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1. Executive Summary
FOC has been the first FET project on systemic risk. Its general goal has been to advance our
understanding of systemic risk in finance from a network perspective. The first specific goal was to
clarify the relation between financial networks’ structure and financial instability. This goal was
achieved by delivering new network models and new network-based indicators of systemic risk and
indicators of systemic importance of financial institutions. We have thus contributed to the current
regulatory debate on too-big-to-fail institutions and we have made a substantial step towards the
policy makers’ uptake of complexity-science based tools. The second specific goal was to clarify
the relation between ICT users’ activity and systemic market events. This goal was achieved by
means of big-data analyses of query logs, twitter data as well as unstructured text from blog streams.
We have provided novel assessments of the level of correlation between users’ activity and certain
market signals and we have characterized the direction of the relation, identifying cases in which
market trends can be anticipated. The FOC consortium has demonstrated how a proactive and goaloriented teaming-up of computer scientists and physicists with economists and policy makers can lead
to substantial advances to data-driven and policy-oriented science. The scientific methodologies and
the credibility towards policy makers established by FOC have paved the way to other on-going and
future research projects in complexity and policy-oriented science.
1.1 List of Partners.
The FOC project financed by FET-OPEN is a large STREP of 14 partners:
IMT Lucca (IMT), Politechnic University of Marche (UNIVPM), ETH Zurich (ETHZ), City
University London (CITY), Oxford University (UOXF), Barcelona Media Foundation (BM),
European Central Bank (ECB), Instute Jozif Stefan (JSI), Rudjer Boskovic Institute (RBI), Budapest
University (ELTE), Boston University (BU), Kyoto University (KY), Italian National Research
Council (CNR), Parmenides Foundation (PF).

2. Summary description of project context and objectives
FOC has been the first FET project on systemic risk – but also one of the first EU-funded projects
on this topic. FOC was conceived and granted at a time in which both among scientists and policy
makers the urge was felt that a radically new approach should be taken with regard to the financial
system. Since then, FOC has managed to create a first bridge between, on the one hand, the state-ofthe-art of research in complex networks and big data, and, on the other hand, the needs of policy
makers and regulators for novel, more integrated approaches that are network-based and data-driven.
FOC has made contributions to fundamental research questions on the emergence of financial
instability. In particular about: the relation between the structure of financial networks and resilience
(O2); the emergence of strong correlations (O5) both in networks of banks and in multi-level
interdependent networks of banks, assets or currencies (O10-11); and the relation between crises and
macro-economic or demographic indicators (O7). We have delivered new network models (O2)
and new network-based indicators for systemic risk and for the systemic importance of financial
institutions (O1, O3), thus making a contribution to the current regulatory debate on too-big-to-fail
institutions. We have also delivered models to understand how to mitigate systemic risk by controlling
the positive feedback mechanisms (O2, leverage and procyclicality) or with taxation systems (O7).
At the same time, the consortium has delivered new insights on another fundamental question for
Future and Emerging Technologies, namely the relation between ICT users’ activity and systemic
market events. This was achieved by means of big-data analyses of query logs (O3), analyses of
twitter data, as well as unstructured text from blog streams (O8). We have thus provided a novel
assessment of the level of correlation of this data with market signals and we have characterized the
direction of the relation ICT-activity vs markets, identifying cases in which market trends can be
anticipated.
The work of FOC has made a substantial step towards the uptake of complexity-science tools by
policy makers, both in terms of ideas and more concretely by means of algorithms and software (O1O3). Finally, in terms of dissemination and communication, FOC has deliverd about 80 scientific
articles, a thematic school, a systematic presence at international conferences and some noticeable
media coverage. Several of the scientific results of FOC are illustrated by online widgets that are also
available for mobile devices such as smart phones and tablets.
FOC has paved the way to a number of other policy-related projects that, leveraging on complex
systems science, try and contribute to address global societal issues (e.g. GSS-related projects). While
FOC has fully achieved its objectives during the project time span and has pushed forward the
scientific frontier on systemic risk, it has also unveiled many new open issues that future research will
need to address. For instance, it has become clear that financial networks can be better understood
with a multi-level network approach (see Dym-CS and MULTIPLEX). Furthermore, the issues of
strategic interaction and economic power of market players were not among our objectives, but FOC
has demonstrated that they are crucial issues to be studied in future research (see SIMPOL, GSS).

The list of the project objectives and a summary of the achievements follows hereafter.
O1 Novel indicators. Novel indicators and methods to estimate the origin and dynamics of systemic
risk. Quantitative measures of systemic risk that are: network-based, independent of the accounting
system and exportable to other complex systems beyond the financial domain.
Achievements
•

•

•

DebtRank. We have developed a network-based indicator for the monetary value of the
systemic impact of one or more institutions (Battiston ea. 2012 – DebtRank, WP3-4), This
method has attracted attention among policy makers (see list of applications in WP3) For
instance it has been applied to confidential data of central banks (di Iasio ea. 2013, Capital
and contagion, with Bank of Italy). From a policy perspective, DebtRank improves greatly
upon previous measures of banks systemic importance and contributes to the debate on toobig-to-fail.
Controllability. We have adapted the notion of network controllability to identify the
institutions that could be targeted by policy interventions, in order to maintain the liquidity of
both the interbank credit system and the payment system (Delpini ea. 2013; Galbiati ea. 2013,
WP4).
News Cohesiveness Index. We have proposed a novel measure of synchronization of
financial news across topics. We found strong correlation of NCI with various stock market
indices and relevant Google query volumes (Piskorec ea. 2014, WP7).

O2 Agent-based models of financial networks. Developing agent-based models of financial
networks (money market and capital market), suitable for validation and for computing indicators of
systemic risk.
Achievements
•

•

•

•

Risk diversification. We have shown that the commonly held view in mainstream economics –
i.e. that a fully connected financial network should be more resilient than a sparse one -- is wrong
in many relevant situations (Battiston ea. 2012 Liaisons; Battiston ea. 2012 Default Cascades;
Tasca ea. 2012; Battiston ea. 2014 Price of Complexity, WP2-4). When mechanisms such as
amplification, memory or trend reinforcement are operating – i.e. almost always – the network is
most resilient for intermediate levels of risk diversification. The policy implication is that too
dense networks of OTC contracts among institutions, and too much liberalization of capital flows
among countries are detrimental to financial stability.
Optimal financial architecture. We have shown no network topology is always superior to
others. The resilience depends on the interplay of capital requirements for banks, market liquidity
and network architecture (Roukny ea. 2013, WP4). The policy implication is that focusing only
on capital requirements is an approach that misses out crucial aspects of financial stability.
Leverage and procyclicality. We have investigated a system of banks that manage their balance
sheets around a target level of leverage and showed how this generates procyclicality (positive
feedbacks) that amplify an initial shock (Tasca ea. 2012a; Riccetti 2013a, WP2). Further, in
(Tasca ea. 2012b, WP2) we have shown how systemic risk depends on how fast banks try to
revert to the target and on the sensitivity of asset prices to changes in demand. In (Riccetti et al.
2013a, WP2), we have analysed the impact of capital regulation and credit portfolio concentration
corresponding to the first and second pillar of Basel III.
Optimal level of financial regulation. In (Riccetti ea. 2013b, WP2) we have shown by means of
an agent-based macro-economic model that while too loose regulation of capital buffers lead to
financialization of the economy and to financial fragility, a too tight regulation is detrimental in
that it reduces credit availability to the economy.

O3 Validation of contagion models. Query logs and systemic risk. Validate models of contagion in
financial networks. Assess if query-logs on the www can anticipate market trends and financial
indicators of systemic risk.

Achievements
•

•

•

DebtRank monitoring. In (di Iasio ea. 2014, WP4), in collaboration with Bank of Italy, we
demonstrated the insights of monitoring systemic impact over time on confidential central
bank data of interbank mutual exposures.
Predicting defaults across banks. In (Huang ea 2013, WP9), we tested a model for default
cascades using the US Federal Deposit Insurance Corporation showing that it is possible to
identify a significant portion of the US banks that actually failed during the period 2008-2011.
Query volumes can anticipate trading volumes. In (Bordino ea. 2012, WP3) we showed
that daily query volumes correlate, and sometimes anticipate, trading volumes.

O4 Widgets and off-line software. Develop algorithms and offline software tools for policy makers
enabling to integrate the network approach into the state-of-the-art stress testing techniques. Develop
a Widget Infographic Platform to display novel indicators of systemic risk.
Achievements.
•
•
•

•

•

Online Widgets are displayed at www. http://widget.focproject.eu
The mobile version of the widgets is available at http://mobile.focproject.eu/
Debtrank has been used in collaborations with national central banks (di Iasio ea. 2013) and
in studies independent of FOC (e.g. at German Bundesbank, see WP6). Interest has been
expressed by representatives of the European Central Bank, IMF.
We currently keep working on developing stress testing software in collaboration with Bank
of England (Gurciullo ea. 2014, WP3) and on the network analysis of OTC derivatives
networks (Roukny ea. 2014) .
We are also collaborating with DG-MARKT on estimating systemic effects of
rehypothecation chains in order to provide evidence for the appropriate level of data
disclosure to be required to market participants (Napoletano ea. 2014, WP3).

O5 Strong correlations. Assess the role of strong, long-range correlations in financial systems.
Better understand the inverse problem of understanding the structure of underlying network from the
observation of correlations.
Achievements.
•

•

Strongly correlated clusters. We have shown that the presence of large and strongly
correlated cluster in networks of agents subject to uncorrelated shocks is a very robust
emergent property (Kondor ea. 2013, WP8). The policy implication is that coupling makes
such correlations and thus systemic risk almost inevitable.
Credit Default Swaps networks. As an application of DebtRank, we have shown that there
serious limitations in using market time series such as CDS prices to reconstruct network of
interdependencies among institutions (Kaushik ea. 2013; Puliga ea. 2014, WP4). The policy
implication is that exposure data is necessary to estimate systemic risk.

O6 Taxation models. Develop taxation models to mitigate systemic risk.
Achievements
•

Systemic risk taxation strategy. We proposed a simple scheme to create a rescue-fund. We
used DebtRank to quantify the benefit in terms of systemic impact of banks. The proposed
scheme is attractive for market participants since it increases the risk-adjusted return on
investment (Zlatic ea. 2014, T4.6).

O7 Macro-economic and geopolitical indicators. Complement FOC data and ICT infrastructure
with (1) historical and live-feeds of finance related textual data; (2) country-level macroeconomic data
(3) other country indicators (e.g. political risk or governance quality, demographics, social).
Achievements.

•

Good governance and banking crises. By applying machine learning methodologies to an
IMF dataset of 147 banking crises (1976–2011), we found that indicators such as control of
corruption, rule of law, and government effectiveness yield some prediction over banking
crises occurrence (Gamberger ea. 2013, WP7).

O8 ICT’s users activity and systemic risk. Develop a feature-extraction system from unstructured
textual data such as news and blogs and country-level data to extract indicators relevant for systemic
risk by means of semantic web technologies and machine learning algorithms to predict trends.
Achievements
•

•

Financial blogs and market indices: In (Piscorec 2014, WP7) we found that the News
Cohesiveness Index, a measure of herding in financial news, correlates with market volatility.
The direction is mostly from markets to blogs, but “pockets of predictability” could be found
in the other direction by building on this work.
Twitter sentiment predicts price changes. In (Smailovic ea. 2014, WP7) we found that
according to Granger-causality tests, sentiment in stock-related tweets can be used as an
indicator of stock price movements a few days in advance.

