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The Institute for Transport Planning and Systems (IVT) has 
been working on models of travel behavior and correspond-
ing simulation tools for a number of years. For this, it is 
essential to understand the underlying mechanisms that 
drive people to travel the way we observe it in our daily life. 
Agent-based models are a big step forward in this respect. In 
this context, agents are the computer representation of 
persons in real life. The goal of agent-based modeling is to 
create a microscopic model that contains all behavioral 
aspects relevant to the problem under investigation. Using 
an agent-based model, a simulation run merely consists of 
creating a (representative) synthetic population of these 
agents and let them perform in a virtual word. This world is 
usually designed to represent the real world as closely as 
possible. For theoretical observations, however, the virtual 
world might have very special properties to emphasize the 
effect of interest. 
Agent-based models provide the link between a microscopic 
representation of actors in a system and macroscopic effects 
which are usually the main interest of a study. This makes it 
possible to much better explain a certain phenomenon and 
its cause which is usually hidden in aggregated models. In 
our experience, finding agent-based behavioral models is 
usually easier, and the resulting models are better under-
standable than directly developing aggregated models for 
the problem under investigation. 
The main line of agent-based modeling efforts at IVT has so 
far been pre-planned models, models where agents plan a 
whole day of their virtual life in advance and execute it after-
wards. Unfortunately, these models are not very well 

suited for simulating unexpected events, because 
pre-planning the reaction to all possible unexpected events 
is infeasible. Simulating long period (e.g. weeks) is another 
issue where the current models reach their performance 
limits. These problems motivated our institute to work on a 
new agent-based approach, where all decisions are made 
instantly and continuously based on each agent's current 
view on the state of its environment.
The described approach includes a set of needs for each 
agent that evolves over time. Each need has a main activity 
associated with it. The next activity to execute is found using 
decision rules which use input information like the current 
need levels, expectations about future development of these 
need levels, and additional constraints like shop hours or 
agreements specifying working hours.
The new software simulates contiguous periods of multiple 
days, weeks, or months. The resulting data is a complete log 
of virtual agent behavior containing (potentially long) activity 
chains explainable through intuitive changes in the need 
levels. Additionally, the method can be used to present 
effects like weekly rhythms or special emerging traffic/load 
patterns before and/or after long weekends, for instance.  
The continuous, rule-based nature of the simulation has 
also positive effects on running times, since it eliminates the 
need for iterative plan optimization. To increase the compu-
tational performance of the system even more we are work-
ing on integrating the planning algorithm into a parallel simu-
lation environment which is also under development at IVT.
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In "Nationalism, Mass Mobilization, and the Severity of 
War" (Lars-Erik Cederman, Camber Warren, and Didier 
Sornette) we show that the tools of extreme value theory 
can be used to identify a deep structural break in the 
distribution of casualties from major interstate wars, a 
break which occurred very close to the time of the French 
Revolution, and which resulted in the emergence of 
dramatically more deadly interstate con�icts.  We show 
further that the shape of this shift is of precisely the form 
predicted by a simple formal model, in which nationalist 
statecraft leads to the acceleration of the positive feed-
back processes underlying interstate military mobiliza-
tion.  By adopting macro-historical approach, combined 
with analytic models and quantitative data analysis, we 
show that very broad law-like regularities can be discov-
ered even in highly complex sociopolitical systems.

Moreover, the model shows that the growth in average 
state size over the past �ve centuries can be explained on 
the basis improvements in technology, which have eased 
the costs of moving military forces over long distances 
and di�cult terrain.
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The working paper “Regions at Risk” (Sebastian Schutte) is 
an attempt to predict areas of intensive �ghting in African 
civil wars based on geography and infrastructure. Geo-
referenced data on con�ict events from 9 civil wars, as well 
as data on terrain elevation, road networks, population, 
supply routes, and distances to borders and capital are 
used to �t a statistical (Poisson) model. The model is then 
used to predict regions at risk out of sample. The results 
suggest that predictions of general risk zones on a subna-
tional level are possible and could be used to inform risk 
analysis and humanitarian interventions. 

Along similar lines, in "Simulating State Sizes" (Camber 
Warren, Lars-Erik Cederman, and Sebastian Schutte) we 
simulate the evolution of the modern territorial state 
system using geo-referenced data on terrain, city 
locations, and state boundaries for the period 1500AD to 
2000AD.   The model demonstrates that the distributions 
of state sizes observed in both contemporary and histori-
cal periods were generated primarily by the positive feed-
back e�ects of warfare and conquest, in a system domi-
nated by coercive competition for territory. 
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Can wars be predicted?

