Periods? Economic Notes, vol. 30, no. 1, pp. 53-80.
Chiang, K. C. H & Lee, M-L. 2002. REITs in the decentralized investment industry. Journal
of Property Investment & Finance, vol. 20, no. 6, pp. 496-512.

92

Cifarelli, G. & Paladino, G. 2006. Volatility co-movements between emerging sovereign
bonds: Is there segmentation between geographical areas? Global Finance Journal, vol.
16, no. 3, pp. 245-263.
Clayton, J. & MacKinnon, G. 2003. The Relative Importance of Stock, Bond and Real Estate
Factors in Explaining REIT Returns. The Journal of Real Estate Finance and Economics,
vol. 27, no. 1, pp. 39-60.
CNN. 2020. European Debt Crisis Fast Facts [online document]. [Accessed 8 June 2020].
Available at
https://edition.cnn.com/2013/07/27/world/europe/european-debt-crisis-fastfacts/index.html.
Conefrey, T. & Cronin, D. 2015. Spillover in Euro area sovereign bond markets. Economic
and Social Review, vol. 46, no. 2, pp. 197-231.
Cotter, J. & Stevenson, S. 2006. Multivariate Modeling of Daily REIT Volatility. The Journal
of Real Estate Finance and Economics, vol. 32, no. 3, pp. 305-325.
Council on Foreign Relations. 2020. Timeline: The U.S. Financial Crisis 1992-2018 [online
document]. [Accessed 9 June 2020]. Available at
https://www.cfr.org/timeline/us-financial-crisis.
DAX. 2020. DAX® (TR) EUR [online document]. [Accessed 24 May 2020]. Available at
https://www.dax-indices.com/index-details?isin=DE0008469008.
Diebold, F. X. & Yilmaz, K. 2012. Better to give than to receive: Predictive directional
measurement of volatility spillovers. International Journal of Forecasting, vol. 28, no. 1, pp.
57-66.
Diebold, F. X. & Yilmaz, K. 2009. Measuring Financial Asset Return and Volatility Spillovers,
with Application to Global Equity Markets. Economic Journal, vol. 119, no. 534, pp. 158171.
Eichholtz, P. M. A. 1996. Does International Diversification Work Better for Real Estate
than for Stocks and Bonds? Financial Analysts Journal, vol. 52, no. 1, pp. 56-62.

93

Elton, E. J. & Gruber, M. J. 1997. Modern portfolio theory, 1950 to date. Journal of Banking
and Finance, vol. 21, no. 11-12, pp. 1743-1759.
Engle, R. F. 2002. Dynamic Conditional Correlation: A Simple Class of Multivariate
Generalized Autoregressive Conditional Heteroskedasticity Models. Journal of Business
and Economic Statistics, vol. 20, no. 3, pp. 339-350.
Engle, R. F. 1982. Autoregressive Conditional Heteroskedasticity with Estimates of
the Variance of United Kingdom Inflation. Econometrica, vol. 50, no. 4, pp. 987-1007.
Engle, R. F. & Kroner, K. F. 1995. Multivariate Simultaneous Generalised GARCH.
Econometric Theory, vol. 11, no. 1, pp. 122-150.
Engle, R. F. & Lee, G. A. 1999. A permanent and transitory component model of stock
return volatility. In Engle, R. F. & White, H. Eds. Cointegration, Causality, and Forecasting:
A Festschrift in Honour of Clive W.J. Granger. Oxford: Oxford University Press, pp. 475–
497.
Erb, C. B., Harvey, C. R. & Viskanta, T. E. 1994. Forecasting International Equity
Correlations. Financial Analysts Journal, vol. 50, no. 6, pp. 32-45.
European Public Real Estate Association. 2019. Global REIT Survey 2019 [online
document]. [Accessed 24 May 2020]. Available at
https://prodapp.epra.com/media/EPRA_Global_REIT_Survey_2019_v8_1567517134733.
0_interactive_FINAL.pdf.
EY. 2019. EY Attractiveness Survey 2019 — Europe [online document]. [Accessed 16
November 2019]. Available at
https://www.ey.com/Publication/vwLUAssets/ey-europe-attractiveness-survey2019/$File/ey-europe-attractiveness-survey-2019.pdf.
Fama, E. F. 1965. The Behavior of Stock-Market Prices. The Journal of Business, vol. 38,
no. 1, pp. 34-105.

