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ON LOCATION

In the Labyrinth of Petaflops
It is a superlative brain, and has a somewhat boastful name to reflect this: SuperMuc. “Muc” refers to Munich, which isn’t
entirely correct, with the more than 100-ton computer being located outside the city limits of the Bavarian capital – in a
500-square-meter hall of the Leibniz Supercomputing Centre on the campus in Garching. And that is, after all, an independent
(researcher) community. SuperMuc can perform three petaflops, or three trillion computing operations per second. If we
humans wanted to compete, then all three billion adults on the planet would have to simultaneously perform a million
computing operations within the blink of an eye.
It’s no wonder, then, that the equipment, which was inaugurated in mid-July, is in the champion’s league of computers,
and ranks fourth worldwide. And it’s only logical that SuperMuc is very popular among scientists. Stefanie Walch, for instance:
the researcher at the Max Planck Institute for Astrophysics is interested in cosmic nurseries – clouds of molecules in which new
stars are born. These also include the occasional heavyweights that heat up the cloud, disperse the gas and, in this way,
drastically reduce the birth rate.
Keeping a cool head, Stefanie Walch wrote her algorithms for this simulation – the largest one to date – of the life cycle of
a molecular cloud. However, the computer does get quite hot when computing such furious natural phenomena. To keep it
from overheating, it’s cooled with water at a temperature of about 40 degrees Celsius running through its interior. At such a
temperature, people would have a fever, but SuperMuc can easily withstand 70 or 80 degrees. As we said: a superlative brain.
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SPOTLIGHT

Since 2007, the European Research Council
(ERC) has been awarding more than a billion euros each year to outstanding scientists in Europe. The funding is aimed, not at
projects, but at individuals; national interests and political strategies play no role. We
have fought long and hard for this clear
commitment to supporting excellence. At
present, the so-called Starting Grants have
been awarded. These enable talented junior
scientists to establish their own research
teams and work autonomously on research
projects of their own for a period of five
years. The outcome of the fifth round of
awards mirrors research performance in Europe – and shows that Europe is split in
more than just economic terms. If, after
these five allocation rounds, a list were to
be compiled of “winners,” it would quickly
become clear that the UK, Germany and
France were the most successful in the competition for Starting Grants. Just 55 out of a

Southern and
Eastern Europe lack
capable labs
total of 2,538 ERC grants, or 2.17 percent,
went to EU member states in Eastern Europe (EU-12).
This meager success rate also reflects
the unequal levels of research expenditures:
The countries of Southern and Eastern Europe invest barely 1.5 percent, or even less,
of their gross domestic product in research
and development. At the dawn of the millennium, the European Union set itself an
ambitious goal that was formulated in the
Lisbon Strategy: Within ten years, Europe
was to become the most competitive and
dynamic knowledge-based economic area

6
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in the world. Including the proportion contributed by industry, each member state
was targeted to spend three percent of GDP
on research and development. The top individuals can choose for themselves where
they wish to carry out their research – and
they choose locations where they find the
ideal conditions for their work. In Southern and Eastern Europe, this is currently
not the case, and the migration of talent is
a major problem.
The Max Planck Society, for example,
provides ongoing support for talented junior scientists following a research residency at a Max Planck institute by setting up a
partner group in their home country. In
Southern and Eastern Europe, however,
there is a lack of capable or adequately
equipped laboratories. In Poland and Romania, we have just one partner group each –
compared with 35 partner groups in the
emerging Asian economies of China and India. And the pool of talent in these latter
countries will grow rapidly in the coming
years: In its current report entitled “Education Indicators in Focus,” the OECD forecasts that, by 2020, India and China alone
will account for 40 percent of all university
graduates. We can’t ignore global developments on this scale.
If we are to offer junior scientists in Europe a viable outlook in their own homelands, and attract talent from across the
world, it is vital that excellence should be
pursued everywhere in Europe. We must
make greater efforts to bring the Southern
and Eastern European member states on
board, not least because developing scientific excellence would strengthen their economies. It is a fact, as the American economist and Nobel laureate Robert Solow
demonstrated in his “Contribution to the
Theory of Economic Growth,” that 80 percent of economic growth in the industrialized countries results from the development
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More Excellence
for Europe

PETER GRUSS

of new technologies. And it is research, after all, that contributes vital ideas for new
technologies. The economic weakness of
the Southern and Eastern European states
is thus primarily also a weakness of innovation, making increased investment in research urgently necessary.
This year’s European Union budget totals around 147 billion euros. The major costs
incurred by the EU are the product of its co-

Research and
innovation are growth
factors
hesion and common agricultural policies.
Yet many experts regard Europe’s agricultural policy as a phenomenon that costs a
lot, but achieves little – an escalating policy
that now consumes 40 percent of the EU
budget. Much the same could be said of the
so-called cohesion policy. Despite the huge
sums deployed, the wide disparities in economic power between individual European
regions still persist. After decades of this
kind of funding, we should be asking ourselves how this money could be spent more
effectively.
German reunification offers a striking
example: 20 years after East and West were
reunited, there still remains a major income
differential. However, the impressive rate
at which per capita GDP has grown in the
former East Germany, having more than
doubled since 1991, can’t be emphasized
enough. It is also beyond dispute that research and innovation have been the deciding factors in the development of the German economy in the east. SMEs actually do
more research than companies of similar
size in West Germany, and are more com-

mitted to networking. Together with the
universities, polytechnical colleges and nonuniversity research institutions – among
them no fewer than 20 Max Planck institutes – they are contributing to the formation of knowledge-intensive clusters. One
such cluster, for example, is that in Dresden,
where, as part of the Excellence Initiative,
the university was recently awarded “Elite”
status.
One of the critical factors contributing
to this success was the DRESDEN concept,
which involves networking the university
with non-university research organizations
located in the vicinity, and extends not only
to cooperation in teaching, but also to the
coordination of research methods and approaches, the shared use of cost-intensive
equipment parks, and the exchange of results. In many respects, the resurrection of
East Germany was a new beginning. In 1990,
representatives of the Federal Republic and
the GDR agreed on the development of a
“uniform research landscape.” The aim was
to transfer the West German research system, of which scientific freedom and the division of labor between university and nonuniversity institutions were the defining
features, to the whole of Germany at both
the quantitative and the qualitative level.
The research systems in Southern and
Eastern Europe, on the other hand, must renew themselves from within, which is no
easy task. This, too, has been recognized in
Brussels. As part of its “Horizon 2020” program, the European Commission intends to
provide 80 billion euros to promote research during the period from 2014 to 2020.
One of the three focal points of funding is
“Scientific Excellence.” In this context, the
Max Planck Society has adopted an idea
proposed by Federal Minister of Research
Annette Schavan and MEP Herbert Reul,
and is suggesting a new instrument of support: Teaming Excellence. This concept pro-

poses that European regions with worldleading research institutions should come
together with the aim of developing scientific institutions of a standard with which

The teaming concept
as a new way to
foster innovation
country-specific research structures should
then be aligned. The necessary infrastructure in particular could be financed through
EU structural funding. This teaming concept would offer a means of harmonizing
the fundamental principle of excellence as
a critical funding criterion with the justified interest in strengthening the European research area.
New, attractive and highly capable centers of scientific excellence and value creation are currently forming in the burgeoning economic regions of Asia and South
America. In order to multiply the achievement of excellence, India recently instructed its universities to restrict their choice of
international partners to those institutions
that are among the top 500 universities in
the Shanghai ranking. In a few decades, the
Harvard or Oxford of the future could well
be found in Shanghai or Bangalore. If Europe is not to lose touch, we must translate
support for the economy into support for innovation, and create the appropriate structures for this to happen.

Peter Gruss
s,
Gruss,
President of the Max Plan
Planck Society
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ThyssenKrupp Ideas Park Attracts
Record Numbers
With displays spread across an area of 60,000 square
meters, more than 400 hands-on exhibits and
around 1,500 scientists, engineers, students and
trainees manning the stands, the ThyssenKrupp
Ideas Park was once again a resounding success.
Max Planck scientists also enjoyed the 13-day event
that was packed with meetings and discussions. The
stand hosted by the Max Planck Institute for Plasma Physics showed children and grown-ups how to
make magnets out of nails, copper wire and batteries while teaching them all about the function and
importance of magnets in a fusion power station.
The Max Planck Institute für Eisenforschung allowed visitors to try their strength and test the
forming capabilities of a variety of steels, while the
Max Planck Institute of Colloids and Interfaces used
Lego bricks to simulate nature’s construction principles. The building project in particular aroused
the ambitions of visitors, many of whom invested
several hours in creating models based on the principle of hierarchical structures.
The ThyssenKrupp Ideas Park fires the imagination with a
host of hands-on opportunities to interact with science.

