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Abstract 
 
 
 

The recent Euro area crisis, which has originally been driven mainly by macroeconomic factors, has had a 
strong impact also on financial markets leading internationally to what is referred as contagion, that is co-
movements among asset prices which have been excessive respect to fundamentals. The term “contagion”, generally 
used in contrast to “interdependence”, conveys the idea that during financial crisis there might be breaks or anoma-
lies in the international transmission mechanism, arguably reflecting switches across multiple equilibria, market pan-
ics unrelated to fundamentals, investors’ herding and the like. Although there is still wide disagreement among 
economists about what contagion is exactly and how it should be tested empirically, a common approach consists of 
identifying breaks in the international transmission of shocks indirectly, inferring them from a significant rise in the 
correlation of asset returns across markets and countries. Our study extends on this conventional measures of conta-
gion by directly investigating changes in the existence and the directions of causality among a sample of Euro area 
countries during the recent Lehman default and sovereign debt crisis. To test for contagion, we apply a three steps 
Granger causality/VECM methodology on sovereign bond spreads and stock returns as measures of perceived country 
risk. Results highlight the fact that the causality patterns have changed during the “crisis” periods compared to the 
pre-crisis “tranquil” periods, thus pointing out the occurrence of contagion phenomenon among Euro area countries 
during the last two international financial crises. 
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1 Introduction 

After the stability that characterized the first 10 years of the European Eco-
nomic and Monetary Union (EMU), the serious tensions that arose in international 
financial markets in august 2007 due to the US subprime crisis, and the collapse of 
Lehman Brothers in September 2008, sparked a global financial crisis that affected 
the real sector and caused a rapid, synchronized deterioration in most major econo-
mies. 

From August 2007 onwards, yield spreads of Euro area government bonds 
with respect to Germany spiraled in parallel with the rise in global financial instabili-
ty that led to “flight-to-quality”, resulting in a transfer of funds towards assets with 
a lower risk (German bunds) and an increase of the risk premium in the other EMU 
countries. Therefore, in only four years the EMU sovereign bond markets went from a 
situation of high stability to their current situation of turmoil. 

However, the severity and the spread of the crisis, as well as the speed of 
this spread and its geographical reach, are difficult to explain by only pointing to 
“fundamentals”. “Contagion” became the catchword for such phenomena and is now 
widely being used to describe the events around the crisis of European Monetary Sys-
tem in 1992/1993, the “tequila hangover” in 1994, the Asian crisis in 1997, the Rus-
sian crisis in 1998 and, more recently, the Lehman’s default crisis and the sovereign 
debt crisis which led to the rescues of Greece, Portugal and Ireland in 2010/2011.  

Do these periods of highly correlated market movements provide evidence of 
contagion? Before answering this question, it is necessary to define contagion. Not-
withstanding there is widespread disagreement about what this term entails, the 
largest body of theoretical definitions hinges on the idea that contagion is the 
amount of co-movement among asset prices which exceeds what is explained by fun-
damentals. Several specifications of this basic definition have historically been deve-
loped manly to accomplish a feasible econometric measurement1.  

Our paper defines contagion as a significant increase in cross-market co-
movements after a shock to one country or group of countries beyond what would be 
justified by fundamentals (Dornbush et al., 2000). According to this definition, if two 
markets show a high degree of co-movement during periods of stability, even if the 
markets continue to be highly correlated after a shock to one market, this may not 
constitute contagion. It is contagion only if cross-market co-movements increase 
significantly after the shock. If co-movements do not increase significantly, then any 
continued high level of market correlation suggests strong linkages between the two 
economies that exist in all state of the world; to refer to this situation we use the 
term interdependencies. 

This definition implies that contagion effects are to be differentiated from 
“normal” transmissions of shocks across countries, usually defined as interdependen-
cies. Indeed, Edwards (2000) asserts that contagion reflects a «situation where the 

 
1  For a discussion of a full set of definitions and their advantages and disadvantages, see Forbes and Rigobon (2001). 
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effect of an external shock is larger than what was expected by experts and analysts», 
which implies that contagion has to be differentiated from the “normal” transmission 
shocks across countries. 

If one follows this narrow definition, the task of empirical contagion studies 
is to investigate whether or not channels and intensities of shock propagation across 
countries are changed in certain crises periods. 

In the empirical literature, contagion has been often measured using stock 
market returns, interest rates, exchange rates, or linear combinations of these va-
riables. Four major strategies have been employed in the literature to identify conta-
gion: i) correlation among asset prices; ii) conditional probability of crises; iii) vola-
tility changes and iv) co-movements of capital flows. Among these four groups, our 
study is related to the analysis of asset prices correlation and therefore contagion is 
detected as a significant increase of the co-movement among asset prices after a 
shock or crisis periods.  

This paper provides evidence on the changes in crisis causation among euro 
area countries by applying a three step Granger causality/Vector error correction 
model (VECM) methodology on sovereign bond spreads and stock indexes: contagion 
is revealed by the number of co-integrating vectors and the extent of Granger-
causality that exists among countries. Moreover, we establish an approximate peri-
odization for contagion effects by looking directly into the data, that is without ma-
king a priori conjecture on the time periods during which the contagion process could 
have started to spread out.  

The analysis relates to a sample of Euro area countries over the period Janu-
ary 2003-September 2012 and the definition of contagion that we retain in our paper 
is that given by Forbes and Rigobon (2002): «Contagion is a significant increase in the 
co-movement between assets during a period of crisis, compared with a tranquil pe-
riod; while if there is a high level of market co-movement in all periods it is the case for 
interdependence».  

This definition of contagion entails an intensification or change in the 
transmission of shocks between markets and it requires a structural break and the 
identification of a tranquil, pre-event period. Therefore, the presence of contagion as-
sumes that the transmission of a shock is made possible through investors’ anticipa-
tion behaviour and information asymmetry (Calvo, 1999). Furthermore, transmission 
mechanisms during a crisis are forcibly different from those in a stable period.  

The key concern about contagion is that it undermines the very assumption 
of portfolio analysis. Markets that were assumed (estimated to be) weakly associated 
before a shock are subsequently found to be strongly associated, so that diversifica-
tion across markets fails to shield the investor from unsystematic risk. 

The policy implications associated with fundamentals-driven and contagion-
driven movements are quite different. In the first case, policymakers cannot expect 
the markets to recover unless measures are taken to improve fundamentals. On the 
other hand, if markets are declining owing to contagion, then credible policy actions 
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to soothe the market sentiments ought to be priority. Correct differentiation between 
these causes is a key to tackling financial market contagion. 

Our results reveal the fact that causality patterns change in the crisis period 
compared to the tranquil one; this result suggesting evidence that contagion effects 
have strongly influenced asset price dynamic over the two recent crisis episodes. 

To our knowledge, no empirical research takes into account both sovereign 
debt and stock markets simultaneously. Our study tries to adopt a more comprehen-
sive approach to get some insights on different speed and pattern of contagion 
transmission across EU countries.  

The remainder of the paper is organized as follows. Section 2 shortly reviews 
the literature on contagion. Section 3 describes the data and the methodology. Re-
sults are discussed in Section 4 and Section 5 concludes. 

 

2 Contagion: definition, theories, and measurement 

2.1 Definitions of financial contagion and empirical literature 

Contagion in general is used to refer to the spread of market disturbances – 
mostly on the downside – from one country to others, a process observed through co-
movements in exchange rates, stock prices, sovereign spreads and capital flows. Con-
tagion can occur for different reasons and can conceptually be divided into several 
categories. 

Therefore the first challenge comes from the definition of contagion. Is it 
the “normal” or “usual” propagation of shocks, or is it the transmission that takes 
place under unusual circumstances? 

In spite of significant theoretical and empirical interest in the topic there is 
still no consensus on either the definition or the transmission channels of financial 
contagion. We can distinguish at least three different definitions of financial conta-
gions, though the first one is just a vague and general definition used in the early 
stage of the research in this topic. 

Under such early stage approach contagion is viewed as any cross-country 
transmission of shocks or any general cross-country spillover effects during the crisis. 
Contagion can be observed through co-movements of different asset prices in differ-
ent countries or rising probabilities of default if the crisis occurs elsewhere. Unlike 
the following and more precise definitions, this one includes any type of linkages as a 
channel of contagion (i.e. both fundamental and non-fundamental) (Gerlach and 
Smets, 1995; Drazen, 1998). The theories based on fundamental channels are the old-
est and the general idea is that links across countries exist because the countries’ 
economic fundamental affects one another. These theories are usually based on stan-
dard transmission mechanisms, such as trade, monetary policy, and common shocks 
(ex.: oil prices).  
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In the second and more focused definition of a more recent literature con-
tagion is defined as the transmission of shocks from one country to others or the 
cross-country correlation, beyond what would be explained by fundamentals or 
common shocks2. For example, Masson (2004) defines contagion as meaning only 
«those transmissions of crises that cannot be identified with observed changes in ma-
croeconomic fundamentals». Using a different terminology, Eichengreen et al. 
(1996a), argue that there is contagion if the probability of a crisis in a given country 
increases conditionally on the occurrence of a crisis elsewhere, after controlling for 
the standard set of macroeconomic fundamentals. This definition is sometimes re-
ferred as excess co-movement – a correlation that remains even after controlling for 
fundamentals and common shocks. Herding behavior is usually said to be responsible 
for co-movement beyond that explained by fundamental linkages. 

Contagion occurs when cross-country correlations increase during "crisis 
times" relative to correlations during "tranquil times" because this can only be due to 
factors unrelated to fundamentals, since fundamentals cannot change in few months. 
In fact, Forbes and Rigobon (2002) argue that «contagion is a significant increase in 
cross-market co-movements after a shock». This definition is sometimes referred as 
“shift-contagion”. Forbes and Rigobon (2001) stress that this notion of contagion ex-
cludes a constant high degree of co-movement in a crisis period, otherwise markets 
would be just interdependent3.  

In our study we follow this more focused definition of contagion and in this 
section we will discuss the major theoretical and empirical contributions on such 
topic. 

Historically, the first strain of our contagion definition developed in the lite-
rature was closely linked to the original definition that appeared in the finance litera-
ture (King and Wadhwani, 1990). The intuition is that if there is a shift in the 
strength of the propagation of shocks during a period of turmoil relative to a period 
of tranquility, then that shift is considered contagion. The empirical tests of this defi-
nition used correlation coefficients. The theory was that a change in the estimated 
correlation of two countries’ market movements implied a shift in the strength of the 
transmission of shocks from one country market to another. Later, similar tests were 
performed with the use of more sophisticated methods – principal components, co-
integrating relationships, and so on. All of these tests have the same spirit: to deter-
mine whether or not the propagation of shocks is stable around the time of a curren-
cy, market, or economic crisis. If the propagation of shocks is not stable, then this in-
stability is considered to be an indicator that contagion has occurred. 

