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Flying high
Four metres wide with a weight of five kilograms – the brown-pink aircraft glides gracefully  

over the field. It has two special cameras aboard: “They provide us with multispectral and thermal 
images that tell us something about the condition of plants, for example about growth, biomass  

or drought stress,” says Dr. Bastian Siegmann from the Institute of Bio- and Geosciences (IBG-2). 
The special production of the Bremen company Aeromedes can do 7 meters per second. “It is half 
as fast as commercially available fixed-wing aircraft,” says Bastian Siegmann, “but flying slowly 

improves image quality.” In the future, the images will help to estimate crop yields.
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At the supermarket the other day: you buy fragrance-free body lotion 

and, other than usual, do without cigarettes. The cashier says: con-

gratulations, when’s the baby coming? Big data makes it possible. Our 

buying behaviour reveals more than we’d sometimes like to. For those 

who don’t want to become transparent customers, cabaret artist Vince 

Ebert has a good tip: guerrilla tactics. Simply buy products from time to 

time that don’t go together, such as a bottle of corn schnapps, two rolls 

of dental floss and feminist magazine Emma. This should confuse even 

the most sophisticated algorithm.

While big data is not always welcome in everyday life, researchers see 

the opportunity for new findings in the scientific field. Properly evaluat-

ed, the flood of data could help to improve climate forecasts or diag-

nose diseases early on. In our cover story, we report on the challenges 

scientists face in turning collected big data into smart data by viewing, 

sorting, sharing and linking.

Read also how lifestyle affects brain ageing, what mysteries of the 

universe are revealed by the LOFAR radio telescope, and how “single 

rooms” for bacteria can improve the industrial production of pharma-

ceuticals.

Please enjoy!

Your effzett editorial team

Read the
online magazine

now

There’s
even more!

http://effzett.fz-juelich.de/en
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Two years ago, it was the first interstellar object observed crossing our solar system: the celestial body Oumuamua  
(this is an illustration). A study by two astrophysicists from Jülich and Belfast shows that planets may form particularly  
quickly from such objects in new star systems. The planets are then not only formed – as conventionally assumed – from  

micrometre-sized gas and fine dust particles, but will also be given start-up aid, so to speak,  
by the objects that are about the size of skyscrapers.

– J Ü L I C H S U P E R C O M P U T I N G C E N T R E –

A S T R O P H Y S I C S

Accoucheurs for planets

Scientists can now use a new method to gain  
a better picture of the properties of brain tissue: for example,  

brain regions with many thin nerve fibres can be distinguished  
from those with few thick nerve fibres. In Diattenuation Imaging, 

developed at Jülich, brain slices are illuminated with polarised light. 
With the direction of oscillation (polarisation) of light, the  

refraction and attenuation of light change depending on  
the type of brain tissue illuminated – and this makes  

differences in the tissue visible. 

– I N S T I T U T E O F N E U R O S C I E N C E A N D M E D I C I N E –

B R A I N R E S E A R C H

X-rayed nerves
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It is able to absorb, store and release oxygen over and over again, just like a  
sponge does with water: the ceramic material lanthanum strontium manganate.  

Jülich researchers could explain in detail how the crystal structure, electrical  
conductivity and magnetic behaviour change in the process. The properties of  

the material can be specifically adjusted via the oxygen content. Therefore,  
it is interesting for computer memories, sensors and catalysts.

– J Ü L I C H C E N T R E F O R N E U T R O N S C I E N C E –

Oxygen sponge

Their influence is still a major  
uncertainty factor in climate models:  

the smallest particles in the air, so-called  
aerosols (see p. 26 for more information on  

aerosols). They are produced from terpenes,  
for example – molecules emitted by plants.  

An international team led by Jülich has now  
been able to show that aerosol formation from 

terpenes is inhibited in mixtures with trace  
gases such as natural isoprene, methane or an-

thropogenic carbon monoxide. The amount  
of aerosol in the atmosphere is therefore less  

than laboratory tests, in which these  
trace gases are not present, would suggest.  

This insight helps to make climate  
models more reliable. 

– I N S T I T U T E O F E N E R GY A N D C L I M AT E R E S E A R C H –

AT M O S P H E R I C R E S E A R C H

The mix makes  
the difference

Read facts about the diesel crisis on our website:  
https://fz-juelich.de/cityair

“Driving bans and  
retrofits for diesel cars  

alone will not solve the nitrogen  
oxide problem in German cities.  

Trucks, buses and vans with  
diesel engines are much  

more problematic.”

https://fz-juelich.de/cityair
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33
partners …

from 14 European countries are  
participating in the Battery 2030+  

research initiative, including the Helmholtz 
Institute Münster, a branch of Forschungs-

zentrum Jülich. Over the next ten years,  
the initiative aims to develop extremely  
powerful batteries  – also with the help  

of artificial intelligence – and thus  
strengthen the competitiveness of the  

European industry in battery research.  
Better batteries for cars and electricity  

storage are essential to achieve the  
EU’s climate objectives.

– H E L M H O LT Z I N S T I T U T E M Ü N S T E R –

Red blood cells are normally elastic, but their  
outer skin, the membrane, stiffens increasingly in diseases  

such as sickle cell anemia, malaria and diabetes. 

Computer simulations by Jülich scientists show how  
stiffened blood cells can be separated from elastic blood cells: 

when flowing in a liquid through small channels, the cells take 
different routes  past sharp-edged, triangular obstacles. 

This result can possibly be used to modify  
an established method in which rod-shaped obstacles  
are used to separate red and white blood cells due to  
their size difference: the previous round rods could  

be replaced by sharp-edged obstacles.

– I N S T I T U T E O F C O M P L E X S Y S T E M S A N D I N S T I T U T E  
F O R A D VA N C E D S I M U L AT I O N –

Flexible blood cells  
take another route

Atomic nuclei and electrons in solids influence each other  
in their movements. But, with a few exceptions, this interaction is  

such that it does not usually have to be taken into account. Apparently,  
however, there are more exceptions than previously assumed, as scientists 

from Jülich and Munich have found out. In a neutron experiment at  
Heinz Maier-Leibnitz Zentrum in Garching, they proved couplings  

between the motions of atomic nuclei and the electrons in the substance 
CeAuAl3. The researchers conclude that there must be more materials  

in which the effect plays a role. The findings could, for example,  
be used for data processing or for a loss-free transport  

of electric current.

– J Ü L I C H C E N T R E F O R N E U T R O N S C I E N C E –

P H Y S I C S

No state of emergency

Stiffened blood cells

Elastic blood cells
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The modern age’s passion for collecting has a name: big data. From large volumes of data,  
the industry expects new sales markets, targeted customer loyalty or smarter maintenance  

intervals. Scientists are attracted by the prospect of new findings and deep insights.

From data  
comes  

knowledge
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and cloud particles. During that time, more than 
1.4 billion measuring points on 320 million flight 
kilometres have been gathered.” It goes without 
saying that such amounts of data can no longer 
be evaluated using a calculator. The scientists 
had to develop tailor-made software packages, 
for example for calibrating the devices and for 
transferring and evaluating the data. 

The climate data serve to identify long-term 
trends such as air pollution or greenhouse 
gases. Global data and findings like these are 
of interest to researchers worldwide. When it 
comes to the climate, it is particularly important 
to combine data from different sources – also 
because numerous factors are intertwined here: 
soils, plants, animals, microorganisms, bodies 
of water, the atmosphere and everything that 
humans do. 

