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Abstract This paper dissects the dynamic interdependencies between credit default swap
spreads among several European Union (EU) countries (Belgium, Bulgaria, Croatia, France,
Germany, Greece, Hungary, Italy, Portugal, Romania, Slovakia, and Spain) during the period
between October 2004 and July 2016. Its purpose is to delineate interdependence patterns
in credit risk in order to identify whether a particular country, such as Greece, or a group
of countries, disproportionately transmit credit risk to the remaining sampled EU countries.
The findings herein show that the interdependencies between countries’ credit risks are het-
erogeneous across time. Specifically, when mapping credit risk transmission channels during
the 2008–2009 financial crisis and 2011–2013 European debt crisis, respectively, it is evi-
dent that transmission patterns shift whereby some countries transmit more credit risk than
others. Finally, despite recent news headlines, it cannot be shown empirically that Greece is
the dominant transmission catalyst for shocks in the credit risks of the remaining sampled
EU countries.

Keywords Credit default swaps · European debt crisis · Greece · Vector autoregression

JEL Classification C58 · G10 · G15 · G17
One striking characteristic of several of these crises was how an initial country-specific
shock was rapidly transmitted to markets of very different sizes and structures around
the globe. This has prompted a surge of interest in ‘contagion.’ But what is contagion?
Despite the fact that the term is widespread, there is little agreement on what exactly it
entails. Many people assume that contagion occurred…but few agree on exactly which
countries were subject to contagion. Numerous theoretical papers have described the
various channels bywhich contagion could occur, but empirical work sharply disagrees
on whether or not contagion actually occurred during recent financial crises…
– Kristin Forbes and Roberto Rigobon (Chapter 3, 2001)
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1 Introduction

International financial market spillovers or contagion effects can broadly be defined as the
spread of market volatility or disturbances from one regional market or economy to another.
An alternative and less standard definition can entail the propagation of country-specific news
to other markets—even if such news is not incorporated in the asset prices of the supposed
country that is the catalyst for the contagion (Chapter 2, IMF 2016).

There are several factors that can augment the propagation of spillovers. These factors
have to do with the extent to which markets or economies are interlinked with one another.
The stronger the ‘channels’ or interlinkages that bind them together, the higher the probability
that a shock in one afflicted market will transmit into the remaining markets.

Recent research interest in spillovers and contagion effects has ballooned in the last few
years. For example, beginning in 2011, the InternationalMonetary Fund (IMF) has published
spillover reports to identify and analyze global spillovers and their effects. In their 2015 report,
for instance, the IMF warned of impending spillover effects from euro area countries and
cited, among other reasons, the large size of their output gaps in relation to the output gaps
of other advanced economies (IMF 2015).

The European debt crisis has indeed fuelled research in this subject, particularly Greece,
which is the focal point of discussion in socioeconomic and political news headlines. In
relation to its European counterparts, Greece has, for better or worse, received numerous
bailout packages and has implemented laborious austerity measures to avert exiting the
Eurozone. Monetary authorities, such as the IMF and European Central Bank (ECB) contend
that if Greece leaves the Eurozone, it may trigger an irreversible domino effect for the
remaining European Union (EU) member states; specifically, it may raise borrowing costs—
especially for other struggling countries such as Ireland, Italy, Portugal and Spain—as well
as produce aggregate market volatility in European and international stock markets. From
a political viewpoint, if Greece leaves, other struggling countries may also entertain the
possibility of exiting—a move that will ensure the disintegration of the EU and the multiple
layers of complex economic and legal agreements that presently bind all members.1

The recent news headlines paint an unflattering picture of Greece’s economic state of
affairs. Although Greece’s (mis-)management of its domestic affairs have done little to quell
these headlines, a nontrivial proportion of these news headlines have insinuated Greece as
the catalyst for negative market shocks in other financial markets (CNBC 2015a,b, c; Wall
Street Journal 2015a, b, c, d; The Guardian 2016). Such headlines are not to be taken lightly
because it is, by now, well established in asset pricing and behavioral finance literature that
news headlines, especially negative ones, have a significant impact on investor sentiment and
the behavior of asset prices (Boudoukh et al. 2013; Da et al. 2015; Sicherman et al. 2016).

Clark et al. (2004) show, using present-day and historical evidence, the extent to which
finance, trading and investing has become so intimately entwined with media companies,
such as Bloomberg and CNBC. As they illustrate, these media companies, with all their
embellishments, impart news on viewers as being urgently needed and momentous: “Breath-

1 Although the UK voted on a referendum, held on June 23, 2016, to leave the EU, it may take several years
for the UK to actually negotiate its exit. According to the Lisbon Treaty, for a country to leave the EU, it must
invoke Article 50, which gives the EU and the exiting country 2 years to agree to exit terms. The URL which
outlines Article 50 of the Lisbon Treaty can be accessed online: http://www.lisbon-treaty.org/wcm/the-lisbon-
treaty/treaty-on-European-union-and-comments/title-6-final-provisions/137-article-50.html. Theresa May,
the current prime minister for the UK, has stated she will not initiate this process before the end of 2016. One
of the primary concerns now for the UK is to determine what to do with EU citizens who work and reside in
the UK but who are not permanent residents: http://www.bbc.com/news/uk-politics-32810887.
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less excitement characterizes such commentary, being associated with ‘breaking news,’ ‘new
information,’ and ‘unexpected events.’ Talk is fast and furious. Talk is also often interrupted
by some sudden happening. Talk moves at a breakneck pace covering topic after topic though
interrupted, of course, by commercial breaks…” (p. 299). In a similar vein, Thrift (2001)
eloquently discusses how a newmarket culture has formed as a result ofmedia companies and
that asset price movements and trading behavior are prone to irrationality and manipulation.2

One only has to performaquick internet search of newsheadlines pertaining toGreecewith
references to “spillovers,” “contagion,” “domino effects,” and the like, in order to appreciate
the sheer size of headlines that insinuate Greece as the catalyst for negative market shocks
in other countries at large. The question is, however, are these news headlines empirically
justifiable? It is one thing to claim that Greece is in domestic turmoil and another to claim that
it serves as the transmission channel for problems in other countries. Greece’s dire domestic
state of affairs are not a precondition for branding Greece the instigator for market shocks
that transpire elsewhere. Or, are they?

This paper seeks to answer this question by delineating and dissecting, across various eco-
nomic regimes, the dynamic interdependencies between credit default swap (CDS) spreads
among twelve EU members (Belgium, Bulgaria, Croatia, France, Germany, Greece, Hun-
gary, Italy, Portugal, Romania, Slovakia, and Spain) across various economic regimes that
encompass the crash of 2008–2009 and the European debt crisis of 2011–2013. Using a
multivariate vector autoregression (VAR) framework, and throughout each of the economic
regimes, this paper identifies the transmission channels for credit risk and whether a single
country, such as Greece, or a particular set of countries, is responsible for disproportionately
spreading credit risk. If Greece is found to be the dominant transmission channel of credit risk
to other countries, it is plausible evidence that it is the ‘black swan’ which causes negative
shocks to other EU members. If not, then Greece has become a scapegoat, or ‘black sheep,’
that the media can facilely target for Europe’s economic problems at large.

The sovereign CDS market provides over-the-counter (OTC) credit protection con-
tracts whereby protection sellers compensate protection buyers in the event of a predefined
sovereign credit event. For this insurance protection, the protection buyers pay a fixed fee,
which is the CDS spread. As has been shown in the literature, the time-series behavior of
CDS spreads provide a unique window for viewing the risk-neutral probabilities of major
credit events as investors see them (Pan and Singleton 2008). In terms of price discovery for
credit risk, Blanco et al. (2005) find that CDS prices lead bond prices. As a result, it is not
surprising that Acharya and Johnson (2007) suggest that insider trading first takes place in
the CDS market—especially in the presence of negative market news. In a similar vein, Hull
et al. (2004) show that CDS spreads can be used to predict rating changes.

