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Data assimilation? Stop!
Don't be afraid, please,
come closer! No tongue
twister, no rocket science.
Or is it? Let's see. Itis a
matter of fact, however,
that data assimilation has
been around for a long
time and (almost) every-
where. But only in the age
of supercomputers has it
assumed amazing propor-
tions.

Everyone knows data. As-
similation, however, is a
difficult term for something
that happens around us
all the time: adaptation.
Nature in particular has

[ ]
s "' demonstrated to us for

millions of years how evo-
lutionary adaptation works.

From unicellular organisms
to primates, from algae to -

sequoias, from dinosaurs
.. Anyone who cannot
adapt will quickly not fit in
anymore.

We of course have also
learned to adapt in new sit-

uations and act accordingly.

When we want to cross the
street, we have a plan of
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how to do this: go to the
curb, look left and right,
and only cross the street
if there’s no car (coming).
If we do all this and adapt
our plan to the traffic we
see, we will not just safely
cross the street, but we will
also have successfully prac-
ticed data assimilation.

Of course, that sounds
different when research-
ers try to explain how data
assimilation helps them.
Meteorologists, for exam-
ple, have been working with
data assimilation for years.
The German Weather Ser-
vice writes, “In numerical

® weather prediction, data 5

assimilatioh is the approx-

=~ - ®
imation of a model fun to

the actual development 4
of the atmosphere as de-
scribed by existing obser-
vations.” What it means is
that a weather forecast is
only accurate if the model
which is used for its calcu-
lation is repeatedly updat-
ed, i.e. assimilated, with

new measurement data.

In 2017 an entire Collabo-
rative Research Center was
established at the Univer-
sity of Potsdam, CRC 1294,

to deal with the mathemat-
ical basics of data assimila-
tion. For Portal Wissen, we
asked the mathematicians
and speakers of the CRC
Prof. Sebastian Reich and
Prof. Wilhelm Huisinga
how exactly data assimi-
lation works and in which
areas of research they can
be used profitably in the fu-
ture. We have looked at two
projects at the CRC itself:
the analysis of eye move-
ments and the research on
space weather.

In addition, the current
issue is full of research pro-
jects that revolve around
data in very different

ways. Atmospheric physi- #* 4

cist Markus Rex throws a

trace elements in our body.
Computer scientists have
developed a method to
filter relevant information
from the flood of data on
the worldwide web so as
to enable visually impaired
to surf the Internet more
easily. And a geophysicist
is working on developing
an early warning system
for volcanic eruptions from
seemingly inconspicuous
seismic data.

Not least, this issue deals
with the fascination of fire
and ice, the possibilities
that digitization offers for
administration, and the
question of how to inspire
children for sports and ex,

2 ercise. ‘70 v ‘ ".‘

® <
o..;' "m - ®

We hope you enjoy. readmg

* glance at the spectaculars#® — and if you send us some

MOSAIG expeditionsStart-

e ingin September 2019,

the German research
icebreaker “Polarstern”

¢ will drift through the Arc-

tic Ocean for a year and
collect numerous data
on ice, ocean, biosphere,
and atmosphere. In the
project “TraceAge”, nutri-
tionists will use the data
from thousands of sub-
jects who participated in a
long-term study to find out
more about the function of

of your reading experience,
we will assimilate it into
our next issue. Promised!

THE EDITORS

-
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“The Best of
Both Worlds”

The Connection between the Weather, Amoebae, and the Human Gaze

Data is all the rage. Satellite images make the entire
world available - in detail and around the clock.
Humans, too, are being captured down to the last
detail, from their genetic material to their heartbeat.
Traffic flows, cell structures, internet flows — and that’s
only the beginning. But the more data that is available,
the more pressing becomes the question of how to
arrange, analyze, and interpret them. Mathematical
models provide a solution. They can structure large
amounts of data and make them “readable”. Model
and data, however, do not always come together eas-
ily. This is where the Collaborative Research Center
(CRC) 1294 comes in. Its title says it all: “The seam-
less integration of data and models”. Matthias Zim-
mermann interviewed Prof. Sebastian Reich, speaker
of the CRC, and his deputy Prof. Wilhelm Huisinga.

Data assimilation bridges theory — that
is, the mathematical model — and prac-
tice — the measured data that should go
into this model. How does this work?

Sebastian Reich: Thanks to modern computing tech-
nology, mathematical models can be simulated. In-
cidentally, this also creates data, in a way a reflection
of the phenomenon that one wants to model. On the
other hand, there is experimental data that you obtain
from measurements. The goal of data assimilation is to
bring these two worlds together and to use the experi-
mental data to calibrate, validate, and compare models,
verify model approaches and so on. You want to com-
bine the best of both worlds, and this happens algo-
rithmically through the assimilation of data in models.

Wilhelm Huisinga: May I disagree right away?
(Laughs) I would say this “best of both worlds” does
not exist as such. It only becomes possible as a result
of the combination. Big data is often said to generate
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knowledge through large data sets. Here we would
say: Collecting a lot of data does not necessarily yield
new findings. It also takes innovative methods to turn
this data into knowledge. And that is done through
combining experiment and model. Principally, mod-
els contain our idea of the processes underlying the
measured data. Only by combining models and data
are you able to generate knowledge.

The Collaborative Research Center (CRC) 1294 with the
title “Data Assimilation — The Seamless Integration of
Data and Models” focuses on the integration of large
data sets into complex computational models. This is
meant to facilitate a better understanding of underlying
processes as well as more accurate predictions. In mete-
orology, hydrology, and the search for raw materials,
data assimilation methods are already being used very
successfully. In the future, new application areas in the
fields of biology, medicine, cognitive and neurosciences
are also expected to benefit. This urgently requires a
theoretical foundation of the existing algorithms and
development of novel ones for data assimilation.

The Collaborative Research Center 1294 comprises 11
scientific subprojects, a data infrastructure project, and
a graduate college. In addition, it also includes a central
administrative project. Of the 17 applicants of the CRC,
two are from the Helmholtz Center Potsdam — German
Research Center for Geosciences, one from the Weier-
strass Institute Berlin, one from Humboldt Universitit
zu Berlin, two from the Technische Universitit Berlin,
and eleven from the Departments of Mathematics,
Physics and Astronomy, Computational Science, and
Psychology of the University of Potsdam.

Z www.stb1294.de




Reich: Although this distinction is also quite subtle.
Scientific models use principles for model design. But
we also have projects where these principles are not
necessarily known. Cognitive science, for example, is
about discovering these principles in the first place —
and for this, you also need data. You can suggest dif-
ferent models, but to decide which model is the more
appropriate one, they have to be matched with data.
This is done in data assimilation. It is the interface
between statistics, which has historically dealt with
how to model data, and applied mathematics, which
is primarily devoted to the development of models and
their analysis, but also to machine learning. The latter
essentially also deals with the question of how models
that fulfill certain tasks can be generated from data.

How did the field of data assimilation
evolve in the first place?

Reich: In close relation to meteorology. Although we
have a relatively good understanding of how weath-
er phenomena occur, meteorology is about making
predictions. The statistician George Box put it nice-
ly when he said, “Essentially, all models are wrong,
but some are useful.” It means that you have to keep
adapting models to reality. This also applies to weather
forecasting models. In this context, data assimilation
has made enormous progress. The availability of sat-
ellite data in the southern hemisphere, for example,
has immensely improved the quality of forecasts. The

CRC, however, deals not only with predictions. We al-
so want to find models that can explain things.

Huisinga: An example from the CRC: A subproject
explores the question of how to determine whether
a person has previously seen a picture they are look-
ing at. Here, the mechanism of information retrieval
in the brain and its impact on eye movement is not
important. In other areas, we also want to develop an
understanding of why something is the way it is. To
Box’s quote I would like to add: Actually, we should
say that all models are approximations, i.e. methods of
approximation. Some of them are useful, while others
are completely futile so that you cannot do anything
with them.

Reich: ... “Wrong” is, of course, a bit exaggerated. The
models have an approximation quality, but errors
occur, that's the important point. And these errors
accumulate, for example when it comes to weather
forecasts, so that the forecast quality is very low after
seven days. Only a constant adaptation of the model
to the data allows for repeatedly good predictions.
This is how we have to interpret George Box’s state-
ment.

Huisinga: That’s exactly why data assimilation is such
a nice combination. One has an explanatory or even
predictive model that seems off after a few days, and
so you force the model to constantly respond to reali-
ty — through data assimilation.

Prof. Wilhelm Huisinga
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Reich: This is like a learning process. The model is
constantly learning through these data.

Are the “data assimilation algorithms”
different from the mathematical models
for simulating processes themselves?

Huisinga: I would say yes. In meteorology, to stick
to the example, there are equations that describe the
various processes and make a prediction for a specific
time and place. When a measuring point is added, it
needs to be correlated with the prediction. I would
say that is a kind of statistical model which is based
on the actual mechanistic model and assimilates data
and models.

How does this work mathematically?

Reich: You can see it as a kind of feedback effect. The
original model has an output, for example a predic-
tion repeatedly compared to new observations, that
is, to data. The model is adjusted based on this data.
This feedback loop is relatively independent of the
actual model. Therefore, Research Area A of the CRC
deals with general algorithms of data assimilation as
an independent mathematical problem. Research Ar-
ea B deals with concrete applications, for which the
algorithms have to be adapted: Which processes are
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behind all this? How can you achieve such feedback?
What is the specific task: prediction, classification,
or model verification? A good example, even if it is
not yet relevant at the CRC, is autonomous driving.
A self-driving car has many sensors that can discern
the environment. The car has to react to its data. This
requires a basic model defining what the vehicle does
when and how. A feedback system takes into account
the constantly incoming measured data. Similar ques-
tions will have to be addressed in personalized med-
icine.

Huisinga: The great thing about mathematics is that
it's a kind of general language that can be used to de-
scribe phenomena — in an abstracting way. This shows
that different application problems are based on the
same mathematical questions or models. This is also
the case in the CRC where the same mathematical
process is important in two projects, even when one
is on earthquake research and the other on the move-
ment of amoebae. What's special about this process
is that the occurrence of one event has a feedback on
future events. A big earthquake entails many small
earthquakes. Amoebae, in turn, move by creating
coordinated protuberances of the membranes called
pseudopodia. The probability of a pseudopodium
forming is higher in the vicinity of existing ones. This
is how the cell moves in one direction. This shows
that earthquakes and amoebas are — mathematically —
much closer than one might expect at first glance.



.

