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We have explored the microcosmos and the
universe, and have sent men to the moon. It turns
out, however, that our knowledge of society is too
limited to efficiently tackle the global challenges of
humanity in the 21st century. Thus, it is timely to
create an ICT Flagship to explore social life on Earth
and everything it relates to.

Sketch of an EU Sketch of an EU flagship flagship initiativeinitiative  tackling tackling global global challenges for mankind challenges for mankind 
in in the the 21st 21st centurycentury

The greatest bottleneck of ICT systems today is
the difficulty in making sense and efficiently use
the large amounts of data we generate.
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Humanity is Facing Novel Challenges

Lee C. Bollinger, president of Columbia University,

formulated the issue as follows: “The forces

affecting societies around the world ... are powerful

and novel. The spread of global market systems ...

are ... reshaping our world ..., raising profound

questions. These questions call for the kinds of

analyses and understandings that academic

institutions are uniquely capable of providing. Too

many policy failures are fundamentally failures of

knowledge.”
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10 Grand Socio-Economic Challenges

1. Demographic change of the population structure (change of birth rate, migration)

2. Financial and economic stability (trust, consumption and investments; government
debts, taxation, and inflation/deflation; sustainability of social benefit systems…)

3. Social, economic and political inclusion (people of different gender, age, education,
income, religion, culture, language, preferences,…; unemployment)

4. Public health (spreading of epidemics [flu, HIV], obesity, smoking, or healthy diets;
incentives supporting food safety)

5. Balance of power (in a multi-polar world; also between individual and collective
rights, political and company power; protection of pluralisms, individual freedom,
and minorities…)

6. Conflict (terrorism, independence movements, social unrest, organized crime, war)

7. Sustainability of communication and information systems (education and
inheritance of culture; cyber risks, violation of privacy, misuse of sensitive data, data
deluge, spam, …)

8. Collective behavior and opinion dynamics (social contagion, breakdown of trust,
extremism, changing values, breakdown of cooperation, compliance, or solidarity)

9. Institutional design (over-regulation, compliance, corruption, balance between
global and local, central and decentral, intellectual property rights,…)

10. Sustainable use of resources and environment (travel behavior, consumption
habits, efficient use of energy and other resources, participation in recycling efforts)
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The Need of A Knowledge Accelerator

We need to create a socio-economic knowledge
accelerator - a multi-disciplinary Apollo project
for the social sciences, involving natural
scientists and engineers
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NATURE

SOCIETY 

Integrated, Systemic Approach of FuturIcT
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Ambitions of FuturIcT

Fundamental ICT Challenges

Exascale Computing and Living
Earth Simulator

Highly Decentralized and Peer-to-
Peer Systems

Zero-Delay Reality Mining

Swarm Computing

Social Computing

Social Information Theory

User-Oriented ICT Systems

Applied ICT Challenges

Data Collectors

ICT-Empowered Systems Modeling

Evaluating ICT Systems

Reasoning ICT Systems

Creative ICT Systems
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Impact of FuturIcT

Future Living

Customized Information Services

Innovation Accelerator

Personalized Education

Smart Cities, Transport, Traffic,
Logistics

Micro-Generation of Energy

Safety and Security

Towards Robust and Sustainable
Systems

Realistic Theory of Economic Systems

Crisis Observatories

Contingency Plans and Risk
Management

Managing Complexity and
Institutional Design

Integrative Design of A Sustainable
Financial System and Economics

Global Systems Dynamics



www.ccss.ethz.ch, dhelbing@ethz.ch

© The FuturIcT Initiative, represented by Dirk Helbing (ETH Zurich) and others

Impact on Science, Industry, Business, Administration, Governance
 Science and Education:

Innovation accelerator

Personalized education

Public Sector:

Healthcare (e.g. epidemics)

Security

Urban planning

Business and Industry:

Supermarkets, department stores, retail business

Financial sector

Transport, traffic, logistics

Electrical micro-generation, renewable energy?

Administration and Governance:

eGovernance

Coordination, participation, right mix of central and decentral control

Consultancy?

Customized information services
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Completed Steps and On-Going Preparations for FuturIcT

Build-up of networked multi-

disciplinary community

Linking with global system

dynamics and sustainability

community (GSDP project)

Identification of Grand Challenges,

Hilbert Program for the socio-

economic sciences

Elaboration of suitable

institutional settings (Visioneer):

Social data-mining and crises
forecasting capacities

Innovation accelerator

Social simulation capacities

Integrative systems design
centers



www.ccss.ethz.ch, dhelbing@ethz.ch

© The FuturIcT Initiative, represented by Dirk Helbing (ETH Zurich) and others

Lord Robert May of Oxford: “Your letter to Soros
puts the case admirably well, and I believe he
may well be interested in such an initiative.”
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Plausibility of FuturIcT

PANORAMA/PerAda, ASSYST

Complex Systems Society

Insitute of New Economic
Thinking

European Social Simulation
Association

Physics of Socio-Economic
Systems Division of DPG

COST Physics of Competition and
Conflicts, Transport and Urban
Development

Global System Dynamics and
Policy

Open University, and many more

Organizational Bodies                                     
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Techno-Social-Economic-Environmental Systems Are Complex

Limits of predictability: Chaos, turbulence, “butterfly effect”

Elements mutually adapt to each other

They are influenced by their environment, but at 

the same time, they influence their environment

Causes and effects not proportional to each other

Unresponsive system or regime shifts

Example: Sudden public opinion 

changes (collapse of GDR; pro vs. 