First Max Planck Research Groups in Africa
Alex Sigal and Thumbi Ndung’u have
been appointed to lead two new research groups at the Max Planck Institute for Infection Biology. The
groups will operate for between five
and a maximum of nine years, conducting basic research into HIV and
tuberculosis. They will also benefit
from close proximity to centers of infection. “In southern Africa, tuberculosis and HIV are life-threatening issues. If we want to cure these diseases, we need to work in the countries
in which they are most prevalent. In
this way, laboratory and clinical stud-

ies can proceed successfully hand in
hand, with information passing from
the sick bed to the test tube and
back again, as it were,” emphasized
Max Planck Society President Peter
Gruss. The two research groups will
be located at the newly established
KwaZulu-Natal Research Institute
for Tuberculosis and HIV in Durban,
South Africa. The institute is a joint
project of the University of KwaZulu-Natal and the Howard Hughes
Medical Institute in the US, and is
dedicated exclusively to the study of
HIV and tuberculosis.

Stefan H. E. Kaufmann, Director at the Max Planck Institute for Infection Biology
in Berlin, is the driving force behind the Max Planck Society’s research efforts in
South Africa.
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“We can offer a different perspective”
Max Planck Director Jos Lelieveld on the risk of nuclear contamination

A team of scientists headed by Jos Lelieveld
triggered an animated controversy with a
study into the risk of nuclear contamination following accidents at nuclear power
plants. The researchers at the Max Planck
Institute for Chemistry in Mainz calculated that the probability of a meltdown that
leads to widespread nuclear contamination is 200 times higher than previously
assumed. Accordingly, a fatal accident at
one of the world’s 440 nuclear reactors is to
be expected every 10 to 20 years.

Photo: MPI for Chemistry – Carsten Costard

How does your approach to risk assessment
differ from that of the US Nuclear Regulatory
Commission, whose findings also underpin
Germany’s studies into the risk of nuclear
power stations?
Jos Lelieveld: The authorities follow a bottom-up approach – they look at the technology and estimate how often a failure is likely to happen. In this way, they come up with
a meltdown every 10,000 reactor years,
which take into account the service lives of
all reactors. We, on the other hand, looked at
how often a fatal accident has happened in
the 14,500 years in which all of the world’s reactors have so far collectively been operating.
With the four meltdowns in Chernobyl and
Fukushima, this yields a probability of one
accident in 3,625 reactor years. In view of the
uncertainty that prevails, we rounded this up
to 5,000 reactor years. This actually differs
from the NRC’s results by just a factor of two.
So how do you arrive at a 200 times greater
risk of nuclear contamination as a result
of an accident?
The authorities have assumed far too high a
probability of getting the problem under
control. They are far too optimistic in their
estimate of the effects of the weather. And
particularly in this field, we are experts. Of
course, the few figures available make for
some very lean statistics, but we shouldn’t
entirely ignore them.
You assume in your analysis that the risk of
a catastrophic meltdown is just as high at a
German nuclear station as it was in Chernobyl
or in earthquake-prone Japan. Aren’t you
over-simplifying the picture?

Certainly there are differences. But the Fukushima disaster shows that we simply
can’t foresee all of the risk factors. There are
also new risks, like the threat of terrorist attacks, or the fact that it has become more
difficult for German nuclear power plant operators to find good staff.
Why is it justified to include the meltdowns
in Fukushima in your calculations as three
independent events?
This is in accordance with the procedure
adopted by the competent authorities: The
safety systems at multiple reactors within
the same power station must be independent of one another. If something happens
at one reactor, it mustn’t affect the others.
If the risks presented by the reactors are assessed independently of one another, we
can consider the Fukushima meltdowns as
three events.
Your study also anticipates that a large
number of people would be affected.
Accordingly, an accident in Western Europe
on the scale of the Chernobyl disaster would
spread radioactive contamination across
an area populated by 28 million people.
How did you arrive at these figures?
Using our atmospheric transport models,
we calculated how far radioactive caesium-137 and iodine-131 would spread under
various wind and weather conditions: Precipitation would carry around half the radioactive particles down into the soil at a
range of up to 1,000 kilometers. A quarter
would be carried more than 2,000 kilometers. Add in the population density in the
relevant regions, and we have the number
of people who would be affected.
According to your calculations, in East Asia –
so including Japan – a meltdown that releases
as much radioactivity as Chernobyl would
affect up to 21 million people. However, initial
investigations by UNO and WHO indicate
that, in the case of Fukushima, the number
was far lower.
There is as yet no unambiguous data on the
amount of radioactive particles and gases
that escaped from Fukushima, but it is likely to have been far less than after the acci-

Jos Lelieveld

dent in Chernobyl. And given the westerly
airflow during the weeks when the accident occurred, most of the contamination
was blown out into the Pacific. Also, we
mustn’t forget that the reactors were
flooded with sea water, which absorbed a
large part of the radioactivity. So measurements of how much radioactive material
escaped into the air and was deposited on
land don’t reflect the amount that was actually released. Nevertheless, the CTBTO
provided us with measurement data on
how badly the environment was contaminated. We are now feeding this data into
our high-resolution model in order to calculate the actual emissions and the spread
of radioactive material.
Some nuclear physicists have been particularly
critical of your risk assessment of a meltdown.
How have your fellow scientists reacted to
the study?
My colleagues have all been highly positive
in their response to this work. It was even
welcomed by nuclear safety experts because it takes a new approach. Of course
this study can’t provide any final and conclusive figures. But we can initiate a discussion
and offer a different perspective. We also
want to bring experts in nuclear safety and
atmospheric research together and encourage them to collaborate in the future.
Interview: Peter Hergersberg
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21 Starting Grants for Max Planck Scientists
Success for 4 women and 17 men from 15 Max Planck Institutes
The European Research Council (ERC) has been sponsoring topnotch basic research in Europe since 2007. Once a year, following a strict selection procedure, the ERC awards what are known
as Advanced and Starting Grants. While the Advanced Grants go
to renowned top scientists, the Starting Grants are aimed at male
and female scientists just setting out on their careers. The funding gives them the financial independence to work on research
projects of their own for a period of five years. The ERC received
4,741 applications this time around, of which only 11 percent
were approved. By this standard, with a success rate of 32 percent, the Max Planck Society leads the field among German universities and research organizations.
After five award rounds, the French scientific organization
Centre National de la Recherche Scientifique (CNRS) heads the
list of winners with a total of 109 grants. The MPS is in third
place with 57 grants to date, just behind the University of Cambridge with 61 grants. No other German institutions feature
among the top ten.

Three of the 21 award winners: Frank Schnorrer, Esben Lorentzen
and Andreas Pichlmair (from left) from the Max Planck Institute
of Biochemistry.

Award-Winning Magazine

Max Planck Science Tunnel 3.0
The premiere of the new “Max Planck Science Tunnel – Creating
Knowledge, Shaping the Future” is taking place in Paderborn.
The Max Planck Society’s multimedia exhibition will be on
display from October 17, 2012 to February 24, 2013 at the Heinz
Nixdorf MuseumsForum (HNF) before heading for destinations
abroad, including Russia.
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With its very first attempt, our MaxPlanckResearch
magazine made it onto the shortlist in Europe’s largest
corporate publishing competition. The Max Planck Society’s science magazine went on to win the Best of Corporate Publishing silver award for 2012 in the Non-profit/Associations/Institutions category. This is one of the categories that attracts the most submissions, with a total
of more than 700 publications taking part. The jury was
comprised of around 140 prominent experts in the fields
of journalism, art direction, marketing, corporate and internal communications, print and direct marketing. They
assessed such criteria as journalistic quality and design,
as well as how effective the publications were in meeting their goals and measuring
their impact. Other factors included credibility and overall
concept. “MaxPlanckResearch
has a good feel for its target audience. This is reflected not only
in the texts, but also in the layout,” the jury decided. And they
concluded that: “The magazine
is on the right path for further
nominations, because it is strong
on communication.”

Photos: MPI for Chemistry (top) Archimedes (bottom)

MaxPlanckResearch receives the Best of
Corporate Publishing silver award for 2012
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Signals from the Red Planet
Max Planck Institute for Solar System Research participates in the Mars rover Curiosity mission
After a wild ride through the atmosphere and some complex
maneuvering, the 900-kilo Mars rover Curiosity landed safely
on the red planet right on schedule on August 6. The team at
NASA wasn’t the only one breathing a sigh of relief. “The joy
was tremendous,” says Walter Goetz at the Max Planck Institute for Solar System Research in Katlenburg-Lindau. Goetz
will mainly be making use of the Mars Hand Lens Imager
(MAHLI) camera. The instrument offers a resolution of 20 to
30 micrometers per pixel, and enables geologists to closely inspect individual grains of the planet’s sandy soil. He is also
looking forward to receiving data from the Chemistry & Mineralogy (CheMin) spectrometer, which uses X-rays to analyze
soil samples.
While Walter Goetz will be spending the coming three
months at the Jet Propulsion Laboratory (JPL) in Pasadena,
California, Fred Goesmann will be supporting the mission
from Katlenburg-Lindau. As a physicist, he is involved with
the Sample Analysis at Mars (SAM) instrument. “Actually, it’s
not a single instrument, it’s more like a complex, automated
laboratory,” Goesmann explains. The sophisticated array of
screens, ovens, spectrometers and other measuring devices is
designed to provide comprehensive analyses of gas and soil
samples. Weighing in at 38 kilos, its task is to search for organic compounds.

