J Econ Interact Coord (2018) 13:1-7 @ CrossMark
https://doi.org/10.1007/s11403-018-0221-z

EDITORIAL

Recent advances in financial networks and agent-based
model validation

Mauro Napoletano!-? . Eric Guerci® -

Nobuyuki Hanaki?

Received: 6 March 2018 / Accepted: 13 March 2018 / Published online: 24 March 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract We introduce the papers appearing in the special issue of this journal asso-
ciated with the WEHIA 2015. The papers in issue deal with two growing fields in
the in the literature inspired by the complexity-based approach to economic analysis.
The first group of contributions develops network models of financial systems and
show how these models can shed light on relevant issues that emerged in the aftermath
of the last financial crisis. The second group of contributions deals with the issue of
validation of agent-based model. Agent-based models have proven extremely useful
to account for key features economic dynamics that are usually neglected by more
standard models. At the same time, agent-based models have been criticized for the
lack of an adequate validation against empirical data. The works in this issue pro-
pose useful techniques to validate agent-based models, thus contributing to the wider
diffusion of these models in the economic discipline.

1 Introduction

This special issue combines contributions dealing with (i) the analysis of financial
networks and (ii) the use of statistical techniques for the validation of agent-based
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models (ABMs). Although quite heterogeneous in terms of the topics they address,
the papers in the issue provide a good overview of two recent and growing fields in the
literature inspired by the complexity-based approach to economic analysis (see e.g.
Kirman 2010a).

The financial crisis of 2008 and the Great Recession that followed have led to a
reconsideration of standard economic theories based on general equilibrium and on the
representative agent hypothesis (Stiglitz 2011; Kirman 2010b), and to a call for new
approaches that could better capture the fundamental features that generated the crisis.
One of them is agents’ heterogeneity, which is is needed in order to properly account
for any credit relation. Another one is financial contagion and systemic risk, which
are very much related to externalities across different agents. Indeed, the transmission
of externalities does not occur in a vacuum. On the contrary, it is mediated by the
structure of financial and economic contracts existing among agents (Stiglitz 2011).

Furthermore, the financial crisis was also triggered by the building-up of large
debt imbalances across agents (as well as across countries), which can hardly be
accounted for in a equilibrium framework. Finally, the crisis itself was not the result of
an aggregate shock, as it is typically postulated in many standard models. It was instead
endogenously generated by the interactions of the heterogeneous agents populating
an economy.

Network models provide a valid alternative to standard models to account for some
of the above-mentioned issues (see Battiston et al. 2016). This is because these mod-
els allow one to represent the very structure of localized interactions across economic
agents. Accordingly, they allow one to study under which conditions financial dis-
tress may propagate and systemic risk may emerge. They are therefore valid tools to
identify early warning signals about an imminent crisis. In addition, they allow one to
properly test the impact of regulatory measures or of new institutional arrangements
in financial markets. The papers by Gaffeo and Molinari (2017), Hayakawa (2017)
and Catullo et al. (2017) represent very good examples of the applications of network
models to the foregoing issues. The paper by Clemente et al. (2017) instead provides
a methodological contribution that can prove useful in many network-based analysis
of financial contagion.

Agent-based models (ABMs henceforth) are another valid alternative to standard
models that has received increasing attention after the last crisis. The list of applications
of ABMs is already very rich and it keeps growing (see Bargigli and Tedeschi 2013;
Haldane and Turrell 2018; Fagiolo and Roventini 2017; Samanidou et al. 2007, for
recent accounts). ABMs represent economies as dynamical systems of heterogeneous
agents, interacting out of equilibrium (Tesfatsion 2006). In that, they constitute a
generalization of the relatively simple framework usually present in network models,
as they allow one to introduce richer sets of behavioural rules and institutional features
of markets, and to deal with evolving networks. The paper of Catullo et al. (2017) in
the issue is also interesting in this respect, as it integrates the network and the ABM
approaches for the analysis of credit relations and of the impact of macro-prudential
policies.

At the same time, ABMs have also been criticized for their inadequate validation
against empirical data or for their inability to assess how general their results are.
This has so far prevented a full-fledged comparison of ABMs with other models, and
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accordingly their wider diffusion. Nevertheless, such a critique has started to receive an
adequate response in the literature (see also Fagiolo et al. 2017), with the development
of statistical techniques that allow one to analyse the sensitivity of the results of an
ABM to alternative parameters’ values or to estimate the model’s parameters or, finally,
to evaluate the performance of an ABM in explaining features of empirical data.

In what follows, we discuss more in depth the papers of the special issue by grouping
them into two categories, representing the main areas of contribution to the literature,
namely the analysis of financial networks (Sect. 2) and the validation of agent-based
models (Sect. 3).