MAKING DATA COMPARABLE
Until now, such data has too often been collected 
separately from each other and also separately 
turned into models. This is supposed to change. 
In early 2019, several large-scale infrastructure 
projects were launched on a European level with 
the aim not only of securing the individual data 
treasures in a well-structured, long-term manner, 
but also of making them comparable. 

When researchers from different disciplines, 
institutions and countries pile up their moun-
tains of data into even larger mountains of data, 
one thing is needed first: common standards. 

P eople love collecting. For some, col-
lecting and storing are even part of 
their profession. Scientists are among 
these. Not only do they accumulate 
knowledge, but they also produce 

and record vast amounts of data and information 
from which knowledge has still to emerge. 

Modern technology facilitates the collection of 
data immensely and tempts people to hoard. Ex-
perts estimate that 90 per cent of the data availa-
ble worldwide was collected in the past two years 
alone. In science, ever more precise experimental 
equipment, measurement systems and computer 
simulations are generating ever larger amounts 
of data. At CERN, the European Organization for 
Nuclear Research, experiments generate around 
50 petabytes of data per year; the Jülich Super-
computing Centre (JSC) generates around 20 
petabytes of data per year in simulations alone. 
Experts speak of big data – data that cannot be 
evaluated using previous manual and convention-
al methods. 

Big data is far more than a passion for collecting. 
It offers the chance to reveal new relationships 
and patterns from the large amount of data 
that would not be noticeable in small samples. 
However, “big” in itself does not provide new 
findings. Ordering, filtering, evaluating, but also 
sharing and exchanging data – these are the great 
challenges in order to turning big data into smart 
data, that is, into data from which meaningful 
information can be obtained. These challenges 
pose new requirements on IT infrastructure, 
data handling and scientific collaboration. Two 
examples from Jülich show what big data means 
in everyday research.

Dr. Andreas Petzold and his colleagues from the 
Jülich Institute of Energy and Climate Research 
(IEK-8) are old hands in the big data business. 
“In the IAGOS project, our measuring instru-
ments have been travelling around the world in 
commercial airliners for over 20 years. They take 
a measurement every four seconds during flights, 
for example, to record greenhouse gases such 
as carbon dioxide and methane, other reactive 
trace gases such as ozone, carbon monoxide and 
nitrogen oxides, but also particulate matter, ice 

Andreas Petzold is coor-
dinating a project to link 
together environmental 
data from all over Europe.

 Big data  
everywhere
Today, large amounts of 
data accumulate in all Jülich 
departments. These include 
the classically data-intensive 
disciplines such as nuclear 
physics and climate research. 
However, electron micros-
copy, structural biology and 
automated image analysis in 
plant research also generate 
mountains of data that can 
no longer be analysed using 
conventional methods.



These are too rare up to this point. Such rules 
are to range from survey methods in the field 
and quality assurance of measurements to the 
verifiability of the data. These standards already 
exist within projects: “In the IAGOS project, for 
example, we provide each measuring point with 
a whole series of metadata. These are effectively 
the keywords for every measurement: what, 
when, how and where, temperature, flight num-
ber and measuring device. This also enables ex-
ternal or subsequent researchers to understand 
what we measured how and where,” emphasises 
Petzold. 

EUROPE-WIDE STANDARDS
Cross-project standards are now needed. This is 
exactly what ENVRI-FAIR, the European infra-
structure project for environmental sciences, 
wants to introduce. ENVRI stands for Environ-
mental Research Infrastructures because all 
established European infrastructures for earth 
system research are involved in the project – from 
local measuring stations and mobile devices 
such as IAGOS to satellite-based systems. FAIR 
describes the requirements as to how researchers 
are to collect and store the vast amounts of data 
in the future: findable, accessible, interoperable 
and reusable.

Petzold is coordinating this mammoth project, 
which will receive € 19 million in EU funding for 
four years. “ENVRI-FAIR will enable us to link 
and relate different data to each other – the basis 
for turning our big data into smart data that can 
be used for research, innovation and society,” he 
says. As with all other European infrastructure 
projects, open access via the European Open 
Science Cloud, which is currently being set up, is 
planned so that as many researchers as possible 
will be able access the data troves.

In order to realise such ambitious plans, the 
experts need the support of IT specialists – for 
the upcoming expansion of IT infrastructures, 
for example, and for data management and com-
puter centres. At Forschungszentrum Jülich, the 
Jülich Supercomputing Centre (JSC) is available 
as a partner with extensive expertise: among 
other things, it offers two supercomputers, 
suitable computing methods, enormous storage 

What does the world buy? 
According to its own figures, the digital coupon system Payback has 80 
million users worldwide, 30 million of which are from Germany alone. Just 
like Amazon, Facebook and Google, the company sends individualised 
advertising to its customers. According to Payback, shopping behaviour 
reveals a lot about the living conditions of customers: for example, if a man 
classified as single suddenly buys hair dying products, he is very likely 
no longer single. Customers who like to shop for tea, coffee or cigarettes 
particularly often also buy whitening toothpaste on sale. Payback also cal-
culates how user profiles evolve: for example, if someone buys small animal 
food for hamsters or guinea pigs, a prepaid mobile phone will also soon be 
on the list. Why? Because kids are growing up. Anyone who buys diapers 
today will have a school kid at home in six years’ time. The mass of data 
allows companies to find correlations that would not be possible with a 
traditional customer survey. But some things are also simple mathematics, 
such as the example of diaper and schoolchild.

1 1



C OV E R S T O RY1 2

capacities of several hundred petabytes and 
around 200 experts on a wide variety of topics. 
The JSC supports ENVRI-FAIR, for example, in 
setting up an automated management system for 
the large data streams. One of the main topics 
in this context is data access. Today, in interna-
tional projects with many cooperation partners, 
it is more and more important to ensure that 
large datasets – and the conclusions drawn from 
them  – can be examined and verified by all par-
ticipating research groups.

For this purpose, new computer architectures 
that can handle and evaluate big data particularly 
well, such as JUWELS and DEEP, are being devel-
oped at Jülich (see box on the right). In order to 
improve the exchange between high-performance 
computing specialists and expert scientists, the 
JSC has also set up simulation laboratories in 
which the various experts work closely together. 
They support researchers in the general handling 
of big data and in evaluations – also with the help 
of machine learning. 

How does the world  
amuse itself? 
The Disney Group has equipped its theme parks with thou-
sands and thousands of sensors. Visitors receive a wristband, 
the MagicBand, which is equipped with RFID technology. It 
serves as an admission ticket, hotel key, payment system 
and identification, for example to avoid having to queue after 
advance registration. At the same time, the park management 
knows at all times where crowds are accumulating and can 
react accordingly. The wristband is also used for targeted 
advertising and personal addressing. 
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SURFING THROUGH THE BRAIN
“This 3D brain model is about one terabyte in 
size,” says Dickscheid, “so it is already a chal-
lenge to display the image dataset smoothly on 
the screen – not to mention the complex image 
analysis methods that automatically process 
this data set on the Jülich supercomputers to 
gradually generate precise three-dimensional 
maps of the different brain areas.” With these 
data sizes, it is no longer feasible that the scien-
tists map these areas manually and completely. 
Dickscheid and his colleagues spent three years 
programming intensively and exchanging ideas 
with the JSC. 