Curious about Mars: Curiosity is the heaviest and most efficient rover
ever dispatched to the red planet. When its instruments explore the
area around the Gale crater during the coming months, scientists
from the Max Planck Institute for Solar System Research will once again
be involved: since 1996, the institute has participated in five Mars
missions undertaken by the US and European space agencies.

Photo: NASA/JPL-Caltech

On the Net
Science Slam in Berlin-Kreuzberg
How do you bring research results alive on
stage in the most entertaining and imaginative way possible? This was the challenge at
the Science Slam 2012 in Berlin. Three Max
Planck junior scientists took up the challenge:
The evening’s winner, Simon Barke from the
Max Planck Institute for Gravitation Physics in
Hanover, enthralled even non-physicists with
his presentation of the invisible fourth dimension, spacetime. Sebastian Bathiany from the
Max Planck Institute for Meteorology in Hamburg explored the three-way relationship between plants, rain and climate. And for those
who find dice games too uncertain, Jan Nagler
of the Max Planck Institute for Dynamics and
Self-Organization provided the necessary reassurance: the outcome is (almost) foreseeable. www.youtube.com/watch?v=CkU-eE2
NoSY&feature=plcp (video in German)

Brain Art
Scientists and artists from around the
world gathered in Linz between August
30 and September 3 for the Ars Electronica festival. This year’s theme was
“The Big Picture – Images of the Future.”
Among those attending were imaging
researchers from the Max Planck Institute for Human Cognitive and Brain
Sciences in Leipzig. Daniel Margulies
showed some of the entries from the
Brain Art Competition, which he initiated; Gabriele Lohmann talked about the
opportunities and limits of neuroscientific imaging; and doctoral students David Moreno-Dominguez and Christoph
Leuze explained visualization techniques
at a variety of interactive stations. The
pictures and videos can be viewed on the
Web at: www.neurobureau.org

The Paparazzo of Electrons
Ferenc Krausz is regarded as the
founder of attosecond physics.
His goal is to develop new laser
techniques to track the movement of electrons in atoms,
molecules and solid bodies in
real-time and observe quantum-mechanical processes directly. Two new films in German help explain the work of
this scientist, who works at the
Max Planck Institute for Quantum Optics in Munich. They
portray the researcher himself,
and illustrate just how brief an
attosecond is and how a laser
is created. www.mpg.de/films
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A New Arena
for Science
The viability of science rests on results – and these should be freely accessible.
Reduced to a common denominator, this is what the term “Open Access” implies.
But this form of publishing is still far from being the norm in the world of
science. Our authors urge politicians and research institutions to pave the way
and proactively contribute to changing attitudes.

A

lthough the Open Access movement is
now more than 20 years old, it is a relatively recent development in the context of scientific publishing. Since its
dawn in 1665, when the Royal Society
published the first edition of its PHILOSOPHICAL TRANSACTIONS , scientific publishing has had at its heart a
fundamental compact between the research community and publishers.
In return for having their work widely disseminated among their peers and for the intrinsic rewards that flow from this in terms of their status

The authors declined remuneration
and waived copyrights
and professional reputation in their field, scientists
have been prepared to forego any form of payment,
as well as the rights typically afforded to authors via
copyright. In addition, scientists have also been pre-
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pared to peer review the work of others as an unpaid service to the broader research community to
help ensure the integrity and quality of the scientific record.
In traditional models of scientific publishing,
publishers seek to recoup the costs of producing and
distributing papers, including the management of
peer review, by charging fees to readers and libraries
to access their journals.
This process functioned relatively well for more
than three centuries, but by the 1990s, serious questions had started to emerge as to whether the best interests of the scientific community were still being
served. Two major drivers were particularly significant in this regard: first, the emergence of the Internet made it possible to rapidly disseminate research
in completely new ways and at a vastly reduced cost,
removing the previous reliance on print-based publication. Second, research funders and institutions
were paying publishers increasingly higher subscription fees to access research outputs that were at least
partially supported by their own funding and resources, and commercial publishers were generating everincreasing profits as a result.

Collage: F1 Online (photo, left), iStockphoto

TEXT CHRIS BIRD AND DAVID CARR
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These factors led to the development of new publishing approaches that sought to utilize the power of the
Internet to make scientific information freely available to all. This culminated in the early 2000s with
the launch of the PubMed Central repository, the
Public Library of Science (PLOS) and Biomed Central.
A series of influential statements and declarations in support of Open Access followed – including the Budapest initiative in 2002, the Bethesda
statement in 2003 and the Berlin Declaration later
the same year. The Berlin Declaration was the outcome of the Max Planck Society’s first Berlin meeting on Open Access, and the annual Berlin meeting
has since become the premier international open access policy forum.
As the Open Access movement grew, two main established routes developed through which scientific
papers can be made available in Open Access form –

Many new Open Access publishers
entered the stage in rapid succession
over the past years
commonly referred to as the “gold” and “green”
models. Under gold Open Access, the publisher
makes the paper freely accessible immediately on
publication in return for a fee paid by the author, and
attaches a suitable license to enable the content to be
reused, subject to appropriate acknowledgment and
citation of the author. In green Open Access, no fee
is paid, but the author is generally permitted by the
publisher to self-archive a copy of the accepted (rather than the final, published) version of the article in
a public repository after an embargo period, usually
six months or a year. In this model, users are typically not granted the types of reuse rights that are per-

14
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mitted under the gold model, such as the right to
conduct text mining.
Recent years have seen the emergence of many
new Open Access publishers – particularly PLOS and
BioMed Central, whose gold Open Access-based business models prove that this approach is commercially viable. Their success is reflected in the increasing
numbers of traditional scientific publishers that try
to emulate the concept by launching their own fully
Open Access titles.
Furthermore, an increasing number of funding
agencies are establishing Open Access mandates for
their funded research. The UK-based Wellcome Trust
– a global charitable foundation dedicated to achieving major improvements in human and animal health
by supporting the brightest researchers in the biomedical sciences and medical humanities – has had one of
the longest-standing policies of this type. The Wellcome Trust is fundamentally committed to ensuring
that the outputs of the research it supports – including research publications and data – can be accessed
and used as widely as possible, in order to maximize
the public benefit resulting from its funding.
The Wellcome Trust Open Access guidelines were
set out in 2005. Since then, all funding awards are
subject to the condition that all articles funded in
whole or in part by the Trust be freely accessible in
the PubMed Central (PMC) and the Europe PubMed
Central (Europe PMC) repositories as soon as possible, but no later than six months following their publication. Researchers receive dedicated funding for
costs incurred for publishing through the Open Access model.
Wellcome provides block grants to around 30 UK
universities to cover processing fees for articles produced by Trust-funded researchers, and Open Access
costs incurred by researchers based at other institutions are covered through grant supplements.
Moreover, the Wellcome Trust developed UK
PubMed Central as the central repository for full-text
access to publications. There are currently 19 partner

Collage: F1 Online (photo, left), iStockphoto

funders, the most recent addition being the European Research Council, which earlier this year became
the third non-UK-based funder, alongside the Austrian Science Fund (FWF) and the Telethon Foundation
in Italy. UKPMC changed its name to Europe PMC as
of November 1, 2012.
Researchers have accepted the Open Access policies of the Wellcome Trust, and just over half of the
papers generated by its funding are now freely accessible. This past June, it announced further measures
to strengthen its policies; for instance, through withholding final grant payments until the researcher’s
institution confirms that all publications are compliant with the policy.
Finally, Wellcome Trust will introduce a requirement from April 2013 that, where the Trust has paid
an Open Access fee, the publisher must provide license for unrestricted commercial and non-commercial reuse. This will be implemented through a Creative Commons attribution license, which has
become firmly established as the gold standard for
Open Access.
Open Access is being more widely supported in
political circles, as well, with the UK Government, for
instance, having taken it up as part of its open data
agenda. The goal is to tap the commercial and social
value of data developed by the public sector for the
benefit of the general public. Last year, the UK Government established an independent group of experts
chaired by Dame Janet Finch to examine how to expand access to scientific publications.
The group published its report in June 2012, and
the Government has accepted its key recommendation, that the UK should set a clear policy direction
toward ensuring that publicly funded research findings are published in Open Access form.
In parallel with the Finch report, the UK Research
Councils published an updated Open Access policy requiring that any research they fund be made freely
available within six months of publication – with exceptions currently being made for the humanities and

social sciences. It also announced the establishment
of new institutional funds to cover the costs of Open
Access. The UK Research Councils will also require a
Creative Commons attribution license whenever they