94

Federal Reserve Bank of St. Louis. n.d. Financial Crisis Timeline [online document].
[Accessed 9 June 2020]. Available at https://fraser.stlouisfed.org/timeline/financial-crisis.
Fiorentini, G., Sentana, E. & Calzolari, G. 2003. Maximum likelihood estimation and
inference in multivariate conditionally heteroscedastic dynamic regression models with
student t innovations. Journal of Business & Economic Statistics, vol. 2, no.4, pp. 532-54.
Forbes, K. J. & Rigobon, R. 2002. No Contagion, Only Interdependence: Measuring Stock
Market Comovements. The Journal of Finance, vol. 57, no. 5, pp. 2223-2261.
French, K. R. & Roll, R. 1986. Stock Return Variances: The Arrival of Information of the
Reaction of Traders. Journal of Financial Economics, vol. 17, no.1, pp. 5-26.
FTSE Russell. 2020. FTSE EPRA/NAREIT Developed Index [online document]. [Accessed
16 June 2020]. Available at
https://research.ftserussell.com/Analytics/FactSheets/temp/84d393f1-7805-47ad-852ed6705570135e.pdf.
Garvey, R., Santry, G. & Stevenson, S. 2001. The Linkages Between Real Estate Securities
in the Asia-Pacific. Pacific Rim Property Research Journal, vol. 7, no. 4, pp. 240-258.
Gerlach, R., Wilson, P. & Zurbruegg, R. 2006. Structural breaks and diversification: The
impact of the 1997 Asian financial crisis on the integration of Asia-Pacific real estate
markets. Journal of International Money and Finance, vol. 25, no. 6, pp. 974-991.
Glascock, J., Lu, C. & So, R. 2000. Further Evidence on the Integration of REIT, Bond, and
Stock Returns. The Journal of Real Estate Finance and Economics, vol. 20, no. 2, pp. 177194.
Glascock, J., Michayluk, D. & Neuhauser, K. 2004. The Riskiness of REITs Surrounding the
October 1997 Stock Market Decline. The Journal of Real Estate Finance and Economics,
vol. 28, no. 4, pp. 339-354.
Glosten, L. R., Jagannathan, R. & Runkle, D. E. 1993. On the Relation between the
Expected Value and the Volatility of the Nominal Excess Return on Stocks. The Journal of
Finance, vol. 48, no. 5, pp. 1779-1801.

95

Gordon, J., Canter, T. & Webb, J. 1998. The effect of international real estate securities on
portfolio diversification. Journal of Real Estate Portfolio Management, vol. 4, no. 2, pp. 8391.
Grubel, H. G. 1968. Internationally diversified portfolios: Welfare gains and capital
flows. The American Economic Review, vol. 58, no. 5, pp. 1299-1314.
Grubel, H. G. & Fadner, K. 1971. The interdependence of international equity markets.
Journal of Finance, vol. 26, no. 1, pp. 89-94.
Guillén, M. F. n.d. The Global Economic & Financial Crisis: A Timeline. [online document].
[Accessed 9 June 2020]. Available at
https://lauder.wharton.upenn.edu/wpcontent/uploads/2015/06/Chronology_Economic_Financial_Crisis.pdf.
Gyourko, J. & Keim, D. B. 1992. What Does the Stock Market Tell Us About Real Estate
Returns? Real Estate Economics, vol. 20, no. 3, pp. 457-485.
Hacker, R. & Hatemi-J, A. 2005. A test for multivariate ARCH effects. Applied Economics
Letters, vol. 12, no. 7, pp. 411-41.
Hamao, Y., Masulis, R. W. & Ng, V. 1990. Correlations in price changes and volatility across
international stock markets. The Review Of Financial Studies, vol. 3, no. 2, pp. 281-307.
Harkmann, K. 2014. Stock Market Contagion from Western Europe to Central and Eastern
Europe During the Crisis Years 2008-2012. Eastern European Economics, vol. 52, no. 3, p.
55-65.
Hoesli, M., Lekander, J. & Witkiewicz, W. 2004. International Evidence on Real Estate as a
Portfolio Diversifier. The Journal of Real Estate Research, vol. 26, no. 2, pp. 161-206.
Hoesli, M. & Reka, K. 2013. Volatility Spillovers, Comovements and Contagion in
Securitized Real Estate Markets. The Journal of Real Estate Finance and Economics, vol.
47, no. 1, pp. 1-35.