Themotivation for this paper stems from the sheer number of business news articles which
brand Greece as the instigator for credit risk transmissions yet the lack of empirical evidence
to support this claim. This is important to examine given that news headlines can shape
aggregate beliefs and create, as Shiller (2000) describes, “self-fulfilling prophecies.” So far,
there is limited work into which countries serve as the transmission channels for sovereign
credit risk throughout this European debt crisis ordeal (Kenourgios 2014; Kenourgios and
Dimitriou 2015). Some emerging research focuses on the transmission channels between
European nations and banks (Alter and Schuler 2012; Cornett et al. 2016; Mink and Haan

2 Shiller (2000) explains that business news from the media directed to investors has become so pervasive in
the US that “…traditional brokerage firms found it necessary to keep CNBC running in the lower corner of
their brokers’ computer screens. So many clients would call to ask about something they had just heard on the
networks that brokers (who were supposed to be too busy working to watch television!) began to seem behind
the chase…” (p. 29).
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2013) or the interdependencies between implied volatility in the Euro and CDS spreads
(Hui and Chung 2011). In particular, Cornett et al. (2016) show that changes in Greek CDS
spreads have an insignificant impact on the abnormal returns of international US banks.
When attempting to measure banks’ exposures to Greece’s credit risk, they report that Greek
CDS spreads provide no explanatory power for rates of return on banks beyond what the US
market index provides. Mink and Haan (2013) document qualitatively analogous findings
and also find that, although bank returns do not react to Greece, they do react positively to
news about bank bailouts—this is even the case for banks that are not exposed to Greece or
the credit risks of other indebted euro-area countries.

Thus, this paper contributes to at least three strands of literature. First, it is relevant to
literature that seeks to identify the determinants of CDS spreads, second, it is related to work
on identifying transmission channels by which credit risk propagates during the European
debt crisis and, third, it is related to work on financial contagion at large—work that has been
the primary focus for international monetary authorities and regulators in the last few years.

The remainder of this paper is structured as follows. The second section describes the
data that is used to conduct tests as well as explains the various economic regimes that serve
as sub-samples. The third section describes the analytical framework and methodologies
for implementing empirical tests. The fourth section discusses the results. The fifth section
entertains various alternative approaches used as robustness and, finally, the sixth section
concludes.

2 Description of sample data and economic regimes

2.1 Data and sub-sampled economic regimes

To examine interdependencies in credit risk, weekly CDS spreads are collected for Belgium
(BE), Bulgaria (BG), Croatia (HR), France (FR), Germany (DE), Greece (EL), Hungary
(HU), Italy (IT), Portugal (PT), Romania (RO), Slovakia (SK), and Spain (ES), respectively,
from Bloomberg starting from October 1, 2004 until July 15, 2016—a sample period that
encompasses the 2008–2009 financial crisis as well as the 2011–13 European debt crisis.3

The abbreviations for each country just mentioned, which are used throughout the paper, are
those used officially by the EU and are listed and referenced in Table 1.

As mentioned earlier, in the sovereign CDS market, protection buyers essentially buy
insurance from protection sellers in the event of some prespecified credit event. For example,
for the Greek CDS market, the Greek CDS seller compensates the Greek CDS buyer for
prespecified losses on a given face value amount of Greek debt. Thus, the Greek CDS buyer
is insuring themselves against Greece’s credit risk by transferring such risk onto the Greek
CDS seller. The CDS spread is the price (fee) that the CDS buyer pays the seller in order to
have this insurance. During periods when the probability of a Greek debt default rises there
is a commensurate rise in Greek CDS spreads, and vice versa.

After checking the various CDS tenors (maturities) for all the CDS markets in each of the
twelve aforementioned EUmarkets, this paper will focus exclusively on 5-year CDS spreads.
For all twelve EU markets, the 5-year CDS tenor is the most liquid and complete in terms of
data continuity—a finding that is, by now, standard in the literature.

3 Not all EU member states are included because some of them have scant or incomplete CDS data. Other
countries, as Hui and Chung (2011) mention, have no active sovereign CDS market altogether (Cyprus,
Luxembourg, Malta, to name a few).
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Table 1 Glossary of country
codes in the European Union

Country Code

Belgium BE

Bulgaria BG

Germany DE

Greece EL

Spain ES

France FR

Croatia HR

Hungary HU

Italy IT

Portugal PT

Romania RO

Slovakia SK

These country codes and their
descriptions are accessible
online: http://ec.europa.eu/
eurostat/statistics-explained/
index.php/Glossary:Country_
codes

Time-series plots of each countries’ weekly CDS spreads (in basis points) are shown in
Fig. 1. The starting date for all the plots is October 1, 2004 and the end date is until July 15,
2016. The shaded regions are OECD recession periods for the Euro area and reflect the 2008–
2009 financial crisis and 2011–2013 European debt crisis, respectively.4 Consistent with
these OECD recession periods, this paper forms subsamples which reflect distinct economic
regimes (these are labeled as ‘regime 1,’ ‘regime 2,’ ‘regime 3,’ ‘regime 4’ and ‘regime 5,’
respectively) on each of the plots.

Regime 1 embodies a period of normal global economic growth and tranquility. The start
date for this regime is October 1, 2004 and ends February 29, 2008. Figure 2 plots the
time-series of the sampled countries’ GDP per capita (in US$). As can be seen, all countries
experienced growth in their GDP per capita during the regime 1 time period—even countries
that are now considered “troubled,” such as Greece, Spain and Italy. These growth rates in
their GDP per capita coincided with growth rates observed in France and Germany. Figure 3
plots the time-series of the countries’ debt-to-GDP (in %) and shows that, during regime 1,
the debt-to-GDP for each country did not experience any unusual level of growth to suggest
something was amiss—albeit Greece, Italy and Belgium (in that order) had the highest levels
of debt relative to their GDP compared with the other EU members.

Regime 2 embodies the 2008–2009 financial crisis that gripped financial markets around
the world. This regime is one of the two sampled OECD recession shaded periods and its
starting date is March 7, 2008 and ends June 26, 2009. From Fig. 1, we can see that all
countries experienced a substantive rise in their respective CDS spreads. For Greece, this
rise in its CDS level (although noticeable) is exponentially dwarfed by its CDS level during
the 2011–2013 European debt crisis (regime 4). Bulgaria, Croatia and Romania are the only
three EU members that experienced higher CDS levels during the 2008–2009 crisis (regime
2) than during the 2011–2013 crisis (regime 4). From Fig. 2, we can see that every sampled
country experienced a decline in its GDP per capita. Likewise, on aggregate, all countries
experience a rise in their debt-to-GDP—albeit this rise is not uniform across all EUmembers;
for example, Bulgaria’s debt-to-GDP remained flat in relation to the other EU countries while
Greece’s debt-to-GDP rose significantly and ‘out-of-line’ with its EU counterparts.

4 Information and data (the dummy variables) on the OECD recession indicators for the Euro area can be
accessed online: https://fred.stlouisfed.org/series/EUROREC.
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Fig. 1 Time series plots of CDS spreads (in basis points)
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Fig. 1 continued

Fig. 2 GDP per capita (in US$)

Fig. 3 Debt-to-GDP (%)
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Regime 3, starting from July 3, 2009 until June 24, 2011, can be thought of as an artificial
‘calmbefore the storm’ period. The reasonwhy itmayhave been artificial is becausemonetary
authorities went to great and unprecedented lengths to quell themayhem that rocked financial
markets during regime 2. Between October and December of 2009, Greece’s credit rating
was downgraded by all three of the ‘Big Three’ credit rating agencies. Between February
and December of 2010, Greece formally requests bailout packages from the ECB and IMF
while instituting a series of austerity measures. In addition, laws are passed raising the
retirement age, cuttingpensions, raising taxes on certain goods and cutting certain government
employee’s salaries—all this while Greece is plagued with violent riots and protests.