Reich: The other important aspect is that only mathe-
matical modeling and modern computing technology
have enabled us to extensively analyze, simulate, and
even predict complex processes. Modern computers
enable us to determine planetary orbits thousands
of years in advance, or to predict the probability of
earthquakes.

Is there anything like general algorithms
for data assimilation?

Reich: Yes, there are certain basic principles. One
of the “classics”, the Kalman filter, dates back to the
1960s. Rudolf Kilman was a Hungarian mathemati-
cian who developed such an algorithm for data assim-
ilation of linear models, i.e. a limited class of models.
This played an important role in the Apollo program,
for example. But there are other methods and differ-
ent statistical techniques. Our CRC also wants to con-
solidate these a bit, derive principles and, in particular,
develop new algorithms.

Huisinga: Another goal of the CRC is to bring da-
ta assimilation from classical applications, such as
geosciences and meteorology, to new areas, such as
cognitive science or biology. One of our application
examples is on how to use these data assimilation
techniques profitably in pharmacology.

Reich: For a long time, data assimilation was primarily
developed by its users. Over the past decade, however,
there has been a growing interest in understanding
these things mathematically and analyzing what's
actually going on. The CRC is expanding on these
developments.

Huisinga: Ultimately, the users will also benefit from
it. Especially in practice, you have to know when
models are working and, even more importantly,
when they are not, because the users will apply them
to everything. Sometimes you may not realize that a
surprising prediction is not a real phenomenon, but
simply results from the fact that the math or the mod-
el does not hold up.

Reich: Meteorology, for example, is now reaching the
limits of the algorithms that are used. As the models be-
come ever more detailed and increasingly three-dimen-
sional, new data assimilation algorithms are needed.

Has the “star of data assimilation“ risen
with the age of big data?

Reich: Mathematically, they overlap in many ways. The
difference, in my view, is just that we are quick to speak
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of “big data" when there are very large data sets. In oth-
er words, you have enormous amounts of data to find
many parameters. For other applications, where there
may not be as much data, more specific models need to
be developed. That’s a question of balance. Many algo-
rithms used in data assimilation are increasingly being
used in machine learning and vice versa.

For successful data assimilation, do you
need a mathematician for the model, a
scientist for the data collection, and a
data scientist for its implementation?

Reich: It usually starts with a user saying, “I have a ques-
tion...”. Often, the users are mathematically well-educat-
ed and already have a model, which they also work with
but which they dor't know exactly. Then there is a math-
ematician who tries to analyze and improve the model.
Ideally, this leads to a dialog during which they jointly
develop an algorithm that is also practicable because the
user needs a forecast at a specific time — the weather
tonight and the earthquake warning before the quake.

Huisinga: At the CRC, the mathematicians are re-
sponsible for Research Area A and the users for Re-
search Area B. The important thing is to bring them
into conversation with one another.

Reich: Exactly. But looking at the B projects, it's clear
that mathematicians and users always work on them
together. That is also the exciting thing about the pro-
jects: As a specialist, you first have to understand the
language and problems of others. Only then will you
be able to create something together.

You have mentioned the two big areas of
the CRC. Could you quickly explain what
Research Area A does?

Reich: A lot of math. (Laughs) There are six subpro-
jects ranging from statistical questions in connection
with high-dimensional stochastic processes to statisti-
cal questions of inverse problems. For example, there
are two projects that deal especially with the already
mentioned aspect of learning, that is, with the contin-
uous adaptation of models to data. Furthermore, Pro-
ject Aos deals with the question of how to best make
decisions, and Project Aog deals with point processes.

What applications does Research Area B
focus on?

Huisinga: As mentioned, we are studying how amoe-
bae move in a biophysical project. This is about mod-
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Prof. Dr. Wilhelm Huisinga studied
mathematics in Berlin. Since 2010,
he has been Professor of Mathemati-

_ cal Modelling and Systems Biology at
ANE the University of Potsdam and Depu-
ty Speaker of CRC 1294.

huisinga@uni-potsdam.de

Prof. Dr. Sebastian Reich studied
electrical engineering and mathe-
matics at TU Dresden. Since 2004,
he has been Professor of Numerical
Mathematics at the University of
Potsdam. He is Speaker of the CRC

1294.

sebastian.reich@uni-potsdam.de

el development as well as data collection. A second
focus is earthquake research, a well-established field
of research in Potsdam. The goal is to model earth-
quakes not only dispersed over time, but also over
space. We have two projects in the field of cognitive
sciences which we want to make available for data
assimilation. One project creates cognitive models of
movement, while the other examines, as mentioned,
whether you look at a picture differently if you have
seen it before.

Reich: The last project is about space weather. This
refers to the influence of solar activities on the radia-
tion belt that surrounds the Earth and is of great im-
portance to satellites. All in all, the researchers at the
CRC merge basic mathematical research for data as-
similation with disciplines in which the University of
Potsdam has proven itself strong in research — above
all, biology and the cognitive and geological sciences.
The exciting thing about such a CRC, however, is of
course also the interaction between projects. Some
do this, others that — but how do they come together?
You could, for example, model amoebic motion via
stochastic partial differential equations, and then you
suddenly have an interaction between a rather appli-
cation-driven and a mathematically motivated project.
In such a context, it is much more likely that people
get in contact with one another who might otherwise
be able to get in contact, but wouldn't actually end up
doing so.

TRANSLATION: SUSANNE VOIGT
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Bringing Order

h-es

A Mathematician brings together data and
models with improved methods
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Small variations can have big effects. This insight

is part of Dr. Jana de Wiljes’ everyday work life. The
researcher works with mathematical models that allow
predictions about the weather, earthquakes, and robot
movements. The problem, however, is that even small
deviations in the initial conditions that are fed into the
models result in a large variability of the simulation
results. In the Collaborative Research Center Data
Assimilation, it is de Wiljes’ task to mitigate these
uncertainties.

The lines on the monitor of mathematician Jana de
Wiljes form two interconnected ovals. The image is
reminiscent of delicate butterfly wings but is actually
the visualization of a mathematical model. It is the
so-called “Lorenz Attractor”’, named after the meteor-
ologist Edward N. Lorenz, who developed the model
in 1963. Broadly speaking, it describes how liquids
and air masses flow. This is important, for example
for weather forecasts.

Research with toy models

What may look playful actually represents the dilem-
ma of the researchers working with these and similar
models: the Lorenz attractor depicts a system with
chaotic behavior. It shows that long-term weather fore-
casts are nearly impossible because even very small
changes lead to large deviations. Lorenz created the
image of the butterfly effect in the context of chaos
theory. This indicates, symbolically, that the flapping
of a butterfly’s wings can affect the weather in a far-
away part of the world.

Jana de Wiljes uses the Lorenz attractor as a so-
called toy model. “It's low-dimensional yet causes
enough trouble,” she explains. “It is not comparable
to the big numerical weather models.” The toy model,
however, is well-suited to testing how best to combine
models and data best to make the most accurate pre-
dictions possible.

“That’'s not easy,” says the 33-year-old researcher.
To bring together data and models, she has to devel-
op new methods but also better understand existing
ones. She scrutinizes and analyzes the mathematical
assumptions behind the models and examines why
certain methods are more successful than others.
“Take, for example, a robot that is programmed to
move in a certain direction in a room,” de Wiljes says.
“Due to small bumps on the ground, the robot moves
completely differently than intended. These mistakes
have to be fixed by collecting additional information.”
The researcher is basically looking for suitable filters
to intelligently adapt models and data to each other.

Sometimes, a sheet of paper and a pencil are
enough for that. She then juggles numbers, formulas,
model parameters, and mathematically explores why

J

PORTAL WISSEN - TWO 2019

one method works better than the other, simplifies
equations and puts them into filters, analyzes assump-
tions, data, and results.

On other days, the mathematician uses a computer,
writes codes for new filters, and initially tests them
with simple simulations that gradually become more
complex. “Many methods only work well when you
run many simulations,” she explains. This, however, is
difficult with these complex, high-dimensional mod-
els. They require so much computing power that it
would be too expensive to do hundreds of simulations.
Fortunately, there are the mathematicians' toy models,
which, although highly simplified, are still able to map
the basic functions very clearly. Testing these models
eventually leads the researchers to new findings. In
the long run, the progress made can be applied to the
larger models.

Data assimilation conquers new research
fields

The Collaborative Research Center is not about weath-
er forecasts, de Wiljes emphasizes, although the
mathematics behind it are similar. Many researchers
across different fields of expertise will ultimately ben-
efit from the foundations that the mathematician is
developing. “We collaborate closely with the applica-
tion-oriented projects,” she emphasizes. These inves-
tigate, for example, the space weather, earthquakes,
and the effect of medication in patients. It is always
about predictions — how intensely the next solar storm
will affect the earth’s magnetic field, how strong the
next earthquake will be, or how individual people with
clearly defined properties will react to certain active
substances.

THE PROJECT

Within the Collaborative Research Center 1294 “Data
Assimilation”, the sub-project Aoz researches the
theoretical foundations of data assimilation. The
researchers develop new filters for mathematical
models and examine existing ones to better under-
stand them. The sub-project Bo6 develops and tests
“Novel methods for the 3D reconstruction of the
dynamic evolution of the Van Allen belts using multi-
ple satellite measurements”.

Duration: 2017—2021

Principal investigators: University of Potsdam,
Technische Universitit Berlin, GFZ Potsdam
2 www.sfb1294.de
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Of course, mathematics is primarily thinking. But
for her research, Jana de Wiljes seldom sits alone
behind closed doors brooding over problems. “Math-
ematics is a team sport,” she says, something she
learned as a child since both her parents were math-
ematicians. She discusses new ideas with colleagues,
tests suggestions, or discusses possible solutions.
Within the Collaborative Research Center, contact
with scientists of other departments is also important.
After all, the mathematician must understand what is
behind the individual projects and which mathemati-
cal solutions could help.

In this way, mathematicians often venture into
new territory with their instruments. While it is com-
monplace in meteorology or robotics to work with
data and models, these methods are less common
in biology and medicine. But for de Wiljes, this is an
incentive rather than a deterrent. “New applications
create new challenges, new methods, and new algo-
rithms,” she says.

