
The Reacting Atmosphere 1 

Atmospheric 
Research 
From Different 
Perspectives

Ralf Koppmann Editor

Bridging the Gap Between Natural 
and Social Sciences



The Reacting Atmosphere 1

Editor-in-Chief

Ralf Koppmann, Wuppertal, Germany

Series editors

Manfred Fischedick, Wuppertal, Germany
Michael Günther, Wuppertal, Germany
Martin Riese, Jülich, Germany
Peter Wiesen, Wuppertal, Germany

For further volumes:
http://www.springer.com/series/13396

http://www.springer.com/series/13396


The series The Reacting Atmosphere will present the objectives and visions of a new
research network combining different disciplines involved in climate research. The
objective of the network is to understand the highly complex regulatory cycles in the
atmosphere taking into account all important parameters, to identify important atmospheric
processes, to examine policies with respect to their consequences and, based on this to
derive recommendations on how in a changing world targeted suggestions for improvement
can be realized. The participating academic institutions will exploit synergies through joint
research activities and make an important contribution to international research efforts
directed at understanding climate change. The reader will learn about the activities and
probably find a point of contact for future collaborations.



Ralf Koppmann
Editor

Atmospheric Research From
Different Perspectives

Bridging the Gap Between Natural
and Social Sciences

123



Editor
Ralf Koppmann
Faculty of Mathematics and Natural

Sciences
Department of Physics
University of Wuppertal
Wuppertal
Germany

ISSN 2199-1138 ISSN 2199-1146 (electronic)
ISBN 978-3-319-06494-9 ISBN 978-3-319-06495-6 (eBook)
DOI 10.1007/978-3-319-06495-6
Springer Cham Heidelberg New York Dordrecht London

Library of Congress Control Number: 2014938718

Mathematical Subject Classification (2010): 37-XX, 62-XX, 65-XX, 70-XX, 76-XX, 86-XX, 91-XX,
92-XX, 93-XX

� Springer International Publishing Switzerland 2014
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission or
information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed. Exempted from this legal reservation are brief
excerpts in connection with reviews or scholarly analysis or material supplied specifically for the
purpose of being entered and executed on a computer system, for exclusive use by the purchaser of the
work. Duplication of this publication or parts thereof is permitted only under the provisions of
the Copyright Law of the Publisher’s location, in its current version, and permission for use must
always be obtained from Springer. Permissions for use may be obtained through RightsLink at the
Copyright Clearance Center. Violations are liable to prosecution under the respective Copyright Law.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt
from the relevant protective laws and regulations and therefore free for general use.
While the advice and information in this book are believed to be true and accurate at the date of
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for
any errors or omissions that may be made. The publisher makes no warranty, express or implied, with
respect to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Preface

For millions of years our atmosphere has been in a state of constant change, and it
continues to change today. Most of the changes are triggered by natural processes
and not influenced by human beings. But some significant changes primarily
observed during the last century, such as the increasing levels of greenhouse gas
emissions, are obviously due to human activities. Since there is no other habitat for
us or future generations but this planet, it is our responsibility to understand these
changes and investigate their causes. Only if reliable predictions about the future
development of our atmosphere are possible, can we develop reasonable solutions
without creating new and even more serious problems elsewhere.

In a changing world our traditional approaches to solving environmental
problems, taken alone, are doomed to fail. Accordingly, new perspectives and new
strategies are needed to prevent us from destroying ourselves. Anthropogenic
climate change and the interaction with air quality endanger the social and eco-
nomic basis of all people around the world. This implies an urgent need to
promptly develop efficient, sustainable mitigation and adaptation strategies in
response to the damage already done.

As the editors of the highly recommended book ‘‘Interdisciplinarity and Cli-
mate Change’’ (see Further Reading, Chap. 1) point out, it is necessary to create a
‘‘framework for coherently integrating the findings of distinct sciences, on the one
hand, and for integrating those findings with political discourse and action, on the
other’’ … so as to find ‘‘… ways to conceptualise and measure relationships
between social activities and climate outcomes in pursuit of reduction in green-
house gases.’’

This first volume of the series ‘‘The Reacting Atmosphere’’ is a point of
departure. It presents the idea of approaching air quality and climate change from a
‘‘systemic view,’’ describes the objectives and strategy of the Research Network
and provides a brief overview of the developments over the last several years in
the context of establishing the Research Network. In the volumes to come we will
report on the results of current projects and the progress of the Network. By
pursuing this approach, we hope to attract researchers from the various disciplines
to join our efforts, and to spark the interest of those researchers with expertise not
yet included in our Network. We further aim to foster transdisciplinary research
and initiate new projects to improve our systemic view. Accordingly, contributions
from researchers working in these areas are very welcome.
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We are aware of the fact that this project is extremely challenging and that our
goals are very ambitious. However, we feel that it is high time to turn the idea into
a reality by combining competences in atmospheric physics and chemistry, applied
mathematics, and socio-economic science, allowing us to go beyond the current
state of the art in understanding the role of the atmosphere in global change. We
believe that it is time for us as scientists at the forefront of atmospheric research to
more openly and clearly communicate our findings to political decision makers
and the general public, and to assess actions and measures taken. And we feel that
it is time to disseminate our knowledge to all areas of education. Join us for the
journey of achieving these goals.

Wuppertal, March 2014 Ralf Koppmann
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Chapter 1
‘‘The Reacting Atmosphere’’: A Systemic
Approach to Atmospheric Research

Ralf Koppmann

The Research Network

The Research Network ‘‘The Reacting Atmosphere’’ is a trans-disciplinary con-
sortium of natural and social scientists, economists and mathematicians. Its
objective is to acquire a systemic view of the role of the atmosphere for air quality
and climate change. This systemic view is mandatory to understand the interac-
tions of atmospheric change with political measures, societal and economic
developments and their feedbacks.

Motivation

In a changing world our traditional approaches for solving environmental prob-
lems, taken alone, are doomed to fail. Accordingly, new thinking and new actions
are needed to prevent us from destroying ourselves. Human-made changes of
climate and the interaction with air-quality endanger the social and economic basis
of all people around the world. This implies a strong need to promptly develop
efficient sustainable mitigation and adaption strategies in response to the already
caused changes.

The Intergovernmental Panel on Climate Change (IPCC) has identified the
interactions between atmospheric composition (e.g. air quality) and climate to be a
key uncertainty in our understanding of climate change, in particular on decadal
time scales. Therefore, it is of utmost importance to gain a sound understanding of
the complex global and regional interdependencies between human activities,
climate and air-quality. This requires the development of a systemic view that
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includes societal and economic processes as well as physical and chemical pro-
cesses in the atmosphere (cf. Fig. 1.1), leading also to improved predictive
capabilities and normative implications.

Our Vision: The Systemic View

Today, the scientific community agrees that global temperatures will increase in
the next 100 or 200 years, although the predictions based on the results of various
climate models under the consideration of different scenarios show tremendous
variations, reaching from an increase of the mean global temperature of 2–6.5 �C
until the end of this century. Despite of this general agreement nobody knows how
the Earth system will respond to these changes. We are not even rudimentary able
to obtain a conclusive statement, what the feedbacks on land use, agricultural
practices, and energy or food supply will be.

Our research aims at a quantitative understanding of the key processes of the
system as a whole, both the interdependencies of atmospheric processes and
parameters and the interaction between physico-chemical and socio-economic
processes. This quantitative understanding will help to assess previous political
and technical measures and will provide the basis for the development of new
sustainable strategies for economic and societal developments.

Only a systemic approach can initiate technology and policy measures as well
as societal and educational developments to improve air quality and counteract
climate change in a sustainable manner, in Europe and worldwide.

Fig. 1.1 Systemic view of air quality and climate change including the interactions of
atmospheric change with political measures, societal and economic developments and their
feedbacks
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Our vision is to achieve this objective by a trans-disciplinary research approach
covering atmospheric sciences, scientific computing and mathematics as well as
economic and social sciences.

Why a ‘‘Systemic View’’?

The Earth system as a whole is what we would call a really complex system.
General attributes of complex systems are the large numbers of characteristics,
which are not easily accessible, which develop individually in a very dynamical
way and which mutually interact. Another property of complex systems is a—
sometimes large—time delay between cause and effect. Generally, from their
evolutionary development human beings are not suited to handle complex systems.
Humans usually tend to think and act in a linear way and, thus, to solve problems
systematically; one step after the other, assuming that one problem has only one
solution. In doing so, immediate effects may be considered. Cascading effects,
feedbacks or different specific effects as a result of a singular cause are usually not
considered at all. Our causality understanding, which is obviously an inherited
behaviour, presupposes some principal rules: (1) the cause occurs before the effect,
(2) cause and effect occur together, (3) cause and effect occur close in time and
space and (4) cause and effect resemble each other. This human pattern of
behaviour makes it difficult if not impossible to act well-directed in situations
where at a first glance causes and effects seem to be not directly related to each
other or the time lag between causes and effects is counted in decades or centuries.

Another aspect to solve problems in complex systems is that usually the
seemingly most important problem is solved first, very often controlled by its
conspicuity or by the available competences. If problems encompass different
disciplines, often the methods of one subject area are used to solve problems that
are outside one’s subject area. And, last but not least, the importance to monitor
the results and the reactions of a system to a specific measure is often neglected.

These are exactly the main problems with processes such as climate change.
The temporal and spatial course of processes within the Earth system following
global change is not within the reach of the rules stated above. In addition, there
are many disciplines involved, and monitoring effects need a lot of time, large
efforts and sometimes cause high costs. Although numerical models as well as
their spatial resolution were getting significantly better in the last years and
computing power increased considerably, the predictability of future developments
regarding global change is still extremely low and uncertainties are high. Never-
theless, assessing developments in the past should make us aware of the fact that
we face complex problems. We have no choice but to accept the challenge and to
learn how to deal with this complex system and its compulsory complex solutions.

1 ‘‘The Reacting Atmosphere’’: A Systemic Approach 3



The Case of Chlorofluorocarbons

The invention of chlorofluorocarbons (CFCs) in the 1920s may be taken as an
example. These chemicals have excellent properties: they are nontoxic, chemically
inert, inflammable, and offer a wide field of applications such as refrigerants,
foaming agents and degreasing solvents. 50 years after the start of industrial
production and use of these compounds James Lovelock, a British chemist,
invented the electron capture detector, a special instrument to detect halogenated
trace gases in the atmosphere. While measuring the CFCs in the atmosphere he
quickly recognized that the total atmospheric burden corresponded more or less to
the total amount produced up to that time. A few years later Sherwood Rowland
and Mario Molina, two atmospheric chemists at the University of California,
detected that the only way to remove these compounds from the atmosphere is the
transport from the troposphere into the stratosphere followed by the breakdown of
the molecules due to the solar ultraviolet radiation. This process, however, led to
the production of chlorine, which in turn in a catalytic process is able to destroy
ozone. Rowland and Molina warned that the increasing concentrations of CFCs
will lead to a significant destruction of the ozone layer, which protects all life
forms (including humans) against ultraviolet radiation. However, this warning was
not taken seriously. Another 10 years later the ozone hole over Antarctica was
discovered. Following four years of intensive research, halogens such as chlorine
and bromine originating from CFCs were identified to be the cause of ozone
destruction. These findings finally led to the Montreal Protocol, which entered into
force in January 1989, banning the production and use of these environmentally
hazardous compounds.

On the one hand, this is a classic example for the temporal and spatial
behaviour of causes and effects in atmospheric processes. The time lag between
the invention of CFCs and the effect in form of severe ozone depletion is counted
in decades. While the vast amount of these compounds were emitted in the
northern hemisphere, the most significant and visible effect occurred over
Antarctica. On the other hand, this is an optimistic-provoking example for the
capability of mankind to act well-directed under the urge to save the protective
shield against the life-destructive ultraviolet radiation.

The Time Delay of Climate Effects

Climate effects behave in a very similar way. We are significantly increasing the
concentration of greenhouse gases. With the change in land use we change the
albedo of the Earth’s surface. With increasing emissions of other gases and par-
ticulate matter we change the radiative transfer in the Earth’s atmosphere. As a
consequence, the temperature started to increase and will continue to do so. It may
take decades before noticeable and hazardous effects will occur. Regarding the
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oceans, reaction times are even longer, in some instances hundreds of years. Some
of these reactions will have positive feedbacks still increasing the impacts. And
some of these reactions will lead to so called tipping points, where parts of our
Earth system will irreversible migrate into a new steady state. The loss of the rain
forests due to continuous droughts, the deglaciation of the northern hemispheric
ice cap, or the disappearance of the Asian monsoon would be such tipping points.

Climate Reductionism

There are a number of key issues in the context of the complex phenomena
connected with climate change and our response to it. Presently, there are a
number of weaknesses in our behaviour regarding the obvious changes in the Earth
system.