Masson (1998) has labeled such unanticipated situations as “pure conta-
gion”. They are to be distinguished from “simple contagion” caused by “monsoonal 

 
2  Fundamentals causes of contagion include macroeconomic shocks that have repercussions on a international scale 

and local shocks transmitted through trade links, competitive devaluations, and financial links. 

3  In addition to the abovementioned approaches to explain financial contagion, we can also rely on some other and 
even more extreme definitions of this phenomenon. For example according to Sola et al (2002) there is contagion if 
the probability of having a crisis at home is equal to one if the crisis hits another market; on the other hand Bae et 
al (2003) consider coincidence of extreme return shocks across countries as evidence for contagion. 
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effects” and “linkages”. “Monsoonal effects” are random aggregate shocks that are 
hitting a number of countries in a similar way while “linkages” are normal interde-
pendencies, such as those produced by trade and financial relations between coun-
tries. Only when the transmission process itself changes when entering crises period, 
we talk of contagion in the sense of Masson’s “pure contagion”.  

Although this approach seems restrictive, it has two important advantages. 
First, it provides a straightforward framework for testing contagion by simply com-
paring co-movements between two markets (such as cross-market correlation coeffi-
cients) during a relatively stable period with co-movements immediately after a 
shock or crises. Contagion is a significant increase in cross-market co-movements 
(whatever these connections are measured) after the shock. 

A second benefit of this definition is that it provides a straightforward me-
thod of distinguishing between alternative explanation of how contagion emerges 
and it is transmitted across markets. In this matter, there is an extensive theoretical 
literature on the propagation of contagion, which, in most of the cases, assumes that 
investors behave differently after a crisis.  

As said before, the initial literature has generally been divided as to whether 
transmission through real or financial channels constitutes contagion4. Later re-
searchers have tended to adopt the semantic that “pure” contagion is unrelated to 
these transmission channels, and is hence entirely captured by shift in market actor’s 
perceptions and attitudes towards risk. As said before, the transmission of shocks 
through the first two linkages – financial or real – is refereed to merely as interde-
pendence or spillovers.  

“Pure” contagion is, instead, a situation in which investors change their as-
sessment of the rules under which international finance takes place (Claessens et al., 
2001). Other examples of theories of why contagion takes places are those advoca-
ting self-validating losses in confidence that can push economies from a “good” into 
a “bad” equilibrium. An example is Obstlfeld (1994), who first constructed a so-called 
“second-generation currency crisis” model for the EMS crises5. A contribution with an 
explicit emerging market focus is Sbracia and Zaghini (2001) who develop a second-
generation currency crisis model where a sudden shift in speculator’s behavior can 
trigger a currency devaluation without any prior deterioration of economic funda-
mentals. 

Summing up, all the above models that explain (pure) contagion advocate 
the role of multiple equilibria in explaining why the channels and intensity of shocks 
propagation across countries may change in crisis periods. The critical implication is 

 
4  Real linkages have been identified by the theoretical literature to be shocks propagated via trade, policy coordina-

tion, country reevaluation, and random real global shocks (the so called non crisis-contingent theories), whilst fi-
nancial linkages include multiple equilibria due to endogenous liquidity shocks, political contagion, and random 
global monetary shocks (the crisis-contingent theories). For an overview of this literature, see Forbes and Rigobon 
(2002). 

5  The term “second-generation currency crises” have been introduced by Eichengreen et al. (1996a) for models focus-
ing on a self-fulfilling crisis mechanisms in order to distinguish these approaches from earlier models that focus on 
the role of fundamentals. 
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that the transmission mechanism during (or directly after) the crisis is inherently dif-
ferent than that before the shock. The crisis causes a structural shift, so that shocks 
are propagated via channel that did not exist in stable periods. 

There is one important reason why many economists focus on the specific 
definition of (pure) contagion. A critical principle of investment strategy is that most 
economic disturbances are country specific, therefore international diversification 
should substantially reduce portfolio risk and increase expected returns. If market 
correlations increase after a negative shock, however, this would undermine much of 
the rationale for international diversification. 

Even this narrow definition of (pure) contagion can incorporate a number of 
different types of cross-market connections. For example, connections could be 
measured through the correlation in asset returns, the volatility change or the proba-
bility of a speculative attack. Among such mentioned major strategies that have been 
applied in empirical studies to discriminate pure contagion from interdependencies 
our approach is related to the analysis of asset price co-movement and in the follow-
ing we briefly review the relevant empirical literature, keeping in mind that contagion 
is an unobservable shock and therefore most empirical techniques have problems 
dealing with omitted variables and simultaneous equations.  

Forbes and Rigobon (2001) have suggested to discriminate empirically be-
tween contagion and interdependencies by testing whether or not cross-market cor-
relation increase statistically significantly in crisis periods. If yes, crises-contingent 
theories have a point, if not interdependencies are responsible for the spread of cris-
es. Forbes and Rigobon (2002) argue that simple correlations are biased due to the 
presence of heteroskedasticity, endogeneity, and omitted variables.6 After correcting 
for these statistical problems for the cases of the 1994 Mexican crises, the 1997 
Asian Crises, and the 1987 US stock market crash, the authors conclude to have 
found «only interdependencies, no (pure) contagion»7.  

In the European Exchange Rate Mechanism (ERM) context, Favero and Gia-
vazzi (2000) find evidence for contagion with regard to the spreads between German 
short-term interest rates and the interest rates of some of the European countries in-
volved in a number of country-specific shocks. 

Baig et Goldfajn (1999) using the mentioned definition of contagion (co-
movements in financial variables in excess of those that can be explained by co-
movements of fundamentals) stress that, to identify contagion it is essential to dis-
tinguish between fundamentals and non-fundamentals-driven co-movements. Empir-
ically, if after controlling for fundamentals one finds significant co-movement be-
tween the markets of two countries, then the remaining unexplained correlation may 
be attributed to contagion. 

 
6  During times of increased volatility (i.e. in times of crisis) estimates of correlation coefficients are biased upward. If 

co-movement tests are not adjusted for that bias, contagion is too easily detected. 

7  They proposed an adjusted correlation coefficient which takes into account the changing market volatility. Recently, 
Corsetti et al. (2005) have contested this view by questioning the Forbes–Rigobon methodology. They show for the 
case of the Hong Kong stock market crisis of October 1997 that this conclusion can empirically not be generalized. 
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In the context of the Asian crisis, Baig and Goldfajn (1999) perform cross-
market correlations for exchange rates, stock returns, interest rates, and sovereign 
bond spreads using Forbes and Rigobon (2002) methodology. They find mixed evi-
dence of an increase in correlation in exchange rate, stock market returns and inter-
est rates co-movements, though overwhelming evidence for contagion when using 
sovereign spreads. They interpret this result arguing that, since spreads are directly 
reflecting the risk perception of financial markets, pure contagion may be «solely the 
result of the behavior of investors or other financial agents» as argued by Claessens et 
al. (2001). 

Andenmatten and Brill (2011) also perform a bivariate test for contagion 
that is based on the approach proposed by Forbes and Rigobon (2002) to examine 
whether the co-movement of sovereign CDS premium increased significantly after 
beginning of the Greek debt crisis in October 2009. They conclude that in European 
countries «both contagion and interdependence occurred». 

Gomez-Puig and Sosvilla-Rivero (2011) provide empirical evidence of the 
existence of sub-periods of contagion phenomenon during different periods since 
1999 for EMU countries, by applying the Granger causality test among all pair-wise 
selected countries. They identify contagion episodes as «sub-periods of significant in-
crease in causality». Their results suggest that contagion episodes are concentrated 
around the first year of EMU in 1999, the introduction of euro coins and banknotes in 
2002, and the global financial crisis in the late-2000s. Moreover, they also indicate 
that causality relationships between peripheral EMU yields have significantly risen 
during the recent crises in sovereign debt markets from 2009, providing evidence of 
an increase in the contagion between them. 

The empirical literature based on stock returns uses several methodologies 
to measure how contagion is transmitted internationally. We will focus on the major 
contributions based on cointegration (VECM)/Granger causality test analysis. 

Several studies have adopted the cointegration model as a measure of co-
movement between countries in order to specifically measure the impact of crises on 
stock market trading activity. Malliaris and Urrutia (1992) have demonstrated that 
cointegration among stock markets has drastically increased during the October 1987 
crisis, assuming that an increase of the number of cointegrated markets during crises 
periods relative to tranquil ones constitutes evidence for contagion. Yang, Kolari and 
Min (2002) have examined both long–run and short-run relations among the U.S., 
Japanese and ten Asian stock markets during the 1997-1998 Asian financial crisis 
and find that long-run cointegration relations among these markets were streng-
thened during the crisis and that these markets have been more integrated after the 
crisis than before. Also Arshanapalli et al. (1995) put on evidence the presence of a 
common stochastic trend between the US and Asian stock market movements post 
October 1987. Lastly, Sheng and Tu (2000) apply a multivariate cointegration model 
to measure the effects of the Asian financial crisis among 12-Asia Pacific countries 
and find that during the crisis new long-run relations among stock markets emerged 
and that contagion effects were stronger in the South-East Asian countries compared 
to the North-East Asian countries. 
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Gilmore and McManus (2002) explore whether emerging equity markets of 
Central Europe are segmented from the US and, hence, provide scope for diversifica-
tion. Their paper examines the short and long-term relationships between the US 
stock market and three Central European markets. Low short-term correlations be-
tween these markets and the US are found. Application of the Johansen cointegration 
procedure indicates that there is no long-term relationship. The Granger-causality 
test does reveal a causality running from the Hungarian to the Polish market, but 
none with the US. Overall, the results suggest that US investors can obtain benefits 
from international diversification into these markets. 

Serwa and Bohl (2005) use instead the same approach as Forbes and Rigo-
bon (2002) – based on the adjusted correlation coefficient – in examining the co-
movements of stock returns by cross-market correlation. They find that Central Euro-
pean stock markets are no more likely to be subject to contagion than western stock 
markets over the 1997-2002 period and conclude that the Central European stock 
markets exhibit interdependence rather than contagion. 

Kalbaska and Gatkowski (2012) analyze the Granger causality dynamics of 
the CDS market of PIIGS, France, Germany and the UK for the period of 2005-2010 
aiming to examine sovereign risk and the occurrence of financial contagion in Eu-
rope. Granger causality test revealed that cross-country connections increased after 
the global financial crises as compared to the pre-crisis period. Results also hi-
ghlighted that Greece and other PIIGS have lower capacity to trigger contagion than 
core EU countries. Moreover, Portugal is the most vulnerable, whereas the UK is the 
most immune to contagion. 