HEIKE KAMPE
TRANSLATION: SUSANNE VOIGT

na de Wiljes

THE RESEARCHER

Dr. Jana de Wiljes studied mathemat-
ics at Freie Universitat Berlin. Since
2014, she has been researching at the
University of Potsdam.

wilies@uni-potsdam.de

Prof. Dr. Yuri Shprits studied physics
and applied mathematics in Moscow,
meteorology in Oklahoma, oceanog-
raphy at MIT, and space physics in
Los Angeles, where he also earned
his doctorate. He is Head of the Sec-
tion Magnetospheric Physics at the
German Research Center for Geosciences and Profes-

sor at the Department of Physics and Astronomy at

the University of Potsdam.

yuri.shprits@uni-potsdam.de

PORTAL WISSEN - TWO 2019

Photos: Kaczynski, Ernst (2); privat (bottom)



In Space

similation Can Contribute
asting Space Weather

quantify it. In this way, data assimilation is not
ble to reconstruct the ongoing processes in the
etosphere but can actually give precise clues as
e physics behind them, says the scientist, who
warded the 2012 Presidential Early Career Award
ientists and Engineers by Barack Obama.

hin the CRC “Data Assimilation,” Shprits is col-
rating with the mathematician Jana de Wiljes from
Jniversity of Potsdam to be able to apply this meth-
o the specific field of space physics. “Jana de Wiljes
only tries to prove theories and develop abstract
ethods, but also to tailor them to practical problems,”
Shprits emphasizes. Although theoretical experiments
ay be promising, the developed methods must be
tested on actual data and for reallife applications.
very field and every application has its own specifica-
tions. “Sometimes we try things that work well, but we
still don't understand why. If we knew that, we would
be able to optimize the methods, understand their ap-
plicability, and possibly transfer them into many other
fields, such as biology, earthquake research, naviga-
tion, and climate research,” Shprits says.

He and his team are currently focusing on the
Earth’s radiation belts and ring current: two do-
nut-shaped regions that capture high-energy protons
and electrons from the Earth’'s magnetic field. The
researchers want to understand how the particles are
accelerated and spread into the atmosphere, where
they can influence the climate. “The data assimilation
models help us create a global picture despite sparse
measurements,” Shprits says. “By comparing our an-
alytic model with the collected data and assimilating
that data, the new tools show us something that is not
visible to the naked eye.”

However, it is no less important to understand
ect it with obser- how these methods work. “Otherwise we cannot rely
, corrected through on them,” says the physicist. “Only when we well un-
itial condition for a  derstand them, will we know for sure that this is what
combined with new really happens in nature."
the model predictions
we can deduce what ANTJE HORN-CONRAD
ing in the model to TRANSLATION: SUSANNE VOIGT
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SELF-EXPERIMENT

| See What You See —
And See Where You Look Next

Potsdam cognitive scientists develop models for
predicting eye movements

For some time, cognitive scientists have been focus-
ing on the human gaze, especially when it comes to
reading and viewing images and objects. We know
more and more about why we look at a specific spot
and how we grasp what we are looking at. Research-
ers have gone, however, a step further and investi-
gate whether the movements of our eyes may also
reveal what we are going to look at next. Matthias
Zimmermann participated in a self-experiment on
an eye-tracking analysis — and talked to cognitive sci-
entist Prof. Ralf Engbert.

“Top left, right, down, up, bottom left, | have no
idea.” The symbols that appear on the screen
about five meters in front of me are getting
smaller and smaller. At some point | have to
guess. | wonder if others can still recognize what
has already become blurred before my eyes.
When | think | have failed, the friendly colleague
explains to me that my visual acuity is perfect.
Lucky me! Actually, | am here today to participate
in an experiment on eye movement measure-
ment. But before we really get started, they will
test if | am allowed to participate. This time, a
cognitive test follows. | have to assign symbols
and numbers to each other with a time limit and
then do a vocabulary test. | feel a little bit like at
school, but my ambition has been aroused and
| give it all. The experiment itself, however, has
not even begun. Then it’s time for looking again!

My eyes are thoroughly checked: focusing -okay,
depth of focus- works, color vision — perfect, eye
dominance — on the right. At some point | am
completely registered, get a number for anonymi-
zation and then I’'m ready to hold my eyes in the
camera. But why? What the researchers will see,
when they see what | see, | do not know yet. |
hope | will find out soon.

“Eye movement measurements are a methodical tool
that is versatile and can be used in different disci-
plines,” says Ralf Engbert. The physicist is Professor
of General and Biological Psychology and an expert
on the mathematical modeling of eye movements and
attention processes. “In Potsdam, we have established
many scientific applications for eye movement analy-
ses in psychology and linguistics.”

It is therefore hardly surprising that Engbert is
involved in the eye movement projects of two DFG
Collaborative Research Centers. Within the CRC 1287
“Limits of Variability in Language”, he and Prof. Shra-
van Vasishth investigate what eye movements reveal
about language parsing processes. The project in the
CRC 1294 “Data Assimilation” focuses on theoretical
models that can describe eye movements for texts or
pictures and how to predict where we look when we
look at a scene. “There are already functioning models
for static scenes,” Engbert says. The advertising indus-
try, for example, already uses heat maps, which docu-
ment the areas of images, graphics, or websites we are
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looking at particularly intensively. “We are working on
dynamic cognitive models.” With their help, it should
be possible not only to reconstruct on average but to
intrinsically predict where someone will look next —
and not only when looking at a photo but eventually
in a real, changing environment. “The potential appli-
cations for such a prediction of eye movements in real
time are enormous,” says Engbert. “Especially for hu-
man-machine interaction. An appropriately equipped
assistance system in a car could warn you if you over-
look the pedestrian on the side of the road because you
are looking elsewhere.”

The laboratory looks unspectacular: a sober
room, which is lined with black curtains, two

computers, chairs, and inconspicuous gray plas-
tic goggles. That’s it. I'm still not impressed.
That changes when the experimenter, Daniel
Backhaus, puts the goggles on my nose, which
has no glasses but is wired, and turns it on. A
program window opens on one of the screens
and | see there what | see through the goggles.
| shake my head and the live broadcast shakes
as well. This is getting even more bizarre as |
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step closer and see the screen in the screen and
another smaller one inside and one more and
another until they are too small to identify. | feel
reminded of a mirror cabinet. The goggles are
calibrated before and also during the test series,
altogether at least 20 times. For this | have to fo-
cus three consecutive black dots on a white back-
ground. Everything is adjusted to the millimeter.
Even the canvas is adapted to my height, so | re-
ally look straight ahead and not up or down.

The eye-tracking glasses are the technical heart and the
experiment’s “all-seeing eye”. They are equipped with
several small cameras, some of which are aligned to
the front and record what the subject sees. The others
focus on the pupils and register their movements —
down to the smallest detail and in real time. When they
are combined, visual tracks are created that document
where you look in the picture. The constantly repeated
calibration ensures that the visual track and the viewed
image ultimately fit together exactly.

Finally, the test begins. The experimenter places
me on two so-called wobble boards, i.e. round
plates that are mounted on a half ball so that |

dern betrachten Sie bitie:
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must constantly balance in order to not lose my
balance — in other words, aggravated conditions.
About three meters in front of me is a large,
white canvas and directly above me a projector.
Wobbly like a surfer when trying to stand on the
board for the first time | have to look at 15 pho-
tos. | see landscapes, streets, houses — and in
between, animals: elephants in the savannah,
seagulls in the harbor, monkeys in the zoo, dogs,
horses, sheep, sometimes single animals, some-
times masses. My job is to count how many an-
imals | see in the photos. | have ten seconds for
each picture. Then | can choose from three pos-
sible answers and must say my answer aloud. If
I'm correct, the screen lights up in green and my
“experiment account” is credited a few cents. If |
am wrong, there is no nasty “eeh” as in a game
show, but the screen turns red. Experiment or
not: | cannot deny that | feel a bit under pres-
sure. The number is often correct, but again and
again | am wrong — and that annoys me.

Research on eye movement measurements has been
around for some time, Engbert explains, but so far it
has usually taken place under laboratory conditions.
“Visual perception, however, serves as a preparation for
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actions. We look at a cup and then pick it up; we look at
things and reflect upon their function.” Visual percep-
tion depends very much on the task and therefore can
only be expediently examined in these contexts. “Our
goal is to get the eye movement analysis out of the lab —
without sacrificing scientific precision.”

The researchers in Potsdam do this in two ways.
On the one hand, it is now possible to simulate more
natural conditions thanks to the latest technology. For
a long time, permanently installed trackers were used
for a long time, where you had to put your chin on
a support and were not allowed to move your head
during the experiment. The new tracking glasses offer
more mobility. Standing or turning your head - all
that is no longer a problem. “It is already possible to
walk across the campus with an eyetracker on your
head,” says Engbert. “With this first step we make our
subjects move within our different settings to create
conditions that enable scientific conclusions about a
natural behavior of ours.”

On the other hand, the researchers simply “ensure”
that the sight of the test subjects is meaningful by
giving them a task. In this case it is counting animals.

That makes their eye movements not only realistic but
also comparable. This, in turn, is a prerequisite for a
good model that they can feed with the datasets and
then refine. Of course, experiments become increas-
ingly complex when they are more realistic. That does
not make it easier for researchers. “Natural conditions
present challenges in many fields,” says Engbert. He
refers to the complexity of the models, for example.
The more parameters that have to be taken into ac-
count in an experiment, the more data that is incor-
porated into the modeling. “The only thing that helps
to take advantage of the wealth of data without getting
lost in its everglade is good theory.”

Finally, the first round is over and, relieved, |
step down from my “surfboard”. A short rest, but
| am still far from completing the experiment.
Another 45 pictures are in front of me. This time,
| firmly stand on my feet for the next 15 pictures,
so it's a piece of cake. Nevertheless, | cannot re-
lax; the pictures are demanding. | search in vain
for some animals. Again and again red screens,

Photo: Hopfgarten, Tobias



and in between, | remember that measuring eye
movements is a bit like mind reading. Experi-
menter Daniel Backhaus sees exactly where | am
looking — also my glimpse at the slowly growing
“reward account”, which | deny myself from now
on. | am here to report on a research project and
not to earn money. But then it crosses my mind:
What if the whole experiment is a psychological
study to find out who peers hard at money and
who not? | pull myself together, | have to count
animals. Eight sheep, none, three elephants.
Wrong, damn!

Although the CRC 1294, which I am also contributing
to with “my” experiment, was only started in autumn
201y, Engbert and his team of cognitive scientists have
already achieved a lot in their subprojects. “Our math-
ematical models have improved considerably,” he says
with some pride. Thanks to data assimilation, the dy-
namic cognitive models, which he developed together
with the project partners, are not only able to depict
the sequential structure of vision. “With each new da-
ta point, we are better able to predict the next fixation
point from the recorded sequences, that means the
point in a picture where the viewer looks next.”

But that’s not all. Improved modeling through data
assimilation has enabled them to make more accurate
predictions with less data. “Up to now, measurement
data from many subjects was needed to formulate rel-
atively static and general statements about eye move-
ments. We have already come to a point where we
are able to make individual predictions with data sets
from individual subjects.”