In a recent project, we studied whether and when �nancial 
markets can anticipate wars. In particular, we analyzed 
�uctuations in bond yield prices before every interstate 
war since 1815. Since wars are costly endeavors, markets 
should demand higher rates to compensate for the antici-
pated risk of default or in�ation induced by war. Hence, we 
looked for signi�cant shifts or signs of unrest in these 
yields in order to obtain a precise picture of investors’ 
beliefs about the probability of a forthcoming war. 
Remarkably, and contrary to existing research that argues 
that many wars, such as World War I, remained largely 
unforeseen, we found that markets managed to anticipate 
them on average more than two years prior to their occur-
rence. 

In a related study, we conducted a systematic analysis of 
all newspapers articles (in English) since 1902, and 
searched for breakpoints in the prominence of a particular 
con�ict in the news. Here again, we found that wars are 
anticipated about 2 years before their start.

Understanding con�ict

Recently, the Israeli-Palestinian con�ict has been a focus of 
global attention, in particular in the context of new Jewish 
settlements in East Jerusalem. Therefore, another project 
used a data-centered simulation approach to investigate 
city-speci�c violence dynamics, taking into account the 
exact geographical and settlement structure as well as the 
population distribution in Jerusalem. Our research 
indicates that violence between Jews, Palestinians and the 
Security Forces is heavily in�uenced by the perceived 
social distance between the groups as well as the degree 
of discrimination they are exposed to.
 
In addition, the impact of several possible ‘futures’ of 
Jerusalem on the violence dynamics was more closely 
examined—among others a divided city in accordance 
with the Clinton parameters and a ‘business as usual’ 
scenario in which the Jewish settlement expansions 
continue. 

The aim was to identify policies that will help to mitigate 
violence in the city and reveal factors that are deepening 
tensions between citizens.
 
Impact of Inequality on Cooperation

In a third project, we investigated the impact of inequality 
on cooperation. More speci�cally, we implemented a 
simulation in which individuals could either cooperate 
with one another or cheat on each other. Cheating 
yielded higher personal gains (at least in the short run), 
but reduced general welfare. Surprisingly, we found that 
inequality—more speci�cally the possibility that the rich 
get richer—could signi�cantly increase the overall level 
of cooperation in the simulation.
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Figure 1: GIS map of a Jerusalem simula-
tion. Using real-world settlement and 
population data, we account for the 
particular geography of Jerusalem,  
which is important for the con�ict 
dynamics. In red Secular, in blue Ultra-
orthodox Jewish populations, in green 
Palestinians.
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The topology of social networks, where nodes are 
individuals with their social interactions represented 
by links, are rather complex, playing a relevant role 
in the spreading of information, opinions, and 
epidemics. Understanding how these processes 
evolve and their correlation with the underlying 
structure, poses interesting questions to both statis-
tical physics and social sciences. Electoral results, 
for example, emerge from the opinion dynamics in 
the system. In our recent work (PLoS One 5, 
e12446, 2010), we justify the low margins of victory, 
typically observed for plurality elections (see map), 
as a result from the competition between herding 
and tactical voting. While in the former, individuals 
sharing ideas tend to synchronize their votes, in the 
latter a tendency to minimize the margin of victory is 
observed. With our model, the vote distributions for 
mayor elections in Brazil can be reproduced and 

the polls’ impact in several different large countries 
(United States, Canada, and Brazil) can be com-
pared. The spread of information and the formation 
of communities can also be studied with 
percolation-like models. Recently (Phys. Rev. Lett. 
105, 035701, 2010), we have shown that system-
atically suppressing the growth of the largest com-
ponent leads to an “explosive” (discontinuous) 
percolation transition. One of the main challenges 
is to understand how different growing rules can 
lead to either an oligopolistic or monopolistic distri-
bution of clusters size (see figure obtained with four 
different models). Social networks are also the 
stage where epidemic spreading, like the recent 
2009 pandemic flu, takes place. We developed a 
novel scheme where nodes are immunized in the 
inverse order of irrelevance to the size and connec-
tivity of the largest cluster of non-immunized 
individuals (scheme in the figure). This strategy is 
significantly more efficient than the typical naïve 
scheme where nodes are protected according to 
their degree distribution and betweenness.
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Our research activity within the CCSS has covered 
various types of market failures. In collaboration with 
the Chair of Prof. Helbing we investigated when collec-
tive dynamics lead to convergence on beliefs that are 
wrong (Rauhut ea. 2010). In collaboration with the 
Chair of Prof. Sornette, we looked at how enhanced 
volatility can lead to stock market crashes (Harras ea. ).  
In an empirical  analysis of transnational corporate 
networks we have found levels of concentration so 
large that could jeopardize market competition (Vitali 
ea. 2010).