More than 10,000 scientists from
all over the world signed an online
petition to boycott the publisher
pay an Open Access fee, just as the Wellcome Trust
does. Together, we are currently working to persuade
publishers to implement this requirement.
The EU Commission, too, has indicated that it
strongly supports Open Access. A communication
published in July 2012 established Open Access via
the gold or green route as a general principle in the
“Horizon 2020” program, and the EU Commission
continues to reimburse Open Access fees. The accompanying recommendation for Member States encourages national bodies to define clear policies for Open
Access to scientific publications resulting from publicly funded research.
These developments followed in the wake of the Research Works Act having failed to obtain congressional
approval in the United States. This draft legislation
would have reversed the current Open Access strategy
of the National Institutes of Health (the American
health authorities). Initial support by the Elsevier publishing group for the Act provoked an intense reaction:
more than 10,000 scientists from all over the world
signed an online petition to boycott the publisher.
Despite the growing support for Open Access,
there are still some obstacles to overcome. At present,
depending on subject area, only 10 to 15 percent of
all scientific articles are freely accessible. Similarly,
there are currently very few recognized Open Access
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All editorial decisions will be
made by leading scientists currently
active in research
finally accepted and published. From the outset,
therefore, a key goal of ELIFE was to develop for the
journal an editorial process that was simultaneously
fair, swift and efficient, and that would stimulate
change in the wider publishing sector. In addition,
ELIFE will seek to unleash the potential of online publication to enhance the presentation and readability
of research papers.
ELIFE was officially founded in June 2011, and began accepting contributions in June 2012. Online
availability will commence at the close of this year.
At its core, ELIFE is a scientific journal run by scientists, for scientists. All editorial decisions will be
made by leading scientists who are currently active
in research.
It will seek to publish the most influential and significant new research findings across the full spec-
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trum of the life and biomedical sciences, from developmental biology to clinical research. The definition
of “significant” is meant to be interpreted broadly. A
published article can deal with fundamental knowledge in biology, a brilliant new method or a pioneering clinical application.
A key innovation in the review process that
ELIFE will introduce is that, after peer review reports
have been submitted, editors and reviewers will
consult with one another to reach consensus on
the key strengths and weaknesses of the work.
Based on this discussion, the editor will send the
author a summary of the key points the author
needs to address. In turn, the editor will normally
be able to decide whether the edited manuscript is
ready for publication. The overall goal will be a
clearer, more constructive process that considerably reduces the time required from submission to
acceptance.
The funders have agreed to absorb all costs of ELIFE
during a startup phase of at least three years. This
means that authors will not be charged any publication fees whatsoever during that period. Over the
long term, the journal will be converted over to a sustainable finance model.
The launch of ELIFE is one of the most important
milestones in what has been a momentous twelve
months for the Open Access movement. We firmly
believe that the development toward Open Access is
now unstoppable, and that the scientific publishing
sector will undergo a wholesale shift to the gold Open
Access model over the next decade. Public and private research funders should work proactively and in
partnership to accelerate this transition.
As a first step, all research funding institutions
should develop and implement clear policy mandates
in support of Open Access. Following the recent recommendation of the European Commission, we are
optimistic that Germany and other nations will set
clear policy guidelines to ensure that taxpayer-funded research is Open Access.
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avenues available for scientists with groundbreaking
research findings to publish their work in leading scientific journals.
That was one of the main motives for the Wellcome Trust, in conjunction with the Max Planck Society and the Howard Hughes Medical Institute, in
launching ELIFE. This new online life sciences journal
will focus on publishing exceptional work from all
areas of biology and medicine.
At present, researchers who want to publish in
leading journals often face huge obstacles. In particular, there is an impression that the peer review process can be excessively protracted – with several revisions of a contribution often required before it is

VIEWPOINT_Research Policy

In supporting Open Access, it is vital for funders to
recognize that publication has a cost and that this
cost needs to be met. The Wellcome Trust’s view has
always been that the cost of dissemination is an in-

Photos: Private source

Funders and institutions must
work together closely to keep
the costs low
tegral part of the cost of research. Funders must thus
ensure that scientists have the financial means available that they need for publishing their work under
the Open Access model.
The above-mentioned Finch report generated
considerable discussion in the UK, particularly in relation to estimates that the transition to Open Access
may cost the UK research sector an additional 62.5 to
75 million euros (between 50 million and 60 million
British pounds) per year during the period of a mixed
Open Access and subscription publishing system.
Funders and institutions must work together
closely to keep costs as low as possible, as the proportion of papers available in open access form continues to rise.
The support for gold Open Access has also raised
fears that article processing charges could increase
significantly. On this issue, however, we believe that
the increased transparency provided by Open Access
and the emergence of innovative new players – such
as ELIFE and PEERJ, with others to follow – will continue to exert downward pressure on the market. There
will be short-term costs, but the economic and societal gains that will flow from enabling the wider use
of research findings will compensate for these many
times over. There is still much to do in realizing this
vision, but we are now well on our way.
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In Pursuit of Happiness
Among employees in Germany, job satisfaction has been falling since the mid-1980s –
an alarming finding. At the Max Planck Institute of Economics in Jena, researchers working
with Martin Binder are studying the role that different forms of employment and states of
health can play – and the circumstances under which this could be politically relevant.
TEXT RALF GRÖTKER
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L

ow wage increases, growing uncertainty about future job prospects and poor work-life balance are some of the reasons for
declining job satisfaction, according to the Institute for Work, Skills
and Training (Institut Arbeit und Qualifikation, IAQ) at the University of Essen.
This trend is generating discussions in
trade unions, but not just there.
The issue of work quality is becoming increasingly important also at the
political level. In 2002, the German
federal and state governments, trade
unions and employers’ associations
came together to establish the New
Quality of Work Initiative (Initiative
Neue Qualität der Arbeit, INQA).
The initiative is funded by the Federal Ministry of Labour and Social Affairs, and its objective is to improve
the quality of work. It also aims to
make Germany a more attractive place

to work. As another example, the Confederation of German Trade Unions
(Deutscher Gewerkschaftsbund, DGB) has
been coordinating the Good Work Index (Index Gute Arbeit) – an annual survey of job satisfaction across all industries – since 2007.
Martin Binder, a research associate
in the Evolutionary Economics department at the Max Planck Institute of Economics in Jena, is also concerned with
the issue of job satisfaction. He is interested in how work and other aspects,
such as health, product innovations and
voluntary commitments, impact life satisfaction. According to Binder, life satisfaction studies, also known as “happiness research,” are directly relevant to
economic research.
In the past, economists focused
mainly on income as a measure of social progress. Gross domestic product
(GDP) is the most commonly used so-

cial indicator in this regard. Binder and
other happiness researchers believe that
life satisfaction should also be taken
into account, so he examined the factors that determine life satisfaction.
Binder’s current study, which he undertook together with his colleague
Alex Coad from the University of Sussex, looks at how self-employment affects life satisfaction. To date, little is
known about this subject. Surveys have
revealed, for example, that employees
at management level and highly specialized skilled workers are, on average,
more satisfied with their lives than unskilled workers or farmers. Various international studies on the topic of happiness, which are listed in the online
World Database of Happiness, prove
this correlation. The reason for this,
however, is unknown: it’s possible that
the results express only effects that are
caused by various incomes.
>

Satisfied happiness researcher: Martin Binder from the Max Planck Institute of Economics examines how employment
in its various guises – unemployment, salaried employment, self-employment – affects a person’s life satisfaction.

4 | 12 MaxPlanckResearch

19

FOCUS_Society

External circumstances influence individuals’ assessment of their own satisfaction.

Average life satisfaction
2.6

8.5

Costa Rica
Denmark
Switzerland
USA
Austria
Spain
Great Britain
Germany
Greece
Egypt
China

The data in the World Database of Happiness provides comparative information about happiness and satisfaction
levels internationally, about how feelings of happiness have increased or fallen over the years, and about how an individual’s work situation or personal
life choices, such as marriage or parenthood, affect their life satisfaction.
In order to find out how satisfied
people are, most researchers whose
work is included in the database content themselves with asking one simple
question: “Overall, on a scale of 1 (unhappy) to 10 (very happy), how happy
are you with your life?” This approach
elicits great skepticism again and again.
After all, surely every individual approaches such a question differently?
And what purpose would it serve to
compare the answers of different people with one another?
Behavioral psychologists like Norbert Schwarz at the University of Michigan have discovered that external circumstances influence the question of
happiness: participants in such studies
give different answers depending on
the issues that were previously touched
on in the interview. If positive events
from the recent past are discussed, people judge their happiness to be higher;
if the events are negative, they consider it to be lower. People who remember
negative experiences in the distant past
consider their current happiness to be
higher than people who remember a
positive experience that occurred a
long time ago. The way in which the
researchers transition from one ques-

South Africa
Zimbabwe
Tanzania
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Global happiness barometer: The most
satisfied people live in Costa Rica; on a scale
of 1 to 10, residents of the Central American
country rated their life satisfaction at an
average of 8.5. Germany, at 7.25, ranks in the
middle of the field in this global comparison.
People living in African countries report the
lowest life satisfaction.

Graphic: World Database of Happiness (top); World Happiness Report (bottom)
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Previously, economists always used only income to measure progress in a society. “But life satisfaction should
also be taken into account, as it affects economic research,” says Martin Binder.

tion to another is also important. If the
researchers ask: “Apart from your marriage – how would you assess your life
otherwise?” they get completely different answers than if they ask first about
the marriage and then about an overall assessment of life satisfaction without this segue.

