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2CHAPTER 2



Contagion in Housing Markets: 
Definitions and Transmission 
Mechanisms
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Abstract

The function of this chapter is to familiarize the reader with the concept of contagion in 
housing markets, and to formulate a working definition for contagion that will be employed 
in the subsequent empirical chapters. Different contagion definitions are discussed, along 
with the international synchronization of house prices and its drivers. Related concepts such 
as common shocks and spillovers, and the potential transmission mechanisms of house 
price shocks from one country to another are discussed as well. Overall, this chapter serves 
as the basis for the subsequent chapters in this dissertation. 
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2.1 Introduction 

Housing markets have been perceived in the literature as principally local markets, subject 
to essentially local influences. According to the vast empirical literature on house price 
development and its determinants, GDP and the interest rate are the main macroeconomic 
fundamentals (see, for instance, Vansteenkiste and Hiebert, 2011; Hirate, Kose and Otrok, 
2012). Yet, international housing market data confirm an increase in cross-border price 
synchronization since the 1980s (see, for instance, Otrok and Terrones, 2005; Forbes, 2012; 
IMF, 2018). International house price synchronization is simply the observation that house 
prices in different countries are moving in tandem, i.e. are correlated. 

Figure 1 shows the advanced economies’ house price development in the past decades. 
Countries that exhibit the most similarities in their price development are grouped together 
– irrespective of the reason of this observed synchronization. Overall, it seems that the 
synchronization of prices since the second half of the 1990s is higher, while the recovery 
period after the Global Credit Crisis (2008-9) shows dissimilarities. The international 
synchronization of house prices is by all odds driven by the international links between 
countries. This chapter dedicates attention to these drivers and their subdivision, with a 
particular emphasis on international contagion.

Figure 1. Advanced Economies’ Real House Prices, 1975-2015
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Note: For all series the base year for the index is 2005.
Source: The author acknowledges use of the dataset described in Mack and Martínez-García (2011). They 
deflated for each country the national house prices to real prices with the Personal Consumption Expenditure 
(PCE) deflator – obtained from the most recent OECD Economic Outlook database available at the time of an 
update (Mack and Martínez-García, 2011, p. 7).
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The rest of this chapter is structured as follows. Section 2.2 discusses the different existing 
definitions of contagion, with a broader view than only the housing markets, followed by a 
brief literature review. It then becomes clear to which economic situations these definitions 
have been applied. Note that these circumstances do not concern housing markets, but 
capital and foreign currency markets. This is simply because the research on contagion that 
emerged in the 1990s was aimed at these particular markets – in response to the observed 
capital and currency crises in that decade. Even though the remainder of this dissertation 
focuses on housing markets, these capital and foreign currency market examples of 
international contagion provide an essential understanding of how contagion has been 
interpreted throughout the economic literature. 

In Section 2.3 the focus shifts to international synchronization and contagion in housing 
markets. In an extension of Section 2.2, Section 2.3 introduces the limited research that 
has been done on contagion in housing markets. It provides an overview of interpretations 
of contagion in these markets and the empirical methodologies which have been applied 
to capture contagion in these markets. Section 2.4 introduces and motivates the definition 
for contagion that will be applied throughout this dissertation. Moreover, attention is given 
to the underlying transmission mechanisms through which contagion is able to spread 
internationally across housing markets. Section 2.5 discusses the other potential drivers 
of international synchronization of house prices that fall outside of the interpretation of 
international contagion. 

Then the focus shifts to regional house price synchronization and contagion within country 
borders – referred to as the domestic contagion effect. Section 2.6 elaborates on the 
associated channels through which shocks potentially transmit from one country region to 
another, but also the other drivers that may explain interregional price synchronization. 
Moreover, the empirical research in this field is discussed.

2.2 The Concept of International Contagion in the Literature

Generally, contagion implies that the price development of one market transmits to another 
one – i.e. a causal effect. Due to a shock in the former market, this may occur temporally 
or more structurally or permanently. Rigobon (2013) distinguishes three possible linkages 
between prices of the same good on different national markets. The first one is real linkage, 
where shocks propagate via international trade and macroeconomic (policy) similarities. 
The second one is the propagation of shocks through international financial flows. The third 
one is what Rigobon calls coordination, where imperfect information motivates market 
participants in one country to base their actions on the (expected) actions of market 
participants in another country (Rigobon, 2013).

As there have been different interpretations of which linkages should be assigned to the 
notion contagion, several contagion definitions emerged in the contagion literature. While 
it is difficult to make clean categories of the interpretations encountered, an attempt is done 
to pragmatically assign them to four most prevalent definitions in the contagion literature, 
viz. shift contagion, fundamentals-based contagion, pure contagion and extreme contagion. 
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Below follows a discussion of these definitions and short summaries of corresponding 
empirical research that has been carried out. Note that the contagion literature discussed 
here, focuses mainly on stock, bond and foreign currency markets. Table 2 in this section 
contains a summary of these definitions including their interpretations.

The first definition is that of shift contagion. It is the most widely accepted and employed 
interpretation of contagion in the literature. According to this definition, contagion is a 
temporary increase (shift) in existing cross-market linkages. This form of contagion is thus 
conditional on the occurrence of a shift. The applications of shift contagion have been 
restricted to crisis episodes. 

King and Wadhwani (1990) and Lee and Kim (1993) compare stock market return correlations 
between several countries before and after the market crash in the US in 1987. Calvo and 
Reinhart (1996) compare correlations between stock and bond returns across Latin American 
countries before and during the Mexican crisis (1994-5).4 These researches are widely cited 
in the contagion literature and they all confirm a sudden significant increase in market 
return correlations, which is then interpreted as the presence of shift contagion. Baig and 
Goldfajn (1999) find contagion during the Asian crisis (1997-8) in the form of significantly 
increased correlation,5 viz. for Thailand, Malaysia, Indonesia, Korea and the Philippines. This 
contagion occurred in the foreign currency and sovereign debt markets, while the results for 
contagion in equity markets are insignificant. 