O9: Historical bank financial statements. Examine historical bank financial statements to identify
combinations of assets and financial ratio that correlate with financial crisis.
Achievements
• We show how it is possible to efficiently identify ex-ante banks that have subsequently failed
according to Federal Deposit Insurance Corporation data. These results could be useful for
systemic risk stress testing for financial systems. Our model identifies that the commercial rather
than residential real estate assets are major culprits for the failure of over 350 US commercial
banks during 2008-2011 (Huang ea. 2013, WP9).
O10: Interdependent networks of currencies and country-level banking sectors. Study
correlations between currencies and banking sectors in a framework of interdependent network
modelling exploring the impact of sovereign macroeconomic factors on currency markets temporal
dynamics.
Achievements
• We analysed correlation and causality between currency exchange rate and stock market
indices as a coupled network system for 60 countries. We found that the foreign exchange
markets anticipate to some extent the stock markets. We also found that the US stock market,
closely followed by the German and Canadian markets, can forecast performances of other
world equity markets. (Vodenska ea. 2014 Interdependencies, WP9-10)
O11: Country-level distress propagation: empirical case study of Japan. Empirically investigate
distress propagation in the firm-firm and bank-firm network of Japan during the financial crisis and
after the recent earthquake.
Achievements
• We have extended the notion of Debt-Rank to the case of a bipartite network of banks and
firms. We have assessed both the importance of banks and their vulnerability to shocks to
specific sector of the economy (Aoyama ea. 2013, WP10).
O12: Country-level distress propagation: modelling and visualization. Validate models of credit
chains and default cascades using information of financial contagion and networks.
Achievements
• We have tested the feasibility of the DebtRank method to a trading network of more than a
million firms in Japan (Fujiwara ea. 2014, WP10).

3 Description of S/T Results
The whole activity of FOC was organized across 10 interacting Work Packages, as illustrated
below.

WP1 Data Collection and Database Consolidation
Objectives. Set up a European database of financial networks including: a) institution financial profile,
b) financial linkages between institutions, c) most important indicators relevant to the credit market,
and d) country-level socio-economic indicators.
Task Structure
T1.1 Balance Sheet Data
T1.2 Financial Exposure Data
T1.3 Credit Market Indicators Data
T1.4 HSBC Dataset
T1.5 Query Logs
T1.6 Consolidation, Consistency and Sharing
Summary. In this WP we have collected data from a variety of sources (covering all the tasks) and
have used this data in the other work packages throughout the project. Although we are unable to
consolidate and share datasets that are proprietary and subject to non-disclosure agreements, we have
been able to consolidated part of the data from publicly accessible datasets (task T1.6). Consolidation
is important because it allows us to see an overall view of the financial system -- the health of
financial firms, their connection to other firms and to elements of wider society – that we would be
unable to see when looking at the datasets separately. The structure of the WP tasks was as follows.
Significant Results
• We gathered balance sheet data on financial institutions via a subscription to Bloomberg at
ETHZ and IMT and we consolidated the data with Bureau van Dijk data on ownership.
• We also gathered financial statements and balance sheet data for a collection of large UK
banks via subscription to Bankscope UK at UOXF.
• In Task T1.2, the new partner KY has brought to the consortium a massive dataset on the
network of trade-credit relations among Japanese firms as well as lending relations between
banks and firms.
• We have got access to Thomson Reuters high-frequency trade and quote data for global
exchanges. This data was used in Task 4.3 to compare earlier periods of high-frequency data
to the NASDAQ high-frequency trading data that covers 2010.
• We have gathered new Twitter data similar to the query log data that was previously
analysed.
• We collected large amount of big, unstructured, textual data by means of a big data
acquisition pipeline at JSI from various online resources (news, blogs, tweets).
• We collected macro-economic data from the World Bank at RBI to be analysed with
machine learning techniques.
• We collected from WRDS balance sheet data for US commercial banks from 1976 through
2008 (at BU).
The data collected was crucial to carry out many of the research articles produced by the project.
Below we describe more in detail the activity for every task.

T1.1
BALANCE
SHEET DATA
Data

Countries

Node

Sharing?

Consolidated

Bloomberg

Global

ETHZ

Yes

Yes

USA

ETHZ

Yes

Yes

USA

ETHZ

Yes

Yes

Japan

KY, UNIVPM

Contact KY or UNIVPM No

FED
Window

Discount

FDIC Data
Japanese
Network

Credit

Reserve Bank Data

Euro, England, UOXF.MQ, ETHZ, In general, only accessible
No
Brazil
UNIVPM
at Reserve Bank

Bankscope

England

UOXF.MQ

Yes

No

T1.2
FINANCIAL
EXPOSURE DATA
Data

Countries

Node

Sharing?

Consolidated

Overnight Money Market
Europe
(e-MID)

CITY

Contact CITY

No

ORBIS

Global

ETHZ

Yes

Yes

FED Discount Window

USA

ETHZ

Yes

Yes

CDS Time Series

USA

ETHZ

Yes

Yes

UOXF.MQ

Yes

No

Various Public (see D1.2) Global
Reserve Bank Data

In
general,
only
Euro, England, UOXF.MQ, ETHZ,
accessible at Reserve No
Brazil
UNIVPM
Bank

Japanese
SupplierJapan
Customer Network

KY

Contact KY

No

T1.3 CREDIT MARKET INDICATORS DATA
Data

Countries Node

Sharing? Consolidated

FED Reserve of St. Louis

USA

UOXF.MQ Yes

No

RMI Dataset

Global

ETHZ

No

Yes

T1.4 HSBC DATA
Data

Countries Node

Sharing?

Forex Time Series

Global

UOXF.MQ

FOC partners can access this data at
No
HSBC.

Forex Implied Volatility
Global
Surfaces

UOXF.MQ

FOC partners can access this data at
No
HSBC.

HSBC Forex Transactions Global

UOXF.MQ

FOC partners can access this data at
No
HSBC.

Economic
Announcements

Global

UOXF.MQ

FOC partners can access this data at
No
HSBC.

High Frequency Trading

USA

UOXF.MQ

Available to other FOC partners if
No
they sign a NDA with NASDAQ

US Equity
Quote Data

USA

UOXF.MQ Yes

No

UOXF.MQ Yes

No

Trade

News

and

Global Equity Thomson
Global
Reuters TAQ

Consolidated

T1.5 QUERY LOGS
DATA
Data

Countries Node Sharing?

Consolidated

Yahoo!

Global

BM

Twitter

Global

BM FOC partners can access the data while No
visiting node on site

FOC partners can access the data while
No
visiting node on site

OTHER DATA / DATA FROM OTHER
WP's
Data

Countries

Node Sharing?

Consolidated

Textual Data from News Websites

Global

JSI

No

Various Macro Data

Global

RBI http://lis.irb.hr/foc/ No

US Commercial Bank B/S

US

BU

Contact BU

No

Failed Bank Lists FDIC

US

BU

Yes

No

Contact JSI

WP2 Agent Based Modelling
Objectives. This WP has focused on the theoretical aspects of financial networks. We have modeled
the propagation of financial distress across different types of financial networks. We have also
analyzed macroeconomic consequences of financial distress through network diffusion. By applying
the methodology of agent-based economic modeling and network theory, this WP has developed
agent-based models of financial networks which (a) are suitable to be validated, (b) allow to compute
indicators of systemic risk, (c) cover both the money market and the capital market.
Task Structure
T2.1 Agent-based models of short term financial network
T2.2 Agent-based models of mid/long-term financial networks
T2.3 Onset of instability and Self-Organised Criticality
T2.4 Immunization strategies
T2.5 Query log based models
Summary. In this Work Package we put emphasis on the role of topology in the agent-based models
of financial networks. This activity included all the efforts done in tasks T2.1, T2.2 and T2.3. Indeed,
these three tasks are highly connected. T2.1 concerns agent-based models of short-term financial
network and these activities include both the development of a model of the interbank market and the
development of a model for credit supply to the real sector. However the credit supply is a long-term
financial market too, thus it also concerns T2.2 (agent-based models of mid/long-term financial
networks), which includes other financial markets, such as the stock market. The credit-debt
relationships modelled in T2.2 may produce large aggregate events even starting from small shock at
the individual levels. This feature is due to the presence of the complex credit networks. This is
connected us to the task T2.3, which analyses the network aspects to explain the diffusion of the
financial distress. Some basic models are fully developed.
Research Questions and Main Results
• Q1: What are the drivers of financial instability in models of financial networks?
Results:
•

•

•

Risk diversification. We have shown that the commonly held view in mainstream economics –
i.e. that a fully connected financial network should be more resilient than a sparse one -- is wrong
in many relevant situations (Battiston ea. 2012 Liaisons; Battiston ea. 2012 Default Cascades;
Tasca ea. 2012; Battiston ea. 2014 Price of Complexity, WP2-4). When mechanisms such as
amplification, memory or trend reinforcement are operating – i.e. almost always – the network is
most resilient for intermediate levels of risk diversification. The policy implication is that too
dense networks of OTC contracts among institutions, and too much liberalization of capital flows
among countries are detrimental to financial stability.
Optimal financial architecture. We have shown no network topology is always superior to
others. The resilience depends on the interplay of capital requirements for banks, market liquidity
and network architecture (Roukny ea. 2013, WP4). The policy implication is that focusing only
on capital requirements is an approach that misses out crucial aspects of financial stability.
Leverage and procyclicality. We have investigated a system of banks that manage their balance
sheets around a target level of leverage and showed how this generates procyclicality (positive
feedbacks) that amplify an initial shock (Tasca ea. 2012a; Riccetti 2013a, WP2). Further, in
(Tasca ea. 2012b, WP2) we have shown how systemic risk depends on how fast banks try to
revert to the target and on the sensitivity of asset prices to changes in demand. In (Riccetti et al.

•

2013a, WP2), we have analysed the impact of capital regulation and credit portfolio concentration
corresponding to the first and second pillar of Basel III.
Optimal level of financial regulation. In (Riccetti ea. 2013b, WP2) we have shown by means of
an agent-based macro-economic model that while too loose regulation of capital buffers lead to
financialization of the economy and to financial fragility, a too tight regulation is detrimental in
that it reduces credit availability to the economy.

• Q2: What is the community structure in economic networks?
Results: We have developed a statistical test to detect the existence of communities on weighted and
directed networks in the economic context. We tested this algorithm with simulated random networks
and with real world dataset for the Japan credit network (Bargigli and Gallegati 2013).
• Q3: How can we improve modeling methods standards to promote economic agent-based
models?
Results: We have proposed a routine for modeling economic agents with learning capabilities. This
has lead to an integrated framework for agent-based modeling in which a communication protocol
offers a more efficient reuse of (Li 2014).
Highlights

•

In Battiston ea. 2012 “Liaisons Dangereuses”, we have improved over the state of the art
and shown that when which are only based on risk sharing (such as in Allen and Gale,
2001). We found that default probability is not decreasing with diversification in the
presence of the financial acceleration.

•
Figure 2. Default probability as function of the diversification, for varying levels of
acceleration.
•

In Guerra ea. 2012, How big is too big? we found that even for large extreme events that
exceed the capacity of the network, finite cascades are still possible, if a power-law
threshold distribution is assumed. Systemic risk depends strongly on network topology,
the safety margin and threshold distribution.

•

In Roukny ea. 2013. we have contributed to the on-going debate on the optimal
architecture of a financial market conceived as a network where banks are the nodes
credit claims among them are links. The novelty of the paper is to show how it is the
interplay of topology, liquidity and capital buffers that matter a lot. When liquidity is
high, the architecture of the market does not play any role: different networks provide
similar stability profiles. When liquidity is low, it makes a big difference whether the
network is very heterogeneous (scale-free) or homogenous (regular graph). However, the
distribution of capital buffers (e.g. whether the hubs are more capitalized or less
capitalized) can reverse the results.

Figure. Phase diagrams of the cascading regime. (Left) Each curve represents, for a given network
topology, the frontier between large and small cascades in the space of average degree k in the
network and average initial robustness m across the banks. (Right) Frontiers are constructed as in
(Left) with the difference that the space is now the market illiquidity b and the average value m of
initial individual robustness. Curves are obtained with empirical data of the e-mid interbank market
across different years.

•

In Riccetti ea. 2013b: “Financial regulation in an agent-based macroeconomic model”we
have explored the effects of some Basel-like banking regulation rules on macroeconomic
dynamics using an agent-based decentralized matching macroeconomic model. We found
that the financial fragility increases if regulation is too loose. However, a "too tight"
regulation can also be dangerous. Our simulation results support the introduction of
some Basel 3 constraints such as the Capital Conservation Buffer.