Photo: David Ausserhofer for the Körber Foundation

GREATER COMMITMENT –
A NEGATIVE FACTOR?
These observations also lead to the conclusion that the survey results are valid
if none of the previously mentioned
distortions have come into play. In addition, some of the effects, such as the
effect of a person’s current mood, balance each other out over a larger number of test persons. Another indication
that the “How happy are you?” survey
produces credible results is the fact that
people can also assess the satisfaction
of others relatively reliably.
Martin Binder does not work with
his own surveys. Instead, he uses the re-

sults of large-scale household surveys,
such as the German Socio-Economic
Panel Study (Sozio-oekonomisches Panel,
SOEP) or the British Household Panel
Survey (BHPS). He was already aware
from previous analyses that self-employed individuals actually report higher levels of job satisfaction than salaried
employees, even though some of them
earn less and most of them work more
than their employed colleagues. “We
were interested in investigating whether this translates into greater life satisfaction – or whether greater commitment to the job means that other areas
of life, like leisure time or family, are
neglected in some way, which would
have a negative effect on overall personal happiness,” explains Binder.
This question couldn’t be answered
using the previous methods. On the
contrary: the existing data shows very
clearly that self-employed and employed individuals also differ in many
other areas, such as family status, gender and age, all of which play a role in

life satisfaction. “Using so-called multivariate regression, we can rule out the
possibility that the correlation between
self-employment and life satisfaction
doesn’t come about because of the selfemployment itself, but instead is due to
one of these other variables, which still
doesn’t answer the question of the
causal effect,” explains Binder. So multivariate regression doesn’t tell us
whether happy people tend to be selfemployed or whether people who are
self-employed are happier.
Even if panel data is used in which
the same participants are surveyed again
and again over several years, the causal
effect still can’t be determined flawlessly using this method. “It could still be
the case that there is something that
makes the self-employed fundamentally different from the rest of the population. This can’t necessarily be extrapolated using multivariate regression.”
Researchers at the Jena-based Institute of Economics are thus using a different method: matching. This method
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simulates, as far as possible, a clinical
test. Subjects are divided into two
groups. One group is exposed to the
“treatment” (in this case: self-employment) and a control group doesn’t receive the treatment. As it can be difficult to instruct test subjects to become
self-employed in an experiment, a trick
is used: the dataset information is
searched to find “twins” for all participants in the study who are actually selfemployed; these twins resemble the
self-employed individuals as closely as
possible, except for the self-employment factor. The researchers then examine the differences in the twin’s development over time compared with
the self-employed individual, and the
differences in the survey answers provided by the two “siblings.”

NOT ALL OF THE SELF-EMPLOYED
ARE AUTOMATICALLY HAPPIER
The result that was obtained using the
matching methodology speaks for itself. For the first time ever, it was
shown empirically that self-employment actually does lead to higher life
satisfaction. This general statement
was qualified in a number of respects.
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For one thing, the data shows that the
increase in life satisfaction isn’t just a
temporary phenomenon. Two years
after making the move to self-employment, satisfaction was even higher.
“This finding was important to us because we learned from other areas
that something like a hedonic adaptation occurs: a person becomes accustomed to the new sense of well-being, with the result that the gain in
quality of life decreases over time, or
is even lost completely.” The opposite
seems to be the case when it comes to
self-employment.
The research also revealed a clear
distinction between people who pursue self-employment as opportunity
entrepreneurs and those who move to
self-employment to escape unemployment. Only the former group achieves
significant gains in life satisfaction. A
final point relates to what is discussed
on the topic of inequality in relation
to income and assets. The findings of
the matching methodology also provide information about this aspect. Although it was possible to actually identify a small group of highly satisfied
self-employed individuals, seen as a
whole, the satisfaction in the group of

the self-employed is distributed more
or less the same as in the group of salaried employees.
In and of themselves, these results
may not be particularly surprising, but
there are real situations in which empirical satisfaction measures could have
direct practical relevance. Financed by
the EU research initiative, large-scale
studies were recently launched to determine how changes in the economy affect quality of work. The basis on which
“quality” is measured, however, is simply set by the scientists, for lack of better alternatives.
Using a method like the one Martin
Binder used to examine self-employment can help to ascertain the effect
that the factors studied in connection
with work quality have on life satisfaction. “On the basis of such data, we
could at least make the argument that
more weight should perhaps be attributed to some factors than to others,”
suggests Binder.
In another study, which was structured in the same way as the self-employment study, Binder and a colleague
investigated the issue of how various
health problems – such as anxiety, migraines, allergies, heart disease and can-
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Class society: It has long been acknowledged that the self-employed are more satisfied with their work situation than salaried employees.
Martin Binder and his team are now investigating whether they also have a higher life satisfaction.
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The gain in quality of life doesn’t decline over time because a person becomes
accustomed to the sense of well-being – rather, it rises even further.

cer – affect life satisfaction. This study
made it particularly clear that people
get used to various illnesses, but also to
their alleviation, to quite different extents – without the individuals themselves being able to assess this effect
particularly well.
According to the studies, the consequences of improvements to health for
life satisfaction are vastly overestimated. In the case of severe physical impairments, such as those associated
with paraplegia, the adaptability of human biology is systematically underestimated, and the loss of quality of life
is overestimated. The effects of mental
impairments are considered to be lower compared with those of physical illnesses. However, in the event of an actual mental disorder, they have a
greater negative effect on life satisfaction than physical suffering.
“Seeing how much life satisfaction
depends on small, unforeseeable details
makes me very humble where policy
recommendations are concerned,” admits Binder. “It worries me when I see
how politicians jump on the happiness
research bandwagon and use initial,
provisional research findings as justification for their own objectives and interests. When it comes to life satisfaction research, we don’t know enough
about many issues to be able to make
policy recommendations on the basis
of research studies.”
Consequently, the Jena-based economist currently sees the social benefits
of life satisfaction research less in specific policy recommendations than in
initiating a social discourse about the
objectives that society as a whole
should pursue. “Almost all party agendas are based on the premise that in-

creased material prosperity represents a
positive value for our society,” says
Binder. “From the perspective of happiness research, however, it is doubtful
whether this should be the only benchmark for progress in a society.” This is
where scientists can inform citizens
which areas of life, apart from material
prosperity, affect their well-being and
the extent to which this effect is permanent or not.

SYSTEMATIC WEAKNESSES
ACCURATELY PINPOINTED
Nevertheless, there is an abundance of
concrete potential applications for
“happiness research.” For example,
when conducting a cost-benefit analysis of expensive, high-tech drugs, the
gain in life satisfaction could be made
a criterion for deciding whether, in
times of scarce resources, a medication
should be used or not. If scarce resources have to be allocated to two different
treatments, the treatment that alleviates the most pain (or generates the
most happiness) for the given cost
could be systematically given priority.
Such an approach has long been
discussed in health policy circles, and
has also been in use for many years in
a number of countries. This approach
is based on a QALY – quality-adjusted
life year – and works essentially as follows: In a hypothetical situation, a patient who is suffering from a particular illness is offered a drug that cures
the illness. However, this drug also carries the risk of immediate death. Does
the patient take the drug? In the experiment, the probability of death is varied until the patient can no longer say
with certainty whether they would

prefer to accept the risk of treatment
or to live with the illness until they die
a natural death. The risk index is then
deemed to be an indicator of how high
the patient considers their current
quality of life to be.
It turns out, however, that individuals are not particularly good at accurately assessing the impairments to
their quality of life that arise as a result
of illness. Studies such as those that
Binder carried out can be used to show
precisely where these systematic weaknesses can be observed in the QALY
method. “If, for example, a statutory
health insurance fund has to calculate
the measurable loss of quality of life in
the case of a paraplegic patient, it might
find out with our method that this loss
is much lower than in the case of severe
anxiety attacks, even though individuals judge the opposite to be the case,”
explains the happiness researcher. If the
focus is then on the most cost-effective
alleviation of suffering, the treatment
of anxiety would, in fact, have to be
given priority.
“In this way, it is indeed possible to
justify something on an ethical basis.
But of course this can’t be a decision
made by health economists and other
experts; it requires broad consensus
across society.” In this case, the criteria
governing any decision would have to
be transparent. Another possible requirement would be clarification about
how incorrectly we assess the effect of
a future illness or recovery on our own
quality of life.
Studies on life satisfaction could
also prove to be an important tool in
correcting models of rational decisionmaking. According to such theories,
people consciously and rationally de-
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“Seeing how much life satisfaction depends on small, unforeseeable details makes me very humble where policy recommendations
are concerned.” Martin Binder in his office at the Max Planck Institute of Economics in Jena.
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caused by airport noise, for example,
can be measured more accurately using life satisfaction studies rather than,
as usual, asking affected individuals to
state the corresponding value in monetary terms,” says Binder. The economist himself will take up a new position in the Science & Technology
Policy Research Unit at the University

of Sussex in Brighton this fall. He intends to focus particularly on the effects of entrepreneurship and innovation on life satisfaction – thus bringing
the topics that he has spent many
years researching at the Max Planck Institute in Jena, to the UK.
http://www.mpg.de/podcasts

TO THE POINT
●

In addition to gross domestic product (in other words, material value), life satisfaction
also plays a role in measuring social progress.

