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Preface

Promoting young researchers is a major priority of the Helmholtz Association,
Germany’s largest scientific research organisation with 18 Research Centres in the
fields of science, engineering and biomedicine. In the framework of the Initiative
and Networking Fund several promotion instruments were set up with the aim to
advance education and to attract excellent young people for science conducted by
the Helmholtz Centres. School laboratories, doctoral training programmes, as well
as Postdoc programmes support individuals at every stage of their education and
career. Helmholtz Research Schools aim to prepare highly skilled doctoral stu-
dents for a career in science and business. Each research school brings together up
to 25 outstanding young doctoral students to conduct research on a specific topic
and thus gain valuable experience working together closely in teams—an abso-
lutely essential skill for topnotch research today. In addition, the Helmholtz
Association works with distinguished partners such as the Imperial College Lon-
don, enabling it to provide a curriculum that includes a range of courses that aim to
foster professional qualification and personal development and to equip graduates
for careers in management positions, both in science and the business world. Since
2006, 21 research schools have been set up at the different Helmholtz Centres. The
research schools are complemented by 13 Helmholtz Graduate Schools which
provide a roof for a varied number of curricula in different fields, or across
disciplines.

At the Alfred Wegener Institute for Polar and Marine Research in Bremerha-
ven, a Helmholtz Research School on Earth System Sciences has been funded
since 2008 in collaboration with the University of Bremen and the Jacobs Uni-
versity Bremen. Using the network and collaboration of experts and specialists
from the different institutes on observational and paleo-climate data as well as on
statistical data analysis and climate modelling, doctoral students from eight
countries were trained to understand, decipher and cope with the challenges of
global climate change. The Earth System Science Research School (ESSReS)
covers all kinds of disciplines, climate science, geosciences and biosciences, and
provides a consistent framework for education and qualification of a new gener-
ation of expertly trained, internationally competitive doctoral students.
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The set-up of a structured doctoral programme like ESSReS combines both,
strong scientific cutting-edge research and an interdisciplinary education that
bridges the gap between the traditional disciplines. The young students are
motivated to learn on an interdisciplinary and trans-institutional basis, guiding
their way in modern research. The success and outcome of the first 3 years phase
of ESSReS, which also served as precursor for the Graduate School for Polar and
Marine Research (POLMAR), established at the Alfred Wegener Institute in 2009,
is visible in this book. Both schools provide a new level with binding rules for
doctoral education at the Alfred Wegener Institute, satisfying our enduring efforts
on the improvement of doctoral education in the Helmholtz Association.

Bremerhaven, September 2012 Prof. Dr. Karin Lochte
Prof. Dr. Jürgen Mlynek

vi Preface



Acknowledgments

Funding by the Helmholtz Association and continuous support of the Earth System
Science Research School (ESSReS) of the Alfred Wegener Institute for Polar and
Marine Research, the University of Bremen and the Jacobs University of Bremen
is gratefully acknowledged. The editors wish to thank Dr. Peter Köhler, Dr. Martin
Werner, Dr. Gregor Knorr, Andrea Bleyer, Renate Kuchta, and Stefanie Klebe (all
AWI) for their kind support during the planning and implementation phases of
ESSReS and the review and editing processes of this book.

vii



Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 General Aspects of Earth System Science (Gerrit Lohmann,

Klaus Grosfeld, Dieter Wolf-Gladrow, Vikram Unnithan,
Justus Notholt and Anna Wegner) . . . . . . . . . . . . . . . . . . . . . 1

1.2 The Structural and Educational Concept in an
Interdisciplinary Research School for Earth System Science
(Klaus Grosfeld, Gerrit Lohmann, Dieter Wolf-Gladrow,
Annette Ladstätter-Weißenmayer, Justus Notholt,
Vikram Unnithan and Anna Wegner) . . . . . . . . . . . . . . . . . . . 3

2 Remote Sensing and Modelling of Atmospheric
Chemistry and Sea Ice Parameters . . . . . . . . . . . . . . . . . . . . . . . . 9
2.1 NO2 Pollution Trends Over Megacities 1996–2010 from

