3. ERA-NET COMPLEXITY

Stronger focus on the field of Complexity

Nine European Research Councils and Ministries
(Belgium, Denmark, Estonia, Greece, Ireland, The
Netherlands, Portugal, Spain, and U.K.) has initiated a
cooperation "Complexity-NET”

The objective is to examine the need and opportunities for
a better coordination of the European research activities
within complex systems and processes and related
technologies

The cooperation originated in continuation of the decision
by the European Commission Committee CREST for
Science and Technological Research to select complexity
and complex systems as one of five pilot areas for
programme coordinating activities

The cooperation is financed by the European Commission
under the ERA-NET initiative

Complexity research

The world does not consist of simple linear relations but
show generally features that originate entirely from
inherent nonlinearities

The world develops and adapt dynamically, often driven
far away from simple equilibrium

Complexity research has its origin in the natural sciences
of mathematics, physics, chemistry, biology, and computer
science, but has now spread into the economic and social
sciences

Complexity research is holistic and a multi-disciplinary
field covering research in nonlinear dynamical systems,
systems out of equilibrium, control theory, adaptive and
self-organising systems and complex dynamical networks
of interacting units

The systems investigated differs widely in character, size
and time scale



Increasing demand for Complexity research and
technologies

e Production industry (food, materials, chemical industry
etc.) needs more effective analysis, decision support and
process control tools;

e Bio-sector needs the development of new mathematical
models to analyse complex organisms;

e Better energy resources and environment requires
improved analyses of the dynamics of wind, water and
other fluid systems;

e Modern information and communication systems depend
on the development of new signal and image processing
tools;

« The application of new nonlinear and complex methods in
economical and financial analysts is rapidly increasing;

e Modelling of social systems, agent-based systems,
proactivity.



Complexity-NET

The European Complexity network on the programme level

Complexity — the emerging science and technology

Complexity and complex systems is an emergent and rapidly growing research field
with a large technological potential. Europe has fostered a scientific excellence in the
interdisciplinary field of complexity with extensive collaborations across Europe and
abroad. National funding organisations are aware of this development and several
countries have initiated strategic programmes within the field.

Based on the need to put stronger focus on the field of Complexity and to further the
large growth potential within this field, nine European Research Councils and
Ministries (Belgium, Denmark, Estonia, Greece, Ireland, The Netherlands, Portugal,
Spain, and U.K.) initiated August 1, 2004, a cooperation "Complexity-NET” in form
of a Specific Support Action with the objective to establish a decision fundament for
coordinating nationally strategically planned research activities within the field of
complexity. The Specific Support Action was financed by the European Commission
under the ERA-NET initiative.

In the Specific Support Action information and experiences has been exchanged
regarding main activities and programmes supported in the participating countries,
and the instruments and general procedures used in the handling of applications. The
consortium has identified national research and training programs with overlap to
complexity and established contacts to major complexity research groups funded by
these national programs and EU networks, and in workshops worked out the content
of an ERA-NET proposal, including a dissemination plan. Further, the consortium has
clarified the possible economic base and evaluation and handling processes, and the
consortium has discussed the best form of a management framework. Collection of
information and the following analysis has been carried out by a steering committee
for Complexity-NET with representatives from the participating Research Councils
and Ministries.

The initial work has shown a significant need for better coordination within
complexity and complex systems on the program level and very good opportunities to
exploit the great growth potential there is within complexity research. Our ambition is
the formation of a nationally coordinated European setting (e.g. ERA-NET) on
complexity with the purpose to further common use of experimental facilities,
enhance international training and mobility, support international scientific
communication (workshops etc.), promote public dialogue and awareness, and
catalyze innovation in the European complexity area.

The coordinated action proposed here is the work needed in order to establish this
setting. To this end the consortium shall continue their collection and exchange of
information on strategically funded complexity-related national research and research-
training activities, procedures and best practices, and analyse and discuss the material
to a level where a joint action plan can be formulated and agreed upon, leading
eventually to transnational research activities.



Complexity — a rapidly growing field of research and development

The globalisation and the ongoing transfer to an increased knowledge based society
has resulted in an increasing demand for more effective analysis, decision support and
process control tools to the production industry (food, materials, chemicals and drugs
etc.), an increasing demand for the development of new mathematical models to
analyse complex organisms in the bio-sector and to analyse the dynamics of wind and
water systems, and an increasing demand for the development of new signal and
image processing tools, including tools for use in modern information and
communication systems. The understanding of such complex systems and the
development of new models, methods, and tools to improve and control the processes
based on this knowledge is central for surviving in the highly competitive global
market of today.