●

External circumstances influence individuals’ assessment of their own life
satisfaction. However, meaningful results are still obtained when these factors
are deliberately eliminated from the survey.

●

A current study being conducted by the Max Planck Institute of Economics took
the external circumstances into account using a matching method and, for
the first time, showed empirically that self-employment does indeed lead to greater
life satisfaction.
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cide to consume cigarettes, for instance, because doing so has a positive
effect on their well-being. According
to this theory, the pleasure that is derived from smoking is deliberately offset against the health risks posed by
the consumption of tobacco. This suggests that smokers consider the benefits they obtain from cigarettes to be
higher than the health risks.
Studies on life satisfaction show a
more realistic picture of the situation,
namely that – all other factors being
held constant – smokers are less satisfied with their lives than non-smokers,
and the consumption of cigarettes is
thus obviously not a rational decision
made to maximize their well-being.
Further support for this theory is offered by numerous studies that show
that many smokers desperately want
to stop smoking but can’t.
And further applications are conceivable: “Adverse effects on citizens

FOKUS_Anders Leben
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Getting More
out of Life
Demographers are astounded at the way human mortality continues to drop. This trend
started well over a hundred years ago. What used to be a statistical investigation of death rates
has now developed into the science of longevity. This is what Jutta Gampe focuses on
at the Max Planck Institute for Demographic Research in Rostock.

L

ife expectancy is a tricky thing.
The formula may well have
been worked out scientifically,
but the result shouldn‘t be taken at face value – at least not if
you want to know how long we are actually likely to live.
It’s easy to get confused. Here’s an
example: if one believes the German
Federal Bureau of Statistics, the life expectancy of a girl born in 2009 is 82
years and 7 months (77 years and 6
months for a boy). But scientists from
the Max Planck Institute for Demographic Research in Rostock have calculated that every baby born in Germany
in 2009 has a 50 percent chance of living to be at least 100. How can that be?
“The Bureau’s statisticians didn’t
miscalculate,” says Max Planck researcher Jutta Gampe, “nor did the
many other statistical offices around
the world, or the United Nations, all
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of which use the same formula for calculating life expectancy.” Nevertheless, with lifespan increasing so strongly and constantly, as has been the case
for decades, birth-year life expectancy
suggests a significantly lower age than
the relevant group will actually reach
on average.

ONE FORMULA – TWO RESULTS
The problem lies not in the calculation
input, but in how it’s interpreted. Behind the calculation is an assumption
that is often overlooked in public discussion: the calculated figure would be
correct only if living conditions were
to remain at the level they had reached
at the time of the calculation. This
means that, if 2009 conditions were to
remain unchanged, the 2009 cohort
would indeed have a life expectancy of
around 80 years.

However, if we consider that conditions
are likely to improve just as rapidly in
the future as demographers have already observed for the last 150 years,
then we arrive at the result proposed by
the Max Planck institute, namely that
that same cohort has a 50 percent probability of living to at least 100. Unfortunately, it won’t be possible to measure
the life expectancy actually achieved by
today’s birth cohort for about 120 years
– retrospectively, when the date of
death is known for all babies born now.
But policymakers and the general public don’t want to wait that long to discuss the lifespan of current generations.
Jutta Gampe, a statistician at the
Max Planck institute in Rostock, has already shed statistical light on just about
every conceivable area of demographic
data, and it is her job to investigate
how best to describe the population dynamics that are currently popularly
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Jutta Gampe has a
professional interest in
time. A researcher at the
Max Planck Institute for
Demographic Research,
she is investigating how
mortality is changing.
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known as “demographic change.” As
far as aging is concerned, she has a clear
answer: a far better gauge of current life
expectancy is mortality. Or more precisely: the death rate, or the risk of dying at a given age.

LIFE EXPECTANCY IS RISING
BECAUSE MORTALITY IS FALLING
Because these rates are unambiguous
whatever the year, be it 1850 or 2012,
they unequivocally reveal what aging,
so often depicted in negative terms, actually means: that death is on the retreat universally. “Almost everywhere
in the world, mortality has been falling
for virtually every age group, in many
countries for decades, and in developed
nations like Germany, even for more
than a century,” says Gampe. In quite
a number of nations, there has been
such a sustained and rapid fall in rates
that a female retiree of 65 now has the
same risk of dying as a 55-year-old did
50 years ago. At the same time, people
are staying healthy longer.
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“From the point of view of mortality,
65 is the new 55,” says Gampe. She
sees mortality’s nosedive as one of the
greatest achievements of recent human history, and not, for instance, as
a problem of “population aging,” as is
so often concluded in light of ever
higher numbers of people reaching
the age of 80, 90 or 100. “When mortality constantly declines, life expectancy automatically rises,” explains
Jutta Gampe.
Lower mortality means that more
and more people are surviving longer.
Average lifespan is thus soaring as impressively as mortality is falling. “Every
increase in life expectancy is the consequence of a very welcome process: the
ever lower probability of an early
death,” says Gampe, rejecting the conventional image of an aging and therefore senile society as just plain wrong.
Mortality rates have been calculated by many generations of researchers.
To be able to make these calculations,
all that is needed are simple population data: the number of people of a

given age and how many of them die
in that year of age. The Max Planck institute in Rostock, together with demographers from the university in
Berkeley, currently maintain the largest database of such figures, including
actual death rates, in the world. The
Human Mortality Database contains
details from all countries for which reliable data is available – often harking
back to the 19th century, and freely
available online for researchers and
the general public.
For demographers, mortality is
more than just a number. The English
expression “force of mortality” carries
a deeper meaning: mortality is the
force that drives us into the arms of
death. The history of mortality statistics, however, has since demonstrated
one thing above all: just how powerful
the human life force is, finding more
and more weapons against mortality,
such as better living conditions, more
and more-nutritious food, continuous
medical progress and, in general, a
healthier lifestyle.
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The mortality revolution: Mortality is currently falling fast in almost all countries. In the developed nations of Europe, this process began
more than 150 years ago, and continues today. For instance, the mortality risk for a 60-year-old French woman fell by almost one-fifth
between 1929 and 2009. But the figure has been falling for every other age group, too. This means that a given mortality risk today is reached
much later than in the past. In France, the level of risk for a woman of 60 in 1929 was not reached in 1969 until her 69th birthday, and in 2009,
not until she was 78. This enduring decline in mortality also means that aging is constantly being pushed back to a later point in life.
Children born today will thus be much fitter in old age than their mothers.
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Widespread misunderstanding:
The improvements in mortality by no means
relate primarily to children and young people.
A glance at the past century shows that,
although mortality continues to fall for these
age groups, by the 1950s, mortality was so
low in these age groups that reductions had
virtually no impact. At the older ages of 60, 70
and even 80, on the other hand, rates have
been falling significantly. Improvements are
thus constantly shifting to older age groups.
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“Anyone working with mortality rates
is at a clear advantage when it comes
to demonstrating the gain in personal
lifespan,” says Jutta Gampe. The mortality rate indicates how many people
of the same age have died, so for instance two deaths among 100 women
aged 75. Mortality risk, on the other
hand, corresponds to the probability
of dying in a particular year of life. In
simple terms, mortality rate and mortality risk are the same thing. However, the latter relates to an entire year of
life, while the mortality rate takes account of only the time actually lived
in a year of life. If one of the two
75-year-olds dies after just a quarter of
a year and the other after half a year,
the mortality rate is calculated on the
basis of 2:98.75, while the mortality
risk is calculated on the basis of 2:100.
The difference becomes more apparent
in old age, when more people from a
given cohort die.
Jutta Gampe uses the example of
her own life to work out what the improvement in mortality means for the

life span she can expect: she has seen
her risk of dying at her current age of
51 halved since she came into the
world: from 0.005 in Austria in 1961
to less than 0.0024 today.
At the time of her birth in 1961, an
Austrian statistician would have told
the proud parents of baby Jutta that
their little girl could expect to live
nearly 73 years. But now she is 51,
with half a century behind her, and
has seen the world around her develop at lightning speed.