Although regime 3 is not recognized as a recessionary period by the OECD or even
the National Bureau of Economic Research (NBER), it is a time when systemic risks were
building up in our financial system.While the respective CDS spreads of Bulgaria, Germany,
Croatia, Hungary, Romania and Slovakia oscillated at relatively lower levels during regime 3
than they did during regime2,Belgium,Greece, Spain, France, Italy andPortugal experienced
relatively higher CDS levels during regime 3.

Regime 4, the second sampled OECD recession period which starts from July 1, 2011
until February 22, 2013, will go down in history, as did the 2008–2009 crisis, as a destructive
period for our global financial system. Table 2, which provides summary statistics for the full
sample in panel A (October 1, 2004 until July 15, 2016) as well as for each of the five regimes
(panels B through F), illustrates the severity of Greece’s credit risk during the 2011–2013
European debt crisis. For regime 4 (in panel E), we can see that Greece’s CDS spreads had
deviated exponentially from the CDS spread levels of its EU peers. The average CDS level
was 8992 basis points for Greece during regime 4. Portugal had the second highest average
(869 basis points) while Germany had the lowest (72 basis points). Throughout regime 4,
Greece’s CDS spread reached an inconceivable 26,089 basis points—an amount many times
larger than its EU peers. The standard deviation of its CDS spread was also highest and
reflects the violent changes in market perception each time Greece, the ECB and the IMF
announce a supposed ‘positive’ or ‘negative’ piece of news.

Regime 5, which starts from March 1, 2013 until July 15, 2016, reflects our present-day
state of affairs. From Fig. 1, we see that the CDS spreads of all sampled EU members are
lower than they were relative to regime 4. Greece experienced a sharp spike in its CDS level
between late June and early July. This was most likely associated with its missed payment to
the IMF, which happened on June 30, 2015. From panel F of Table 2, we can see that Greece
had the highest average CDS level for regime 5, followed by Croatia, Portugal, Hungary,
Romania, Italy, Belgium, Spain, Slovakia, Belgium, France and Germany, in that order.

2.2 Correlations and stationarity tests

Table 3 reports contemporaneous correlations of the logarithmic first differences in CDS
spreads among the twelve sampled EU members; whereas panel A reports correlations for
the full sample, panels B, C, D, E and F report correlations for regimes 1, 2, 3, 4 and 5,
respectively.

Computing logarithmic first differences of CDS spreads provides us with a time-series
of changes in the CDS spreads for each country. From panels B through F we can obtain
a preliminary sense of the degree to which interdependencies exist between the countries’
CDSmarkets before and after recessionary economic periods (regimes 2 and 4, respectively).
As discussed, regime 1 (panel B) reflects a period of normal economic growth. We can see
that inter-market correlations are lower relative to what is reported in panel A. The average
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pairwise correlation (not tabulated) is 0.2161 in regime 1 whereas it is 0.4261 (not tabulated)
for the full sample (panel A).

In regime 2, we see a significant rise in pairwise correlations—an insinuation that inter-
market interdependencies augmented as aggregate investor fear rose across all markets. The
average pairwise correlation for regime 2 (not tabulated) is 0.6308—an approximately 48%
increase when compared to the average from regime 1.

Despite regime 3 (panel D) not being recognized as a recessionary period by monetary
authorities and policymakers, we see that inter-market correlations remain elevated; the aver-
age pairwise correlation (not tabulated) is 0.6646 and analogous to the correlations in regime
2. This suggests that market participants feared that European markets, on aggregate, expe-
rienced a rise in credit risks following the 2008–2009 financial crisis.

Regime 4 (panel E) corresponds with the 2011–2013 European debt crisis. Average pair-
wise correlations (not tabulated) remain relatively high at 0.5742. Closer inspection of the
inter-market correlations reveal that some countries experienced noticeable shifts in their
pairwise correlations with other markets. For example, during the 2008–2009 financial
crisis (regime 2) and the ‘calm before the storm’ period (regime 3), Greece’s average pair-
wise correlations with the other respective countries were 0.6663 and 0.6285, respectively
(not tabulated). Now however, in regime 4, Greece’s average pairwise correlation with the
other respective countries is 0.1822 (not tabulated). This is a marked difference and may
be attributable to the fact that international banks and governments reduced their holdings
of Greek debt before the 2011–2013 European debt crisis (Cornett et al. 2016; Wall Street
Journal 2015e). On July 26, 2012 (during the middle of regime 4), Mario Draghi, the current
president of the ECB, stated publicly that the ECB will do “whatever it takes” to save the
euro (Wall Street Journal 2015e). His stance on ‘saving’ the euro and preventing Greece
from exiting the Eurozone may be another reason for the low pairwise correlation between
Greece’s CDS changes with those of its peers.

Now in our present-day state of affairs (regime 5 in panel F), Greece’s average pairwise
correlation with the other sampled countries is 0.2412 (not tabulated)—an analogous finding
compared with that of regime 4. This suggests other CDS markets have reduced their degree
of comovement with that of Greece. Despite this, however, it is curious why the media, as
referenced earlier and as is discussed more rigorously in the upcoming sections, insinuates
that Greece’s debt problems will spillover into other markets.

Although the correlation matrix in Table 3 is not a formal statistical method for dis-
criminating between transmission channels or even determining causal relations and their
directionality, it does suggest some heterogeneity in the interdependence structure between
the CDSmarkets across the regimes—something that is empirically tested in the next section
and discussed in Sect. 4.

Stationarity tests are performed and reported in Table 4 for the full sample (panel A) and
each of the regimes (panels B through F). Each of the panels estimates unit root statistics for
the logarithmic levels (log-levels) in CDS spreads aswell as logarithmic first differences (log-
changes) in CDS spreads. Justification for expressing CDS time-series data in log-levels prior
to performing regression-type modelling is provided by Alter and Schuler (2012) and Forte
and Pena (2009). Additional justification for log-levels is self-evident when visually inspect-
ing CDS spread levels in basis points (Fig. 1); specifically, we can see prolonged periods
where CDS spread levels are relatively low and other periods when they are multiplicatively
higher (Greece being an immoderate example).

For each of the panels (full sample and each economic regime) and for log-levels and
log-changes, the augmentedDickey-Fuller (ADF) test (Dickey and Fuller 1981), the Phillips–
Perron (PP) test (Phillips andPerron1988), and theElliot,Rothenberg andStockpoint optimal
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Table 4 Unit root tests

Country ADF PP ERS Country ADF PP ERS

(Log levels) (Log changes)

Panel A: full sample; October 1, 2004—July 15, 2016 (N = 616)

BE −0.8018 −0.8145 38.5428 BE −14.0664* −30.4558* 0.4356*

BG −1.4211 −1.4848 19.8693 BG −21.3188* −21.3912* 0.4145*

DE −1.2954 −1.5452 22.2796 DE −13.9880* −27.9892* 0.1867*

EL −1.1984 −1.1226 17.7772 EL −7.0868* −29.4486* 0.3021*

ES −0.3764 −0.4484 60.6998 ES −27.7683* −29.6704* 0.3194*

FR −0.9796 −1.0423 27.9644 FR −32.2863* −32.6645* 0.3267*

HR −1.6377 −1.6042 13.6561 HR −11.0132* −22.6878* 0.4498*

HU −1.2162 −1.0987 30.1038 HU −11.6434* −23.4032* 0.4353*

IT −1.0982 −1.1393 28.1336 IT −26.1346* −26.1070* 0.3409*

PT −0.8723 −0.9117 37.7725 PT −11.3880* −25.9904* 0.2491*

RO −1.2046 −1.1926 24.1527 RO −21.7112* −21.7952* 0.3615*

SK −1.4033 −1.2929 17.9784 SK −15.7307* −23.9707* 0.3543*

Panel B: sample regime 1; October 1, 2004–February 29, 2008 (N = 179)