Forbes and Rigobon (2002) have a critical perspective on the application of basic correlation 
measures as shift contagion test. They state that comparing pre-crisis correlation coefficients 
with correlation coefficients during crisis periods tends to produce a bias. The pre-crisis 
period is characterized by low volatility of asset returns, while the crisis period exhibits a 
high degree of their volatility. This implies the presence of heteroskedasticity. In itself, this 
already produces an increase in the correlation coefficient even without an increase in actual 
correlations. The consequence is that one may unjustly conclude that contagion is present. 
Forbes and Rigobon quantify this bias and adjust the correlation measure for this bias.6 With 
this adjusted correlation measure they investigate shift contagion in equity markets during 
the Mexican and Asian crises. They then find almost no evidence of shift contagion and 
therefore conclude a continuation of the intensity of the market price linkages that prevailed 
during normal times. This contrasts with the results of the research they summarized. 

Other researchers apply a dynamic conditional correlation (DCC) method to assess the 
course of correlation over time. This DCC method is based on GARCH. As this method 
already takes changing volatilities across tranquil and turmoil periods into account (i.e. 
heteroscedasticity), this approach does not require application of the adjusted correlation 

4 Yet Calvo and Reinhart (1996) use the term spillover contagion instead of shift contagion, which might cause 
confusion. For the usual content of spillover contagion, consider the second definition discussed below.

5 A significant change implies the rejection of the null hypothesis (of no change in co-movement) at a level of 
significance specified by the researcher. Asset return co-movement and volatility tend to increase by shock 
propagation. Particularly in the case of less asset-specific risk, the positive relationship between volatility and 
correlation is tighter (J.P. Morgan, 2011).

6 For more and technical details of their proposed adjustment, I refer to the discussion thereof in Forbes and 
Rigobon (2002, pp. 11-14).
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measure as proposed by Forbes and Rigobon (2002). Carporale, Cipollini and Spagnolo (2005) 
and, Chiang, Jeon and Li (2007) employ the DCC method to a group of East Asian countries 
(Indonesia, Malaysia, Korea, Thailand, Hong Kong, Singapore, Taiwan, and the Philippines) 
during the Asian crisis and find significant increases in international stock return correlations 
for almost all pairs of countries. Hence, in contrast to Forbes and Rigobon (2002), they do 
find evidence of shift contagion in stock prices for similar countries during crisis episodes.

Note that some researchers consider only the correlations between markets in different 
countries (see, for instance, King and Wadhwani (1990) and Lee and Kim (1993)), while 
others also include controls for interdependencies between these markets. Baig and 
Goldfajn (1999) and Pesaran and Pick (2007) argue that country specific drivers of the 
dependent variable should be present to ensure the validity of a contagion test. They find 
that absence of controls for interdependence may lead to a substantial upward biased 
contagion parameter.

The second definition is that of fundamentals-based contagion. This form of contagion 
entails idiosyncratic shocks in one economy that influence economic fundamentals of the 
designated asset (such as interest rates and GDP for house prices) of another country. 
This occurs between economies that are linked internationally through trade and financial 
relations. As these relations across countries intensify only gradually over time, this type 
of contagion will not express itself in the form of a temporary, or shift, phenomenon, but 
rather as a permanent economic connection.

Edwards (2000) can be interpreted as aimed at fundamentals-based contagion. He 
investigates contagion as volatility spillovers of Mexico’s short term nominal interest rate 
to the similar Chile’s and Argentina’s rates for the period 1994-8. Via a GARCH model he 
finds evidence of volatility spillovers from Mexico to Argentina, but not to Chili. Moreover, 
Calvo and Reinhart (1996) research the occurrence of capital flows from Mexico to a 
group of Latin American and Asian countries for the period 1970-93. An important finding 
of their research is that large economies tend to affect the capital account of small open 
economies structurally through capital flows – likely more so than vice versa. This resembles 
fundamentals-based contagion, while they refer to it as spillover contagion. There is a 
semantic discussion on whether to accept the so-called fundamentals-based contagion as 
contagion. Masson (1999) and Kaminsky and Reinhart (2000), for instance, do not accept it 
and simply call this occurrence, respectively, spillovers and linkages. And so do Forbes and 
Rigobon (2002): If existing cross-market linkages are stable (i.e. no shift contagion), they 
identify this simply as interdependence. 

The third definition is that of pure contagion. It is described as the occurrence of a crisis 
event in one country/market that transmits as a crisis event in another country/market, 
through channels that were unidentified prior to the crisis event (see, for instance, Masson, 
1998). So normal conditions do not trigger this process, as pure contagion is considered to 
be unrelated to the usual domestic economic fundamentals, international spillovers, and 
global shocks (Masson, 1998). Pure contagion then indicates market participants’ sudden 
change in perception of say, asset market B and their resulting precautionary actions, caused 
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by the unexpected shock in market A.7 Masson reasons in the context of multiple equilibria, 
where the resulting actions from market participants may unexpectedly cause a market 
to jump from a good to a bad equilibrium. For example, in a so-called good equilibrium, 
investors may have the incentive to keep or increase their exposure to a certain asset. A 
negative shock to that asset’s price may trigger fire sales of that asset, as it becomes rational 
for investors to sell in order to avoid further losses. If this also causes fire sales of ‘good’ 
assets, this would lead to a bad equilibrium – assuming that this wouldn’t have happened in 
absence of the initial shock to the first asset.

Many researchers use the concept of pure contagion to explain the occurrence of speculative 
attacks during the currency crises in the 1990s. The idea is that a (successful) speculative 
attack on one currency causes a shift to a bad equilibrium by triggering subsequent 
speculative attacks on other currencies that otherwise would not have occurred. Gerlach 
and Smets (1995) research pure contagion as an increase in speculative pressure (i.e. 
devaluation expectations) on another currency due to a successful speculative attack on 
one currency. They focus on the EMS crisis (1992-3) and find that the successful speculative 
attacks on several European currencies (mainly the British and Italian), in September 1992, 
led to an immediate increase in speculative devaluation pressure for Sweden and Norway. 
For that same crisis, Eichengreen et al. (1996) investigate pure contagion as the likelihood of 
a speculative attack in country Y after it occurred in X. They focus on 20 industrial countries 
for the period 1959-1993 and find – after controlling for the impact of fundamentals –, that 
a crisis in one country increases the likelihood of a speculative attack occurring in another. 
Masson (1998) finds pure contagion in foreign currency markets during the Mexican (1994-
5) and Asian crises (1997-8) – as the coincidence of speculative attacks across several 
countries that cannot be explained by common causes, in a setting of heterogeneous 
macroeconomic fundamentals. Van Horen et al. (2006) investigate contagion in the foreign 
currency markets during the Asian crisis. They assess whether the influence of exchange 
market pressure (EMP) in Thailand on the EMP of a group of Asian countries at the start of 
the crisis significantly increased. This would fall in the category of pure contagion as they 
correct for international spillovers and international common shocks. They find evidence 
for the propagation of EMP from Thailand to Indonesia and Malaysia, but not to Korea and 
the Philippines. Dungey and Martin (2001) apply a latent factor model to measure pure 
contagion. They define this as the effect of the residual (after controlling for fundamentals, 
spillovers and common shocks) in one financial asset market to the market of another 
financial asset. They apply this internationally, to the foreign currency and equity markets 
of Thailand, Indonesia, Malaysia and South Korea during the Asian crisis and find both 
spillovers and pure contagion effects (defined as in the previous paragraph) from currency 
to equity markets and vice versa. Indonesia however shows strong contagion effects in both 
directions. Alternatively, Dungey et al. (2002a) focus on pure contagion in bond spreads 
(while controlling for fundamentals and common shocks) and how sudden movements in 
Russia and the US propagated as a credit risk shock to Latin American, Asian, European 
countries and the UK and US. Their focus is on the Russian (1998) and Long term Capital 
Management (LTCM) (1998) crises. Their latent factor model finds that bond spreads of 
both emerging and advanced economies widened substantially (overall, developing 