MEN AND WOMEN ARE
DIFFERENT – RIGHT UP TO DEATH
An expert at the German Federal Bureau of Statistics in Wiesbaden would
give her, as a woman, a remaining life
expectancy of just under 33 years. Added to the 51 years she has already lived,
Gampe would thus reach almost 84 –
11 more years than predicted at her
birth. However, this still involves the
same error of interpretation mentioned
earlier: Gampe’s life expectancy will re-

main 84 only if the world stops developing as of today, which is highly unlikely. It is much more likely that the
statistician will live to be 90 or older.
If we let go of the rough measure that is
life expectancy and take five minutes to
become familiar with the significance of
mortality risk and the age curves relating to it, we can learn a lot: not only
from which year of our life we start to
age, but also the pace at which aging
then progresses, and by how much the
general mortality level will continue to
fall over the course of our lifetime. Mortality curves also reveal the death and
survival history of entire nations. And
they provide evidence that men and
women are different – right up to death.
However, anyone who ventures to
look at how mortality risk increases
over the course of their life needs to be
made of stern stuff. After a certain age,
the mortality curve goes through the
roof. Nevertheless, it is comforting to
know that, these days, the risk of death
doesn’t start to climb sharply until
around the age of 80. Until that point,
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Calculating a timetable for aging: The risk of
dying in a given year is so minute during the
first 60 years of life that it isn‘t even visible on
a diagram of normal scale (1). According to
this diagram, in western Germany, the risk of
mortality for men aged 60 is 0.01, corresponding to a probability of around 1 percent; by age
80, mortality rises to 10 percent. In mathematical terms, the rate rises exponentially,
meaning that it increases by the same
proportion from one age year to the next, in
this case by around 10 percent of the figure for
the previous age year. In the first half of one‘s
life, this increase is barely perceptible. But if
the low mortality rates are magnified as in
diagram (2), then the increase becomes visible
here, too. In actual fact, mortality risk doesn’t
increase exponentially until we reach age 40.

Thus, in simple terms, from 40 onward, people age at the same rate year for year.«

it just plods along. For a woman in
western Germany aged 20 in 2009, it is
negligible, at 0.0002.
Although it will have more than
tripled by her 40th birthday, to 0.0007,
at least it still makes much more sense,
statistically, for her to carry on with
her plans for living than to plan for
her imminent demise. Even at 60, the
risk of death is still scarcely worth
mentioning: at just under 0.006, it corresponds to a probable mortality of a
good half-percent. After that, however, the rate rises sharply: at 80, the
probability of meeting with death during that year is as high as 4 percent; at
90 it’s around 15 percent; and at 95, almost 27 percent.
Is there a rule behind this meteoric
rise? A natural mathematical law of aging? This was a question asked way
back in the closing years of the 18th
century by a young Londoner, Benjamin Gompertz. As a Jew barred from a
university education, he was a self-educated mathematician who worked in
a field that is still extremely interested
in the correct calculation of mortality:
the insurance industry.
Gompertz taught himself the necessary mathematics, sifted through mass-
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es of population data relating to humans and animals, and suddenly
realized that, although mortality rates
are initially very low, and then abruptly become very high, from a certain age
they increase year for year by the same
percentage. For human adults, the annual rate of increase is around 10 percent for each year of life. In youth, this
is of barely any consequence: a tiny risk
increased by a tenth is still tiny.

PUBERTAL MALES HAVE AN
INCREASED RISK OF MORTALITY
Only as the increases add up, like compound interest on a savings account,
does the amount become significant,
making rates high and visible. Gompertz
had read enough about mathematics to
know that dynamic variables whose relative variation is constant obey an exponential function. And so he postulated the first statistical law of aging:
mortality risk increases exponentially
with age.
Mortality data from throughout the
world now confirms that Gompertz was
right. However, from childhood to
young adulthood, mortality doesn’t increase exponentially. In fact, in the first

years of life, it falls, as even in developed countries, infants and young children continue to be at an increased risk
of death. Once this critical phase is
overcome, the risk is virtually zero for
a few years.
Then there is a deviation from the
Gompertz curve, attributable mainly to
young men: in puberty, their mortality
risk suddenly rises sharply, as they take
more behavioral risks due to their hormone-driven desire to boast and impress. The death rate then remains at
this higher level for a while until, at
around the age of 40, the process that
demographers generally refer to as “aging” finally sets in: the regular annual
10 percent increase in mortality. Surprisingly, this increase in aging has remained virtually unchanged, at least in
more recent human history, as has the
starting point at age 40.
“Thus, in simple terms, from 40 onward, people age at the same rate year
for year,” says Jutta Gampe. However,
this doesn’t explain why they age. A
whole field of research, involving demographers, physicians and researchers from many other disciplines, is dedicated to meeting the challenge of
putting forward a consistent theory.

Photo: Fotostudio Hagedorn
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They could probably agree that, from a
certain age, the body slowly but surely
becomes increasingly weaker and more
infirm. In other words: from the age of
40, it goes steadily downhill.
If one wants to put it that way. It certainly is the case that, on the one hand,
the mortality rate rises universally and
inexorably, as Gompertz postulated.
Even if the probability of dying in any
one year remains well below 100 percent
into old age, death will get us one day.
But the human “life force,” which has
been reducing the level of mortality simultaneously across all age groups, and
doing so permanently and lastingly, has
long been counteracting this force of
mortality. Even as we live, our chances
of survival are thus increasing constantly compared with previous generations.
We may not be able to escape death, but
we are living longer than ever.
“It is at this point that a major misunderstanding often arises,” says Jutta
Gampe. She has had to deal with the
same questions from audiences countless times when she has publicly lectured about the miracle of declining
mortality: if aging still sets in at roughly 40, but people keep getting older,
doesn’t that automatically mean more
years of infirmity, when we will have
already gone so far downhill that we’re
nothing but old dodderers? Won’t the
extra years ultimately just be ones of illness and misery?

In such situations, Jutta Gampe tries
to explain why this logic is wrong: the
story of mortality risk, which for her
current age of 51 has halved since her
birth, can also be told in another way:
the level of risk to which 51-year-old
women were subject when Jutta
Gampe came into the world is today
not reached by women until they are
60. Every milestone on the mortality
scale is thus reached later and later in
life. “From this perspective, society is
undergoing rejuvenation rather than
degeneration,” says Gampe. In other
words, we are gaining years not only
at the end of our lives, but throughout them.

REJUVENATION RATHER THAN
DEGENERATION
At this point, the researcher pulls out
the data on French women. It goes
back to well before 1900, while the figures for Germany have large gaps due
to the turbulence it experienced during
the 20th century. The data on French
women shows just how monumental
the mortality revolution is: the risk of
death that applied to a woman of 40 at
the beginning of the 20th century now
applies to a woman of 70. “So the aging process, as shown by the mortality
figures, isn’t extended or slowed down,
but rather takes place later and later,”
explains Gampe.

Age

Nevertheless, many people remain unconvinced that people are staying
healthier longer just because they are
dying ever later. This includes scientists. They argue that, to prove the theory of healthy aging, it would first have
to be proved that it really is their better
physical condition that is allowing people to survive longer, and not just better respirators, mechanical hearts or
other costly medical technology and
drugs that are delaying death artificially without making this longer life active and worthwhile.
Conclusive evidence is not yet available. However, numerous studies have
been carried out into the grip strength
of hands, susceptibility to illness or mobility in old age, in the hope of finding
a good indicator of better physical condition. There are many positive indications, but the picture isn’t uniform, and
the research is still ongoing. In the
meantime, Jutta Gampe wonders why
it is so difficult to convince the critics.
In her opinion, the burden of proof
should be the other way around: “I feel
that what really needs to be explained
is how the aging process could have
been pushed back by almost 30 years in
just one century without people becoming fitter and healthier,” she says.
Still, the skeptics are very obstinate.
Of course they concede that, several decades ago, major medical progress was
made in combating child and youth
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SURVIVAL MAP
The joys and tragedies of the history of human survival
make for a colorful picture when the percentage changes
in mortality risk over a century are visualized. Each color
dot indicates an improvement (decline in mortality rate) or
deterioration (increase in mortality rate) in a particular
year compared with the situation ten years previously.
Most areas are colored blue to red, an indication of a
constant reduction in mortality. But there were two major setbacks: In 1918, not only was World War I still raging,
but Europe also fell victim to the Spanish Flu (black-grey
spot in zone A), causing the death of millions of French people. World War II was even more devastating (zone B). It affected all age groups, but children and young adults were

100

Women
in France
80

hit hardest of all. The white-grey patch in zone B denotes
increases of 200 percent or more.
Fortunately, chances of survival soared again after the
war, just as they had previously dropped like a stone. The
dark red zone C denotes a good ten years during which significant decreases in mortality of up to 100 percent made
up for the effects of the war.
Since World War II, mortality has been improving continuously – and that among ever older age groups. The
greenish-yellow patches in and to the right of zone E show
that death rates for the over-60-year-olds have been falling by up to 30 percent every ten years. Children and young
people (zone F) have also seen major percentage reductions. However, since the likelihood
of death in these age groups is already extremely small, further reductions don’t have much effect.
For older people, however, the reductions are substantial. Only once
has mortality increased since World
War II (zone D): during the 1970s,
proportionately more teenagers
and young adults died than ten
years previously. The reason for this
was a greater number of accidents
resulting from increased use of
motor vehicles. This problem was
solved by legislation that made the
wearing of motorcycle helmets and
seatbelts compulsory.
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mortality. But these successes can’t be
extended into old age because people,
quite simply, wear out. Jutta Gampe has
data to counter this argument, too: previously, the mortality risk for children
and youth actually declined by the
greatest percentage.
But since then, the improvements
have shifted to older age groups. At
the latest since the 1970s, the gains in
longevity have stemmed primarily
from reductions in mortality in the
over-60s and increasingly older age
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groups. And the trend appears to be
continuing. There are still considerable gains to be made at the latter end
of life. Now, what used to be the end
of the road is suddenly receding into
the distance.
This data may suggest a mortality
miracle, but no one should rest on
their laurels, warns Gampe. The mortality risks to which they relate are
only averages, applying to the entire
population, and individual figures can
be much higher – or lower. Individual

mortality levels also depend on one’s
own behavior and on the hand an individual was dealt in terms of health at
birth or early in life.
What interests Jutta Gampe is the
question of whether speed of aging –
the increase in mortality risk with age
– also varies from person to person.
James Vaupel, Founding Director of
the Max Planck Institute for Demographic Research, just initiated a largescale program to examine precisely
this. His hypothesis is that it is not just

Graphic: MPI for Demographic Research
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the population average that is seeing a
uniform percentage increase in mortality rate, but also every individual.