BE 3.4879 1.2017 85.3268 BE −13.1838* −21.9555* 0.8513*

BG 0.2211 0.6173 37.3027 BG −10.2450* −10.2704* 1.2082*

DE −1.3126 0.5305 15.2195 DE −10.1233* −37.2237* 0.2005*

EL 0.5077 −0.4598 26.2059 EL −9.8848* −19.8029* 1.2559*

ES 2.5289 1.8096 156.6126 ES −19.4477* −19.5618* 1.2694*

FR 1.7666 −1.8003 150.6033 FR −8.8527* −31.2464* 0.5736*

HR −0.9790 0.0411 7.7583 HR −2.6800* −10.8702* 1.1644*

HU −0.2398 −0.5050 25.0783 HU −11.3005* −11.8093* 1.1809*

IT −0.5957 0.5445 9.8159 IT −2.7359* −12.0483* 2.1700*

PT 0.2726 0.8028 32.2179 PT −4.9948* −13.6574* 2.8577*

RO 0.9494 1.5304 56.0308 RO −9.6241* −10.9361* 1.1098*

SK −0.4611 −0.6395 20.2142 SK −8.4807* −12.3819* 0.5335*

Panel C: sample regime 2; March 7, 2008–June 26, 2009 (N = 69)

BE −1.6806 −1.7151 19.9820 BE −9.2898* −9.2467* 2.6925*

BG −1.3233 −1.4395 25.9039 BG −6.9445* −6.9197* 2.9905*

DE −1.5820 −1.7994 15.9799 DE −7.1460* −7.0332* 2.7829*

EL −2.4629 −1.3315 13.3155 EL −7.2351* −7.3621* 2.7057*

ES −1.5865 −1.6791 20.5114 ES −8.0097* −8.0108* 2.6865*

FR −1.2169 −1.5315 29.3048 FR −7.7406* −7.8450* 2.8642*

HR −1.2978 −1.4513 29.5987 HR −6.9885* −6.9976* 3.1618*

HU −1.6105 −1.7806 17.9137 HU −6.5712* −6.6947* 1.9093*

IT −1.2007 −1.3257 28.8830 IT −8.0186* −8.0244* 2.6871*

PT −1.6650 −1.6443 16.4366 PT −8.3131* −8.3439* 2.6294*

RO −1.5864 −1.1462 18.0050 RO −6.4831* −6.4182* 2.9882*

SK −1.1852 −1.4241 30.9629 SK −7.5821* −7.6362* 3.0147*

Panel D: sample regime 3; July 3, 2009–June 24, 2011 (N = 104)

BE −2.2343 −2.5354 16.0599 BE −9.4840* −9.5020* 2.3145*

BG −3.2785 −3.2776 12.4187 BG −6.3795* −11.0319* 2.4274*
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Table 4 continued

Country ADF PP ERS Country ADF PP ERS

(Log levels) (Log changes)

DE −2.5599 −2.8326 11.4037 DE −10.0162* −10.0321* 2.0516*

EL −1.9217 −2.0268 12.6257 EL −10.5449* −10.5374* 2.0246*

ES −2.2068 −2.4009 7.7872 ES −12.9480* −12.7805* 2.3422*

FR −1.8097 −2.0592 6.5613 FR −3.5681* −11.0084* 1.3179*

HR −0.2374 −0.0780 3.8661 HR −12.0415* −11.9747* 1.9154*

HU −2.7535 −3.1780 6.4595 HU −4.4309* −13.2227* 2.0289*

IT −2.3739 −2.5968 8.4040 IT −12.0105* −12.3090* 2.1883*

PT −2.7717 −2.8520 6.5837 PT −6.4319* −12.0469* 3.0394*

RO −2.8959 −3.0294 9.7978 RO −11.3063* −11.2686* 1.8741*

SK −0.2403 −0.2380 4.5201 SK −12.7195* −12.6944* 2.7609*

Panel E: sample regime 4; July 1, 2011–February 22, 2013 (N = 87)

BE −2.2492 −3.1875 47.3889 BE −10.5451* −10.6587* 3.6693*

BG −2.3132 −2.3184 40.1171 BG −7.4036* −7.3461* 4.1638*

DE −3.1892 −3.1853 48.1714 DE −8.5908* −8.5799* 2.4401*

EL −1.5340 −1.8509 61.2783 EL −5.7348* −8.9056* 2.3184*

ES −1.3811 −2.0651 24.8868 ES −8.5923* −11.8090* 1.9092*

FR −1.2989 −2.1147 22.7051 FR −7.6688* −8.9979* 2.1209*

HR −2.7450 −2.7366 45.4005 HR −7.4602* −7.4106* 3.2633*

HU −3.0736 −1.4218 19.7468 HU −5.6347* −8.3341* 2.2940*

IT −2.5111 −2.6003 51.3253 IT −6.5456* −10.4289* 1.8817*

PT −2.7497 −2.7748 36.8734 PT −9.4253* −9.5960* 3.0507*

RO −2.2199 −2.2060 39.4666 RO −8.5837* −8.5881* 4.5735*

SK −2.8924 −2.7865 21.0212 SK −6.5930* −8.1190* 0.5581*

Panel F: sample regime 5; March 1, 2013–July 15, 2016 (N = 177)

BE −2.3192 −2.9017 16.4937 BE −16.7285* −16.9015* 1.2083*

BG −1.5294 −3.2024 16.9075 BG −6.0189* −14.1178* 0.9138*

DE −3.1092 −2.9911 10.9793 DE −14.9677* −16.8164* 1.1894*

EL −2.2230 −2.6446 52.6314 EL −10.1700* −18.5833* 0.3419*

ES −1.8507 −1.6192 20.3366 ES −14.4464* −15.0835* 1.1748*

FR −2.4555 −2.5466 9.7535 FR −12.8545* −13.0900* 1.2398*

HR −2.7574 −2.8917 9.3067 HR −15.4068* −16.4466* 1.1044*

HU −2.1729 −2.1225 10.1637 HU −12.7757* −13.1385* 1.4582*

IT −2.0794 −1.8590 15.8816 IT −14.7259* −15.5998* 1.8207*

PT −1.5593 −1.4954 16.5821 PT −13.6205* −13.6351* 1.1092*

RO −2.7426 −2.6207 7.4943 RO −10.4491* −14.1352* 0.9915*

SK −2.1803 −1.6770 5.1549 SK −5.1256* −16.4897* 1.8645*

This table reports unit root test statistics for the log-levels and log-changes of each country’s CDS spreads.
Panel A reports for the full sample while panels B through F report for each of the sub-sampled regimes.
Critical values for the ADF and PP tests are found in MacKinnon (1996). Lag length for the ADF and ERS
tests are based on the AIC. Critical values for the ERS test are found in Elliott et al. (1996). An asterisk (*)
denotes rejection of the null hypothesis of a unit root at the 5% significance level at least
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(ERS) test (Elliott et al. 1996) are performed to decipher whether or not the respective series
contain a unit root in their univariate time-series representations. The purpose of estimating
all three tests is to provide confirmatory, rather than competing, evidence that log-levels
contain a unit root (i.e. are non-stationary) whereas log-changes do not contain a unit root
(i.e. are stationary).

Assuming that the yt time-series (in our case, log-levels or log-changes) follows an AR(k)
process, the ADF test is specified as follows:

�yt = μ + γ t + αyt−1 +
∑k−1

j=1
β j�yt− j + ut (1)

whereby� is the difference operator and ut is awhite-noise innovation series. This test checks
the negativity of the parameterα using its regression t ratio. The asymptotic distribution of the
statistic is derived in Dickey and Fuller (1979) while Hall (1994) shows that the asymptotic
distribution is insensitive to parameter selection based on standard information criteria.