 

2.2 Transmission channels 

Before concluding this section, we will discuss in brief the more relevant 
empirical literature on transmission channels because the understanding of the fi-
nancial contagion phenomenon is closely related to its transmission channels. 

Authors of papers on financial crises have not yet achieved consensus on 
the channels through which contagion spreads and hence on why contagion takes 
places. Several trade issues, the macro environment, the common lender, market psy-
chology amongst others, have been considered as determinants of the degree of con-
tagion. The different opinions are well summarized by Dornbusch et al (2000): «not 
only the exact causes and channels of contagion are not known, neither are the precise 
policy interventions which can most effectively reduce it». 

As said before, in the late literature the distinction between contagion and 
interdependence has been made according to the transmission channels of each (see 
Rigobon 2002 and Kleimeier et al. 2008). If crises are transmitted through stable fun-
damental linkages, then only countries with weak economic fundamentals will be af-
fected while good fundamentals can offer protection. On the other hand, if irrational 
behaviour by the agents (in the form of speculative attacks, financial panic and/or 
herd behaviour) is the transmission force, then even countries with good fundamen-
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tals can be seriously affected. In the former case we have only interdependence and 
not contagion between countries, while in the latter case we have true contagion. 

On the other hand, interdependence can be due to at least three types of 
“fundamental” linkages: 1) financial; 2) real; 3) political. Since our adopted definition 
of “shift” contagion relies on «a significant increase in cross-market co-movements 
after a shock» which is not related to fundamental linkages, the only transmission 
channel which could explain contagion is the behavioral one, because we assume 
that fundamental linkages cannot change all of a sudden in the few months after a 
shock has occurred. The others are responsible for interdependence. 

It can be argued, therefore, that investors’ behavior, whether rational or ir-
rational, allows shocks to spill over from one country to others. The literature differs 
on the scope of rational versus irrational investor behavior, both individually and col-
lectively (Pritsker, 2000). First, investors can take actions that are ex ante individually 
rational but that lead to excessive co-movements – excessive in the sense that they 
cannot be explained by fundamentals. Through this channel, which can broadly be 
called investors’ practices, contagion is transmitted by the actions of investors out-
side the country, each of whom is behaving rationally. Conceptually, this type of in-
vestor behavior can be further sorted into problems of liquidity and incentives and 
problems of informational asymmetry and market coordination. Second, cases of mul-
tiple equilibria, similar to those in models of commercial bank runs, can imply conta-
gious behavior among investors. Third, changes in the international financial system, 
or in the rules of the game, can induce investors to alter their behavior after an initial 
shock.  

Many authors have found that such fundamental links (and common shocks) 
do not fully explain the relationship and changes in relationships among countries 
(Banerjee, 1992; Calvo and Mendoza, 2000). That being the case, herding behaviour is 
suggested as a reason for spillover effects between countries. Herding behaviour ari-
ses when information about countries’ fundamentals is incomplete and asymmetric, 
there are no restriction for capital mobility and information is too costly for the less 
sophisticated investors. So instead of making expenses for getting information these 
rather uninformed investors are watching the action of others, supposedly well in-
formed, investors and then trying to follow them as they think these actions reflect 
the future price changes. It follows that the whole market moves jointly. In reality, 
those supposedly well informed investors may not be acting based on their informa-
tion about countries’ fundamentals, but just adjusting their portfolios after being 
damaged by a crisis elsewhere. In the circumstances of such kind of herd behaviour 
and assuming the existence of multiple equilibria, even countries with sound funda-
mentals are not protected. 

Support for the idea of the transmission of crises based on herd behaviour 
has been found by many authors. Alvarez-Plata and Schrooten (2003), examining the 
2002 Argentina crisis, show that the pull effect caused by investors all behaving in 
the same way made economic fundamentals unimportant and led to the rapid with-
drawal of capital from economies hit by shocks, and possibly even from entire re-
gions. 
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Pindyck and Rotemberg (1990 and 1993) find that after taking into account 
common fundamentals there is still residual co-movement across stocks with very 
different industry and idiosyncratic fundamentals. Eichengreen, Rose and Wyplosz 
(1996b) highlight that the countries that came under speculative attack during the 
1992 ERM (European Exchange Rate Mechanism) crisis had heterogeneous macroe-
conomic fundamentals, and only in some cases could the attack be justified by the 
fundamentals. Moussalli (2007) and Woo (2000) also have argued that herding is the 
main channel for spillover effects between countries. 

Summing up, all these results point to the important role played during the 
crisis by investors’ behavior, whether (individually) rational or (collectively) irrational.  

 

3 Data and methodology 

In this section we perform a three-steps econometric analysis to test for 
contagion in two shocks episodes occurred in the last decade for a sample of Euro-
pean countries.  

The sample is made of eight European countries (France, Germany, Greece, 
Ireland, Italy, Portugal, Spain and United Kingdom) and we test the co-movements 
across countries using two type of assets (equities and sovereign bonds). 

As regards to the sovereign bond, we use the sovereign spreads time series 
computed as the difference between the selected countries sovereign bond yields and 
the corresponding US-Treasury yield, which is a measure of country-specific credit 
risk and therefore can be interpreted as indicator of the effects of the crisis as per-
ceived by the international market (Sander and Kleimeier, 2003)8.  

As regards to the stock market, we use daily stock index closing prices. We 
consider data at the daily frequency, because interdependence phenomena can ex-
plode also in few days, so if we consider weekly or monthly data we can lose the 
measurement of interactions which last only few days. All data (sovereign bond 
spreads and stock index prices) are retrieved from the Datastream databank and the 
time span of our time series goes from the first of January 2003 to the 30th of Sep-
tember 2012. 

To individuate significant connections among couple of markets, we will ap-
ply two econometric techniques. The bivariate Johansen cointegration test allows us 
to identify relations between couples of markets which lead to slow price adjustment 
processes (long-run connections). The Granger causality test, instead, individuates re-
lations which have a short-term influence in the price discovery process (short-run 
connections).  

The methodology that we are going to apply has been planned on the basis 
of our definition of contagion as significant increase of the total number of cross-

 
8  We have chosen bonds that are similar across countries according to their maturity. For the sake of results compa-

rability, we selected bond on 10 years maturity for all countries over the whole sample period. 
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market connections around the two shocks in the period analyzed (Lehman default 
and sovereign debt crisis). So in order to test for contagion we have to identify “cri-
sis” and “tranquil” periods of time and we have to make a comparison among the 
number of significant relations in the two detected windows. 

The three-step procedure we are going to implement will give, as results, 
three different indicators which together concur to asses contagion phenomenon in 
Europe. 

First we use bivariate dynamic cointegration analysis to test if, in the time 
period analyzed, there has been the creation of new long-run equilibrium conditions 
among countries through the application of dynamic rolling cointegration analysis for 
each pair of countries. Any increase of the percentage of co-integrated countries over 
the total number of possible pairs signals a shift of the shock transmission channels 
and represents the first indicator of potential contagion. According to the results ob-
tained in this step, we detect contagion windows by looking directly into the data, 
finding evidence which either confirms or rejects our a priori conjecture of the time 
periods during which the contagion process could have started to spread out during 
the two financial crises analyzed (Lehman’s default and sovereign-debt crises). 

Subsequently, through the Granger causality test and VECM/Gonzalo-
Granger statistic we evaluate the significance of short-run connections among coun-
tries in addition to the long-run equilibrium conditions detected in the previous step 
by cointegration analysis. Moreover, Granger causality methodology detects the ver-
sus of these connections and, consequently, it allows to examine how shocks are 
transmitted through countries9. An increase of Granger-causality connections de-
tected after a crisis period is a signal of contagion occurrence. Alongside to the above 
short-run versus of the connections we are interested in detecting the log-run versus 
of the countries’ connections and to this end we implement the Gonzalo-Granger 
statistic (by using the results of cointegration analysis of the pervious step) which al-
lows to identify the direction of connections in the crisis episodes.  

Finally, we apply the variance decomposition method to test for a reduction 
in the degree of exogeneity of a particular country. Indeed, if a country is less ex-
ogenous to the system, it is more exposed to the eventual transmission of shocks and, 
as a consequence, the increasing vulnerability after a crisis period is considered as 
evidence of contagion.  

In sum, comparing all test results (for the stock and sovereign debt markets) 
in “tranquil” versus “crisis” periods, we present evidence of contagion across EU 
countries over the period encompassing the two last recent financial crises (Lehman 
default and sovereign-debt crisis).  

 

 
9  Indeed, the application of the Granger causality test detects whether past values of a stock index or sovereign 

spread can predict future values of other stock indexes or sovereign spreads. This estimation is conducted separately 
for all sub-periods (“contagion windows”) detected in the first step. 
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3.1 Bivariate dynamic cointegration analysis 

As a first step of our analysis we perform a pairwise countries rolling coin-
tegration estimation for the selected asset prices time series (government bond 
spreads and stock returns) in order to verify if there has been contagion during the 
sample period by making a comparison between the number of long-run relations de-
tected before and after the crisis episodes. 

From an econometric viewpoint we run regressions in order to determine 
the number of cointegrating equations in a vector error-correction model (VECM). 
Following Johansen (1988), the model we refer is the VECM(k)10:  

௧ܺ߂ ൌ ௑ߟ ൅ ෍ ௧ି௜௞ܺ߂௑,௜ߣ
௜ୀଵ ൅ ෍ ߂௑,௜ߛ ௧ܻି௜௞

௜ୀଵ ൅ ᇱߚଵߙ ൤ܺ௧ିଵ௧ܻିଵ ൨ ൅  ௑,௧ߝ
߂ ௧ܻ ൌ ௒ߦ ൅ ∑ ߂௒,௜ߣ ௧ܻି௜௞௜ୀଵ ൅ ∑ ௧ି௜ܺ߂௒,௜ߛ ൅ Ԣߚଶߙ ൤ܺ௧ିଵ௧ܻିଵ ൨ ൅ ௒,௧௞௜ୀଵߝ   (1) 
where ܺ߂௧ and ߂ ௧ܻ are daily changes of sovereign spreads or stock returns referred 
to markets X and Y, ܺ௧ and ௧ܻ are the correspondent sovereign spread and log-price. 
In particular, the long-run impact matrix can be expressed as ߎ ൌ Ԣߙ where ,′ߚߙ ൌ ሾߙଵ, ,௑ߝଶሿ, and ሾߙ -௒ሿ is a vector of white noise processes. The vector of coeffiߝ
cient ߚ contains the parameters of the common stochastic trend, while ߙଵ and ߙଶ 

measure the speed of convergence. In particular, ߚԢ ൤ܺ௧ିଵ௧ܻିଵ ൨ represents a common sto-

chastic trends towards which price dynamic slowly converges.  