anti-war mood; public smoking 

ban; swiss banking secrecy; car sales) 

Network interactions are ubiquitous

Feedback loops, circuli vitiosi

Cascade spreading 

Unwanted side effects 
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Network interactions are ubiquitous

Feedback loops, circuli vitiosi

Unwanted side effects

Systemic malfunctions, whenever
the system state changes beyond a
critical threshold („tipping point“)

Often caused by massive cascading
effects  („domino effects“,
„avalanche effects“)

Triggered by overcritical
perturbation or coincidence of
failures

Examples: Epidemic spreading,
failure of interbank market,
congestion spreading, blackout of
electrical power system

Cascade Spreading and Systemic Crises
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Self-Organized Coordination and Its Breakdown in Complex Systems

Based on individual interactions, lanes of uniform walking
directions emerge in pedestrian crowds by self-organization.
This constitutes a „macroscopic“ social structure. Nobody
orchestrates this collective behavior, and most people are
not even aware of it. But when challenged by extreme
conditions, social order breaks down.

Acts like Adam Smith’s “invisible hand”, but
self-organized coordination may break down
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The Change in Organization from 2006 to 2007

2006: Large
accumulations, dense
crowds, and long
exposure times to
intensive sun.

2007: Unidirectional 
and smooth flows. 
Pilgrims liked and 

supported the 
new organization.
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Self-Control of Urban Traffic: Environmental-Friendly without Pain
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Further Perspectives of Systems Design Utilizing Self-Organization

The way in which system elements interact can make a big difference!
We can choose between breakdowns and capacity drops or stability and efficient flow
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Data Models
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Global-Scale Simulation of Socio-Economic-Environmental Systems

(thanks to Alex Vespignani)
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Breakdown and Outbreak of Cooperation without and with Mobility

Red, yellow: defectors (cheaters)
Blue, green: cooperators
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Global Interactions Can Endanger Cooperation,  Require Regulation

Local interaction,
local mobility

Global interaction,
local mobility

Global interaction,
global mobility
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Global Warming and the Spreading of Costly Punishment

Imagine that cooperators (C) correspond to countries trying to

meet the CO2 emission standards of the Koyto protocol, and

“moralists” (M) to cooperative countries that additionally enforce

the standards by international pressure (e.g. embargoes). Defectors

(D) would correspond to those countries ignoring the Kyoto

protocol, and “immoralists” (I) to countries failing to meet the

Kyoto standards, but nevertheless imposing pressure on other

countries to fulfil them.

For well-mixed interactions, defectors will be the winners of the

evolutionary competition among the strategies, i.e. all countries

would finally fail to meet the emission standards (“tragedy of the

commons”). The reason is that cooperators (“second-order free-

riders”) spread at the cost of moralists, while requiring them for

their own survival.
(See the work of Milinski et al.!)
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How Second-Order Free-Riders Are Eliminated+Punishment Spreads

D = Defectors (Free-Riders), M = Moralists, I=Immoralists 
C = Non-punishing Cooperators (Second-Order Free-Riders)
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Sometimes Moralists Succeed by “Unholy Collaborations”

D = Defectors (Free-Riders), M = Moralists, I=Immoralists 
C = Non-punishing Cooperators (Second-Order Free-Riders)
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Lucifer’s Positive Side Effect:  When Defectors Promote Moralists
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Stabilizing Social Systems by the Emergence of Social Norms

Population 1 
sets the norm

Population 2 
sets the norm

Everyone tends
 to show the own
preferred behavior

Local cultures 
are forming
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Reward of showing preferred behavior / Reward of conforming 

Computer simulation:

Red = individuals
preferring behavior 1

Yellow = individuals
adjusting to behavior 1

Blue = individuals
preferring behavior 2

Green = individuals 
adjusting to behavior 2 
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Possible Outcomes for Two Populations with Incompatible Interests

Only in the stag hunt game we find that both populations tend to use the
same behavioral strategy, i.e. a behavioral norm evolves! The norm-
creating mechanism is also important for the evolution of language.

Polarization

Breakdown
of cooperation

Formation of shared 
behavioral norms

Formation of 
subcultures
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Global-scale social simulation is possible

We could understand the major steps of human cultural evolution

We could simulate possible futures

We can create new institutional designs

We can test policy options
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“We are poised at the cusp of interacting epochal changes: ICT is propelling
humanity into the age of global human connectivity; we are changing the global
environment; we are peering into the human genome and unraveling the
neurochemistry of human emotion and behavior. ICT is at once propelling these
changes, but also permitting us to comprehend them.  Planetary-scale
computational modeling is now feasible, allowing the study of coupled transitions
at multiple scales.

These epochal changes eclipse the turbulence of daily political affairs. And their
complexity dwarfs the capacity of any individual's comprehension. Only a collective
mind enabled by the ICT resources of our [the Flagship] consortium can undertake
credible actionable forecasts embracing all of this, for the first time, in a rigorous
replicable manner. And it is imperative that this admittedly bold step be taken: to
envision - as comprehensively as the best minds and best ICT permit - how these
epochal developments will interact over the next decade. The coupled socio-
economic-environmental dynamics will [be] far from linear, far from equilibrium,
and far from canonically rational.  But they can be understood, and productively
shaped, by the Flagship proposed here. It is an experiment we can't afford not to
do.”

A Quote from Josh Epstein (Brookings Institution)