Figure: Sensitivity analysis on the impact of the parameter that constrains the maximum lending concentration
from 0.01

WP3 Network Visualization and Systemic Risk Forecast
Objective. The objective of WP3 was both technological and policy-related. On the one hand, we
aimed to develop a Widget Infographic Platform to display (possibly in real-time): novel indicators
of systemic risk and topical maps of financial networks. On the other hand, we wanted to develop
algorithms and offline software tools for policy makers enabling to integrate the network approach
into the state-of-the-art stress testing techniques (NOTE: the objectives of WP3 have been modified
upon suggestion of the project officer at month 18 and 24).
Task Structure
T3.1 Data Connector Plug-in
T3.2 Financial networks Python library
T3.3 Scenario analysis and systemic risk estimation
T3.4 Web visualization plug-in and Web Widget Factory and Mobile Applications
T3.5 Analysis of query-log data
T3.6 Financial Network Analysis
Summary. With respect to the original project we have shifted the aim from a platform were users can
actively carry out new analyses to a platform where users can observe the results of a predetermined
set of indicators to monitor global financial networks In task T3.1, we have developed a module that
fetches data from several possible sources of financial data, such as Bloomberg and Yahoo! Finance.
In task T3.2, we have build on the well-known Python library NetworkX and we have developed
modules that allow to (1) create networks from time series according to various methods; (2) analyse
the networks with new network measures and visualize the networks with new layouts (in addition to
measures and layouts already contained in NetworkX). We have realized offline algorithms and
software programs customized on-demand for regulators. As regards task T3.3 we studied distress of
one or more institutions will be combined with the creation of ensembles of initial conditions. In task
T3.4, we have developed a module to visualize on the web the results of our research papers on
financial networks. The first example is the Widget related to DebtRank, the new indicator of
systemic importance that has been produced in WP4.4. Task T3.5 produced an analysis of volume in
stock exchange as well as a geographical characterization of the distress propagation. In T3.6, we
analysed various financial networks including as a result of collaboration with central banks.
Main results
•
•
•

•

•

Online Widgets are displayed at www. http://widget.focproject.eu
The mobile version of the widgets is available at http://mobile.focproject.eu/
Debtrank has been used in collaborations with national central banks (di Iasio ea. 2013) and
in studies independent of FOC (e.g. at German Bundesbank, see WP6). Interest has been
expressed by representatives of the European Central Bank, IMF.
We currently keep working on developing stress testing software in collaboration with Bank
of England (Gurciullo ea. 2014, WP3) and on the network analysis of OTC derivatives
networks (Roukny ea. 2014) .
We are also collaborating with DG-MARKT on estimating systemic effects of
rehypothecation chains in order to provide evidence for the appropriate level of data
disclosure to be required to market participants (Napoletano ea. 2014, WP3).

More in detail, algorithms and offline-software programs have been developed as customized ondemand for regulators as follows:

•
•
•
•
•
•
•

open-source code for DebtRank in multiple languages (we received interest from ECB , IMF,
Swiss National Bank, Central Bank of Brazil)
customized version of DebtRank for Bank of Italy for interbank networks
customized version of DebtRank for Bank of Italy for TARGET2 payment system data
network models on rehypothecation in collaboration with DG-MARKT
network topology bootstrapping and stress testing for Bank of England
Python library for real-time analysis of financial network data, oriented to publication of
results on the Web (distributed at FOC school).
We also collaborated with existing related software projects o Financial network analysis
(Soramaki) and NetGen www.netgen-toolbox.net

The visualization or the financial indicators is related to the tools developed by the
researchers of the FOC project, e.g.:
1. DebtRank and Group Debt Rank as a measure of systemic risk of a network of interconnected
banks/financial institutions
2. News Cohesiveness Index as a measure that measures the influence of systemically important
institutions in the news
3. Several measures and predictions made analyzing the query logs of the Yahoo! Search engine
4. Visualization of data from the World Data Bank with pattern discovery
Examples of visualization can be found in the widget factory (widget.focproject.eu).

The scenario analysis in the FOC project was addressed in different ways:
•
•
•
•
•
•

looking at the information available from the financial time series transforming them to
networks with several methods (co-movement, correlation, granger causality)
using agent based models to simulate the behavior of economic agents in complex situations
looking for configurations with high risk in domains such interbank networks
using the information of the interbank payment network to assess the importance of each of
the financial institution within the framework of network controllability
using the information from financial news with co-occurrences of terms and new measures
such as the cohesiveness index
looking at the query-log of financial institution searched by the users in the Yahoo! Search
engine, completing the information with the user profiles via the Yahoo user toolBar
semantic analysis of financial and political data using twitter.

WP4 Validation of the forecasting modelling
Objective. The activity of WP4 consisted of the empirical analysis of financial networks aimed at
validating the specific models developed in WP2 (T4.1-3). The validation is important not only in
general to assess the predictive capability of the proposed models, but also for the value of the
analysis and visualization tools offered by WP3. In this respect, a specific task (T4.5) was devoted to
testing the various indicators of systemic risk across models and to validate the overall forecasting
approach developed by the project.
Task Structure
T4.1 Empirical study of inter-bank markets
T4.2 Validation of interdependence and trend reinforcement.
T4.3 Analysis of the Financial System as a network of sectors
T4.4 Validation of systemic risk indicators.
T4.5 Empirical analysis of query-logs.
Summary In Task T4.1, we made a careful analysis of the e-Mid inter-bank market during the period
1999-2009. We quantified the level of trust among banks before and during the subprime crisis;
analyzed the topological evolution of interbank exposure network and its role in the efficiency and
stability of the market; assessed if the position of a bank in the interbank network affects its ability to
lend/borrow at more competitive rates. As for Task T4.2, we showed that the level of interdependence
and trend reinforcement in the CDS market is present and statistically significant. On a similar line,
we worked on the calibration of the banking network topology, which emerges from their agent-based
model by using the empirical dataset of Japanese banks. The activity in Task T4.3 produced some
results on the network of sectors. Task T4.4 produced a new indicator, DebtRank in order to identify
the so–called systemically important financial institutions, in financial markets. This indicator has
attracted some attention in the press and among central bankers and it is now the object of new
collaborations with representatives of central banks. We also worked on High-Frequency Trading
(HFT) data finding that HFT tends to synchronize security. Synchronization could explain both the
increase in market efficiency and the increase in market instability. As regards T4.5, we published a
work in which we show that queries anticipate market volumes and a preprint showing the distribution
of queries related to unemployment. Finally, in Task T4.6 (Taxation modeling) we use a simple
taxation strategy to collect money for creation of rescue fund. This rescue fund is used to mitigate
cascade risk, a subclass of systemic risk we defined in the paper. We have used methods developed in
the project (such as DebtRank) to quantify the impact of the rescue fund on cascade risk. We also
show that the risk adjusted return on investment can be significantly increased through
implementation of this rescue fund thus making the proposed scheme attractive not only to regulators
but also to market participants.
Research questions and main results
Can we detect early warning signals of the crisis in the evolution of interbank networks? Can we
measure the evolution of trust by analyzing the network? Do local and global network characteristics
affect individual bank’s interest rate? Can we reduce systemic risk by taxing financial institutions in a
way that is attractive both to policy makers and market participants?

•

Network analysis of the e-mid market We have progressed the empirical study of the e-Mid
inter-bank market during the period 1999-2009. Among other results we find that large lenders
were on average more willing to funnel liquidity to partners that appeared able to redistribute it
to many other banks. While this may increase the efficiency of markets, at the same time, in
case of liquidity hoarding, credit contraction may negatively affect several banks. When
analyzing the dynamical evolution of such network [T3.3], our aim has been to disentangle
changes that could have been traced back/explained as consequences of the changing
composition and heterogeneity in banks activity and effects that could provide evidence of trust
evaporation leading banks to form or intensify preferential relationships. In this respect we have
provided empirically based answers to the following questions: does preferential trading and/or
avoidance of trade exist between pairs of banks? If so, are these occurrences stable in time for a
given pair of banks, and is there any change in preferential trading during (or leading up to) the
financial crisis of 2007/2008?

Figure. Example of the Bonferroni network extracted from the e-Mid market immediately after
the Lehman default.
•

In di Iasio ea. 2013, we have worked in collaboration with Bank of Italy, on their unique and
confidential dataset covering bilateral exposures among all Italian banks in the period 20082012. We have found that the systemic impact of individual banks in Italy has decreased over
time since 2008. The result can be explained with the
decreasing volumes in the interbank market during
the same period and to an intense recapitalization
process. Overall, DebtRank captures features of the
systemic importance of a bank that go beyond
leverage, capital, size and interconnectedness. The
Figure from di Iasio ea. 2013: the DR of Italian
Banking Groups at December 2012. Vertical axis:
DR; horizontal axis: total assets; dot size: interbank
lending and borrowing; dot color: Tier1 ratio.

•

In Roukny ea. 2014 we carry out analysis of the structural evolution of two of the most
important over-the-counter markets for liquidity in Germany: the interbank market for credit
and for derivatives. We use end-of-quarter data from the German large credit register between
2002 and 2012 and characterize the underlying networks. Surprisingly, the data show little or no
impact of the 2008 crisis on the structure of credit market. The derivative market however
exhibits a peak of concentration
in the run up to the crisis.
Globally, both markets exhibit
high stability for most of the
networks metrics and high
correlation amongst them.
Figure from Roukny ea. 2014.
Evolution of various network
measures from 2002 to 2012.
Values for the credit network
are reported on the left axis
while values for the derivative
network are reported on the
right axis.

•

In Puliga ea. 2014, we construct financial networks starting from the time series of Credit
Default Swaps (CDS) spreads that are considered to reflect more directly the default probability
of the related institutions. We apply the computation of Group DebtRank to the networks in the
case of a small shock hitting all the institutions, coupling the shock used in Group DebtRank to
a macroeconomic indicator reflecting the potential loss of financial products depending on
house prices in the US. Overall, the results suggest that networks constructed from CDS time
series are not able to capture, alone, the building up of systemic risk in the financial system. The
results also suggest that incorporating appropriate macroeconomic indicators in the network
measures could be a promising way to detect instabilities.
Figure. (Left) CDS
spreads over time
for the selected
institutions (semilog scale). (Right)
Evolution over time
of Group Debt Rank
(GDR), on networks
constructed
according to the
various methods.

•

Mutual information analysis of the e-mid market We have applied the notion of mutual
information to try and extract relevant patterns in the lending relations in the e-mid market. Our
findings suggest that as banks fear an approaching a crisis, well-defined pairs emerge as more
stable trading partnerships.

•

•

Bootstrapping method We have developed a novel method to reconstruct the topology of a
complex network from partial information and to estimate its level of systemic risk under
distress propagation. We test the method on the empirical case of the World Trade Web, since in
this case the links are known. We find that a surprisingly small subset of nodes is enough to
reconstruct the main features of the network along with its systemic risk.
DebtRank With this work we have started to bridge the gap between network science and the
traditional view of risk in the practise. We have developed a novel indicator of systemic impact,
DebtRank that measures the economic loss in the system induced by the distress of one or more
institutions in an interbank network. The work has attracted the attention of the press and the
interest of some regulators.