The result: despite the large database, the 
program makes it possible to navigate smoothly 
through the brain and zoom to the level of cell 
clusters. The trick is: “We don’t provide users 
with the entire dataset in full resolution, but 
only the small part that they are currently 
looking at,” explains Dickscheid. “And this is in 
real time,” he adds. The BigBrain model and the 
3D maps are a prime example of shared big data. 
They can now be clicked on, rotated, zoomed in 
and marvelled at by anyone on the Internet.

Scientists from all over the world are making 
use of it: the three-dimensional representation 
enables them to assess spatial relationships in 
the complicated architecture of the human brain 
much better than before – and gain new insights. 
Dutch scientists, for example, hope to use the at-
las to better understand the human visual cortex 

“The experts for machine learning and the 
specialists for high-performance computers 
know how large amounts of data can be used for 
learning scientific models on supercomputers. 
Domain specialists such as biologists, physicians 
or materials scientists can in turn formulate 
meaningful questions about their specific data so 
that learning evolves in the direction relevant for 
the solution of a given problem. In such cooper-
ation, adaptive models – such as deep neuronal 
networks – can be trained with the available data 
to predict processes in the atmosphere, in biolog-
ical systems, in materials or in a fusion reactor,” 
explains Dr. Jenia Jitsev, researcher expert for 
deep learning and machine learning at the JSC.

One of the Jülich researchers working closely 
with the JSC is Dr. Timo Dickscheid, head of the 
Big Data Analytics working group at the Jülich 
Institute of Neuroscience and Medicine (INM- 1). 
His institute also generates an enormous amount 
of data because it is concerned with the most 
complex human structure: the brain. “We are 
developing a three-dimensional model that takes 
both structural and functional organisation-
al principles into account,” says the computer 
scientist. 

He has already worked on BigBrain, a 3D model 
assembled from microscopic images of tissue sec-
tions of the human brain. In over 1,000 working 
hours, 7,404 ultra-thin sections were prepared 
and digitised by the Jülich brain researchers 
together with a Canadian research team. 

Timo Dickscheid devel-
ops 3D brain models  
and methods for image 
analysis

Researches neural networks 
that learn from big data: Je-
nia Jitsev, expert in machine 
learning

Machine learning
Some 100 scientists have 
networked on the Jülich cam-
pus to make new methods of 
machine learning and artificial 
intelligence available for their 
research. The initiative is 
included in the cross-centre 
project HAICU – Helmholtz 
Artificial Intelligence Coopera-
tion Unit – as part of the Helm-
holtz Incubator “Data Science 
and Information”. 

JUWELS and DEEP
JUWELS is a highly flexible 
and modular supercomputer 
whose adaptable computer 
design was developed at Jülich 
and is aimed at an extended 
range of tasks – from big data 
applications to computation-
ally complex simulations. 
The abbreviation stands for 
“Jülich Wizard for European 
Leadership Science”. Within 
the European DEEP projects, 
Jülich researchers are also 
developing new modular 
supercomputer architectures 
that can be used even more 
flexibly and efficiently than 
previous systems for scientific 
applications.
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research: “Publications of scientific studies cur-
rently play a much more important role than pub-
lications of data. Within the research community, 
we must agree that the authors of the data should 
be named and cited on an equal footing with the 
authors of a scientific publication. Here, too, FAIR 
Data is a very central point – data should be find-
able, accessible, interoperable and reusable – an 
approach that the Human Brain Project is actively 
promoting,” emphasises Amunts, as publications 
are the currency with which research is traded 
and careers are made. 

SHARING AS AN OPPORTUNITY
The astrophysicists are regarded as a shining 
example. “Here, it has historically evolved that 
data are shared impartially,” says Dr. Ari Asmi 
from the University of Helsinki, who is a col-
league of Andreas Petzold and co-coordinator 
of ENVRI-FAIR. The most recent example is the 
sensational photo of the black hole. “This was 
only possible because, firstly, the global scien-
tific community in radio astronomy is extremely 
closely networked and, secondly, a radio tele-
scope may only be used if the data obtained with 
it are subsequently disclosed.”

From Asmi’s point of view, sharing big data is a 
great opportunity for research: “It will be really 
exciting if we manage to use the new methods to 
combine data from different disciplines, such as 
our environmental calculations with data from 
the social, political and economic sciences. If this 
succeeds, we will be able to obtain viable models 
to, for example, understand climate change in 
its entirety and to draw up action plans for the 
future.” And then collecting will become not only 
big, but really smart. 

B R I G I T T E S TA H L- B U S S E

at the cellular level and use this knowledge to 
refine neuroimplants for blind people. 

“Making results such as our different brain maps 
accessible to all is a cornerstone of science,” says 
Professor Katrin Amunts, Director at the Insti-
tute of Neuroscience and Medicine and Dicksc-
heid’s head. Making the underlying data publicly 
available, however, calls for a paradigm shift in 

Navigating through the 
brain online with BigBrain 
and other 3D models: www.
humanbrainproject.eu/en/
explore-the-brain

i

Who feeds the world?
John Deere, renowned worldwide for his distinctive tractors, is turning 
agriculture upside down with big data: sensors for optimum irrigation 
and fertilisation of the fields are on offer, as is a climate and weather 
app, which calculates the optimum time for sowing and harvesting. In 
addition, the company evaluates the data of all its machines and sensors 
worldwide in order to develop new products and strategies. Of course, 
the tractors of this company and also of other manufacturers can already 
drive over the fields remotely operated via satellite today – here, too, 
digitisation and the processing of a great amount of data from different 
sources play an important role: for example, drones can use infrared cam-
eras to warn against wild animals or control sensors to determine where 
more or less fertiliser is applied on the field. 

http://www.humanbrainproject.eu/en/explore-the-brain
http://www.humanbrainproject.eu/en/explore-the-brain
http://www.humanbrainproject.eu/en/explore-the-brain
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 The philosopher
Prof. Klaus Wiegerling from the Karlsruhe Institute of Technology has, together with colleagues 
from several universities, explored the social opportunities and risks of big data in the project 
“Assessing Big Data” (ABIDA): “It’s a matter of trust. The belief in the unerringness of figures  – 
and that they adequately represent our world – is unbroken, but deceptive. We, as scientists, must 
remain vigilant: a lot of data and the connections supposedly hidden in it do not necessarily lead 
to causality and true insights. In the private sector, big data may not only be used for its own pur-
poses, such as precise congestion forecasting using a navigation system. Critics fear the transpar-
ent citizen. Others could even misuse my digital footprints for commercial, political or criminal 
purposes.” 

 The scientist
Prof. Katrin Amunts is Director of the Jülich Institute of Neuroscience and Medicine (INM-1) and 
scientific coordinator of the EU flagship “The Human Brain Project”: “In studies involving a thou-
sand or even several thousand test subjects, completely new insights can be gained from big data. 
Small and weakly-acting factors and their interaction can be identified. One example is the Jülich 
1000BRAINS study, which demonstrates the effects of sport, alcohol, smoking and social life on the 
brain (see  p. 20 for more about the results of the study). Of course, the larger amounts of data and 
the increasing digital processing they undergo through self-learning programs do not automatical-
ly lead to more knowledge, but the cognitive processes are strongly driven by machine learning and 
deep learning, which can make use of new and powerful computer architectures.” 