Moreover new complex methods are increasingly being required for future social,
economical and financial analyses. Processes involving many people in interaction are
generally complex, and new fields of complexity have emerged to undertake research
of such complex processes. One of these is econophysics, dealing with the complex
dynamics in economy and in the financial markets, accepting the now ample evidence
of non-trivial distributions of fluctuations in price and in exchange rates. The
understanding of complexity in economics has provided the field with new technical
indicators, with new insight in risk and volatility, and new measures for putting
together a portfolio of stocks.

The basic research and development behind the above mentioned methods and tools
has grown within the last decades to a field called Complexity, indicating the
acceptance of a world that does not consist of simple linear relations but rather show
features that originate entirely from inherent nonlinearities, and the acceptance of a
world that develops and adapt dynamically, often driven far away from simple
equilibrium. A rapidly increasing number of new measuring devices and software
technologies are being developed by innovative enterprises that have opened new
markets, introducing the novel and exciting methods derived from complexity
research.

Some complex systems evolve in a deterministic way, but their long time evolution
may not be predictable from the original conditions. Understanding the concept of
deterministic chaos and the complex patterns that are formed by nonlinearities has
been central steps in the scientific development. Moreover, driven out of equilibrium,
complex systems generate fractal structures and scale invariant distributions, and
entirely new types of phase transitions have been discovered with a potentially great
impact on future technologies and new material designs. The observations have given
rise to new concepts such as multifractality and self-organised criticality, and entirely
new non-equlibrium statistical methods have been introduced to understand the
variety of complex phenomena encountered.

Complexity research has its origin in the natural sciences of mathematics, physics,
chemistry, biology, and computer science, but has now spread into the economic and
social sciences. By nature it is holistic and a multi-disciplinary field covering research
in nonlinear dynamical systems, systems out of equilibrium, control theory, adaptive
and self-organising systems and complex dynamical networks of interacting units.



The systems investigated differs widely in character, size and time scale, from the
complex process of a power station to the spreading behaviour of a micro-organism,
from the fast reactions in a chemical reactor to the complex evolution of our
geography and universe, from fluctuations in the sea level to fluctuations in prices and
exchange rates.

Complexity is ubiquitous, producing some of the most intriguing patterns and forms.
Scientific research has traditionally examined simplified systems composed of a small
number of elements in an attempt to establish principles on which they operate and,
where possible, formulate a mathematical model capable of reproducing the
behaviour of the original system. However, a wide variety of systems with many
interacting components show remarkable properties of self-organisation when driven
out of equilibrium. In such cases coherent structures emerge from the system as a
whole, which cannot be explained by the behaviour of the single elements. Such
systems, consisting of a large number of interactive elements which may organised on
many scales, are known as complex systems.

The intriguing thing about complex systems is that they include examples from almost
all aspects of the real and conceptual world, where interactions are associated with
exchange of energy or information. Among such examples is the metabolic and
signalling network in a living cell of a biological organism, growth of bacterial
colonies, spread of diseases, the biocomplex evolution of life encountered in
ecosystems (including processes like natural selection), earthquakes, forest fires, and
the evolution in financial markets and social networks. Certain chemical reactions and
the transport of light, sound, fluids, and even cars or people generate complex
phenomena like turbulence and emerging traffic jams and crowd behaviour.

In parallel to the development of a theoretical framework and the numerous
experimental discoveries of complex phenomena, a wide variety of computer
programming and modelling techniques has been developed. This and the advent of
powerful computers have empowered researchers to study in greater detail the
emergence and development of complex systems and phenomena. Computers with
massive data-handling capacity are constantly being updated to compute ocean and
weather conditions. New and better neural network algorithms are being built and
refined to imitate the learning process of our brains and adaptive robots based on
artificial intelligence are constructed to solve complex problems or control complex
systems. Bioinformatic programmes are developed to analyse genomic information
from DNA chips in order to reveal the genetic secrets behind our cellular functions.