Combined Multiple Satellite Data Sets (Andreas Hilboll,
Andreas Richter and John P. Burrows). . . . . . . . . . . . . . . . . . 9

2.2 A Brief Example on the Application of Remotely Sensed
Tracer Observations in Atmospheric Science—Studying
the Impact of Stratosphere–Mesosphere Coupling
on Polar Ozone Variability (Christoph G. Hoffmann,
Matthias Palm, Justus Notholt, Uwe Raffalski
and Gerd Hochschild) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.3 Contamination of the Western Pacific Atmosphere
(Theo Ridder, Justus Notholt, Thorsten Warneke and
Lin Zhang) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2.4 Three Dimensional Model Simulations of the Impact of Solar
Proton Events on Nitrogen Compounds and Ozone in the
Middle Atmosphere (Nadine Wieters, Horst Winkler,
Miriam Sinnhuber, Jan Maik Wissing and Justus Notholt) . . . . 23

ix

http://dx.doi.org/10.1007/978-3-642-32235-8_1
http://dx.doi.org/10.1007/978-3-642-32235-8_1
http://dx.doi.org/10.1007/978-3-642-32235-8_1#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_1#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_1#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_1#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_1#Sec2
http://dx.doi.org/10.1007/978-3-642-32235-8_1#Sec2
http://dx.doi.org/10.1007/978-3-642-32235-8_1#Sec2
http://dx.doi.org/10.1007/978-3-642-32235-8_1#Sec2
http://dx.doi.org/10.1007/978-3-642-32235-8_1#Sec2
http://dx.doi.org/10.1007/978-3-642-32235-8_1#Sec2
http://dx.doi.org/10.1007/978-3-642-32235-8_2
http://dx.doi.org/10.1007/978-3-642-32235-8_2
http://dx.doi.org/10.1007/978-3-642-32235-8_2
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec6
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec6
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec6
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec6
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec6
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec6
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec6
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec12
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec12
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec12
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec12
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec17
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec17
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec17
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec17
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec17


2.5 Evaluation of the Coupled and Extended SCIATRAN Version
Including Radiation Processes Within the Water: Initial Results
(Mirjam Blum, Vladimir Rozanov, Tilman Dinter,
John P. Burrows and Astrid Bracher). . . . . . . . . . . . . . . . . . . 28

2.6 Improving the PhytoDOAS Method to Retrieve
Coccolithophores Using Hyper-Spectral Satellite
Data (Alireza Sadeghi, Tilman Dinter, Marco Vountas,
Bettina Taylor and Astrid Bracher) . . . . . . . . . . . . . . . . . . . . 31

2.7 Primary Productivity and Circulation Patterns Downstream
of South Georgia: A Southern Ocean Example of the
‘‘Island Mass Effect’’ (Ines Borrione, Olivier Aumont, and
Reiner Schlitzer) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

2.8 Summer Sea Ice Concentration Changes in the Weddell Sea
and Their Causes (Sandra Schwegmann, Ralf Timmermann,
Rüdiger Gerdes, and Peter Lemke). . . . . . . . . . . . . . . . . . . . . 42

2.9 Validation of the Snow Grain Size Retrieval SGSP Using Six
Ground Truth Data Sets (Heidrun Wiebe, Georg Heygster,
and Eleonora Zege) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

3 Earth System Modelling and Data Analysis. . . . . . . . . . . . . . . . . . 57
3.1 The Last Interglacial as Simulated by an Atmosphere–Ocean

General Circulation Model: Sensitivity Studies on the
Influence of the Greenland Ice Sheet (Madlene Pfeiffer,
and Gerrit Lohmann) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

3.2 Simulated Caribbean Climate Variability During the
Mid-Holocene (Wei Wei, and Gerrit Lohmann) . . . . . . . . . . . . 64