 The pragmatist
Franz Färber is Executive Vice President and Chief Architect responsible for big data solutions 
at SAP, Europe’s largest software company: “If equipment or aircraft fail in industry or aviation 
due to technical defects, this is usually more expensive than to replace a component early. In 
order to optimise the maintenance intervals as much as possible, sensors collect relevant data. 
In the end, however, it is a human being who decides whether an expensive machine part is 
to be replaced before production comes to a standstill. This decision cannot be made by data, 
but  – if it is well collected – it forms a solid basis for important decisions in a process.” 

Who takes responsibility for the results that the mountain of data spits out?  
We asked three experts who look at big data from very different angles. 

What added value 
does the flood of  

data bring? 
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51 stations, scattered across Northern Europe and linked via fibre optics,  
form the huge virtual receiving antenna of the LOFAR radio telescope.  

Since 2010, astronomers have discovered hundreds of thousands of galaxies  
and gained countless scientific insights with it. 

Eavesdropping  
into the skies

Listening to the universe
In space, besides the visible light of the stars, there are also 
other forms of electromagnetic radiation. These include radio 
waves. In contrast to light, radio signals also penetrate dust 
and gas clouds between the stars. Radio telescopes on earth 
can receive these signals, which provide valuable informa-
tion about invisible areas in space. The larger the collecting 
surface, the better the telescope can resolve the details of the 
signals. The radio telescope LOFAR (short for “Low Frequency 
Array”) measures radio waves in a wavelength range that was, 
in previous years, largely unexplored: from 1 to 10 metres.

How LOFAR works
LOFAR, the precursor of a new type of radio telescope, uses 
many thousands of interconnected small antennas instead of a 
single large receiving dish. They are grouped into 51 so-called 
stations: fields with hundreds of simple antennas no more 
than 1.7 metres high. The stations are located in the Nether-
lands, in Germany, France, Sweden, Great Britain, Poland and 
Ireland. The DE605 station is located directly southeast of 
Forschungszentrum Jülich.

Fast optical fibre links transport the measurement signals of 
all stations to supercomputers. These sort the signals of all 
individual antennas and connect them to form a virtual re-
ceiving dish with a diameter of 1,900 kilometres. With it, even 
weak signals that hit the earth very close together can be dis-
tinguished. The measurements generate vast amounts of data. 
It would take conventional computers centuries to process 
them; thanks to supercomputers and innovative algorithms, 
processing takes one year.

LOFAR is coordinated by the Dutch research institute AS-
TRON.

14.8 
 petabytes of LOFAR data is how  

much Forschungszentrum Jülich houses. 
This is about a third of all LOFAR data,  

corresponding to about 15 billion  
mobile phone photos.
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“The LOFAR data  
is one of the largest  
astronomical data  
collections in the 

world.” 
P R O F.  T H O M A S L I P P E R T,  D I R E C T O R O F T H E  

J Ü L I C H S U P E R C O M P U T I N G C E N T R E ,  O N E O F T H R E E  
L O FA R D ATA C E N T R E S

A new sky map
An international team of scientists has converted the radio 
signals received by LOFAR into visible images. This cost enor-
mous amounts of telescope and computing time. With the aid 
of supercomputers – including Jülich – the researchers created 
a new, publicly accessible sky map from these images. The  
map also shows many previously unknown galaxies, which 
are often billions of light years away. It allows astronomers to 
study the evolution of galaxies in unprecedented detail, and 
this is just the beginning: the current map covers only two per 
cent of the area of the sky that is to be captured with LOFAR.

Cosmic magnetic fields
With the aid of LOFAR, astronomers from Germany have 
discovered that magnetic fields exist not only within galaxies, 
but also between them. Although this had previously been 
suspected, it had not yet been proven. LOFAR even provided 
evidence that the entire space between the galaxies could be 
magnetic. 

Black holes 
The LOFAR data show that there is a massive black hole in the 
centre of most galaxies. It reveals itself by so-called jets – rays 
of matter generated by magnetic fields encircling the black 
hole. “With LOFAR, we can count the number of supermassive 
black holes in space and follow their cosmic evolution,” ex-
plains Prof. Ralf-Jürgen Dettmar of Ruhr Universität Bochum, 
one of the astronomers involved. Hence, the scientists hope to 
be able to clarify in the future where black holes come from 
and what influence they have on the galaxies in which they are 
located. Using the LOFAR data, the researchers have already 
been able to show that black holes are constantly growing.

Other phenomena 
LOFAR can also be used to study pulsars, galaxy clusters 
and solar activity. However, the telescope also receives radio 
signals of earthly origin: for example, researchers used it to 
discover new processes in the formation of lightnings. 

T E X T S :  F R A N K F R I C KPictures of the universe based on the LOFAR data 
can be found in the web magazine:
effzett.fz-juelich.de/en

i

http://effzett.fz-juelich.de/en
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Whether in brewing beer, making cheese or fer-
menting cabbage, humans have taken advantage 
of the work of tiny microorganisms for thousands 
of years. Today, they even do so in big factories: 
bacteria, yeasts and other fungi do important jobs 
in industrial biotechnology. The small helpers 
produce vitamins, protein building blocks, fuels, 
detergents and pharmaceutical agents such as 
insulin or antibiotics. 

“For this, the microorganisms are cultivated in 
bioreactors,” explains Prof. Dietrich Kohlhey-
er from the Institute of Bio- and Geosciences’ 

Biotechnology section (IBG-1). “These are huge 
vessels holding several cubic meters of nutrient 
solution.” However, the experts do not always 
succeed in transferring a new process from the 
laboratory to industrial scale. While the capabil-
ities of the microorganisms are initially tested 
and optimised on a small scale in the laboratory, 
the fungi and bacteria sometimes behave quite 
differently in the large bioreactor than in the 
small volume of the Erlenmeyer flask. In such 
cases, it can happen that the yield of the target 
substance falls short of expectations. 

They are important helpers in the production of fuel and medicines: bacteria.  
When cultivated in bioreactors, however, some cells work harder than others.  

Microfluidic chips with tiny channels and chambers can help make  
such differences visible.

Single room for 
bacteria

In the web magazine: do 
microbiologists have to 
rewrite their textbooks? 
A visit with Dietrich Kohl-
heyer. Plus: videos and 
photos show how bacteria 
grow in the mini chambers 
of the microfluidic chip. 
effzett.fz-juelich.de/en

i

http://effzett.fz-juelich.de/en
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Dietrich Kohlheyer aims at finding out the 
reasons for this in order to improve biotechno-
logical processes and thus increase the yield. It 
is becoming more and more widely accepted that 
microorganisms do not necessarily behave as uni-
formly as textbooks describe them, he says. For 
example, his research group looks at bacteria that 
are genetically completely identical. “One could 
assume that they would then work similarly well, 
but that’s not the case. There are excellent and 
rather bad producers among them,” says Kohlhey-
er. “Moreover, if the bad producers grow better, 
the efficiency of the bioreactor will drop.”

Furthermore, in a large reaction vessel, these tiny 
little guys do not encounter the same conditions 
everywhere. Even if the liquid inside is constantly 
mixed thoroughly, zones can form that differ 
from each other – be it in nutrient content, pH 
value or the availability of oxygen. Some of the 
microorganisms react to these local fluctuations 
by reducing their metabolism, thus producing less 
of the desired substance. 

