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The European Science Foundation (ESF) was established in 1974 to create a common European platform for
cross-border cooperation in all aspects of scientific research.

With its emphasis on a multidisciplinary and pan-European approach, the Foundation provides the leadership
necessary to open new frontiers in European science.

Its activities include providing science policy advice (Science Strategy); stimulating cooperation between
researchers and organisations to explore new directions (Science Synergy); and the administration of
externally funded programmes (Science Management). These take place in the following areas: Physical and
engineering sciences; Medical sciences; Life, earth and environmental sciences; Humanities; Social sciences;
Polar; Marine; Space; Radio astronomy frequencies; Nuclear physics.

Headquartered in Strasbourg with offices in Brussels, the ESF’'s membership comprises 78 national funding
agencies, research performing agencies and academies from 30 European countries.

The Foundation’s independence allows the ESF to objectively represent the priorities of all these members.

Introduction

Climate change and air quality are key challenges for
all of humankind. In fact, it has become clear over the
last decade that the development of our societies can-
not be uniquely wealth orientated but that sustainable
development requires an ‘environmentally friendly’
approach. However, such an approach is possible only
if scientifically sound knowledge is made available to
our societies. A co-ordinated scientific programme on
atmospheric chemistry is thought to be one of the best
ways of dealing with issues of strategic importance
in European science policy. Understanding the mul-
tiphase chemical transformations of trace species in
the troposphere requires a multidisciplinary approach
which must involve groups of researchers with highly
complementary skills. None of the European countries
has at its disposal the full range of scientific excellence,
experimental expertise or research infrastructure
to tackle the problems alone. Therefore, building a
framework that is able to meet new challenges in the
field of atmospheric chemistry and physics requires
collaboration between the best research teams that
can be found throughout Europe. By making available
resources to foster collaborations between laboratories
and for regular meetings and training, this programme
aims to enhance the development of interdisciplinary
tropospheric research in Europe.
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Scientific Background

Humans and the biosphere respire and reside in the
Earth’s atmosphere which has, for a long time, been
considered as an unalterable reservoir for life. Nowa-
days, this simple approach is no longer supported as
it became clear that human activities have altered the
composition of the Earth’s atmosphere.

As chemical processes and cycles in the atmosphere
are critical components of the life support system of
the planet, a major goal is to develop our knowledge
in such a way that the fate of pollutants can be fully
understood. Atmospheric sciences are indeed focus-
ing on the description of how a molecule introduced
into the atmosphere is altered by the oxidising medium
of the atmosphere and, in turn, how this alteration
affects the atmospheric composition and atmospheric
properties.

The challenge of sustainable development is to adapt
our domestic and industrial activities to a chan-
ging environment, and to control its evolution under
natural and anthropogenic influences. Our capacity
to adapt and to develop ‘environmentally friendly’
approaches depends fundamentally on our capacity
to describe, understand and model environmental
processes. Global change encompasses complex
phenomena over different space- and time-scales in
the physical, chemical and biological components of
the Earth System.

Global change issues cannot be solved within the
restricted frame of traditional disciplines but require
a multidisciplinary approach that gathers together
specialists from many fields. At the same time, the
environmental sciences have experienced many
changes, including new knowledge and understanding,
new methods and skills (for example those associated
with modelling complex non-linear systems), and the
increasing exploitation of a wealth of Earth observation
systems.

It became obvious in the last decades that economic
development without respect for social and ecological
constraints is doomed to remain unsustainable. In fact,
environmentally friendly approaches are required in all
fields of human activity. However, these approaches
are possible only if scientific knowledge is steadily
enlarged.

Today the understanding of atmospheric chemistry
is of crucial value to a range of economic and policy
issues. It has become clear that atmospheric chemistry
is intimately linked to climate and global environmental
changes. The science behind ‘atmospheric chemistry’
is interconnected and plays a pivotal role in under-

1 Houghton, J.T. and Intergovernmental Panel on Climate Change. Working Group
I., Climate change 2001: the scientific basis: contribution of Working Group | to
the third assessment report of the Intergovernmental Panel on Climate Change.
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standing other key atmospheric problems such as
air pollution on different scales; for example urban,
regional and global, degradation in visibility and health
effects.

Human activities with global or regional impact are
expected to change global climate (such as the
increase of the Earth’s surface temperature’) and
water resources (for example the desertification of the
Mediterranean area). Regional impacts are not well
understood because they are strongly influenced by
the presence of aerosols of both anthropogenic and
natural origins. In fact, our understanding of the che-
mistry and physics of aerosols does not currently allow
any assessment of future trends. As recognised by
the WMO report on global change, the uncertainties
carried by aerosols is so large that it could regionally
compensate for or strengthen greenhouse gas effects.

