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a  b  s  t  r  a  c  t

This  paper  contributes  to the  literature  on  systemic  risk  by examining  the  network  structure  of  bilateral
exposures  in  the  global  banking  system.  The  global  interbank  market  constitutes  a major  part  of  the
global  banking  system.  The  market  has  a hierarchical  network  structure,  composed  of the national  or
jurisdictional  area’s  local  markets  and  the  cross-border  interbank  market.  First,  we  estimate  the  bilateral
exposures  matrix  using  aggregate  financial  data  on  loans  and  deposits  from  Bankscope  and  analyze  the
interconnectedness  in  the  market  using  network  centrality  measures.  Subsequently,  for  the model  anal-
ysis, we  apply  the  Eisenberg–Noe  framework  to a multi-period  setting.  In  this  framework,  bank  defaults
are  classified  into  stand-alone  defaults  and  contagious  defaults.  The  banks  in  our  sample  (i.e.,  the  top  202
banks with  more  than  $50 billion  in  total  assets)  comprise  a major  part of this  global  banking  system.
The  main  findings  are  as  follows:  The  theoretical  network  analysis  using  network  centrality  measures
showed  that  most  of  the banks  designated  as  global  systemically  important  banks  (G-SIBs)  play  a  central
role  in  the  global  interbank  market.  The  theoretical  default  analysis  showed  a few  contagious  defaults
triggered  by  the  basic  defaults  during  and  after  the  global  financial  crisis.  Our  stress  test  proved  that  many
G-SIBs theoretically  caused  1–6 contagious  defaults.  Our  methodology  would  assist  in the  development
of  a  monitoring  system  by the respective  supervisory  authorities  as  well  as in the  implementation  of
bank-internal  stress  tests  of  default  contagion.

© 2015  Elsevier  B.V.  All  rights  reserved.

1. Introduction

The financial literature has been investigating systemic risk
since long before the global financial crisis (2007–2008) and the
European debt crisis (which began in 2009). Interbank network
analysis, which focuses on the interconnectedness of banks, plays
an important role in the analysis of systemic risk. We  analyze sys-
temic risk in the global banking system by considering bilateral
exposures in the interbank network. The network structure and
systemic risk of the global banking system remain open issues.
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Shifting focus to financial regulations, during the past sev-
eral years, national supervisory authorities have focused on
micro-prudential policies that emphasize traditional consumer
protection. Driven by the global financial crisis, they have also
focused on macro-prudence in order to ensure the soundness of
the financial system as a whole. The latter approach addresses the
interconnectedness of the financial system and the world economy.

In September 2009, the G20 leaders requested the Financial
Stability Board (FSB) to designate global systemically impor-
tant financial institutions (G-SIFIs). Consequently, the FSB, the
International Monetary Fund (IMF), and the Bank for Interna-
tional Settlements (BIS) cooperatively adopted three valuation
points—size, interconnectedness, and substitutability—as the eval-
uation criteria for G-SIFIs (IMF  et al., 2009).

The Basel Committee on Banking Supervision (BCBS) released
a consultative paper on the evaluation method for global system-
ically important banks (G-SIBs) (BCBS, 2011). The BCBS adopted
a score-based valuation approach and selected the following five
broad categories as evaluation criteria: size, interconnectedness,
lack of readily available substitutes, global (cross-jurisdictional)
activity, and complexity. In November 2011, the BCBS published
a list of 29 banks designated as G-SIBs and announced a policy to
officially revise and publish the list of G-SIBs every November.
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Fig. 1. Main structure of the current paper. Note: The labeled numbers in this figure correspond to section numbers in the paper.