7 In the empirical literature this has also been defined as shifts in investors’ risk appetite (see, for instance, 
Kumar and Persaud, 2001; Claessens et al., 2001).
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countries have suffered more, though some developing countries were less affected than 
the US). This contrasts with the Asian and Mexican crises where the impact was confined 
to emerging markets. The effects from the Russian crisis propagated substantially to Brazil, 
the Netherlands, the US and Bulgaria; Thailand and Poland suffered less. Argentina, Brazil, 
Poland, Russia, Thailand and the Netherlands were mostly struck by the LTCM crisis.

Pure contagion thus differs from shift contagion. While shift contagion entails an increase 
in existing cross-market linkages, pure contagion occurs through previously unidentified 
linkages. Clearly, pure contagion also differs from fundamentals-based contagion. The 
former represents a different channel for contagion; it aims at market participants’ change 
in expectations or – perhaps more accurately –, a change in their perception with respect 
to the designated market, of which the resulting actions may cause a jump from a good to 
a bad equilibrium.

The fourth definition is that of extreme contagion. This type is targeted specifically to crises 
as these tend to be accompanied by abnormal or extreme returns in one market, which lead 
to larger (probabilities of) extreme returns in other markets. Several researchers narrowly 
associate contagion with joint extreme returns across financial markets. Here, only the 
returns of the two markets below a negative threshold or above a positive threshold are 
taken into account, which are denoted as exceedances. Extreme contagion is viewed as a 
situation where the exceedance of one market causes exceedance in other markets (i.e. 
co-exceedances). The underlying principle is that extreme economic events may trigger 
extreme emotions with market participants, such as fear and panic on the one hand or 
overconfidence on the other hand. These emotions may lead to extreme reactions and 
consequently the fulfilment of shock propagation to other markets in a way that is not 
accomplished by a period of sustained positive or negative returns that are not extreme. 
Considering co-exceedances might be useful in isolating extreme emotional reactions from 
other influences such as normal speculative behavior and fundamentals-based contagion/
spillovers.

Several empirical researchers focus on extreme contagion. Favero and Giavazzi (2002) 
use a VAR approach to assess the extent of propagation of exchange rate depreciation 
expectations in the spread of several European country’s short term interest rates with 
Germany during the ERM crisis (1992-3). Like Rigobon (2000), Favero and Giavazzi focus on 
contagion denoted as the case where the spread in market B reacts substantially stronger 
than usual to a shock originated in market A. This resembles shift contagion. However, they 
associate crisis periods only with extreme returns, which is why this research is categorized 
under extreme contagion. They include (among others) the Swedish banking crisis (early 
1990s) as shock and find evidence for larger than a priori expected international shock 
propagation. Apparently Favero and Giavazzi (2002) are reluctant to associate contagion 
with positive effects. Bae et al., (2003) assess extreme contagion in Latin American and 
Asian equity markets for the period 1992-2000. They find that contagion is more important 
in the former and spreads more easily from the former to the rest of the world compared 
to Asia. Furthermore, developing countries have a higher susceptibility towards extreme 
contagion and the US is found to be immune.
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Table 2. Summary of the Contagion Definitions and Their Characteristics

Shift contagion Fundamentals-
based contagion

Pure contagion Extreme 
contagion

Does this concern 
an isolated 
channel through 
which shocks need 
to occur?

depends 
Some researchers simply 
consider correlations of 
asset returns, without 
controls for transmission 
through real and financial 
linkages (King and 
Wadhwani, 1990). Others 
correct for influence 
through real and financial 
linkages and common 
shocks. These explicit 
controls suggest the 
contagion effect is due 
to market sentiment/ 
psychology (Forbes and 
Rigobon, 2002)

more or less 
It aims at 
transmission 
through existing 
real and 
financial linkages 
(interdependence).

yes 
Requires controls for 
real/financial linkages 
and common shocks, 
and aims for a clearly 
defined residual 
effect attributed 
to sentiment/
psychology of market 
participants

yes, strictly 
This concerns 
extreme returns. 
Thus, it focuses 
on the more 
extreme events, 
characterized 
by more intense 
emotional 
behavior of 
participants. It is 
a more narrow 
version of shift 
contagion

Requires a shift yes 
A shift (increase) in 
correlation, generally 
during crisis periods; 
if there is no shift, there 
is no contagion.

no 
The shock 
transmission works 
through existing 
cross-market 
linkages.

not necessarily 
In this case, a 
specified event 
(usually a crisis) 
causes a move to 
another equilibrium 
- resulting in 
transmission 
through previously 
unspecified channels

not necessarily 
Restricted to the 
coincidence of 
extreme returns 
occur only during 
specified events.

Requires causality depends 
If one simply considers 
asset price return 
correlations between 
the markets A and B, an 
increas in correlation is 
not necessarily caused by 
one or the other (it could 
be a common factor).

yes 
The shock from 
market A transmits 
through real 
and/or financial 
linkages to, 
and therefore 
influences market 
B, implying 
causality.

yes 
It involves a clearly 
defined residual 
effect attributed 
to sentiment/
psychology of 
market participants, 
triggered by price 
developments in 
market A, that 
influences market B.

depends 
As this concerns 
the coincidence 
of (extreme) 
asset returns 
between two 
markets, the 
explanation 
under shift 
contagion also 
applies here.