In terms of radiative forcing, climate change and air
quality predictions, there are still large uncertainties
in our quantitative understanding of the relative impor-
tance of natural and anthropogenic emissions, the
formation and transformation of gas phase species and
aerosols, cloud formation and the interaction between
aerosols and clouds, resultant radiative properties, cli-
mate forcing and effects on the hydrological cycle. For
instance, the current IPCC estimates of uncertainties
associated with radiative forcing by gases is typically
less than 30% of the absolute forcing, whereas in terms
of aerosol direct radiative forcing, the uncertainty is
typically greater than 100% and in some cases more
than 200%. In terms of the indirect radiative forcing
by aerosols, no quantification is given and the uncer-
tainty is considered three to four times that associated
with radiatively active gases. Moreover, regional scale
forcings can be significantly greater than the global
average, as can their associated uncertainties.

Furthermore, human health is at risk because of aerosols
in two ways: persistent semivolatile organic com-
pounds attach to aerosol particles (and partition also
to the hydrosphere, soil and vegetation), accumulate
in the food chains and cause adverse chronic effects
in organisms including humans. Fine and ultrafine par-
ticulate matter at the present emission levels causes
acute and chronic adverse health effects in vulnerable
parts of the European population. In fact, EU legislation
on chemicals, the POP conventions and EU environ-
mental policy (air quality daughter directive), require
an improved understanding of aerosol science to be
effective. The improved understanding can only result
from a multidisciplinary approach involving groups of
researchers with highly complementary skills. A com-
bined approach involving laboratory experiments, field
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measurements and modeling is required and none of
the European countries is capable of performing this
range of activities alone. Therefore, building a pro-
gramme that is able to meet new challenges in the field
of interdisciplinary research is the most promising, syn-
ergic and cost-effective approach.

Accordingly, the ESF INTROP programme will contribute to:

¢ Strengthening collaborative research

In the past, many excellent scientists in European labora-
tories have devoted their research to fundamental studies
of chemical kinetics and related disciplines, driven by
different motivations and relating to many indepen-
dent applications. Focusing their research on issues of
atmospheric chemistry is a societal challenge. In order to
foster such focused high quality research, it is necessary
to stimulate collaboration between these laboratories
by exchange of experiences as well as optimisation of
experimental techniques and theoretical approaches on
the widest possible basis. A Europe-wide scientific pro-
gramme is the most suitable structure to pursue such an
approach.

¢ Enhancing multidisciplinarity in the field

The atmosphere is filled with clouds and aerosol parti-
cles which constantly interact with trace compounds in
the gas phase. Therefore it is necessary to study this
heterogeneous system as a whole, using an integrated
approach. INTROP will integrate experimental, theoreti-
cal and modelling competence from several disciplines;
for instance, from chemistry, physics, engineering, and
meteorology, since interdisciplinary collaboration is the
only feasible way to gain a full understanding of the
atmosphere system as a whole.

¢ Promoting mutual awareness

The best policy for promoting awareness for the environ-
mental issues addressed by our scientific community is
to make sure that all potential contributors are confronted
with current networking initiatives. This will stimulate and
intensify collaboration between the best, creating an
added value by increasing the quality of the research,
whereby new networking initiatives will be encouraged in
a timely response to the up-coming research needs of
European countries.

The ESF INTROP programme offers a unique
opportunity to structure the European science commu-
nity in this highly interdisciplinary area. A survey by the
members of the steering committee has revealed that
over 50 research teams from the member states of the
European Community, from several candidate countries,
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and from Israel are able and willing to contribute to the
proposed activities. This exceeds the critical mass which
is required to provide accurate kinetic information and
other fundamental parameters on elementary processes
occurring in the air, at the surface of droplets and par-
ticles, and in cloud water. It is expected that needs for
such data, which will arise from other networking activi-
ties dealing with global change issues, with health effects
of small aerosol particles and other environmental chal-
lenges, for example under the EC 6th and 7th Framework
Programmes, must be satisfied at short notice. The pro-
posed programme provides a means of quick and flexible
response to these research needs, thereby improving the
overall ‘environmentally friendly’ approach of Europe’s
research community to the challenges of the future.