Two more “photo rounds” are next. After all, |
am allowed to sit now, first on a kind of bar stool
and then on a chair at a table. | have to put my
head on a small supporting frame — and must
not move it. Therefore, | cannot say how many
animals | see. Instead, I’m shown three answer
options: | have to look at one of the numbers
and then close my eyes for a moment — and that
is how | show my decision. Two ducks -blink-
ing — correct. | would like to order my food in the
restaurant like this, | think, and wait for the next
photo.

The fact that their work has been so successful is not
least because of the particularly fruitful research cli-
mate at the CRC, says Engbert with enthusiasm. “Peo-
ple exchange their ideas over a long period of time —
both on a theoretical and practical level.” Sometimes
it becomes evident that some model approaches have
more in common than was previously thought, even
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Ralf Engbert is involved in two subprojects of the
collaborative Research Center 1294 “Data Assim-
ilation”. Project Bo3 — ,Parameter inference and
model comparison in dynamical cognitive models*,
that he heads together with mathematician Prof.
Sebastian Reich, examines the data assimilation for
dynamic cognitive models. The project focusses on
improving mathematical models of eye movement
control in reading, scene perception, and fixational
eye movements. The goal is to develop efficient algo-
rithms for data assimilation and model comparison
to be able to predict eye movements in real time.
Project Bog — “Attention selection and recognition

in scene-viewing”, that Engbert heads together

with computer scientist Tobias Scheffer, develops
algorithms and mathematical models that describe
eye movements while considering the individual
characteristics of the viewer. A second goal is to
generate discriminative models from such generative
models of fixation sequences that enable extracting
the latent properties of the observer from the viewed
fixation sequences. From the exact analysis of eye
movements, it could be inferred whether the viewer
is familiar with depicted persons or other images. In
the long run, such models could be used in e-learn-
ing and in criminology.

2 www.sfb1294.de

though they may come from earthquake research and
eye movement analysis. Ultimately, everyone benefits
from the joint work of experienced researchers in
various disciplines and young doctoral students and
postdocs. “The joint supervision of two principal in-
vestigators ensures that you always deal with different
perspectives and new questions. And when young, in-
terested people are ready to try new things, we all end
up learning something.”

Finally, the test series is done, and I am complete-
ly exhausted. I am quite proud that I found so many
animals, even if the task was actually just a sideline.
Experimenter Daniel Backhaus finally asks me about
my strategy for searching for the animals. I ponder.
I scanned, looked for big fixed points, then looked
at unclear spots more intensively, and then repeated
everything again. In fact, after a few minutes, I had
developed a procedure that seemed the most sensible
to me for “animal searching in seconds”. Did others
do it the same way? I hope I will find out when the
experiment has been evaluated.

MATTHIAS ZIMMERMANN
TRANSLATION: SUSANNE VOIGT
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Germany, Norway, Belgium, Denmark, France,
Spain, Estonia, Hungary, the United Kingdom,

and the Netherlands - in all these countries, public
administrations are facing digital reforms. And each
of these countries responds to digitization differ-
ently. How do European governments use digital
instruments for cooperation? And how do they use
such tools to communicate with their citizens? Julia
Fleischer and her team are researching this topic —
together with experts from 10 European countries —
as part of the TROPICO project. It was launched two
years ago and will be completed in 2021 - so now is
a good time to discuss first results.

“You can't win elections with administrative reforms
in this country,” says Julia Fleischer, Professor of
German Politics and Government at the University of
Potsdam. So it comes as no surprise that Germany is
lagging behind the rest of Europe in the digitization
of its public administration. “The Nordic countries,
as well as Estonia, are more open to digital applica-
tions. You can virtually sense a reforming zeal there,”
Fleischer says. That does not, however, mean that it
is problematic if a country — such as Germany — pro-
ceeds more slowly.

Often, there are good reasons for it. In Germany,
public administration was developed based on Max
Weber’s not very flexible ideal-type bureaucracy. “Prin-
ciples such as the requirement of the written form and
written records are not easily adapted to the possibil-
ities of digital instruments,” Fleischer explains. Be-
sides, data protection is of comparatively high impor-
tance to German civil society. And last but not least,
in a federal nation the legal framework is very com-
plex. “It's not easy to develop a common digitization

THE PROJECT

TROPICO - Transforming into Open, Innovative and
Collaborative Governments

Duration: June 2017-May 2021

Participants: University of Potsdam, Central European
University, Budapest (Hungary), University of Antwerp
(Belgium), University of Bergen (Norway), Sciences
Po Grenoble (France), Cardiff University (United
Kingdom), Hertie School of Governance, Berlin, Eras-
mus University Rotterdam (Netherlands), KU Leuven
(Belgium), Tallinn University of Technology (Estonia),
Roskilde University (Denmark), University of Zarago-
za (Spain)

The Potsdam team: Julia Fleischer, Nora Carstens,
Andree Pruin, Camilla Wanckel

Funding: European Union/Horizon 2020

25 www.tropico-project.eu
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Prof. Julia Fleischer (second from right) and her team
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strategy that will work anywhere in the country — after
all, it takes not only ideas and instruments, but an ap-
propriate infrastructure as well.”

Municipalities are developing exciting
ideas for the utilization of online tools

For a number of years, German citizens have been
able to submit their tax statements completely elec-
tronically. “In this respect, we do not differ much from
other countries,” Fleischer says. However, the very
complex tax legislation and tax law make the electron-
ic transmission relatively complicated. “I have lived
in the Netherlands and in Norway, so I know what I
am talking about,” Fleischer says with a laugh. Some-
times, however, a reserved attitude towards digital
services may turn out to be advantageous: “You don't
always need to be among the frontrunners. This actu-
ally allows you to avoid mistakes.”

Especially since the Federal Government has indeed
placed digital governance on its agenda. With the adop-
tion of the Law on Online Access in 2017, the Federal
Government, the federal states, and the municipalities
have committed themselves to offering their adminis-
trative services — 575 in total — in digital form by the end
of 2022. “Already, many exciting ideas have been devel-
oped, especially at the level of the municipalities and
federal states. In our federal system, these are the ones
mainly responsible for the provision of services such as
day care nurseries, parental allowance — essentially all
basic public services.” Bremen is currently testing an
app that can be used to apply for parental allowance.

But it is not just ideas that matter. “They also have to be
tested for legal certainty, so this is what slows the pro-
cess down time and again.” Besides, several authorities
are involved in the granting of parental allowance, so
not only the parents benefit from the new technology,
but the authorities, too, because they start cooperating
in a completely new way.

Close links between public administra-
tion and the legal system

The Potsdam team is specifically in charge of internal
policy formulation: the way in which governments
effect decisions, make regulations, or draft new laws.
This also includes a comparison between European
countries. So Fleischer and her team surveyed experts
in law, politics, administrative sciences, and history
from all over Europe on their views regarding the ef-
fect of digitization on policy formulation. “We found
that the differences between European countries
could partly be traced back to their administrative
traditions. For instance, respondents in Estonia attrib-
uted a much higher impact to the dynamics of digital
services than their colleagues in Germany did.” For
Fleischer, these differences mainly result from the dif-
ferent legal systems public administrations are closely
linked with.

At the same time, the survey found that digitiza-
tion may not only result in better and more efficient
cooperation, but can also create some challenges, for
instance regarding the delimitation of responsibilities
and the cooperation between ministries or authorities.
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Prof. Dr. Julia Fleischer studied public
administration at the University

of Potsdam and the Complutense

_ University of Madrid. She has been

.~ Professor of German Politics and
Government at the University of Potsdam since 2017.
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Fleischer is looking forward to interviewing admin-
istrative officials in person in the second half of the
project. The international team contrasted scientific
opinion with qualitative case studies carried out in
countries where digital instruments are used for in-
ternal policy formulation. In Germany, for instance,
they looked at the electronic sustainability impact
assessment, or eNAP. The Federal Government has
committed itself to devoting more attention to the
goals laid out in the United Nations’ Agenda for Sus-
tainable Development for its policy formulation. The
web-based application eNAP is to ensure that these
goals will be attained: It makes sustainability assess-
ments easier for advisors. “Our main question is
whether they use the portal at all and how it impacts
their everyday work.”

In addition, Fleischer and her team studied digital
tools for climate protection in Hungary and an elec-
tronic platform by employees for employees in public
administration in the Netherlands. “We want to un-
derstand how digitization affects the tension between
politics and administration,” Fleischer says. She and
her team are researching in how far the European

Union implicitly promotes the introduction of digital
instruments. For instance, will a tool for measuring
carbon emissions for environmental purposes that
is tested and approved in one country be introduced
more rapidly in another EU country? This is the type
of question she hopes to find answers to.

Civil society, too, is increasingly using
digital means to make its voice heard

Regarding policy implementation, the researchers
studied online portals for citizens in Germany and
Norway, respectively. In Berlin, they examined “mein-
berlin.de” (my Berlin) and in Norway “minsak.no” (my
cause—). Both platforms allow citizens to get involved
in urban planning processes.

According to Fleischer, one of the major challenges
is that not all social groups are equally represented
among the users of digital tools. “Just like analog com-
munication with public administrative bodies, people
with higher levels of education use the instruments of
political participation more often than less-educated
citizens.” However, the researchers are less interest-
ed in how citizens use such offers and more in how
the administration deals with them. How is the input
processed — more quickly or more slowly than in anal-
ogous form? Are there any differences at all> And how
do workflows and decision-making change? Currently,
the researchers are still in the midst of their evalua-
tion. Nevertheless, Fleischer has a provisional answer
to these questions: “Things are not simply getting bet-
ter or worse, the answer is: it depends.”

DR. JANA SCHOLZ
TRANSLATION: MONIKA WILKE

Digital administration also

means access to online
services for citizens
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“Henrietta’s school in
motion” was developed
to help children enjoy
movement.
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The SMaRTER study at the University of Potsdam

researches how regular remedial PE classes

affect elementary school children
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THE PROJECT

Testing the effects of remedial PE on the motor and
cognitive development of elementary school children
in the state of Brandenburg (SMaRTER study)

Funding: ca. EUR 172,000, by AOK Nordost —
Die Gesundheitskasse

Duration: 2018—2022

Participants: Prof. Dr Urs Granacher, Fabian Arntz,
Sophia Funk, Dr Kathleen Golle, Teresa Rymarcewicz,
Prof. Dr Reinhold Kliegl
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Children have a natural desire to move. They run,
jump, and skip whenever they have the opportu-
nity. But what if they prefer watching others doing
sports rather than being active themselves? For
quite some time, researchers have been observing
an increase in motor deficits in school-aged chil-
dren. To counteract this trend, the federal state

of Brandenburg has launched various programs
based on studies developed at the University of
Potsdam. One of them is the SMaRTER study in
which a team of researchers around Urs Granach-
er, Professor of Training and Movement Science,
explores the influence of remedial PE classes on
several parameters of young school children with
motor deficits. Their research is part of the project
“Henrietta’s school in motion,” initiated by the
Brandenburg Ministry of Education, Youths, and
Sports in 2017, together with the AOK Nordost,

a public health insurance company, and the state
sports association of Brandenburg, LSB.