Greenhouse gases are naturally and anthropogenically emitted infrared active
trace gases in the atmosphere. The most important greenhouse gas is water vapour,
the concentration of which is affected by climate change leading to a so called
positive feedback mechanism. A warmer atmosphere can take up more water
vapour leading to an increase in global warming. Other greenhouse gases are
carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and ozone (O3).
Additionally, there is a large variety of entirely anthropogenic greenhouse gases
like SF6, the chlorofluorocarbons (CFC), and a number of other gases. The global
warming potentials of these compounds are by orders of magnitude larger than
those of the also naturally emitted gases. The fully halogenated compounds were
abandoned by the Montreal Protocol and the follow up protocols leading to sig-
nificant depletions of the gases since then. CO2 and a few other greenhouse gases
are under the restrictions of the Kyoto Protocol with more or less questionable
results.

However, despite of these facts and the meanwhile profound knowledge of the
concentrations and distribution of these gases and their effects on the Earth system,
the discussion of necessary political and societal responses to climate change with
respect to environmental issues, changes in energy ‘‘production’’ and consumption,
transport strategies, is usually reduced to the carbon dioxide emissions.

Integrating Natural and Social Scientific Work

If we talk about a ‘‘complex system’’ such as the Earth system we actually have to
be aware that we have to deal with two different types of complexity, a structural
complexity and a behavioural complexity. The structural complexity of a system
increases with an increasing number of components and interactions. This type of
complexity can be described by quantitative characteristics. The number of ele-
ments or subsystems and the number of interconnections are measurable and can
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eventually be described by a reduction to key parameters determining the
interactions.

Behavioural complexity has a qualitative characteristic. Here properties of the
system as a whole and the relationships and processes between the subsystems
have to be considered. These relationships and processes are characterised by a
non-linear behaviour. They are dependent of their previous history, and, usually,
not predictable. Furthermore, the structure and the state of the system can be
significantly altered by dynamical interactions as well as feedback mechanisms.
This becomes especially noticeable as soon as human interactions come into play.
These interactions cannot be described by a linear approach and simple ‘‘cause and
effect’’ processes, because they occur on different temporal and spatial scales.
Furthermore, local interaction can lead to emergent phenomena in the global
structure of the system as a whole.

To account for these facts, both quantitative and quantitative approaches to an
understanding of the system as a whole have to be considered. This means, natural
sciences describing physical and chemical processes and interactions are necessary
but not sufficient to increase our understanding of the system. Social and economic
science has to be included in order to investigate and assess also the interactions
between humans and the environment.

All present studies and projects mainly focus on natural scientific work,
investigating the on-going changes in our atmosphere and the processes respon-
sible for these changes. If ever, an integration of social or economic science is only
realized to a very small extent. The transfer of theoretical knowledge into practical
actions has not at all been investigated up to now. The question, if researchers give
the right information in the right way to the right addressees is not even partially
answered. At the same time an assessment, if and how decision makers make use
of scientific results in the development of actions and measures is also lacking, as
is an assessment of the measures taken so far. The question in which way specific
measures affect the atmosphere and, even more important, if these measures
probably produce unwanted trade-offs, seems not to be asked.

To understand today’s climate it is, of course, necessary to understand the
development of climate in the past. However, this knowledge is not simply
transferable to the future. Small variations in the initial conditions, incalculable
positive or negative feedbacks, unforeseeable variations in external forcings, and
unpredictable human behaviour may considerably change the development of the
system. Any decision or measure aiming at a (positive) influence on the climate
system depends on a vast variety of processes, parameters and interactions. In a
complex and non-linear system it is impossible to generate planning reliability.
However, predictions that usually are based on different potential scenarios can be
improved if we take into account dynamical interactions as well as non-linear
behaviour, and also simulate possible surprising effects. In addition, it is indis-
pensable to continuously assess measures and decisions regarding their impact on
air quality and climate.

One of the objectives of the Research Network is the development of concepts
to successfully build a bridge between natural and socio-economic sciences.

6 R. Koppmann



The Systemic Approach

Our research aims at a as far as possible quantitative understanding of the key
processes of the system as a whole, both the interdependencies of atmospheric
processes and parameters and the interaction between physico-chemical and socio-
economic processes. This will help to assess previous political and technical
measures and will provide the basis for the development of new sustainable
strategies for economic and societal developments. Only a systemic approach can
initiate technology and policy measures as well as societal and educational
developments to improve air quality and counteract climate change in a sustain-
able manner, in Europe and worldwide.

Our vision is to achieve this objective by a trans-disciplinary research approach
covering atmospheric sciences, scientific computing and mathematics as well as
economic and social sciences. Thus, we need to apply a highly non-linear, cross-
linked thinking to take the challenge of counteracting climate change. We need a
new degree of abstraction. We have to abandon well established strategies and
break new grounds.

An Example of Unconsidered Interdependencies

The conflict between air pollution mitigation measures, economic and techno-
logical measures and chemical processes in the atmosphere is shown taking the air
pollutant nitrogen dioxide (NO2) as an example. The NO2 issue became evident
through the introduction of new European limiting values in January 2010, which
are currently still exceeded in many European areas. The reason for this is man-
ifold and partly caused by unconsidered interdependencies:

• The introduction of continuously regenerating particle traps, e.g. in public
busses in the city of London, led to reduced particle emissions but unexpect-
edly to increased emissions of nitrogen dioxide (NO2).

• During the economic crisis in 2008 Germany subsidised purchasing new cars in
order to support car manufactures. Accordingly, the introduction of low
emission vehicles, such as EURO-6 cars, into the car fleet is now delayed
several years. Thus the compliance of new NO2 limiting values will be
achieved much later than expected.

• Not even taken into account is the fact that increasing NO2 concentrations are
also caused by the yet unexplained increase of background ozone
concentrations.

The example of NO2 shows impressively in a nutshell the impact of so far
disregarded interdependencies on the ‘‘reacting atmosphere’’ and the necessity of a
systemic approach.

1 ‘‘The Reacting Atmosphere’’: A Systemic Approach 7



A First Step Towards a Systemic Approach

Currently, hydrogen (H2) is intensively discussed as a major element of future
energy supply in order to reduce the emission of greenhouse gases such as carbon
dioxide (CO2) and methane (CH4). However, the production and supply chain of
hydrogen in a future global hydrogen economy is inevitably accompanied by
leakages leading to an increase of hydrogen in the atmosphere. As a consequence,
this could yield a significant increase of water vapour concentrations in the
stratosphere, which impacts the ozone layer and surface climate, two areas of high
societal relevance.

Previous studies focused only on particular aspects, but did not consider the
whole supply chain and its impacts. Therefore, the possible impact of a future
hydrogen economy was investigated as a first attempt in a systemic approach. A
sophisticated atmospheric model was combined with available scenarios for future
economic, population growth and implementation of a future hydrogen economy.
In addition, the range of possible production and leakage rates of hydrogen was
analysed in a technical assessment considering the complete process chain from
production to utilization.

In contrast to previous studies the systemic approach showed that the impact of
a future hydrogen economy on stratospheric ozone will be most likely of minor
importance. Thus, hydrogen may be used as a promising future energy carrier.
This example shows that only through the systemic approach a more realistic
assessment of the potential impacts of a hydrogen economy was achieved.

The Strategy of the Research Network

More than half of mankind is living in urban areas being responsible for almost
80 % of global greenhouse gas (GHG) emissions. To cut emissions, technological
solutions are not sufficient as their effects may be overcompensated by economic
growth and rebound effects. Therefore achieving ambitious GHG reduction goals
requires a holistic approach, including the consideration of consumer behaviour
and social innovations as important topics. Additionally, urban climate protection
strategies can only be successful if they pay attention to additional ecological (e.g.
air quality) and societal targets besides the climate issue.

Being aware that a systemic view is not an easy task, but inevitable to enhance
our understanding and prediction capabilities, the Research Network will start by
focusing its research activities on two regions.
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The Rhine-Ruhr Metropolitan Area as a First Focus

One research focus will be the Rhine-Ruhr Metropolitan Area as a typical example
of a large sprawling urban area. This region, which is possibly the biggest Euro-
pean agglomeration, is comparably well understood in terms of anthropogenic
emissions and looks back on a 50 years record of corresponding political and
technological measures. In addition, the Research Network ‘‘The Reacting
Atmosphere’’ can build on a high-quality database for air quality issues as well as
a profound understanding of the socio-economic system in this area. It is thus an
ideal starting point for the development of a systemic approach.

Innovation City

Shaping sustainable urban infrastructures is a complex process and experience is
scarce. The project ‘‘Innovation City Ruhr’’ was started as a multi-dimensional and
transdisciplinary real world experiment, which has a crucial role in the transition
cycle. The aim is to learn more about achievable urban transition goals, socio-
economic system interactions, alternative transition options and their character-
istics and impacts.

In November 2010 the city of Bottrop located in the middle of the industrial
heart of Germany was appointed ‘‘Innovation City Ruhr’’. The aim is to cut GHG
emissions in a representative district with about 69.000 inhabitants by 50 % within
10 years. Additionally ‘‘better living’’ conditions shall be achieved.

Compared to many other projects ‘‘Innovation City’’ is going a step further.
Society and technology are inextricably intertwined and science has the role to
support the transition process, to help developing experiments and to trigger
learning projects. The comprehensive accompanying research programme is being
organized by one partner of the Research Network. The project brings together
different disciplines and experiences. It works as a transmission belt between
researchers, the planning team, investors, and political decision makers. Thus,
research provides first-hand information and insights, which are absolutely crucial
for national and international transfer of practical experience.

East Asian Megacities: Towards a Quantitative
Understanding of Chemistry-Climate Interactions

The results from the Rhine-Ruhr Metropolitan Area will be used for corresponding
investigations in the East Asian megacities. There, population growth and eco-
nomic developments lead to severe air pollution being significantly higher than in
any European area. In addition, this region has a significant impact on global air
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quality-climate interactions. This is based on emissions of greenhouse gases and
their precursors combined with a special meteorological condition known as the
Asian monsoon circulation, which amplifies the impact of these emissions.

Recent studies show that this circulation leads to rapid transport of large
amounts of pollutants from the lower to the upper atmosphere (up to 20 km),
which is extremely climate sensitive. From there, pollutants are readily dispersed
around the globe.

A good example for the importance of the Asian monsoon circulation is its
impact on stratospheric aerosols (sulphuric acid droplets). This aerosol was
recently observed to increase, though the global sulphur emissions are decreasing.
The reason is obviously the tremendous increase of sulphur dioxide (SO2) emis-
sions in densely populated regions of China since 2002, most likely in connection
with the effective transport into the stratosphere via the Asian Monsoon
circulation.

This convincing example underlines the importance of investigating physico-
chemical processes in the atmosphere simultaneously with socio-economic pro-
cesses determining important emissions of greenhouse gases and their precursors.

Further Reading

1. Archer, D.: Global Warming—Understanding the Forecast. Wiley-Blackwell, Oxford (2012)
2. Archer, D., Pierrehumbert, R. (eds.): The Warming Papers—The Scientific Foundation for
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Jülich. Energie und Umwelt, Band 51 (2009)
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(2009)
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(2010)
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(2009)

12. Weart, S.R.: The Discovery of Global Warming. Harvard University Press, Cambridge
(2008)
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Chapter 2
Interdependencies of Atmospheric
Processes

Peter Wiesen

One task of the research network is to combine the key competences of the
partners, namely laboratory experiments and field investigations are combined. In
particular, this aims to answer the following key research questions, which are of
paramount importance to significantly improve the understanding of the compo-
sition change of the Earth’s atmosphere and its impacts:

• How does the dispersion and conversion of atmospheric pollutants occur in
different atmospheric environments?

• What are the key processes responsible for the removal of atmospheric pol-
lutants, both gases and particles, in different atmospheric environments?

• How does the exchange of air masses work between different atmospheric
layers, namely troposphere and stratosphere on regional and global scales?

One key parameter for a full understanding of atmospheric processes is the
removal of atmospheric pollutants, e.g. the atmospheric oxidation capacity.
Knowing the key compounds and processes determining the removal of pollutants
is the basis for advanced policy measures to improve air quality and to reduce the
impact of atmospheric pollutants on climate in a timely manner. Another key
process is the exchange of air masses between different atmospheric layers. Only a
detailed understanding of the coupling of local and regional emissions of pollu-
tants with their distribution on a larger scale, i.e. the mid and upper troposphere,
but also the lower stratosphere, will allow the development of strategies to min-
imise the impact of local emissions (e.g. from megacities) on climate.