96

Hosking, J. R. M. 1981. Equivalent Forms of the Multivariate Portmanteau Statistic. Journal
of the Royal Statistical Society. Series B (Methodological), vol. 43, no. 2, pp. 261-262.
Hsieh, D. 1989. Modeling Heteroscedasticity in Daily Foreign-Exchange Rates. Journal of
Business & Economic Statistics, vol. 7, no. 3, p.307-317.
Huang, B-N. & Yang, C. W. 2002. Volatility of changes in G-5 exchange rates and its market
transmission mechanism. International Journal of Finance and Economics, vol. 7, no. 1, pp.
37-50.
Huang, J-Z. & Zhong, Z. 2013. Time Variation in Diversification Benefits of Commodity,
REITs, and TIPS. The Journal of Real Estate Finance and Economics, vol. 46, no. 1, pp.
152-192.
Hui, E. C-M. & Chan, K. K. K. 2014. The global financial crisis: Is there any contagion
between real estate and equity markets? Physica A: Statistical Mechanics and its
Applications, vol. 405, pp. 216-225.
Hui, E. C. M. & Chan, K. K. K. 2013. The European sovereign debt crisis: Contagion across
European real estate markets. Journal of Property Research, vol. 30, no. 2, pp. 87-102.
Jiang, J., Marsh, T. L. & Tozer, P. R. 2015. Policy induced price volatility transmission:
Linking the U.S. crude oil, corn and plastics markets. Energy Economics, vol. 52, pp. 217227.
JLL. 2019. Investors adapt to heightened competition in Europe’s real estate markets
[online document]. [Accessed 16 November 2019]. Available at
https://www.us.jll.com/en/trends-and-insights/investor/investors-adapt-to-heightenedcompetition-in-europe-real-estate-markets.
JLL. 2018. Global Real Estate Transparency Index 2018 [online document]. [Accessed 16
November 2019]. Available at
https://www.us.jll.com/content/dam/jllcom/documents/pdf/research/global/JLL%20Transparency%20Report%202018%20FINAL
.pdf.

97

Kallberg, J. G., Liu, C. H. & Pasquariello, P. 2002. Regime Shifts in Asian Equity and Real
Estate Markets. Real Estate Economics, vol. 30, no. 2, pp. 263-291.
Kanas, A. 1998. Volatility spillovers across equity markets: European evidence. Applied
Financial Economics, vol .8, no. 3, pp. 245-256.
Karolyi, G. A. 1995. A Multivariate GARCH Model of International Transmissions of Stock
Returns and Volatility: The Case of the United States and Canada. Journal of Business &
Economic Statistics, vol. 13, no. 1, pp. 11-25.
Karunanayake, I., Valadkhani, A. & O'Brien, M. 2010. Financial crises and international
stock market volatility transmission. Australian Economic Papers, vol. 49, no. 3, pp. 209221.
King, M. A. & Wadhwani, S. 1990. Transmission of Volatility between Stock Markets. The
Review of Financial Studies, vol. 3, no. 1, pp. 5-33.
Koch, P. D. & Koch, T. W. 1991. Evolution in dynamic linkages across daily national stock
indexes. Journal of International Money and Finance, vol. 10, no. 2, pp. 231-251.
Kon, S. J. 1984. Models of Stock Returns - A Comparison. Journal of Finance, vol. 39, no.
1, pp.147-165.
Koutmos, G. & Booth, G. G. 1995. Asymmetric volatility transmission in international stock
markets. Journal of International Money and Finance, vol.14, no. 6, pp. 747-762.
Kroner, K. F. & Ng, V. K. 1998. Modelling Asymmetric Comovements of Asset Returns. The
Review of Financial Studies, vol. 11, no. 4, pp. 817-844.
Kuepper, J. 2018. What is Germany's DAX 30 Index? [online document]. [Accessed 24 May
2020]. Available at
https://www.thebalance.com/what-is-germany-s-dax-30-index-1979171.
Kuttu, S. 2014. Return and volatility dynamics among four African equity markets: A
multivariate VAR-EGARCH analysis. Global Finance Journal, vol. 25, no. 1, pp. 56-69.