Table 2 summarizes the characteristics of the four definition categories of contagion for 
comparison purposes. The first row shows through which channels a shock should transmit 
in order to be interpreted as that particular form of contagion. The second row shows for 
each definition whether an event requires a shift in cross-market linkages in order to be 
accepted as contagion. Notice that there is a thin line between the interpretations of shift 
and pure contagion. When under shift contagion, controls are applied for real and financial 
linkages, it becomes reasonably similar to pure contagion.
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2.3 Previous Research on International Contagion in Housing Markets

From the literature review in the previous section, it has become clear how contagion has 
been interpreted for the stock, bond, and currency markets. As this dissertation is primarily 
concerned with how contagion manifests itself in housing markets, this will be the focus 
henceforth. This section focuses on the limited extent of research on international contagion 
that has been done for real estate/housing markets. This research can be roughly divided 
into two groups. One focuses on international contagion in securitized real estate markets8, 
while the other group concentrates on international contagion in physical (direct) housing 
markets. Both directions of research are discussed here.

2.3.1 Securitized Markets
The amount of research on contagion done in for securitized markets is more extensive for 
two reasons. First, data on real estate securities is available on higher frequency than that 
of house prices. Bond, Dungey and Fry (2004), for instance, argue that because contagion 
may instantly transmit between markets, high frequency real estate securities data may 
be more useful in observing contagion dynamics than direct house price data. The latter 
supposedly lacks information relative to higher frequency data and is thus generally less 
volatile in movements, which likely explains the perception of (many) researchers that the 
symptoms of contagion cannot be observed as clearly and quickly in housing markets as 
in securitized real estate markets. This conviction may have arisen due to the dominant 
focus of contagion research on volatile stock and bond markets since the 1990s, explaining 
the existence of expressions such as ‘fast-and-furious’ contagion by Kaminsky, Reinhart and 
Vegh (2003), implying that contagion should occur within hours or days.

Yet, the stronger focus on securitized real estate markets seems not to be only data-driven. 
A second potential reason for the more extensive research of these markets is financial 
innovation that has stimulated the development of mortgage backed securities, increasing 
the possibilities for foreign investors to enter domestic markets. This implies susceptibility to 
behavior of foreign investors and a potential increase in contagion risk. The rapidly growing 
role of mortgage backed securities in the latest international financial crises, especially since 
2007, have likely further stimulated the concentration of research on securitized real estate 
markets.

Table 3 surveys the research on international contagion and synchronization for the 
securitized residential real estate markets. The focus is on the motivation for researching 
contagion, the employed definition and the motivation behind the applied empirical 
techniques. Less attention is attached to the resulting evidence that was found or not.

8 The principle of securitization is applied by Real Estate Investment Trusts (REITS). REITS are companies that 
own, operate, or finance income-generating real estate, and pool the capital of investors. These investors earn 
dividends from real estate investments — without the burden of buying, managing, or financing properties 
themselves (Nareit, 2020).
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Table 3. Overview of Contagion Research for Securitized Residential Real Estate Markets

Researchers Interpretation of Contagion Empirical Methodology Episode / Scope
Wilson, 
Zurbruegg and 
Gerlach (2002)

An unexpected shock to one asset 
market that spreads quickly to another.

Cointegration framework 
with structural break 
analysis

Asian Crisis / Pacific-
Asian countries

Bond, Dungey 
and Fry (2006)

Increase in interdependence across 
asset markets during crisis periods 
compared to non-crises period, which 
is not explained by country specific 
idiosyncratic shocks nor common 
factors

Multivariate latent factor 
framework

Asian Crisis / Hong 
Kong, Singapore, Japan, 
Australia and US

Fry, Martin and 
Tang (2010)

A change in co-skewness during crisis 
periods - i.e. a decline in asset returns 
during periods of high return volatility 
- above one would expect from market 
fundamentals

Higher order moments 
model (co-skewness)

Hong Kong Crisis and 
Global Credit Crisis / 
Australia, Germany, 
Hong Kong, Japan, UK, 
US

Hatemi-J, Roca 
(2011)

Spill-overs or co-movements between 
markets not caused by fundamentals

Case-resampling 
bootstrap technique; has 
the capabilities to cope 
with volatility and non-
normality

Global Credit Crisis / US, 
UK, Japan and Australia

Hoesli and Reka 
(2013a)

Significant increase in cross-market 
linkages.

Copula with structural 
break analysis

Global Credit Crisis / US, 
UK and Australia

Hui and Chan 
(2013)

Changes in correlation, co-skewness 
and co-volatility as different channels 
for contagion

Case-resampling 
bootstrap technique 
with extension to 
multivariate test

European Sovereign 
Debt Crisis / Greece, UK, 
US, Hong Kong

Notes:
The aim of this overview is not to display all existing research on (international) contagion in securitized real 
estate markets, but to give an impression of the development of researchers’ interpretational and empirical 
approaches to contagion over time. For that purpose a selection of research papers with diverse interpretations 
of contagion and different empirical methodologies has been made. For more in-depth information about 
these interpretations and applied empirical methodologies, I refer to the original papers. One useful source for 
information on contagion testing in general, is Dungey et al. (2005).

The majority of interpretations of contagion resembles shift contagion: Increases in cross-
market linkages, co-movements, interdependences, spillovers, etc., neglecting the effects 
of domestic fundamentals and international common shocks. This shift in the transmission 
mechanism of contagion is perceived as a disruption that materializes conform to the earlier 
described mechanisms. Fry, Martin and Tang (2010) – and later researchers – use more 
narrow definitions, such as a change in co-skewness. All analyses shown focus strictly on 
crisis episodes – as shift contagion does.

With respect to the applied empirical techniques, Table 3 shows the following. The well-
known method of cross-market correlation in order to distinguish between normal 
interdependence and contagion between markets, as used by for instance Forbes and 
Rigobon (2002), seems to have had a powerful influence on the empirical applications in later 
contagion research. Particularly, since Forbes and Rigobon uncovered that the correlation 
method can be misleading, since the data tends to exhibit high volatility in crisis periods 
(heteroscedasticity). Their solution, in the form of a simple correction (briefly discussed 
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in Section 2.2), seems to have stimulated research in the real estate market to find other 
creative solutions.