The Johansen cointegration test mainly relies on the assumption that the 
rank of ߎ equals the number of co-integrating vectors. If the matrix ߎ has rank r 
there are r cointegrating relations. When r=0, there is, instead, no long-run relation 
among international markets and the equation (1) would be reduced to a vector au-
toregressive model VAR(k). 

The number of co-integrating relations is given by the number of non-zero 
eigenvalues of the impact matrix ߎ. The Johansen procedure proposes two tests to 
estimate the number of cointegration relationships (Johansen, 1991): the “maximal 
eigenvalue test” and the “trace test”. Both tests assume that the null hypothesis im-
plies that there are, at most, r cointegration vectors. While the max-eigenvalue test 
assumes, as the alternative hypothesis that there are exactly r + 1 cointegration vec-
tors, the alternative assumption, in the case of trace test, is that there are more than 
r cointegration vectors. If the results of the tests are contradictory, we retain the val-
ues of the trace test, which is considered as a more powerful test11. 

 
10  We provide econometric details for the case of stock indexes. The same methodology holds in the case of sovereign 

bond spreads.  

11  As concerns the cointegration rank which is the most important steps in the cointegration analysis, we choose the 
approach suggested by Juselius (2007) in which the choice of rank should take into account all relevant information 
given by different criteria (trace test statistics, root of the companion matrix) and especially the economic relevance 
of the results. 
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To detect possible contagion periods, we dynamically apply the above Jo-
hansen cointegration test between all the possible couple of countries12 with a roll-
ing window of 1,000 days13, by computing at each step t of the procedure the follow-
ing rolling indicator of cross-country connections: ܲ݁ݏݏ݋ݎܿ ݂݋ ݁݃ܽݐ݊݁ܿݎ െ ௧ݏ݊݋݅ݐܿ݁݊݊݋ܿ ݕݎݐ݊ݑ݋ܿ ൌ ே௨௠௕௘௥ ௢௙ ௟௢௡௚ି௥௨௡ ௥௘௟௔௧௜௢௡௦೟ெ௔௫௜௠௨௠ ௡௨௠௕௘௥ ௢௙ ௟௢௡௚ି௥௨௡ ௥௘௟௔௧௜௢௡௦ ௔௠௢௡௚ ௔௟௟ ௖௢௨௡௧௥௜௘௦ כ 100.  

In order to discriminate between crises periods and tranquil periods we 
identify as crisis periods those recording the values of cross-country connections 
above the 75th percentile of the distribution, on the contrary we identify as tranquil 
periods those reaching a cross-country connections value beneath the 15th percentile 
of the distribution (Caporin et al., 2012). By comparing these highest and lowest per-
centiles we confirm or reject our a priori assumptions about the timing of the two 
crisis episodes investigated.  

As previously said, contagion occurs when cross-country co-movements – 
here proxied by the percentage of cointegrated countries, what we call cross-country 
connections – increase during the crisis periods relative to cross-country connections 
during the tranquil periods.  

 

3.2 Directionality of shock transmission 

The second step is the Granger analysis performed to study the contagion 
effect by directly investigating changes in the existence and the directions of causali-
ty connections within EU countries. The insurgence during the crisis periods of cau-
sality relations between countries which were not connected before crisis periods is 
assumed to be an evidence of contagion. Moreover, this methodology allows to 
detect the versus of these connections and, consequently, to examine how shocks are 
transmitted through markets. 

We implement the Granger-causality test in addition to the cointegration 
analysis performed in the previous step (§ 3.1) because it allows us to investigate also 
the short-run relations among countries, while the cointegration test mostly detects 
the log-run equilibrium relationships14.  

This method establishes how much of the current value of y can be ex-
plained by its past values and then to see whether adding lagged values of x can get 
better the explanation. The conventional Granger test specifies a bivariate vector au-
toregressive (VAR) model with a lag length set as k: 

 
12  As already mentioned, our sample comprises eight European countries, therefore we have 28 total couple combina-

tions. 

13  As co-integration analysis aims to identify the number of long-run relations among time series, the time length 
chosen to run the test required to be not too short. We test different window sizes and the results do not change 
significantly.  

14  In particular, by applying the two econometric techniques (co-integration and Granger causality tests) we can esta-
blish which country has a dominant role in the contagion process, in the sense that it is able to influence the others 
(“leading country”), and which country is the most vulnerable in the sense that it is the most reactive to other coun-
tries price innovations (“follower country”). 
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ܺ௧ ൌ ௑ߙ ൅ ∑ ௑,௜ܺ௧ି௜௞௜ୀଵߚ ൅ ∑ ௑,௜ߛ ௧ܻି௜௞௜ୀଵ ൅   ௑,௧ߝ

௧ܻ ൌ ௒ߙ ൅ ∑ ௒,௜ߚ ௧ܻି௜௞௜ୀଵ ൅ ∑ ௒,௜ܺ௧ି௜ߛ ൅ ௒,௧௞௜ୀଵߝ  (2) 

The Granger causality is examined by testing whether all ߛ௜ are equal to ze-
ro using a standard F-test. For example, if we cannot reject the null hypothesis in Eq. 
(2), Y is said to Granger-cause X. If causation cannot be rejected in both equations, 
the variables are interdependent. 

The above equations are, however, only valid for series that are stationary –
/that is I(0). In earlier causality studies, time-series that were found to be non-
stationary – that is I(1) – were differenced and thus converted into stationary series 
on which the Granger causality tests could be applied15: ∆ܺ௧ ൌ ௑ߙ ൅ ∑ ௑,௜∆ܺ௧ି௜௞௜ୀଵߚ ൅ ∑ ∆௑,௜ߛ ௧ܻି௜௞௜ୀଵ ൅ ∆   ௑,௧ߝ ௧ܻ ൌ ௒ߙ ൅ ∑ ∆௒,௜ߚ ௧ܻି௜௞௜ୀଵ ൅ ∑ ௒,௜∆ܺ௧ି௜ߛ ൅ ௒,௧௞௜ୀଵߝ   (3) 

Later research, however, showed that this procedure is only correct if the 
two series are not co-integrated (MacDonald and Kearney, 1987). For co-integrated 
series, different approaches to causality testing have to be applied. Based on results 
of Sims et al. (1990), Demetriades and Hussein (1996) argue that test statistics de-
rived from a level VAR framework are not valid unless the variables employed are ei-
ther I(0) or I(1) and co-integrated. This implies that Eqs. (2) and (3) could be used to 
test Granger-causality for not co-integrated series. On the other hand, Engle and 
Granger (1987) and Granger (1988) argue that in the presence of cointegration, cau-
sality tests, which ignore the error correction term (ECT) derived from the cointegra-
tion relationship are misspecified and suggest to re-parameterize the model in the 
equivalent error correction model form (VECM). The causality tests in this case are 
based on the following equations: ∆ܺ௧ ൌ ௑ߙ ൅ ∑ ௑,௜∆ܺ௧ି௜௞௜ୀଵߚ ൅ ∑ ∆௑,௜ߛ ௧ܻି௜௞௜ୀଵ ൅ ߮௑ܥܧ ௑ܶ,௧ିଵ ൅ ∆   ௑,௧ߝ ௧ܻ ൌ ௒ߙ ൅ ∑ ∆௒,௜ߚ ௧ܻି௜௞௜ୀଵ ൅ ∑ ௒,௜∆ܺ௧ି௜ߛ ൅ ߮௒ܥܧ ௒ܶ,௧ିଵ൅ߝ௒,௧௞௜ୀଵ   (4) 

VECM-based tests allow us to differentiate between two types of causality: 
the short-run dynamics of the VAR and the disequilibrium adjustment of the ECM. In 
particular, the F-test on the estimated coefficients ߛ௜ provides evidence regarding a 
short-term adjustment dynamics. The t-test of the estimated coefficient ߮ provides 
evidence for the existence of an arbitrage-type error correction mechanism that 
drives the variables back to their long-term equilibrium relationship that is embodied 
in the cointegration vector. In this step, as already stated, we are interested in the 
creation of new short-run relations among countries as evidence of contagion (ߛ௜). 
 
15  There is also the possibility that one variable is found to be I(0) and the other I(1). In these cases, the I(1) variable will 

be included in the equation in terms of first differences whereas the I(0) variable will be included in levels. As the 
first differences of an I(1) series will be I(0), this procedure ensures that all series included in the equation are I(0). 
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Taking these considerations into account, we proceed as follows: first, we 
test the time series for unit roots followed by tests for cointegration among any pairs 
of countries by applying standard Durbin-Watson (DW) and Dickey-Fuller (DF) tests. If 
the series are found to be I(0), causality testing according to Eqs. (2) will be applied. 
If the series are found to be I(1) and not co-integrated, causality testing according to 
Eqs. (3) will be applied. If the series are found to be I(1) and co-integrated, causality 
will be tested based on Eqs. (4) .  

The estimation is conducted separately for all sub-periods (the so-called 
“contagion windows”) identified in the first step (§3.1) on sovereign spreads and 
stock returns. The lag length k is chosen in order to generate a white noise error term ߝ௧ . Investigating the presence of a unit root in the model requires to study basic in-
formation criteria given by Akaike information criterion (AIC), Schwartz criterion (SC) 
and Hannan-Quinn criterion (HQ). 

Another result that we obtain in this step is the direction of the long-run 
connections we detected among sample countries. If the series are co-integrated we 
can identify the direction through which adjustment is applied, i.e. who is the leader 
and who is the follower in the contagion transmission, by applying the Gonzalo-
Granger statistic in the context of a bivariate cointegration analysis (Engle and Gran-
ger, 1987). 

To make clear how does this statistic works, let’s assume that we have two 
countries only. As we have already stated in the previous sub-section (§ 3.1), the 
long-run coefficients matrix ߎ in equation (1) can be expressed as ߎ ൌ  where α ,′ߚߙ
measures the speed of convergence to the log-run equilibrium of the two hypothe-
sized countries, while β contains the parameters of the common stochastic trend.  

If the parameter of the speed adjustment of the first country (ߙଵ) is statisti-
cally not significant, whilst the parameter of the speed adjustment of the second 
country (ߙଶ) is positive and significant, this indicates that the adjustment process 
towards the long-term relationship is determined by changes to the variable of the 
second country in response to changes of the variable of the first country, namely 
that the leading role in the contagion transmission is played by the first country. If, 
instead, ߙଵ is negative and statistically significant, whilst ߙଶ is not significant, it is 
the second country that plays the leading role. When both parameters are significant 
(and in that case we have an alternation of sign), both country contribute to the con-
tagion transmission process and the Gonzalo-Granger statistic, defined as 

ఈమሺఈమିఈభሻ, 
allows us to establish which country makes the greatest contribution to the conta-
gion transmission process16. 