WP6 Dissemination
A summary of progress towards objectives and details for each task
Scientific Production in the Consortium has been relevant in this period of activity, we have produced
many papers submitted on Journals like PLOS One, Physical Review Letters, Nature Scientific
Reports. A series of invited talks have been made at APS March Meeting, NETSCI, LATSIS
conference etc.
Significant results
Schools and Conferences
● Chicago, NETSCI 12 conference organization of NetOnet 12 (IMT, CNR, BU)
● Zurich, LATSIS conference (September 11th -14th 2012)
● FOC CRISIS School Lucca all nodes (October 22nd-27th 2012)
● Baltimore, APS Special focus session organized by FOC on financial networks (March 15th
2013)
● FOC-GSDP School in Florence (May 14th - 16th 2013)
● Brussels, GSS Second Open Conference, (June 12th-15th 2013), Plenary Panel with representatives
from ECB, DG-MARKT, Deutsche Bundesbank.
● Copenhagen NETSCI 13 conference organization of NetOnet 13 (July 3rd - 8th 2013)
● Kyoto, FOC Satellite conference of STATPHYS25 (July 17th-19th 2013)
● Lucca, ECCS 14 (22 September 2014 six months after the end of the FOC activity, but with FOC
papers still alive)
● Washington, International Monetary Fund (IMF): FOC members have co-organised a

workshop on financial networks to be held on May 8-9, 2014
www.imf.org/external/np/seminars/eng/2014/interconnect/index.htm

http://www.econophysics.jp/fnet13_kyoto/
The topics of this
conference sponsored by
FOC project have been
•
•

•
•
•

Network Analysis
Tools
Modeling and
Simulations of
Financial Networks
Data coverage and
availability
Risk evaluation on
various networks
Business cycles, crisis
event analysis

Movies
Together with Michele Catanzaro, we had a series of other activities, as for example the filming of a
movie on financial crisis, that was released on February 2012 and a series of interviews that populated
both the Facebook and YouTube account and the Web site. Movie website

https://www.youtube.com/user/forecastingcrises
Also the twitter account was fed with information on papers and conferences. Particularly successful
has been the activity for the publication of the paper on DebtRank. Thanks to these new technologies
(#debtrank) we attracted the impact on the media with the following coverage
Press release

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

New Scientist http://www.newscientist.com/article/dn22132-spiral-of-banks-warns-offinancial-meltdown.html
Reuters http://uk.reuters.com/article/2012/08/02/uk-science-banking-riskidUKBRE8710XK20120802
Reuters 2 http://in.reuters.com/article/2012/08/02/science-banking-riskidINDEE8710EA20120802
Pressetext
http://www.pressetext.com/#news/20120804004Tages
Anzeiger: Tages Anzeiger http://www.tagesanzeiger.ch/wirtschaft/unternehmen-undkonjunktur/Warum-auch-die-Kleinen-gefaehrlich-sein-koennen/story/10184611Coverage
Science.orf http://science.orf.at/stories/1702624/
Daily herald http://www.thedailyherald.com/business/33-business/30283-size-not-the-prizein-eu-bank-stress-testing-researchers-say-.html
Yahoo news
http://en-maktoob.news.yahoo.com/size-not-prize-bank-stress-testingresearchers-143925970--sector.html
Dan Tapscott, a tweet http://moxieinsight.com/
phys.org
http://phys.org/news/2012-08-team-innermost-circle-financial-crisis.html
Readcube
http://www.readcube.com/reader/10.1038/srep00541
Netzwoche http://www.netzwoche.ch/de-CH/News/2012/08/06/Too-networked-to-fail.aspx
Boston Globe
http://www.boston.com/bostonglobe/ideas/brainiac/2012/08/too_connected_t.html
American Banker http://www.americanbanker.com/syndication/how-google-might-prevent-abank-crisis-1051623-1.html
Adviseonly http://www.adviseonly.com/blog/economia/too-big-to-fail-oppure-le-banchefanno-troppi-affari-insieme/
Physics of finance http://physicsoffinance.blogspot.fr/2012/08/debtrank.html
Borse en point http://www.boersenpoint.de/boersenblog/blog/debt-rank-deutsche-bankwichtiger-als-die-commerzbank-208341/
Forsal
http://forsal.pl/artykuly/638400,debtrank_czyli_algorytm_ktory_pomoglby_uniknac_kryzysu
_finasowego.html
Financial Post http://business.financialpost.com/2012/08/07/how-google-might-prevent-abanking-crisis/
Mindful money http://www.mindfulmoney.co.uk/13549/investing-strategy/can-the-googlemodel-restore-trust-in-banks.html

We also organized a stand at a public event twoweeks long on science dissemination (FESTIVAL
DELLA SCIENZA) in Genoa, where we present
interviews, computer simulations and widgets to the
general public
!

Books

Finally one book for the general audience (Very Short Introduction to Networks) has been published
and translated. Alongside the general description of networks, the book covers variety of financial and
economic networks studied also in FOC.

Publications

We proposed and obtained to the editors of the journal Nature Physics to have a focus session devoted
to FOC activity. This focus issue has been published on March 2013.
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WP7 Non financial risk modelling
Objectives
• To develop an ICT infrastructure for accessing and acquiring large amounts of historical textual
information and live-feeds of finance related information.
• To develop a sentiment extraction and analysis system that will provide an additional, non-financial
view on the build-up and emergence of financial crises.
• Assemble country level data from public sources.
• Utilize all available data from the FOC platform to produce diverse risk forecasting models.
Task Structure
T7.1 Collection of textual data
T7.2: Collection of macro-level data
T7.3 Analysis of textual data
T7.4 Visualization of textual collections and trends
T7.5: Forecasting of risk factors
Summary
T7.1: Collection of textual data. We specified sources of textual documents (news, blogs, tweets) relevant
for finance, and to collect large amounts of textual data. The task has been accomplished by implementation
of a data acquisition pipeline; we monitored and collected news from 176 news sites (2472 RSS feeds),
starting from October 2011. T7.2: Collection of macro-level data we analyzed sources of data on macrolevel and assembled datasets that provide broader socio-economic context for the systemic crisis analyses.
After the detailed study of publicly available sources, the task has been accomplished by constructing generic
pipeline that could be used to assemble diverse datasets combining different types of indicators. T7.3:
Analysis of textual data we extracted features from unstructured textual data for further analysis and
visualization. We used syntactic (POS tags), semantic (named entities, e.g. banks, countries, considered
relevant), and sentiment bearing (positive and negative sentiment bearing words about named entities). From
extracted named entities, one can build a network of time-varying co-occurrences, study different contagion
models and detect emerging topics. The feature extraction component currently operates on historically
collected data; we have provided to our partners the analysis of collected data from October 2011 until August
2012. In the future, we plan to incorporate the analysis component into the real-time data acquisition pipeline
T7.4: Visualization of textual collections and trends We have devised flexible, interactive visualizations of
time series of extracted features. Visualizations allow for: 1) inspection of occurrence and co-occurrence of
named entities through time, 2) inspection of sentiment about named entities through time, 3) digging into
original documents and their annotations, 4) mapping to important events in the financial crisis timeline, and
5) detection of emerging trends and peaks of events. T7.5: Forecasting of risk factors we have investigated
importance of individual macro-level indicators with respect to predictability of banking/financial crises of
systemic proportions and other important financial systemic risk related variables, using our own subgroup
discovery approach.

Summary of activity and results. A summary of the research questions conclusions to the above questions
are under the following headings. More details with examples of the most important results are in the
Publications section.

1. Technologies for real-time monitoring of textual streams. What technologies are needed for real-time
monitoring of textual sources on the web, and for large scale (Big Data) textual analyses?
Results. We have designed and implemented an architecture to acquire and analyze textual streams in
real-time, and visualize selected properties through a web portal (NewStream). The architecture consists
of a number of components (for syntactic, semantic and sentiment analysis) connected into a pipeline. The
pipeline architecture is essential for the scalability and Big Data processing. It also allows for flexible
design of various workflows, supported by the ClowdFlows platform.

2. Analyses of macro-economic data. What are the patterns in demography, economy, governance and
trade of a country that can be associated with financial/banking crises?
Results. We have detected a relation between the probability of banking crises and the time evolution of
certain demographic indicators, in particular the decrease of the active population and the decrease in
the life expectancy. We have also found indications for two general types of banking crises: (1) financially
driven and (2) socio-economic driven crises. The first type is associated to high availability of credits to
the private sector, especially if the percentage of the active population is low. The second type is
characterized by a deterioration of living standards in a country, indicated by the increased children
mortality and decreasing life expectancy. The 2008 banking crisis in EU falls in the category of the
socio-economic type of crisis and we have further identified a significant decreasing of good governance
indicators in the period of three years before the crises. More specifically, statistically significant
indicators are corruption control, rule of law, and government effectiveness.

3. Analyses of financial news. What is the relation between financial news content and trends on
financial markets? Which systemic risk indicators can be extracted from large text corpora?
Results. We have proposed a novel measure of herding effects in financial news, called “News
Cohesiveness Index” (NCI), and we have shown that it can be used as a systemic risk indicator. NCI
shows strong correlation to various stock market indices and Google search volumes of financialmarket related categories. We have also designed and implemented a method to extract time-varying
networks from significant co-occurrences of entities in the news. The networks show relatively small, but
significant overlap to the networks extracted from the CDS correlations of respective entities.
4. Analyses of Twitter streams. What is the relation between a social network stream (Twitter), and
events in the financial markets (stock prices) or politics (elections)?
Results. We have developed a methodology for real-time sentiment analysis of Twitter streams. We have
monitored Twitter streams about selected stocks, and also political tweets during election campaigns. The
Granger causality test shows that sentiment in stock related tweets can be used as an indicator of stock
price movements a few days in advance. In the case of elections, the Twitter sentiment closely
matches the actual elections results.

Significant results
•

•

•

•

Technologies for real-time monitoring of textual streams We have designed and implemented an
architecture to acquire and analyze textual streams in real-time, and visualize selected properties through a
web portal (NewStream). The architecture consists of a number of components (for syntactic, semantic
and sentiment analysis) connected into a pipeline. The pipeline architecture is essential for the scalability
and Big Data processing. It also allows for flexible design of various workflows, supported by the
ClowdFlows platform.
Analyses of macro-economic data We have detected association of the probability of banking crises
occurrences with demographic indicators, in particular the decrease of the active population and the
decrease in the life expectancy. We have also found indications for two general types of banking crises:
financially and socio-economic driven. The first type is due to high availability of credits to the private
sector, especially if the percentage of the active population is low. The second type is characterized by a
social deterioration in a country, indicated by the increased children mortality and decreasing life
expectancy. For the 2008 banking crises in EU, we have identified significant relation between the socioeconomic type of crises and decreasing quality of good governance indicators in the period of three years
before the crises. Control of corruption, rule of law, and government effectiveness are specific indicators
which are statistically significant.
Analyses of financial news We have proposed a novel measure of herding effects in financial news,
News Cohesiveness Index (NCI), and show that it can be used as a systemic risk indicator. NCI shows
strong correlation to various stock market indices and Google search volumes of financial market related
categories. We have also designed and implemented a method to extract time-varying networks from
significant co-occurrences of entities in the news. The networks show relatively small, but significant
overlap to the networks extracted from the CDS correlations of respective entities.
Analyses of Twitter streams We have developed a methodology for real-time sentiment analysis of
Twitter streams. We have monitored Twitter streams about selected stocks, and also political tweets
during election campaigns. The Granger causality test shows that sentiment in stock related tweets can be
used as an indicator of stock price movements a few days in advance. In the case of elections, the Twitter
sentiment closely matches the actual elections results.

The NewStream portal: Canyon flow visualization of the volume of financial news about the PIIGS countries
(Portugal, Ireland, Italy, Greece, Spain) and Cyprus. Note that Cyprus is mostly ignored until mid-March
2013, when one observes a large increase in the number of news.
WP8 Correlation in Complex Financial Networks
Objectives
The main goal of WP8 was to clarify how long-range correlations emerge on complex networks of interacting
agents, to what extent does the emergence of correlations depend on the underlying topology and/or the
concrete distribution of interactions, in what sense do these correlations make the system „more than its
parts”, and how they manifest themselves in the problem of systemic stability.
Task Structure
T8.1: Correlations on the complete graph
T8.2: Correlations on regular lattices
Summary
The main goal of Task T8.1 was to study the emergence of long-range correlations in an intentionally oversimplified setting in which banks are represented as nodes of a network and financial contracts are modelled
as binary interactions. In such a setting to find the systemically important institutions, we have to identify the
strongly correlated nodes. This investigation requires massive numerical simulations even for small networks
in order to provide a statistical characterization. Remarkably, we find that a large cluster of strongly correlated
agents is very likely to appear for any realization of the interaction matrix. However, long-range correlation
patterns are essentially unpredictable and can be very sensitive to small and local changes in the interactions.
These findings have interesting implications for the study of systemically important financial institutions. In

Task T8.2 we then extend the investigation from the case of a fully connected graph to the case of a lattice and
confirm the general picture of our results.
Research questions and main results
We addressed the following research questions:
•

What are the conditions for strongly correlated clusters of interacting agents to emerge on welldefined geometries (complete graph, two- and three dimensional lattices)?