3.3 Oceanic d18O Variation and its Relation to Salinity
in the MPI-OM Ocean Model (Xu Xu, Martin Werner,
Martin Butzin, and Gerrit Lohmann) . . . . . . . . . . . . . . . . . . . 70

3.4 Ocean Adjustment to High-Latitude Density Perturbations
(Sagar Bora, Sergey Danilov, and Gerrit Lohmann). . . . . . . . . 74

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

4 Geotectonics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
4.1 Continental Deformation of Antarctica During Gondwana’s

Breakup (Florian Wobbe, and Karsten Gohl) . . . . . . . . . . . . . 83
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

5 Climate Archives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
5.1 The Inorganic Carbon System in the Deep Southern Ocean

and Glacial-Interglacial Atmospheric CO2 (Franziska Kersten,
and Ralf Tiedemann) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

x Contents

http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec24
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec24
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec24
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec24
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec24
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec25
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec25
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec25
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec25
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec25
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec38
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec38
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec38
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec38
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec38
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec38
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec38
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec43
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec43
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec43
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec43
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec48
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec48
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec48
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Sec48
http://dx.doi.org/10.1007/978-3-642-32235-8_2#Bib1
http://dx.doi.org/10.1007/978-3-642-32235-8_3
http://dx.doi.org/10.1007/978-3-642-32235-8_3
http://dx.doi.org/10.1007/978-3-642-32235-8_3#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_3#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_3#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_3#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_3#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_3#Sec8
http://dx.doi.org/10.1007/978-3-642-32235-8_3#Sec8
http://dx.doi.org/10.1007/978-3-642-32235-8_3#Sec8
http://dx.doi.org/10.1007/978-3-642-32235-8_3#Sec18
http://dx.doi.org/10.1007/978-3-642-32235-8_3#Sec18
http://dx.doi.org/10.1007/978-3-642-32235-8_3#Sec18
http://dx.doi.org/10.1007/978-3-642-32235-8_3#Sec18
http://dx.doi.org/10.1007/978-3-642-32235-8_3#Sec18
http://dx.doi.org/10.1007/978-3-642-32235-8_3#Sec26
http://dx.doi.org/10.1007/978-3-642-32235-8_3#Sec26
http://dx.doi.org/10.1007/978-3-642-32235-8_3#Sec26
http://dx.doi.org/10.1007/978-3-642-32235-8_3#Bib1
http://dx.doi.org/10.1007/978-3-642-32235-8_4
http://dx.doi.org/10.1007/978-3-642-32235-8_4
http://dx.doi.org/10.1007/978-3-642-32235-8_4#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_4#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_4#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_4#Bib1
http://dx.doi.org/10.1007/978-3-642-32235-8_5
http://dx.doi.org/10.1007/978-3-642-32235-8_5
http://dx.doi.org/10.1007/978-3-642-32235-8_5#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_5#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_5#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_5#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_5#Sec1


5.2 The Significance of the Long Lived ([400 Years) Bivalve
Arctica Islandica as a High-Resolution Bioarchive
(Jacqueline Krause-Nehring, Thomas Brey, Simon Thorrold,
Andreas Klügel, Gernot Nehrke, and Bernd Brellochs) . . . . . . . 97

5.3 Sub-Annual Resolution Measurements of Dust Concentration
and Size in Different Time Slices of the NorthGRIP Ice Core
(Katrin Wolff, Anna Wegner, and Heinz Miller). . . . . . . . . . . . 103

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

6 Ecosystems and Climate Change. . . . . . . . . . . . . . . . . . . . . . . . . . 113
6.1 Predicting Habitat Suitability of Cold-Water Coral Lophelia

pertusa Using Multiscale Terrain Variables (Ruiju Tong,
Autun Purser and Vikram Unnithan) . . . . . . . . . . . . . . . . . . . 113

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118

7 Geoinformatics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
7.1 Resource-Aware Decomposition and Orchestration

of Geoprocessing Requests in a SOA Framework
(Michael Owonibi and Peter Baumann) . . . . . . . . . . . . . . . . . 119