“Imagine you are on a journey. Tty to stand still on one
leg for 6o seconds, or for as long as you can, with your
eyes closed. You may move your upper body to keep
balance, but keep your hands on your hips, and don't
hop or change the position of your legs.” This is one
of many physical fitness tests in the SMaRTER study.
Eight- and nine-year-olds from a total of 12 schools in
Brandenburg completed this and other tests as part
of their entrance test in February, and once again in
June this year. In addition to testing their fitness and
capturing their level of physical activity, the test battery
also included methods to test body composition, cog-
nitive function, and psychosocial well-being.

Spektakel GmbH/AOK Nordost

); Projekte &

(Berlin), Monika Brose

stration: Tina Vlachy
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Earlier studies have conclusively demonstrated a
correlation between physical fitness, especially endur-
ance, and cognition. It is assumed that there is also a
link between coordinative performance and cognition.
For this reason, Granacher’s team also tests children’s
postural control. All children participate in the project
voluntarily. Most of them were recruited through the
so-called EMOTIKON study — a mandatory fitness test
for third graders in Brandenburg. Those displaying
deficits in physical fitness were invited to participate
in the SMaRTER study.

First, the researchers compare the effects of reme-
dial PE on children in the intervention group with that
of the waiting group attending regular PE lessons.
After a certain time period the groups switch, so that
in the end all children have received remedial PE. Fol-
lowing the one-year intervention phase, the research-
ers trace the children’'s motor-cognitive development
until they leave elementary school to find out whether
the intervention has had a lasting effect. By now, all
teachers involved in the project have been provided
with teaching concepts for the intervention that takes
place twice a week. The program comprises playful
elements for increased strength, endurance, and co-
ordination. Ball and relay games are included, as well
as dance exercises, running, throwing, and jumping
activities.

The entrance test has already shown that the chil-
dren selected with the help of EMOTIKON indeed
display motor deficits — and thus clearly represent the
target group of the SMaRTER study. “They are the
appropriate group with special educational needs,”
Granacher confirms. “In February we also saw that
our tests work, and that they are valid and fun.” For in-
stance, the cognitive tests, for which team member Fa-
bian Arntz developed an app, were very well received.
“To take the test, each child was given a tablet PC,”
Granacher explains. “The tasks were mainly attention
exercises to be completed under time pressure.” He
hopes that the new concept of remedial PE will not
only have a positive effect on the physical activity and
fitness level of the participating elementary school
children, but on their cognitive function as well. “This

PORTAL WISSEN - TWO 2019
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Prof. Urs Granacher

would be a great outcome,” he says. “We are eagerly
awaiting the post-tests that will enable us to precisely
measure the effect of the intervention versus the con-
trol schools. This will certainly be the most interesting
part of our study.”

By contrast, some results of the EMOTIKON study
worry him: For some time, the researchers have
noticed a drop in endurance performance among
third-graders in Brandenburg. Achievements in the
six-minute run test have declined over the past years,
particularly in the lowest performance group. “Perhaps
this finding is an early warning sign of things moving
in the wrong direction.” Granacher can only speculate
about the reasons. “We are living in an environment
that doesn’t promote physical activity. Often, children
are driven to school by car or bus, rather than walking
or biking. Increased media use may also play a role.”

PORTAL WISSEN - TWO 2019
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Schools and sports clubs need to cooper-
ate better

Before the SMaRTER study could launch, a lot of
persuading had to be done. Granacher and Arntz had
to bring on board schools, parents, and, above all,
teachers — with the support of local politicians and
the state sports association of Brandenburg. “We offer
advanced training programs for remedial PE teach-
ers,” explains Eckhard Drewicke of the Ministry of
Education, Youths, and Sports. As an advisor for PE at
school, he has accompanied both the EMOTIKON and
the SMaRTER studies from the very beginning. “This
research is important for us as it provides information
on what practical action needs to be taken to success-
fully reach children with physical fitness deficits.” The
idea is to include the experiences of teachers in the
current remedial PE program into general recommen-
dations, as plans are under way for a more extensive
roll-out of the program in Brandenburg.

Now that the full-day program for elementary
schools has been relaunched, the ministry places
greater emphasis on relations between schools and
sports clubs and sports associations. Here, it coop-
erates closely with the state sports association of
Brandenburg which has just started to train 4o fitness
instructors to work with children with physical fitness
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deficits, and to develop 40 respective offers. “We are
discussing what these could be.”

The studies performed by training and movement
science researchers at the University of Potsdam go
far beyond scientific measurements, comparisons,
and conclusions: They are of social, and thus edu-
cational and political, relevance. And not only for
Brandenburg — as deficits in physical fitness among
children and youths are a common phenomenon in
many modern industrialized countries.

PETRA GORLICH
TRANSLATION: MONIKA WILKE
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Volcanic Eruptions and

Meltwater Lakes

30




THE PROJECTS

Natural hazards in ecologically disturbed temperate
rainforests in south Chile (coNIFER)

Duration: 2014—2016

Funding: Start-up support by the German Federal
Ministry of Education and Research (BMBF)

Graduate School “NatRiskChange” (Natural Hazards
and Risks in a Changing World)

Duration: 2015—2018
Funding: German Research Foundation (DFG)
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Ash and ice are phenomena that the researchers
around Prof. Dr. Oliver Korup and his Natural
Hazards working group are equally fascinated by.
Accordingly, they study volcanic eruptions in Chile
and glaciers in the Himalayas. And their research
has produced some surprising results.

Following the eruptions of two volcanoes in the south
of Chile ten years ago, trees in the surrounding rain
forests were covered by thick layers of ash. Years later,
when hillslopes around the volcanoes began to slip,
Korup and his team decided to take a closer look. For
the first time, the geographers systematically account-
ed for these significantly delayed natural hazards
caused by volcanic activity. The slopes in the volcanoes’
vicinity were covered in such thick layers of ash that
the trees had died. “We assume they have suffocated.
The roots are rotting, and hundreds of tree skeletons
with neither leaves nor branches dot the landscape,”
Korup says. Over time, with the roots dying, the soils
are losing their stability. To those responsible for the
safety of roads, infrastructure, and settlements in the
area, this elusive natural hazard triggered by volcanic
eruptions poses major challenges.

When a volcano erupts, the people living nearby
have to leave the danger area as quickly as possible.
Once the volcano has calmed down — often only after
a few years — they are allowed to return. This is also
what happened in Chaitén, a town some 10 kilometers
from the volcano of the same name with a height of
1 122 meters. Its most recent eruptions took place be-
tween 2008 and 2009. Within just a couple of hours
after the eruption had started in 2008, the first resi-
dents of the town and its surroundings were brought
to safety. At first, it was not clear whether the area
could even be made habitable again, because of the
destruction caused by the mud flows. A few years later,
initiatives formed to return former residents, which,
of course, will take some time.

Volcanic ash devastates regions for many
years

Most of the damage caused in the town and its sur-
rounding areas was not due to the volcanic eruptions
themselves, but the scattered ash. “The volcano ejects
up to 1 cubic kilometer of ash into the atmosphere
over several weeks to months, and the ash then forms
thick layers in the range of centimeters or decimeters
on the ground,” Korup points out. These layers are
washed away by rain, enter the river system, and
bury entire forests, houses, and the infrastructure.
For 10 years, the researchers have been monitoring
developments in the field, particularly delayed mass
flows and landslides. More recently, drones have also
been used for comprehensive site measurements.

31



THE RESEARCHERS

Prof. Dr. Oliver Korup studied geogra-

phy at the University of Wiirzburg and

did his doctorate at Victoria Universi-

ty Wellington, New Zealand, in 2003.

He has been Professor for Geohaz-
ards at the University of Potsdam since 2011.

=3 oliver.korup@geo.uni-potsdam.de

Georg Veh studied physical geography
at the Catholic University of Eich-
stitt-Ingolstadt. Since 2015, he has

: _' been a PhD student at the Graduate

' School “NatRiskChange” (Natural Haz-
ards and Risks in a Changing World) at
the Institute for Environmental Scienc-

es and Geography at the University of Potsdam.

= georgveh@uni-potsdam.de

The region is very well documented by satellite imag-
es, so the researchers are able to record and quantify
damage to, and changes in, the vegetation — which
has tended to play a secondary role in natural hazard
management until now. “We find that the number of
landslides has grown exponentially, especially where
the layers of ash are thickest,” Korup states.

While a study on the eruption of Mount St. Helens
in the southern part of the U.S. state of Washington
in 1980 — one of the largest volcanic eruptions of the
20" century — is available, systematic research as per-
formed by the Potsdam team who are documenting
and analyzing the delayed consequences of volcanic
eruptions is novel. To continue this research, Dr.
Christian Mohr, who is a co-researcher in the pro-
ject, has filed an application with the Emmy Noether
Program of the German Research Foundation DFG.
Using computer models, he intends to focus more on
hydrological and mechanical aspects of the landslides
around Chaitén.

Hazardous lakes at 5 000 meters

On the contrary, PhD candidate Georg Veh is inter-
ested in cold and ice. Glacial lake outbursts remain
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a significant hazard, and have become the subject of
particularly intense research recently. Veh is studying
the natural hazards resulting from glaciers melting
in the Himalayas, the highest mountain range in the
world stretching across some 3 ooo kilometers from
Pakistan to Myanmar. When glaciers melt, lakes are
forming. When they expand, moraines fed by glacier
flows may collapse, as ice or debris break off and fall
into the lakes, causing waves. Besides, landslides can
also cause such outburst floods. As a result, a huge
flood wave forms and rushes down the valley with a
speed of several meters per second. In such events,
people in the area have very little time to escape or
protect themselves from the consequences of these
natural hazards. Early warnings could be provided if
there were only a few lakes to monitor — but there are
around 5 ooo lakes in the Himalayas, and new ones

are forming each year. Measures for the protection of
the population are difficult to implement as many of
the lakes are located in remote areas. As glaciers are
located at altitudes of between 4 ooo and 5 ocoo me-
ters, they are hard to reach, and the installation of an
early warning system has been limited to few sites.

