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a b s t r a c t

We investigate systemic risk and how financial contagion propagates within the euro area banking sys-
tem by employing the Maximum Entropy method. The study captures multiple snapshots of a dynamic
financial network and uses counterfactual simulations to propagate shocks emerging from three sources
of systemic risk: interbank, asset price, and sovereign credit risk markets. As conditions deteriorate, these
channels trigger severe direct and indirect losses and cascades of defaults, whilst the dominance of the
sovereign credit risk channel amplifies, as the primary source of financial contagion in the banking net-
work. Systemic risk within the northern euro area banking system is less apparent, while the southern
euro area banking system is more prone and susceptible to bank failures provoked by financial contagion.
By modelling the contagion path the results demonstrate that the euro area banking system insists to be
markedly vulnerable and conducive to systemic risks.

� 2015 Elsevier B.V. All rights reserved.

1. Introduction

The collapse of Lehman Brothers in mid-September 2008 was
the earthquake displaying that the modern financial system was
severely fragile. Global financial market participants were directly
impacted by its default and numerous repercussions were felt
throughout the world, resulting from a plethora of cross-border

and cross-entity interdependencies (De Haas et al., 2012;
Acharya et al., 2014). The shock was rapidly spread in Europe,
where by the end of September, euro area governments rescued
the Belgian-French bank Dexia, demonstrating vividly that these
interdependencies generate amplified responses to shocks and
increase the speed of contagion in the financial system
(Panageas, 2010; Acharya et al., 2011; Aiyar, 2012; Acharya et al.,
2015 inter alia). Thus, in the aftershock era, the effects of both
interconnectedness and contagion manifested themselves and sys-
temic risk emerged as one of the most challenging aspects (Elliott
et al., 2014; Acemoglu et al., 2015). The banking industry grappled
with one overarching challenge; to measure and reduce systemic
risk (for a definition and discussion on systemic risk and contagion
see also Acharya et al., 2012; Liang, 2013; and Allen and Carletti,
2013) in order to improve the resilience of the financial system
to adverse shocks and to prevent a repetition of the recent crisis.

While the euro area banking system was fundamentally solvent,
according to several stress tests (Basel Committee on Banking
Supervision, 2011; European Banking Authority, 2012), the conta-
gion from the Lehman bankruptcy put at risk the stability of the

http://dx.doi.org/10.1016/j.jbankfin.2015.03.021
0378-4266/� 2015 Elsevier B.V. All rights reserved.

q We are grateful to Franklin Allen, Manthos Dellis, Matthew Elliott, Mark
Griffiths, Iftekhar Hasan, Andreas Kaeck, David Newton, Mikhail Oet, and Steven
Ongena as well as participants at the Financial Management Conference in
Maastricht (FMA 2014), at the Financial Engineering and Banking Society Confer-
ence on ‘‘Global Trends in Financial Intermediation, Financial Markets and Financial
Modelling’’, at the University of Surrey, U.K. and participants at the 12th Infiniti
Conference on International Finance, at Monash University, Prato Centre, Italy for
their insightful comments on improving our manuscript. All remaining errors are
our own.
⇑ Corresponding author. Tel.: +44 23 9284 4197; fax: +44 23 9284 4037.

E-mail addresses: nikos.paltalidis@port.ac.uk (N. Paltalidis), d.gounopoulos@
sussex.ac.uk (D. Gounopoulos), renatas.kizys@port.ac.uk (R. Kizys), yiannis.
koutelidakis@fathom-consulting.com (Y. Koutelidakis).

Journal of Banking & Finance 61 (2015) S36–S52

Contents lists available at ScienceDirect

Journal of Banking & Finance

journal homepage: www.elsevier .com/locate / jbf

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jbankfin.2015.03.021&domain=pdf
http://dx.doi.org/10.1016/j.jbankfin.2015.03.021
mailto:nikos.paltalidis@port.ac.uk
mailto:d.gounopoulos@sussex.ac.uk
mailto:d.gounopoulos@sussex.ac.uk
mailto:renatas.kizys@port.ac.uk
mailto:yiannis.koutelidakis@fathom-consulting.com
mailto:yiannis.koutelidakis@fathom-consulting.com
http://dx.doi.org/10.1016/j.jbankfin.2015.03.021
http://www.sciencedirect.com/science/journal/03784266
http://www.elsevier.com/locate/jbf


European financial system, indicating that systemic risk has been
enormously underestimated (Bartram et al., 2007; Engle et al.,
2014). Synchronically, as contagion fears spread, the euro area
sovereign debt crisis became apparent, and threatened the integ-
rity of the Eurozone (Lane, 2012; Claeys and Vašíček, 2014).
Emphatically, a sovereign default could lead to a disastrous finan-
cial instability and to an unprecedented failure of the European
banking system (see also Caballero and Simsek, 2013; Gennaioli
et al., 2014).

The intensity and the speed with which shocks propagate in the
entire financial system, highlights the need to identify, measure
and understand the nature and the source of systemic risk in order
to improve the underlying risks that banks face, to avert banks’ liq-
uidation ex ante and to promote macro-prudential policy tools (for
an extensive review on macro-prudential policies see also Hanson
et al., 2011). Thus, this study focuses on the euro area banking
industry to examine the way systemic risk arises endogenously,
the resilience of the Euro area banking system to systemic risk,
and how shocks in economic and financial channels propagate in
the banking sector. We also endeavour to answer the following
questions: In the presence of a distress situation how the financial
system performs? Have the new capital rules rendered the
European banking industry safer? What is the primary source of
systemic risk? How financial contagion propagates within the
Eurozone? These fundamental themes remain unanswered, and
hence obtaining the answers is critical and at the heart of most
of the recent research on systemic risk.

