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a b s t r a c t

In this paper we develop an interbank market with heterogeneous financial institutions
that enter into lending agreements on different network structures. Credit relationships
(links) evolve endogenously via a fitness mechanism based on agents’ performance. By
changing the agent’s trust on its neighbor’s performance, interbank linkages self-organize
themselves into very different network architectures, ranging from random to scale-free
topologies. We study which network architecture can make the financial system more
resilient to random attacks and how systemic risk spreads over the network. To perturb the
system,we generate a randomattack via a liquidity shock. The hit bank is not automatically
eliminated, but its failure is endogenously driven by its incapacity to raise liquidity in
the interbank network. Our analysis shows that a random financial network can be more
resilient than a scale free one in case of agents’ heterogeneity.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Interbank markets allow exchanges among financial institutions, facilitating the allocation of the liquidity surplus to
illiquid banks. Notwithstanding, the global financial crisis, burst in August 2007, has shown the dark side of interbank
connections. After the default of Lehman Brothers and Bear Sterns, it became incontrovertible that the available tools to
respond to the financial crises have not been necessarily adequate as previously thought [1,2]. This has explained the
increasing concern of policymakers to find new analytical tools able to better identify,monitor and address the systemic risk
and the crisis transmission. Furthermore, many scholars and practitioners have brought to the fore a crucial question, which
motivates our paper, namely what architecture of the global financial system could increase or decrease the emergence of
systemic risk [3,4] and how systemic risk emerges from the interaction and evolves over time.When things gowrong, in fact,
financial linkages among highly leveraged banks represent a propagation channel for shocks and a source of systemic risk.
In this respect, our work follows models where local shocks can also have systemic repercussions [5–7] and, thus, diverges
from the common idea that big crises need big shocks.

The most important strand of research has traditionally focused on three types of financial distress propagation:
(a) self-fulfilling panic, i.e. bank runs [8–11]; (b) the asset price contagion [12,13]; (c) interlocking credit exposure, i.e.
financial contagion [13,14,6,7,15,16].
As recent events have shown, these channels interact and reinforce each other during financial crisis [17–19].
Recent economicmodels have underlined advances inmodeling creditmarkets as complex systems by using network theory
for studying the resiliency and robustness of different interbank architectures (see Refs. [13,16,20–22]).

Following this approach, in this paper we study a credit network and, in particular, an interbank system, in an agent-
based model. In contrast to the mainstream assumption that financial operators are anonymous players, this paper moves
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from the empirical evidence that banks establish ‘‘personal’’ relationships, or links, to negotiate in the interbank market. In
ourmodel, links are ‘‘preliminary lending agreements’’ able to provide liquidity to banks in need. These financial connections
might change over time, so modifying the interbank network structure (topology). The originality of this work in respect
to previous mentioned models on interbank networks is in the credit linkages evolution. We implement an endogenous
mechanism of links formation, via a preferential attachment rule [23], such that each financial institution can enter into a
lending agreement with others with a probability proportional to its profit. This method, based on a fitness parameter given
by banks’ expected profit (see Ref. [24]), is able to reproduce different network structures ranging from the random graph
to the power-law one. Moreover, to better determine the links capacity to carry liquidity to nodes, we model the interbank
market as a ‘flow network’: a simple directed network with specific constraints (lending capacities) on the maximum
liquidity flowing though established links. In particular, the Ford and Fulkerson theorem (see Refs. [25,26]) allows us to
determinate the liquidity flow between any pair of banks in the market.
In each time period, we perturb the systemwith two random liquidity shocks of equal magnitude but opposite sign and we
test the ability of financial linkages to act as liquidity conduits between the illiquid node (i.e agent hit by the negative shock)
and the liquidity one (i.e agent hit by the positive shock). The illiquid bank can try to borrow from financial institutions it
has previously entered into agreements with. If lending takes place and the bank manages to scrape together enough cash
to meet with the liquidity shock then it survives, otherwise it goes bankrupt. As the final borrower (sink) and the initial
lender (source) may be linked together through a chain of intermediate nodes, the failure of the borrower bank can bring
about a cascade of bankruptcies among banks. Following physical and economic literature (see for instance Refs. [13,16]),
thus, we induce a random attack via a liquidity shock, but the hit bank is not automatically eliminated: the bankruptcy is
endogenously driven by the node’s capacity to rise liquidity in the interbank network.

This theoretical framework allows us to study which graph proprieties better anticipate the contagious effect and the
network topology more robust to attack. Our results suggest that the scale-free network is more vulnerable to random
attacks than the Poisson graph. We find two important explanations for this unexpected result. On the one hand, in
accordance with the empirical analysis (see Refs. [27–30]) and the theoretical model (see Ref. [6]) the failure of one bank
has strong knock-on effects on its creditors just in the case of heterogeneous agents. Our model is able to generate a fat tail
distribution of banks’ wealth and, thus, a strong heterogeneity inmarket participants’ sizewhen the interbank configuration
moves toward the scale-free network. On the other hand, the randomgraph comparedwith the scale-free one has a tendency
to ‘‘condense’’, forming regions of the graph that are essentially complete communities-subsets of vertices within which
many possible lending paths (edges) exist. In this case, at least one path between the final borrower and the initial lender
exists, so decreasing the probability of bank’s failure.
The rest of the paper is organized as follows. In Section 2 we describe the model; in Section 3 we present the results of the
simulations for different network structures. Finally, Section 4 concludes.

2. The model

Themodel represents a stylized interbanknetworkdescribing the dynamic evolution of credit relationships (links) among
financial institutions.
In order to meet with exogenous liquidity shocks, banks enter into Potential Lending Agreements which allow the liquidity
exchange among market participants. These contracts are revised each time period on the basis of banks’ expected
performance. In particular, we implement an endogenous ‘fitness mechanism’ able to generate different dynamic network
topologies.
To test the network capacity to flow liquidity and its resilience, we perturb the interbank market with random attacks. Hit
banks (i.e. borrowers) try to get funds from financial institutions they have previously entered into lending agreementswith.
If contacted banks do not have enough supply of liquidity to satisfy the borrowers’ request, then they exploit their interbank
connections, asking formoney from their linked neighbors. If borrowers are able to fulfill their needs, they survive, otherwise
they go bankrupt. As contacted banks, in case of shortage of liquidity,may enter the interbankmarket, the failure of borrower
banks could lead to failures ofmany lender banks. The source of the domino effectmay be due to direct interactions between
lender and borrower banks, on one side, and to indirect interaction between bankrupt borrowers and their chain of lending
banks, on the other side. Failed nodes are then removed from the network and replaced with new ones.

2.1. Banks’ financial structure

We consider a sequential economy operating in discrete time, which is denoted by t = {0, 1, 2, . . .}. At any time t ,
the system is populated by a large number N of active banks belonging to the finite set Ω t

= {i, j, k, . . .}. Agents are
interconnected by credit relationships represented by the set Dt , whose elements are ordered pairs of distinct banks. Banks
(nodes or vertices) and their relationships (edges or links) form the financial network Gt(Ω t ,Dt).

Each bank1 has an Inter-day balance sheet structure defined as

ati = sti + eti , (1)

1 At the time t = 0, our economy is populated by homogeneous banks randomly linked to each other.
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