“We want to observe as precisely as possible how 
the cells behave under different conditions,” 
explains Dietrich Kohlheyer. “When do they 
thrive particularly well? What happens when 
you put them under stress?” For this purpose, 
the mechatronic engineer has developed specific 
components with which he can take a close look 
at individual cells: so-called microfluidic chips. 
They are about the size of a thumbnail and 
consist of a transparent piece of silicone rubber. 
Inside them are four extremely narrow channels. 
To the left and right of each channel, innumer-
able small chambers open up that are just large 
enough for the microorganisms to fit in. They are 
typically only a few micrometers in size, that is, 
about twenty times smaller than the diameter of 
a human hair.

The microorganisms to be investigated can be 
flushed into the chips through the channels. Ide-
ally, no more than one single cell enters a cham-
ber. It won’t be alone there for long, however, as 
bacteria tend to multiply. Soon a small colony 
of cells will develop. A microscope scans the 
chambers at regular intervals and takes pictures 
of the colonies. From these, a time-lapse film of 
bacterial growth can be assembled. 

The team from Jülich was able to show that the 
cells of soil bacteria of the Streptomyces genus 
reproduce in a reproducible and stable way if 
the nutrient supply in the tiny chambers of the 
chip does not change too much. These microor-
ganisms are important sources and producers 
of antibiotics and proteins. However, since the 
filamentous cells grow into complex networks, 
biotechnologists consider them difficult to culti-
vate. Kohlheyer: “Our observations show that it 
is crucial for this industrially important bacterial 
species to adjust the conditions in a bioreactor 
well in order to control the complex shape of the 
cell networks.”

WANTED: HARD-WORKING, ROBUST
The scientists are not only able to monitor the 
growth of bacteria with the chips, however, but 
also the metabolism. Microorganisms of the 
Corynebacterium genus produce glutamic acid 
and other protein building blocks in bioreactors. 
In order to identify the good producers, the re-
searchers modified their genetic material in such 
a way that the bacteria produce a fluorescent dye 
when they activate certain metabolic processes. 
This way, it is easy to see under ultraviolet light 
which bacteria work well in the colony and which 
do not – and how the pattern changes when, for 
example, the supply of nutrients changes. Diet-
rich Kohlheyer: “We aim to identify strains that 
are particularly robust and that provide maxi-
mum yield even under fluctuating conditions.”

Initially, companies were sceptical as to wheth-
er the observations from the small cell clusters 
in the microfluidic chips could be transferred 
to the large reactors in industry – after all, the 
volume of a reactor is about one quadrillion times 
larger. Meanwhile, however, the interest of the 
companies’ biotechnologists has been aroused: 
“We were very quickly able to present results that 
show how stable a certain bacterial species grows 
under different conditions. Let it be understood 
that this is still basic research. The next step is to 
apply our findings to industry in order to improve 
bacterial strains and processes,” says Kohlheyer.

A R N D T R E U N I N G 

The bacteria tester: the growth and  
productivity of individual cells can be  
examined with the microfluidic chip  
developed by Dietrich Kohlheyer.

Filigree architecture

The microfluidic chips are pro-
duced by the Biotechnology 
section’s team itself. The plans 
for the complex architecture are 
created on the computer. On the 
basis of this data, a mould made 
of silicon is then produced – a 
three-dimensional negative of 
the microscopically small chan-
nels and chambers. “This is done 
here at Jülich in a clean room, the 
Helmholtz Nanoelectronic Facility. 
We use technologies such as 
those employed in semiconductor 
technology to manufacture silicon 
chips for computers,” says Prof. 
Dietrich Kohlheyer. These moulds 
are filled with a viscous silicone 
compound, which is then cured 
by heating to form a rubber-like 
material. A thin glass pane cov-
ers the system of channels and 
chambers. 

Mechatronic engineer  
Dietrich Kohlheyer heads 
the Helmholtz Young Inves-
tigators Group “Microscale 
Bioengineering”.
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Age
Different brain regions age  

differently. The right hemis-
phere of the brain, in which, 
among other things, spatial 

thinking is positioned, appar-
ently deteriorates more in old 
age than the left hemisphere, 
in which language is located, 

for example. This could explain 
why the spatial orientation and 

the visual working memory 
diminish in elderly people, while 

linguistic competence remains 
relatively constant throughout 

their lives. The frontal brain 
regions, in which conscious 

control is located, among other 
things, undergo a comparatively 
little deterioration. In addition, 

older people use more brain 
areas than young people to 

solve the same task. This is the 
so-called cognitive reserve. It 

allows to compensate for ageing 
processes to a certain degree.

 

Lifestyle
Factors such as social   

contacts, alcohol consumption, 
smoking and physical activity 

leave behind clear traces in the 
brain. People who live in a busy 

social environment and also 
those who are active in sports 

show a lower volume loss of the 
brain in old age. This is an indi-
cation of a lower loss of nerve 

cells. High alcohol consumption, 
on the other hand, is associat-
ed with a greater loss of brain 

volume than would be appropri-
ate for the age and indicates the 
destruction of nerve cells. The 

latter is considered to contribute 
to lower-level performance and 
flexibility in old age in terms of 
mental capabilities. Smoking, 

on the other hand, affects brain 
function rather than brain struc-
ture. The targeted cooperation 
of brain regions in the resting 

brain is higher in smokers than 
in non-smokers, so the brain is 

always busier. As a result, there 
is less cognitive reserve avail-
able than for non-smokers. For 

example, if certain brain regions 
fail due to ageing, smokers have 

less free capacity to activate 
other regions for these areas.

Vitamins
Older people are often  

prescribed B vitamins in order  
to maintain their memory 

capacity or to increase it again. 
These vitamins are intended 
to improve communication 
between nerve cells. Appar-

ently, however, the effects and 
processing routes of B1 and B6 
vitamins in the body are differ-
ent than previously known. The 
results of the Jülich researchers 
show: in the case of vitamin B6, 
there always seem to be positive 
effects, no matter how high the 

levels are in the blood. This must 
mean: “A lot helps a lot.” In the 

case of vitamin B1, however, 
the researchers noticed that 

despite a high vitamin B1 level 
in the blood, a deterioration of 
the brain substance had taken 

place. Vitamin B1 probably does 
not reach the brain sufficiently 
in older people, as preliminary 
studies have shown. The causes 

of this need to be further re-
searched in the future.

Multilingualism
Those who intensively learn  

an additional language increase 
their brain volume – especially 
at the beginning of the learn-

ing process and in two specific 
areas. On the one hand, the 

changes can be seen in the lower 
back part of the frontal lobe 

where our motor speech centre 
is located. In addition, the lower 
parietal lobe changes as well. It 

is also involved in language and, 
in addition, combines various 

information into an overall 
impression. Jülich researchers 

have now been able to show how 
the areas age in multilingual 

people: on the one hand, the vol-
ume of the motor speech centre 
also decreases with age in peo-
ple who speak several languag-
es. On the other hand, however, 

it is only at a very old age that 
the region equals the volume 
of people who speak only one 
language. The second sector 

remains stable even longer. This 
could explain why multilingual 

people often stay mentally fit 
longer in old age.

1 2 3 4

1,300 clinical trial participants 
ranging mostly between ages of 
55 and 85 have been examined 
by magnetic resonance imaging 
at the Jülich Institute of Neuro-

science and Medicine since 
September 2011. Four years later, 

nearly 500 of them again took 
part in the examinations.