7.2 A Specification-Based Quality Model to Improve Confidence
in Web Services of Multidisciplinary Earth System Science
(Jinsongdi Yu, and Peter Baumann) . . . . . . . . . . . . . . . . . . . . 124

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128

8 Geoengineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
8.1 Feasibility Study of Using a Petroleum Systems Modeling

Software to Evaluate Basin Scale Pressure Evolution
Associated With CO2 Storage (Christian Ihrig, and
Vikram Unnithan) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134

Contents xi

http://dx.doi.org/10.1007/978-3-642-32235-8_5#Sec6
http://dx.doi.org/10.1007/978-3-642-32235-8_5#Sec6
http://dx.doi.org/10.1007/978-3-642-32235-8_5#Sec6
http://dx.doi.org/10.1007/978-3-642-32235-8_5#Sec6
http://dx.doi.org/10.1007/978-3-642-32235-8_5#Sec6
http://dx.doi.org/10.1007/978-3-642-32235-8_5#Sec6
http://dx.doi.org/10.1007/978-3-642-32235-8_5#Sec16
http://dx.doi.org/10.1007/978-3-642-32235-8_5#Sec16
http://dx.doi.org/10.1007/978-3-642-32235-8_5#Sec16
http://dx.doi.org/10.1007/978-3-642-32235-8_5#Sec16
http://dx.doi.org/10.1007/978-3-642-32235-8_5#Bib1
http://dx.doi.org/10.1007/978-3-642-32235-8_6
http://dx.doi.org/10.1007/978-3-642-32235-8_6
http://dx.doi.org/10.1007/978-3-642-32235-8_6#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_6#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_6#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_6#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_6#Bib1
http://dx.doi.org/10.1007/978-3-642-32235-8_7
http://dx.doi.org/10.1007/978-3-642-32235-8_7
http://dx.doi.org/10.1007/978-3-642-32235-8_7#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_7#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_7#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_7#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_7#Sec6
http://dx.doi.org/10.1007/978-3-642-32235-8_7#Sec6
http://dx.doi.org/10.1007/978-3-642-32235-8_7#Sec6
http://dx.doi.org/10.1007/978-3-642-32235-8_7#Sec6
http://dx.doi.org/10.1007/978-3-642-32235-8_7#Bib1
http://dx.doi.org/10.1007/978-3-642-32235-8_8
http://dx.doi.org/10.1007/978-3-642-32235-8_8
http://dx.doi.org/10.1007/978-3-642-32235-8_8#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_8#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_8#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_8#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_8#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_8#Sec1
http://dx.doi.org/10.1007/978-3-642-32235-8_8#Bib1


Chapter 1
Introduction

1.1 General Aspects of Earth System Science

Gerrit Lohmann1 (&), Klaus Grosfeld1, Dieter Wolf-Gladrow1,
Vikram Unnithan3, Justus Notholt2 and Anna Wegner1

1Alfred Wegener Institute for Polar and Marine Research Bremerhaven, Germany
e-mail: Gerrit.Lohmann@awi.de

2Institute of Environmental Physics, University of Bremen, Germany
3Jacobs University, Bremen, Germany

To properly address the pressing question of climate change and its natural and
anthropogenic causes, intimate knowledge on amplitude and rapidness in the
natural variations of temperature or other temperature-related environmental
properties in the ocean, over the continents, and in the cryosphere is required.

The best way to gain this knowledge is the inspection of historical time series of
direct temperature measurements or documentation of such environmental
observations. Unfortunately, historical records of direct temperature measurements
which would allow consideration of changing climate on a global scale are too
short and fall already within the period of strong human impact on natural con-
ditions. Information on earlier times can be obtained either from proxies that
record past climate and environmental conditions, or by simulating climate using
comprehensive models of the climate system under appropriate external forcing.