The vision is to determine all key parameters influencing atmospheric processes
on different temporal and spatial scales and the impact on air quality and climate,
taking into account both anthropogenic and biogenic emissions. This will enable
physical and chemical processes in the atmosphere to be described qualitatively
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and quantitatively. We particularly strive for a detailed understanding of the in-
terdependencies of key atmospheric processes and parameters and their direct
impact on air quality and climate.

The mid-term objectives are the determination of detailed source apportion-
ments and a profound understanding of the underlying physico-chemical processes
leading to specific distributions of atmospheric trace compounds. The results will
be used to analyse the high complexity of the interdependencies of the various sub-
systems in order to develop new measurement strategies and control systems in a
purposeful and target-oriented manner.

The long-term objectives are the quantification of the turnover of atmospheric
pollutants, their transport from the planetary boundary layer to the upper tropo-
sphere/lower stratosphere and a profound understanding of the formation of sec-
ondary pollutants as well as the deduction of improved parameters describing
radiative forcing.

During recent years it has been conclusively demonstrated that regional air
quality and global climate change are highly interrelated because emissions of
many pollutants affect both air quality and climate change. Furthermore, the fun-
damental chemistry affecting air quality and global climate is somewhat similar.

In addition to the greenhouse gases such as carbon dioxide (CO2), nitrous oxide
(N2O) and methane (CH4) classical air pollutants take a significant influence on the
climate. These are carbon monoxide (CO), nitrogen oxides (NOx), ammonia
(NH3), sulphur dioxide (SO2), volatile organic compounds (VOCs), particulate
matter and soot/black carbon. They are all short-lived, but have a significant
impact on the chemistry of the atmosphere, for example, to the formation of ozone
(O3) and aerosols. Ozone and aerosols are directly affecting the climate. These air
pollutants, which have attracted relatively little attention in the climate debate,
come from a variety of sources such as agriculture, transport, energy production
including heating, but may also be of biogenic origin.

Recent studies show that a reduction of methane, ozone and soot in the
atmosphere could slow the temperature rise in the coming decades. We may buy us
time if we do everything we can to improve our air quality so that we emit less soot
and methane and minimize the formation of ozone through a further reduction of
VOCs and/or NOx.

Fine particulate matter and nitrogen dioxide (NO2) are the key problems for
increasing air quality in Europe. Whereas particulate matter and the exceedance of
PM limiting values have attracted considerable public attention during the last
couple of years, the NO2 problem is a relatively new one, which became mature
through the introduction of new European limiting values in January 2010.

The reduction of nitrogen oxide (NOx = NO + NO2) emissions has been his-
torically one of the key objectives for improving air quality in Europe. NOx

emissions have started to decrease considerably since the mid-eighties of the last
century in many European areas.

In Germany, nitrogen oxide emissions are still largely caused by road traffic.
Nationwide, the share of road transport in the total NOx emissions is currently
around 60 % [1]. Since the mid-80s, a significant decrease in NOx emissions from
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road transport has been reported from Germany. According to emission calcula-
tions of the German Federal Environmental Agency, the decrease in total NOx

emissions between 1990 and 2005 is approximately 60 % [1]. Figure 2.1 shows an
example of NO and NO2 concentrations measured on major roads in the German
Federal State of North Rhine-Westphalia (NRW) for the period 1990–2012 [2].

One can see a significant decline in the annual averages of NOx pollution from
about 80 to about 40 ppbv. This decrease is in agreement with the calculated NOx

emission trends. In contrast, the NO2 concentrations in NRW stagnate in the same
period at about 23 ppbv. This trend has been also observed nationwide [3] and in
other European countries [4–7].

Nitrogen dioxide is already a problem for many cities due to its toxicity and key
role in the formation of tropospheric ozone [8]. In Germany in 2010, still more
than half of the major roads were well above the current annual limit of 40 lg/m3

and approximately 20 ppbv, respectively [3]. Because of the problems of many
EU member states in complying with the new NO2 annual concentration limit, the
European Commission introduced time extensions to meet limits until January 1,
2015. Since early 2004, the Physical Chemistry Laboratory of the Faculty for
Mathematics and Natural Sciences of the University of Wuppertal, a partner in the
research network, in cooperation with the State Office for Nature, Environment
and Consumer Protection (LANUV) of the German federal state of North Rhine-
Westphalia performed extended pollution measurements at two monitoring sta-
tions in Wuppertal and Hagen in order to clarify the reason for the almost stagnant
NO2 pollution [9].

Generally, in combustion processes, such as in engines of motor vehicles, NO2

and NO are primarily formed and emitted directly. The directly emitted NO is
converted in the atmosphere, partly by O3 or peroxy (RO2) radicals into NO2,
which is called in the following secondary NO2:

NO + O3; (RO2Þ ! NO2 + O2; (RO) ð2:1Þ

In the presence of sunlight, NO2 is partially photolysed back to NO:

NO2 �!sunlight O2ð Þ
NO + O3 ð2:2Þ

Assuming that the RO2 photochemistry is negligible at the polluted urban
kerbside stations investigated and that the background O3 concentration is con-
stant, the level of oxidants (OX) is given by [10]:

NO2 + O3 � OX ð2:3Þ

The reason for the observed NO2 trend is twofold. Firstly, the NO2/NOx

emission ratio has increased significantly during the last two decades. Further-
more, caused by the nonlinear dependency on the NOx level, secondary NO2 is
decreasing much more slowly than expected from the decreasing NOx levels. A
detailed analysis of the data at two monitoring stations in Germany confirmed that
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the NO2 concentrations are mostly determined by secondary NO2 formation,
through the reaction of NO with ozone [9].

In Fig. 2.2, simple box-model calculations are shown, in which the photosta-
tionary state NO2 mixing ratio is calculated for a background ozone level of 40
ppbv and four different NO2/NOx emission ratios as a function of NOx.

Only the NO2 photolysis, reaction (2.2) and the ozone titration by NO, reaction
(2.1), were considered. The rate coefficient for reaction (2.1) was taken from
Atkinson et al. [11], and for the photolysis frequency of NO2, a typical noontime
summer value of J(NO2) = 8 9 10-3 s-1 was used. Since secondary NO2 is also
formed in the atmosphere in the presence of hydrocarbons and sunlight through
RO2 chemistry (see above) and since J(NO2) values (NO2 sink reaction) are often
lower than used here, the actual NO2 concentrations may be even higher.

Figure 2.2 shows a highly nonlinear dependence of the steady state NO2 level
with NOx, which is explained by the linear reaction kinetics of the NO2 photolysis,
sink reaction (2.2), and the second order kinetics of the NO2 source reaction (2.1).
An important conclusion from this result is that a reduction of the NOx levels, e.g.,
by a factor of two will result in a much smaller reduction in the NO2 mixing ratios,
as long as the NOx levels are significantly higher than the background O3 levels. It
is apparent that a further significant reduction of NOx emissions is prerequisite to
meet the current limit value for NO2, almost regardless of the NO2/NOx emission
ratio! For example, the NOx annual average mixing ratio in Hagen for 2007 of
92 ppbv or for Wuppertal of 55 ppbv has to be reduced to ca. 35 ppbv. This result
is also consistent with other studies from Germany suggesting a further reduction
of NOx emissions of at least 50 % in order to achieve the required reduction of the
NO2 concentration in the atmosphere [12, 13].
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Fig. 2.1 NOx and NO2 concentrations measured on major roads in the German Federal State of
North Rhine-Westphalia (NRW) for the period 1990–2012
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Fig. 2.2 Photostationary mixing ratio of NO2 as a function of the NOX mixing ratio, shown for
different NO2/NOx emission ratios. Ozone background 40 ppbv, NO2 photolysis rate 8 9 10-3

[s-1] representing typical conditions during summertime in Germany

A reduction of the primarily emitted NO2 due to improved emission control
systems alone is not sufficient to reduce the NO2 concentrations significantly.
Compliance with the NO2 annual limit of approximately 20 ppbv requires a further
drastic reduction of NOx emissions in the near future. A similar conclusion has been
drawn also for other European Countries [5, 7]. Thus, the exceedance of NO2 limit
values will remain a European problem within the next couple of years [14].

A relatively new technique for the reduction of NOx in heavily polluted areas is
currently quite controversially discussed, namely photocatalysis by e.g. using
TiO2-doped paints. Titanium dioxide (TiO2) is a well-known photocatalyst, which
is used to decompose pollutants both, in the gas and liquid phases [15–17]. TiO2

exists in different modifications from which the anatase form is most active for
photocatalytic reactions [18]. Presently only a limited number of studies is known,
in which photocatalytic reactions of nitrogen oxides on TiO2 were studied. An
excellent overview can be found in the paper from Laufs et al. [19].

During the European PICADA project photocatalytic paints and mortar panels
were studied in the laboratory and in a simulated street canyon [20, 21]. During the
latter experiment high reduction of nitrogen oxides of 40–80 % was observed.
However, these high numbers can be explained by the unrealistic high surface to
volume (S/V) ratio of the simulated street canyon, which is a rate determining
parameter in heterogeneous reactions.

In a very recent study by Langridge et al. [22], significant formation of HONO
was observed in the photocatalytic reaction of NO2 on self-cleaning window glass,
from which the widespread use of photocatalytic materials could be questioned.

In the recent paper by Laufs et al. [19] photocatalytic paint surfaces have been
shown to be an effective sink of NO, NO2 and HONO under irradiation. The
authors reported heterogeneous dark formation of HONO on non-catalytic paint
surfaces and concluded that no additional negative impact by HONO formation on
photocatalytic paints is expected.
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Since NO, NO2 and HONO are either directly harmful or indirectly lead to the
formation of harmful secondary products, such as peroxy acetyl nitrate (PAN) or
O3, the use of photocatalytic paint surfaces has the potential to reduce the con-
centration of these harmful trace gases in the atmosphere.

As final end product of photocatalytic reactions of nitrogen oxides, the for-
mation of adsorbed HNO3/NO3

- with near to unity yield has been reported [19].
On urban photocatalytic active surfaces, for example on facades, HNO3/NO3

- will
be removed then by rain and could lead to acidification and eutrophication of the
waste water, which may be reduced by adequate waste water treatment.

It is worth mentioning, that also in the atmosphere, nitrogen oxides are almost
quantitatively oxidized into nitric acid mainly by the gas phase reaction of NO2

with OH radicals during daytime and removed from the atmosphere by dry or wet
deposition. In particular, dry deposition of gas phase HNO3 has a negative impact
on plants, or a direct impact on human health. Thus it may be speculated that the
use of photocatalytic paints reduces also the negative impact of HNO3/NO3

- on
the environment.

The exact quantification of the reduction of nitrogen oxides in the urban
environment by the use of photocatalytic paints is very difficult. Fast photo-
chemical reactions as reported by Laufs et al. [19] were already nearly the dif-
fusion limit in the experimental set-up used by the authors. In the real atmosphere,
for example in a much larger street canyon, photochemical reactions will be also
limited by transport (convection, diffusion). Accordingly, the exact quantification
of the NOx reduction requires 3-D model calculations including the micromete-
orology and the geometry of the corresponding street canyon.

However, Laufs et al. [19] reported a photocatalytic reduction of nitrogen
oxides in a typical street canyon of only ca. 5 %, which was based on a simple
estimation of the surface to volume ratio in a real street canyon in comparison with
data from the PICADA experiment [20, 21].

Although a 5 % reduction seems to be quite small, this has to be compared with
NOx reduction through other activities used to keep the new EU limit value for
NO2. For example, the city of Cologne, Germany reported an average NO2

reduction of only 1.5 % after the implementation of a low emission zone [23].
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Chapter 3
Physical and Chemical Processes
in the Upper Troposphere and Lower
Stratosphere

Martin Riese

The upper troposphere and lower stratosphere (UTLS) is an important factor in the
climate system. Particularly at the tropopause, even minor changes in components
relevant for radiation, such as water, ozone, and cirrus clouds, cause significant
changes in radiative forcing. The Institute for Energy and Climate Research
(IEK-7) at Forschungszentrum Jülich studies the relevant processes such as the
microphysics of clouds in the UTLS on local, regional and finally global scales,
and also the distribution of climate-relevant trace substances in this altitude region.
This involves a combination of aircraft measurements with high-resolution in situ
instruments, remote sensing techniques on the ground, on aircraft and on satellites,
laboratory experiments as well as simulations on several scales. The analyses
stretch from the tropics and the mid-latitudes to the polar region.

In spite of its immense importance, the UTLS region is one of the least
understood regions of the atmosphere. Structure and composition of the UTLS are
the result of a complex interplay of various atmospheric processes that operate at
different temporal and spatial scales (see Fig. 3.1).