Using an automatic search algorithm that Georg
Veh developed, he has analyzed more than 8 ooo
satellite images covering a period of 30 years. In this
way, the researcher found that lakes shrink and dis-
appear. “The pictures also tell us that broad sediment
disturbances form below the lakes. They occur when
water masses move down to the valley and deposit
sediments there,” Veh explains.

More recent hypotheses have suggested that with
the number of lakes increasing, the number of out-
breaks will increase, too. Veh has been able to prove
that this is not the case. “We searched the entire Him-
alayan arc for such outbreaks to find out how often gla-
cial lake outbursts occurred. At least for the past three
decades, there is no proof that the number or rate of
outburst floods has been increasing,” Veh states.

Yet these findings should not be interpreted to
mean that the hazard will remain unchanged. Some
regions in the Himalayas are very seriously affected,
others less so. The research done at Potsdam makes it
very clear that, in times of climate change, precise and
differentiated studies are crucial for reliable assess-
ments of natural hazards.

DR. BARBARA ECKARDT
TRANSLATION: MONIKA WILKE







Iodine, zinc, iron, copper, selenium, and manganese
are essential trace elements our body needs in tiny
quantities. Yet basic knowledge about these micro
nutrients is still scarce. In the DFG-funded research
unit “TraceAge”, researchers study complex interac-
tions between trace elements as well as their role in
the aging process and in diseases in older age.

Lab worms live in the dark, but they don't mind. In
their culture dishes in the incubator they have all
they need: abundant bacteria to feed on, a pleasant
temperature of 20 degrees centigrade, and many
others of their own kind. The transparent nematode
Caenorhabditis elegans is but 1 millimeter long. Orig-
inally a soil organism, it has been a common sight on
agar plates in scientific laboratories all over the world
since the 1960s.

Here, at the Institute of Human Nutrition, the
worm is also well-known and used as a model organ-
ism. “It is very well-researched and easy to modify
genetically,” PhD student Jessica Baesler explains. Be-
sides, nematodes are easy to keep, multiply rapidly,
and are easy to examine. These properties make them
a good choice for Baesler, too, who wants to find out
how a specific diet affects the nematodes’ develop-
ment.

NUTRITIONAL SCIENTISTS WANT
TO FILL KNOWLEDGE GAPS ABOUT
TRACE ELEMENTS
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Consequences of under- and oversupply
are little researched

The tests carried out by Baesler are part of the ex-
tensive study “TraceAge”, in which 6 teams of 36
researchers from a variety of disciplines such as ep-
idemiology, clinical medicine, toxicology, analytical
chemistry, food chemistry, and nutritional physiolo-
gy study the effects of certain substances in food on
the health of elderly people. Their focus is on trace
elements which the body needs only in very small
quantities.

In “TraceAge”, the researchers are looking at 6
of these micronutrients — selenium, iodine, copper,
zinc, iron, and manganese — that are involved in
the regulation of the immune system, the produc-
tion of proteins, and the activation of hormones, for
instance. “In order to be able to survive, humans
have to take up trace elements,” underlines Profes-
sor Tanja Schwerdtle who directs the study. But our
knowledge of this is only a few decades old. Hence,
research on the effects of micronutrients on health
or aging is still in its infancy. “As yet, we know very
little,” Schwerdtle summarizes. But in general, the
German population is comparatively well-supplied
with trace elements, and acute deficiencies are rare.

FOR TRACES
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Some people — especially women — show mild symp-
toms of an iron-deficiency anemia. The researchers
suspect an undersupply of selenium as well, since
the soil in Germany is poor in selenium resulting
in a low concentration of selenium in crops. “As for
selenium, we don't know exactly what amount is
really needed,” Schwerdtle explains. An under- or
oversupply might increase the risk of cardiovascular
diseases, cancer, and diabetes. “It is a very sensitive
issue, and only a few markers are known to indicate
whether someone is sufficiently supplied,” she says.

Better measuring methods and forecasts

The same applies to the other trace elements studied
by “TraceAge”. Above all, the researchers are inter-
ested in the interactions between micronutrients. “It
doesn't make sense to look at them separately, since
they interact,” Schwerdtle explains. The researchers
also want to develop more accurate ways of measuring
trace elements and their effects. From the full picture
of all parameters, a fingerprint of a person’s health
status will be created. For this purpose, so-called
function markers have to be developed. These could
be metabolic products, molecules, certain proteins,
or hormones that can be found in blood serum and
indicate how well the body is supplied with certain mi-
cronutrients. At the same time, these markers should
allow for predictions of potential diseases resulting
from under- or oversupply.

For the same purpose, Baesler puts nematodes un-
der the microscope. They were put on a special diet to
under- or oversupply them with one or several trace
elements, and now their development is inspected:
Do they produce more or fewer eggs? Do they wiggle
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across the substrate as usual, or do they move differ-
ently? Do they show organ deformities or abnormal-
ities? Baesler uses these parameters to understand
whether the respective diet has been beneficial or det-
rimental to the worms.

Trace elements are associated with neu-
rodegenerative disorders

The way the nematodes move may also indicate
whether their nervous system has been damaged.
This aspect is particularly important in the research,
as trace elements seem to be associated with neurode-
generative disorders such as Alzheimer’s, Parkinson’s,
and Huntington’s. The genome of some of the nema-
todes has been altered to make them more vulnerable
to neuronal damage. If Baesler finds indications of,
let’s say, her “Alzheimer’s nematodes” displaying more
damage on certain diets, she may examine them once
again at the molecular level using marked nerve cells
of nematodes. In addition, she analyzes which genes
are active, which proteins are formed, and in which
cells and organs trace elements accumulate. Her re-
sults will provide insights into whether and how trace
elements are associated with neurodegenerative disor-
ders in humans, too.

The nematode model of the “TraceAge” research-
ers is just one of many levels at which the various
questions are studied. The researchers also use cell
cultures, mice, and the comprehensive data of the
EPIC Potsdam study to get a holistic picture of how
trace elements function. The wealth of data compiled
in the EPIC long-term study — through which blood
samples and data of thousands of test persons have
been collected since the 199os — has already produced
some exciting results.

THE PROJECT

“TraceAge — Interactions of essential trace elements
in healthy and diseased elderly” is an interdiscipli-
nary research unit funded by the German Research
Foundation (DFG). Spanning multiple disciplines, it
investigates interactions of essential trace elements
and their role in diseases and develops new measur-
ing methods.

Participants: University of Potsdam, German Institute
of Human Nutrition Potsdam Rehbriicke, Friedrich
Schiller University Jena, Charité — Universititsmedizin
Berlin, Technical University Berlin

Duration: 2017—2019

Z www.uni-potsdam.de/traceage
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With advancing age, the uptake of trace
elements changes

Analyses of the serum of test subjects who had blood
samples taken every 20 years confirm a hypothesis
nutritional researchers have had for some time: With
age, copper concentrations in serum increase, while
zinc concentrations drop. Dietary changes in older age
could have provided an explanation for this phenome-
non. However, the “TraceAge” researchers were able to
demonstrate in an experiment with mice that the zinc
and copper concentrations in older mice changed even
though they were on the same diet as younger mice.
Tanja Schwerdtle suspects that, among other things,
“physiological processes in the intestine change with
age, making zinc absorption more difficult”. This has
consequences not only for the immune system, but
also for aging processes, as many zinc-activated en-
zymes are involved in the repair of DNA damage.

While the researchers are still in the midst of their
work, they are already planning the next major studies
as the research area of trace elements is largely unex-
plored. Aside from neurodegenerative disorders, the
spotlight will be on bone health. The analysis of meas-
urements needs to be optimized and refined, and im-
aging techniques will be used to determine the brain
regions or organs where trace elements accumulate.
In addition to that, other age groups and the effects
of micronutrients during pregnancy will be studied.
Besides, the interactions between trace elements and
vitamins have largely not been researched, either.

So there is still a lot of work to do for researchers
and nematodes alike. The nematodes will probably take
it easy: If food runs out in their incubator, they will turn
stiff and survive hunger periods of up to three months
as long-time larvae. Once food becomes available again,
they will wake up and continue to grow.

HEIKE KAMPE
TRANSLATION: MONIKA WILKE
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In August 2014, all of a sudden the earth in Iceland
shook more often and more intensely than usual.
The Icelandic Meteorological Office, which localizes
and monitors all earthquakes and volcanic activity
in real time, was immediately alarmed. Over a peri-
od of two weeks, the earthquakes moved from the
glacier-covered Bardarbunga volcano towards the
Holuhraun plain. A volcanic eruption in the center
of the country was imminent. On 29 August, the
first lava fountains erupted from a fissure that was

2 kilometers long. The magma continued to flow for
six months and formed a huge lava field spanning
85 square kilometers, an area the size of Manhat-
tan. It was the strongest eruption in Iceland in 200
years. Throughout, the earth kept shaking. Volcan-
ologist Eva Eibl, Assistant Professor of General Geo-
physics, was in the field and recorded the vibrations.

Iceland is known for its intense volcanic activity. Slow-
ly the island is breaking apart as the Eurasian and
North American Plates are drifting apart. This drift is
forming a mid-ocean ridge that stretches around the
globe. For the most part, it runs 2 kilometers below
the surface of the sea. But due to a hotspot, Iceland
juts out from the water. Consequently, the eruptions
along the ridge are visible to the naked eye, and often
in populated areas, too. Currently, there are 32 active
volcanic systems in Iceland. Each one consists of a
central volcano and a fissure system that may stretch
over hundreds of kilometers northeast and south-
west as the plates drift apart. Lava may erupt from
both the central volcano and the fissure system. The
Holuhraun plain is part of such a system with neigh-
boring Bardarbunga as its central volcano. “In the case
of Holuhraun, the magma probably leaked out from a
chamber below Bardarbunga, and first moved laterally
before reaching the surface,” Eibl explains.