Here are some examples of such solutions. The cointegration procedure applied by Wilson, 
Zurbruegg and Gerlach (2002) aims to find unexpected changes in the dependency between 
asset markets with the help of structural break analysis. It is an alternative to the approach 
by Forbes and Rigobon (2002). Alternatively, Hatemi-J and Roca (2011) use an empirical 
technique that, according to the authors, is able to cope with the non-normality and 
volatility properties of the data during turmoil periods; thus, it more or less deals with the 
same mechanisms as the correction formulated by Forbes and Rigobon. Hoesli and Reka 
(2013a) apply a specific empirical technique (viz. copulas) to calculate tail dependence, 
based on the notion that extremely negative events may particularly cause fear and panic, 
while small negative shocks have less impact in this respect. They also apply structural break 
analysis to determine the turmoil period. Fry, Martin and Tang (2010) focus on co-skewness 
and co-volatility. Hui and Chan (2013) also move forward in this direction and build further 
on the empirical methodology of Hatemi-J and Roca.

2.3.2 Direct Markets
Table 4 surveys the research on international price contagion and synchronization for the 
(direct) housing market. It should be noted that Table 4 also contains research on house 
price synchronization and spillovers, as their interpretation by the author can sometimes 
be equal to that of contagion in housing markets. It reveals that in this research the focus 
varies between synchronization of prices (Otrok and Terrones, 2004; 2005; Hirata et al., 
2013; Merikas et al., 2012; IMF, 2018), (shift) contagion (De Bandt et al., 2010; De Bandt 
and Malik, 2010) and spillovers (Vansteenkiste and Hiebert, 2011; Pavlidis et al., 2013), all 
international. While the researchers tend to associate international contagion in housing 
markets with crises, some also concentrate on contagion during periods of house price 
boom – an interesting direction which is further explored in Chapter 3.

Otrok and Terrones (2004) argue that, rather than econometric models that measure the 
relationship between two or more observable series, a dynamic factor model is able to 
capture the unobservable underlying forces, such as global forces, international house price 
forces and idiosyncratic forces. 

Switching models can be applied to measure shift contagion, where the model is able to 
‘switch’ between turmoil and tranquil periods. It is in principle motivated by circumventing 
the problem of heteroscedasticity – again, as previously recognized by Forbes and Rigobon. 
De Bandt, Barhoumi and Bruneau (2010) and De Bandt and Malik (2010), respectively, 
apply the Smooth Transition (ST) and Markov Switching (MS) framework (regime switching 
models) to model shift contagion. 

The table furthermore shows that VAR models are widely used in the context of house price 
contagion and synchronization. Hirata et al. (2013) state that the use of a VAR approach 
is classic for the quantification of international spillovers, as it does not require a specific 
theory regarding the direction of spillovers. The impulse response function is applied to 
assess the dynamic response of countries’ house prices to pre-determined shocks. Like the 
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application of VAR techniques, factor analysis and principal component analysis are also 
applied in the contagion literature (applied by, among others, Vansteenkiste and Hiebert, 
2011; Merikas et al., 2012).

Table 4. Overview of Contagion Research for House Prices

Researchers Research Focus and Interpretation Empirical Methodology
Otrok and Terrones 
(2004; 2005); Farlow 
(2005)

International house price synchronization 
(booms)

Dynamic factor model

De Bandt, Barhoumi, 
and Bruneau (2010)

a) Change in the international 
transmission mechanism of house price 
shocks (i.e. shift contagion); 
b) ‘pandemic’ contagion

a) Smooth transition autoregressive 
framework (STAR); 
b) Factor-augmented vector 
autoregressive framework (FAVAR)

De Bandt and Malik 
(2010)

International shift contagion Regime-dependent structural markov 
switching vector autoregressive 
framework (MS-VAR)

Vansteenkiste and 
Hiebert (2011)

International spill-overs across European 
housing markets

Global vector autoregressive framework 
(GVAR)

Merikas, Merika, 
Laopodis,and 
Triantaffylou (2012)

Co-movement between euro-zone 
housing markets and its determinants

a) VAR - impulse response function 
b) Principal component analysis

Hirata, Kose, Otrok and 
Terrones (2013)

International house price synchronization Factor-augmented vector autoregressive 
framework (FAVAR)

Pavlidis, Paya, Martínez-
García, Yusupova, Peel, 
Mack and Grossman 
(2013) 

a) Convergence of house prices in a 
monetary union; 
b) Spill-overs from US and German 
monetary Policy to European coutries’ 
house prices

a) Cointegration analysis; 
b) Vector autoregressive framework (VAR)

IMF (2018) International house price synchronization Dynamic factor model

Note: In contrast to the selection in Table 3, Table 4 does contain the majority of research that focuses on 
contagion in housing markets.

2.4 International Contagion and Its Transmission in Housing Markets

While contagion tends to materialize as synchronization of prices, we are interested in the 
mechanisms behind the observed synchronization. This section introduces the definition of 
international contagion that will be employed throughout this dissertation and discusses 
the underlying transmission mechanisms of contagion that are presumed to be relevant for 
the housing market.

2.4.1 The Definition of International Contagion in the Present Dissertation
International contagion between two housing markets tends to become visible as (increased) 
co-movement of these markets’ prices. But not the entire co-movement is necessarily 
contagion. In this dissertation we are interested in the impact of one housing market to 
another. Hence, in order for international price co-movement to be accepted as contagion, 
there should be a causal mechanism between these markets. More specifically, only the 
effect of a shock that originates in the first housing market, and subsequently transmits 
through financial linkages across the border to the other housing market, is accepted as 
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international contagion of this other housing market. The contagious transmission of the 
first housing market’s price developments to the second housing market is thus assumed to 
occur exclusively through financial linkages; no contagious transmission is expected to occur 
through real linkages, because houses are non-tradable.