The PP test is based on the standard OLS regression estimate, â, from an AR(1) specifi-
cation:

yt = ayt−1 + ut (2)

Using the OLS regression estimate â, the PP unit root statistics are estimated as follows:5

Za = T
(
â − 1

) − 1

2

(
λ̂2 − s2

)(
1

T 2

∑T

t=1
y2t−1

)−1

(3)

Zt = s

λ̂
tâ=1 − 1

2

(
λ̂2 − s2

) (
λ̂2

T 2

∑T

t=1
y2t−1

)−1/2

(4)

whereby tâ=1 = s−1
(
â − 1

) (
T∑
t=1

y2t−1

)1/2

and s2 = T−1
T∑
t=1

û2t and λ̂2 are the estimators

for the short—and long-run variances of {ut }.
For the full sample (panel A) and for each of the regimes (panels B through F) the test

statistics unanimously support the notion that log-levels contain a unit root (i.e. are non-
stationary) while log-changes do not contain a unit root (i.e. are stationary). For the ADF
test, the appropriate lag structure is atheoretical and more of an empirical question. Various
lag structures are entertained (not tabulated) in order to check the robustness of the ADF test.
In general, the test statistics at various lags consistently fail to reject the null hypothesis of
a unit root for log-levels while rejecting this null for log-changes. For all ADF test statistics
tabulated in Table 4, the Akaike information criterion (AIC) is used to select the optimal lag
structure. The PP test also yields qualitatively analogous findings for the full sample (panel
A) as well as each of the regimes (panels B through F) for log-levels and log-changes.6

Whereas the critical values for the ADF and PP tests become larger (in absolute terms)
when you move from a 10% to a 1% level of significance in rejecting the null, the ERS
critical values become smaller. The ERS test seeks to modify the ADF test by de-trending
the time-series so that explanatory variables are removed from the data prior to performing
the test regression. De-trending the data is performed by quasi-differencing the time-series
in question, yt .

5 Castro et al. (2015) provide an in-depth review and analysis of the PP test along with its advantages and
disadvantages, focusing in particular on time-series data which display a strong cyclical component.
6 Various kernel-based sum-of-covariances estimators and autoregressive spectral density estimators are enter-
tained to check the robustness of the PP test (not tabulated). The choice of using a kernel-based estimator versus
a spectral density estimator does not systematically affect the aforementioned findings in any substantive way.
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The quasi-difference of yt that depends on the value of a, which represents the particular
point alternative against which we test the null:

d (yt |a) =
{
yt
yt − ayt−1

i f t = 1
i f t > 1

(5)

The value for a is needed in order to obtain an ERS test statistic. This value can be obtained
by an OLS regression with the quasi-differenced time-series d(yt |a) on the quasi-differenced
d(xt |a):

d (yt |a) = d (xt |a)′ δ (a) + ηt (6)

whereby xt contains either a constant or both a constant and trend, and where δ (a) is an OLS
from this regression. The residuals, ηt (a), can be defined as η̂t (a) = d (yt |a)−d (xt |a)′ δ (a)

while the sum of squared (SSR) residuals function, SSR (a), can be defined as SSR (a) =∑
η̂2t (a). The ERS point optimal tests statistic, PT , tests the null (that yt contains a unit

root), a = 1, against the alternative a = ā. The test statistic is computed using SSR and the
value for a from (6):

PT = [SSR (ā) − āSSR (1)] / f0 (7)

whereby f0 is the estimator for the residual spectrum at frequency zero.
As in the ADF and PP tests, the optimal lag structure test statistics tabulated in Table 4 for

the ERS test are based on the AIC. Various lag structures entertained for the ERS test (not
tabulated) generally support the notion that log-levels are non-stationary while log-changes
are stationary. Taken altogether, the ADF, PP and ERS test statistics are consistent with one
another for the full sample (panel A) as well as each of the sub-sampled economic regimes
(panels B through F).

2.3 Cointegration tests

The natural empirical question that follows, having established that CDS spreads are sta-
tionary in their logarithmic first differences (log-changes), is whether or not they share a
common stochastic trend. In other words, are they cointegrated with one another? If they are,
any empirical specification which seeks to delineate credit risk transmission channels ought
to consider the long-run equilibrium relation that exists among all the sampled CDS spreads.

A priori, we have no way of knowing whether or not a long-run equilibrium relation
exists. The appearance of comovement among all the CDSmarkets (inferred by their pairwise
correlations or the fact that they exhibit similar behaviors in their graphical representations)
is not a condition for cointegration. If it is the case that all the twelve sampled CDS markets
are cointegrated, a linear combination of any set of CDS spreads ought to be stationary.

Given that there are twelve sampled CDS markets, the multivariate cointegration frame-
work of Johansen (1991, 1995) is implemented to find out how many of the CDS series, if
any, are cointegrated with one another. If all of the CDS series are cointegrated, it means we
will have a total of eleven cointegrating equations at any given point in time (since there are
twelve sampled series).

The Johansen (1991, 1995) multivariate cointegration methodology begins with a vector
autoregression (VAR) of order p:

yt = A1yt−1 + . . . + Apyt−p + Bxt + εt (8)

whereby yt is a k-vector of non-stationary variables, xt denotes a d-vector of deterministic
variables, and εt is an n × 1 vector of innovations. In a more compact form, this VAR can be
expressed as:
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�yt = Πyt−1 +
∑p−1

i=1
Γi�yt−i + Bxt + εt (9)

whereby:

Π =
∑p

i=1
Ai − I and Γi = −

∑p

j=i+1
A j (10)

For the coefficient matrixΠ in (9) and (10) to have reduced rank r < k, there must exist k×r
matrices a and β with respective rank r , such that Π = αβ ′ and β ′yt are stationary series
(Engle and Granger 1987). In this case, r denotes the number of cointegrating relationships
(i.e. the cointegrating rank) while the elements of a are the adjustment parameters. Each
respective column of β represents a cointegrating vector. Johansen (1995) shows that for a
given cointegrating rank, r , the maximum likelihood estimator for a cointegrating vector, β,
describes an arrangement of yt−1 that generates the r largest canonical correlations between
�yt with yt−1, following corrections for lagged differences andwhen deterministic variables,
xt , are present (Hjalmarsson and Osterholm 2010). The Johansen methodology, (8)–(10),
entails estimating the Π matrix using an unrestricted VAR and subsequently testing whether
restrictions implied by the reduced rank of Π can be rejected.

There are two important statistics that are used to determine whether cointegration is
present among non-stationary time-series and, if so, how many cointegrating equations there
are at any given point in time: the trace test statistic and the maximum (max) eigenvalue test
statistic, shown in Eqs. (11) and (12), respectively:

LRtrace (r |k) = −T
∑k

i=r+1
log (1 − λi ) (11)

LRmax (r |r + 1) = LRtrace (r |k) − LRtrace (r + 1|k)

= −T log (1 − λr+1) (12)

For (11) and (12), r is the number of cointegrating vectors, T denotes the sample size and
λi is the i-th largest eigenvalue of the Π matrix in (9) and (10). The purpose of the trace
statistic is to test the null hypothesis of r cointegrating relationships against an alternative
of k cointegrating relationships whereby k represents the number of endogenous variables
for r = {0, 1, . . . , k − 1}. The purpose of the max eigenvalue statistic is to test the null of r
cointegrating relationships against the alternative of r + 1 cointegrating relationships. If the
sampled series are not cointegrated, the rank of Π is zero.

Table 5 reports results for the Johansen cointegration methodology described in (8)–(12)
for the full sample under all five of the deterministic trend cases considered by Johansen
(1995). Given that the purpose of the cointegration framework in (8) through (10) is to
determine whether a long-run equilibrium relationship is present between the CDS spreads,
the full sample (October 1, 2004 through July 15, 2016) is used to initially determine whether
a vector error correction (VEC) framework with an adjustment factor is necessary or whether
a VAR is sufficient in order to subsequently determine causal relationships (implemented in
Sect. 3 and discussed in Sect. 4).