Quantifying the processes that control UTLS composition (e.g. stratosphere-
troposphere exchange) is essential for improved climate projections. Riese et al.
[2] assessed the influence of uncertainties in the atmospheric mixing strength on
global UTLS distributions of greenhouse gases (water vapour, ozone, methane,
and nitrous oxide) and associated radiative effects. The assessment is based on
multi-annual simulations with the Chemical Lagrangian Model of the Stratosphere
(CLaMS) driven by ERA-Interim meteorological data and on a state of the art
radiance code. The atmospheric mixing strength was varied within current
uncertainty limits. Corresponding radiative effects are found to be rather large for
ozone and water vapour, both characterized by steep mixing ratio gradients in the
UTLS (Figs. 3.2 and 3.3).
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Fig. 3.2 Zonally averaged values of ozone, water vapour, nitrous oxide, and methane for 2003
taken from a multi-annual reference simulation with the CLaMS model. Pressure is used as the
vertical co-ordinate (Figure adapted from [2])

Fig. 3.1 The global structure of the troposphere and lower stratosphere. Shown are processes
that determine UTLS composition. The middle shaded blue indicates the lowermost stratosphere,
where isentropic surfaces cross the tropopause and facilitate quasi-horizontal transport, illustrated
by white wave-like arrows (Figure adapted from [1])
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Water Vapour Budget in the UTLS

This section summarizes a few recent observational findings related to the water
budget in the UTLS.

While climate models successfully simulate the effects of water vapour on the
climate in the troposphere, the simulation of key processes that determine the
water vapour distribution in the stratosphere are still inadequate. This applies, in
particular, to the transport of water vapour from the tropical troposphere to the
stratosphere and the accompanying drying processes. Even state-of-the-art models
are thus incapable of describing the variations of stratospheric water vapour
observed during the last few decades. This is a critical issue since recent analyses
(e.g. [3]) emphasize that changes in atmospheric water vapour are an important
trigger of decadal changes in surface climate.

Atmospheric processes controlling the water vapor budget in the tropical and
extra-tropical UTLS are discussed in detail in [4, 5]. Measurements carried out as
part of campaigns in tropical zones of Australia (SCOUT-O3), Brazil (TROCCI-
NOX) and Africa (AMMA) have shown that changes in the water vapour content
in the stratosphere are closely related to changes of water vapour transport through
the tropical tropopause layer [6]. This raised the question of the paths along which
air masses move from the troposphere into the stratosphere and of the processes
governing the drying of humid tropospheric air before it enters the stratosphere.
Water input into the stratosphere is the overall result of very complex interactions
between deep convection (up to an altitude of approx. 15 km), a slow diabatic
ascent through the tropical tropopause layer (TTL) and the movement of these air
masses towards the ascending branch of the wave-driven Brewer-Dobson circu-
lation. According to one widely accepted theory, the air masses travel very large

Fig. 3.3 Influence of uncertainties in the atmospheric mixing strength on simulated UTLS ozone
(left) and water vapor (right). Shown are percentage differences for zonally averaged values
(2003) obtained for two simulations with the Chemical Lagrangian Model of the Stratosphere
(CLaMS), spanning the current uncertainty range of atmospheric mixing strength. For details see
[2]. Corresponding globally averaged radiative effects are about 0.72 and 0.17 W/m2 for water
vapour and ozone, respectively (Figure adapted from [1])
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horizontal distances (circling the earth several times) while slowly traversing the
TTL (time scale of weeks) and are ‘‘freeze-dried’’ in the coldest regions they pass
through before entering the stratosphere. Trajectory calculations agree well with
this theory and show that the temperature in the coldest region an air parcel passes
through is the most important factor determining the amount of water vapour it
contains before it enters the stratosphere. The drying process itself is closely
related to the formation of cold cirrus clouds.

While results of recently published studies suggest that these clouds form close
to the TTL only if the water vapour saturation is very high (‘‘supersaturation
puzzle’’), our measurements are in line with current theories. The results of these
recent studies are therefore evidently due to the fact that the measuring instruments
used were not accurate enough. The results also show that, in contrast to the
conclusions of several other studies, the role of overshooting convection is of
secondary importance for water vapour transport into the stratosphere.

Apart from the processes described here, the oxidation of methane and
molecular hydrogen in the stratosphere also contributes to the water vapour
budget. IEK-7 has made a decisive contribution to quantifying this effect, pri-
marily by analysing a long time series of balloon measurements that is unique in
the world. These measurements started in Jülich in 1978 and are being continued
today in cooperation with Frankfurt University [7]. The observations indicate, for
example, that methane oxidation contributes less than 30 % to a 1 % per year
increase of stratospheric water vapour observed between 1978 and 1998 over
Boulder, Colorado [8]. Predictions for 2050 indicate that ‘‘likely increases’’ of
tropospheric methane levels will lead to a systematic increase of upper strato-
spheric water vapour of 0.4 ppmv [9]. A similar value is predicted as an upper
limit of effects of a future hydrogen economy (see below).

The potential impact of a future hydrogen economy on the development of
stratospheric water vapour as well as possible effects on the ozone layer and
climate is analysed in the review paper by [10]. Several studies highlighted the
positive impacts of a hydrogen economy on air quality, climate and health caused
by the reduction of emissions from fossil fuels such as greenhouse gases and many
pollutants such as nitrogen oxides. The expected benefit depends critically on the
method used for production and storage of hydrogen, in particular, on renewable
energy sources such as wind-powered electrolysis. Some studies discussed a
negative impact on our environment caused by a systematic increase of the water
vapour concentrations in the stratosphere, in particular at high latitudes. Vogel
et al. show, however, that this increase and its impact on both stratospheric cooling
and stratospheric polar ozone loss is comparably low compared to the variability of
stratospheric water vapour values [10]. Provided that hydrogen is produced from
renewable energy sources, the environmental benefits and the minor risks for the
stratosphere therefore reinforce the conclusion that hydrogen as an energy carrier
is a reasonable alternative to fossil fuels.
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Exchange Between Troposphere and Stratosphere
in the Asian Monsoon Region

Studies on the impact of the energy industry (e.g. emission of greenhouse gases)
on the upper troposphere and lower stratosphere (UTLS) are particularly important
in the context of the research network ‘‘reacting atmosphere’’. The great popula-
tion growth in Southeast Asia and the accompanying rapid economic growth cause
increasing regional and global pollution of the atmosphere. The Asian summer
monsoon in particular constitutes a persistent circulation pattern transporting cli-
mate-relevant emissions from the surface boundary layer to the lower stratosphere.
In order to sustainably reduce the related global effects on the climate, it is very
important to understand such transport paths in detail [11]. In addition, the impact
of climate change on such processes, in particular on the regional scale, is only
partially understood. The question of exactly how the emissions from Asia and
their secondary products enter the stratosphere also remains unanswered.

In the upper troposphere, the Asian monsoon forms a high-pressure area at an
altitude of approx. 10–18 km that is almost stationary for 3 months and covers
almost all of Asia in the form of an anticyclone. This anticyclone, with its core
located at approx. 30� N, very effectively traps emissions from Asia transported to
this altitude by a strong convection current, particularly above India, southern
China and Indonesia. As a direct consequence, elevated levels of tropospheric
trace gases such as water vapour, CO (Fig. 3.4) or HCN can be found in the
anticyclone, as well as reduced amounts of stratospheric trace gases such as ozone
or HCl. This finding, which has been the subject of much discussion in the last few
years, was derived mainly from satellite observation data [12]. However, the

Fig. 3.4 CO distribution (right panel) in the upper part of the Asian monsoon anti-cyclone
(*18 km) for August 9, 2003. The Asian monsoon has a strong influence on the composition of
the tropical tropopause region (TTL). ‘‘Young’’ tropospheric air (high CO values) result from fast
convective upward-transport in the centre of the Asian monsoon. Quasi-horizontal mixing of
‘‘older’’ extra-tropical stratospheric air (low CO values) into the TTL occurs at the edge of the
highly variable anticyclone
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extent to which emissions from Asia influence the composition of the tropical
tropopause layer (TTL) is still uncertain. The TTL is a region of the atmosphere
stretching across the equator which has a decisive impact on mass transport into
the stratosphere and is therefore referred to as the ‘‘gateway to the stratosphere’’.
Meridional transport from the anticyclone into the TTL in the direction of the
equator is intermittent and strongly influenced by planetary waves and mixing
processes. Current research aims to make qualitative statements regarding the
amounts of emissions transported.

We studied the impact of this circulation pattern on the annual cycle of ozone in
depth as part of model simulations [13, 14]. It was also discussed how the rep-
resentation of vertical transport in models influences the composition of the TTL
[15]. The contribution of peat fires in Indonesia to the elevated HCN levels in the
TTL was verified by means of the CLaMS model [16]. All these studies do not
only show that the Asian monsoon is an important additional transport path
connecting the emission sources in Southeast Asia with the stratosphere, but also
that on this path a significant part of the stratospheric air masses from the extra-
tropics is mixed into the TTL. These and other open questions need to be
addressed in the near future on the basis of high-flying research aircrafts (e.g.
Geophysica, ER-2), equipped with sophisticated instrumentation.
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Chapter 4
Modelling and Numerical Simulation

Matthias Ehrhardt, Michael Günther and Birgit Jacob

In this field of the research network we are concerned with the development of
methods based on mathematical modelling, system theory and numerical analysis,
in order to analyse, improve and simulate numerically in an efficient and robust
way the system reacting atmosphere on sub and overall model level. A transdis-
ciplinary research approach is inevitable, combining modelling and simulation
expertise of mathematics, scientific computing, atmospheric physics and chemis-
try, economics, and social sciences available in this research network.

Our aim is to construct a tool for illustrating the broad range of interdepen-
dencies in the overall system (humans-atmosphere-air quality-climate) and their
impacts on air quality and climate. This will be used in schools or in policy
consulting and shall yield quantitative guidance for future air quality policy.

The Research Questions

For many decades, the atmosphere has been changing at an increasing rate owing
to changes in societal and economic developments. In turn, physical and chemical
changes in the atmosphere feed back on society and economy via changes of air
quality and climate. For an integrative understanding of this Overall System, one
has to understand the role of the atmosphere for air quality and climate change and
interactions of atmospheric change with societal and economic developments
including feedbacks. This defines the key research questions of our consortium:

• What is the influence of the reacting atmosphere on society and economy via
changes in air quality and climate change?
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• What is the influence of societal and economic developments on air quality and
climate change via the reacting atmosphere?

• What knowledge is needed to develop sustainable strategies for improvements
in air quality and climate protection?

The main task is to provide modelling and simulation methodologies needed for
answering these questions. The research needed to fulfil this task will be guided by
the following three key research questions:

• How can (physico-chemical) atmospheric and socio-economic models be
coupled and validated to describe the Overall System?

• Which mathematical innovations in modelling, analysis and numerical simu-
lation are needed for analysing, parameterising, simulating, coupling and
applying these models to both model regions?

• How can these models be used to develop optimal measurement strategies and
to measure future invention scenarios?

State-of-the-Art

In the last years, several internationally well-established models have been derived
that describe the dynamics of either the physico-chemical or socio-economic
components, based on two different modelling paradigms: differential equations on
one side, and agent and emission flow based models on the other one. Modelling,
analysis and efficient numerical simulation of coupled differential equations have
been an important research topic throughout the last two decades. For coupled
systems based on differential equation models (Ordinary Differential Equations,
Differential-Algebraic Equations and Partial Differential Equations), monolithic
and co-simulation strategies have been developed and applied to various problems,
from engineering (nanoelectronic circuits) to environmental science (flood fore-
casting in rivers) and medicine (blood circulation in the human body). For co-
simulation it turned out that the coupling structure of the joint model to be solved
strongly defines the stability properties of the iterative procedure involved, which
makes it possible to tune the convergence of co-simulation by appropriate mod-
elling of the coupling structure [1].

Up to now, corresponding results are missing for heterogeneous systems linking
differential equation based models to emission flow and agent based ones. How-
ever, for a holistic and thus realistic description of the overall system, coupling of
the existing models and the integration of specifically developed models is man-
datory to successfully analyse the coupled socio-economic and physico-chemical
systems describing the overall system of the reacting atmosphere. A unique
challenge is to link both model paradigms, the agent and emission flow based
socio-economic and the differential equation based physico-chemical models.
Only very few studies are available on proper validation strategies of such com-
plex models.
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To fill this gap, we focus on the development and application of robust and
efficient models as well as algorithmic methods for simulating the Overall System
in a real-time manner.

Modelling: A set of appropriate models is required to describe the key aspects
of the reacting atmosphere: chemistry, transport, and radiative transfer from the
regional up to the global scale for both the troposphere and the lower stratosphere
considering different time scales.