One of the greatest challenges is getting reliable assertions regarding future
global climate and environmental change. The longer the time scale the more
components of the Earth system are involved, e.g. weather prediction models can
take the ocean as constant in order to estimate the next days; interannual to decadal
variations can be described in the coupled atmosphere–ocean-sea ice system,
whereas longer variations like glacial-interglacial transitions incorporate the full
carbon cycle as well the ice sheets and associated feedbacks (Fig. 1.1). In order to
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get a systematic view of the Earth System, one has to consider the climate com-
ponents with its specific time scales.

Earth System Science is traditionally split into various disciplines (Geology,
Physics, Meteorology, Oceanography, Biology etc.) and several sub-disciplines.
Overall, the diversity of expertise provides a solid base for interdisciplinary research.
However, gaining holistic insights of the Earth System requires the integration of
observations, paleo-climate data, analysis tools and modelling. These different
approaches of Earth System Science are rooted in different disciplines that cut across
a broad range of timescales. It is, therefore, necessary to link these disciplines at a
relatively early stage in PhD programs. The linking of ‘data and modelling’, as a
special emphasis in our graduate school, enables graduate students from a variety of
disciplines to cooperate and exchange views on the common theme of Earth System
Science, which leads to a better understanding of processes within a global context.

A conceptual unification among the sciences of the Earth has never developed in
the German education system. Disciplinary specialization has played a large role
instead of integration. Already Humboldt proposed an integration of several disci-
plines, establishing international cooperative networks of meteorological and geo-
magnetic measurement stations. Humboldt’s general physics of the Earth envisioned
climate as a major control of Earth-surface phenomena.

The modern view takes the Earth’s land surface, oceans, atmosphere, and
inhabitants as an integrated whole, with linkages among the various components
(Fig. 1.1). This effort is often referred to as Earth System Science. It provides a

Fig. 1.1 The complex climate system requires a multi-disciplinary approach. The figure shows
the interactions between different components. The biogeochemical cycles (including forami-
nifera) are a key element for the carbon cycle in the oceans and on land, feeding back to the
atmosphere through the CO2 effect on long wave radiation. The position and extent of the big ice
sheets are important for the global climate system. The long-term climate cooling is also related
to the carbon cycle and ocean gateway configurations, known as tectonic-sedimentary puzzle
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challenge for theory, observations, reconstructions and modelling, to describe past,
present and future changes in the Earth system. Global environmental change is
probably one of the greatest challenges faced by human societies ever since. As a
logical step, scientists need to understand the interactions and feedbacks among the
components of the Earth system, encompassing the lithosphere, atmosphere,
hydrosphere, cryosphere, and biosphere.

Basic knowledge in the other disciplines in Earth System Science enables
graduate students from a variety of disciplines to cooperate and exchange views on
the common theme of global environmental change. In our approach, we tried to
cover a wide spectrum of Earth System Science: Remote sensing, data exploration,
process understanding, modelling, and informatics. Informatics is also relevant
since a large amount of data is retrieved through models, satellites and high-
resolution geosciences data. Examples of how to link the different disciplines as a
key concept of future PhD education in Earth System Science are shown in the
chapters of the book. The different research projects are clustered in respect to
their common research field, such as remote sensing and modelling of atmospheric
chemistry, Earth system modelling and data analysis, geo-tectonics, climate
archives, ecosystems and climate change, geo-informatics and geo-engineering.

1.2 The Structural and Educational Concept in an
Interdisciplinary Research School for Earth System
Science

Klaus Grosfeld1 (&), Gerrit Lohmann1, Dieter Wolf-Gladrow1,
Annette Ladstätter-Weißenmayer2, Justus Notholt2,
Vikram Unnithan3 and Anna Wegner1

1Alfred Wegener Institute for Polar and Marine Sciences Bremerhaven, Germany
e-mail: Klaus.Grosfeld@awi.de

2Institute of Environmental Physics, University of Bremen, Germany
3Jacobs University, Bremen, Germany

