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14:00 Frank Schweitzer — Chair of Systems Design, ETH Zürich

Opening

Biological systems

14:30 Jordi Bascompte

Dept. of Evolutionary Biology and Environmental Studies, University of Zürich

Resilience of mutualistic networks in the face of climate change

The mutualistic interactions between plants and the animals that pollinate them or
disperse their seeds shape complex networks of mutual dependencies that can be
regarded as the architecture of biodiversity. As a result of such interdependence,
species extinctions induced by climate change may trigger coextinction cascades,
thus driving extinct many more species than originally predicted by models of cli-
mate change. Recent work has shown a significant variability across pollination
networks in plant extinction- - -and particularly the subsequent coextinction- - -rates,
with much higher values in Mediterranean networks. While geographic location best
predicts the probability of a plant species to be driven extinct by climate change,
the local network of interactions best predicts subsequent coextinctions. Impor-
tantly, incorporating species interactions into our assessments of the effects of cli-
mate change not only increases the pool of species most likely being driven extinct.
It also changes the way extant species are selected from the evolutionary and func-
tional trees, with potential implications for the functioning and robustness of the
resulting communities.

15:00 Giona Casiraghi

Chair of Systems Design, ETH Zürich

Resilience and control

The investigation of resilience through complex networks has become the focus of
multiple disciplines. Nevertheless, important questions remain still open. For exam-
ple, how much does the completeness of data on species-species interactions affects
the study of resilience in ecological systems? Driven by the insight that systems can
be hardly studied in isolation, the study of resilience has progressed from the analysis
of single-layer to that of multi-layer networks. However, ecological systems are most
often represented as bipartite networks, consisting of mutualistic interactions, e.g.,
between plants and their pollinators. Such a representation reflects only the inter-
layer of a larger multi-layer network and ignores intralayer interactions. Robustness
against co-extinction cascades thus stems from this bipartite representation, and the
error made by neglecting intralayer interactions is unknown.

1



By systematically analysing synthetic multi-layer networks, we show that robustness
depends on how hubs and peripheral nodes of different layers are coupled together.
Further examining how these hubs and peripheral nodes contribute to the robustness
of a system, we are able to identify driver nodes that can be targeted to prevent drop-
out cascades. We show that by specifying diverse strategies to control central and
peripheral nodes, such drop-out cascades are significantly reduced, and robustness
is increased.

15:30 Bernat Bramon Mora

Plant Ecology Group, ETH Zürich

Structure and dynamics of ecological communities: Comparing networks
across space and time

Networks provide a simple way to synthesize the heterogeneous nature of ecolog-
ical systems. They depict ecological communities as graphs of species and their
interactions, and they have been extensively used in ecology to study topics such
as community stability, resilience, biodiversity, and global change. Untangling the
complexity encoded within these objects is, however, far from straightforward. For
example, ecologists have often relied on the use of general network metrics and
mathematical models to study the structure and dynamics of such communities,
respectively. An alternative approach that has yet to be fully explored is to exhaus-
tively compare these along ecological gradients or within time series. By comparing
networks within a changing environment, one can understand how the structure and
roles of different species vary and change under different pressures. In my work, I use
a network-comparison technique—network alignment—as a way to study ecological
communities and shed light on their underlying dynamics. Network alignment es-
sentially identifies species with analogous “positions” across communities, providing
a comprehensive conceptual mapping of the changes in the communities and their
many components. This mapping allows me to compare the structure of networks
across environments and over time, providing insights into how ecological commu-
nities are structured and how such structure changes over time.

16:00 Coffee and posters

Spatial systems

16:30 Michele Starnini

ISI Foundation, Torino

The interconnected wealth of nations: Shock propagation on global trade-
investment multiplex networks

The increasing integration of world economies, which organize in complex multilayer
networks of interactions, is one of the critical factors for the global propagation of
economic crises. We adopt the network science approach to quantify shock propa-
gation on the global trade-investment multiplex network. To this aim, we propose a
model that couples a spreading dynamics, describing how economic distress propa-
gates between connected countries, with an internal contagion mechanism, describ-
ing the spreading of such economic distress within a given country. At the local
level, we find that the interplay between trade and financial interactions influences
the vulnerabilities of countries to shocks. On a large scale, we find a simple lin-
ear relation between the relative magnitude of a shock in a country and its global
impact on the whole economic system, albeit the strength of internal contagion is
country-dependent and the inter-country propagation dynamics is non-linear.
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Interestingly, this systemic impact can be associated with intra-layer and inter-
layer scale factors that we name network multipliers, that are independent of the
magnitude of the initial shock. Our model sets-up a quantitative framework to
stress-test the robustness of individual countries and of the world economy

17:00 Luca Verginer

Chair of Systems Design, ETH Zürich

Scientists on the move and how cities benefit

Global mobility and migration of scientists is a significant modern phenomenon with
economic and political implications. The ability to attract and retain advanced
human capital is a major source of competitive advantage in today’s knowledge
economy. This is true both at the national and the city level. Cities are becoming
focal loci of economic and scientific activity, but the impact and importance of
scientist mobility is under-researched mainly du to data limitations.
To investigate, brain drain/circulation, the superior performance of global cities and
systemic properties of global scientist mobility, we reconstruct the career trajectories
of 3.7 million scientists moving between 5 thousand cities. We show, among other
results that the superior scientific performance of global cities is fueled by a virtuous
cycle of successful cities attracting successful researchers. We show this first through
an econometric approach and most notably through a data-driven and empirically
calibrated agent-based model (ABM).