98

Laerd Statistics. 2018a. Pearson Product-Moment Correlation [online document].
[Accessed 31 May 2020]. Available at
https://statistics.laerd.com/statistical-guides/pearson-correlation-coefficient-statisticalguide.php.
Laerd Statistics. 2018b. Spearman's Rank-Order Correlation [online document]. [Accessed
31 May 2020]. Available at
https://statistics.laerd.com/statistical-guides/spearmans-rank-order-correlation-statisticalguide.php.
Lee, S. B. & Kim, K. J. 1993. Does the October 1987 Crash Strengthen the Co-movements
among National Stock Markets? Review of Financial Economics, vol. 3, no. 1, pp. 89-102.
Levy, H. & Sarnat, M. 1970. International Diversification of Investment Portfolios. The
American Economic Review, vol. 60, no. 4, pp. 668-675.
Li, Y. & Wang, K. 1995. The predictability of REIT returns and market segmentation. The
Journal of Real Estate Research, vol. 10, no. 4, pp. 471-482.
Lin, T. C. & Lin, Z-H. 2011. Are stock and real estate markets integrated? An empirical study
of six Asian economies. Pacific Basin Finance Journal, vol. 19, no. 5, pp. 571-585.
Lin, W-L., Engle, R. F. & Ito, T. 1994. Do Bulls and Bears Move Across Borders?
International Transmission of Stock Returns and Volatility. The Review of Financial Studies,
vol. 7, no. 3, pp. 507-538.
Ling, D. C. & Naranjo, A. 2002. Commercial Real Estate Return Performance: A CrossCountry Analysis. The Journal of Real Estate Finance and Economics, vol. 24, no. 1, pp.
119-142.
Ling, D. C. & Naranjo, A. 1999. The Integration of Commercial Real Estate Markets and
Stock Markets. Real Estate Economics, vol. 27, no. 3, pp. 483-515.
Liow, K. H. 2015. Volatility spillover dynamics and relationship across G7 financial markets.
North American Journal of Economics and Finance, vol. 33, pp. 328-365.

99

Liow, K. H. 2013. Volatility interdependence in European real estate securities markets:
Who is the most influential? Journal of European Real Estate Research, vol. 6, no. 2, pp.
117-138.
Liow, K. H. 2012. Co-movements and Correlations Across Asian Securitized Real Estate
and Stock Markets. Real Estate Economics, vol. 40, no. 1, pp. 97-129.
Liow, K. H. 2011. Time series behavior of average dynamic conditional correlations in
European real estate securities markets. Journal of European Real Estate Research, vol.
4, no. 2, pp. 93-113.
Liow, K. H. 2010. Integration between Securitized Real Estate and Stock Markets: A Global
Perspective. The Journal of Real Estate Portfolio Management, vol. 16, no. 3, pp. 249-266.
Liow, K. H. & Angela, S. Y. 2017. Return and co-movement of major public real estate
markets during global financial crisis: A frequency domain approach. Journal of Property
Investment and Finance, vol. 35, no. 5, pp. 489-508.
Liow, K. H., Chen, Z. & Liu, J. 2011. Multiple Regimes and Volatility Transmission in
Securitized Real Estate Markets. The Journal of Real Estate Finance and Economics, vol.
42, no. 3, pp. 295-328.
Liow, K. H., Ho, K., Ibrahim, M. & Chen, Z. 2009. Correlation and Volatility Dynamics in
International Real Estate Securities Markets. The Journal of Real Estate Finance and
Economics, vol. 39, no. 2, pp. 202-223.
Liow, K. & Ibrahim, M. 2010. Volatility Decomposition and Correlation in International
Securitized Real Estate Markets. The Journal of Real Estate Finance and Economics, vol.
40, no. 2, pp. 221-243.
Liow, K. H. & Newell, G. 2016. Real estate global beta and spillovers: An international study.
Economic Modelling, vol. 59, pp. 297-313.
Liow, K. H. & Newell, G. 2012. Investment Dynamics of the Greater China Securitized Real
Estate Markets. The Journal of Real Estate Research, vol. 34, no. 3, pp. 399-428.