The five deterministic trend cases are described in Johansen (1995, pp. 80–84) and are
reported in each of the respective panels in Table 5 for the full sample:

1. (Panel A): The log-level CDS spreads have no deterministic trends and the cointe-
grating equations do not have intercepts:

H2 (r) : Πyt−1 + Bxt = αβ ′yt−1
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2. (Panel B): The log-level CDS spreads have no deterministic trends and the cointe-
grating equations have intercepts:

H∗
1 (r) : Πyt−1 + Bxt = α

(
β ′yt−1 + ρ0

)

3. (Panel C): The log-level CDS spreads have linear trends but the cointegrating
equations have only intercepts:

H1 (r) : Πyt−1 + Bxt = α
(
β ′yt−1 + ρ0

) + α⊥γ0

4. (Panel D): The log-level CDS spreads and the cointegrating equations have linear
trends:

H∗ (r) : Πyt−1 + Bxt = α
(
β ′yt−1 + ρ0 + ρ1t

) + α⊥γ0

5. (Panel E): The log-level CDS spreads have quadratic trends and the cointegrating
equations have linear trends:

H (r) : Πyt−1 + Bxt = α
(
β ′yt−1 + ρ0 + ρ1t

) + α⊥(γ0 + γ1t)

Table 5 reports the trace and max eigenvalue statistics, respectively, along with their corre-
sponding 5 and 1% critical values. If we look across all the panels, we generally see (from
the trace and max-eigen statistics) that there is weak evidence for cointegration among all
the CDS series.

Given that there are twelve series and amaximumof eleven possible cointegrated equations
(‘At most 11’), the results here provide very scant evidence in favor of cointegration. In all,
panels A, B and C have trace statistics and eigenvalue (max-eigen) statistics both of which
provide some evidence of at least one cointegrating relationship. Trace statistics for panels
D and E show no evidence of cointegration (albeit the max-eigen statistics for these panels
supports the notion of at least one cointegrating relationship).

This weak evidence in favor of cointegration among the CDS markets is reconcilable
by the fact that some countries may experience large fluctuations in their credit risks at
particular points in time which deviate in magnitude from those of its peers. Thus, the
relationship between all CDSmarkets, if nonlinear in nature, has a lower probability of being
detected when using standard linear cointegration methodologies. Chan-Lau and Kim (2004)
find no evidence of cointegration in the CDS and corresponding bond markets of various
sampled emerging markets. Among other reasons, they argue that this is possible because
market frictions or other technical factors limit the ability to exploit arbitrage opportunities
across markets—a reason which may also be relevant to the sampled EU markets considered
here. Other empirical findings which examine CDS markets with their corresponding bond
markets, and in contra to their theoretical predictions, also find weak evidence for a long-run
equilibrium cointegrating relation (Palladini and Portes 2011). In the context of cointegration
between sovereign and bank CDS spreads, Alter and Schuler (2012) find that cointegration
may exist in some cases while not in others.

In light of the results in Table 5, sub-sample analysis is undertaken to determine whether
there exists a pattern in the cointegrating relationships. After inspecting across the economic
regimes and across random sub-sample periods (not tabulated), it is ascertained that evidence
for cointegration is generally weak and, at best, unstable and time-dependent. In light of this,
the following section implements a VAR for the purpose of delineating transmission channels
between the sampled countries’CDSmarketswithout a vector error correction representation.
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3 Analytical framework

As mentioned, measuring contagion is problematic both from a statistical and theoretical
point of view. A high correlation between markets, for example, does not necessarily provide
a basis for causation. In other words, just because hypothetical countries A and B are highly
correlated does not imply that shocks in one of them causes changes in another. Theoretically,
establishing the transmission channels between markets is also problematic because we are
oftentimes confined to discussing them in relatively abstract and unquantifiable ways. For
example, if we argue that two markets are interlinked with one another due to geographic
proximity and trade, we need to establishwhich country serves as the catalyst for shock trans-
missions to the other country. Is the supposed catalyst’s economy of such relative importance
to the other market that a spillover is justified? Furthermore, is the shock transmission unidi-
rectional or bidirectional? These are not easy questions to answer and any empirical model
that presumes some relation from the onset may be contaminated by noise.

Bayoumi and Vitek (2013) argue that, although “at first blush, the solution to measur-
ing spillovers across countries would seem fairly easy…although progress is being made,
the financial sectors in large macroeconomic models are poorly developed and…there are
no strong theories as to why financial markets are as closely linked as they appear to be
in the data…” (p. 3). From a practical standpoint, it is very difficult to establish a priori
which country or group of countries constitute the dominant transmission channels for other
countries.

For this reason, an unrestricted VAR is estimated, which, unlike structural models with
simultaneous regression equations, presumes no specific structure in the pattern of the trans-
mission channels between countries. Instead, all that is hypothesized a priori is that all the
countries’ credit risks affect each other in some way across time.

By using a VAR to describe transmission channels, we are at a vantage point where we
can identify which country or group of countries serve as dominant transmission channels
for credit risk (Chan-Lau et al. 2007). Without exogenous variables (the twelve CDSmarkets
serve as endogenous variables), the VAR in (8) can be re-expressed compactly as follows:

Yt = μ +
∑k

p=1
AYt−p + εt (13)

whereby the set of endogenous (Y ) variables consists of the weekly log-level CDS spreads
from the twelve sampled EU countries. Using log-levels is consistent with Alter et al. (2012,
p. 3448) who argue that “…if the tests do not clearly indicate that there is a long-run relation,
we obtain the impulse responses from a VAR with the variables modelled in log-levels. Thus
we do not cancel out the dynamic interactions in the levels, as opposed to modelling the
variables in first differences, and leave the dynamics of the series unrestricted…”

Within this VAR framework, a ‘credit shock transmission’ can be defined as the fraction
of H -week-ahead forecast error variance of one country’s log-level CDS spreads that can be
accounted for by the innovations (i.e. shocks) in another country’s log-level CDS spreads.

The vector of constants, μ, is an n × 1 vector and A is an n × n matrix of parameters
to be estimated. The residuals, ε, are an n × 1 matrix of serially uncorrelated disturbances
and k is the order for the variables, Y . The estimates for A are determined by the following
orthogonality conditions:

E {εt } = 0 and E
{
εt |Y ′

t−p

}
= 0n×n, p = 1, 2, . . . , k (14)

The most widely used method to achieve orthogonal decomposition of the ε vector in
macroeconomic and financial time-series analysis is the Choleski decomposition method.
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This method, despite some of its potential weaknesses (discussed in more detail in Sect. 5),
traditionally serves as the standardworkhorse for time-series analysiswhich implementsVAR
methodologies and is thus the method used to draw discussable inferences here (Hamilton
1994; Wisniewski and Lambe 2015).

As is explained by classics such as Hamilton (1994), the choice of the ordering procedure,
k, for the endogenous variables Y is atheoretical in nature. In the case of the twelve sampled
CDS markets considered here, neither academic theories nor policymakers’ reports provide
guidance as to which country may be a dominant transmission channel or which country’s
market exerts relatively undue influence on another market.

To get some sense as to which of the few sampled countries ought to be first in the ordering
procedure, k, pairwise Granger causality tests are conducted and reported for the full sample
(Table 6), regime 2 (Table 7), which represents the 2008–2009 crisis, and regime 4 (Table 8),
which represents the 2011–2013 crisis.

Across each of the tables, there is no strict uniformity as to which country ought to be first
or second in the ordering—a finding that is consistent with the notion of heterogeneity in
credit risk transmission dynamics across economic regimes. The k ordering for the countries
for the H -week-ahead forecast error variance decompositions reported in Tables 9, 10, 11,
12, 13 and 14 coincidentally are as follows (using their official abbreviations discussed in
Table 1): BE,BG,DE,EL, ES, FR,HR,HU, IT, PT,RO, andSK.As is discussed inmore detail
in Sect. 4, BE and BG are dominant transmission channels for credit risk in the full sample
(Table 9) while BE, BG, DE and EL are more important during the 2011–2013 crisis (regime
4 reported in Table 8). Although RO and SK are more important during the 2008–2009 crisis
(regime 2 reported in Table 7), their respective GDP per capita (Fig. 2), in relation to their
peers, are lowest—suggesting they may carry less economic influence relative to countries
such as BE, BG and DE.7

4 Results and discussion

The purpose of themultivariateVAR in (13) is to quantify credit shock transmissions fromone
country to another. As mentioned, a transmission can be defined as the fraction of H -week-
ahead forecast error variance of one country’s log-level CDS spreads that can be accounted
for by the innovations (i.e. shocks) in another country’s log-level CDS spreads.