The volcano below the ice

For two weeks, the earthquakes moved at a depth
of 5 to 8 kilometers more than 50 kilometers north,
while the ground was rising up. The vibrations were
significantly more frequent than usual and reached
up to a magnitude of 5. “For Iceland, these were very
strong earthquakes,” Eibl says. It was evident that
magma was moving and would likely surface. The sit-
uation was quite dangerous as the magma was mostly
moving below a layer of ice. If it surfaced and got in
contact with the ice, an eruption with an ash cloud
could follow — as was the case with the Eyjafjallajokull
eruption in 2010. The consequences would have been
disastrous. After all, the Eyjafjallajokulls eruption last-
ed only a couple of weeks and produced earthquakes
up to a magnitude of 2, whereas the significantly
stronger Holuhraun eruption lasted for no less than
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6 months. Fortunately, the magma surfaced some 10
kilometers north of the ice cover. On 29 August 2014
around midnight, lava erupted from the ground. The
nocturnal spectacle continued until 4 o'clock in the
morning. Some 24 hours later, the same 2 km long fis-
sure opened up again. Within a few days, lava poured
out of only 3 vents: one at the northern end, one at the
southern end, and one in the middle of the fissure.
The magma from the middle one, spontaneously
named Baugur by Icelanders, lasted the longest und
formed a huge lava field. The eruption produced eight
times more lava than the eruption of Eyjafjallajokull
had. Since the region is uninhabited, there were no
human casualties. But toxic gases escaped and trave-
led as far as Sweden.

Volcano seismologist Eibl takes an interest in earth-
quakes occurring before and during an eruption. Her
research examines where they happen and what they
are caused by so as to facilitate better early warning.
“When you consider how many people live near volca-
noes these days, it is crucial that they can be warned as
early as possible,” Eibl says. In the event of a volcanic
eruption, every hour counts for a timely evacuation of
the population. In her current research project, she is
analyzing tremor data from the Holuhraun eruption
in 2014/15. Tremors are vibrations that, in contrast
to earthquakes, last for a long time. As a rule, earth-

Holuhraun eruption, 2014

quakes are quite short and display a characteristic se-
quence of seismic waves travelling either through the
earth or along its surface. There is a precise sequence
of certain types of waves which is also used to localize
earthquakes. By contrast, a tremor is a continuous
signal which may last for months, as happened dur-
ing the Holuhraun eruption. “For a tremor, there is
no precise arrival time of waves, and the start is diffi-
cult to determine, which also makes it more difficult
to localize than an earthquake,” Eibl explains. While
earthquakes — due to their high frequencies — can be
both felt and heard, tremors go unnoticed.

The trembling of the volcano

Because tremor signals are so complex, volcanologists
often disregard them and focus on earthquakes which
are easier to analyze. But Eibl faces the challenge and
wants to find out more about the origin of tremors.
To this end, she analyzes tremors that occurred in
Holuhraun at a depth of up to 2 kilometers. “The
closer we get to the surface, more and smaller earth-
quakes occur, that we cannot tell apart. We think that
the tremor consists of such earthquakes,” Eibl says.
She believes that tremor occurs not only during an
eruption, but also prior to it, so she hopes they could
be used as early warning signals. Since February 2019,
she has been exploring, together with a team of re-
searchers from Cambridge who also performed meas-
urements in Holuhraun, whether tremor occurred
before the eruption. Some results suggest that this
could be the case. While there were still earthquakes
after the eruption, the tremor ended when the magma
flow stopped.

Eibl analyzed data from an array of 7 seismometers
installed 300 to 1 coo meters apart from each other.
The array was located 15 kilometers from the volcanic
vent on top of a small hill, safe from lava and water,
but close enough to record effectively. The researcher
herself went there to set up the array. “To appraise pos-
sible dangers you need to be in the field,” she under-
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lines. A number of measuring devices were installed
just a few meters from the fissure. “Some teams meas-
ured the escaping gases to be able to say whether or
not too many toxic gases had entered the air — which
would have meant evacuating the northeast of Ice-
land,” Eibl says. Other teams drove around the lava
field using GPS to measure and calculate its size and
in which direction it was expanding. The whole time,
there was the danger of an eruption below the ice cov-
er triggering a flood wave that could have run over the
researchers. Such flood waves or additional eruptions
below the ice would have been indicated by tremors.
However, with the conventional methods at the time
of the eruption, it was impossible to determine the
exact location of the tremor — an important piece of
information that would have been essential to predict
a flood wave.
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Gaining a better understanding
of volcanic activity

In the end, Eibl succeeded in locating the place of ori-
gin of the tremor by using a new method of interpret-
ing her measuring results — it had originated below
the ice; an important step forward for early detection
of volcanic tremor. Due to the huge number of volcan-
ic systems in Iceland, it is often not clear where and
when the next tremor may occur. Therefore, Eibl is
planning to test her method in a different place later
this year. On the island of La Réunion, east of Mada-
gascar, there is a volcano which erupts three or four
times a year, providing ideal conditions to detect and
record tremor data.

But Eibl does not want to say goodbye to Iceland
yet. “Volcanoes in Iceland are still poorly understood
since there are so many volcanoes and, by compari-
son, so few seismometers in the field,” Eibl says. For
instance, it is not known yet where or at what depth
the magma chambers are and what their size is. And
why the interval between volcanic eruptions changes,
as in the case of the Hekla volcano, is not known ei-
ther. So there is ample room for Eibl to find out more
about the boiling ground of Iceland and volcanoes in
all parts of the world.

CAROLIN KRAFZIK
TRANSLATION: MONIKA WILKE




42

PORTAL WISSEN - TWO 2019

r, Andreas

Illustration: Topfe




TACTILE
WEB
BROWSING

COMPUTER SCIENTISTS MAKE ONLINE SERVICES
MORE ACCESSIBLE FOR THE BLIND
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Quickly check your email, look up the weather fore-
cast, or get the latest news in the morning — many
people use web services daily to stay informed or
communicate with others. The blind or visually
impaired, however, face enormous challenges if
they want to do the same. And the currently existing
assistive devices are often impractical and expensive.
Computer scientists are working to develop new
instruments to make online services more accessible
for the blind.

The male computer voice sounds robotic and monot-
onous. At a maddening speed, it reads out one word
after the other with just a few short breaks in between.
A torrent of words descends onto the user. Less expe-
rienced listeners will hardly be able to filter out the
information they need.

A flood of information without
navigation

But the blind and visually impaired depend on such
text-to-voice programs for using the internet. A screen
reader software reads out everything on the screen —
text as well as structural information such as lists, in-
put windows, logos, or links. While sighted people are

able to identify all important information and struc-
tures at a glance and ignore the rest, the blind have to
work their way through everything using their sense
of hearing. “It is an almost endless torrent of infor-
mation, without period or comma,” says professor of
computer science Ulrike Lucke. Navigation aids such
as spacing or font sizes are nonexistent. “We follow
optical patterns. Blind people can't,” Lucke explains.
In addition, screen readers are unable to interpret
pictures, diagrams, drawings, or videos. Thus, even
just logging into one’s email account may turn into a
bumpy ride, as the landing pages of major providers
usually contain a lot of advertisements and entertain-
ment.

Apart from the screen reader, there is another way
for the blind to navigate the internet: by using their
sense of touch. Special devices are connected to the
user’'s computer or laptop and translate web content
into braille. Tiny, electronically controlled pins move
up and down on a refreshable braille display. Each
braille letter consists of a pattern of dots, and to ena-
ble users to read them correctly with their fingertips,
they require a certain size. So this technology has its
limits, too. “It’s like looking at the internet through
a keyhole,” Lucke says. Users of a braille display also
have to work their way through a webpage from one
section to the next.

ustration: Topfer, Andreas
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Using Al for orientation

Lucke and her team are striving to give blind people
better tools for browsing the internet. To that end, the
researchers first explored what web services were used
most often. They found that music streaming, shop-
ping, online banking, email, and social networks, as
well as map services, and dating platforms were most
frequently used. In total, the team is examining 40
groups of applications for blind users. First, they ana-
lyze the various functions of the sites and the controls
that need to be found easily and quickly to make the
service usable for the blind. Machine learning is used to
identify such relevant fragments on the user interface.
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In the project “TactileWeb”, researchers are develop-
ing software for a tactile braille display to give blind
and visually impaired users faster and easier access to
web services.

Duration: 2018-2019

Funding: Federal Ministry for Economic Affairs and
Energy (BMWi)

Participants: University of Potsdam and metec AG
Stuttgart

Next, a machine algorithm is repeatedly confronted
with common websites and trained a thousand times
with the information displayed there. Gradually, the
Al develops a reliable program for the quick and sys-
tematic detection of certain elements like the login
mask. “This is where we are now,” explains Lucke.
The enormous variety of information poses immense
challenges for the researchers: “The internet is a huge
haystack,” says Lucke. And the important interfaces
and controls are sometimes well hidden within.

The objective, in the end, is to enable the blind to
navigate the internet faster and more systematically
with the help of the developed software. At the same
time, the computer scientists adapt the program to a
hardware that can present much more information
than a line of braille letters. The centerpiece of the pro-
ject is a somewhat clunky device resembling a keyboard
that needs to be connected to a computer. Instead of al-
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phabetic keys, the HyperBraille output device made by  private homes, they are the exception. Yet the re-
metec AG has many little pins on its surface. searchers are convinced that the demand will increase
As the pins move up and down, braille letters can  in line with expanded options for use and that prices
be formed and read. The size of the tactile display al- ~ will drop. “When a blind person is able to work with
lows the blind to read even graphs or diagrams with  spreadsheets, read diagrams, or format text, this will
their fingers. result in better job opportunities,” Lucke undetlines.
Eventually, the software developed by the Potsdam The prototype of the new system is supposed to be
computer scientists and connected to the HyperBraille  operational by the end of the year. Then, industrial part-
will connect via the web with Al every time a user ner metec AG from Stuttgart will take over and develop
connects to an online service. The Al will analyze and it into a marketable product. Lucke hopes that it will be
translate the website and leave out anything unimpor-  as popular with users as another program developed by
tant. Then, the actually relevant information will be  her team recently. This allows the blind to explore maps
played back and shown on the HyperBraille display. on the internet — also based on a tactile braille display.
The desired route is traced by moving pins. “It was very
touching to see the first blind person testing the map,”
More job opportunities for the blind Lucke remembers. “For the first time, she was able to
put together a travel itinerary for herself on the internet
Devices like the HyperBraille make a real difference  without any help.”
in the everyday and working lives of the blind — but HEIKE KAMPE
unfortunately, they are also very expensive. “The cur- TRANSLATION: MONIKA WILKE
rent price is in the 5-digit range,” Lucke explains. At
universities and schools for the blind and visually
impaired, such devices are already available, but in
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AWI sea ice researchers in front of the “Polarstern”
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THE PROJECT

MOSAIC — Multidisciplinary drifting Observatory for
the Study of Arctic Climate is an Arctic expedition with
the German research icebreaker “Polarstern”. A total
of 600 people from 17 countries will participate in this

by

expedition. Many more researchers are going to work
on the collected data to raise climate and eco systems

-
research to a new level. MOSAIC led by the Alfred
4 - Wegener Institute, Helmholtz Centre for Polar and
L il Marine Research (AWI).
- ~ Duration: September 2019 — October 2020
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Shipwrecks, washed ashore on coasts of Greenland,
once put the polar explorer Fridtjof Nansen on the
right track: the remains of the navel exploration
vessel “Jeannette”, which had been crushed by pack
ice and then sunk in 1881 north of the New Siberian
Islands, could only have come so far west on a sin-
gle route — with the ice drift. Would it be possible

to take the same route by boat, passing the hitherto
unreached North Pole?