Our main focus has been, however, on the emergence 
of systemic risk in the �nancial system. In our 
approach, which combines �nance with theory of 
complex networks, the �nancial system is regarded as 
a network where nodes represent institutions and 
links represent contracts –- links are thus directed and 
weighted. Starting from the balance-sheet structure, 
we have derived analytical models of distress propa-
gation and default cascades in various contexts. At the 
default of an  agent its counterparties experience a 
loss proportional to their exposure to that agent. 
When agents are highly leveraged, a relatively small 
loss is su�cient to make them default and thus a 
cascade of defaults can be triggered. In all these 
models, we show that the commonly accepted view 
that systemic risk decreases with risk diversi�cation, is 
false. 

Too large diversi�cation can be detrimental for several 
reasons: (1) portfolio overlaps generate correlations in 
defaults; (2) chains of contracts lead to positive feedback 
loops; (3) washing out unsystematic volatility is not desir-
able in presence of �nancial acceleration. We �nd similar 
results also in a simulated multi-agent micro-economic 
model (Vitali ea 2010b) in which �rms and banks are 
located in geographic regions and we vary the level of 
economic integration.

On the other hand, we have investigated more abstract 
models of failure cascades in networks of units, akin to 
models of fractures in heterogeneous media (Lorenz ea. 
2008, 2009). By identifying the driving variables in a 
cascade process, namely the fragility of the node and its 
failure threshold, we could classify most cascades mecha-
nisms in the literature under three main classes and char-
acterize analytically the e�ect of failure threshold hetero-
geneity on systemic risk. We are now extending this 
model to include both redistribution of load from a failed 
node to its neighbors and a form of deterministic conta-
gion. One crucial result in this direction is that the most 
resilient network structure is not �xed, but depends on 
relative strength of redistribution vs contagion. 
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Self-Excited Multifractal Dynamics (V. Filimonov)

We introduced the novel self-excited multifractal model, which 
combines explicit dependence of future values of the process on 
past ones with exponential nonlinearity. The self-excitation 
captures the microscopic origin of the emergent endogenous 
self-organization properties, such as the energy cascade in turbu-
lent �ows, the triggering of aftershocks by previous earthquakes 
and the `re�exive' interactions of �nancial markets.  The proposed 
process has all the standard stylized facts found in �nancial time 
series, which are robust to the speci�cation of the parameters and 
the shape of the memory kernel: multifractality, heavy tails of the 
distribution of returns with intermediate asymptotics, zero corre-
lation of the signed returns and long-range correlation of the 
squared returns, the asymmetry (called `leverage' e�ect) of the 
correlation between returns and volatility.

The Financial Bubble Experiment (The Financial Crisis Observa-
tory)

We test the following two hypotheses:
H1:  Financial (and other) bubbles can be diagnosed in real-time 
before they end.
H2:  The termination of �nancial (and other) bubbles can be brack-
eted using probabilistic forecasts, with a reliability better than 
chance.
In a medical context, H1 corresponds to the diagnostic of cancer 
and H2 to the forecast of remaining life expectancy.  The “end of a 
bubble” is interpreted in terms of dynamical systems as a “change of 
regime” or “turning point”.  We identify active bubbles from a pool 
of thousands of global assets and make probabilistic forecasts of 
when some of them will end.  We make the digital �ngerprint of the 
results document public and then wait six months to release the 
actual results.  In the �gure, the two shaded regions indicated con�-
dence intervals of the forecasted end of the bubble made in 
advance at the time of the vertical black line.
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The e�ect of other-regarding preferences on the evolution 
of altruistic punishment (M. Hetzer)

Pro-social behavior among humans such as the altruistic 
punishment of defectors in voluntary cooperation games has 
been manifested in economic experiments, �eld studies and 
daily life. From an evolutionary perspective this behavior 
remains puzzling as natural selection discriminates altruists 
who incur individual costs to provide bene�ts to nonrelatives in 
one-shot interactions. We develop an evolutionary simulation 
model of agents playing a public goods game with punishment 
to explore the e�ect of di�erent other-regarding preferences on 
the evolution of altruistic punishment. Our approach is one of 
the �rst investigations that directly links empirical data from 
economic experiments together with an evolutionary simula-
tion model. Our �ndings indicate that a sel�sh variant of 
inequity aversion allows altruistic punishment to evolve to a 
level that exactly matches the degree of observed punishment 
behavior in three independently conducted experiments.

Deviations from rationality in human dynamics (T. Maillart)

The dynamics of many social phenomena is controlled by how 
humans organize their daily tasks in response to endogenous 
and exogenous stimulations. Queueing theory is believed to 
provide a generic answer to account for the often observed 
power-law distributions of waiting times before a task is 
ful�lled. However, the validity of the power law remains unset-
tled. Using anonymized data collected by Google at the World 
Wide Web level, we identify additional regimes. The power law 
is found to be coextensive with an exponential regime (tasks 
are performed without too much delay) and with a crossover to 
a plateau (some tasks are never performed).