Shocks from other international sources than a housing market are either considered 
spillovers or common shocks and may also cause international synchronization. For example, 
international trade that causes synchronization of the trading countries’ GDP, which 
subsequently leads to international synchronization of house prices, is considered a spillover 
through a real sector linkage – discussed in Subsection 2.5.1 –, not contagion. A monetary 
policy shock in one country that influences house prices in another, is another example 
of a spillover: Research confirms that expansive monetary policy in one country lowers its 
interest rate, which leads to an increase in cross-border lending to other countries. The 
resulting boost in capital inflow may raise house prices in these other countries. Restrictive 
monetary policy in the first country may have the reverse effect on these house prices. 
(see, for instance, Cetorelli and Goldberg, 2012; Gräb and Zochowski, 2017). In this case 
both the contagion and the spillover effect transmit through the same financial linkages, 
but are distinguished by their source. An example of a common shock is the synchronized 
liberalization of advanced economies’ financial sectors – discussed in Subsection 2.5.2 –, 
which may have stimulated their house price development correspondingly. The latter case 
is thus not interpreted as contagion either. Note that spillovers and common shocks may 
transmit through both international financial and real linkages, while house price contagion 
is expected to transmit through only international financial linkages. Hence, controls for 
these other international drivers are required in order to isolate the contagion effect. So, 
what remains is contagion as a residual effect after controlling for these other international 
influences and domestic fundamentals. If this residual effect exists and is significant, it is 
accepted as international contagion. 

Comparing our definition with the four alternatives presented in Section 2.2, ours resembles 
the more narrow versions of shift contagion and pure contagion, as controls are included 
for fundamentals, spillovers and common shocks. Yet, it could be interpreted to also have 
an element of fundamentals-based contagion, in that a shock between housing markets 
is assumed to transmit through international financial linkages between two countries. 
Extreme contagion will not be considered as it is less relevant in the housing market; house 
price returns generally do not exhibit the volatile and extreme behavior that, for instance, 
stock prices and currencies tend to show at times.

2.4.2 Relevant Financial Channels of Contagion
Recall that the transmission as described above is only interpreted as contagion if the 
mechanism is triggered by a shock that originated in the first country’s housing market. 
If the original shock originated elsewhere in the first country’s economy, the situation is 
considered a spillover or common shock through international financial linkages – and not 
house price contagion. Turning back to the transmission of contagion, a shock originated 
from a foreign housing market can enter the recipient country’s housing market in several 
ways. From the perspective of international capital flows, Richter and Werner (2016) 
provide an interesting framework in which they determine two gateways through which 
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international capital may enter a country’s housing market and subsequently influence its 
house prices – the transaction and credit channels. Note that the actual susceptibility to 
international capital depends on the financial openness of the countries involved.

Through the transaction channel foreign capital flow into the local housing market due to 
direct cross-border transactions with non-residents. This channel also includes flows into 
Real Estate Investment Trusts (REITS)9. While Richter and Werner only focus on international 
capital flows, note that a shock in the foreign country’s housing market may also be witnessed 
by domestic investors in the recipient country. If they respond by adapting their demand for 
local housing, they contribute to the transmission of contagion.

The credit channel is a different gate through which foreign capital flows into local housing 
markets, namely via (foreign) banks (affiliates), utilized through the provision of mortgages. 
This also includes house financing with mortgages denominated in another currency. 
Furthermore, it encompasses the capital inflows through the securitization of domestic 
mortgages.10

After having determined the two main channels through which foreign capital may enter a 
country’s housing market and exert its influence, the next step is to explore the mechanism 
behind the foreign capital flows that transmit the shock from one housing market to another.

In order to get an impression of the transmission mechanism behind international 
contagion, we turn to the general literature on international contagion. This contagion 
literature provides useful examples of two relevant mechanisms on how a shock in a 
foreign housing market might produce contagion in another country’s housing market: The 
liquidity mechanism and the cross-market rebalancing mechanism. The liquidity mechanism 
implies that, after a real estate portfolio loss through a house price fall in the first country, 
a margin call requires that the investor adds liquidity to the margin account. Liquidity can 
be restored by selling and thus reducing holdings of domestic as well as foreign real estate 
(loans) – initiating capital outflow from the second country –, which would then result in a 
downward house price movement in the second country too (see, for instance, Claessens 
and Forbes, 2004; Forbes, 2004; Brunnermeier and Pedersen, 2008). If these transactions 
catch the public attention, they may trigger similar behavior of market participants in the 
second country (a wake-up call). Even in the absence of clear macroeconomic links between 
the markets in question, investor activities may link two or more markets which lead to the 
materialization of cross-border contagion. The cross-market rebalancing mechanism entails 
that (for instance) a negative shock to a specific asset of a real estate portfolio may alter the 
portfolio’s riskiness, possibly becoming inconsistent with investors’ desired risk profile. In 
order to re-establish this profile, investors may reduce their holdings of other and thus also 
foreign real estate (loans) as part of their real estate portfolio (see, for instance, Kodres and 
Pritsker, 2002). 

9 REITS invest in income producing real estate properties. Individual investors can get exposure to these 
activities by buying shares of a REIT.

10 Richter and Werner (2016) even create a distinction within the credit channel. In order to reduce the 
complexity of all these categories here, it is simply referred to as the credit channel.
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Figure 2. International Financial Transmission of Contagion in Housing Markets
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Notes:
a. Regarding the contagion transmission: The initial shock needs to originate in a housing market in order for its 

transmission to be interpreted as contagion.
b. The two channels through which capital flows enter a country are from Richter and Werner (2016). They also 

talk about a another channel – the interest rate channel. This channel is not included in the table as we do 
not interpret this as contagious transmission. Instead, this channel is discussed in Section 2.5 as alternative 
driver of international house price synchronization.

Source: Richter and Werner (2016), and additional elaboration of author.

The liquidity and cross-market rebalancing mechanisms are relevant for both the transaction 
and credit channels. A mechanism exclusive for the credit channel is the common lender 
mechanism, because this mechanism is exclusive to lenders. Yet it shares similarities with 
the liquidity mechanism. In the contagion literature, this is referred to as a situation where 
banks/investors are lending (via providing mortgages) in two or more (macro-economically 
unrelated) countries. If one country experiences a negative shock or crisis in its housing 
market that results in considerable house price decline and thus increased default risk, this 
has undesirable repercussions for the lenders’ balance sheet. Banks/investors may then 
decide to end their (mortgage) loans in the other country to recover its risk covering ratios, 
and/or reduce their cross-border lending to other banks and/or to reduce lending to their 
affiliates. Consequently, the corresponding (affiliate) banks that depend on external (internal) 
capital markets for financing are then likely to reduce their lending to local markets (see, for 
instance, Kaminsky et al., 2003; Cetorelli and Goldberg, 2008; 2012) – and the reverse holds 
for positive shocks. To the degree that this concerns the local provision of mortgages, the 
price of local housing will be affected accordingly, in which case international contagion has 
materialized. Note that increased housing demand from local households – triggered by 
witnessing a housing boom elsewhere –, is dependent on the local provision of mortgages.

