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a b s t r a c t

This paper analyzes the Brazilian interbank network structure using a complex network-
based approach. Results suggest a weak evidence of community structure, high
heterogeneity of the network and that this market is characterized by money centers
having exposures to many banks. Furthermore, we go beyond the structure of the network
using information about the characteristics of the nodes and a non-parametric test in order
to understand the role of the banks in the interbanking market.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Recent financial literature has exploited the differences in the various dimensions of the banking firms such as origin
(domestic or foreign), size (large or small), control (public or private), sector (retail, treasury, business, credit) as factors that
define role, strategy and performance [1–4].
One fascinating market which has been very little investigated is the interbank market. The appealing of this market is

supported by the influential papers due to [5,6] who defend that a relevant channel of financial contagion is the overlapping
claims that different institutions have on one another1. In fact, they showed that there is a strict relation between network
topology and financial stability. One interesting issue also considered in Ref. [6] is the ‘‘Too big to fail approach’’ in dealing
with large banks and money centers. Furthermore, [5] divide the bank system in regions where each region may be seem
as a local community of banks. Therefore, based on these works one may pose the following questions: (1) What is the
relation between money centers and large banks in the interbank market?2 Are the large banks also the large creditors in
the system? Which are the most systemic relevant banks in the system? (2) Are the banks in the interbank market divided
in communities? (3) Is there a role for each bank in the interbank market? Does the bank type influence strategy in the
interbank market? (4) Is the interbank market homogeneous as presented in Ref. [5]?
In this paper, we try to answer the questions posed above by investigating the role and strategy of each type of bank in

the network formed by the Brazilian interbank market using a unique data set formed by 109 financial institutions and two

∗ Corresponding author at: Banco Central do Brasil, SBS Quadra 3, Bloco B, 9 andar, DF 70074-900, Brazil.
E-mail address: benjamin.tabak@bcb.gov.br (B.M. Tabak).
1 Actually, three types of operations define the existence of this network of financial contracts: the payment system, the interbank market and the

market for derivatives. Here, we deal just with one of them – the interbank market.
2 Money centers are defined as banks that lend and borrow to other banks, and are important sources of funding in the interbank system.
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years of data. Considering as a starting point the empirical evidence of the presence of differences in efficiency and strategy
in different types of banks presented above, we compare the role and the strategies of these institutions dividing the sample
by control (public, private and foreign), type (retail, treasury, business and credit), size (large, medium, small and micro)
and bank and non-bank institutions. We have found that bank type matters as they have different role in bank networks,
the Brazilian bank network is characterized by money centers, in which large banks are important sources of borrowing.
The methodology considered here is based in a recent developed field known as complex networks that has been

developed as an intersection of several fields such as graph theory, operational research and statistical physics to provide a
unified view of dynamic systems thatmay be described by complexweb-like structures [7–9] and non-parametric statistics.
However, instead of explicitly using the measures introduced in order to characterize the properties of these networked
systems such as characteristic path length [10], clustering coefficient [11], efficiency [12,13], cost [13], node degree [14],
degree correlation [15], weighted connectivity strength [16] and disparity [17], we adapt these measures in order to deal
with weighted directed networks which is the case of the interbank market network considered here.
The modeling of financial networks using tools provided by the theory of complex networks can provide important

insights on the understanding of financial links between banks and for the development of better financial regulation.
Actually, there is a large literature justifying the emergence of complex networks in social, financial and economic processes
such as Refs. [18,19]. Some interesting empirical results are provided byRefs. [20–27]whohave recently shown that financial
networks present typical characteristics of complex networks. Furthermore, [28] based on a dynamical framework, which
employs methods of statistical mechanics of complex networks, has studied the implications of institutional arrangements
on the stability of the system and the structure of the trading relationships.
This paper is organized as follows. In Section 2, the model of network considered in this paper is introduced. In Section 3,

the measures considered in this paper to quantify the role of each bank in the network are introduced. In Section 4 the
methodology used to assess the modularity of the network is presented. In Section 5, the procedure considered to build the
minimal spanning trees of the Brazilian network is introduced. Section 6 describes the data considered in this paper. The
results are presented in Section 7. Finally, Section 8 concludes the paper.

2. Network modeling of the interbank market

In which follows, the definition of network that will be used in this paper is presented:

Definition 1. A network (graph) G consists of a non-empty set of elements V (G) called vertices, and list of unordered pairs
of these elements, called edges E(G). The set of vertices (nodes) of the network is called vertex set and the list of edges is
called the edge list. If i and j are vertices of G, then an edge of the form ij is said to join or connect i and j.

Networks can be classified as: (1) Undirected: Edges exhibit no inherent direction, implying that any relationship so
represented is symmetric. (2) Directed (Digraph): Edges exhibit inherent direction, implying that there is a hierarchical
structure between the vertices. (3) Unweighted: Edges are not assigned any a priori strengths. (4) Weighted: Edges are
assigned a priori strengths. (5) Simple: Multiple edges connecting the same pair of vertices are forbidden; (6) Multigraphs:
Multiple edges connecting the same pair of vertices are allowed; (7) Sparse: For an undirected graph, the maximal size
of E(G) = C2n , corresponding to a complete graph. Sparseness implies that the number of edges M satisfies M � C2n . (8)
Connected: Any vertex can be reached from any other vertex by traversing a path consisting of only a finite number of of
edges.
The most important matrix used to characterize the interbank market is the so-called matrix of bilateral exposures

defined below:

Definition 2. The matrix of bilateral exposures W (G) = [Wij] of a interbank market G is the n × n matrix (where n is
the number of banks) whose wijs denote bank i’s exposure to bank j, and ai =

∑n
j=1W (i, j) and lj =

∑n
i=1W (i, j) are,

respectively, bank i’s interbank assets and liabilities.

Other important matrix that arises in this paper is the so-called adjacency matrix:

Definition 3. The adjacency matrix A(G) = [Aij] assigns the value 1, if there is an edge starting in vertex i and going to
vertex j. If there is no edge starting in vertex i and going to vertex j, then Aij = 0.

Although this matrix provides less information than the matrix of bilateral exposures, it may work well when one only
wants to take the topology of the network into account.
In the next sections, these two above-definedmatrices will play an important role in the characterization of the Brazilian

interbank market.

3. Measures used to characterize the role of banks in the interbank market

In this section, we present themeasures used to characterize the role of banks in the interbank network. These measures
presented bellow will be divided in in-measures and out-measures. While the banks that present higher in-measures are
ones most systemic relevant, the banks that present higher out-measures are the most important as money centers.
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