Interdisciplinary collaboration in this spirit is a key feature
of our programme. In fact most research teams that we
expect to contribute to this scientific programme are (or
will be) funded by national and/or European organisations,
in response to environmental issues identified by these
funding agencies. Such projects are typically dominated
by field studies or modelling activities which involve only
relatively small groups of scientists dealing with labora-
tory or theory-based research. This has the disadvantage
that these small groups must work in isolation from their
partners in other projects, thus lacking mutual awareness.
As a consequence, competitiveness at the European
level is seriously affected as none of the European
countries has the national capabilities to cover the full
range of required process studies. We have therefore ini-
tiated a framework which fosters international col-
laboration between scientists involved in all areas of
interdisciplinary tropospheric research, thereby promot-
ing transnational links, the exchange of knowledge and
of students, and the training of young scientists at the
European level. The added value of this approach is a
considerable enhancement of the common research
capacities. With these goals in mind the scientific pro-
gramme will take clear and definite advantage of all the
tools provided by the ESF mode of operation to promote
international collaboration: short term visits of research
scientists, workshops, student exchanges, summer
schools, etc., all focusing on common scientific objec-
tives.



Scientific Objectives

Despite a large number of process studies over the
past decades that have improved our understanding
of ozone chemistry, many processes fundamental to
atmospheric chemistry are still poorly understood or
need to be described in greater detail. This is neces-
sary to furnish a scientifically sound basis for creating
better assessment tools in terms of chemical and phy-
sico-chemical process modules which can be included
in numerical models of our atmospheric environment.
A timely example is the chemical, physico-chemical,
morphological, optical and toxicological characterisa-
tion of aerosol particles (PM,,, PM, ). This information
is needed to assess their impact on air quality (for
example visibility reduction), on climate and on human
health. Another example is the development of struc-
ture-activity relationships for various classes of new
volatile or semi-volatile chemicals, which are needed
to assess their tropospheric lifetimes, the number,
structures, and properties of their degradation pro-
ducts, their impact on ecosystems and their potential
to contribute to new particle formation.

Accordingly, many important questions concerning the
degradation of simple organics and of numerous vola-
tile chemicals still remain to be answered:

e Can we predict the atmospheric fate of novel
complex pollutants?

An ‘environmentally friendly’ approach requires
that the fate of novel chemical compounds in the
atmosphere be assessed before they are released into
the environment. However, the scientific basis for such
assessments is not always as sound as one would wish,
especially when the fate of very complex compounds
such as aromatic hydrocarbons and multifunctional
oxygenates, etc. comes into play.

e Do we understand the impact of aerosols on
global change?

The atmosphere is not purely homogeneous, but
contains condensed matter in the form of liquid and
solid particles. Epidemiological studies have revealed
that aerosol particles with diameters less than 10pm and
2.5um (PM,,, PM, ) or smaller represent an important
health hazard. In addition, heterogeneous chemistry
on aerosol particles and its impact on air quality as
well as particle composition are far from being well
understood, and large uncertainties are associated
with the climate forcings exerted by different types of
atmospheric aerosols.

e Can we understand and predict atmospheric
composition change using models?

Because of the complexity of the Earth System,
the unique tool for studying long-range - long-
term atmospheric composition change is numerical
simulation. Inclusion of the complete set of known
chemical reactions and multiphase interactions in
chemistry transport models (CTMs) is prohibited by
computing time limitations, and mechanism reduction
is unavoidable. However, scientifically sound reduction
procedures need as a basis the ‘complete’ mechanism
and associated rate parameters which are not yet
available.

Our goal is to establish a network of European scientists
in order to study these and other important issues
with a coordinated and interdisciplinary approach.
Bringing together the best available experimental and
theoretical groups will widen our knowledge base. This
should lead to a better understanding of the impact of
atmospheric chemistry on climate change (for example,
through increasing tropospheric ozone levels), and vice
versa, of the effect of climate change on atmospheric
chemistry.
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Secondary organic carbon in the highly industrialised area of Milan,
Northern Italy in May 1998, as modelled with CAM-x.
Photo: U. Baltensperger, PSI - Villigen
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Activities

To achieve its scientific goals over its five-year duration,
the ESF INTROP programme will promote the following
activities:

Exchange of knowledge and sharpening of com-
mon awareness

Annual conferences

There will be calls for annual conferences, to be
organised at predetermined dates by the programme
steering committee. Their purpose is to foster common
awareness, to exchange information and know-how on
a wide as possible basis, and to organise work plans
and collaborations for the next working period.

Ad hoc workshops

The annual conferences will be supplemented by topic-
based ad hoc workshops, which are likely to attract
smaller numbers of scientists.

Training of young scientists

Grants

Grants will be made available for researchers (PhD or
post-doctoral level) to visit other European institutes.
These grants will be allocated on the basis of dedicated
yearly calls to be issued by the programme steering
committee.