Before proceeding to discussing the variance decompositions inTables 9, 10, 11, 12, 13 and
14, it is worth reviewing the pairwise Granger causalities in Tables 6, 7 and 8 that were briefly
mentioned in the preceding section because they describe the direction of interdependency
channels in credit risk transmissions among all the sampled countries. Asmentioned, in panel
A, pairwise Granger causalities are reported for the full sample while panels B and C report
for regime 2 and regime 4, respectively. For each of the panels, Granger causality tests are
conducted using one, two, three and four lags. Finally, for each of the panels, and given that
they are pairwise causality tests (involving two countries at a time), there are a total of sixty
six pairwise tests that are estimated: 1. (BE � BG), 2. (BE � DE), 3. (BE � EL), 4. (BE

7 Although GDP per capita is not a theoretically infallible method to determine ‘economic influence,’ for
the sake of robustness, when GDP per capita is used as the criteria to establish k ordering of the countries
(whereby high average GDP per capita countries are first and then followed by relatively lower average GDP
per capita countries), the variance decompositions (not tabulated) are qualitatively analogous to those reported
in Tables 9, 10, 11, 12, 13 and 14. This suggests some insensitivity to the results with respect to variable
ordering.
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� ES), 5. (BE � FR), and so on, until all countries have been tested with one another (i.e.
all sixty-six pairwise combinations have been examined).

Bearing in mind that the null hypothesis for the Granger causality test is that there is no
causality (i.e. Country A does not Granger cause Country B), let us turn our attention to
the full sample results (panel A) whereby lag length = 1. If we look at the CDS market of,
say, Belgium (BE), we can see that it Granger causes changes in the CDS markets of HR,
FR, DE, EL, HU, IT and SK, respectively. Thus, BE causes changes in seven out of eleven
possible markets (approx. 64% of cases). Likewise, there is no evidence BE causes changes
in the CDS markets of BG, ES, PT and RO—the remaining four countries (the remaining
36% or so of cases where the null of no causality is not rejected). Of the seven markets that
BE causes, none of those countries Granger cause BE (i.e. the direction of causality between
BE and the seven aforementioned countries is unidirectional).

If we look at the case of Germany (DE) in panel A whereby lag length = 2, we see that
DE respectively causes BE, FR, EL and SK (four out of eleven possible markets, or, about
36% of cases). Of these four markets, BE, FR and SK Granger cause DE. Thus, there is a
bidirectional causality pattern between DE and, respectively, BE, FR and SK.

From the full sample in panel A, we see that Greece (EL) does not cause any other CDS
market when there is one lag. When there are two lags, EL causes BE and ES while, for three
and four lags, respectively, EL causes BE. Overall, for the full sample, EL does not appear
to be a dominant transmission channel for credit risk. However, BE, BG and ES consistently
serve as channels for credit risk across all four lag lengths. Relative to the causality results
with one and two lags, RO and SK become more active credit risk transmission channels
when there are three and four lags.

In Table 7, which represents the 2008–2009 crisis, we see that BG and RO serve as
dominant transmission channels across all lag lengths. HR and SK are dominant transmission
channels when there is one lag. Across all lag lengths, DE does not Granger cause a single
CDS market while EL Granger causes two markets across all lag lengths.

Finally, let us turn our attention to Table 8, which is the fourth regime that represents the
2011–2013 European debt crisis. Compared to panel B (the 2008–2009 crisis), we see that EL
now serves as a relatively stronger transmission channel for the other countries. This is not
surprising given that it has been implicated as the catalyst for the Eurozone crisis. However,
we can see that when lag length = 1, EL transmits to about 63% of countries—a percentage
that is still lower than BE, BG, PT and equivalent to that of FR. Keeping in mind that, for
one lag, DE transmits to about 55% of markets, we can conclude conservatively that, at a
minimum, EL does not disproportionately channel credit risk to its EU peers any more than
DE, FR, or any other major market does. When we inspect causality results for two, three
and four lags, we see that the percentage of its (outbound) transmission channels, compared
with its peers, are relatively fewer and, at best, nothing out of the ordinary.

Tables 9, 10, 11, 12, 13 and 14 report forecast error variance decompositions for the full
sample (Table 9) and each of the regimes (Tables 10, 11, 12, 13 and 14). For each of the
countries, 2-, 4-, 6-, 8- and 10-week forecast horizons are considered. Instead of tabulating all
the A coefficients from theVAR in (13), amore compact and intuitiveway of determining how
shocks in one CDS market affect other CDS markets is to estimate variance decompositions.
As mentioned, shock transmissions are the fraction of H -week-ahead forecast error variance
of one country’s log-level CDS spreads that can be explained by shocks in another country’s
log-level CDS spreads. The variance decomposition tables (Tables 9, 10, 11, 12, 13 and
14) tell us, in relative terms, the importance of each random shock within the VAR system.
To estimate the variance decompositions, the Choleski method is used (the merits of this
procedure are revisited in Sect. 5).
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Table 9 provides variance decompositions for the full sample. In the first column are
each of the twelve CDS markets while in the second column are the H -week ahead periods
corresponding to each respective market. The standard error (S.E.) corresponding to each
horizon is in the third column. The columns that follow are each of the predictor variables
in the VAR system. For the sake of explaining the decomposition table, let us look at, say,
Germany (DE) when it serves as the response variable.We can see that in the 2-week horizon,
a significant fraction of its forecast variance is explained by its own lagged shocks (76%).
Lagged shocks inBelgium (BE) andBulgaria (BG) explain 18 and 4%of its forecast variance,
respectively. Greece (EL) explains a mere 0.04% while Croatia (HR) explains almost 0%. If
we were to sum all these percentage variance decompositions across any of the respective
horizons, they sum to 100% by construction. Thus, we can see for any given country at any
given horizon, the proportion of forecast variance explained by shocks in each of the CDS
markets in the VAR system.

Looking down the columns in Table 10 (regime 1), we can see that specific countries
(such as DE, EL, HR, PT, RO, SK) uniformly contributed a small proportion of forecast
variance to other countries (in all cases, and as is expected, each country responds to lagged
innovations in its own CDS market). Other countries, particularly BE and BG, appear to
have a disproportionate impact on some countries while a negligible effect on others. For
example, shocks in BE explains 34–40% of the forecast variance in ES across the various
week horizons. Shocks in BG explain 73–81% of the forecast variance in HR, 43–50% of
the forecast variance in HU and 55–74% of the forecast variance in RO, to name only a few
examples.

Results for regime 2, which corresponds with the 2008–2009 financial crisis, are reported
in Table 11. Again we see that BE and BG appear to have a disproportionate impact on some
markets. One notable difference in regime 2 compared to regime 1 is the contributions of EL
to the forecast variances of the other countries increased. For example, EL explains 20–23%
of the forecast variance in ES and 15–19% of the forecast variance in IT. When EL is the
response variable, we see that BE, BG and DE (in that order) are the largest contributors to
its forecast variance (excluding shocks in its own lags).

Regime 3 (Table 12) is comparable to regime 1 in the sense that BE and BG tend to
dominate, relative to their peers, in terms of explaining forecast variances of other countries.
EL tends to appear uniform and relatively modest in explaining forecast variances of other
countries, with the exception of Portugal (PT) where it explains 13–34% of its forecast
variance. For the sake of comparison, DE and FR both explain between 1 and 3% of the
forecast variance in PT.