Nansen's expedition is legendary. In 1893, he froze his
research vessel “Fram’, especially designed for this ex-
pedition, and drifted with his crew through night and
ice. Although he just missed his dream goal, he was
able to prove the existence of the transpolar drift ice
current with his venturous journey.

Now, almost 130 years later, an international re-
search team spearheaded by the Alfred Wegener In-
stitute for Polar and Marine Research (AWI) ventures
to relaunch the experiment with the MOSAIC Expe-
dition, albeit in much larger dimensions. Starting in
autumn, the German research icebreaker “Polarstern’

will be frozen and then drift through the Arctic Ocean.
Researchers from 17 nations will overwinter, tempo-
rarily north of the 87" latitude, in a region that is usu-
ally unreachable during the polar night. They will set
up their research camp on an ice floe and surround it
with a kilometer-wide network of measuring stations,
thus being able for the first time to collect complete
data in the ocean, ice, biosphere, and atmosphere.
“Measurements that we urgently need if we want to
better understand the influence of the Arctic on the
global climate,” says Markus Rex, who is Head of the
Atmospheric Physics Section at the AWI and Full Pro-
fessor for Atmospheric Physics at the University of
Potsdam. He is leading and coordinating the interna-
tional collaboration for this extraordinary expedition,
which is associated with unprecedented challenges.
After all, the team needs to be supplied by icebreakers
and airplanes throughout the year.

The Central Arctic is considered the “epicenter” of
climate change. Nowhere else does the atmosphere
warm up as fast as in the far north, which in turn
decisively influences the weather in our regions. Re-
searchers are not yet able to say precisely how the
rising temperatures and the melting ice will actually
change the climate. The existing models vary between
a 5 and 15-degrees higher temperature in the Arctic by
the end of the century and between ongoing ice cover-
age and total loss of ice. “That is, if we do not achieve a
very massive and rapid reduction in global greenhouse
gas emissions,” Rex sums up the problem. In order to
collect the missing data and to be able to forecast more
accurately, he and his colleagues from 6o institutes
from all over the world will take on the hardships of
overwintering in the cold and the dark.

Research icebreaker “Polarstern”

PORTAL WISSEN - TWO 2019

Photos: gemeinfrei (left); Mehrtens, Folke (right)



L

The “Polarstern” in the Weddell Sea

Filling the gap in the data network
of climate research

As the “Fram” once offered shelter and living space to
Nansen and his small crew, the “Polarstern” will carry
the 100 scientists and crew members of the MOSAiC
expedition safely through the ice. Filled to the brim
with state-of-the-art technology, the ship will not only
offer living quarters but also a laboratory connected to
numerous outposts on the ice. A tethered balloon, de-
ployed at a height of 1.5 kilometers, will permanently
collect meteorological data. Balloon probes will rise in-
to the atmosphere every day. In the opposite direction,
drilling will provide information on the composition,
thickness, deformation, and melting behavior of the
ice. What happens when air heats up over cracks in
the ice on the ocean and shoots far into the atmos-
phere? For Rex this is only one of many open research
questions. The properties of Arctic clouds are still
poorly understood. When do they cool or warm? How
dense are the droplets, how high is the amount of
ice crystals? And what are the effects of soot and sus-
pended particles, the aerosols? In order to shed some
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POLARSTERN

Aurora borealis in the night sky
above the “Polarstern”

light on these and other questions, the international
research team will use everything it has to offer in
terms of measuring instruments: It will use radar, la-
ser, and microwave technology to fill the gap in the da-
ta network of climate research that spans the Central
Arctic. Thanks to a runway built on the ice and fuel




tanks, even planes will be able to ascend to traverse the  the drift, the sun will not rise over the horizon for 150

region at the North Pole during the winter months. days — time for the biologists to look below the ice
Although Fridtjof Nansen did not even remote- surface and to find answers.

ly have such resources, he was the first to survey

meteorological and oceanographic data in the high

northern latitudes. He observed a wildlife that sur- Germany joins the leading rank of big

passed anything that was expected in this hostile historical polar expeditions

environment. It therefore comes as no surprise that

biologists will also be aboard the MOSAIC expedition =~ While the crew of the “Fram” got rid of the monotony

to explore the animals and microorganisms under of the dark days with board games, music, and books,

the ice. “Where ice breaks in the spring, life explodes

and everything becomes green,” knows Rex from

previous trips. “But what do krill and plankton do in

winter? How do they survive the complete darkness

of the long polar night under the ice cover?” During

Experiments in the Arctic

Collecting snow samples in the Arctic
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intensive scientific activity will prevail on the “Polar-
stern”. As an expedition leader, Rex coordinates the
individual experiments and distributes the jobs on the
ice around the ship. “It's like property management.
We have to decide exactly who can sample how much
ice, so that the floe will still have untouched areas for
our research at the end of the year and not everything
will have been perforated before,” says Rex, who al-
ready managed several major international projects.
MOSAIC, however, surpasses anything previously
done. “I am aware of this all the time,” says Rex with
respect. His predecessor at the AWI, the atmospheric
researcher Klaus Dethloff, had the idea for the expe-
dition. It took years, however, to convince partners
throughout the world, write applications, raise funds,
and to pass rounds of evaluation. The expedition
budget is over 140 million euros. It is funded by the
participating partner nations but above all by the
Helmholtz Association, and, i.e. more than 50 percent

THE RESEARCHER
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Launching a tethered
helium-filled balloon
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come from the Federal Ministry of Education and Re-
search (BMBF). “That’s a statement,” says Rex. With
MOSAIC, Germany is taking a leading position and
steps from the second into the first rank of the major
historical polar expeditions. (But) Rex is looking for-
ward to working with all the partners without whom
such a project cannot be managed. He sees the joint
effort as a contribution to international understand-
ing. “Of course, I will ensure a good atmosphere on
board,” he says with great anticipation, which increas-
es, together with the tension, every day.

For half a year no icebreaker can reach
the “Polarstern”

On the 20" September at 8§ pm the time will have
come. The “Polarstern” will then be seen off in Nor-
way with a big farewell ceremony and leave the port of
Tromsg for the Central Arctic. Before the polar night
begins, the researchers must have found a suitable,
at least 1.5-meter-thick floe on which they can build
their research camp — a place with tents, paths, and
lines — like a small town — which will be protected by
six polar bear guards. “We have a sophisticated system
and will withdraw to the ship when spotting a bear,”
Rex assures.

In total, the “Polarstern” will travel 390 days and
cover 2,500 kilometers. During the ice drift, it is an
average of seven kilometers per day. Icebreakers from
Russia, China, and Sweden will call at the floe in the
first and last months of the expedition to supply it with
fuel and exchange staff. In between, the ice is so thick
for about half a year that no icebreaker can reach the
“Polarstern’. The crew will change five times during
the year. Six times new researchers will come on board
before the ship returns to its home port in fall 2020 —
loaded with data that will bring a long-lasting change
tour understanding of the Arctic.

ANTJE HORN-CONRAD
TRANSLATION: SUSANNE VOIGT
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MONDAY:

We are freezing a protein
complex to prepare it for
cryo-electron microscopy.
The complex controls the
conversion of formic acid
into CO2 in bacterial cells.
Maybe we will be able to
change the complex in such
a way that the reaction is
reversed and fixes CO2. In-
itially however, we have to
understand how the differ-
ent proteins work together
in the complex. We need
their three-dimensional
structure. If you don’t know
what a protein machine
looks like, it is hard to un-
derstand or change it. The
frozen protein complexes
are introduced into a ceil-
ing-high electron micro-
scope. If the sample looks
okay, we will record images
for the next four days, day
and night, until we will have
collected a data set of about
one million images.

TUESDAY:

The microscope automati-
cally collects lots of images
and | can turn to the lab
work. We have problems
isolating a protein complex
that is important for the
catabolization of cytotox-
ins. Its structure is also still

MY WORLD

Snapshots of

lce-cold Proteins*

Prof. Petra Wendler, Institute of Biochemistry and

unknown. Mutations in this
complex result in children
dying within the first years
of life. It is a rare disease
and the pharmaceutical
industry is not investing in
research on it. If we know
what effect the mutations
have on the three-dimen-

sional structure,

we could
develop ‘

drugs
that
counter-
act such
muta-
tions.
After op-
timizing the
purification pro-
cess, we finally cleaned
both proteins of the com-
plex, but they do not inter-
act. We will have no other
choice but to laboriously
test many different condi-
tions to optimize complex
formation.

WEDNESDAY:

The first images produced
by the microscope are be-
ing copied to our server
and we start evaluating
them. To obtain a three-di-
mensional structure from

the electron micrographs,

we have to accurately de-
termine for each of the one
million images from which
angle the complex was
taken in the microscope.
Fortunately, there are help-
ful computer programs.
With several terabytes per
data set, it is nevertheless
important not to lose track.
Our server with four of the
most advanced and largest
graphics cards available
will be calculating
for sever-
al weeks
before
we will
know
the
atomic
structure
of the pro-
tein complex.

THURSDAY:
| received the peer reviews
for the publication I‘m
writing together with a col-
league from Toronto. There
is not much to change,
but I will have to rework
some of the images. If | am
able to manage this in the
morning, | can continue
working on the application
for the German Research
Foundation in the after-
noon. Together with a col-

Biology

league from Cologne,

| want to apply for funds
for a new project. At 5 pm,
| am on my way to a lecture

in Berlin at the Cluster of
Excellence Unisyscat. With-

out inspiration from the
outside, you would stew in

your own juice.

FRIDAY:
We're back at the micro-
scope. We finish collect-
ing data and transfer all
remaining images to our
server. In the meantime,
we have found two con-
ditions under which the
proteins isolated on Tues-
day could form a complex.
We are checking it quickly
on a smaller electron mi-
croscope. The pictures do
not look good. Instead of
complexes, we only see a
disordered accumulation of
proteins. We have to keep
on looking ... Happy Friday!

TRANSLATION:
SUSANNE VOIGT

* A typical week of my daily
research routine. It is fictitious
because it does not include any

administrative and teaching

activities.
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