Complexity is one of the fastest growing research fields in the world. Seen in the light
of the explosive growth in number of scientific articles and new journals with focus
on this area as well as the increasing number of small and medium sized enterprises
developing new science based tools originating from the results of complexity
research, the field of complexity research and technology is today a very attractive
growth area. A simple search on the internet shows that complexity, complex systems,
complexity research or complexity science results in millions of hits in line with a
search on nanoscience or nanotechnology.

Especially in the U.S.A., complexity research and research training has created one of
the most promising growth bases for emerging technologies capable of dealing with



the increasingly complex tasks of the knowledge-based society. A strong strategic
effort has been formulated and implemented in U.S.A. in order to benefit from the
relatively low-cost value-creating process taking place in the field of complexity. As a
consequence, many of the best young as well as experienced scientists from Europe
are attracted to U.S. universities and enterprises to carry out complexity research and
to develop new businesses in U.S. However, Europe cannot afford to loose terrain,
and effective steps must be taken immediately to improve the European situation.
Coordinated complexity research and research training efforts and the development of
novel and more effective solutions to the large class of complex systems and
processes characterising the technological frontline is not only necessary but also
crucial in order to stay competitive in a highly globalised market.

Complexity — the need for coordination

To repair the very threatening situation of being left behind in an expanding market,
the Complexity-NET cooperation intends to improve the stimulation of complexity
research and innovation through a dedicated strategic plan where coordination of
funding in Europe to complexity research and research training is a central element in
order to succeed. To this end European Research Ministers have already
acknowledged the importance of the opening of national programmes as a key step
forward in the construction of the European Research Area. Also, focus has been
brought to the subject of complexity through CREST who has supported the ERA-
NET initiative by pointing out complexity as one of the top five subjects.

The ERA-NET on complexity, called the Complexity-NET, was initiated by 9
European Research Councils and Ministries (Belgium, Denmark, Estonia, Greece,
Ireland, The Netherlands, Portugal, Spain, and U.K.) in form of a Specific Support
Action August 1, 2004. Through an analysis of national research funding activities
and funding procedures, it has been possible to define and specify a Coordinated
Action on complexity, which can set the scene for a strategic funding of complexity
research and research training on the European level through a joint action plan,
including the opening of national programmes and the possibility of joint research or
research training programmes. One of the steps in the action plan towards a joint
European complexity programme is the ongoing recruitment of new partners,
including new member and candidate countries.

The vision of the Complexity-NET is the creation of strategic activities that can
further common use of experimental facilities, enhance European research training
and mobility and scientific communication (workshops etc.), promote public dialogue
and catalyse innovation throughout Europe. In EU, where the population percentage
of researchers is 10 % smaller than the U.S. percentage and the percentage of highly
cited articles are about half of the U.S percentage, coordination seems to be highly
needed. A comparison between EU and U.S. funding shows that since 1995 public
R&D investments have on the average increased four times faster in U.S., and private
R&D investments have in average increased twice as fast in U.S. This further
underlines the strong urgency to coordinate funding efforts.



Related European activities

Within the last ten years, the science of complexity has become one of the newly
emerging technologies at both the national and the European level. Some EU member
states have begun specific national research programmes or included complexity in
more general initiatives. One of the initiatives has been EXYSTENCE, the complex
systems network of excellence that was funded by the FP6 IST Programme on Future
and Emerging Technologies. Another initiative is the FP6 new and emerging science
and technology (NEST) initiative on ‘“Tackling complexity in science’. Yet another is
the COST action “Risk”, which brings together scientists applying complexity
methods to quantitatively analyse risks in, e.g., financial markets. The Complexity-
NET consortium is in contact with all these initiatives, which all provide very helpful
steps in the process of coordinating national research and research-training
programmes involving complexity researchers.

The European Science Foundation (ESF) formed by the European Research Councils
has gained valuable experience from their EuroCore initiative and other ERA-NET
initiatives. In connection to Complexity-NET they have taken concrete steps to be
involved and to act as an office of knowledge exchange.

The European Physical Society has formed a Division on Statistical and Nonlinear
Physics (EPS-SNP) with high focus on complexity, helping with coordination and
communication on the more practical level. EPS-SNP may be an important
contributor to the development of the Complexity-NET by ensuring an effective and
broad contact to the European complexity research.

The dialogue with a number of European committees provides important
contributions to the development of the Complexity-NET. Among these committees
are EUROHORC (European Heads of Research Councils) and EUPRO (European
Union of Physics Research Organisations).