•

To what extent does the underlying topology (the various kinds of random, complex graphs)
determine the tendency for strong random correlations to emerge?

•

How can we approach realistic financial networks along these lines?

•

How can we follow the lead provided by our regulatory contacts and relate to current regulatory
concerns, such as e.g. the oversized shadow banking system or the debate around the new global
regulatory risk measure advocated by the Basel Committee?

The main points of the answers to these questions are as follows:
1. Large strongly correlated clusters of agents emerge for nearly any realization of the distribution of
interactions on the complete graph, but also on low dimensional lattices. As a result, an external
impact on even a single member of a strongly correlated cluster will have a strong effect on the whole
cluster, almost identical to an external impact hitting all the members [1].
2. We considered various complex graphs, including the random and the scale free types, as well as
structures thought to be more realistic for financial networks like the centre-periphery model and its
variants. Details, of course,
depend on the topology, but we found again that under appropriate conditions (low noise) also these structures
carry large correlated clusters.
3. We developed an analytically tractable model as a representation of various strongly correlated
networks [2]. We investigated the temporal changes in the topology of the structure of the Italian
interbank market and developed an Agent-Based Model that reproduced the observed statistical
properties of this market [3]. We also analyzed the complete transaction network of the digital
currency Bitcoin [6].
4. Prompted by a series of interviews with EU and US regulators we studied two problems of immediate
political resp. regulatory significance: the shadow banking system [8] and the new global regulatory
market risk measure [7,10].

Significant Results
•

The heterogeneous multi-agent system we considered is a deliberately simplified model of
cooperation and competition (positive and negative interactions). Our main finding is that large
strongly correlated clusters of agents emerge for nearly any realization of the coupling distribution
(except for cases where negative interactions are in an overwhelming majority). As a result, an
external impact on even a single member of a strongly correlated cluster is having a strong effect on
the whole cluster, almost identical to an external impact hitting all the members. Low dimensional

•

regular lattices might have been expected to exhibit markedly different behaviour. Yet we found that
at sufficiently low noise levels these structures also develop large correlated clusters that are long
ranged, spanning the whole system and transmitting local perturbations or changes in the boundary
conditions across the whole system. Next we considered various complex graphs, including the
random and the scale free types, as well as structures thought to be more realistic for financial
networks like the centre-periphery model and its variants. Details, of course, depend on the topology,
but we found again that under appropriate conditions (low noise) also these structures carry large
correlated clusters.
We have also studied the conditions for the reverse engineering of these models, trying to determine
the underlying interaction network from the observation of correlations. We were led to he conclusion
that in the interaction dominated regime this task is hopeless, the large and dense network of
correlations masks the underlying network of interactions. At the other extreme, at very high noise
levels the correlations disappear and system falls apart into a set of individual agents. In between
these two extremes, there is a range of moderate noise levels where the network of correlations fairly
faithfully reflects that of the interactions, and reverse engineering is possible only in this regime. The
main message of these studies is that interacting agent models are essentially non-local and essentially
irreducible. Our study also points to directions going beyond the network paradigm: Some collective
properties, such as stability are functional of the underlying network, therefore they cannot be
assigned to local properties or to the agents, only to the system as a whole. This has a message for
regulators in their attempts to identify systemically important financial institutions, but also for
systemic risk in general. It must be pointed out that in finite systems any structure (such as a strongly
correlated cluster) will decay on sufficiently long time scales. To be able to observe this decay one has
to run the simulations for exceedingly long times, e.g. 106-109 sweeps for a 100x100 system. We
performed the most demanding numerical calculations on a GPGPU (general purpose graphic
processing unit) architecture that provided the necessary band width and speed for the parallelized
algorithms developed for the purpose. We regard these algorithms as a valuable byproduct of our
project.

•

We investigated the temporal changes in the topology of the structure of the Italian interbank
market and found an asymmetry in the evolution of different network properties. We developed an
Agent-Based Model that reproduced the observed statistical properties of this market. The analysis of
financial networks and transactions is greatly hindered by the confidential nature and scarcity of data.
There is, however, a real life financial market, namely that of the digital currency Bitcoin, where a
complete list of transactions is publicly available. A thorough analysis of this data set allowed us to
identify linear preferential attachment as the driver of the growth of this network. We have also
studied the dynamics on this network and determined the laws of the accumulation of wealth.

•

A series of interviews with regulators led us to two problems of immediate political resp. regulatory
significance.
o Firstly, the unstoppable growth of the so called shadow banking system (that part of financial
intermediation that is beyond the realm of regulation), has become a major concern for
politicians and regulators alike; its size has by now exceeded that of the ordinary banking
system, and reached a value somewhere in the range $70 - 100 trillion, well above the total
annual product of the Earth. The discovery of an anomaly at the uppermost end of the size
distribution of banks led us to an estimate of the size of the shadow banking system, and a
modified proportional growth model allowed us to reproduce this anomalous distribution to a
surprising precision.
o Secondly, the recent proposal from the Basel Committee for Banking Supervision to abandon
Value at Risk, the official regulatory risk measure since 1996, in favour of Expected Shortfall
has provoked an outcry from the industry, but also criticism from various academic groups. In
response to a call for comments from the Basel Committee, we submitted a paper with a brief
review of the merits of Expected Shortfall, an analysis of one of its lesser known weaknesses,
the high sensitivity to estimation error, and suggested the systematic application of
regularization, a method taken over form computer science, as a remedy.

WP 9 Interdependent network modeling
Objectives
WP9 research objective, within the FOC project, was to contribute to the state of the art work initiated by the
original FOC participants. More specifically, we addressed questions pertaining to the potential systemic risk
build-up in the banking networks and investigated the propagation of systemic risk and market volatility
throughout coupled financial systems such as stock and foreign exchange markets.
Task Structure
T9.1: Collection and analysis of bank financial statement data
T9.2: Collection of country macroeconomic data
T9.3: Modelling of systemic crisis propagation in financial institution network
T9.4: Forecasting Capital and Currency market trends
T9.5: Modeling of dynamics and fragility of Interdependent networks

Research Questions and Main Results
We addressed the following questions
1. Can we identify alarming values of financial ratios, concentration in specific assets, or trends in the
banking system that could indicate buildup of systemic risk?
2. How can we model systemic risk propagation throughout financial networks and study the cascading
effects on the entire economic system?
3. Are financial systems interconnected and does this interconnectivity increase the risk of cascading
failures in the system?
4. How can we assist policy makers and regulators in identifying potential precursors (early warning
signals) to impending financial crisis?
1. Buildup of systemic risk
In a quest to identify alarming buildup of systemic risk in the financial system, we studied the
microstructure of the United States banks’ balance sheets and we have determined that the banks that
have failed in the most recent financial crisis of 2008 have different characteristics compared to the
banks that have survived in the crisis. Mainly, the failed banks had higher leverage ratios and larger
concentration in commercial real estate assets compared to the survived banks.
2. Modeling of systemic risk
We developed a model for systemic risk propagation through financial networks based on simulated
reduction in value for specific bank assets. While the asset value deterioration originates in one
specific bank, the cascading propagates through the banking system because of similarity of bank
assets among the other banks in the network. Ultimately, certain banks’ losses contribute to their
bankruptcy. We validate our model by comparing the results of our model with the truly failed banks
from the Federal Deposit Insurance Corporation (FDIC) database. We find that our model identifies
significant number of actually failed banks.
3. Coupled network cascading failures
Based on theoretical research showing higher vulnerability of coupled networks compared to single
networks (Buldyrev et al.,2010; Vespignani, 2010; Huang et al., 2011) , we expanded our cascading
failure research to interdependent networks. More specifically, we analyzed global stock market index
networks, coupled with the foreign exchange network to determine important relationships between

these coupled networks. Moreover, we developed a systemic risk cascading model to investigate the
effects of specific market’s fragility on other global stock or currency markets.
4. Identifying potential precursors of impending financial crisis
In addition to network analysis, we have studied various measures of financial risk (uncertainty) and
how investigating the volatility of financial assets can be used to gauge systemic risk buildup. We
have studied the predictive power of the VIX index and the S&P 500 volatility in relation with the
financial crisis of 2008 and have found that while the S&P 500 volatility exhibits extreme values
during the 2008 crisis, the VIX index shows much more subdued levels of volatility. In addition, we
observe a regime switching between the two measures of risk where VIX underestimates the S&P 500
volatility in bear markets, while VIX overestimates S&P 500 volatility in bull markets. The points of
switching could be indicators of forthcoming financial crisis or winding up of existing financial crisis
periods.

(a)

(b)

Figure1. (a) Scatter plot of correlation v.s. partial correlation conditioned on index. It is possible to
observe that all points are below the diagonal straight line, which means the influence from the index to
the correlation between any pair of stocks is always positive. (b) Scatter plot of partial correlation
conditioned on index v.s partial correlation conditioned on both index and a third stock. It is possible to
observe that the points distribute at both sides of the diagonal line, meaning a significant fraction of d(X,
Y : Z ) is negative. In both figures, X, Y, Z represent return time series of stocks, M represents return time
series of S&P 500 index. The red curve is the diagonal straight line.
WP 10 Financial chained failures at nationwide scale

Objectives
The goal of WP10 is to investigate large-scale and nation-wide data of propagation of financial distress among
different networks by using actually occurred and occurring events at a nation-wide and consequently global
scale. This work package serves as a set of benchmarks for the WP2 in the main project, which aims at
developing agent-based models of financial networks which are suitable to be validated, allow to compute
indicators of systemic risk, and cover both the money market and the capital market. Japan had experienced
and is experiencing financial instability during the bubble and its crash in 1990, financial crisis of banking
sector in the 90s, and supply-chain failure due to the present earthquake. During these large-scale
propagations of financial distress, a huge amount of data had been and is being accumulated. By compiling
and using these real data, we measure, model and visualize these propagation effects so that one can validate
consequences and predictions of agent based and related models by real data of systemic risks (WP3 and
WP4).
Task Structure
T10.1 Chained failures, link to risky assets
T10.2 Chained failures measurements

T10.3 Chained failures modelling
T10.4 Chained failures viaualization

Research Questions and Main Results
We addressed the following research questions:
1. What is the basic structure of the credit network in Japan and how they evolved in time?
2. How can we model risk propagation in the credit network and how can we define an indicator for
measuring importance of nodes in that respect, i.e. in terms of the influence to other nodes in the
network?
3. How can we measure vulnerability of banks and firms at times of specific risk localized in a industrial
sector.
4. What is the correlations and co-movements in the world financial and fx market, both in calm period
and at times of Lehman crisis?
The main points of the answers to these questions are as follows:
1. We have obtained credit network data in Japan for 30 year from 1980 to 2012. This data lists long-term and
short-term lending of banks to firms. The evolution of banks’ lending and firm’s borrowing are shown in the
following plots, where we observe gaps in the CDF’s. These show drastic change of lending practice of banks
during Japanese Banking crisis in 1997.
2. We extended idea of Debt-Rank to the credit network, defining risk propagation to be proportional to the
relative exposure and defined Debt-Ranks for each layers of the network, bank-layer and firm-layer, as the
averages of the distress weighted by the total asset. By giving maximum distress to a bank and calculated the
resulting Debt-Rank, we identified the importance of all ~200 banks in Japan. In average, the Debt-Rank is
proportional to (the total asset)1.50. Furthermore, we identified substantial deviation from this average picture
as seen in the following plot. We have used this approach to investigate what happened to Debt-Rank and thus
importance of the banks at the time of bank-mergers, which were encouraged during the Japanese banking
crisis.