The brain scans are  
supplemented by data on the 
health and circumstances in 
the lives of the trial patients, 

including data from the 
Heinz Nixdorf Recall study 
on cardiovascular health 

conducted in Essen.
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Open questions
The evaluation of the 1000BRAINS study is 
still in its infancy. For example, the research-
ers are also investigating how playing musical 
instruments, nutrition, education or various 
environmental influences, such as particulate 
matter and noise, affect the ageing process. In 
doing this, they can look at several aspects at 
the same time – for example, whether playing a 
team sport has a particularly positive effect on 
the brain. In this way, effects can be discov-
ered that only arise through the interaction of 
various factors.  
 

 

 

T E X T S :  B R I G I T T E S TA H L- B U S S E

90 terabytes of data
The dataset of the 1000BRAINS study com-
prises around 90 terabytes of data – roughly 
the volume of 90 hard disks of an off-the-shelf 
home computer. The information contained 
ranges from genetic data, blood values and 
brain images to statements about life circum-
stances. The experts estimate that it will take 
about ten years to comprehensively analyse 
this unique data treasure. 

How does the structure of the brain change with age? What role do factors  
such as sports, alcohol and smoking play, and what distinguishes normal ageing 
from pathological changes? Researchers are investigating these and many other 

questions in the 1000BRAINS study. Scientists from Jülich, Düsseldorf,  
Essen and Basel have presented their first results. 

1,000 brains

“Our research  
impressively shows  

that a healthy lifestyle  
is also anatomically  

and functionally  
reflected in the brain.”

P R O F.  S V E N J A C A S P E R S , 
I N S T I T U T E O F N E U R O S C I E N C E A N D M E D I C I N E ( I N M -1 )
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The numbers are impressive: with an energy 
consumption of just 20 watts, our brain 
accomplishes an estimated 10,000 billion 
so-called binary arithmetic operations per 
second . In comparison, computers consume 
significantly more energy – about 225 watts 
on average for a standard PC – and are 
therefore far less efficient than the human 
brain. No wonder that researchers around 
the globe are trying to copy the way the 
“biological computer” works. 

One of them is Dr. Ilia Valov from the Peter 
Grünberg Institute (PGI-7). Together with 
colleagues from Aachen and Turin, he 

has developed a new electronic miniature 
component, which can process and store 
information and receive multiple signals in 
parallel. A network of many such units on 
one chip would be a so-called neuromorphic 
processor that functions similarly to the 
brain. 

ADAPTIVE ROLE MODEL
In the brain, nerve cells – neurons – are con-
nected to form a huge network: a neuronal 
network. The contact points of the neurons 
are called synapses. “They transmit signals, 
process and store information,” explains 
Valov. In doing so, the synapses can, for 

example, adapt their size or efficiency as 
required – experts refer to this property as 
synaptic plasticity. Among others, the ability 
to learn and forget are based on this. The 
synapses thus combine several functions 
and are versatile.

Classic electronic components are not able to 
do this: they are either memory modules or 
work modules. The two types of modules are 
always spatially separated from each other. 
Therefore, transmission between them 
requires more time and energy than with a 
neural network. In addition, the computer 
hardware is not adaptable. This means that 

Neuronal networks in the human brain are superior to conventional computers  
in many ways. Researchers have developed an electronic component that functions 

similarly to the synapse of a nerve cell. In the future, networks consisting of such  
circuit elements could work as efficiently as the brain.

Wiry synapse

Neuronal synapse
An electrical signal triggers sev-
eral processes in the transmitter 
neuron: the vesicles, or bubbles 
filled with messenger substances 
called neurotransmitters, merge 
with the membrane of the synapse. 
The neurotransmitters move into 
the synaptic cleft and then dock 
onto the receptors of the receptor 
neuron, changing its electrical 
resistance and causing a signal to 
be transmitted. This is how infor-
mation is stored and processed. 
The more often two neurons com-
municate, the more pronounced 
their connection will become – for 
example, by releasing more neu-
rotransmitters or increasing the 
receptor density. This is called 
synaptic plasticity.

Synapse

Synaptic cleft

Transmitter

Transmitter neuron

Receiver

Receiver neuron

Transmissionsignal

Electrical

Vesicles

Vesicle merges  
with the membrane

Neurotransmitters

Receptor

Membrane
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it does not change its structure according 
to completed tasks in order to process them 
faster in future. Until now, artificial intelli-
gence (AI) has generally used such classical 
processor techniques. They merely imitate 
the decentralised and self-learning operat-
ing principle of neural networks by means 
of sophisticated software. “This approach is 
quite inefficient in terms of energy consump-
tion and space hogging,” explains Valov. It 
would be better to simulate the operating 
principle of the brain using a network of 
artificial synapses.

The synapse-like component of the Jülich 
team consists of a zinc oxide wire about 
10,000ths of a millimetre in diameter that 
connects a platinum electrode to a silver 
electrode. When current flows through 
the wire, it changes its electrical resistance 
depending on the strength and direction 
of the current. What makes this special: in 
contrast to conventional transistors, the last 
resistance value is retained after the current 
is switched off. This way, information can be 
stored. If the current is switched on again, 
the changed resistance value causes a differ-
ent current flow. The components therefore 

behave similarly to biological synapses: they 
change their structure on the basis of the 
signals and, as a result, will forward future 
signals differently.

In technical jargon, such components are 
called memristors – a composition of “mem-
ory” and “resistor” for electrical resistance. 
“The special thing about our memristor is 

that it combines various functions such as 
saving, learning and forgetting,” explains 
Valov. Previous memristors could only repro-
duce one of these properties each.

FAST AND ADAPTIVE
In order to also design the hardware accord-
ing to the biological model, it would have to 
be possible to connect the new components 
to a functional network that can perform 
certain tasks. “This would enable parallel 
data processing and storage, for example, 
which significantly speeds up calculations,” 
explains Valov. In addition, such a neuro-
morphic processor could – similar to the 
brain – learn independently, that is, perform 
certain tasks better and faster after a train-
ing phase. 

The researchers are already working on 
linking individual artificial synapses to 
form a larger network. Valov emphasises, 
however, that it will take quite some time 
before processors will actually be built with 
memristors. So for the time being, the brain 
remains unique.

J A N O S C H D E E G

Artificial synapse 
(memristor)
Due to a positive voltage at the 
silver electrode (= transmitter), 
silver ions on the nanowire begin to 
move towards the platinum elec-
trode (= receiver). The silver ions 
form a conductive bridge between 
the electrodes, which lowers the 
resistance. A negative voltage, 
on the other hand, increases the 
resistance. Through repeated 
electrical impulses, the resistance 
can be controlled purposefully and 
the silver ions will remain on the 
wire after switching off the current 
(saving) or will disintegrate again 
(forgetting). In this way, the compo-
nent imitates the plasticity of the 
neuronal synapse.

Transmission

Nanowire 
made of  

zinc oxide

Silver ions,
partly clumped

into larger groups

Electron microscope image

Presynaptic 
silver electrode

Postsynaptic 
platinum electrode

signal

Electrical

Expert in miniature elec-
trochemical components: 
Ilia Valov



MAX phases are considered a material of the future. They combine the advantages  
of ceramic and metals and could be used in turbines or in space travel. So far, there is no 

suitable process for the industrial production of the material. An ancient trick from  
cooking is supposed to change that: the salt crust.

Material in a salt crust

The best of both worlds
MAX phases combine the positive properties  

of ceramic and metals:

Complicated production
For the industry to be able to process MAX phases  

in larger quantities, it needs the material in powder form.  
Production has so far been complex and expensive. MAX phases 
only form at over 1,000 degrees Celsius. To prevent the materials 

from reacting with the atmospheric oxygen and oxidising,  
they are produced in a vacuum or in a protective  

atmosphere consisting of argon.