Today, Earth System Sciences are based on highly interdisciplinary research,
demanding a broad basic knowledge of the different research aspects, their feedbacks
and interconnections. A major difficulty in cross-disciplinary science is, therefore, to
find a proper common language/level, where people from different disciplines can
explain their research question and contribute to solution strategies. Consequently,
the major goal of the Earth System Science Research School (ESSReS) is bridging
theses gaps by providing a scientific education and basic and expert knowledge on
Earth System Science, which has not been given within the master or diploma studies
of the applicants that are specialized on their research fields. By these efforts, the PhD
students obtain systematic insights into the different disciplines in order to be able to

1.1 General Aspects of Earth System Science 3



discuss common research questions on a solid fundament and to identify cooperation
and collaboration across disciplines.

Hence, a structured educational PhD programme has been developed, which
consists of basic and expert courses in the field of Earth System Science, gaining
knowledge and tools, all the way to brand new developments and scientific topics
(Fig. 1.2).

ESSReS is designed as a class of up to 25 PhD students from all around the globe
starting the educational programme together at a certain date and following the
programme as a cohort. We preferred this concept for our research school against the
more common ones, where new PhDs are recruited continuously and where the
research school provides a framework for different graduation stages. The advantage
of our concept is that from the beginning, the PhD students build a close scientific and
social network.

In total, two weeks of lectures during the introductory phase and one week of
lectures per semester during the expert phase are taught. The lectures are comple-
mented by monthly PhD seminars that are organized by the PhD students themselves
and hosted in turns at the different institutes (Fig. 1.3).

Once a year, the PhD students present their results with oral and poster presen-
tations at a common retreat to their colleagues and the supervisor assembly, giving
room to extensive discussion and interdisciplinary exchange. For expert courses
external lecturers are invited for an extended research stay at one of the collaborating
institutes, to teach challenging new topics relevant for the research school and to be
available during their research stay for intensive discussions and collaborations with

Fig. 1.2 ESSReS curriculum during the 3-years PhD education. Basic courses provide a
common frame and scientific language. Transferable skills courses are related to social
competence, management skills, oral and poster presentation techniques and scientific writing, as
well as career planning
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the PhD students. An overview on the curriculum and course programme can be
found on our research School web page www.earth-system-science.org. Additional
courses, interesting for the PhD students and provided by our cooperation graduate
schools at the Alfred Wegener Institute (www.polmar.awi.de), at the Bremen Uni-
versity (www.glomar.de) or at the Max Planck Institute Research School for Marine
Microbiology (www.marmic.mpg.de) are accepted within the curriculum.

The scientific education is complemented by a three-stage training in transferable
skills. Besides the scientific work, the PhD students join each year a residential
course organized by the Helmholtz Association and performed by tutors from the
Imperial College London, where ‘‘Research Skill Development’’, ‘‘Presentation and
Communication Skills’’, and ‘‘Career Planning and Leadership Skills’’ are trained.
The courses are run together with participants from other Helmholtz research
Schools to foster further interdisciplinary experience and networking within the
young researchers’ community of the Helmholtz Association. In addition to the
transferrable skills training, a special coaching programme for scientific writing is
offered to the PhD students through the foreign language institute at the University of
Bremen, to support the writing of their first scientific papers directly from the
beginning. Deficiencies in scientific writing have shown to be a great obstacle in the
time planning, because the first paper takes empirically much longer than expected.

During the programme, students will be required to directly apply their soft
skills. Fellows may wish to receive financial assistance for activities beyond what
is generally covered by the research school, e.g. for additional travel to confer-
ences, summer schools or lab support. To this end, the research school provides a
certain budget for each PhD student. To access these funds, fellows are required to
write short proposals that are evaluated by the Academic Council. In writing these
proposals and reports, the PhD students undergo basic training in fundraising and
fund management which is an important part of professional research right from
the beginning. Furthermore, this represents a good exercise for applicants who

Fig. 1.3 Monthly ESSReS seminar with self-organized presentations and discussion about the
different research topics and planning of common activities
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