2 Financial networks models

The first part of the special issue gathers contributions analyzing credit markets from
a network perspective. The disruptions created by bilateral exposures in over-the-
counter (OTC) derivatives markets during the last financial crisis have led regulators
to introduce central clearing counterparties (CCPs) for derivative trades (Acharya et al.
2009; Cecchetti et al. 2009). The reason is that central clearing may mitigate counter-
party credit risk by removing the direct risk exposure between parties. Nevertheless,
all the pros and cons of CCPs are still highly debated in the literature, and some papers
have even highlighted that CCPs may under some conditions increase counterparty
risk (Duffie and Zhu 2011). In addition so far there has been little investigation of
how CCPs possibly affect the overall liquidity needs and how this interplays with
the network topology of derivatives trades. This is the starting point of the paper by
Hayakawa (2017). The authors investigate how the introduction of a CCP could alter
the interconnected feature of the relevant network of financial obligations, and how the
change of network topology could affect overall liquidity needs. The model developed
in the paper builds on Hayakawa (2016). The paper studies the effects of CCPs under
two scenarios: (i) a “bad times” scenario, which captures times of liquidity distress;
and (ii) a “good times” scenario, corresponding to times during which liquidity circu-
lates most efficiently. The paper shows that CCPs may reduce liquidity needs during
times of financial distress, thereby reducing the risk of firesales and the systemic risk
arising from an avalanche of defaults. Conversely, CCPs could have a cost in terms of
additional liquidity needs during good times. The foregoing trade-off has an impor-
tant policy implication, as it suggests a conditional use of CCPs, i.e. limited only to
situation of financial distress. At the same time, the transition from good times to bad
times is typically endogenous in real financial systems, and one question for future
explorations is whether a CCPs minimizes or not the incidence of periods of liquidity
distress.

The paper of Gaffeo and Molinari (2017) puts the emphasis on the roles played
by financial institutions in modern financial systems (e.g. intermediation of resources,
maturity transformation, management of the payment system) and studies how the
network of financial relations among them may impact on these functions and possibly
generate liquidity disruptions. In the first part of the paper, the authors analyze an
original dataset provided by the Cassa Centrale Banca (CC) operating as a provider
of financial services for small cooperative credit banks in the North-East of Italy
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and as an entry point for liquidity injections by the central bank. This dataset offers
a privileged viewpoint on several financial functions. Some of the main empirical
findings of the paper are about the evolution of the degree of interconnectedness in the
network at the onset of the crisis and in the subsequent years. The interconnectedness
of the network has increased exponentially during the sovereign debt crisis in Europe.
In addition, the persistence of bilateral trading between the hub (the CC) and the
peripheral nodes has been significantly higher and more stable. Finally, the role of
CC has changed over time from being a net lender to becoming a net borrower. In the
second part, the authors carry out counter-factual simulation analyses to investigate
whether alternative network architectures compared to the empirically-observed one
would have produced a different outcome in terms of robustness to funding shocks. The
authors evaluate the performance of the different network structures by using different
metrics. Interestingly, they consider both a performance measure focusing only on
the effect of the shock on interbank losses, and a more general one that combines the
latter effect with the impact on cumulated losses on external assets. Two key results
emerging from the simulation analyses are, first, that the building up of systemic risk
in the star architecture is very much related to the net position of the hub (being a
net borrower or a net lender). However, the results may vary a lot depending on the
metrics used. In particular the actual star network does not have a worse performance
than the other architectures considered in the paper, especially when the effect of the
shock on external assets is accounted for. The fact that the performance of the network
may vary according to the metrics used is, in our opinion, an original and yet poorly
explored topic in the financial network literature. This calls for more research in this
direction, aimed at exploring the possible trade-offs between liquidity and systemic
risk inherent financial networks.