In the MAXCOM* project, Jülich materials  
experts Apurv Dash and Prof. Jesus Gonzalez- 

Julian have developed an amazingly simple 
method for producing MAX phases. The 

researchers from the Institute of Energy and 
Climate Research (IEK-1) immerse the raw 

materials in a salt bed (potassium bromide) 
(1). The principle is known from cooking:  

the salt crust prevents aromas and nutrients 
from disappearing from fish, meat or vege-
tables during cooking. In the MAX phases, 

on the other hand, the crust protects against 
oxygen penetration. A special protective 
atmosphere is therefore not necessary,  
a normal oven is sufficient for heating.  

The salt also acts as a separating agent,  

preventing the various components of the 
MAX phases from caking and ensuring that 
fine-grained powder is produced. The salt 

melts upon heating (2), which solidifies during 
cooling (3). The salt can then be dissolved 

with water and washed away (4). The powder 
is then dried (5).

Uses in 
space travel

Turbines in  
power plants  
and aircraft

Medical  
implants

Ceramic Metal
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The trick with the salt crust

heating cooling filtering drying

Reaction
2

material

molten
salt

Raw material
1

pressed 
salt layer

material

Dissolution
3

water

material

solidified
salt

Washing
4

dissolved
salt

MAX phase powder
5

* MAXCOM has been funded by the Federal Ministry of Education and Research for five years since 2016.

Possible applications

+ 
easily 

malleable

+ 
does not break 

so easily

+ 
heat-stable

+ 
light

MAX phases

loose 
salt layer
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What are you researching right now, Mr Bäumer?

“I’m looking for new materials to store energy using hydrogen. In concrete terms,  
these are catalysts for the electrolysis of water, that is, substances that accelerate the splitting  

of water into hydrogen and oxygen. Materials used so far, such as platinum, are expensive  
and rare or too sensitive for continuous operation. We are investigating cheaper alternatives  

such as nickel oxides, which we manufacture and test at our Jülich plant. We want to  
understand the processes on the surface of the materials at the atomic level  

in order to develop stable and efficient catalysts.”

Dr. Christoph Bäumer works as Marie-Skłodowska-Curie Fellow of the EU at RWTH Aachen University,  
Forschungszentrum Jülich and Stanford University in the USA.
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Sperm are long-distance swimmers. To 
reach their destination, the egg cell, they 
have to travel about 15 centimetres. That is 
2,500 times their own length. For a human, 
that would amount to about 4.5 kilometres. 
It has been known for quite some time 
what drives sperm forward – whip lashes 
of their tail, the flagellum. But how do the 
DNA carriers swim through tiny channels? 
Dr. Jens Elgeti and his colleagues from the 
Institute of Complex Systems and Institute 
for Advanced Simulation (ICS-2/IAS-2) have 
simulated this with the help of the super-
computer JURECA. 

“During the forward movement, a sperm 
pushes itself – always headfirst – at a slight 
angle against the wall of the microchannel 
so that it remains close to the wall. This way, 
it even passes slight twists effortlessly,” says 
Jens Elgeti. However, contact with the wall 
is lost from a certain radius of curvature 
onwards. The researchers found out that 
the kind of lashing of a sperm’s flagellum 
determines when the body contact with 
the wall will break off. The lashing is not 
always the same: the flagellum can wiggle 

in two or three spatial directions. This has 
consequences for the swimming route: “The 
sperm with a three-dimensional lashing of 
the flagellum remain along the wall even 
when the curvature is considerably strong-
er  – in contrast to those that only strike in 
one plane,” explains the researcher. 

So sperm move through winding ducts in 
different ways depending on the lashing of 

their flagellum. That can be put to good ac-
count. In the laboratory, for example, sperm 
can be sorted out for artificial insemination. 
“Studies by other researchers have already 
shown that the genetic make-up of sperm 
is related to their swimming style,” says 
Elgeti. “If more details are known, a kind 
of obstacle course may be used to separate 
inferior sperm from high-quality sperm, 
thus improving the likelihood of successful 
artificial insemination.” The fidings could 
also help with contraception: If it is clear 
which lashing technique brings the sperm 
to the ovum, drugs could interfere with the 
wagging, thus slowing down the DNA carri-
ers on their way. 

But first, the biophysicist Elgeti and his col-
leagues hope to gain a better understanding 
of the sperm’s swimming technique : “We 
are currently investigating how the interplay 
of active forces and flagellum elasticity 
influences the lashing,” says Elgeti – among 
other things by observing sperm under the 
high-speed microscope. 

M AT T H I A S L A U E R E R

Millions set out on a quest and only one finds what they are looking for:  
we are talking about sperm and the miracle of fertilisation. But how do the  

60 micrometre-sized future-makers find their way through narrow, winding  
channels such as the fallopian tube? Jülich biophysicists explain.

Always along the wall

Jens Elgeti is investigating 
how so-called microswimmers 
move, for example sperm and 
bacteria.

It depends on the kind of lashing of a 
flagellum how close a sperm remains  
to the curve of a wall.

This is how 
sperm travel  

with different  
flagellum movement.  

Watch here:
effzett.fz-juelich.de/en

http://effzett.fz-juelich.de/en
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The term “Heißzeit” (hot age) hit the headlines nation-
wide in Germany in 2018 and was choosen as “word of 
the year”. It is a wordplay on the German term “Eis-
zeit” (ice age). The summer had indeed been unusually 
warm – with an average of 10.4 degrees Celsius, 2018 
was even the warmest year since the beginning of 
Germany-wide weather records in 1881. For farmers in 
particular, however, the biggest problem was not the 
heat, but the extreme drought that began in June.

“Our measuring stations in the meadows and forests of 
the Eifel as well as on a field in Selhausen near Jülich 
recorded an annual average of up to 23 per cent less 
precipitation than usual in 2018,” reports Dr. Alexander 
Graf from the Institute of Bio- and Geosciences (IBG-3). 
The three stations belong to the Helmholtz initiative 
TERENO, a network for earth observation stretching 

from the North German lowlands to the Bavarian 
Alps. The researchers measure how the surface of the 
land and the atmosphere exchange substances and 
energy – from precipitation and evaporation to carbon 
dioxide.

Compared to the Jülich locations, rainfall in other 
German regions was even lower (see chart on p. 29). 
According to the German Drought Monitor, summer 
and autumn have never been drier than in 2018 
compared to the average since 1951. The drought 
continued even after the great heat had passed in 
September: the peak of the strain on the soil was not 
reached until early December as the soil and ground-
water systems have a delayed reaction to the absence 
of rain. “The 2018 drought is still in the system,” says 
Graf. 

2018 was a very hot, but above all extremely dry year. If things continue like this  
in 2019, groundwater levels and water resources will have no chance of recovering. 

However, the biggest loser of the drought is the climate.

Parched
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POOR STARTING CONDITIONS
“At the beginning of 2019, soil moisture was significant-
ly lower in most regions than in the previous year and 
so were groundwater levels. If it continues to rain too 
little this year, the situation in the affected areas could 
worsen further. Some consequences become apparent 
later on: in forests, for example, such weather events 
can lead to pest epidemics years later.”