So far, this section has discussed the following concepts. First, the two channels through 
which capital flows enter the recipient country and affect its house price development; and 
second, the mechanisms behind contagious shock transmission between countries’ housing 
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markets. As a summary, Figure 2 attempts to position these concepts with respect to each 
other.

As far as the international transmission of contagion through financial linkages is concerned, 
Figure 2 seems complete. Yet, one could think of a purely psychological transmission 
channel of contagion, that does not concern financial linkages between countries. An 
example would be, where local market participants in country B witness a price boom in 
country A, which they perceive as an indication of a similar event in their own country. 
The subsequent increase in local housing demand by local market participants fulfils this 
prophecy. International financial linkages have not played a role here.

For all discussed contagious mechanisms it holds that, the size of the actual contagion 
effect depends on the response by market participants to the initial shock. Besides their 
risk management procedures and liquidity requirements, the size of their response also 
depends on their interpretation and knowledge of this initial shock.

Turning to market participants’ response, it may be based on an incorrect interpretation of 
the event in the first country. Examples are: Overestimation of the causal nature between 
two or more economies (fictitious interdependence; Moser, 2003). For instance, market 
participants who observe a crisis (bubble) in one country and subsequently perceive this as 
indication for a similar event to occur in countries with similar economic conditions, while in 
fact the problems in the first country are idiosyncratic by nature (lump-together hypothesis; 
Moser, 2003). The common denominator of these interpretations is imperfect information 
regarding the current state of these economies and their mutual relationship. Consequently, 
the second group of investors may erroneously choose to lower or increase their exposure 
to the second country. 

A crisis in one country may also cause market participants to correctly interpret the state 
of fundamentals in other countries. While this leads to a better awareness of potential 
risks – a wake-up call – it may lead to panic or overconfidence (Sachs, Tornell and Velasco, 
1996). Lowell, Neu and Tong (1998) describe the phenomenon that investors with imperfect 
information may overlook the weak fundamentals of a country until a crisis in another 
country erupts, as the heightened awareness mechanism. Notice that this effect can 
transmit through the psychological channel as discussed above.

In a market where information is costly, the observation of the reaction of other market 
participants could lead to herd behavior. In this case, smaller investors may have a tendency 
to follow the actions of larger investors. The former interpret the actions of the latter as an 
indication that the latter possesses relevant information – in this case about the proposed 
relationship between countries. If many investors and banks respond in a similar way to this 
shock, their aggregate actions may strongly impact housing markets, thereby intensifying 
the overall contagion effect.
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2.5 The Other Drivers of International House Price Synchronization

2.5.1 Real Sector
The most robust driver of international house price synchronization appears to be the 
synchronization of countries’ GDP growth. As GDP growth is one of the main determinants 
of national house price development, international synchronization of GDP growth can 
subsequently lead to international synchronization of house prices. Countries have 
increasingly become economically integrated by gradually lifting restrictions to international 
trade – a common development of many countries since World War II. The higher degree 
of import and export volumes relative to real GDP (or real openness) has increased the 
international synchronization of real GDP growth. 

Figure 3 shows for a group of 13 European OECD countries the time paths of real openness 
and real GDP growth for the period 1970-2014. The chart on the left shows that real trade 
openness has indeed increased for all these countries, which is a clear sign of increased 
integration of the real sectors. The general notion is that this should lead to an increased 
international synchronization of real GDP growth. Particularly smaller countries (of which 
their real GDP growth depends for a large part on international trade) that already have 
a large real GDP growth may show synchronization in GDP growth. The chart on the right 
shows the development of real GDP growth for the same group of countries. There seems 
to be a reasonable degree of synchronization throughout the period. In some cases, though, 
it is not so clear. And not so surprising, as GDP growth is obviously also driven by country-
specific influences, apart from international trade. Yet, starting in the 1990s and in the run 
up to the Global Credit Crisis of 2008 and thereafter, the real GDP growth patterns show 
some international convergence, i.e. increase of cross-border growth synchronization. 

Figure 3. Trade Openness and International Synchronization of Real GDP growth, 1970-2014
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The left figure presents for 13 European OECD countries, over time, the development of trade openness, defined 
as (exports + imports) / GDP, all three variables in nominal terms, while the figure on the right shows the extent 
of international synchronization of real GDP growth over time (with the growth perunage along the vertical axis).
Sources: OECD statistics and author’s calculations.
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2.5.2 Financial Sector
A financial driver of international house price synchronization is the gradual increase in the 
degree of advanced economies’ international financial openness – which could be interpreted 
as a common shock for the national house markets. It sets the channels for international 
contagion more open. It increases exposure to global financial conditions by facilitating the 
absorption and domestic allocation of international capital that subsequently partly flows into 
the recipient countries’ housing markets. An important aspect of this is the behavior of global 
investors. Over time investors have increased their international exposure to real estate – via 
the transaction and credit channels –, facilitated by this capital account liberalization. According 
to McAllister and Nanda (2014), it seems that real estate prices have gradually been defined 
more by foreign than domestic investors. From an investor’s perspective, (international) real 
estate provides diversification benefits given its low correlation with other asset classes. It has 
been stated that portfolios consisting of real estate investments outperform portfolios that 
do not contain real estate (Sirmans and Worzala, 2003). This growing notion in combination 
with advanced economies’ increased degree of financial openness seems to have increased 
international investors’ motivation to include international real estate in their portfolios. This 
likely explains the growth of secondary real estate markets. Better global financial conditions, 
such as increased global liquidity, reinforces this process and thus functions as another 
common shock for countries’ housing markets. Consequently, house prices could have become 
more internationally synchronized.

Figure 4. Financial Openness and Liberalization and Synchronization of Real Interest Rates, 1970-2014
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The upper left chart of Figure 4 shows the development of financial openness as measured 
by the Chinn-Ito index, a widely used proxy for a country’s capital account openness. This 
index ranges from -1.90 (least financially open) to 2.39 (most financially open); the higher 
the value, the more open is the country for cross-border financial flows. The majority of 
the 13 European countries exhibited in the figure reach the maximum value of financial 
openness in the nineties and keep it subsequently. 