 

 
16  If the result in absolute value exceeds 0.5, the price of the first asset plays a more important role compared to the 

price of the second asset, whilst if it is lower than 0.5 (the maximum for construction is 1), the opposite is true. 
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3.3 Variance decomposition 

The last contagion indicator that we use is based on the forecast-error va-
riance decomposition approach (FEVD) and measures how much of the movements in 
one country can be explained by shocks in other countries (as usual the exercise is 
performed separately for European stock and sovereign bond markets). Of course, as 
far as the proportion of the movements explained by other countries increases, the 
vulnerability of the system also increases given that it is more exposed to external 
shocks. 

In accordance with conceptual framework previously discussed, we assume 
that contagion occurs every time the degree of vulnerability of one country – meas-
ured as the fraction of his movements due to other country shocks – increases after a 
crisis period. 

From an econometric viewpoint, the forecast-error variance decomposition 
model (FEVD) measures the fraction of the forecast-error variance of an endogenous 
variable that can be attributed to orthogonalized shocks to itself or to another endo-
genous variable. It gives the portion of the movements in the dependent variables 
that are due to their “own” shocks, versus shocks to the other variables17. 

The starting point of this indicator is given by the moving-average represen-
tation of the VECM: ܴ௧ ൌ ෍ ݐሺݑ ሻݏሺܥ െ ሻ ஶݏ

௦ୀ଴  
where the i,jth component of C(s) represents the impulse-response of the i-th country 
in s periods to a shock of one standard error in the j-th country and u is a orthogona-
lized innovation in the sense that it has an identity covariance matrix. Starting from 
this mathematical representation of the stock return (the same holds in the case of 
sovereign bonds), the variance of the n-step ahead forecast variance of the i-th re-
turn time series (ܴ௜,௧ା௡) is: 

௜ሺ݊ሻଶߪ ൌ ෍ ௜,ଵሺ݆ሻଶܥ ൅ ڮ ൅௡
௝ୀଵ ෍ ௜,ேሺ݆ሻଶ௡ܥ

௝ୀଵ  
where N is the number of countries included in the sample. 

As a consequence, for each country stock market i the ratio  

௜ܹሺ݇ሻ ൌ ∑ ௜ሺ݊ሻଶߪ௜,௞ሺ݆ሻଶ௡௝ୀଵܥ  
 
17  A shock to the i-th variable will directly affect that variable of course, but it will also be transmitted to all of the 

variables in the system through the dynamic structure of the VAR. Variance decompositions determine how much of 
the s-step-ahead forecast error variance of a given variable is explained by innovations to each explanatory variables 
for s=1, 2, …T. 
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represents the portion of movements in country i due to shocks from country k, on 
the time horizon n.  

In particular, for i=k we have: 

௜ܹሺ݅ሻ ൌ ∑ ௜ሺ݊ሻଶߪ௜,௜ሺ݆ሻଶ௡௝ୀଵܥ  
that is the portion of its forecast error variance which is explained by its own innova-
tions. As a consequence, its complement to one (1- ௜ܹሺ݅ሻ) measures the degree of 
vulnerability of country i, because it is the percentage of the variance of country i ex-
plained by innovations in other countries, and can be considered as a measure of 
country exposure to external shocks.  

 

4 Results  

4.1  Identification of contagion windows  

Our analysis begins by examining how the connections among Euro area 
markets has evolved through time. In other terms, at each point of time we estimate 
the number of markets interrelated in the sense that they are able to influence each 
other in the determination of sovereign bond spreads and stock returns. A sharp in-
crease of cross-market connections signals a contagion phenomenon. 

According to the results obtained in this step, we detect contagion windows 
by looking directly into the data, finding evidence which either confirms or rejects 
our a priori conjectures on the occurrence of shocks and on the periods during which 
contagion may have started to spread out during the two financial crisis analyzed 
(Lehman’s default and sovereign-debt crises).  

In particular, in this section we apply a dynamic bivariate cointegration 
analysis (the first of our three-steps procedures, illustrated in section §3.1) detecting 
long-run relationships, which are connections among markets that lead to slow price 
adjustment processes.  

The window size of our rolling indicator is 1.000 days and we take into con-
sideration daily change of sovereign spreads and stock index returns, because we 
have verified that sovereign spread and log-price are not stationary in levels. 

The empirical distribution of the percentage of relevant connections is used 
to identify contagion windows. If our indicator exceeds the III° quartile (upper 
bound), the percentage of relevant connections can be considered significantly high 
and the period is considered as turbulent, while the benchmark “tranquil” period is 
identified by the I° quartile (lower bound). Indeed, if the indicator is under the I° 
quartile, the number of connections can be considered significantly low. As a conse-
quence, we identify “crisis” (“tranquil”) windows by detecting periods during which 
for an high percentage of times the indicator is above (under) the upper (lower) 
bound.  
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In Figure 1, we plot the mentioned indicator and its bounds applying the 
methodology described in §3.1 to sovereign spreads. The indicator has been quite 
stably above the III° quartile for most of the period from October 2006 to around De-
cember 2007, but we do not detect a significant change in the number of conne-
ctions and hence we take this evidence as a sign of interdependence rather than con-
tagion. 

The first contagion window using sovereign spreads corresponds to the 
Lehman default crisis and spans from December 2008 to July 2009. In fact, during 
this period, which lasts 162 days, in 24 per cent of the cases the indicator of the per-
centage of connections is above the III° quartile, and in 81 per cent of the cases it is 
above or equal to the median. The “tranquil” window goes from April 2008 to No-
vember 2008, that is a period of time during which in 73 per cent of the cases the 
indicator is strictly under the median and in 36 per cent of the cases it is under the 
lower bound. 

The second contagion window corresponds to the sovereign debt crisis and 
spans from November 2011 to May 2012. During this period of time, which lasts 155 
days, in 79 per cent of the cases the indicator is above or equal to the median and, in 
particular, in 14 per cent of the cases the indicator is strictly above the upper bound. 
The related benchmark “tranquil” period of time spans from May 2010 to December 
2010 when the indicator is always under the median. 

 

In similar way we identify contagion windows using stock returns, though in 
this case the lower bound is equal to zero (Figure 2). 

Using equity returns we detect two contagion windows. The first one – 
which covers the Lehman default crisis – spans from March 2008 to July 2009 and 
lasts 354 days (when in 88 per cent of the cases the indicator of connections is above 
or equal to the median and, in particular, in 54 per cent of the cases it is strictly 
above the upper bound), while the benchmark “tranquil” period goes from October 
2006 to February 2008 (when the indicator is almost always below the median). 

Figure 1 - Contagion windows estimation using sovereign spreads
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The second contagion window covers the sovereign debt crisis period and 
spans from January 2012 to September 2012. In this case, the indicator is always 
above or equal to the median (and, in particular, in 67% of the cases the indicator is 
strictly above the III° quartile). The “tranquil” period goes instead from June 2010 to 
January 2011, when the indicator of the percentage of significant connections is al-
ways equal to zero. 

 

 

In Figure 3 we represent the indicator (the percentage of significant cross-
market connections on the total amount of possible relations) for both sovereign 
spreads and stock returns, in order to highlight the differences in the pattern of crisis 
dissemination.  

 

 

Figure 2 - Contagion windows estimation using stock returns

Figure 3 – Comparing contagion windows using sovereign spreads and stock returns

 
Note: in the graph we represent the moving average of the percentage of significant connections computed by applying a window of 20 days. In 
the computation of the indicator we consider all the significant long-run connections among the Euro Area countries included in the sample. 
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From October 2006 to October 2007 the percentage of significant cross-
market sovereign spread connections remains at quite high levels pointing out a situ-
ation of possible interdependence instead of contagion. Indeed, if co-movements do 
not significantly grow, then any continued high level of market correlation suggests 
strong connections that exist in all state of the world, that is a situation of interde-
pendence. 

Sovereign spreads contagion indicator reaches a peak at the end of 2008, 
that is with some delay respect to the Lehman default. In this case, over 30 per cent 
of all the possible cross-market relations are significant with a sharp increase com-
pared to the levels observed in the period immediately before (less than 10 per cent). 
Thereafter, the indicator is quite volatile till May 2010 when European central Au-
thorities fixed the first set of financial aids for peripheral Euro area countries. Then, 
the percentage of connections among sovereign spreads remains at a quite low levels. 
At the end of 2011, the indicator reaches a new peak, which is, however, lower com-
pared to the one observed during the Lehman default crisis.  

The indicator of the intensity of cross-market connections shows a different 
pattern on the stock return time series; in this case we clearly identify two contagion 
episodes. The first one starts approximately in March 2008 and ends around July 
2009 and includes, consequently, both the subprime and the Lehman default crisis; in 
September 2008 more than 50 per cent of the cross-market relations are significant. 
The second peak is reached during the sovereign debt crisis in 2012, when, however, 
the percentage of cross-market relations has not overcome 40 per cent. 

When comparing the timing of contagion for the two assets (sovereign 
spreads and stock returns), we notice that during the Lehman crisis the increase of 
co-movements in the stock markets anticipates the raise of correlation among Euro 
area sovereign spreads, while during the sovereign debt crisis bond spreads contagion 
has led the increase of correlation among stock markets.  

In Table 1 we summarize the results on the contagion windows, which will 
be used in the next section in order to analyze the contagion process and verify if the 
number of significant connections in the “crisis” period grows compared to the “tran-
quil” period. Indeed, till now we have considered only long-run connections which 
imply slow price adjustment process. However, to verify the presence of contagion we 
have to compute the total number of connections, not only the long-run ones, but 
also the short-run connections on the basis of the Granger causality test.  

 
Table 1 – Characteristics of the contagion windows
 

 Lehman default crisis Euro area sovereign debt crisis 

Sovereign spreads 01/12/2008 - 14/07/2009; 162 days; in 84% of the 
cases the indicator is above or equal to the median in 
24% of the cases the indicator is strictly above the 
upper bound. 

02/11/2011 - 05/06/2012; 155 days; in 79% of the 
cases the indicator is above or equal to the median; in 
14% of the cases the indicator is strictly above the 
upper bound. 

Stock returns 10/03/2008 – 16/07/2009; 354 days; in 88% of the 
cases the indicator is above or equal the median; in 
52% if the cases the indicator is strictly above the 
upper bound. 