The different spatial parts of the reacting atmosphere, in particular in the ver-
tical direction, shall be modelled by different differential equation models. Con-
sequently, different step sizes can be applied. These models have to be coupled
appropriately in a numerical simulation and a proper treatment of uncertainties in
physical parameters of the model by random variables has not been considered yet.
Right in this context a mathematical challenge will be to incorporate properly the
coupling of the physico-chemical PDE models of the atmosphere with the socio-
economic models of the human input factors. Closely related to this question is the
study of the sensitivities of existing sub models or the resulting overall system with
respect to key parameters that may not be known or at least uncertain. From those
considerations a natural task would be the development of gradings for comparison
studies of atmospheric models. Furthermore, it will be of great interest to analyse
ill-posed systems and their break-over points.

Numerical methods: Secondly, it is a current research issue to develop robust
and efficient numerical methods to solve efficiently the large PDE system arising in
atmospheric modelling. Here state-of-the-art model order reduction (MOR)
methods, operator splitting and stiff multirate approaches are needed and have to
be improved substantially to tackle this complex problems. Up to now, mathe-
matical tools are not used to optimize measure points and measure campaigns in
order to minimize the effort for the needed measurements. In addition, there are no
established methods to assess the model sensitivity with respect to disturbances
triggered by natural events or human activities.

Virtualization: The increasing complexity of such models requires a substantial
increase in computing performance, which will only be possible by adapting the
codes to the architecture of future generation supercomputers. Visualisation and
virtualisation are important emerging tools that

• enhance scientific understanding by visualizing simulation results,
• inform decision makers about potential consequences of altered Earth System

state variables, and
• attract and educate students, teachers and the general public on topics con-

cerning the reacting atmosphere.

Presently, it is not clear how to simulate these large, complex, transdisciplinary
models in a real-time manner. Besides sophisticated MOR techniques there is the
need for codes which can efficiently make use of the special hardware of current
high-performance computers as well as to exploit the opportunities arising from
the use of a grid infrastructure.
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Vision

Our vision is to obtain a whole hierarchy of mathematically founded models of
growing complexity to describe the overall system, by coupling chemical, phys-
ical, economical, societal and technological sub models. These models will be
critically examined using mathematical system theory and numerical analysis
techniques in order to analyse, validate and extend their predictive capability on a
practical and theoretical level. Furthermore, the sensitivity of the overall system
with respect to a wide range of (possibly uncertain) parameters is studied in detail.

This model hierarchy extends from very detailed sub-systems up to qualitative,
macroscopic models describing the overall system. By virtualization of the results,
the latter models facilitate a deep qualitative and to some extent a quantitative
understanding of the interdependencies of the different components. This is nec-
essary for assessing the impact of human activity on air quality and climate on
regional and global scales, leading to quantitative guidance for policy makers.

To reach our vision, we define mid-term and long-term goals and plans. On this
way, we have already achieved first results.

Mid-Term Goals/Plans

The mid-term objective is to create a toolbox of analytical and numerical methods
for the analysis, robust and efficient numerical simulation and real-time virtual-
ization of both model regions. This toolbox is tailored to future exascale super-
computers and the resulting fancy, easy accessible simulator for qualitative
simulation of the reacting atmosphere is used for showing possible impacts on the
air quality.

To cope with the complexity, heterogeneous temporal and spatial scales and
inter-woven nature of these model regions, key atmospheric models will be re-
engineered to exploit new mathematical methods. For that purpose we will classify
the different PDE models, specify appropriate boundary conditions that lead to
well-posed sub-models and present construction of coupling approaches of the
different sub models of existing simulators. In order to properly obtain submodels
we investigate in detail operator splitting methods that separate the different
physical, chemical and socio-economic submodels in each time step. Here we
develop operator splitting methods for non-autonomous stiff differential equations
and analyse concisely the induced splitting error. To cope with uncertainties we
present a strategy to select random parameters in state-of-the-art models as well as
possibly novel models introduced in the project. This approach leads to the
application of the polynomial chaos approach for solving the stochastic PDE
models.

Moreover, we apply successfully (linear) MOR techniques to existing models
and perform first steps to use different nonlinear MOR approaches to break down
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the order of the complex PDE models. We design special multiscale and multirate
for simulation of the large stiff systems modelling the chemical reactions hereby
improving significantly the existing IMPACT (family) approach that suffers from
convergence problems. Here we pay attention to construct solvers that preserves
important properties like the mass and the positivity of the concentrations exactly
on the discrete level. We analyse of different continuous and discrete models with
respect to stability, sensitivity and reliability.

We will develop and analyse agent-based models describing the decision-
making process of the relevant stakeholder groups, as well as dynamic models for
judging possible future emission paths for intervention scenarios. These models
will be applied to both model regions and linked to the physico-chemical models
by defining appropriate interfaces. Based on that, we will develop optimal
observation strategies, i.e. the optimal choice of measurements, of the emissions of
interest in the model systems, taking into account possibly diverging objectives of
different stakeholder groups.

Long-Term Goals/Plans

The long-term objective is the mathematical description of the overall system and
the salient interactions between the system components from chemistry, physics,
economy and social science. This includes the development of a comprehensive
toolbox of analytical and numerical methods for the analysis, robust and efficient
numerical simulation and validation of the overall system. In case of large numbers
of random parameters, application of the analysis of variance (ANOVA) approach
to identify a reduced set of relevant parameters in the polynomial chaos technique.

The coupling of several subsystems of different type and complexity from
chemistry, physics, economy, social science leads to a tailor made multi-math
coupling theory. Doing so, we obtain as a side product a new theory of model
grading with respect to reliability, stability, numerical effort, detailedness, quan-
tification of model errors, etc. There will be different model configurations for fast-
response virtualisation runs, detailed process studies and long-term impact
assessment studies.

This research domain will develop new approaches to map theories and models
onto Exascale systems and develop highly scalable numerical algorithms suitable
for Exascale computing. With the constructed toolbox of numerical methods, a
virtualization of the results of the overall system will be achieved with real-time
feed- back resulting from user participation/input. The observables required for the
various models, which have to be provided by measurements, will be optimised
with respect to accuracy for given resources. Sensitivity analysis and uncertainty
quantification will be resolved by combining the existing approaches with these
specific methods. Labile systems will be considered and investigated with respect
to their controllability. This knowledge will be adapted to various use cases
depending on the question at hand.
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First Steps

Already in the first year, some first steps have been made to start the research
program, focusing first on modelling and numerical simulating the physical and
chemical processes in the atmosphere.

Describing the impact of uncertainties in input parameters and processes by
stochastic modelling: Currently, deterministic models are used to describe physical
and chemical processes of the atmosphere. However, input parameter and pro-
cesses are afflicted with small or large uncertainties, e.g., in the transport part of
wind vectors, in the diffusion part of boundary layers and in the temperature of the
reaction part. In addition, emission rates and initial values are uncertain meteo-
rological data. In a joint research project, Hendrik Elbern (Research Centre Jülich)
and Roland Pulch (University of Greifswald, formerly University of Wuppertal)
are developing stochastic models to quantify such uncertainties by describing input
data via random variables and processes: the numerical results are thus equipped
with confidence intervals as error bounds. To minimize the number of random
variables to be modelled, the crucial parameters have to be identified a priori,
taking the level of uncertainty and impact on the solution into account. Based on a
mathematically stringent development of the stochastic models, the project aims at
a rigorous analysis of the impact of uncertainties, allowing for a reliable error
control.

Novel mathematical approaches for estimating air quality and climate forcing
emissions of technical energy processes: Climate and air quality variability are
ultimately driven by emissions from technical energy conversion processes,
engendering fluxes of greenhouse gases, reactive gas emissions, and aerosols into
the atmosphere. However, fluxes can hardly be observed directly and reliably
quantified. This fact severely hampers progress in predictive skills of climate and
atmospheric chemistry models. Today’s flux inversion techniques suffer from
reliability. In case of greenhouse gases, even with cutting edge methods, errors in
initial values directly impact the result of emission flux estimates.

By introducing novel mathematical approaches to inversion techniques [2],
combining advanced models with remote sensing data, Hendrik Elbern (Research
Centre Jülich) and Birgit Jacob (University of Wuppertal) dwarf this problem in a
joint research project by breaking new grounds on emission flux estimation,
addressing algorithmic designs of the emission inversion problem to estimate
fluxes of reactive gases into the atmosphere [3]. An ‘‘Extended Ensemble Kalman
Smoother’’ with full adjoint modelling will be developed, relying in part on the
existing adjoint chemistry transport model EURAD-IM.

Modelling and numerically simulating the pollutant transport and diffusion in
the atmosphere: The process of pollutant transport and diffusion in the atmosphere
(and in water) is described by an advection-diffusion equations with given
parameters, like the components of the wind velocity, the falling velocity of the
pollutants by gravity, the power of the source, the transformation coefficient of
pollutants and the horizontal and vertical diffusion coefficients.
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Numerical methods to solve this type of equations must conserve the positivity of
the computed concentration. In the work [4] we are involved from the mathematical
point of view with qualitative characteristics of difference schemes and investigation
of positivity of some difference schemes for advection-diffusion equations. Also,
these specially designed difference schemes must be accompanied with artificial
boundary conditions to limit the computational domain appropriately, since the
original geographical domain is often too large. If the solution on the bounded
computational domain coincides with the solution on the unbounded half-space
(restricted to the bounded domain) one refers to these conditions as transparent
boundary conditions (TBC). Finally, these boundary conditions are designed on a
discrete level directly for the chosen numerical schemes in order to conserve the
monotonicity property and to prevent any unphysical reflections at these boundaries.

In a second paper [5] we considered the problems of optimal location of
industrial enterprises and optimization of emissions from enterprises for ensuring
sanitary environment criteria. Moreover, we studied the problem of determination
of the diffusion coefficients and the coefficient of transformation of aerosols.

For the accurate numerical approximation of sources one needs appropriate
approximations of the delta function. Especially, for the method of lines one needs
unsymmetric approximations that, up to the author’s knowledge, do not exist in the
literature. Recently, in [6] we proposed new delta-convergent sequences that
vanish at the support of the limit Dirac delta function. These are sequences of even
functions that don’t have a compact support. We developed some results con-
cerning delta sequences and stated examples of delta sequences of the type with or
without compact support being even or not even.

Investigating the chemical reaction kinetics implemented in IMPACT: In a
master thesis, jointly supervised by Jens-Uwe Grooß (Research Centre Jülich) and
Michael Günther (University of Wuppertal), David Scheinmann has carried out a
rigorous analysis of the steady-state and family approach used within IMPACT to
model the reaction kinetics of chemical species in the atmosphere [7]. Both
approaches have turned out to be equivalent to semi-explicit DAE models. Based
on this interpretation and a series of numerical experiments, the divergence of
IMPACT in some settings turned out to be caused by an inappropriate modelling
of the NOx family.

This interpretation has opened the door for using DAE methods and incorpo-
rating multirate and co-simulation techniques in the numerical simulation of the
chemical reaction kinetics [8].
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Chapter 5
Sustainable Strategies

Manfred Fischedick

Role in the Research Network and State of the Art

Our research focuses on socio-economic process understanding and impact anal-
ysis. It closes the circle between the changing intrinsic conditions in the reacting
atmosphere (mainly described in the other research topics), the resulting needs for
action and if specific policy targets regarding air quality and/or climate protection
are pursued, and corresponding divergent emissions paths, which again feed back
to the reacting atmosphere. Particularly, we aim at the development of a holistic
and integrated policy approach, which is able to trigger the resulting needs for
action in regions of relevance.

Based on detailed knowledge of the complex decision making processes in
policy, industry, economy, society, suitable technological and non-technological
measures and instruments as well as policies will be identified and systematically
assessed, considering the full set of socio-economic parameters. The formulation
of an integrative air quality and climate policy concept considering the complex
decision making processes and reflecting the full set of technological and non-
technological options is the key goal of the proposed research. Suitable inter-
vention scenarios will have been developed and widely discussed as well as dis-
seminated amongst policy decision makers based on the further development of
existing modelling approaches.

Emission pathways significantly determine the reactions and the behaviour of
the atmosphere. So far, particularly in the context of greenhouse gas emissions
(GHG emissions) several emission inventories and assessment models have been
developed for different regions (cf. [1]). Furthermore, scenario tools are available
at least for some world regions presenting assumptions or projections (scenarios)
for the future development of emissions considering future structural changes on
the basis of a set of underlying measures including policy instruments (cf. [2]).
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However, these models mostly focus on technological questions, exclude socio-
economic aspects and do not follow a cross-sectoral and cross-problem perspective
(cf. [3]). In particular the latter aspect is true for the combination of air quality and
climate change as two major challenges for the future, especially in the East Asian
Megacities (EAM).

