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a b s t r a c t

With the aim to measure and monitor systemic risk, we present some topological metrics
for the interbank exposures and the payments system networks. The evolution of such
networks is analyzed, we draw important conclusions from the systemic risk0s perspective
and propose a measure of interconnectedness. Additionally, we suggest non-topological
measures to describe individual behavior of banks in both networks. The main findings of
this paper are: the structures of the payments and exposures networks are different
(in terms of connectivity); the topology of the exposures network changed after the
collapse of Lehman Brothers, whereas the structure of the payments network does not;
the proposed measure of interconnectedness can be used to determine the importance of
a bank in terms of connectivity. Finally, we found that interconnectedness of a bank is not
necessarily related with its assets size but it is linked to the contagion it might cause.

& 2014 Elsevier B.V. All rights reserved.

1. Introduction

Despite the importance of systemic risk in the financial regulatory arena, authorities and academics have failed to reach
an agreement on a commonly accepted definition for this concept. In the search for a structural framework to evaluate it,
financial authorities and researchers have applied a spectrum of possibilities to study systemic risk. Nevertheless, the
disadvantage of having different approaches is the impossibility of comparisons among the results obtained by such studies.
In this sense, a common definition will allow the creation of a structural framework to evaluate and provide guidelines for
the management of systemic risk on a wider scale. The literature on systemic risk measurement is now vast but we can refer
the reader to some related references to our work: Lehar (2005), Huang et al. (2009), Acharya et al. (2010), Martínez-
Jaramillo et al. (2010), Drehmann and Tarashev (2013) and Adrian and Brunnermeier (2011). Finally, the most comprehen-
sive survey paper on systemic risk measurement is Bisias et al. (2012).

Among the many methodological proposals to study systemic risk, graph models (network theory) occupy a
preponderant place and this is reflected in the numerous papers recently being published. Moreover, numerous financial
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stability reports include a section on network models, contagion, interconnectedness, etc. Furthermore, the concept “too
interconnected to fail” is widely used by financial authorities around the globe. This concept can be associated with the
relevance (centrality) of a node in a network.

Network theory has been used in economics and finance before its recent popularity in systemic risk. Nowadays, there is
an important body of literature on network models in finance and economics. Some important references are: Nagurney
(2003) in which the author provides a thorough introduction to some of the applications and lines of research, and Allen and
Babus (2009), in which the authors discuss several aspects in finance benefited from the network treatment. Further, Goyal
(2007) and Jackson (2008) are two widely known and comprehensive textbooks on network economics.

Despite the vast research that has been done on financial networks, there are still aspects that require further analysis; in
particular, empirical studies of real exposures and payments system0s networks could be useful to calibrate network models
used in simulations for systemic risk analysis. This work proposes relevant metrics for systemic risk measurement and
monitoring, beyond the well known topological ones. Moreover, all the empirical evidence is put into the systemic risk
context, something that has not been done comprehensively in the past, to the best of our knowledge. Nevertheless, there
are important underlying questions on the use of this approach to study systemic risk such as: Which network or networks
should be used? Is the network of interbank exposures the relevant network to determine systemic relevance? Is the
payments system flows network the one that should be used? How do we incorporate the time dimension to study systemic
relevance in financial networks?

In order to be able to study the interconnections between the financial institutions, having relevant data is a crucial
element as it has been stressed in Cerutti et al. (2012). For instance, the data obtained to build the payments system network
is relatively easier to access by the authorities and regulators, as generally the central banks are in charge of the
management of Large Value Payment Systems. However, this is not the case for the interbank exposures network. There are
only a few central banks which could have an opportunity to estimate the interbank exposures network; but a lot has been
written on the topology of the interbank exposures network by using simulation or by making some assumptions, like
maximum entropy.

In terms of network models, the dynamics of financial networks is a fundamental aspect on the determination of the
systemic relevance, which has not received adequate attention until recently. A static understanding of the relevance of an
institution in a network dominates the ideas behind the new regulation, which tries to incorporate interconnectedness for
the determination of Global Systemically Important Banks (G-SIBs). In contrast, in this work we report considerable findings
on the dynamic aspects of two prominent networks for the Mexican banking system: the payments system flows and the
interbank exposures networks. This study provides evidence on how the different roles played by Mexican banks in both
networks, evolve over time.

In this work we found that the interbank exposures network in comparison to the payments system flows network
possess different connectivity, with the latter being more intensively connected. Another relevant finding is that some banks
play an important role in the interbank exposures network (as lender or borrower), but have less important presence in the
payments system network. On the other hand, there are banks which would not be considered important by their size or
their roles in the interbank exposures network but they are important players in the payments system network. Moreover,
we provide evidence on how the relevance of banks in the studied networks changes with time as a consequence of an
important external shock; namely, the bankruptcy of Lehman Brothers. Furthermore, the proposed measure of inter-
connectedness captures the dynamics of the connectivity relevance of a node in terms of low/high value payments in the
payments flow network or as lender/borrower in the interbank exposures network. We also illustrate the relationship
between two different rankings: (i) between interconnectedness and size, and (ii) between interconnectedness and
contagion.

Network theory has been effective in the study of payment systems and financial contagion but it is necessary to
understand its limitations in the context of systemic risk. Nevertheless, it is not possible to determine the systemic relevance
or the systemic risk contribution of an institution by means of network theory alone, as some important components might
be ignored. Some relevant aspects, among many others, that allow us to identify systemic relevance are: the risk profile of
the individual financial institutions, the assets and liabilities structure of banks, and their funding behavior.

The rest of the paper is organized as follows: Section 2 introduces the literature on network models in the context of
systemic risk. Section 3 describes the data used to build the payments system and the interbank exposures networks.
Section 4 introduces the notation and presents the measures used to describe the properties of the studied networks.
Section 5 presents some statistical properties for the interbank exposures and the payments system networks and how well
the core–periphery model fits the studied structures; Section 6 describes a centrality study for both networks. Finally,
Section 7 concludes.

2. Network models and systemic risk

Since the seminal paper by Allen and Gale (2000), network models have been present in the context of financial
contagion and systemic risk. However, the topology of real interbank exposures networks is different from the topologies
suggested in their paper. For example, Wells (2002) studies the UK interbank exposures network in the context of systemic
risk; Boss et al. (2004) provide some empirical data on the interbank exposures network of the Austrian banking system; in
Iori et al. (2008), the authors provide some empirical evidence on the topological properties of the Italian Money Market. In
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