According to Alexander Graf, the biggest loser of the 
2018 drought was the climate: “Every summer like the 
one in 2018 is a lost opportunity for our biosphere to 
reduce the carbon dioxide load in the atmosphere,” says 
the Jülich expert. A rule of thumb is that an area that 
evaporates less than usual also absorbs less carbon diox-
ide than usual – either because the plants have dried up 
anyway or because they close their stomata in the leaves 
and perform less photosynthesis, in which sugar and 

In 2018, forests, meadows, soils and fields reacted very 
differently to too much sun and too little rain. Evapora-
tion played an important role.

Evaporation is part of the water cycle, but it also 
influences the earth’s radiation budget – the balance of 
incoming radiant energy from the sun and energy going 
out again from the earth. The conversion of water into 
steam consumes solar energy that hits the earth. How 
much water vapour enters the atmosphere depends on 
various factors: how strong the sun shines, how dry the 

air is, or how windy it is. If, as in 2018, more solar ener-
gy reaches the earth through many hours of sunshine, 
this can be compensated for by increased evaporation. 
The atmosphere then “needs” more water vapour. “At 
our three locations, it was 13 to 16 per cent more than 
in the previous year,” reports Alexander Graf. The prob-
lem is: can the earth’s surface cover such an additional 
demand for water vapour at all if it has not rained for 
weeks, as was the case in the summer of 2018? “Region-
ally, that depends strongly on the type and use of the 
respective surface,” explains Graf. >

Who lacks water

oxygen are produced from carbon dioxide, light and 
water. This means that the plants do not grow as well 
and absorb less carbon dioxide. More CO2 in the at-
mosphere, however, intensifies the greenhouse effect 
and thus advances global warming – and as a result, 
climate change. Global warming, in turn, means more 
drought on average – a vicious circle. 

Dry records
Precipitation in 2018 at selected locations (in millimetres)

  2018       longterm annual average

“The 2018 drought  
is still in the system.  
If it continues to rain  

too little this year,  
the situation could  

worsen further.” 
D R .  A L E X A N D E R G R A F, 
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2,000 
 hours is how long the sun shone in  

Germany in 2018. This is the highest 
average value since the beginning of the 

measurements in Germany in 1951.

Field
The field in Selhausen, at which Jülich researchers 
continuously collect measurement data, evaporated a 
quarter less water in 2018 than in a normal year. The 
reason: due to the warm temperatures, the farmer was 
able to harvest his grain earlier than usual. As a result, 
the area lay fallow much earlier. Groundwater and soil 
water had subsequently dropped to such depths that the 
so-called capillary forces in the soil were not sufficient 
to bring the water to the earth’s surface. Another effect: 
“Such surfaces, which do not emit any cooling water 
vapour, contribute to making an already warm summer 
even warmer,” explains Graf.

Forest and meadow
In contrast to the previous year, both the forest and the 
grassland in the Eifel evaporated up to seven per cent 
more water despite the drought. This happened mainly 
through the plants. Their roots were deep enough to 
make use of remaining water reserves. These surfaces 
were thus able to at least partially cover the atmos-
phere’s greater water vapour demand. But this plus had 
a price: in 2018, the two investigated sites supplied 22 
per cent (forest) and 38 per cent (meadow) less water 
for rivers and groundwater recharge. 

Rivers
The water levels of various rivers fell to record depths 
by autumn. For example, the level of the Rhine in Co-
logne was 69 centimetres in October. This was 12 centi-
metres less than the previous all-time low of September 
2003. Because of the low water levels, many inland 
waterway vessels had to stop traffic for weeks or travel 
with little freight. 

Groundwater recharge
“The lowering of the groundwater level in 2018 is 
clearly visible – not only in Germany, but throughout 
Central Europe,” as Prof. Stefan Kollet from the Institute 
of Bio- and Geosciences (IBG-3) has found. He and his 
team have modelled Europe from the groundwater to 
the atmosphere and calculated the groundwater level 
depths for Central Europe from 1996 to 2018. 

K ATJ A L Ü E R S

The water cycle
During evaporation, water is converted into 
water vapour on the earth’s surface – above 
water (1) and soil (2) as well as by plants (3). 
The water vapour rises (4), cools down in the 
process and condenses to clouds (5). It then 
returns to the land surface as precipitation 
(6), where the precipitation seeps into the 
groundwater (7) and supplies lakes, rivers and 
oceans with new water (8). The cycle then 
begins anew.
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THUMBS UP

We control devices by speech recognition,  
algorithms support us in Internet research, and navigation 

systems guide us to our destination: artificial intelligence (AI) 
has long been part of our everyday lives. However, as with many 

technological innovations, not everything always works  
according to plan in the field of AI as well. Sometimes,  

a self-learning system produces results that do not necessarily 
meet expectations. Some of the most amusing AI stories are  

compiled on the website of the “Science Year 2019” under the 
motto “Nobody would ever have come up with that!” 

– W W W.W I S S E N S C H A F T S J A H R . D E / 2 0 1 9 / N E U E S -A U S - D E R -W I S S E N -
S C H A F T/ D A - K O M M T- J A - K E I N - M E N S C H - D R A U F –

S C I E N C E Y E A R

AI going astray

You always wanted to know how fast you were  
going on the elevator? The “phyphox” app developed at 

RWTH Aachen University makes it possible. It turns your 
own smartphone into a richly equipped experimental kit. 
“phyphox” harnesses the phone’s sensors for this purpose 
and uses the data obtained for physical experiments. For 
example, the functionality of a sonar can be understood, 

the acceleration of gravity can be measured or the fall 
velocity can be determined. A website for the app offers 

further experimental ideas, explanatory videos and 
instructions. Physics the smart way. 

– H T T P S : // P H Y P H O X . O R G –

P H Y S I C S A P P

Mobile laboratory  
for your pocket

Attached to a weather balloon, a video camera  
climbs to a height of 34 kilometres into the stratosphere.  
The balloon bursts and the camera, as well as the other  

measuring equipment, sink back to earth attached to parachute. 
This spectacular video of the advanced physics course of  

Heinrich-Böll-Gymnasium, a grammar school in Troisdorf,  
almost wouldn’t have come to be: balloon and equipment – on 

loan from Jülich atmospheric researcher Christian Rolf –  
disappeared without trace after landing. Only after a few  

days did the repentant thief secretly deposit the camera and 
measuring equipment in the schoolyard of the grammar school. 

– W W W.Y O U T U B E . C O M / U S E R / F O R S C H E N I N J U E L I C H –

– S P E A K I N G O F:  W E AT H E R B A L L O O N –

S T U D E N T E X P E R I M E N T

Climate thriller 
with a happy ending

https://www.wissenschaftsjahr.de/2019/neues-aus-der-wissenschaft/da-kommt-ja-kein-mensch-drauf/
https://www.wissenschaftsjahr.de/2019/neues-aus-der-wissenschaft/da-kommt-ja-kein-mensch-drauf/
https://phyphox.org/
https://www.youtube.com/user/forscheninjuelich


The research aircraft HALO
took up its duties on 24 January 2009. Since then, the jet has 
flown over all oceans and continents in 23 missions, col-
lecting environmental and climate data at altitudes of up to 
15 kilometres. Often on board: scientists and equipment of 
Forschungszentrum Jülich, which is one of the six sponsors of 
the German joint project HALO.  
 fz-juelich.de/halo-research

“Congratulations, HALO! You’ve been 
a cool research aircraft for 10 years. 
We wish to have many more missions  
together with you!”  
#climateresearch

 
 RESEARCH  
 IN A TWEET

https://fz-juelich.de/halo-research