100

Liow, K. H., Ooi, J. & Gong, Y. 2005. Cross-market dynamics in property stock markets:
Some international evidence. Journal of Property Investment & Finance, vol. 23, no. 1, pp.
55-75.
Liow, K. H. & Yang, H. 2005. Long-Term Co-Memories and Short-Run Adjustment:
Securitized Real Estate and Stock Markets. The Journal of Real Estate Finance and
Economics, vol. 31, no. 3, pp. 283-300.
Liow, K. H. & Ye, Q. 2017. Switching regime beta analysis of global financial crisis: Evidence
from international public real estate markets. Journal of Real Estate Research, vol. 39, no.
1, pp. 127-164.
Liu, C., Hartzell, D., Greig, W. & Grissom, T. 1990. The integration of the real estate market
and the stock market: Some preliminary evidence. The Journal of Real Estate Finance and
Economics, vol. 3, no. 3, pp. 261-282.
Liu, Y. & Pan, M-S. 1997. Mean and volatility spillover effects in the U.S. and Pacific-basin
stock markets. Multinational Finance Journal, vol. 1, no. 1, pp. 47-62.
Longin, F. & Solnik, B. 2001. Extreme Correlation of International Equity Markets. Journal
of Finance, vol. 56, no. 2, pp. 649-676.
Longin, F. & Solnik, B. 1995. Is the correlation in international equity returns constant: 1960–
1990? Journal of International Money and Finance, vol. 14, no. 1, pp. 3-26.
Lu, K. & Mei, J. 1999. The return distributions of property shares in emerging markets.
Journal of Real Estate Portfolio Management, vol. 5, no. 2, pp. 145-160.
Mandelbrot, B. B. 1963. The Variation of Certain Speculative Prices. The Journal of
Business, vol. 36, no. 4, pp. 394-419.
Markowitz, H. 1952. Portfolio Selection. The Journal of Finance, vol. 7, no. 1, pp. 77-91.
Martens, M. & Poon, S-H. 2001. Returns synchronization and daily correlation dynamics
between international stock markets. Journal of Banking and Finance, vol. 25, no. 10, pp.
1805-1827.