3. We used the Debt-Rank approach described above, by giving maximum distress to all the firms in a
particular industrial sector and measured resulting distress on banks. We found that which banks are
vulnerable to crisis in which industrial sector. Major city banks are found to be quite balanced: their weakness

does not lie in any of the industrial sectors, while smaller banks are vulnerable to crisis in particular sectors.
Example for the case of crisis in automobile (left) and construction (right) industry are shown below.
4. Together with WP9 (BU node), we have carried out analysis of world’s 60 contries’ equity market
(represented by stock-index) and currency (currency/SDR ratio). We have developed Complex PCA that
enables us to analyse time-delayed correlation, Random Rotational Shuffling method for identifying noisepart in the correlation matrix (which do not allow application of Random-Matrix Theory due to strong autocorrelation in the time-series), and Community Identification. We have identified stable community structure
throughout 1980 to 2012, which allow economic interpretation of world’s coupled financial network. As of
this report, we are at final stage of writing the paper.

4 Potential Impact
Overview. Following the proposal work plan, we took specifics actions in order to support the dissemination
activities and foster the potential impact of the project outputs.
•

•

•

Scientific Impact. In terms of dissemination FOC has delivered about 80 scientific articles, a thematic
school, a systematic presence at international conferences. The scientific work developed in FOC has
paved the way to a number of other policy-related projects that, leveraging on complex systems
science, try and contribute to address global societal issues (e.g. GSS-related projects). While FOC has
fully achieved its objectives during the project time span and has pushed forward the scientific frontier on
systemic risk, it has also unveiled many new open issues that future research will need to address. For
instance, it has become clear that financial networks can be better understood with a multi-level network
approach (see Dym-CS and MULTIPLEX). Furthermore, the issues of strategic interaction and
economic power of market players were not among our objectives, but FOC has demonstrated that they
are crucial issues to be studied in future research (see SIMPOL, GSS).
Societal Impact. The work of FOC has made a substantial step towards the uptake of complexityscience tools by policy makers, both in terms of ideas and more concretely by means of algorithms and
software (O1-O3).
Wider Audience. Several of the scientific results of FOC are illustrated by online widgets that are also
available for mobile devices such as smart phones and tablets (see widgets.focproject.eu)

The actions to maximize the project impact were structured in several lines:
1.
2.
3.
4.
5.
6.

Scientific publications
Collaborations with public institutions (central banks and regulators);
Collaboration with research groups in private companies;
Website and widgets
Lectures, Schools and Conferences
Communication with the press and media coverage

1. Scientific publications. The complete list is provided in D6.4 and as well as in the table at page 45 of this
report. Overall, more than 80 articles have been produced, many of which are already published, while some
are still under review.

2. Collaborations/interactions with public institutions. In the following papers, FOC researchers teamed up
with researchers at national central banks (Deutsche Bundesbank, Banca d'Italia) and at the ECB to investigate
important issues on financial stability. Co-authors include a Nobel Laureate in Economic (Joseph Stiglitz) and
a former director of UK Royal Society (Lord Robert May).
•
•
•
•

M. Galbiati, D. Delpini, and S. Battiston, “The power to control,” Nat. Phys., vol. 9, no. 3, pp. 126–128,
Mar. 2013.
S. Battiston, G. Caldarelli, C.-P. Georg, R. May, and J. Stiglitz, “Complex derivatives” Nat. Phys., vol. 9,
no. 3, pp. 123–125, Mar. 2013.
G. Di Iasio, S. Battiston, I. Luigi, and P. Federico, "Capital and Contagion in Financial Networks”, MPRA
Pap. No. 52141, 2013.
T. Roukny, C.-P. Georg, and S. Battiston, “A Network Analysis of the Evolution of the German Interbank Market,”
Deutsche Bundesbank Work. Pap. Forthcom., 2014.

Furthermore, in response to a call for comments on new regulations from the Bank of International
Settlements, Imre Kondor (ELTE) published a paper on the estimation of the error in financial time series
Expected Shortfall https://www.bis.org/publ/bcbs265.htm. The results of this effort can be summarized as:
•
•

better understanding of the risk estimation in financial time series
contributing to new rules and regulation for the banking sector

At the same time, parallel effort has lead to
•
•
•
•
•

open-source code for DebtRank in multiple languages (MATLAB and Python), we received interest
from ECB, IMF, Swiss National Bank, Central Bank of Brazil)
customized version of DebtRank for Bank of Italy for interbank networks
customized version of DebtRank for Bank of Italy for TARGET2 payment system data
network models on rehypothecation in collaboration with DG-MARKT (Napoletano ea. 2014)
network topology bootstrapping and stress testing for Bank of England (Gurciullo ea. 2014)

3. Collaboration with research groups in private companies.
The Oxford node (UOXF) established a collaboration with the research division of the HSBC banking group
(HSBC Global Banking and Markets Research) http://www.hsbcnet.com/gbm/about-us/global-research.html,
to study the impact of the high frequency trading from a stochastic and network-oriented perspective. These
activities produced the following papers:
Myers B., Gerig A., Simulating the Synchronising Behaviour of High-Frequency Trading in
Multiple Markets Working Paper, University of Oxford
o Golan R., Gerig A., Stochastic Feedback Model for Volatility arXiv:1306.4975
o Fuentes M. F., Gerig A., Vicente J., Non-Gaussian Price Dynamics and Implications for Option
Pricing Derivatives Securities Pricing and Modelling, 94, 211-225, (2012)
The results of this effort can be summarized as
o

• a better understanding of the synchronicity when trading in multiple markets as this is a new and

important feature of that market
• better models for the volatility of the stock exchanged
• models for pricing the options

4. Communication with the press and media coverage

The press coverage of the project was remarkable especially considering that the project was not specifically
targeting topics that were expected to be of interest to a vast audience. Moreover the proposed tools were of
high complexity and the financial network framework is a new topic for the public. What drove the success of
the FOC initiatives was the idea to realize new and simple visualizations that could be speaking even for wider
audience. Moreover, a set of interactive tools (widgets) were developed to support the popularization of the
article
A non exhaustive list of media coverage articles related to DebtRank:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

New Scientist http://www.newscientist.com/article/dn22132-spiral-of-banks-warns-of-financial-meltdown.html
Reuters http://uk.reuters.com/article/2012/08/02/uk-science-banking-risk-idUKBRE8710XK20120802
Reuters 2 http://in.reuters.com/article/2012/08/02/science-banking-risk-idINDEE8710EA20120802
Pressetext http://www.pressetext.com/#news/20120804004Tages
Tages Anzeiger http://www.tagesanzeiger.ch/wirtschaft/unternehmen-und-konjunktur/Warum-auch-die-Kleinengefaehrlich-sein-koennen/story/10184611Coverage
Science.orf http://science.orf.at/stories/1702624/
Daily Herald http://www.thedailyherald.com/business/33-business/30283-size-not-the-prize-in-eu-bank-stresstesting-researchers-say-.html
Yahoo news http://en-maktoob.news.yahoo.com/size-not-prize-bank-stress-testing-researchers-143925970-sector.html
Dan Tapscott (wikinomics), tweet
http://moxieinsight.com/
phys.org http://phys.org/news/2012-08-team-innermost-circle-financial-crisis.html
Readcube http://www.readcube.com/reader/10.1038/srep00541
Netzwoche http://www.netzwoche.ch/de-CH/News/2012/08/06/Too-networked-to-fail.aspx
Boston Globe http://www.boston.com/bostonglobe/ideas/brainiac/2012/08/too_connected_t.html
American Banker http://www.americanbanker.com/syndication/how-google-might-prevent-a-bank-crisis-10516231.html
Adviseonly http://www.adviseonly.com/blog/economia/too-big-to-fail-oppure-le-banche-fanno-troppi-affariinsieme/
Physics of finance http://physicsoffinance.blogspot.fr/2012/08/debtrank.html
Borse en point http://www.boersenpoint.de/boersenblog/blog/debt-rank-deutsche-bank-wichtiger-als-diecommerzbank-208341/
Forsalhttp://forsal.pl/artykuly/638400,debtrank_czyli_algorytm_ktory_pomoglby_uniknac_kryzysu_finasowego.htm
l
Financial Post http://business.financialpost.com/2012/08/07/how-google-might-prevent-a-banking-crisis/
Mindful money http://www.mindfulmoney.co.uk/13
Business Insider http://www.businessinsider.com/we-finally-have-a-way-to-measure-which-banks-are-too-big-tofail-2012-8

A non exhaustive list of media coverage articles related to the Global Network of Corporate Control can be
found at http://www.sg.ethz.ch/research/response-media/
3. Website and widgets.
A set of tools can be explored on the FOC web portal www.focproject.eu. The widgets are displayed at
http://widget.focproject.eu/

A series of code scripts are currently used by researchers at some central banks as a complement to their set of
tools to estimate systemic risk. In particular:
•
•

We developed a open-source Python library for real-time analysis of financial network data, oriented
to publication of results on the Web (distributed at FOC school and FOC events).
We also collaborated with existing related software projects
o Financial network analysis (Soramaki.com)
o NetGen www.netgen-toolbox.net

Overall, the technologies related to the FOC project can be summarized in
•
•
•
•
•
•
•
•

web tools
mobile visualization widgets
data visualizations widgets
semantic tools with links to LOD2 initiative
editorial boards for Science
news collectors and analyzers systems
time series visualizations
a virtual machine for the Genoa festival della Scienza exhibition

The tools are accessible from the portal www.focproject.eu from the toolbar. We mention here that the codes,
especially the ones of DebtRank, are now used in the scientific and practitioner community. There are
versions both in the Python and Matlab version.

Finally, the tools for science libraries and codes (python/Matlab/C):
•
•
•
•
•
•

financial time series analysis from high frequency to daily series
financial time series reconstruction
distress propagation tools (#debrtrank)
new network measures
tools for news cohesion estimation
tools for link reconstruction

2. Schools A FOC school was organized at IMT Lucca at month 24 in conjunction with the midterm project
meeting and in collaboration with the project CRISIS. It was attended by 55 students and lecturers includes
researchers from central banks besides representatives from FOC and CRISIS. Didactical material was
distributed to students including an open source LINUX virtual machine where to run network analyses.
The FOC school was a reference for students interested in systemic risk and financial networks. New
collaborations arose that are active now and will remain so in the future with students at IMT and University
of Brussels (e.g. Tarik Roukny who has also done an internship at Deutsche Bundesbank; Paolo Tasca, former
PhD student at ETHZ now holding a position of senior researcher at Deutsche Bundesbank).

Conferences. The complete list of conferences organized by FOC members is provided in D6.5. The scientific
results of FOC as well as the methodological outputs have been presented in international conferences and
schools. We can cite the following conferences where the FOC challenges and results were presented in
specific sessions. The response obtained at these conferences was of great interest and several collaborations
were established through those channels (i.e. the new partners entered in the project after the first year of
activities)

•
•
•
•
•
•
•
•
•
•

Chicago, NETSCI conference organization of NetOnet 12 (IMT, CNR, BU)
Zurich, LATSIS conference (September 11th -14th 2012)
FOC CRISIS School Lucca all nodes (October 22nd-27th 2012)
FOC-GSDP School in Florence (May 14th - 16th 2013)
Copenhagen NETSCI 13 conference organization of NetOnet 13 (July 3rd - 8th 2013)
Baltimore, Special focus session organized by FOC on financial networks (October 22nd-27th 2013)
Lucca, Horizon in Social Science 2013 (July 11, 2013)
Kyoto, FOC Satellite conference of STATPHYS25 held in Seoul (July 17th-19th 2013)
Lucca, ECCS 14 (September 2014 six months after the end of the FOC activity , but with FOC papers
still alive)
IMF, Washington. FOC members have co-organised a workshop on financial networks to be held on
May 8-9, 2014
www.imf.org/external/np/seminars/eng/2014/interconnect/index.htm

Some web pages and posters of the activities organized by the FOC project

Together with Michele Catanzaro, we had a series of other activities, as for example the filming of a movie on
financial crisis, that was released on February 2012 and a series of interviews that populated both the
Facebook and YouTube account and the Web site. Also the twitter account was fed with information on
papers and conferences. Particularly successful has been the activity for the publication of the paper on

DebtRank. Thanks to these new technologies (#debtrank) we attracted the impact on the media with the
following coverage.
We also organized a stand at a public event two-weeks long on science dissemination (FESTIVAL DELLA
SCIENZA) in Genoa, where we present interviews, computer simulations and widgets to the general public.