The above-discussed papers of Hayakawa (2017) and of Gaffeo and Molinari (2017)
contains analyses of the efficiency of “static” network structures. The paper of Cat-
ullo et al. (2017) considers instead an “evolving” financial network and moreover it
integrates it into a macroeconomic ABM inspired by the works of Delli Gatti et al.
(2005) and follow-ups. The ABM is calibrated by adopting the approach of Schularick
and Taylor (2012). Levels of leverage, connectivity and output volatility are realis-
tic and correspond to the values reported in the empirical credit network dataset of
firms and banks quoted in the Japanese stock exchange markets from 1980 to 2012.
The model succeeds in reproducing endogenous pro-cyclical fluctuations of credit
and connectivity. In particular, when credit and connectivity increase, the number of
firm failures also rises because of the high leverage. Moreover, the results indicate
that credit and connectivity dynamics are effective early warning measures for crises.
Indeed, aggregate credit leverage and connectivity are positively correlated with the
number of firm failures. Therefore, during expansionary phases the combined expan-
sion of credit, leverage and connectivity growth may create the conditions for future
recessions and crises, in a true Minskyan perspective (see Minsky 1986). Furthemore,
the paper investigates different policy scenarios using capital-related macroprudential
policies. The results confirm that quantitative restrictions are effective in reducing the
probability of crises. In particular, the paper indicates that capital- related measures
that force banks to avoid lending to more indebted firms may decrease output volatility
without causing consistent credit reductions and, thus, output contractions.
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Finally the paper by Clemente et al. (2017) provides a methodological contribution
by proposing a new indicator aimed to measure the overall “level of small-worldliness”
of a network. The authors adopt an approach based on a direct comparison of network
structures between the targeted real network and two selected benchmarks correspond-
ing to regular and random networks. The technique uses a distance function defined
on the network space in order to detect small-worlds features of the network. The pro-
posed indicator is then tested on both simulated and real data. The analysis proposed
by the authors is useful because small-worlds are characteristic of many economic
(see e.g. Tomasello et al. 2017) and financial networks (see e.g. Haldane 2013). In
particular local shocks can have large impact in network structures that exhibit the
small world property (like e.g. core-periphery networks, see Markose et al. 2012; Luu
etal. 2018).

3 The validation of agent-based models

The papers in the second part of the special issue address the open and critical issue of
agent-based model validation. The challenge is first to provide effective approaches to
test the validity of model predictions by assuring that a simulation’s outcomes attain a
stricter adherence to economic facts. Second, to provide methods to effectively analyze
the robustness of the results of an ABMs to alternative configuration of parameter
values and thus to show how much the results of the model’s simulations are general
enough. The two papers by Lamperti (2017) and of Dosi et al. (2017) address both
issues.

More precisely, Lamperti (2017) proposes a technique aimed to validate a model (of
any type) by quantifying the distance between distributions of patterns in time series
data by means of an information theoretic criterion that builds on the L-divergence
(Lin 1991). Indeed, the author further develops the GSL-div measure (Generalized
Subtracted L-divergence) which was introduced in Lamperti (2018) as a “precise
quantification of the distance between the model and data with respect to their dynam-
ics in the time domain”. In order to provide an illustrative application of the proposed
approach, the paper simulates the asset pricing model with heterogeneous beliefs pro-
posed in Brock and Hommes (1997). The simulated time series are compared with
market data coming from the two major stock market indexes in Europe and China,
EuroSTOXX 50 and CSI 300, respectively. Interestingly, the results support the con-
clusions that the model by Brock and Hommes (1997) is able to decently replicate the
main features of empirical data. At the same time, they show that this model is not able
to put strong restrictions on the true data generating process, as many combinations of
traders’ behavioural rules (only fundamentalists and trend followers are considered)
are compatible with the same empirically-observed dynamics.

The paper by Dosi et al. (2017) applies the kriging meta-modelling methodology
to evaluate the ability of the evolutionary model developed in (Dosi et al. 2016) to
replicate one of the most robust empirical features of industrial dynamics: the presence
of fat-tails in the distribution of firm growth rates (see Bottazzi and Secchi 2006;
Dosi 2007). Kriging is an interpolation method (see Kleijnen 2009) that under fairly
general assumptions provides the best linear unbiased predictors for the response of
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more complex, possibly non-linear, computer simulation models. The kriging meta-
model is estimated from a set of observations (from the original model). The fitted
meta-model is then used together with Sobol decomposition to perform a variance-
based, global sensitivity analysis of the original model on all of its parameters. The
results below clearly confirm that the original model robustly reproduces fat-tailed
firm growth rates distributions (and of the Laplace type in particular) over most of the
parametric space. This in turn points to the importance of evolutionary mechanisms
of cumulative learning and selection (in terms of entry-exit and of market shares’
allocation) in shaping the real dynamics of firm growth.

4 Concluding remarks

The papers presented in this special issue offer a panorama of two recent and highly
relevant fields in the in the literature inspired by the complex evolving system approach
to economic analysis: the analysis of financial networks and the validation of agent-
based models. The first group of papers shows the great potential of network techniques
to shed light on the analysis of the emergence of systemic risk in financial markets
and on its consequences. They also contribute to the debate on highly relevant policy
issues that emerged in the aftermath of the last financial crisis, like the impact of
central clearing counterparties (CCPs) or the impact of capital requirements on the
supply of credit and on the overall output dynamics. The papers in the second part of
this issue propose statistical techniques that can be effectively used to validate agent-
based models or to investigate the generality of their results. In that, they constitute an
important step forward for a larger diffusion of agent-based models for positive and
normative analyses in economics.
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