101

Melvin, M. & Melvin, B. P. 2003. The Global Transmission of Volatility in the Foreign
Exchange Market. Review of Economics and Statistics, vol. 85, no. 3, pp. 670-679.
Michayluk, D., Wilson, P. & Zurbruegg, R. 2006. Asymmetric Volatility, Correlation and
Returns Dynamics Between the U.S. and U.K. Securitized Real Estate Markets. Real Estate
Economics, vol. 34, no. 1, pp. 109-131.
Milunovich, G. & Trück, S. 2013. Regional and global contagion in real estate investment
trusts. Journal of Property Investment & Finance, vol. 31, no. 1, pp. 53-77.
Nasdaq. 2020a. OMX Helsinki Benchmark_GI (OMXHBGI) [online document]. [Accessed
24 May 2020]. Available at https://indexes.nasdaqomx.com/Index/Overview/OMXHBGI.
Nasdaq. 2020b. OMX Stockholm Benchmark_GI (OMXSBGI) [online document]. [Accessed
24 May 2020]. Available at
https://indexes.nasdaqomx.com/Index/Overview/OMXSBGI.
Nelson, D. B. 1991. Conditional Heteroskedasticity in Asset Returns: A New Approach.
Econometrica, vol. 59, no. 2, pp. 347-370.
Oikarinen, E., Hoesli, M. & Serrano, C. 2011. The Long-Run Dynamics between Direct and
Securitized Real Estate. The Journal of Real Estate Research, vol. 33, no. 1, pp. 73-104.
Okunev, J. & Wilson, P. 1997. Using Nonlinear Tests to Examine Integration Between Real
Estate and Stock Markets. Real Estate Economics, vol. 25, no. 3, pp. 487-503.
Peterson, J. D. & Hsieh, C-H. 1997. Do Common Risk Factors in the Returns on Stocks
and Bonds Explain Returns on REITs? Real Estate Economics, vol. 25, no 2, pp. 321-345.
Pham, A. K. 2012. The Dynamics of Returns and Volatility in the Emerging and Developed
Asian REIT Markets. Journal of Real Estate Literature, vol. 20, no. 1, pp. 79-96.
PwC and the Urban Land Institute. 2018. Emerging Trends in Real Estate® Europe 2019.
London, PwC and the Urban Land Institute.

102

Ramchand, L. & Susmel, R. 1998. Volatility and cross correlation across major stock
markets. Journal of Empirical Finance, vol. 5, no. 4, pp. 397-416.
Rigobón, R. 2019. Contagion, Spillover, and Interdependence. Economia, vol. 19, no. 2, pp.
69-99.
Ross, S. A., Westerfield, R. W. & Jaffe, J. 2002. Corporate Finance. 6th ed. New York:
McGraw-Hill/Irwin.
Ryan, L. 2011. Nowhere to hide: An analysis of investment opportunities in listed property
markets during financial market crises. Journal of Property Research, vol. 28, no. 2, pp. 97131.
Saleem, K. 2009. International linkage of the Russian market and the Russian financial
crisis: A multivariate GARCH analysis. Research in International Business and Finance, vol.
23, no. 3, pp. 243-256.
Seiler, M. J., Webb, J. R. & Myer, F. C. N. 2001. Can Private Real Estate Portfolios Be
Rebalanced/Diversified Using Equity REIT Shares? The Journal of Real Estate Portfolio
Management, vol. 7, no. 1, pp. 25-42.
Sharpe, W. F. 1964. Capital Asset Prices: A Theory of Market Equilibrium under Conditions
of Risk. Journal of Finance, vol.19, no. 3, pp. 425-442.
Simon, S. & Ng, W. L. 2009. The effect of the real estate downturn on the link between
REITs and the stock market. Journal of Real Estate Portfolio Management, vol. 15, no. 3,
pp. 211-219.
Six Swiss Exchange. 2020. SMI® – the Blue-Chip Index [online document]. [Accessed 24
May 2020]. Available at
https://www.six-group.com/exchanges/indices/data_centre/shares/smi_en.html.
Solnik, B. H. 1974. Why Not Diversify Internationally Rather than Domestically? Financial
Analysts Journal, vol. 30, no. 4, pp. 48-54.