Actually, with the Greenhouse gas—Air Pollution Interaction and Synergies
(GAINS) model from International Institute for Applied Systems Analysis
(IIASA) and the IES (Integrated Environmental Strategies) model from the U.S.
Environmental Protection Agency only two models exist combining both aspects
in an integrated approach. At least for some countries in different world regions
(e.g. EU, USA, India, China) these models enable an analysis of strategies that
maximize co-benefits between air pollution control and GHG mitigation and
indicate how to avoid trade-offs. However, also these models mainly concentrate
on technology and on cost aspect (reduction of abatement costs through combined
strategies), but do not specifically focus on other socio-economic aspects (e.g.
social implications, employment aspects, public perception) being critical for the
implementation of the analysed strategies. Moreover, as these models follow a
more aggregated approach, they do not specifically address the city or regional
level where socio-economic effects become manifest.

In the fast-growing East Asian Megacities (EAM), which are of specific interest
for the whole research network, the air pollution situation is extremely serious. The
corresponding protection of human health is urgent and determines the policy
action. Considering the fast economic growth leading to an increasing demand for
fossil fuels, from a global perspective EAM are confronted with a strong request
for implementation of climate protection measures. It is generally understood that
air pollution control mechanisms can lead to positive or negative effects in terms
of climate protection. While the reduction of black carbon (e.g. through a change
of the energy mix) or ozone precursor emissions directly reduces anthropogenic
radiative forcing, most of the end-of-the-pipe technologies aiming for air pollution
control are accompanied with energy efficiency losses and therefore increasing
GHG emissions. On the other hand many of active climate protection measures
(e.g. energy efficiency improvements, reduction of the number of coal fired power
plants) can considerably contribute to a reduction of air pollution, those kinds of
benefits are often overlooked. Contrary, ill-designed climate protection options
could counteract air quality efforts (e.g. combustion of biomass in small household
applications could lead to a significant increase of particle emissions).

In that context, a more holistic approach, a combination and integrative judge-
ment of sectoral findings and strategies including the whole area of socio-economic
aspects seems to be necessary, an approach that considers the interdependencies
between dedicated technical measures as well as between the complex decision
making process in industry, policy and society related to climate protection and air
quality improvements. The research topic ‘‘sustainable strategies’’ is going along
this way and pursues to develop integrated strategies (intervention scenarios) as an
appropriate answer regarding the identified system interdependencies and resulting
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needs for (additional or modified) actions considering specific climate protection
and/or air quality goals in a selected research region.

Thus, the research in this context is constitutional for the bottom and left part of
the overall system described before (cf. Chap. 1). In fact, it delivers the basis for a
dynamic set of input parameters for the examination of the reacting atmosphere,
which so far mostly deals with a ‘‘status quo approach’’ of emissions assumptions.
Moreover, as the project as a whole tries to close the complex cycle (overall
system approach), an iterative process will be started. The intervention scenarios
will change the quality and the quantity of emissions, as a consequence atmo-
spheric processes might to be influenced. The resulting impacts on air quality and
climate impact have to be compared with the original intention of the dedicated
intervention scenarios and the scenarios have to be adapted accordingly if there are
any significant differences.

In terms of the specification of intervention scenarios we focus on EAM, but
make use of the experience of other world regions, particularly in Ruhr Metro-
politan Region (RMR). Having the learning from the past in mind and based on a
deeper understanding of the decision making process, for EAM it will be assessed
how a consistent set of measures (mix of technological, political and socio-eco-
nomic measures) could look like, how the identified strategies (described in sce-
narios) could be implemented successfully and which kind of positive impacts
might emerge (e.g. entrepreneurial opportunities) or trade-offs have to be solved.
An in-depth understanding of the decision making processes (in policy, industry,
economy, society) is absolutely crucial for this working step and constitutional for
the discussion how the corresponding results of the research work can be com-
municated to the relevant stakeholders and can be transferred to other regions.

With respect to the aforementioned goals the key research questions are:

• How do climate protection efforts interact with air quality improvement
measures and vice versa?

• How can a suitable mix of local/regional measures comprising technological,
political and socio-economic options aiming for an integrated air quality and
climate protection approach look like?

• How can an integrative local/regional strategy be implemented and a corre-
sponding transformation process be shaped?

In terms of the climate policy aspect and corresponding measures it has to be
considered that various policy levels are relevant (local, urban, national and
international) in the decision making process, mostly different policy institutions
are responsible for the implementation of specific policy measures. For instance,
nowadays the European Commission is responsible for a huge number of man-
datory emission standards and rules in the member states (e.g. in terms of con-
centration limitations for SO2, NO2 and PM10). The implementation of a
successful strategy necessarily requires an integrated policy across different policy
arenas (multi-level policy approach). An additional guiding question is therefore:
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• How can a regional strategy be realized as consistent part of a multi-level
policy mix?

Focussing on the specific model region (EAM), the vision is to obtain an
integrative air quality and climate strategy by knowing all interdependencies
within the Overall System and a deep understanding of the decision making
processes. For EAM this will not be done from the scratch, but through making use
of experience from successfully implemented transformation processes in the past.
Particularly experience and learnings from the Ruhr Metropolitan Region (RMR)
can be used.

Thus, the mid-term objective is to get a better understanding of system
behaviour and preconditions for successful transformation processes based on the
historical experience in different areas as well as promising future concepts.
Relevant frame conditions such as already fixed policy targets regarding air quality
and climate protection, already implemented policies and instruments, expected
policies, mid- and long-term goals will be compiled.

Suitable technical and non-technical measures in both fields of air quality and
climate protection will be collected and systematically assessed on the basis of a
transparent and comprehensive set of criteria (multi-criteria assessment). Impli-
cations for economy and society will be discussed in depth and resulting con-
straints and opportunities for the practical implementation will be derived. With
regard to economy, resulting challenges for business companies will be analysed,
e.g. entrepreneurial opportunities, innovation needs, business portfolio, incentive
schemes. Furthermore, the issue of overall system compatibility will be addressed
as a criterion to avoid problem shifting (negative impacts on other relevant
environmental areas beyond the atmosphere, e.g. loss of biodiversity, land use
change).

In cooperation with the other research areas a dynamic modelling tool will be
developed to identify and systematically judge possible future emission paths
bundled in consistent intervention scenarios. Beside these emission models, an
agent based modelling tool will be developed that helps to reflect the decision
making process of the important stakeholder groups. This will be based on
empirical data or scientific based hypothesis for stakeholder behaviour in relevant
fields of policy, industry, economy and society.

Considering the long history of the air quality improvements in the RMR,
successful air quality measures and corresponding policy tools will be analysed,
particularly in terms of their transferability for relevant regions. It will be dis-
cussed how this kind of experience can be adapted to EAM and might help to
accelerate technological progress and implementation. Particularly experience
from the ongoing Innovation City process, which aims for a 50 % reduction of
greenhouse gas emissions between 2010 and 2020 in a specific city of RMR, can
serve as a major analytical basis. This is a unique opportunity as the Innovation
City can be used as a ‘‘laboratory’’ to test and improve ideas and concepts
developed in this project.
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The objectives can only be reached through close interdisciplinary cooperation
within the whole research network. Already existing collaborations, among others
the formal cooperation of one of the network partners with the Tsinghua Uni-
versity of Beijing, shall be extended and intensified and additional project based
cooperation, particularly with Asian partners, shall be established to cover the
specific cultural and policy framework. The ongoing close cooperation with the
Innovation City Ruhr will be continued.

Project Experience, Methodological Background
and On-going Research

The intended research of the research network ‘‘The Reacting Atmosphere’’ directly
ties in with the experience from past and ongoing research work of the different
network partners. Particularly it very well fits with the research agenda of the
Wuppertal Institute. Research reflecting the development of cities and regions
towards sustainability is for different reasons an exemplary integrative research field
and can perfectly be related to the transition concept. Consequently, the transition
cycle serves as structuring element for the research of the institute in this area.

In order to understand in greater depth the dynamics and patterns of transition
processes, the ‘‘multi-level concept’’ builds the central concept of the transition
research approach. Transitions—defined as a ‘‘radical, structural change of a
societal (sub)system that is the result of a co-evolution of economic, cultural,
technological, ecological and institutional developments at different scale-levels’’
[4]—generally take place due to interaction between and interconnected devel-
opments on three different functional scale-levels. According to the authors of the
Dutch KSI-network, structures are found on three different scale levels concep-
tualized as follows ([5]; cf. Fig. 5.1).

First, the so-called ‘‘socio-technical landscape’’—characterized by either very
slow changes that can hardly be influenced (e.g. climate change, industrialization
processes, globalisation and urbanization trends) or external shocks, like wars [5].
The structure on the landscape level thereby builds the overarching basic condi-
tions for the other two functional levels.

The second level is the so-called ‘‘socio-technical regime’’. These socio-tech-
nical regimes are characterized by cognitive (belief systems, guiding principles,
goals, innovation agendas, problem definitions, search heuristics), regulative
(standards, laws) and normative (values, roles, behavioural norms) rules shared by
the relevant actors of a regime (governments, companies, civil society, scientists,
etc.). The regime builds up the dominant structure, culture and practices—i.e. the
centre of power—within a system.

The third level is the so-called ‘‘socio-technical niche’’ composed of individual
actors, technologies and practices, from which radical innovations and frontrunner
movements emerge. Some of these elements have the power and dynamic to
trigger a transformation process and to change specific socio-technical regimes.
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By means of the multi-level concept, the authors try to describe ‘‘the dynamics
of transitions in (functional) space as the interactions between three different
functional scale-levels’’ [5]. The necessary condition for a transition to be realized
successfully is that the structural developments on each level mutually reinforce
each other and point into the same direction. This applies for both evolutionary
transitions (i.e. whose outcome is not planned) and goal-oriented (teleological)
transitions (‘‘in which […] goals or visions of the state are guiding public actors
and orienting the strategic decisions of private actors’’) [6]. Transitions may take
place when there are instabilities on the regime-level, caused by tensions between
the regime and its environment (either niche- or landscape-level) or learning and
adaptation processes at the regime-level itself. These tensions create windows of
opportunity for a niche to become more powerful and to replace the ‘‘old’’ regime.

Regimes, therefore, play a central role in prevailing transition research [4]: ‘‘In
the end, transitions are structural regime transformations, in which regime actors
will ultimately need to change along with the process or fall out of the system’’ [7].
Ultimately, transitions can be seen as a regime shift resulting from a fundamental
shift in power on the regime level (cf. [8]).

In order to enable transitions towards sustainability, it is critical to know the
mechanisms and patterns shaping the interactions between landscape, regime and
niches. A systematic knowledge of these patterns is crucial for identifying possible
levers to influence transition processes, as well as concrete governance strategies
and instruments [4]. With regard to global environmental change and a fair world,
it will particularly become relevant to both to conceptualize the transitions
between regime and landscape, and to enable and upscale system innovation.

Fig. 5.1 Interaction between
landscape, regime and niches
(Source [5])
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As already mentioned, the Wuppertal Institute uses the transition cycle as frame
(structuring element; cf. Fig. 5.2) and catalyser for its research agenda. Research
activities on city and regional level have improved at the institute in the past, not
only as of its scientific relevance, but as it has a strategic importance for inter-
national sustainable development and for the improvement of inter- and trans-
disciplinary research.

The institute has a long record of projects and experiences in analysing inter-
national, European and national urban spaces, and it currently faces the challenge
of addressing new trends and developments of urban transformations in an inte-
grated perspective.

Problem Assessment

Predominantly, current studies on urban developments focus either on unsustain-
able consequences of present trends for the society and the environment or on
identifying local barriers to sustainable urban development. By now, only very few
studies analyse urban ecological developments from an integrated perspective, and
the Wuppertal Institute has identified the need for further research with a broad
empirical basis and cross-sectoral approaches. There is also a need to conduct
comparative case studies for different types of cities (growing cities, shrinking
cities, Megacities, etc.) and to explore possible pathways towards urban sustain-
ability. To close this knowledge gap, the Wuppertal Institute analyses different
types of cities by comparative case studies, e.g. in Wuxi (China) and Düsseldorf

Fig. 5.2 Transition concept in the field of urban transitions towards sustainable cities—existing
and future research plans
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(Germany), as examples for ‘‘big and growing cities’’ (Wuppertal Institute 2010).
Also, the networking and research projects ‘‘dynaklim’’ and ‘‘InnovationCity
Ruhr’’ carry out multi-disciplinary research on innovative mitigation and adapta-
tion strategies. This leads to an improved analytical understanding of conditions,
obstacles, drivers and promoters of a climate-friendly, sustainable urban
development.

