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The European Science Foundation (ESF) is an independent, non-governmental organisation, the
members of which are 79 national funding agencies, research-performing agencies, academies
and learned societies from 30 countries.

The strength of ESF lies in the influential membership and in its ability to bring together the
different domains of European science in order to meet the challenges of the future.

Since its establishment in 1974, ESF, which has its headquarters in Strasbourg with offices in
Brussels and Ostend, has assembled a host of organisations that span all disciplines of science, to
create a common platform for cross-border cooperation in Europe.

ESF is dedicated to promote collaboration in scientific research, funding of research and science
policy across Europe. Through its activities and instruments ESF has made major contributions to
science in a global context. The ESF covers the following scientific domains:

* Humanities

« Life, Earth and Environmental Sciences
» Medical Sciences

* Physical and Engineering Sciences

« Social Sciences

* Marine Sciences

* Nuclear Physics

« Polar Sciences

* Radio Astronomy Frequencies

» Space Sciences
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Foreword

This brochure shows via several success
stories the crucial contribution of
mathematics to the industrial creation of
value and the key position of mathematics
in the handling of complex systems,
amplifying innovation.

Each story describes the challenge that led
to the industrial cooperation, how the
challenge was approached and how the
solutions were achieved and implemented,
and when brought together, they illustrate
the versatile European landscape of
projects in almost all areas of applied

All of this is unthinkable without the
existence of modern computers and
information technology. However, the
progress in computer technology is not
alone sufficient for the future development
of high technology innovation. Many of the
success also rely to a large extent on the
progress in the development of
mathematical algorithms and tools.

Although this brochure only describes a
snapshot of all the European activities in
industrial mathematics, it demonstrates
that the level of cooperation between
academia and industry is not equally well
established throughout Europe and that
there exists great opportunity for more

mathematics and
across all business
sectors.

Today models are
used everywhere to
describe real world
processes in the
language of

“In view of concrete economic and
social challenges, Mathematics plays a
central role. Mathematics enables
innovations in the industrial and service
sectors that lead to more jobs and an
increasing competitiveness.”

Dr. Annette Schavan

German Federal Minister

industrial
challenges to be
addressed with the
powerful ideas and
tools at the disposal
of mathematicians.
The impact
achieved in

industrial

mathematics. The
art of modelling is to

of Education and Research

mathematics is
through a wide

focus on the

important relationships to make the model
as useful as possible to the user, and
modelling therefore needs support from
domain  specialists.  Indeed, close
collaboration between industry experts and
academia is both highly valued by all
parties and highly valuable to successful
projects.

The next step after creating the
mathematical model is the analysis or
numerical simulation, to validate the model
in comparison with experimental data and
to investigate the robustness and
sensitivity of the model. Once a
mathematical model has been validated,
then this model can be used to improve,
optimize or control the process described.
Model based control and optimization is a
crucial element of automation in all areas
of industry, often reducing the cost and
time of product, process and service
development and innovation.

variety of timescales and engagement
mechanisms, from PhD studentships and
post-doctoral  research  contracts to
shorter-term Internships, Study Groups
and consultancy contracts.



Predicting climate change

Executive summary

Increasing global temperatures, rising sea levels
and the disruption of fragile ecosystems: climate
change is one of the greatest challenges humanity
has ever faced, and could potentially affect billions
of lives in the coming century. Scientists around the
world are working to tackle the problem with detailed
models of our changing climate, and
mathematicians are at the heart of these models,
solving the difficult equations that no one else can.
Researchers in meteorology, physics, geography
and a host of other fields all contribute their
expertise, but mathematics is the unifying language
that enables this diverse group of people to
implement their ideas in climate models.

Challenge overview

At the centre of all climate models are the Navier-
Stokes equations, which describe the movement of
liquids and gases such as the atmosphere and
ocean. Translating the Navier-Stokes equations into
computational code is undertaken by Paul Williams,
a Royal Society Research Fellow at the University of
Reading, who aims to improve the time-stepping
calculation, making it more accurate without losing
computational efficiency.

The problem

As a linked set of four nonlinear partial differential
equations the Navier-Stokes equations are
impossible to solve analytically in all but a few trivial
cases, hence the need for numerical approximation
methods. These methods allow us to apply the
Navier-Stokes equations to a range of practical
situations.

There are a variety of time-stepping methods, each
with their own strengths and weaknesses, but
because climate modelling is so complex, the
different methods don't always produce results that
agree. Determining which method to use can be
beneficial as it allows climate scientists to
investigate uncertainties.

Other aspects of the climate aren't captured by the
Navier-Stokes equations, and some atmospheric
phenomena lack fundamental mathematical theory
behind them. Clouds are the leading source of
uncertainty in climate modeling because they
occupy a scale much smaller than the 100 km grids
currently in use in climate models, so the full details
of their behaviour are lost.

These unanswered questions show that while
current climate models have served us well,
demonstrating that increased carbon dioxide levels
lead to a rise in temperature, we must still gain a
deeper understanding of all the mechanisms within

our atmosphere and ocean if we are to effectively
fight global warming.

Climate scientists use many different varieties of
time-stepping methods to power their models, and
the choice of method can influence the resulting
predictions. The most widely used is the “leapfrog
method, so-called because the function and its
derivative get from the previous time to the future
time by “leaping” over the current time.

»

Results and achievements

The method's success is due to its ease of use and
low computational complexity, but its jumping nature
can lead to discrepancies between even and odd
steps. This can be solved by using the Robert-
Asselin filter to smooth the discontinuities, but at the
cost of a loss in accuracy. Williams' research
modifies the filter in a way that counteracts this loss,
producing better models with no noticeable
reduction in calculation speed.
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