Finally one book for the general audience (Very Short Introduction to Networks) will be made available in
bookstores in the days of this report. Alongside the general description of networks, the book covers variety of
financial and economic networks studied also in FOC.

4.1

Use and dissemination of foreground

A plan for use and dissemination of foreground (including socio-economic impact and target groups
for the results of the research) shall be established at the end of the project. It should, where
appropriate, be an update of the initial plan in Annex I for use and dissemination of foreground and
be consistent with the report on societal implications on the use and dissemination of foreground
(section 4.3 – H).
The plan should consist of:
!

Section A

This section should describe the dissemination measures, including any scientific publications
relating to foreground. Its content will be made available in the public domain thus
demonstrating the added-value and positive impact of the project on the European Union.
!

Section B

This section should specify the exploitable foreground and provide the plans for exploitation. All
these data can be public or confidential; the report must clearly mark non-publishable
(confidential) parts that will be treated as such by the Commission. Information under Section B
that is not marked as confidential will be made available in the public domain thus
demonstrating the added-value and positive impact of the project on the European Union.

Section A (public)

!

Template A1: List of all scientific (peer reviewed) publications relating to the foreground of the project.

This section includes two templates

!

Template A2: List of all dissemination activities (publications, conferences, workshops, web sites/applications, press releases, flyers,
articles published in the popular press, videos, media briefings, presentations, exhibitions, thesis, interviews, films, TV clips, posters).

These tables are cumulative, which means that they should always show all publications and activities from the beginning until after the end of
the project. Updates are possible at any time.
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1--3

Springer

2012

1

10.1140/epj
st/e201201650-y

Yes

63

-

The European
Physical Journal
Special Topics

541

Caldarelli, G. and Kaniadakis,
G. and Scarfone, a.

2012

Progress in the physics of
complex networks

-

Scientific reports

-

64

Nature
Publishin
g Group

115--120

Battiston, Stefano and Puliga,
Michelangelo and Kaushik,
Rahul and Tasca, Paolo and
Caldarelli, Guido

2012

DebtRank: too central to
fail? Financial networks, the
FED and systemic risk.

-

No

Springer

Yes

1

-

65

4

10.1140/epj
st/e201201657-4

2012

The European
Physical Journal
Special Topics

-

Competitors’ communities
and taxonomy of products
according to export fluxes

arXiv

No

Cristelli, M. and Tacchella, A.
and Gabrielli, A. and Pietronero,
L. and Scala, A. and Caldarelli,
G.

-

-

arXiv:1203.1349

361--400

66

2012

Caldarelli, Guido and Chessa,
Alessandro and Crimaldi, Irene
and Pammolli, Fabio

-

The Evolution of Complex
Networks: A New
Framework

Springer

An economic and financial
exploratory

1

67

The European
Physical Journal
Special Topics

Cincotti, S. and Sornette, D. and
Treleaven, P. and Battiston, S.
and Caldarelli, G. and Hommes,
C. and Kirman, A.

69

68

The Longevity of Rankings
Hatzopoulos, V. and Iori, G.

Caldarelli, Guido

Physics

Contemporary
Studies in
Economic and
Financial
Analysis

http://openaccess.
city.ac.uk/1645/

Fuentes, M A and Gerig, A and
Vicente, J

PloS one

Information theoretic
description of the e-Mid
interbank market:
implications for systemic risk

Caldarelli, Guido and Cristelli,
Matthieu and Gabrielli, Andrea
and Pietronero, Luciano and
Scala, Antonio and Tacchella,
Andrea

70

71

A network analysis of
countries' export flows: firm
grounds for the building
blocks of the economy.

Marko Popović, Hrvoje
Štefančić, Vinko Zlatić

Non-Gaussian Price
Dynamics and Implications
for Option Pricing

72

Geometric Origin of Scaling
in Large Traffic Networks

Tacchella, Andrea and Cristelli,
Matthieu and Caldarelli, Guido
and Gabrielli, Andrea and
Pietronero, Luciano

Working Papers

Scientific reports

Phys. Rev. Lett.

73

A new metrics for countries'
fitness and products'
complexity.

Gabbi, G. and Germano, G. and
Hatzopoulos, V. and Iori, G. and
Politi, M.

74

Market microstructure,
bank's behaviour and
interbank spreads

-

-

-

Emerald
Group
Publishin
g Limited

Departme
nt of
Economic
s, City
Universit
y London

APS

-

-

-

2012

2012

2012

211--225

-

105

-

-

-

No

Yes

No

Yes

e47278

No

2012

10.1103/Ph
ysRevLett.1
09.208701

Yes

-

208701

-

No

PlosOne

723

-

10

2012

-

10.1371/jou
rnal.pone.00
47278

20

American
Physical
Society

-

2012

2012

-

Nature
Publishin
g Group

-

-

-

Departme
nt of
Economic
s, City
Universit

Tasca, Paolo and Battiston,
Stefano

SSRN Electronic
Journal

-

SSRN

y London

Market Procyclicality and
Systemic Risk

7

-

75

PloS one

Public
Library of
Science

-

76

Web search queries can
predict stock market
volumes.

Bordino, Ilaria and Battiston,
Stefano and Caldarelli, Guido
and Cristelli, Matthieu and
Ukkonen, Antti and Weber,
Ingmar

-

-

-

9

Taylor \&
Francis
Journals

77

Departme
nt of
Economic
s, City
Universit
y London

-

Quantitative
Finance

-

Elsevier

Iyetomi, Hiroshi and Aoyama,
Hideaki and Fujiwara, Yoshi
and Ikeda, Yuichi and Souma,
Wataru

20

-

A paradigm shift from
production function to
production copula: statistical
description of production
activity of firms

Physica A:
Statistical
Mechanics and its
Applications

SSRN

78

Viaggiu, Stefano and Lionetto,
Andrea and Bargigli, Leonardo
and Longo, Michele

-

SSRN Electronic
Journal

Statistical ensembles for
money and debt

Gerig, Austin

Gabbi, G. and Germano, G. and
Hatzopoulos, V. and Iori, G. and
Politi, M.

No.

SSRN Electronic
Journal

IOP

New Journal of

6

Vitali, Stefania and Battiston,

Geography versus topology

Market microstructure,
bank's behaviour and
interbank spreads

79

80

81

2012

2012

2012

2012

2012

2012

63021

6

4839-4849

-

1453-1466

e40014

-

-

ssrn.217324
7

-

ssrn.234518
5

-

10.1371/jou
rnal.pone.00
40014

ssrn.217029
3

No

No

No

Yes

No

Yes

No

2011

82

in the European Ownership
Network
Topologically biased random
walk and community finding
in networks

Stefano

Zlatić, Vinko and Gabrielli,
Andrea and Caldarelli, Guido

Physics

Physical Review
E

6

Publishin
g
APS

-

2010

66109

-

No

Festival della
Scienza

NETSCI
Satellite
NetOnet
Latsis
FOC-CRISIS
FOC-GSDP
NetONet
APS
Horizon in
Social
Science
Statphys25
Interviews
Focus issue

Title

Type of
audience

300

International

Countries
addressed

Place

Research

International
International
International
International
International
International

Size of
audience

Chicago

150
50
50
100
100

4

June 2012

Research
Research
Research
Research
Research
Research

Italy

International
?
?

Zurich
Lucca
Florence
Copenhagen
Baltimore
Lucca

?

150
200
?

September 2012
October 2012
May 2013
July 2013
March 2013

Research
Medias
Medias
Medias
2013

2013

July 2013
July 2013
2012-2014

Kyoto
WWW
Nature
Physics
Genova

Date/Period

TEMPLATE A2: LIST OF DISSEMINATION ACTIVITIES

Main
leader
IMT/CNR

Type of activities3

Conference

NO.

1
ETHZ
IMT/ETHZ
ETHZ
CNR
CNR/IMT
IMT

IMT

KY/IMT
IMT
IMT/ETHZ

Conference
Workshop
Workshop
Conference
Conference

Presentations

Other

Conference
Conference
Videos Youtube

2
3
4
5
6
7
8
9
10
11

3!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!A!drop!down!list!allows!choosing!the!dissemination!activity:! publications,!conferences,!workshops,!web,!press!releases,!flyers,!articles!published!in!the!popular!press,!videos,!media!
briefings,!presentations,!exhibitions,!thesis,!interviews,!films,!TV!clips,!posters,!Other.!

4
A drop down list allows choosing the type of public: Scientific Community (higher education, Research), Industry, Civil Society, Policy makers, Medias, Other ('multiple choices' is
possible).

Section B (Confidential5 or public: confidential information to be marked clearly)
Part B1

The applications for patents, trademarks, registered designs, etc. shall be listed according to the template B1 provided hereafter.

Type of IP
Rights6:

Confidential
Click on
YES/NO

Foreseen
embargo date
dd/mm/yyyy

Subject or title of
application

Applicant (s) (as on the application)

A drop down list allows choosing the type of IP rights: Patents, Trademarks, Registered designs, Utility models, Others.

Note to be confused with the "EU CONFIDENTIAL" classification for some security research projects.

Application
reference(s)
(e.g.
EP123456)

TEMPLATE B1: LIST OF APPLICATIONS FOR PATENTS, TRADEMARKS, REGISTERED DESIGNS, ETC.

We did not produce patents in this project

The list should, specify at least one unique identifier e.g. European Patent application reference. For patent applications, only if applicable,
contributions to standards should be specified. This table is cumulative, which means that it should always show all applications from the
beginning until after the end of the project.

5

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
6

Description
of exploitable
foreground

Confidentia
l
Click on
YES/NO

Part B2
Please complete the table hereafter:
Type of
Exploitable
Foreground7
Ex: New
superconduc
tive Nb-Ti
alloy

Foreseen
embargo
date
dd/mm/yy
yy

Exploitable
product(s) or
measure(s)
MRI equipment

Its purpose
How the foreground might be exploited, when and by whom
IPR exploitable measures taken or intended
Further research necessary, if any
Potential/expected impact (quantify where possible)

Sector(s) of
application8

1. Medical
2. Industrial
inspection

Timetable,
commercial or
any other use
2008
2010

In addition to the table, please provide a text to explain the exploitable foreground, in particular:
•
•
•
•
•

Patents or other
IPR
exploitation
(licences)

A materials
patent is planned
for 2006

Owner & Other
Beneficiary(s) involved

Beneficiary X (owner)
Beneficiary Y, Beneficiary
Z, Poss. licensing to
equipment manuf. ABC

We do not have exploitable foreground of this kind. Most of the advancements as widget and algorithms and models have been made public

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

19
A drop down list allows choosing the type of foreground: General advancement of knowledge, Commercial exploitation of R&D results, Exploitation of R&D results via standards,
exploitation of results through EU policies, exploitation of results through (social) innovation.
A drop down list allows choosing the type sector (NACE nomenclature) : http://ec.europa.eu/competition/mergers/cases/index/nace_all.html
8

4.2

Report on societal implications

Replies to the following questions will assist the Commission to obtain statist
indicators on societal and socio-economic issues addressed by projects. The quest
arranged in a number of key themes. As well as producing certain statistics, the rep
also help identify those projects that have shown a real engagement with wider societa
and thereby identify interesting approaches to these issues and best practices. The rep
individual projects will not be made public.

A

General Information (completed automatically when Grant Agreement num
entered.

Grant Agreement Number:
Title of Project:
Name and Title of Coordinator:

B

255987
Forecasting Financial Crises
Prof. Guido Caldarelli

Ethics

1. Did your project undergo an Ethics Review (and/or Screening)?
•

If Yes: have you described the progress of compliance with the relevant E
Review/Screening Requirements in the frame of the periodic/final project reports?