Regime 4 represents the 2011–2013 European debt crisis (Table 13) where Greece made
headline news and was insinuated as a catalyst for the Eurozone crisis. As we discussed in
Table 8, Greece had a relatively higher tendency toGranger cause shifts in other CDSmarkets
during this period (when compared with the percentage of cases it Granger causes during
regime 2 and the full sample). We see however that it explains very little of the forecast
variance of other countries.

Finally, regime 5 (Table 14) represents our present-day state of affairswhereEL is unevent-
ful in explaining other countries’ forecast variances. One notable difference with Table 13
is the case of ES. In regime 5, ES accounts for 33–38% of the forecast variance for IT and
21–26% of the forecast variance for PT.

Impulse response graphs to Cholesky one standard deviation (S.D.) innovations (and a
95% confidence band) are illustrated in Figs. 4 and 5 for regime 4 only. Impulse responses
reveal how one country’s CDS market responds to a unit shock in another CDS market. The
purpose of focusing on regime 4, the 2011–2013 European debt crisis, is to focus more on
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Fig. 4 Impulse response to Cholesky one S.D. innovations ± 2 S.E. Response of Countryj to impulse EL.
Sample regime 4; July 1, 2011–February 22, 2013 (N = 87)

the dynamic interactions between CDS markets and the extent to which shocks in Greece’s
credit risks can affect other markets. While Fig. 4 show the response of each countries to a
shock in Greece, Fig. 5 show the response of Greece to shocks in other countries.

Visual inspection of the figures suggests heterogeneity in the decay patterns of the impulse
responses; specifically, some innovations (impulses) decay (or ‘die out’) for response coun-
tries at different times. For example, the response of Hungary to Greece is most pronounced
during the 5th week even though the innovation finally begins to decay at around the 12th
week. Now, if we look at the response of Portugal to Greece we observe very different
behavior; at first the impulse response appears to decay by the 4th week then begins to show
some small signs of transmission shocks after the 12th week (although they are very small
in magnitude).8

8 Compared with literature that focuses on the dynamic interlinkages in bond markets and interest rates, the
impulse response functions in Fig. 4 and 5, b are distinctive in at least two ways; first, they do not necessarily
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Fig. 4 continued

Focusing on howGermany andGreece react to one another’s innovations further reinforces
this notion of heterogeneity in impulse decay behavior; in Fig. 4 we see the response of
Germany to Greece while in Fig. 5 we see the response of Greece to Germany. In the former
case, innovations in Greece appear to decay by the 9th week but then shift behavior after the
12th week. In the latter case, innovations in Germany decay by the 5th week. In terms of

Footnote 8 continued
show a significant shock at the first few periods which dies out immediately afterwards (as is the case for the
bond markets and interest rates). Second, it is possible that many weeks later, the impulse response function
shows signs of life and reveals shifts in its pattern (look at the response of DE to EL in Fig. 4 after week 8, for
example). These types of behaviors are not customary in impulse response functions involving bond markets
and interest rates. An early study by Mills and Mills (1991, p. 278) concluded that “…these quick reactions
to innovations suggest that the behavior of bond markets seem to be broadly consistent with the notion of
informationally efficient international financial markets, implying that it would be difficult to earn unusual
profits by operating in a particular market based on observed developments in other markets.” The question
of whether CDS markets are ‘efficient’ in this sense (compared to fixed income markets) is an interesting
question that is left to future research to explore.
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Fig. 5 Impulse response to Cholesky one S.D. innovations ± 2 S.E. Response of EL to impulse Countryj.
Sample regime 4; July 1, 2011–February 22, 2013 (N = 87)

magnitudes, however, the size of the shock from Germany to Greece is larger than the shock
from Greece to Germany (based on the scales of each graph).

5 Robustness tests and other ad hoc findings

As mentioned in footnote (7), the ranking order of the countries was changed in accordance
with their GDP per capita in order to check that there were no sensitivities in the variance
decompositions reported in Tables 9, 10, 11, 12, 13 and 14. In addition to this, a generalized
variance decomposition á la Koop et al. (1996) and Pesaran and Shin (1998) is implemented
for the sake of comparison and in order to extract generalized impulse response functions.

The advantage of generalized variance decompositions is that they do not rely on an
ordering pattern for variables in the VAR system (i.e. they are order invariant). If there are
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Fig. 5 continued

no criteria for establishing an ordering procedure for the variables, a generalized variance
decompositionmethodmay prove useful because no such ordering is required. The disadvan-
tage of this approach, however, is that structural shocks are not orthogonalized. In an analysis
involving country spillover effects, IMF (2016) shows that Cholesky methods of decomposi-
tion yield qualitatively similar findingswith the generalized approach. Given their advantages
and disadvantages, one cannot prove theoretically that a generalized method is superior to a
Cholesky method, or vice versa, given that such a comparison is data-dependent.

For the sake of some comparison, generalized impulse response functions are illustrated
in Fig. 6 for Greece, Germany, France and Spain. Even with generalized impulse responses,
we can see that shock transmissions fromGreece to Germany, France and Spain, respectively,
are somewhat smaller in magnitude relative to the shock transmissions Greece receives. It
seems that shock transmissions from Greece to the other countries begins to decay by the 8th
week while shocks transmissions from the other countries to Greece may experience a shift
in behavior after the 10th week. This latter point is illustrated when looking at the “response
of EL to ES” and the “response of EL to FR” graphs.
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Fig. 6 Generalized impulse responses to one S.D. innovations ± 2 S.E. Impulses and Responses between
DE, EL, ES and FR. Sample regime 4; July 1, 2011–February 22, 2013 (N = 87)

Finally, and separate from the generalized variance decomposition approach, a Bayesian
VAR methodology á la Litterman (1986) and Sims and Zha (1998) is also considered.
Relative to traditional VAR approaches, Bayesian VAR models address the problem of over-
parameterization which can occur in the presence of many variable series in the VAR system.
The problem of potential over-parameterization is addressed via the use of information priors
that reduce the VAR to a more parsimonious model which, theoretically, can help to improve
variance forecasts.

Variance decompositions and impulse response functions (not tabulated) using the Lit-
terman/Minnesota and Sims-Zha priors do not lead to any qualitative changes in the results
which merit specific discussion. In fact, many of the patterns and behaviors we observed
(such as BE and BG dominating in terms of explaining forecast variance for other countries)
manifests in the same manner even when using a Bayesian VAR.
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6 Summary and concluding remarks

The purpose of this paper is to examine the dynamic interdependencies betweenCDSmarkets
among several of themajor EU countrieswhich have an active and liquidCDSmarket. Specif-
ically, the countries examined are, Belgium, Bulgaria, Croatia, France, Germany, Greece,
Hungary, Italy, Portugal, Romania, Slovakia, and Spain. The motivation for this paper lies in
the fact that Greece has featured, disproportionately relative to its peers, in the media as the
instigator (or catalyst) for the Eurozone crisis. Thus, the idea in this paper is to test, using
a VAR methodology, whether Greece disproportionately channels credit risk transmissions
to other markets (i.e. Greece is the ‘black swan’) or whether Greece is being ostracized for
Europe’s general economic problems given its idiosyncratic hapless economic conditions
(i.e. Greece is the ‘black sheep’).

Despite Greece’s sovereign problems, it is yet to be proven empirically that it serves as a
catalyst for the problems that grip Europe at large. This is important to identify because, as
discussed earlier, news headlines and media outlets have a significant impact on the behavior
of market participants. Despite the heterogeneity in credit risk transmission channels across
time, the results here show that, at a minimum, it cannot be shown empirically that Greece
serves as a dominant transmission channel for credit risk any more than France, Germany or
any of the other major EU players.

Instead of the media trying to find a black sheep to explain our dire international state
of economic affairs, more attention and research needs to be devoted into examining why
there has been a systemic buildup in risks across our international financial and banking
community.
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