This study focuses on the interconnectedness of the global inter-
bank network. This network can transmit systemic risk through
bilateral exposures, possibly causing contagious defaults that are
triggered by a bank’s stand-alone default. Fig. 1 illustrates the pur-
pose of this study and the flow of the assessment and analysis.
This study aims to assess systemic risk using three layers of anal-
yses: a theoretical analysis of the network structure implied in
the global interbank market using network centrality measures
(Jackson, 2010; Caldarelli, 2013) (“Network analysis” in Fig. 1); an
analysis of the contagious default risk (“Default analysis”); and a
stress test to validate the resilience of the global banking system
(“Stress test”).

For each analysis, we first define the methodology1; subse-
quently, we conduct each analysis and present the results. In each
analysis, we develop the methodology deemed most suitable from
a technical perspective. We  conduct an optimization procedure to
estimate the bilateral exposures matrix using the aggregate balance
sheet data on loans and deposits from Bankscope (“Network anal-
ysis” in Fig. 1), apply the Eisenberg–Noe framework (Eisenberg and
Noe, 2001) to a multi-period setting for risk analysis, and develop
the calculation algorithm (“Default analysis”). Then, from the mar-
ket capitalization data, we  estimate the market values of assets and
the drifts and volatilities of their returns for each bank using the
stochastic model and the maximum likelihood estimation method
(“Asset value estimation”).

With regard to the contagious default analysis, the
Eisenberg–Noe framework, which is based on a mathemati-
cal concept, proposes that a unique vector always exists for
simultaneously clearing the obligations of all participants in the
system.2

Bank defaults are classified into “basic defaults” (stand-alone
defaults) and “contagious defaults,” which are defaults that trigger
a domino effect.3 Because contagious defaults can occur in a spe-
cific setting, it is important to determine whether this framework is

1 The discussion on “the network structure of the global interbank market” is
added to the network analysis.

2 According to Eisenberg and Noe (2001), the vector is mathematically developed
under mild regularity using a “fixed-point theorem.”

3 In the original Eisenberg–Noe framework, multi-step defaulting events are not
expressed.

appropriate for a theoretical analysis using real-world data (aggre-
gate financial data and market capitalization data for each bank).
Strictly speaking, the Eisenberg–Noe framework describes simul-
taneous defaults for one period, not for a dynamic multi-period
setting. We  apply the framework to a multi-period setting and the-
oretically analyze the global interbank market using the aggregate
data on loans and deposits from Bankscope.

In addition, it is important to validate whether many defaulted
and non-defaulted banks suffered losses related to the interbank
payments of defaulted counterparties. Hence, we  use a stress test
to analyze contagious defaults and the occurrence of indirect loss
caused by basic defaults of counterparties.

To theoretically analyze systemic risk during and after the global
financial crisis, we  assume a global banking system in which banks
worldwide participate. The top 202 global banks with over US$50
billion in total assets are selected for this study. This sample com-
prises a major share of the global banking system (78% of all the
banks worldwide as of the end of 2013 on the basis of total assets,
and 91% on average during 2006–2013 on the basis of interbank
assets). All of the major banks, including most of the G-SIBs as of
November 2014, are included in this list.

As a pre-procedure for the default analysis, it is important to
estimate the bilateral exposures in the global interbank market. The
global interbank market has a hierarchical network structure. This
market comprises national markets (e.g., the federal funds market
in the U.S.) and cross-border markets (e.g., the Euro money mar-
ket) in which internationally active banks participate. Three types
of banks constitute the market participants: systemically impor-
tant banks (SIBs), internationally active banks excluding SIBs, and
domestic banks that focus on domestic operations.

The global interbank market is assumed to have a hierarchical
network composed of connections between specific counterpar-
ties. The hierarchical network structure is based on core–peripheral
relations. The core banks are the internationally active banks
(including the SIBs) in each country; SIBs’ features include being
“too connected to fail.” In contrast, the peripheral banks are mainly
domestic banks that focus on domestic operations in their country
and make financial transactions with the core banks.

The main contributions of this study can be summarized as fol-
lows. First, we clarify the network structure of the global interbank
market and theoretically analyze its structure using the estimated
bilateral exposures matrix. Significantly, based on the measures of
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