09/01/2012 - 28/09/2012; 190 days; in 100% of the 
cases the indicator is above or equal to the median; in 
67% of the cases the indicator is strictly above the 
upper bound. 
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4.2 Analysis of the contagion process 

In this section we compare the number of significant cross-market connec-
tions which emerged during the mentioned “crisis” episodes with the amount of 
cross-market relations in “tranquil” periods. We apply both the bi-variate Johansen 
cointegration test and the Granger causality test (see §3.2). The bi-variate co-
integration test, indeed, allows us to identify connections between couple of markets 
which lead to slow price adjustment processes (long-run connections). Not only we 
detect links, but we also find the versus of each significant connection by applying 
the Gonzalo-Granger statistic. The Granger causality test, instead, identifies connec-
tions which have a short-term influence in the price discovery process (short-run 
connections) (see Appendix for econometric details). 

As a result, both techniques (bi-variate cointegration test/Gonzalo Granger 
statistic and Granger causality test), allow to identify significant cross-market con-
nections and the direction of these relations. Thereafter, by applying the two tests we 
can establish which countries have a dominant role in the contagion process, because 
they are able to influence the others (“leading countries”), and which countries are 
more vulnerable in the sense that they are more reactive to other countries price in-
novations (“follower countries”). The only difference is the time horizon of the price 
adjustment process induced by the existence of cross-market connections, which is 
the long-run for the connections identified by the bi-variate Johansen cointegration 
test, while it is the short-run for the connections detected with the Granger causality 
test.  

In Figure 4, we represent all the relations (short-run and long-run) among 
sovereign spread markets and the direction of these connections which shed light on 
the structure of the contagion propagation mechanism; only when a link is statisti-
cally relevant we report the value of the test statistic and its significance level (Table 
A.1 in the Appendix). During the recent sovereign debt crisis, there has been an in-
crease of the significant connections among sovereign spread markets, which has 
grown from 8 (May 2010 – December 2010) to 13 (November 2011 – May 2012). 

The representation that we have chosen allows us to go through the struc-
ture of the contagion transmission mechanism (Figure 4 and Table A.1 refer to sove-
reign spreads). During the sovereign debt crisis (November 2011 – May 2012), Ger-
many and Spain have a dominant role in the contagion process, because they are able 
to influence most of the other countries. Indeed, Germany, which was connected only 
with Portugal during the Lehman crisis (December 2008 – July 2009), has influenced 
Italy, Spain and Ireland during the more recent sovereign debt crisis (November 2011 
– May 2012). Spain which did not lead any country in 2008-2009 (Lehman default 
crisis), has started to influence Greece, France and Portugal since the end of 2011. 
The number of cross-market connections has, instead, decreased, respect to Lehman 
default crisis (December 2008 – July 2009), from 5 to 4 for Portugal and from 5 to 2 
for Greece. Moreover, Portugal and Ireland, which dominated the contagion process 
during the Lehman default crisis, have clearly lost their leading role in 2011-2012. 
Lastly, Italy becomes a pure follower country in the sense that it absorbs shocks 
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without being able to influence other countries signaling a high degree of vulnera-
bility.  

 
Figure 4 - Contagion tests using sovereign spreads: short and long-run connections before and 
after crises episodes  
 
“TRANQUIL PERIOD”: APRIL 2008 – NOVEMBER 2008 

 
LEHMAN DEFAULT CRISES: DECEMBER 2008 – JULY 2009 

 
“TRANQUIL PERIOD”: MAY 2010 – DECEMBER 2010 

 
SOVEREIGN DEBT CRISES: NOVEMBER 2011 – MAY 2012 

 
Note: we use dashed line in case of short-run connections, solid line refers to the long-run connections, and bold line 
is used when both short and long-run connections are detected. 
 

 

Germany 

France Italy

Spain 

Greece 
Portugal

Ireland

UK 

Germany 

France Italy

Spain 

Greece 
Portugal

Ireland

UK 

Germany 

France Italy 

Spain 

Greece Portugal 
Ireland 

UK 



 

29 
Financial contagion during Lehman default  
and sovereign debt crisis  
An empirical analysis on Euro area bond and equity markets 

One difference between the two crises considered (Lehman default crisis 
and sovereign debt crisis) that clearly emerges, concerns the overwhelming weight of 
short-run connections during the most recent sovereign debt crises (12 short-run 
links over 13 total links detected) compared to the Lehman default crises (8 short-run 
links over 13 total links). Moreover, it seems that “crisis” periods (both Lehman and 
sovereign debt crisis) are characterized by a substantial increase in the number of 
short-run links compared to the “tranquil” periods, which, on the contrary, show a 
prevalence of long-run connections (7 log-run links over 10 total links during the 
“pre Lehman tranquil period” and 6 log-run links over 8 total links detected before 
the sovereign debt crises). 

The procedure applied on stock returns is analogous to the one just de-
scribed for sovereign spread time series. In Figure 5 we represent all the relations 
(short and long-run) using stock returns and the direction of these connections shed 
light on the structure of the contagion propagation mechanism; when the connection 
is statistically relevant we report the value of the test statistic and its significance 
level (Table A.2 in the Appendix). During the sovereign debt crisis, the number of 
cross-market connections sharply increases, growing from 4 (June 2010 – January 
2011) to 17 (January 2012 – September 2012). 

However, results differ when taking into consideration the versus of the 
connections, compared to sovereign spreads. In particular, Germany, France and 
Greece, which dominated the stock market during the Lehman default crisis as lead-
ing countries (March 2008 – July 2009), clearly lose this role during the sovereign 
debt crisis (January 2012 –September 2012). Indeed, in 2008-2009, Germany was 
able to influence the stock returns of all the other countries except for Ireland, while 
during the sovereign debt crisis it has not led any country and it has been significant-
ly connected only with Italy and UK. In 2008-2009, France had a dominant role in the 
contagion transmission mechanism by influencing Germany, Italy (both short and 
long-run), Spain and Portugal, while in the more recent sovereign debt crisis, France 
had led only Portugal and Ireland. Moreover, Italy, which during the Lehman default 
crisis did not influence any countries and was connected only with Germany and 
France (March 2008 – July 2009), in the more recent crises is significantly connected 
with Spain, Greece, Portugal and Ireland (January 2012 –September 2012).  

Lastly, during the sovereign debt crisis, Italy, Greece and UK have a domi-
nant role in the contagion transmission mechanism and the number of relevant con-
nections which involve Portugal and Ireland is higher compared to what has been ob-
served in 2008-2009.  

As a result, the evidences of contagion using stock returns have a quite dif-
ferent pattern compared to the one observed for sovereign spreads. In the case of 
stock returns, indeed, the risk profile of Italy becomes closer to the risk profile of 
Spain, Greece, Portugal and Ireland, given that the number of connections among 
these countries grows significantly. Moreover, the contagion process is mainly related 
to peripheral countries rather than to core ones. 
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Figure 5 - Contagion tests using stock returns: short and long-run connections before and after 
crises episodes  
 
“TRANQUIL PERIOD”: OCTOBER 2006 – FEBRUARY 2008 

 
LEHMAN DEFAULT CRISES: MARCH 2008 – JULY 2009 

 
“TRANQUIL PERIOD”: JUNE 2010 – JANUARY 2011 

 
SOVEREIGN DEBT CRISES: JANUARY 2012 – SEPTEMBER 2012 

 
Note: we use dashed line in case of short-run connections, solid line refers to the long-run connections, and bold line 
is used when both short and long-run connections are detected. 
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among countries (in either sovereign bond and stock markets) increases after the 
“crisis episodes” but do not stabilize at such higher level reached after the shock. In-
deed, the number of connections goes up during “crisis periods” and then comes back 
down during “tranquil periods”. 

As said in §2.1, such feature is a critical test to distinguish between conta-
gion and interdependence, since contagion is a significant increase in the co-
movement between assets during a period of crisis, compared with a tranquil period. 
Therefore, if there is a high level of market co-movement in all periods, it is the case 
for interdependence. As regards to the European countries analyzed in our paper, a 
higher number of connections which don’t held steady after a shock – but returns to 
low values once the crises is gone – is a signal of a temporary distortion of the 
transmission channels due to shocks (that is contagion), instead of a systematic 
change in the common economic structure (owing to real or financial links).  

 

4.3 Involvement in the contagion process 

Our last step is given by the application of the variance decomposition me-
thodology which is an aggregate measure of each country’s degree of exposition to 
the influence of foreign markets and, as a result, indicates the rate of involvement in 
the contagion process (see §3.3). As regards to sovereign spreads and on the basis of 
this indicator, Germany and Spain are more significantly involved in the sovereign 
debt crisis compared to their involvement in the Lehman default one (Table 2). In-
deed, between the two crises the ratio of the forecast error variance explained by 
foreign markets has increased from 3 per cent to 8 per cent for Germany and from 4 
to 16 per cent for Spain. Italy has been highly involved in the recent contagion 
process given that its degree of exposition to external shocks is the highest in the 
sample after Spain. This level of exposition to external shocks together with the fact 
that Italy has been found to be uniquely a follower country can be considered as a 
signal of its high degree of vulnerability. 

Looking at the differences between the rates of involvement before and af-
ter the two crises considered, we can get some insight on contagion intensity for the 
countries in our sample: Spain, Germany and Ireland are countries mostly involved by 
the contagion process during the sovereign debt crises, which means that their de-
gree of exposition increased after the crisis more than those of other countries, al-
though Spain and Italy are the countries that record the highest level of vulnerability 
(respectively 16% and 8%)18. As regards to Lehman default crises, Greece, Italy and 
Portugal are countries that record the most severe worsening of external fragility, in 
contrast to Germany, which was essentially unaffected19. 

 

 
18  For example, the rate of involvement for Germany moved from 4.42% to 7.94% after the sovereign debt crises, 

reaching an increase of about 3.52% which was the highest in the sample except for Spain (from 6.89% to 16.13%), 
although the highest levels of exposition after the crises are those of Spain and Italy (16.13% and 8.33%).  

19  The rates of involvement for Italy goes from 2.55% to 6.65%. Greece moves from 2.24% to 10.01% and Portugal 
from 4.15% to 8.45%. 
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Using stock returns, the most involved countries in both crisis episodes are 
Portugal, Spain and Italy (Table 3). Moreover, the rate of involvement of Portugal in 
the sovereign debt crises increases significantly compared to what has been observed 
during the Lehman default crisis, given that the ratio of the forecast error variance 
explained by foreign market innovations has increased from 7 to 12 per cent. The de-
gree of exposition of France has, instead, decreased from 7 to 2 per cent. Therefore, 
even using this methodology, the role of peripheral countries in the contagion 
process during the sovereign debt crisis have been more relevant compared to the 
“core” countries. It is interesting to note that Italy and Spain have almost the same 
rate of involvement in the sovereign debt crisis (respectively 6.25% and 6.88%). 