In the future, further elements should complement the integrated analysis
already done at the Institute: First, economic analyses of regional value chains
provide insight into current strengths and weaknesses of regional economics in
order to develop these in a more sustainable way. Second, the social dimensions of
mitigation policy at the local level will be an integrative part of the analysis: In
what sense will social groups be affected or benefit from mitigation policies?
Third, beside mitigation, adaptation to the impacts of climate change and their
synergies and conflicts to mitigation policies will be one component of institute’s
research on urban developments. And finally, the integration of mitigation,
adaptation and resource efficiency at a local level appears as a main challenge for
urban transition research, particularly in Asian countries as well as the combina-
tion of GHG mitigation strategies and air quality initiatives.

Vision Development

In Germany, there have been several efforts towards developing visions for tran-
sitions of cities towards sustainability in the last decades, as the research programs
‘‘ecological renewal of cities’’ (about 1985–1995) or ‘‘sustainable urban devel-
opment’’ (about 1995–2005). Since 2005, the focus of the debate has shifted more
towards ‘‘resource efficient cities’’ (see e.g. [9]); ‘‘climate-friendly cities’’ (e.g.
[10, 11]); and ‘‘low carbon cities’’ (e.g. [12–14]). But this discussion is often about
short- and mid-term ‘‘reality-grounded’’ concepts with inadequate solutions
regarding necessary long term (structural) changes.

Therefore, research on urban transitions will continue to be based on (1)
‘‘municipal climate protection plans’’ and road mapping processes developing
mid-term alternative scenarios and policy packages for a sustainable urban
development; (2) applied research addressing the interplay between formal and
informal planning instruments in local mitigation and adaptation strategies; and (3)
long-term back casting-scenarios (2050 and beyond) for near CO2-neutral cities.
The Wuppertal Institute has conducted two pioneering scenario analyses on low
carbon cities: ‘‘Munich 2058’’ [11] and ‘‘Düsseldorf 2050’’ (ongoing 2011–2012).
This work will be continued and extended, leading to a deeper understanding of
‘‘roadmap concepts’’ or ‘‘transition agendas for urban development’’. Actor-ori-
ented case studies on pathways of transitions for selected problems and types of
cities (see e.g. [15]) should tackle questions like: Who can contribute and how?
What are the steps? With what measures and instruments? And, what are the
impacts?
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Experiments

In the application field of urban transitions, a broad variety of experiments exists in
Germany. Ranging from model, pilot and demonstration projects with a selected
local or thematic focus, up to ‘‘urban real-world experiments’’ with complete cities
(e.g. growing cities like Hamburg or some shrinking cities in Eastern Germany or
in the Ruhr region). Furthermore, several sectoral experiments like car-free
housing, traffic calming, 100 %-renewable energies, etc. do exist. On a larger
scale, a couple of big international construction exhibitions (Emscherpark, Eastern
Germany, City of Hamburg) and some sustainable cities contests have to be
mentioned (e.g. Innovation City Ruhr, European Green Capital). Only in some
cases, these experiments have been combined with scientific evaluation studies.
Mostly, they are just a best practice collection without an adequate, empirically
based analysis. In several cases of such experimental settings, the Wuppertal
Institute has been or is involved, e.g. living without car [16], car free mobility in
NRW [17], the YOU-move.NRW campaign [18], solar and save projects, KURS
21 educational partnerships, and others.

Currently the institute is extending its scientific work with regard to concep-
tualization and evaluation of real-term experiments in urban areas. Beside the
‘‘InnovationCity Ruhr’’ project, the framework program ‘‘Energy Transformation
in the cities of the Ruhr Valley’’ builds a perfect scientific basis for this approach.

Shaping sustainable urban infrastructures is a complex process and experience
is scarce. The project ‘‘Innovation City Ruhr’’ was started as a multi-dimensional
and transdisciplinary real world experiment, which has a crucial role in the tran-
sition cycle. The aim is to learn more about achievable urban transition goals,
socio-economic system interactions, alternative transition options and their char-
acteristics and impacts.

The Innovation City process was launched by the ‘‘Initiativkreis Ruhr’’, a
network of the 70 biggest companies of the RMR, as substantial contribution and
accelerating moment for a dynamic climate protection path in one of the world’s
most industrialised region. In November 2010 the city of Bottrop located in the
middle of the industrial heart of Germany won the competition and was appointed
‘‘Innovation City Ruhr’’. The aim of the city is to cut its GHG emissions in a
representative district with about 69,000 inhabitants by 50 % within 10 years.
Additionally ‘‘better living’’ conditions shall be achieved.

Compared to many other projects ‘‘Innovation City’’ is going a step further.
Society and technology are inextricably intertwined and science has the role to
support the transition process, to help developing experiments and to trigger
learning projects. ‘‘InnovationCity’’ is an experimental setting in a socio-technical
context where methods of Real World Experimentation [19] are employed by the
city in order to trigger a complex transition process [20]. One part of this process
are the so-called living labs, which involve citizens in innovation and develop-
ment, thus catalysing a democratic and open innovation system. The compre-
hensive accompanying research programme is being organized by one partner of
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the Research Network. The project brings together different disciplines and
experiences. It works as a transmission belt between researchers, the planning
team, investors, and political decision makers. Thus, research provides first-hand
information and insights being absolutely crucial for the national and international
transfer of practical experience.

Additional tasks ahead are cooperation with, e.g. the ‘‘transition town move-
ment’’ in order to facilitate the proliferation of local resource efficiency experi-
ments. Visions of new models of urban development will be created, which
integrate the physical and technical side of service provision and the socio-cultural
dimensions of resource consumption. These concepts could powerfully shape the
context for social and environmental innovation.

Learning and Upscaling

In the German urban practice and science, bottom-up learning processes to learn
by comparison, discussion and benchmarking (‘‘good practice’’) are common at
the moment. Usually, practitioner conferences, practitioner journals and internet
platforms, discuss local results and aim at disseminating such good practice. EU-
programs also aim at disseminating the idea of sustainable cities, e.g. Structural
Funds and Cohesion Funds, Interreg Programs as European Programs promoting
sustainability oriented programs in European regions and cities. But there is hardly
any scientific discussion on strategies for a systematic upscaling of success factors
from existing local experiments. Questions about how to organize the learning and
diffusion process in society and politics have been not answered yet.

Against this background, future research will analyse conditions for upscaling,
provide systematic contributions to an upscaling and dissemination of successful
local good practice, proofed on scientifically sound evaluations. Such ‘‘urban
diffusion research’’ demands an empirical analysis of selected subjects, solutions
and cities, in order to show their specific role with regard to an overall urban
development strategy towards sustainability. Therefore, a comparison of case
studies is needed to benchmark the current landscape of good practice. Research
should employ an institutional and actor-oriented research perspective (How to
come from single local experiments to a common standard? What are barriers,
promoters and actors, key success-factors, policies, institutions, etc.?) and design
systematic upscaling strategies to provide the dissemination of results. Addition-
ally, the research work further supports local or regional authorities in developing
and implementing sustainable strategies through strategic consultancy and applied
research (e.g. by local climate protection plans and guidelines) and through
analysis, e.g. conducted on the potential of formal planning instruments to
implement sustainable transition strategies at local and regional level.

With this kind of ‘‘urban diffusion research’’ research should also continue to
expand networks, coalitions and dialogues with actors from the spheres of urban
development, to foster mutual learning and to disseminate good practice.
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Further Steps and Working Plan

Along the transition cycle, the research partners have already significantly con-
tributed with many projects and at different levels to the analysis and the imple-
mentation of sustainable urban transitions. However, in the future, still remains the
challenge of further integration at conceptual and methodological levels regarding:

• Quantitative and qualitative methodologies, especially in problem assessment
and vision-development;

• Discursively oriented approaches and technological potential analysis;
• Cross problem oriented research combining mitigation, adaptation and resource

efficiency with air quality needs (particularly in dense urban areas); and
• Understanding and modelling (via Agent Based Models) the social dimensions

of sustainable urban transitions.

Against that background, the research network ‘‘The Reacting Atmosphere’’
serves as an ideal and solid basis to follow up existing research experience and
future research interests.
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Chapter 6
Cross Sectional Processes
and Development

Brigitte Halbfas and Christine Volkmann

As can be seen from the previous chapters, the core competences of the partners in
this research network can be summed up in the following way:

• Measurement of atmospheric trace gases
• Development of highly sensitive measurement devices and analytical methods
• Design and organisation of international measurement campaigns
• Regional and global modelling
• Analysis of socio-economic interdependencies and reciprocal effects in the

fields of economics, academia, technology, politics and society
• Analysis and design of structures for knowledge transfer and exploitation of

research results.

The unique feature of the research network is certainly the combination of such
core competences in one network which even covers socio-economic aspects. Such
a network has the potential of analysing the development of climate and air quality
in a complete and comprehensive way, which may result in a better understanding
of the involved processes and more precise forecasts. This is our only chance to
take appropriate action for safeguarding the natural resources for the sake of future
generations.

However, the fact that scientists from various disciplines cooperate is not a
guarantee for multilayer, high-level research—for at least three reasons:

First, all scientists involved are individuals who have been socialized in dif-
ferent ways and have received their academic education in culturally very different
disciplines. Scientists need to specialize very much in order to be successful.
However, every step towards specialization and expertise in one particular field
will mean a loss of the broader view on phenomena and research questions outside
one’s own subject area. This is not a matter of deliberate decision but rather the
result of the selective perception within the disciplines and the specific acquired
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ways of thinking and communicating. Such specialization initially limits the
appropriate communication, which would be necessary for the a successful
research network. This does not only apply to the network as a whole but is also
true for the individual research topics. These are interdisciplinary as well, and in
the course of the development of common research questions it became clear how
difficult communication can be even within a single field of research. However,
poor communication may jeopardize the exploitation of the full potential which is
so very essential.

The second reason lies within the choice of the involved scientists. These will
include experts who are presently active, acknowledged and successful in their
respective fields. Research results, for example from gender research, show that we
leave much academic potential unexploited due to selection and segregation or at
least only exploit them insufficiently [1]. While we have no intention at all to deny
the competences of the scientists that are presently responsible, we are of the
opinion that organizations can by no means afford to tap potentials only incom-
pletely. Innovations seldom occur within the mainstream of an organization, which
represents the knowledge that has become a standard, but rather in marginal areas
of established academic structure [2]. Accordingly, a comprehensive approach
such as the research network ‘‘The Reacting Atmosphere’’ must not confine itself
to the scientists at hand. Instead, living up to the challenges of diversity man-
agement, we should rather strive to tap the complete potential. This is especially
important with regard to gender aspects and the area of young researchers.

A third point is that money is spent on research in anticipation of short-term
benefits (cf. Münch’s definition of ‘‘Academic capitalism’’, [2] ). Cognitive
interest often depends on the expected opportunities to exploit results through
articles in renowned journals. However, most of the research network’s topics
are—at least initially—less attractive in this respect because they are rather
unfamiliar, more comprehensive and more innovative. It is therefore more difficult
to convince scientists to commit to a long-term common objective which forces
them to spend much time on internal communication processes while at the same
time benefits are not guaranteed. In summary, the main task of Cross Sectional
Development will be to design measures for the sustained promotion of the high
quality research that was postulated in the beginning. This will be the only way to
generate added value which is quantitatively and qualitatively comparable to
traditional academic institutions.

If the establishment of such high-class research structures is successful, it can
be expected that they will result in societally relevant, if not seminal research
output. Then this output will have to be communicated to the relevant social
groups.

This puts dissemination as a new, if not decisive, task: If even within the
research network itself communication is impeded and obstructed, it may well be
even more complex and difficult to communicate the results to different external
social groups. This is all the more true since in the spirit of ‘‘Reacting Atmo-
sphere’’ it is also desirable to receive impulses from the target groups for the
network’s further work. This relationship has already been acknowledged by the

48 B. Halbfas and C. Volkmann



research network and is to be covered by this field of research. However, addi-
tional measures should be taken in order to transfer results in such a way that they
can form the basis for politico-economic decisions and thus change mankind́s
attitude towards the atmosphere and their responsibilities in this regard. Again it is
the objective to tap all existing—in this case societal—potentials. We will elab-
orate on this decisive field in a later section of this article.

As an intermediate result we can state: ‘‘Cross Sectional Processes and
Development’’ aims at providing a basis for efficient potential tapping. It will
supervise the whole process continually and will ensure transfer into society.

Our work includes the following tasks:

• Internal understanding and transfer
• External transfer and communication
• Diversity management, especially gender equality and promotion of young

researchers
• Accompanying research.

Our approach also features the innovative task of ‘‘Accompanying Research’’:
We will not only deal with tapping potentials, but research and dissemination
processes as such will become a subject of scientific examination.

Within these four areas we have elaborated a comprehensive working schedule,
which will have to be adjusted and developed in the course of perennial research.
The programme cannot be fully described here. However, due to its great
importance, the area of External Transfer and Communication will be presented in
greater detail in the following section.