Motivated by the absence of empirical evidence, we address
these issues drawing on recent developments in the studies of sys-
temic risk, contagion channels and advances in network theory, by
constructing a unique interconnected, dynamic and
continuous-time model of financial networks with complete mar-
ket structure1 (i.e. interbank loan market) and two additional inde-
pendent channels of systemic risk (i.e. sovereign credit risk and asset
price risk2). More precisely, we build on and extend the financial net-
work models developed by Gai et al. (2011), Mistrulli (2011) and
Castren and Rancan (2014) to employ counterfactual simulations
with entropy maximisation and to propagate shocks across the
financial network,3 emerged from three systemic risk channels.
Thus, our methodological approach provides two novelties. First,
the financial network in this study consists of a unique set of various
sectors which are neglected hitherto by the international literature.
Specifically, we analyse the complexity of the system in terms of not
only the bilateral linkages but also losses and cascades of defaults
triggered by sovereign credit risk, and asset price risk. Second, in
contrast with the existing literature, we are able to disentangle the
effects of the shock in losses generated by the initial shock and losses
spread by contagion. More concretely, we are able to capture multi-
ple snapshots of the network structure and to measure accurately
the direct and indirect effects. Consequently, the model allows us
to provide novel evidence on the type of systemic risk which domi-
nates the financial system and to measure and evaluate: (i) the
effects of shocks on one or more financial institutions (e.g. total
losses, solvency and bankruptcy events); (ii) the transmission mech-
anism which transfers and provokes the negative effects to the rest

of the system; and (iii) the variations in financial robustness, which
display the boundaries of the European banking system.

Interestingly, at first glance we find that a shock in the inter-
bank loan market causes the higher amount of losses in the bank-
ing network. This notwithstanding, remarkably we find that losses
generated by the sovereign credit risk channel transmit faster
through the contagion channel, triggering a cascade of bank fail-
ures. This shock can cause banks to stop using the interbank mar-
ket to trade with each other and can also lead banks to liquidate
their asset holdings in order to meet their short-term funding
demands. Hence, the study provides empirical evidence that the
sovereign credit risk channel dominates systemic risks amplified
in the euro area banking systems and hence, it is the primary
source of systemic risk. Moreover, we evaluate the impact of
reduced collateral values and provide novel evidence that asset
price contagion can also trigger severe direct losses and defaults
in the banking system.

In addition to the above, we provide novel evidence that sys-
temic risk in the euro area banking system did not meaningfully
decrease as it is evident that shocks in the three independent chan-
nels -interbank market, sovereign credit risk, asset price risk- trig-
ger domino effects in the banking system. Likewise, we document a
dramatic variation between northern and southern euro area coun-
tries in terms of their response to systemic risk. More concretely,
there is much less systemic risk and the speed of contagion is much
lower in banks based in the northern euro area than in banks based
in the southern euro area. Furthermore, we find that the
cross-border transmission of systemic shocks depends on the size
and the degree of exposure of the banking sector in a foreign finan-
cial system. Particularly, the more exposed domestic banks are to
the foreign banking systems, the greater are the systemic risks
and the spillover effects from foreign financial shocks to the
domestic banking sector. Finally, the results imply that the
European banking industry amid the post-crisis deleverage, recap-
italisation and the new regulatory rules, continues to be markedly
vulnerable and conducive to systemic risks and financial
contagion.

The study contributes and extends three strands of the litera-
ture. First, there is a recently growing literature on the construc-
tion of financial networks with mathematical models. Kroszner
(2007) and Allen and Carletti (2013), document that the size of
the financial network plays an important role on the propagation
of systemic risk. We update their work and offer novel evidence
that there are marked differences in the dynamic responses to
systemic-risk related events across national banking systems, indi-
cating that the network structure is time-variant. Allen et al.
(2011) observe that full risk diversification is not optimal in the
banking industry, while Battiston et al. (2012) find that the finan-
cial system can be more resilient for intermediate levels of risk
diversification. In a similar vein, we document that even domestic
banks with small financial exposures in a foreign banking sector
may be severely affected by a systemic shock provoked by same.

Second, our study offers new insights on the critical role of
endogenous complexity, betweenness, closeness and the impor-
tance of interconnectedness in the banking network. Leitner
(2005), Gai et al. (2011), Billio et al. (2012), Castren and Rancan
(2014), and Elliott et al. (2014) develop network models on mono-
tonicity and identify the importance of complexity and concentra-
tion in the financial system. We extend their work demonstrating
that the same shock would cause different losses in the banking
network if emerged at different points in time. Importantly, we
find that the propagated and the final losses differ substantially
across the national banking systems reflecting the differences on
the size, and the degree of interconnectedness across national
banking systems. More concretely, the final losses appear to be
lower in the post-crisis era, which may be due to cyclicality (i.e.

1 As discussed in the theoretical work of Allen and Gale (2000) and Freixas et al.
(2000) the interbank market follows a multilateral pattern of banks’ financial linkages
– claims, the so called ‘‘complete market structure’’.

2 In this study, asset price risk refers to the risk of depreciating a common asset
which is financed by a loan (i.e. asset-backed loan).

3 Our financial network uses the claims and liabilities of banks’ balance sheets and
excludes any leverage, in order to secure that any variation in the system is based on
multiple equilibria. Shocks propagated in our model would penalize banks for being
exposed to leverage and increase substantially their vulnerability in systemic risk and
contagion. This approach also fulfils the criteria of Allen and Gale (2000), Shin (2008),
Mistrulli (2011) and Castren and Rancan (2014).
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