 

 

As regard to Lehman default crisis, Spain and Italy are the two countries 
most affected both in terms of degree of exposition to external markets (8.82% for 
Spain and 7.98% for Italy) and in terms of the growth rate of vulnerability before and 
after the crises (from 3.68% to 8.82% for Spain and from 3.92% to 7.98% for Italy). 

Table 2 – Rate of involvement in contagion process using sovereign spreads
 

 
“tranquil” period  

before Lehman default 
Lehman default crisis “tranquil” period before 

sovereign debt crisis 
sovereign debt crisis 

Germany 6.42% 2.87% 4.42% 7.94% 

France 3.60% 4.91% 2.06% 2.93% 

Italy 2.55% 6.95% 7.20% 8.33% 

Spain 3.76% 3.92% 6.89% 16.13% 

Greece 2.24% 10.01% 4.77% 6.79% 

Portugal 4.15% 8.45% 3.40% 3.71% 

Ireland 6.61% 10.66% 2.62% 5.37% 

Uk 5.94% 8.92% 8.01% 7.89% 

 
Note: the variance-decomposition has been computed on 5 days forecast horizon. 

Table 3 - Rate of involvement in contagion process using stock returns
 

“tranquil” period  
before Lehman default 

Lehman default crisis “tranquil” period before 
sovereign debt crisis 

sovereign debt crisis 

Germany 2.86% 2.81% 1.72% 4.08% 

France 3.25% 7.35% 1.95% 2.04% 

Italy 3.92% 7.98% 6.19% 6.25% 

Spain 3.68% 8.82% 7.44% 6.88% 

Greece 1.47% 3.89% 2.57% 4.07% 

Portugal 4.48% 6.72% 11.24% 11.95% 

Ireland 2.03% 2.90% 1.18% 2.81% 

Uk 4.04% 5.08% 2.23% 5.29% 

 
Note: the variance-decomposition has been computed on 5 days forecast horizon. 
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Looking at the more recent sovereign debt crises, results highlight that Por-
tugal, Spain and Italy are countries more exposed to financial contagion due to their 
highest degree of fragility (about 12%, 7% and 6%), while Germany and Ireland 
record the worse performance in term of rise of rate of involvement due to their very 
low pre-crisis vulnerability (from 1.72% to 4.08% for Germany and from 1.18% to 
2.81% for Ireland). 

 

5 Synthesis of the results 

In Table 4 we summarize main results obtained in sections 4.1, 4.2. and 4.3 
using both sovereign spreads and stock returns.  

When using sovereign spreads, Germany and Spain have a leading role in 
the contagion process and are the most involved countries in the sovereign debt crisis 
episode; Italy, instead, is a follower country, in the sense that it is not able to influ-
ence other countries in the spread innovation process, showing, consequently, an 
high degree of vulnerability.  

When using stock returns, instead, Germany and France have a minor role in 
the contagion transmission mechanism during the sovereign debt crisis. The Italian 
stock market is more closely connected with peripheral countries compared to the 
“core” ones. There is a sharp increase of the rate of involvement of Portugal in the 
contagion process, in which Greece has clearly a dominant role as leading country. 

 
Table 4 - Evolution of cross - market connections
 
crisis presence of contagion  direction of contagion rate of involvement in the 

contagion process 

Sovereign spreads 

2008 - 2009 – Lehman 
default crisis 

The number of connections has 
increased respect the benchmark 
“tranquil” period of time: there has 
been a contagion process 

Italy, Portugal and Ireland have a 
leading role in the process of 
transmission of shocks 

All the countries are involved, but 
Germany and Spain have not a 
relevant role 

2011 - 2012 - Sovereign 
debt crisis 

The number of connections has 
increased respect the benchmark 
“tranquil” period of time: there has 
been a contagion process 

Italy has uniquely a follower role, in 
the sense that absorbs shocks, but it 
does not propagates them. Germany 
and Spain have, instead, a leading 
role in the shock transmission 
mechanism 

All the countries are involved, but 
Germany and Spain have the most 
relevant role. Italy shows an high 
degree of vulnerability as a follower 
country. 

Stock returns 

2008 - 2009 – Subprime - 
Lehman default crisis 

The number of connections has 
increased respect the benchmark 
“tranquil” period of time: there has 
been a contagion process 

Germany and France have a leading 
role in the shock transmission 
mechanism 

All the countries are involved. 
Italy is directly connected only with 
Germany and France 

2012 - Sovereign debt 
crisis 

The number of connections has 
increased respect the benchmark 
“tranquil” period of time: there has 
been a contagion process 

Germany and France have lost their 
leading role in the shock 
transmission mechanism; Greece is 
the most important leading country 

All the countries are involved, but 
Germany and France have a less 
relevant role. There are direct 
connections between Italy and the 
PIGS. Italian degree of involvement 
in the crisis is close to the Spanish 
one. There is an increase of the rate 
of involvement of Portugal 
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6 Conclusions 

The recent financial crisis, started with the collapse of the US mortgage 
market in 2007, has reinforced the concerns about the contagion effect in financial 
markets for both emerging and advanced economies. This paper contributes to a bet-
ter understating of this phenomenon by exploring changes in cross-market connec-
tions for the sovereign debt markets and the stock markets.  

We are interested in understanding how much contagion exists within the 
sovereign debt and stock markets in Europe, where contagion is defined as how dif-
ferent the propagation of shocks is after a large negative realization has taken place 
(Edwards, 2000). Contagion occurs when cross-country connections increase after a 
crisis compared to connections during tranquil periods and then return to lower level 
once a new calm period emerges and hence cannot be due to fundamentals, which 
involve just interdependence. 

One of the main interest of contagion studies is connected to the very basic 
principle of international portfolio diversification, the rationale being that interna-
tional diversification should theoretically significantly reduce portfolio risk, but when 
cross-country correlations increase during crises, much of this rationale is under-
mined. Developing an understating of financial contagion would clearly be beneficial 
for policy makers hoping to manage and avoid future spreads of crises.  

In this paper we apply a three step methodology to detect contagion based 
on VECM cointegration and Granger causality analysis in order to measure shifts in 
the shocks transmission channels caused by the creation of new long-run equilibria 
and/or the raising of new short-run connections. The novelty of the paper is the fact 
that we contemporaneously take into consideration stock markets and sovereign 
bonds markets.  

Results highlight the fact that there has been contagion both during Leh-
man crisis and sovereign debt crisis, given that the number of cross-market connec-
tions has significantly increased after such crisis episodes and then has newly re-
duced (at least for the Lehman episode). In particular, if we compare the timings of 
contagion for the two assets, we find that during the sovereign debt crisis (2011-
2012) contagion in sovereign debt markets has led the increase of correlation among 
stock markets, while during the Lehman default crisis (2008-2009) financial conta-
gion in stock markets has emerged before the contagion in sovereign spreads.  

As regards to the equity market, results highlight that while after the Leh-
man default, the most contagion pulse over stock returns has been transmitted by 
«core» countries as Germany and France, during the sovereign debt crisis the conta-
gion phenomenon hit predominantly the peripherals countries as Italy, Greece and 
Portugal. 

As regards to sovereign spreads, peripherals countries like Italy, Ireland, Por-
tugal and Spain turn out to be the most involved in both the contagion occurrences 
which spread out after the Lehman default and the sovereign debt crises. Lastly, we 
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find that during the sovereign debt crisis Italy has shown to be the most vulnerable 
country as it is the only one which does not spread any contagion link to the others 
and, in turn, reveals to be affected by the most large number of contagion links com-
ing from other economies. Moreover, Italy turns out to be more closely connected 
with peripheral countries during the Lehman default crisis and more with the «core» 
countries (as Germany and France) during the last recent sovereign debt crisis.  
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Appendix 

 

Granger causality methodology 

The Granger causality test for sovereign spreads is based on the application 
of a multivariate cointegration model in which the dependent variable is given by the 
daily change of the sovereign spread. The model is1: 

௧௞݀ܽ݁ݎ݌ݏ߂ ൌ ଴ߛ ൅ ෍ ෍ ௧ି௜௝௣݀ܽ݁ݎ݌ݏ߂ ௜,௝ߛ
௜ୀଵ ൅ ′ߚ௞ߙ

ێێۏ
ێێێ
ێێێ
ۍ ௧ିଵூ௥௘௟௔௡ௗ݀ܽ݁ݎ݌ݏ߂௧ିଵ௉௢௥௧௨௚௔௟݀ܽ݁ݎ݌ݏ߂௧ିଵீ௥௘௘௖௘݀ܽ݁ݎ݌ݏ߂௧ିଵௌ௣௔௜௡݀ܽ݁ݎ݌ݏ߂௧ିଵூ௧௔௟௬݀ܽ݁ݎ݌ݏ߂௧ିଵி௥௔௡௖௘݀ܽ݁ݎ݌ݏ߂௧ିଵீ௘௥௠௔௡௬݀ܽ݁ݎ݌ݏ߂௧ିଵ௎௞݀ܽ݁ݎ݌ݏ߂ ۑۑے

ۑۑۑ
ۑۑۑ
ې

ே
௝ୀଵ  

where ߙ௞ is the coefficient which measures the speed of convergence to the long-run 
equilibrium, while β is the vector which contains the parameters of the common sto-
chastic trend; lastly, both k and j represent country indexes: k,j= Germany, France, Ita-
ly, Spain, Greece, Portugal, Ireland, Uk and N is the number of countries included in 
the sample (N=8). If the time series are not co-integrated, ߙ௞ߚ′ is equal to zero and 
the model becomes a VAR(p)2. The application of the Granger causality test allows us 
to find relevant short term connections among markets and to individuate the direc-
tion of these connections. For instance, if at least one ߛ௜,௝  for i=1,..,p is significantly 
different from zero, this means that ݀ܽ݁ݎ݌ݏ߂ ௝ influence ݀ܽ݁ݎ݌ݏ߂ ௞ . 