17:30 Giovanni Sansavini

Reliability and Risk Engineering, ETH Zürich

Engineering Energy Networks Facing Global Transition: From Predicting
Cascading Failures to Optimizing System Safety

Aiming at a sustainable energy production and at securing their energy supply,
many countries are about to transition from a fossil-dominated to a green energy
mix encompassing sunlight, mechanical energy and heat together with fossil and
synthetic fuels. At the same time, the energy infrastructure is evolving from a
collection of independently built, isolated energy carrier networks towards globally-
integrated multi-energy systems. The integration of networks is clearly beneficial
in view of designing optimal sustainable energy systems, but their heavily intercon-
nected nature makes them vulnerable to cascading failures with potentially catas-
trophic consequences. This talk addresses the grand challenges and presents the
methodological developments necessary to guide the evolution of energy infrastruc-
ture through vulnerability-based evaluations. They encompass (i) the development
of high-fidelity, efficient mathematical models for quantifying the risk of cascading
failures in power systems; (ii) modeling interdependent electric and gas networks
and quantifying the risks to their safe operations in renewable energy infrastruc-
tures; (iii) understanding the impact of the water-energy nexus on electrical energy
conversion and mitigating its effect in the face of climate change; (iv) developing
and validating early warning indicators of critical transitions and fault diagnosis
tools in complex dynamical systems. Aside from presenting recent methodological
developments, the future research challenges related to the engineering of resilient
energy networks are also discussed.

18:00 End
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Thursday, 16 January 2020

Social systems

09:00 Florian Dörfler

Automatic Control Laboratory, ETH Zürich

Game theoretical inference of human behavior in social networks

Social networks emerge as the result of actors’ linking decisions. We propose a novel
game-theoretical model of socio-strategic network formation on directed weighted
graphs, with continuous action spaces, in which every actors’ benefit is a parametric
trade-off between centrality measure, brokerage opportunities, clustering coefficient,
and sociological network patterns. Our objective is to infer the individuals’ be-
havior from the network structure. Our theoretical analysis is based on variational
inequalities and confirms results known for homogeneous rational agents and specific
network motifs studied previously in isolation, yet it enables to precisely quantify
the trade-offs in the space of user preferences. To deal with complex networks of
heterogeneous and irrational actors, we construct a statistical behavior estimation
method whose goal is to learn the parameters of the payoff functions constructing
an inverse optimization problem by means of the equilibrium condition. In other
words, it provides the most rational estimate (with confidence bounds analysis)
of the heterogeneous individual parameters that can be deduced from an observed
equilibrium state of the network. We provide evidence that our results are consis-
tent with empirical, historical, and sociological observations on real-world data-sets.
Furthermore, our method offers sociological and strategic interpretations of random
network models, e.g., preferential attachment and small-world networks.
This is joint work with Nicolò Pagan.

09:30 Giacomo Vaccario

Chair of Systems Design, ETH Zürich

Resilient cooperation: Mechanism design in an agent-based model

Human societies rely on cooperating individuals. But cooperation is an unstable
system state because it is susceptible to exploitation by defectors. To improve the
resilience of cooperating systems, mechanism design, i.e. the targeted influence of
individuals, plays an important role. A prominent, yet costly measure is the punish-
ment of individuals that do not cooperate. In contrast to this negative influence, we
propose a mechanism that rewards cooperating individuals and study its influence in
an agent-based model. Agents interact in a game-theoretical setting and accumulate
their payoffs as individual wealth. Cooperating agents receive a varying bonus from
a central authority, e.g. their government. The costs incurred are compensated by a
taxation of the agent’s wealth and a subsequent redistribution mechanism, that also
covers the costs of the government. Part of the governmental effort is to detect those
agents that should not receive a bonus because they defect. While it is obvious that
above a critical bonus level cooperation can be induded, it is less clear whether the
government is able to pay this amount. High levels of cooperation imply payments
to many agents, i.e. decreasing bonuses, and a larger susceptibility to switch to
defection. Low levels of cooperation, on the other hand, result in larger bonuses
needed to even maintain this level. We demonstrate that a suitable combination of
taxation scheme, redistribution mechanism and detection of defectors is indeed able
to increase the resilience of a cooperating system. This also includes to regain a
cooperating state once it was lost.
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10:00 Ingo Scholtes