External Transfer and Communication

External Transfer and Communication goes far beyond classical transfer and is
quite differentiated. We distinguish between the following dimensions:

• Target groups of the transfer (scientific community, political decision makers,
environmental associations, national and international employers’ associations,
selected enterprises as trend-setters and innovators)

• (Higher) educational institutions
• Regional transfer in order to create a model region
• Thematic networking with related ideas and initiatives and with innovative

research areas on the fringes of Reacting Atmosphere.

Accordingly, the following packages of measures can be derived:
Dissemination of results tailored to the requirements of the different target

groups. This area includes large conferences and smaller workshops for the sci-
entific community as well as presentations to regional, national or European
decision makers, information transfer to educational institutions at different levels,
and informative meetings and panel discussions for media representatives.
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Education of interdisciplinary transfer agents. These agents can coach scien-
tists for talks, discussions and lectures or transfer the research results to the target
groups themselves after tailoring them to the respective.

Moderation of the communication and exchange between research association
scientists, enterprises, institutions, politicians and pressure groups. This can take
place either via exchange networking or the agents mentioned above could take
care of the systematic development of focus groups which in particular could
guarantee the reflection of relevant topics, experiences and requirements into the
research network.

Systematic integration of scientific results in curricula at university level. This
integration should take place in several steps from the development of interdis-
ciplinary, voluntary offers up to the systematic supervision of the integration of
relevant contents into accredited curricula.

Transfer to pupils and potential young researchers to change their future
attitudes and behaviour. The following activities will help to achieve this goal:

• Development of innovative curricula
• Training of teachers
• Design of attractive teaching materials, target specific films, an interactive

website targeted for pupils, a climate adventure trail or a touring exhibition.

High didactic quality will be crucial here and requires the involvement of
experts in education.

Development of innovative entrepreneurial ideas. Through cooperation among
scientists, regional innovative start-ups and entrepreneurship experts, entrepre-
neurial opportunities will be identified and exploited and innovation processes in
the science association will be supported and coached. The research results may
also lead to new products, processes, process technologies and business ideas.

These packages of measures are to be regarded as flexible instruments which
have to be modified and developed in the course of the research process. This will
be supported by ‘‘Accompanying Research’’. The integration of findings from the
internal and external communication and transfer processes will be essential for
the further development and adjustment of the measures.
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Chapter 7
Connecting the Research Network
to the Wider Public

Ralf Koppmann and Peter Wiesen

In March 2011 the University of Wuppertal, the Wuppertal Institute for Climate,
Environment and Energy, the Atmosphere Research Divisions of the Institute for
Energy and Climate Research at the Jülich Research Centre and the Rhenish
Institute for Environmental Research at the University of Cologne established the
research network under the title ‘‘The Reacting Atmosphere—Understanding and
Management for Future Generations’’. The objective of the proposed network is to
understand the highly complex regulatory cycles in the atmosphere taking into
account all important parameters, to identify important atmospheric processes, to
examine policies with respect to their consequences and, based on this to derive
recommendations on how in a changing world targeted suggestions for improve-
ment can be realised. To achieve this, the competences of the network partners
with respect to atmospheric research are combined with research know-how in the
analysis of technical, political and socio-economic processes and their imple-
mentation through appropriate policy instruments and transition paths.
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Faculty of Mathematics and Natural Sciences, Chemistry Department,
University of Wuppertal, Gauss Strasse 20, 42119 Wuppertal, Germany
e-mail: koppmann@uni-wuppertal.de

R. Koppmann (ed.), Atmospheric Research From Different Perspectives,
The Reacting Atmosphere 1, DOI: 10.1007/978-3-319-06495-6_7,
� Springer International Publishing Switzerland 2014
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The socio-political approach of the research network is linked to the fact that
global climate change is increasingly threatening the livelihood of mankind and the
development prospects of future generations. Man-made emissions are the most
important cause of climate and weather changes. While the impacts of climate change
in many regions of the world will only become discernible in the medium term,
however, some serious problems with air quality caused by the input of different
substances into the atmosphere and specific transport processes are already clearly
evident. Prompt closely coordinated action is necessary in both areas. The under-
standing and quantitative analysis of interactions between the two areas is one of the
key societal challenges of the 21st Century, which the research network will address.

Already during its preparatory phase it became evident that connecting the
research network to the wider public was one of the most important objectives for
a proper dissemination and exploitation of its outcomes. As a consequence, shortly
after the inauguration of the research network a workshop was organised in
Brussels on September 8, 2011 to present the network and its objectives to the
wider public. This event was part of the workshop series ‘‘Grand Challenges—
Answer from North Rhine-Westphalia’’ und the auspices of the State Government
of North Rhine-Westphalia.

The ‘‘The Reacting Atmosphere’’: Presentation in Brussels

More than 120 participants from science, industry and politics attended the pre-
sentation of the research network ‘‘The Reacting Atmosphere’’ held at the Rep-
resentation of the State of North Rhine-Westphalia (NRW) to the European Union
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in Brussels. In the presence of the NRW-Science Minister Svenja Schulze and
Director Soledad Blanco (Sustainable Resources Management, Industry and Air,
DG ENV, EC), the co-ordinator, Prof. Dr. Ralf Koppmann (BUW), introduced the
ideas behind the network.

Under the name ‘‘Air Quality and Climate Change—Making things Manage-
able for Future Generations’’ Prof. Koppmann explained the concept, visions and
goals of the network, which has taken on the difficult challenge to quantitatively
understand atmospheric processes affecting air quality and climate change
including the feedbacks resulting from interactions with socio-economic pro-
cesses. The chief operating officer of the network, Dr. Gabriele Erhardt guided

In Brussels (left to right) Dr. Rainer Steffens (Head of North Rhine-Westphalian Delegation in
Brussels), André Zuber, (Head of Office, Soledad Blanco), Prof. Dr. Michael Scheffel (UW Pro-
Rector for Research), Dr. Stefan Lechtenböhmer (Wuppertal Institute for Climate, Environment
and Energy), Prof. Dr. Andreas Wahner (Rhenish Institute of Environmental Research / Institute
of Energy and Climate Research, Research Centre Jülich), Dr. Gabriele Erhardt (Chief Operating
Officer, The Reacting Atmosphere Research Network), Prof. Dr. Martin Riese (Director, Institute
of Energy and Climate Research, Research Centre Jülich), Svenja Schulze (NRW Minister of
Innovation, Science, Research and Technology), Prof. Dr. Ralf Koppmann (Head of BUW’s
Department of Atmospheric Physics and Coordinator of Reacting Atmosphere Research
Network), Soledad Blanco (Director, Office of Sustainable Resources Management, Industry
and Air of the EU Environmental Directorate), Prof. Dr. Peter Wiesen (Dean of BUW’s Faculty
of Mathematics and Natural Sciences, Deputy Coordinator of Reacting Atmosphere Research
Network), and Prof. Dr. Harald Bolt (Member of Management Board, Research Centre Jülich)
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through the programme. The two model regions, the Rhine-Ruhr Metropolitan
Area and the East Asian Megacities, on which the research network focuses, were
addressed in separate talks: Prof. Martin Riese (FZJ) spoke about the urgent need
of a better understanding of climate-chemistry interactions and highlighted that the
Asian Monsoon plays a key role in air quality-climate interactions. Dr. Stefan
Lechtenböhmer (WI) concentrated on the Rhine-Ruhr Metropolitan Area and
explained how climate mitigation and air quality aspects are tackled in order to
achieve sustainable urban infrastructures. Soledad Blanco underlined the Impor-
tance of climate mitigation and air quality and stressed the importance of the
networks’ chosen topics for Europe. In addition, Andre Zuber (DG ENV) pointed
out the need for further fundamental research.

The poster and demonstration session was also very well attended: Prof. Peter
Wiesen (BUW), deputy co-ordinator of the network and co-ordinator of the FP7
Infrastructure Project EUROCHAMP-2, presented this project, which consists of
14 European members and fosters networking and strives to break down the
boundaries between national research institutions and open up access to the net-
works facilities to a wider range of researchers. Also, Prof. Andreas Wahner
(Research Centre Jülich) introduced the FP7 Project PEGASOS, which brings
together 15 European member states, and looks at the interactions between
atmospheric chemistry and climate change.

In addition, PhD students of the University of Wuppertal performed an
experiment showing the reduction of nitrogen oxides on surfaces doped with TiO2.
A full-scale proof of this process is the aim of a field campaign currently being
conducted in a traffic tunnel in Brussels within PhotoPAQ, a LIFE+ project.

The ‘‘Reacting Atmosphere’’ at the International
Conference ‘‘Planet Under Pressure’’ 2012

Atmospheric physicist Prof. Ralf Koppmann, coordinator of the research network
‘‘The Reacting Atmosphere’’ and Chief Operating Officer Dr. Gabriele Erhardt
presented the research network at the international conference ‘‘Planet Under
Pressure’’ in London (London, March 26–29, 2012). ‘‘Planet Under Pressure
2012’’ was the largest gathering of global change scientists leading up to the
United Nations Conference on Sustainable Development (Rio +20) with a total of
3,018 delegates from various scientific fields as well as representatives from
industry (energy, water, food industry, financial sector, insurance companies),
NGOs, development agencies and media from over 100 countries at the conference
venue and over 3,500 that attended virtually via live web streaming.
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The conference took place six weeks before the UN conference ‘‘Sustainable
Development, Rio +20’’ (Rio de Janeiro, May 2012). The aim of the conference
was the preparation of recommendations for policy makers for special topics for
the Rio conference.

Based on the latest scientific findings, a comprehensive description of the state of
knowledge about the Earth system and visions for the future development should be
developed. Topics of the conference were climate research, ecosystem research, land
use, biodiversity, food and water supply as well as secure energy supply.

In an invited talk Prof. Koppmann presented the research network and partic-
ipated in a panel discussion on ‘‘Tackling the air pollution and climate change
challenge : a science/policy dialogue’’.

The conference ended with the approval of the ‘‘State of the Planet Declara-
tion’’, which can be download at http://www.planetunderpressure2012.net.

The Reacting Atmosphere at the ‘‘Woche der Umwelt’’

At the ‘‘Week of the Environment’’, hosted by the German President Joachim
Gauck, over 200 selected exhibitors presented their innovative and future-orien-
tated environmental and nature conservation projects at the Schloss Bellevue park
on June 5 und 6, 2012. One of them was the research network ‘‘The Reacting
Atmosphere’’ represented by Prof. Ralf Koppmann, atmospheric physicist and
coordinator of the research network, Prof. Peter Wiesen, atmospheric chemist and
deputy coordinator, and chief operating officer Dr. Gabriele Erhardt. About 550
companies, organisations, institutes and initiatives applied for participation in this
proficiency show. Participants were selected by an independent jury according to
eligibility criteria as quality, innovation and model character and the research
network ‘‘The reacting atmosphere’’ was selected as one of them.
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The Research Network presented novel, highly sensitive measurement tech-
niques for the detection of atmospheric trace substances, which had been devel-
oped in cooperation with industry partners. A new type of measuring device for the
detection of nitrogen dioxide—supported by the Deutsche Bundesstiftung Umwelt
and the EU Commission—was displayed.

The Reacting Atmosphere at the Green Week in Brussels

The research network ‘‘The Reacting Atmosphere’’ presented its activities at Green
Week 2013 in Brussels. The network had been selected from numerous applicants
by the European Commission. Green Week, the largest annual conference on
European environmental policy, focused on air quality in 2013—a key issue of the
research network. Although major progress has been made in recent years, air
quality standards in densely populated areas of the EU are still frequently exceeded.
This relates in particular to fine particulate matter pollution, ground-level ozone,
and nitrogen dioxide. The European Commission currently reviews its guidelines
for air pollution control in order to further improve air quality in the near future and
to significantly reduce the number of transgressions of air quality standards.

Prof. Peter Wiesen (left) and Prof. Ralf Koppmann, presenting the Research Network at the
‘‘Woche der Umwelt’’ in Berlin, 2012
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At Green Week 2013 the research network ‘‘The Reacting Atmosphere’’ pre-
sented a small photo reactor, which breaks down air pollutants into harmless
substances by titanium dioxide.

Titanium dioxide accelerates chemical reactions if UV light is irradiated.
Therefore it can be used as a catalytic converter to make air cleaner. With the
involvement of BUW the applicability of this process is tested in the framework of
the large European research project PhotoPAQ (Demonstration of Photocatalytic
remediation Processes on Air Quality: photopaq.ircelyon.univ-lyon1.fr/).

Dr. Ralf Kurtenbach from the University of Wuppertal’s atmospheric chemistry group presenting
a small photo reactor at the Green Week 2013 in Brussels
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