The Granger causality test for the stock markets allows to individuate short-
term cross-market links and it is based on the estimation of the multivariate co-
integration model in which the dependent variable is given by the stock return: 

ܴ௧௞ ൌ ଴ߥ ൅ ෍ ௜௎௦௔ܴ௧ିଵି௜௎௦௔ߴ ൅ ෍ ෍ ௜,௝ ܴ௧ି௜௝௣ߥ
௜ୀଵ ൅ ′ߚ௞ߙ

ێێۏ
ێێێ
ێێێ
ۍێێ log ሺ ௧ܲିଶ௎௦௔ሻlog ሺ ௧ܲିଵ௎௞ ሻlog ሺ ௧ܲିଵீ௘௥௠௔௡௬ሻlog ሺ ௧ܲିଵி௥௔௡௖௘ሻlog ሺ ௧ܲିଵூ௧௔௟௬ሻlog ሺ ௧ܲିଵௌ௣௔௜௡ሻlog ሺ ௧ܲିଵீ௥௘௘௖௘ሻlog ሺ ௧ܲିଵ௉௢௥௧௨௚௔௟ሻlog ሺ ௧ܲିଵூ௥௘௟௔௡ௗሻ ۑۑے

ۑۑۑ
ۑۑۑ
ேېۑۑ

௝ୀଵ
௣

௜ୀଵ  

 
1  We have verified that the spread is not stationary in the levels on the basis of the Augmented Dickey Fuller test. 

2  The order p of the model is based on the application of the HQIC and SBIC information criteria. 
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where, as in the previous case, k,j= Germany, France, Italy, Spain, Greece, Portugal, 
Ireland, Uk and N is the number of countries included in the sample (N=8). As we 
have already underlined for sovereign spreads, if the time series are not co-
integrated, the model becomes a VAR(p). Given that the Us stock index return is in-
cluded in the model, we have to take into consideration the synchronization issue3. 
Indeed, the Us stock market operates in a different time zone respect to the European 
countries and is characterized by different opening and closing times. In particular, 
activities in the Us stock market today impact the European one the following trading 
day. In line with the approach most frequently applied in the literature (Malliaris and 
Urrutia, 1992), we incorporate the synchronization issue directly in the specification 
of the econometric model, by considering the Us stock index return with one lag of 
delay. The application of the Granger causality test allows us to find relevant short 
term connections among markets and to individuate the direction of these connec-
tions. For instance, if at least one ߥ௜,௝  for i=1,..,p is significantly different from zero, 
this means that ܴ ௝ influences ܴ ௞ . 

 

  

 
3  We remember that in the case of sovereign spread application we take into consideration the US stock market impli-

citly as the benchmark respect to which the spread is computed. 
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Connections among sovereign bond markets 

Table A.1 – Significant connections among sovereign spread markets
 
APRIL 2008 – NOVEMBER 2008 – “TRANQUIL” PERIOD OF TIME 

leading  
country 

follower  
country 

Germany France Italy Spain Greece Portugal Ireland Uk Tot 
 
 L S L S L S L S L S L S L S L S 

Germany - - - - - - - - - - - - - - - - 0 

France - - - - - - 1.1** - - 4.0** - - - - - - 2 

Italy - - - - - - - - - - - - - - - - 0 

Spain - - - - - - - - - 2.9* - - - - - - 1 

Greece - - - - - - 0.04** - - - 0.4** - 0.4** - - - 3 

Portugal - - - - - - - - - - - - - - - - 0 

Ireland - - - - 3.5** - - - - - - - - - - - 1 

Uk - - - 3.2* - - 1.5** - - - - - 0.01** - - - 3 

Tot 0 1 1 3 2 1 2 0 10 

 
DECEMBER 2008 – JULY 2009 - LEHMAN DEFAULT CRISIS 

leading  
country 

follower  
country 

Germany France Italy Spain Greece Portugal Ireland Uk Tot 
 
 L S L S L S L S L S L S L S L S 

Germany - - - - - - - - - - - 3.2* - - - - 1 

France - - - - 0.6** - - - - - - 4.1** - - - - 2 

Italy - - - - - - - - 0.7* - - 3.1* - 4.2** - - 3 

Spain - - - - 3.5** - - - - - - - - 2.8* - - 2 

Greece - - 0.7** - 2.1** - - - - - - 4.2** - 10.0*** - - 4 

Portugal - - - - - - - - - - - - - 6.7** - - 1 

Ireland - - - - - - - - - - - - - - - - 0 

Uk - - - - - - - - - - - - - - - - 0 

Tot 0 1 3 0 1 4 4 0 13 

 
MAY 2010 – DECEMBER 2010– “TRANQUIL” PERIOD OF TIME 

leading  
country 

follower  
country 

Germany France Italy Spain Greece Portugal Ireland Uk Tot 
 
 L S L S L S L S L S L S L S L S 

Germany - - - - - - - - - - - - - - - - 0 

France - - - - - - - - - - - - - - - - 0 

Italy 3.4** - - - - - - - - - 2.8** - 0.5** 5.6*** - - 3 

Spain - - - - - - - - - 3.7* - - 1.1** 5.5*** - - 2 

Greece - - - - 2.6** - - - - - - - - - - - 1 

Portugal - - - - 2.8** - - - - - - - - - - - 1 

Ireland - - - - - - - - - - - - - - - - 0 

Uk -  -  -  -  -  -  - 4.0*** - - 1 

Tot 1 0 2 0 1 1 3 0 8 

--- cont. ---
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--- Table A.1 cont. --- 
 
NOVEMBER 2011 – MAY 2012 - EURO AREA SOVEREIGN DEBT CRISIS 

leading  
country 

follower  
country 

Germany France Italy Spain Greece Portugal Ireland Uk Tot 
 
 L S L S L S L S L S L S L S L S 

Germany - - - - - - - - - - - - - 4.6** - - 1 

France - - - - - - - 3.1* - - - - - - - - 1 

Italy - 3.58* - 11.5*** - - - - - - - 5.9*** - - - - 3 

Spain - 10.3*** - 6.6*** - - - - - - - 10.4*** - - - - 3 

Greece - - - - - - - 3.8* - - - - - - - - 1 

Portugal - - - - - - 3.2** - - - - - - 3.0* - - 2 

Ireland - 3.3* - - - - - - - 3.3* - - - - - - 2 

Uk - - - - - - - - - - - - - - - - 0 

Tot 3 2 0 3 1 2 2 0 13 

 
Note: L=Long-Term relation (detected by applying the bi-variate cointegration test); S=Short-Term relation (detected by applying the Granger 
causality test). The direction of the long-term relation is identified by applying the Gonzalo-Granger statistic. “-“ indicates that the test has not 
detected a significant connection between the examined couple of markets. For the long- term relations we report the Johansen cointegration 
statistic; for the short-term connections we report the F-test statistic. “***” indicates that we reject the null hypothesis of absence of long-run or 
short-run relations at the 1% level; “**” at the 5% level; “*” at the 10% level. 
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Connections among stock markets 

Table A.2 – Significant connections among stock markets
 
OCTOBER 2006 – MARCH 2008– “TRANQUIL” PERIOD OF TIME 

leading  
country 

follower  
country 

Germany France Italy Spain Greece Portugal Ireland Uk Tot 
 
 L S L S L S L S L S L S L S L S 

Germany - - - - - - - - - - - - - - - - 0 

France - - - - - - - - - - - 3.0* - - - - 1 

Italy - - - - - - - 6.3** - - - - - - - - 1 

Spain - - - - - - - - - - - 3.9** - - 3.6** - 2 

Greece - - - - - - - - - - - 4.1** - - - - 1 

Portugal - - 1.1** - - - - 3.9** - 3.8** - - - - 1.1** - 4 

Ireland - - - - - - - - - - - - - - - - 0 

Uk 3.3** - 0.6** - - - - - - - - 4.2** - - - - 3 

Tot 1 2 0 2 1 4 0 2 12 

 
MARCH 2008 – JULY 2009- SUBPRIME AND LEHMAN DEFAULT CRISIS 

leading  
country 

follower  
country 

Germany France Italy Spain Greece Portugal Ireland Uk Tot 
 
 L S L S L S L S L S L S L S L S 

Germany - - - 6.5** - - - - - 8.3*** - - - - - - 2 

France 1.5** 5.2** - - - - - - 1.6** - - - 1.2** - - - 3 

Italy 1.7** - 1.4** 3.9** - - - - - - - - - - - - 2 

Spain - 3.9* - 6.3** - - - - 1.4** - - - - - - - 3 

Greece - 8.3*** - - - - - - - - - - - - - - 1 

Portugal - 8.5*** - 2.8* - - - - - - - - - - - - 2 

Ireland - - - - - - - - - - - - - - - - 0 

Uk 1.2** - - - - - - - 1.5** - - - 1.2** - - - 3 

Tot 6 4 0 0 4 0 2 0 16 

 
JUNE 2010 – JANUARY 2011– “TRANQUIL” PERIOD OF TIME 

leading  
country 

follower  
country 

Germany France Italy Spain Greece Portugal Ireland Uk Tot 
 
 L S L S L S L S L S L S L S L S 

Germany - - - - - - - - - - - - - - - - 0 

France - - - - - - - - - - - - - - 1.5** - 1 

Italy - - - - - - - - - - - - - - - - 0 

Spain - - - - - - - - - - 1.5** - - - - - 1 

Greece - - - - - - - 4.8** - - - - - - - - 1 

Portugal - - - - - - - 2.9** - - - - - - - - 1 

Ireland - - - - - - - - - - - - - - - - 0 

Uk - - - - - - - - - - - - - - - - 0 

Tot 0 0 0 2 0 1 0 1 4 

--- cont. ---
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--- Table A.2 cont. --- 
 
JANUARY 2012 – SEPTEMBER 2012- SOVEREIGN DEBT CRISIS 

leading  
country 

follower  
country 

Germany France Italy Spain Greece Portugal Ireland Uk Tot 
 
 L S L S L S L S L S L S L S L S 

Germany - - - - - 2.7* - - - - - - - - - 3.4* 2 

France - - - - - - - - - 2.7* - - - - - 3.4* 2 

Italy - - - - - - 2.6** - - 3.2* - - 2.1** - - - 3 

Spain - - - - - - - - - - - - 2.7** - - - 1 

Greece - - - - - - - 2.8* - - - - - - - - 1 

Portugal - - 3.0** - 3.2** - - - - 3.9** - - - - 2.8** - 4 

Ireland - - 2.6** - - - - - - - 3.2** - - - 3.3** - 3 

Uk - - - - - 4.8** - - - - - - - - - - 1 

Tot 0 2 3 2 3 1 2 4 17 

 
Note: L=Long-Term relation (detected by applying the bi-variate cointegration test); S=Short-Term relation (detected by applying the Granger 
causality test). The direction of the long-term relation is identified by applying the Gonzalo-Granger statistic. “-“ indicates that the test has not 
detected a significant connection between the examined couple of markets. For the long-term relations we report the Johansen cointegration 
statistic; for the short- term connections we report the F-test statistic. “***” indicates that we reject the null hypothesis of absence of long-run or 
short-run relations at the 1% level; “**” at the 5% level; “*” at the 10% level. 
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