Summer schools and study centres

These events will contribute to the training of young
researchers on specific topics matching the scientific
objectives of the programme. This is a cost-effective
way of training researchers and exchanging information
on very specific areas of research over a short period
of time (1-2 weeks). Two summer schools or study cen-
tres are expected to be organised over the five years’
duration of the programme.

Again this will foster the exchange of know-how and
disseminate specific knowledge at the cutting edge of
science which would be otherwise be available only in
institutions which are scattered all over Europe.

Diffuse and disseminate information to a wider
public Website

* The programme will maintain its own website. This
will serve the following purposes:

® keep potential contributors to the programme
informed about matters arising, such as workshops,
working group meetings, exchange of co-workers
between laboratories, etc.;

e inform the wider public (for example university
students and educated amateurs) about the
problems associated with a changing atmosphere
under the impact of climate change, and about the
goals of the scientific programme with respect to
these challenges;
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e present new (first level) data from experimental
studies which have not yet passed the process of
quality control. This process will occur via a web-
based discussion or peer-reviewing process, and will
eventually lead to review data sets. These can then
be recommended for use by the wider scientific
community. A good example of a web-based
reviewing system is given by the recently launched
web-based journal Atmospheric Chemistry and
Physics Discussion (www.atmos-chem-phys.org).

e disseminate quality controlled data from the
programme. This will eventually establish a database
of kinetic parameter, degradation schemes, chemical,
physical and optical properties of aerosols, and other
relevant parameters, enabling the international
scientific community interested in interdisciplinary
tropospheric research and other potential users to
keep abreast of the progress made by the scientific
programme.

Shaping the future of atmospheric chemistry
research in Europe

The structure of the scientific programme is open and
flexible, driven exclusively by discussions with collabo-
rating scientists. This ensures that the structure of the
scientific programme can be quickly adapted to any
new challenges in the area of atmospheric chemistry
research which may evolve over the five years’ duration
of the project.

One of the two identical EUPHORE reactors in Valencia, Spain.
Each of them consists of a hemisphere with a diameter of 9.2m and
a volume of 200 m?.

Photo: CEAM Valencia




Funding

ESF Research Networking Programmes are principally
funded by the Foundation’s Member Organisations on
an a la carte basis. INTROP is supported by:

¢ Fonds zur Férderung der wissenschaftlichen
Forschung (FWF)
Austrian Science Fund, Austria

¢ Fonds voor Wetenschappelijk Onderzoek-
Vlaanderen (FWO)
Research Foundation Flanders, Belgium

* Akademie véd Ceské republiky (ASCR)
Academy of Sciences of the Czech Republic,
Czech Republic

* Grantova agentura Ceské republiky (GACR)
Czech Science Foundation, Czech Republic

¢ Forskningsradet for Natur og Univers (FNU)
Natural Science Research Council, Denmark

e Eesti Teadusfond (ETF)
Estonian Science Foundation, Estonia

e Suomen Akatemia/Finlands Akademi
Academy of Finland, Finland

¢ Centre National de la Recherche Scientifique
(CNRS)
National Centre for Scientific Research, France

¢ Deutsche Forschungsgemeinschaft (DFG)
German Research Foundation, Germany
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Left: typical temperature profile of the troposphere and
stratosphere at mid-latitudes. The underlying image of the
troposphere which shows deep convective clouds in the
troposphere was taken from Space Shuttle.

Right: Satellite image of persistent contrails above the Rhone
valley, superimposed on natural cirrus clouds.

Photo: U. Schurath, IMK Karlsruhe

¢ EONIKO IAPYMA EPEYNQN (NHRF)
National Hellenic Research Foundation, Greece
¢ Enterprise Ireland
Ireland
¢ Nederlandse Organisatie voor Wetenschappelijk
Onderzoek (NWO)
Netherlands Organisation for Scientific Research
Netherlands
¢ Norges Forskningsrad
Research Council of Norway, Norway
¢ Polska Akademia Nauk (PAN)
Polish Academy of Sciences, Poland
¢ Slovenska Znanstvena Fundacija (SZF)
Slovenian Science Foundation, Slovenia
e Consejo Superior de Investigaciones Cientificas
(CSIC)
Council for Scientific Research, Spain
¢ Ministerio de Educacion y Ciencia (MEC)
Ministry of Education and Science, Spain
¢ Vetenskapsradet (VR)
Swedlish Research Council, Sweden
¢ Schweizerischer Nationalfonds (SNF)
Swiss National Science Foundation, Switzerland
¢ Natural Environment Research Council (NERC)
United Kingdom
¢ Israel Academy of Sciences and Humanities
Israel
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