Special Reminder: the progress of compliance with the Ethics Review/Screening Requirements shou
described in the Period/Final Project Reports under the Section 3.2.2 'Work Progress and Achievements

2. Please indicate whether your project involved any of the following issues (tic
box) :

RESEARCH ON HUMANS
• Did the project involve children?
• Did the project involve patients?
• Did the project involve persons not able to give consent?
• Did the project involve adult healthy volunteers?
• Did the project involve Human genetic material?
• Did the project involve Human biological samples?
• Did the project involve Human data collection?
RESEARCH ON HUMAN EMBRYO/FOETUS
• Did the project involve Human Embryos?
• Did the project involve Human Foetal Tissue / Cells?
• Did the project involve Human Embryonic Stem Cells (hESCs)?
• Did the project on human Embryonic Stem Cells involve cells in culture?
• Did the project on human Embryonic Stem Cells involve the derivation of cells from Embryos?
PRIVACY
• Did the project involve processing of genetic information or personal data (eg. health, s
lifestyle, ethnicity, political opinion, religious or philosophical conviction)?
• Did the project involve tracking the location or observation of people?
RESEARCH ON ANIMALS
• Did the project involve research on animals?
• Were those animals transgenic small laboratory animals?
• Were those animals transgenic farm animals?

Were those animals cloned farm animals?
Were those animals non-human primates?
RESEARCH INVOLVING DEVELOPING COUNTRIES
• Did the project involve the use of local resources (genetic, animal, plant etc)?
• Was the project of benefit to local community (capacity building, access to healthcare, education
etc)?
DUAL USE
• Research having direct military use
• Research having the potential for terrorist abuse
•
•

No

C

Workforce Statistics

3.

Workforce statistics for the project: Please indicate in the table below the number of
people who worked on the project (on a headcount basis).

Type of Position

Number of Women

Number of Men

Scientific Coordinator
Work package leaders
Experienced researchers (i.e. PhD holders)
PhD Students
Other

0
2
5
2
4

1
8
29
16
1

4.

How many additional researchers (in companies and universities) were
recruited specifically for this project?

Of which, indicate the number of men:

7
6

D Gender Aspects
5.

!
X

Did you carry out specific Gender Equality Actions under the project?

6.

Yes
No

Which of the following actions did you carry out and how effective were they?
Not at all
effective

"
"
"
"
!
7.

Design and implement an equal opportunity policy
Set targets to achieve a gender balance in the workforce
Organise conferences and workshops on gender
Actions to improve work-life balance

!!!!
!!!!
!!!!
!!!!

Very
effective

!
!
!
!

Other:

Was there a gender dimension associated with the research content – i.e. wherever people were
the focus of the research as, for example, consumers, users, patients or in trials, was the issue of gender
considered and addressed?
! Yes- please specify

X

No

E

Synergies with Science Education

8.

Did your project involve working with students and/or school pupils (e.g. open days,
participation in science festivals and events, prizes/competitions or joint projects)?
X Yes- please specify We organized a series of Schools
!

9.

No

Did the project generate any science education material (e.g. kits, websites, explanatory
booklets, DVDs)?
Widgets!on!project!website!,!movies!and!interviews!on!
X Yes- please specify
!

No

the!youtube!channel!

F

Interdisciplinarity

10.

Which disciplines (see list below) are involved in your project?
9
X Main discipline : 1.2, 2.2, 5.2
!
Associated discipline9:
! Associated discipline9:

G

Engaging with Civil society and policy makers

11a

Did your project engage with societal actors beyond the research
community? (if 'No', go to Question 14)

X
!

Yes
No

11b If yes, did you engage with citizens (citizens' panels / juries) or organised civil society
(NGOs, patients' groups etc.)?
! No
! Yes- in determining what research should be performed
X Yes - in implementing the research
X Yes, in communicating /disseminating / using the results of the project
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
9

Insert number from list below (Frascati Manual).

!

Yes

11c In doing so, did your project involve actors whose role is mainly to
X
No
organise the dialogue with citizens and organised civil society (e.g.
professional mediator; communication company, science museums)?
12. Did you engage with government / public bodies or policy makers (including international
organisations)
!
!
X
!

No
Yes- in framing the research agenda
Yes - in implementing the research agenda
Yes, in communicating /disseminating / using the results of the project

13a Will the project generate outputs (expertise or scientific advice) which could be used by
policy makers?
X Yes – as a primary objective (please indicate areas below- multiple answers possible)
!
!

Development Economics and Monetary affairs, Institutional affairs
Yes – as a secondary objective (please indicate areas below - multiple answer possible)
No

13b If Yes, in which fields? Economics
Agriculture
Audiovisual and Media
Budget
Competition
Consumers
Culture
Customs
Development Economic and
Monetary Affairs
Education, Training, Youth
Employment and Social Affairs

Energy
Enlargement
Enterprise
Environment
External Relations
External Trade
Fisheries and Maritime Affairs
Food Safety
Foreign and Security Policy
Fraud
Humanitarian aid

Human rights
Information Society
Institutional affairs
Internal Market
Justice, freedom and security
Public Health
Regional Policy
Research and Innovation
Space
Taxation
Transport

13c If Yes, at which level?
! Local / regional levels
X National level
X European level
X International level

H

Use and dissemination

14.

How many Articles were published/accepted for publication in
peer-reviewed journals?

To how many of these is open access10 provided?

82
33

How many of these are published in open access journals?

23

How many of these are published in open repositories?

10

To how many of these is open access not provided?

49

Please check all applicable reasons for not providing open access:
X publisher's licensing agreement would not permit publishing in a repository
" no suitable repository available
" no suitable open access journal available
X no funds available to publish in an open access journal
" lack of time and resources
" lack of information on open access
" other11: ……………

15.

How many new patent applications (‘priority filings’) have been made?

zero

("Technologically unique": multiple applications for the same invention in different
jurisdictions should be counted as just one application of grant).

16.

17.

Indicate how many of the following Intellectual
Property Rights were applied for (give number in
each box).

Trademark

zero

Registered design

Zero

Other

Zero

How many spin-off companies were created / are planned as a direct
result of the project?

zero

Indicate the approximate number of additional jobs in these companies:

18. Please indicate whether your project has a potential impact on employment, in comparison
with the situation before your project:
"
In small & medium-sized enterprises
" Increase in employment, or
"
Safeguard
employment,
or
In large companies
X
"
Decrease
in
employment,
None of the above / not relevant to the project
"
X Difficult to estimate / not possible to quantify
Indicate figure:
19. For your project partnership please estimate the employment effect
resulting directly from your participation in Full Time Equivalent (FTE =
one person working fulltime for a year) jobs:
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
10

11

Open Access is defined as free of charge access for anyone via Internet.

For instance: classification for security project.

X

Difficult to estimate / not possible to quantify

I

Media and Communication to the general public

20.

As part of the project, were any of the beneficiaries professionals in communication or
media relations?
! Yes
X No

21.

As part of the project, have any beneficiaries received professional media / communication
training / advice to improve communication with the general public?
! No
X Yes

22

Which of the following have been used to communicate information about your project to
the general public, or have resulted from your project?
X
"
"
"
"
X

23

Press Release
Media briefing
TV coverage / report
Radio coverage / report
Brochures /posters / flyers
DVD /Film /Multimedia

"
"
"
"
X
"

Coverage in specialist press
Coverage in general (non-specialist) press
Coverage in national press
Coverage in international press
Website for the general public / internet
Event targeting general public (festival, conference,
exhibition, science café)

In which languages are the information products for the general public produced?
"
"

Language of the coordinator
Other language(s)

X

English

Question F-10: Classification of Scientific Disciplines according to the Frascati Manual 2002 (Proposed
Standard Practice for Surveys on Research and Experimental Development, OECD 2002):

FIELDS OF SCIENCE AND TECHNOLOGY
1.
1.1
1.2
1.3
1.4
1.5
2
2.1
2.2
2.3.

NATURAL SCIENCES
Mathematics and computer sciences [mathematics and other allied fields: computer sciences and other
allied subjects (software development only; hardware development should be classified in the
engineering fields)]
Physical sciences (astronomy and space sciences, physics and other allied subjects)
Chemical sciences (chemistry, other allied subjects)
Earth and related environmental sciences (geology, geophysics, mineralogy, physical geography and
other geosciences, meteorology and other atmospheric sciences including climatic research,
oceanography, vulcanology, palaeoecology, other allied sciences)
Biological sciences (biology, botany, bacteriology, microbiology, zoology, entomology, genetics,
biochemistry, biophysics, other allied sciences, excluding clinical and veterinary sciences)
ENGINEERING AND TECHNOLOGY
Civil engineering (architecture engineering, building science and engineering, construction engineering,
municipal and structural engineering and other allied subjects)
Electrical engineering, electronics [electrical engineering, electronics, communication engineering and
systems, computer engineering (hardware only) and other allied subjects]
Other engineering sciences (such as chemical, aeronautical and space, mechanical, metallurgical and
materials engineering, and their specialised subdivisions; forest products; applied sciences such as

geodesy, industrial chemistry, etc.; the science and technology of food production; specialised
technologies of interdisciplinary fields, e.g. systems analysis, metallurgy, mining, textile technology
and other applied subjects)
3.
3.1
3.2
3.3
4.
4.1
4.2

MEDICAL SCIENCES
Basic medicine (anatomy, cytology, physiology, genetics, pharmacy, pharmacology, toxicology,
immunology and immunohaematology, clinical chemistry, clinical microbiology, pathology)
Clinical medicine (anaesthesiology, paediatrics, obstetrics and gynaecology, internal medicine, surgery,
dentistry, neurology, psychiatry, radiology, therapeutics, otorhinolaryngology, ophthalmology)
Health sciences (public health services, social medicine, hygiene, nursing, epidemiology)
AGRICULTURAL SCIENCES
Agriculture, forestry, fisheries and allied sciences (agronomy, animal husbandry, fisheries, forestry,
horticulture, other allied subjects)
Veterinary medicine

5.
5.1
5.2
5.3
5.4

SOCIAL SCIENCES
Psychology
Economics
Educational sciences (education and training and other allied subjects)
Other social sciences [anthropology (social and cultural) and ethnology, demography, geography
(human, economic and social), town and country planning, management, law, linguistics, political
sciences, sociology, organisation and methods, miscellaneous social sciences and interdisciplinary ,
methodological and historical S1T activities relating to subjects in this group. Physical anthropology,
physical geography and psychophysiology should normally be classified with the natural sciences].

6.
6.1

HUMANITIES
History (history, prehistory and history, together with auxiliary historical disciplines such as
archaeology, numismatics, palaeography, genealogy, etc.)
Languages and literature (ancient and modern)
Other humanities [philosophy (including the history of science and technology) arts, history of art, art
criticism, painting, sculpture, musicology, dramatic art excluding artistic "research" of any kind,
religion, theology, other fields and subjects pertaining to the humanities, methodological, historical and
other S1T activities relating to the subjects in this group]

6.2
6.3

2.

FINAL REPORT ON THE DISTRIBUTION OF THE
EUROPEAN UNION FINANCIAL CONTRIBUTION

This report shall be submitted to the Commission within 30 days after receipt of the final
payment of the European Union financial contribution.

Report on the distribution of the European Union financial contribution
between beneficiaries
(*Partial distribution of amounts received during the project – this table will be updated after
the final payment)
Name of beneficiary

Final amount of EU contribution per beneficiary
in Euros

1. IMT

127.176,00

2. UNIVPM

249.695,80

3. ETH

297.080,70

4. CITY

266.375,40

5. UOXF.MQ

253.621,10

6. BM

253.621,10

7. ECB

0,00

8. IJS

117.893,51

9. RBI

110.863,77

10. ELTE

55.699,73

11. BU

183.129,00

12. KY

74.347,00

13. CNR

250.929,39

14. PF

22300,27

Total

2.262.732,77