Another financial driver of the process to international house price synchronization – though 
related to the previous one –, is the gradual movement towards liberalized financial sectors 
across advanced economies. This collective movement toward liberalization can also be 
interpreted as a common shock. Financial liberalization implies steps such as privatization of 
banks, deregulation with respect to the allocation of credit, lower restrictions on international 
capital flows (Abiad, Detragiache and Tressel, 2010). (The latter component overlaps with 
the Chinn-Ito financial openness indicator.) Once banks in advanced economies impose 
lower restrictions on the provision of mortgages, this stimulates house price increases in 
those countries in similar ways and contributes to house price synchronization. The lower 
left chart shows for the 13 European countries the development of the financial reform 
index over time. This annual index, constructed by Abiad, Detragiache and Tressel (2008), 
indicates the course of financial liberalization since 1973. It ranges from 0 (fully closed) to 1 
(fully liberalized).

The lower left chart shows that since the 1970s all countries’ financial sectors have moved 
towards a highly liberalized state. This might have fostered cross-border interest arbitrage 
and thus a certain convergence of the national interest rates. The upper right chart shows 
the time paths of the countries’ real long term interest rates (10-year government bonds). A 
moderate degree of synchronization of their time paths is visible. All interest rates gradually 
go down – apart from some outliers (e.g. Norway, Ireland).

2.6 Contagion in the Housing Market within Country Borders

While the main focus of this dissertation is on international contagion as driver of 
international house price synchronization, it also gives some attention to the potential 
drivers of house price synchronization between regions within country borders and the role 
of domestic contagion therein. Figure 5 shows the development of regional house prices 
within country borders illustrated for two countries – geographically large and small – the 
US and the Netherlands. It makes clear that also within countries the house prices over 
time have been synchronized across regions or at least follows similar trends. Though these 
regional markets are subject to common factors, this price synchronization is possibly also 
driven by domestic contagion that stem from one or a few central regions in the country.

The source of these contagion effects seems to be the house price development of 
metropolitan cities. In this respect, the notion of a domestic contagion effect resembles 
another term one comes across in the national housing market literature, namely the ripple 
effect. There does exist some research about explicitly contagion as house price shock 
transmission within country borders. Yet, to our knowledge this occurrence is highly limited 
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(see, for instance, the work done by Cotter et al., 2011; Defusco et al., 2013). On the other 
hand, the literature about the ripple effect of within-country shock transmission is much 
vaster. The metaphor “ripple” involves an initial shock at a centre, which subsequently ripples 
outwards to its surroundings. Collins Dictionary describes it as follows: “If an event has a 
ripple effect, it causes several other events to happen one after the other.” In the housing 
market literature, in particular, the ripple effect refers to the transmission of a house price 
shock from one region to another within country borders (see, for instance, Giussani and 
Hadjimatheou, 1991). The ripple effect has first been studied for the UK in the early 1990s. 
Soon after, the ripple effect hypothesis was being tested for other countries around the 
world. For a comprehensive overview of this research, see for instance the survey provided 
by Gray (2017). Note that the contagion and ripple effect are different terms, but similar 
concepts. Therefore, they will be used interchangeably onwards.

Figure 5. Development of House Prices for the US (State Divisions) and the Netherlands (Provinces)
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The left figure shows the logarithm of the US all-transactions house price index (1980 = base year); a higher level 
of aggregation is used than for the Netherlands, given that the US comprises of 50 states; US house price data is 
available from 1975. The right figure shows the logarithm of Dutch house prices aggregated on province level; the 
data is only available from 1995.
Sources: Federal Housing Finance Agency; Central Bureau of Statistics Netherlands.

Whether the underlying transmission mechanism of the contagion or ripple effect across 
housing markets is gradual or more instant, it tends to produce rather permanent effects. 
The way of reasoning is as follows.

The restricted housing affordability and high house prices in urban areas relative to more rural 
areas shift the housing demand to surrounding areas. The restricted housing affordability is 
related to the relatively higher housing demand in cities in combination with their housing 
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supply restrictions. These restrictions are explained by the limited availability of land, but 
also the constrained responsiveness of housing supply due to bureaucracy. As a result, the 
surrounding areas become more in demand and develop further. Even previously unpopular 
areas may start to experience gentrification (Boterman et al., 2010). These developments in 
the areas surrounding the city centre have a rather permanent nature.

A worsening of affordability may also impact regions further away from the defined centre. 
It may trigger intra-country migration patterns of households from urban to other regions 
and even to rural areas. These interregional migration patterns may explain why the housing 
demand and house prices in regions further away from the city in question are subject to its 
influence (Meen, 1999). In national housing markets these developments tend to be lasting.

Based on these tendencies, price changes in one city can be interpreted as being an 
indication that prices in other regions will also change accordingly. In case of price increases, 
homeowners in other regions may subsequently increase their asking prices beyond what 
one would expect from only local house price fundamentals (Case and Shiller, 1988; Abraham 
and Hendershott, 1994). It may also increase the demand for residential real estate in other 
regions by institutional investors and/or the increased willingness of banks to provide 
mortgage credit – as is known as equity transfer and spatial arbitrage. The equity transfer 
argument is based on the fact that homeowners who would move from the centre outward 
have more buying power (see for instance Meen, 1999). This investment mechanism is 
equivalent to the contagion mechanism, described in Section 2.4.

The mechanisms described above are triggered by the increase of house prices in a distinct 
centre – i.e. deterioration of affordability. The migration patterns described are only relevant 
in this scenario of increasing prices, and are considered rather lasting. According to Cook 
(2006), house price increases only gradually transmit to other regions, while house price 
declines have a more immediate impact. The reason is the expectation that a downward 
correction may induce corrections in other regions – conform to a wake-up call effect –, 
rather than that it influences migration patterns.

In many cases the effect is modelled as a long term equilibrium relationship or long term 
convergence between regional house prices. Long term convergence in this respect 
has been studied by testing the stationarity of the ratio regional-to-national house price 
development. This is applied through the Augmented Dickey Fuller test (see for instance 
Holmes, 1990; and Meen, 1999), and over time more sophisticated forms of this test have 
been used (see for instance Cook, 2005; and Holmes, 2007). Alternatively, researchers apply 
cointegration methods to assess long term relationships (see for instance Payne, 2012; and 
Teye et al. 2017). Yet, researchers tend to also rely on simple cross-correlation tests – similar 
to the early days of contagion research (see, for instance, Giussani and Hadjimetheou, 1991; 
Alexander and Barrow, 1994). Since correlations reveal nothing about a causal structure, it 
tends to be applied in combination with Granger causality analysis. Still, cross-correlations 
and Granger causality are applied in these studies.