Data Analytics Group, University of Wuppertal

Performance and robustness of networks in space and time

Graph and network models have become a cornerstone in the analysis of perfor-
mance and robustness of complex systems consisting of large number of intercon-
nected components. While the importance of network models is undisputed, we are
increasingly confronted with large volumes of high-dimensional, temporal, and noisy
data that pose fundamental challenges for network analytics. Such data question
graph and network models of complex systems and pose a threat for interdisciplinary
applications of data science. Addressing this problem, in this talk I will introduce
a novel data analytics framework that accounts for the complex characteristics of
time series data on networks. I demonstrate this in time-stamped data on human
behavior. Current methods to analyze such data discard information on the chrono-
logical ordering of interactions, which however determines who can influence whom
via so-called causal paths. In contrast, our novel approach (i) generalises network
abstractions to higher-order graphical models for causal paths, and (ii) uses sta-
tistical learning to find an optimal balance between explanatory power and model
complexity. I show that our work advances the foundations of data science and sheds
light on the important question when a network-based analysis of performance and
robustness is justified. It is the basis for a new generation of network analytic meth-
ods that account for the complex interplay between time and topology in social,
technical, and biological systems.

10:30 Coffee and posters

11:00 David Garcia

Section for Science of Complex Systems, Medical University of Vienna

Hyperpolarization dynamics in social systems

Polarization is threatening the stability of democratic societies. Opinion dynamics
research has focused on explaining how opinion extremeness emerges in an issue,
but this overlooks the correlation between different policy issues observed in empir-
ical data. We explain the emergence of hyperpolarization, i.e. the combination of
extremeness and correlation between issues, through an agent-based model based
on the theory of cognitive balance. After calibrating the model with empirical data
from the 2016 US National Election Survey, we show that our model is the first to
reproduce hyperpolarization without additional complex network structures or pre-
existing correlations between opinions. In this line, we quantitatively captured how
social media interaction is driven towards polarization using the Twitter backlash
to the EAT-Lancet report as an example. Large datasets of social media interaction
bear the promise to empirically support opinion dynamics models, bridging the gap
between computational theory and empirical data analysis at scale.

11:30 Laurence Brandenberger

Chair of Systems Design, ETH Zürich

Measuring political polarization in the Swiss parliament
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A wave of polarization is drifting across western democracies. This political polar-
ization wave is theorized to be driven by an increased competition among parties and
their desire or need to differentiate themselves from each other. Empirical evidence
shows that the Swiss political landscape is no exception to this trend. In the Swiss
multi-party system, the rise of the right party, SVP, is seen as the tipping point
when the Swiss political system moved away from consensual party collaboration
to party competition, driving polarization in the process. It is hypothesized that
the SVP has gained power by bonding together, increasing their party coherence
and presenting a more professional and united front. We examine historical levels of
political polarization and conflict in the Swiss parliament. Focusing on cooperative
interactions among members of parliament from the same or different parties, we
analyze which parliamentary bills (dt. Geschäfte) were a source of parliamentary
strive between (and within) parties. In the process, we show which parties have
increased their party unity over time and how their internal development affects
cross-party collaborations. Our analysis is based on a new longitudinal data set on
the proceedings of the Swiss Federal Assembly and includes over 15,000 legislative
bills and over 300,000 support signatures among members of parliament and spans
over 30 years.

12:00 Jürgen Lerner

Department of Computer and Information Science, University of Konstanz

The network dynamics of polarization and the quality of Wikipedia arti-
cles

We study the relation between polarization and quality in the Wikipedia knowl-
edge production and classification system. Quality is a macro-level property of a
Wikipedia article reflecting the evaluation by an external audience: an article is of
high quality if Wikipedia editors agree to include it in the “featured articles” cate-
gory. There are approximately 6million articles in the English language Wikipedia
system, of which approximately 0.1% are featured articles. Polarization is a prop-
erty emerging from the micro-level dynamics of the Wikipedia editing network. The
interaction between two Wikipedia editors (producers of text) signals conflict if one
deletes the words that the other has written. Conversely, the interaction between
two editors signals solidarity if one reinstates the words that a second editor has
written, but a third deleted. In the former case, we define the interaction between
two editors as “negative.” In the latter case, the interaction is “positive.” An arti-
cle is polarized if the set of editors can be partitioned into two subsets such that
positive interaction is contained within subsets, while negative interaction can be
observed only between subsets. In brief, an article is polarized if its underlying edit-
ing network conforms to the precepts of balance theory. We find reliable empirical
evidence that polarization is detrimental to quality: Polarized Wikipedia articles are
less likely to be featured. Yet, we also find that a number of polarized articles are
indeed featured. We speculate on the structural factors and behavioral norms that
might mitigate the detrimental effect of polarization on quality, or – in other words
– that might make Wikipedia articles resilient to latent, and potentially destructive
conflict among the editors.
The authors are Alessandro Lomi, University of Italian Switzerland, and Jürgen
Lerner, University of Konstanz.

12:30 Frank Schweitzer — Chair of Systems Design, ETH Zürich

Closing
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