103

Stevenson, S. 2002. An Examination of Volatility Spillovers in REIT Returns. The Journal
of Real Estate Portfolio Management, vol. 8, no. 3, pp. 229-238.
Susmel, R. & Engle, R. F. 1994. Hourly volatility spillovers between international equity
markets. Journal of International Money and Finance, vol. 13, no. 1, pp. 3-25.
Theodossiou, P., Kahya, E., Koutmos, G. & Christofi, A. 1997. Volatility Reversion and
Correlation Structure of Returns in Major International Stock Markets. The Financial
Review, vol. 32, no. 2, pp. 205-224.
Theodossiou, P. & Lee, U. 1993. Mean and volatility spillovers across major national stock
markets: Further empirical evidence. The Journal of Financial Research, vol. 16, no. 4, pp.
337-350.
Tsay, R. S. 2005. Analysis of Financial Time Series. 2nd ed. Hoboken: John Wiley & Sons,
Inc.
Tse, Y. K. 2000. A test for constant correlations in a multivariate GARCH model. Journal of
Econometrics, vol. 98, no. 1, pp. 107-127.
Tuluca, S., Myer, F. & Webb, J. 2000. Dynamics of Private and Public Real Estate Markets.
The Journal of Real Estate Finance and Economics, vol. 21, no. 3, pp. 279-296.
Webb, J. & Rubens, J. 1987. How Much in Real Estate? A Surprising Answer. Journal of
Portfolio Management, vol. 13, no. 3, p. 10.
Wilson, P. & Okunev, J. 1996. Evidence of segmentation in domestic and international
property markets. Journal of Property Finance, vol. 7, no. 4, pp. 78-97.
Wilson, P., Okunev, J. & Webb, J. 1998. Step Interventions and Market Integration: Tests
in the U.S., U.K., and Australian Property Markets. The Journal of Real Estate Finance and
Economics, vol. 16, no. 1, pp. 91-123.
World Economic Forum. 2019. The Global Competitiveness Report 2019 [online document].
[Accessed 16 November 2019]. Available at
http://www3.weforum.org/docs/WEF_TheGlobalCompetitivenessReport2019.pdf.

104

Worthington, A. & Higgs, H. 2004. Transmission of equity returns and volatility in Asian
developed and emerging markets: a multivariate GARCH analysis. International Journal of
Finance and Economics, vol. 9, no.1, pp. 71-80.
Yang, J., Zhou, Y. & Leung, W. 2012. Asymmetric Correlation and Volatility Dynamics
among Stock, Bond, and Securitized Real Estate Markets. The Journal of Real Estate
Finance and Economics, vol. 45, no. 2, pp. 491-521.
Yunus, N. 2018. Transmission of shocks across global real estate and equity markets: An
examination of the 2007–2008 housing crisis. Applied Economics, vol. 50, no. 36, pp. 38993922.
Yunus, N. 2012. Modeling Relationships among Securitized Property Markets, Stock
Markets, and Macroeconomic Variables. The Journal of Real Estate Research, vol. 34, no.
2, pp. 127-156.
Yunus, N. 2009. Increasing Convergence Between U.S. and International Securitized
Property Markets: Evidence Based on Cointegration Tests. Real Estate Economics, vol. 37,
no. 3, pp. 383-411.
Zakoian, J-M. 1994. Threshold Heteroskedasticity Models. Journal of Economic Dynamics
and Control, vol. 18, no. 5, pp. 931-955.
Zhang, Y-J. & Sun, Y-F. 2016. The dynamic volatility spillover between European carbon
trading market and fossil energy market. Journal of Cleaner Production, vol. 112, pp. 26542663.
Zhou, J. 2012. Multiscale Analysis of International Linkages of REIT Returns and Volatilities.
Journal of Real Estate Finance and Economics, vol. 45, no. 2, pp. 1062-1087.
Zhou, J. 2010. Comovement of international real estate securities returns: A wavelet
analysis. Journal of Property Research, vol. 27, no. 4, pp. 357-373.

APPENDICES
Appendix 1. The starting date of the GFC based on previous interdependence studies
Author(s)
Ryan (2011)
Liow (2012)
Liow and Newell (2012)
Liow (2013)
Milunovich and Trück (2013)
Bekaert et al. (2014)
Bekiros (2014)
Hui and Chan (2014)
Liow (2015)

Starting date
June 2007
January 2007
June 2007
July 2007
August 2007
August 2007
February 2007
September 2008
July 2007
August 2007

Liow and Newell (2016)
Liow and Angela (2017)
Yunus (2018)

July 2007
July 2007

Definition based on
previous literature
not argued
previous literature
not argued
TED spread and previous literature
significant dates
the HSBC writing down its MBSs and on
statistical tests
the bankruptcy of Lehman Brothers
not argued
official timelines of Federal Reserve
Board of St. Louis 2009 and the Bank for
International Settlements 2009
not argued
previous literature