KNOWLEDGE EXTENDS LIFE
This would mean that, in principle, all
people age at the same pace. The relative speed at which their mortality risk
grows per year of life would then be a
natural constant. According to this theory, no one human being would naturally have a tendency to age for a longer period than any other. But this
doesn’t exclude random bad luck. It is,
after all, sadly the nature of risk that an
individual may be taken early by a terrible illness, or have to live with health
impairments due to an accident or an
inherited genetic defect.
“Despite all this, there is still plenty
of scope for bringing down one’s indi-

vidual risk level through healthy behavior,” says Jutta Gampe. “Everyone can
push back the aging process for themselves.” Researchers are now well aware
of the most significant determining factors: not smoking, eating a diet that is
high in vitamins and not too rich, exercising, avoiding excessive stress. But

above all, we must keep learning. A high
level of education is the most important
factor in achieving low mortality. So the
prospects are good for the knowledge society, as knowledge extends life.
Human Mortality Database
www.mortality.org

TO THE POINT
●

Demographic change is often misunderstood: The statement “We are getting
older and older” is true, but it doesn‘t mean that society will soon consist only
of doddery old people.

●

Aging continues to set in at the age of 40. However, the risk of death is being
pushed back. During our own lifetimes, our chances of survival are increasing
constantly compared with previous generations.

●

We are gaining years not just at the end of our lives, but overall. From this
perspective, society is undergoing rejuvenation rather than degeneration.

Call for Nominations

Max Planck Research Award 2013
The International Research Award of
the Alexander von Humboldt Foundation and the Max Planck Society
The Alexander von Humboldt Foundation and the Max Planck Society jointly confer the Max Planck Research Award, which is funded by the German Federal Ministry for Education and Research, on exceptionally highly-qualiﬁed German and foreign scientists. The researchers are expected
to have already achieved international recognition and to continue to produce outstanding academic results in international collaboration – not
least with the assistance of this award.
Every year, two research awards are conferred on internationally renowned scientiﬁc researchers. One of the awards should be given to a researcher working in Germany and the other to a researcher working abroad. As a rule, each Max Planck Research Award is endowed with 750,000
euros. Nominations of qualiﬁed female scientiﬁc researchers are especially welcome.
On an annually-alternating basis, the call for nominations addresses areas within the natural and engineering sciences, the life sciences, and the
human and social sciences.
The Max Planck Research Award 2013 will be awarded in the area of life sciences in the subject

The Impact of Climate Change on Ecosystems
The long-term effects of climate change are expected to have a major impact on global ecosystems. Such impacts may initially only gradually
manifest themselves in the composition of soil organisms or freshwater communities, while other effects on ﬂora and fauna will become more
immediately apparent.
The exact consequences, for example, on human food sources, cannot be foreseen. The Max Planck Research Award is to be given in recognition
to individuals who, both in the lab and in the ﬁeld, conduct research into the potential effects of climate change on our ecosystem, both in terms
of their function and anticipated dynamics.
The Rectors/Presidents of German universities or research organisations and the scientiﬁc heads of institutes of these organisations are eligible
to nominate candidates. Nominations must be submitted to the Alexander von Humboldt Foundation. Applications by prospective candidates
themselves are not possible. The deadline for nominations is 31 January 2013.
Further information can be obtained from the
Alexander von Humboldt-Stiftung, Bonn (Germany)
www.humboldt-foundation.de/web/max-planck-award.html
e-mail: michaela.kreilos@avh.de
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“The state has less and less
room for maneuver”
As Director at the Max Planck Institute for the Study of Societies in Cologne,
Wolfgang Streeck’s research focuses on the tension between democratic politics and
the capitalist economy. In this interview, he speaks about the consequences of
fiscal policy decisions, such as the establishment of a debt brake, the cutbacks required
as a result and the shared liability for debt in the eurozone.
INTERVIEW RALF GRÖTKER

WOLFGANG STREECK: Governments have
fewer opportunities to be proactive. This
is related to the fact that the share of public budgets available for discretionary
spending has long been decreasing. On
the income side, it is particularly noticeable that tax receipts have been stagnating in the wealthy democracies since the
late 1980s. This is because there is ever
greater competition between states for
lower tax rates, particularly when it
comes to high incomes. On the expenditure side, the governments of developed
societies are faced with increasing demands for social investment and social repairs in many areas. Here in Germany, for
example, it was agreed a few years ago
that kindergarten places will be made
available for all children from the age of
one. Initiatives like this cost money!
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Elsewhere, you have noted how the maturing of social security systems is cutting
deeper and deeper into budgets.
The longer social security systems exist,
especially pension funds, the more something like a compound interest effect becomes noticeable. Initially, the system has
only contributors, but as time goes on,
the number of recipients increases. Over
the long term, the aggregate claims of
beneficiaries become bigger and bigger.
The entire system has a sort of built-in dynamic: the older it gets, the more expensive it becomes.
Could this effect not have been foreseen?
It’s easy to ask this kind of question in
retrospect. In the 1970s, however, when
the social-liberal coalition agreed on the
final shape of the German pension
scheme, an annual growth rate of 5 percent was assumed for the following 20 or
30 years. Hardly anyone doubted this fig-

ure. It wasn’t until the end of the 1980s
that it became clear that the economy
wouldn’t continue to grow at this rate. If
the rate of growth is miscalculated by
even half a percent over such a long period, this makes a fundamental difference
to overall expenses.
Is the compound interest effect underlying
the pension system the biggest problem
for our social security system and the federal budget?
People like to harp on the rising fiscal
burden caused by pensions in order to
create conflict between the generations
and distract attention from the real problems. A whole raft of drastic pension reforms has been implemented in Germany
since the 1980s. As a result, the standard
pension, as it is known, that an average
earner receives at pension age after decades of paying contributions is now
verging dangerously close to the social
assistance rate.
>
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In one of your essays, you speak about how
politics in democratic countries is finding
itself increasingly in a straitjacket. How
did it come to this?

Wolfgang Streeck is interested in how
the welfare state and the world of work
are changing. These changes also affect
the political attitudes of citizens.

FOCUS_Society
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If it’s true that the future of the rich societies depends on such factors
as education, social integration and the ability to learn, then key investments
must be made in precisely these areas.

You also described another issue that has
been part of the overall trend since the
post-war era: the growing influence of special interests – the increase in lobbying. Is
there any empirical evidence for this trend?

associations. At the same time, the structures that interest groups had established
and that often resembled those of public
bureaucracies have given way to a more
flexible type of representation. More and
more services are now purchased. These
days, Brussels is the domain of American
law firms working on behalf of interest
groups and companies.
When will the effect of the straitjacket
be seen?
Rising expenditures and declining revenues
mean that states have less and less room
for maneuver in their budgets – at least
when they want to reduce public debt. And
they have to try this at some stage, other-

wise lenders get nervous. If a state then enters the consolidation stage, a large proportion of what it can still spend is already
committed for fixed obligations. If a public
budget is cut, its less flexible proportion increases. The question is whether the state
can even respond to new demands with the
remaining fiscal leeway.
A budget deficit doesn’t necessarily mean
lower expenditures in the future. Cutbacks
need to be politically institutionalized – in
an “austerity scheme,” as you call it.
A lot depends on the institutions. The
“debt brake,” based on the German model,
will be part of the European landscape in
the future. States impose rules on them-
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We can see very clearly how the funding
and staffing of interest groups grew continuously in the 1970s and 1980s. However, the
criteria that we used in investigating interest groups during these decades already fail
to work for the 1990s. The reason for this is
a rising individualization in the pursuit of
interests. In the past, every respectable interest association had an office in Brussels.
Now, every large company has one. There
is therefore less willingness to pay large
contributions into the coffers of collective
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Increasing subsidies to the social security systems, rising costs associated with supporting the
long-term unemployed, and interest payments on public debt are continuously reducing the German
federal government’s political discretion.
After the collapse of the Eastern bloc in the early 1990s, with the accrual of the “peace dividend,” the
budgetary room for maneuver expanded temporarily. After 2005, the Hartz reforms of the
Red-Green federal governments and the consolidation efforts of the Grand Coalition began to have
an effect. With the onset of the financial crisis, the leeway in the federal budget shrank again.
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On top of this, the statutory – and in recent years the actual – working life of citizens has increased significantly, even
though current pensions are based on political negotiations that were carried out
mainly in the 1970s, when the prevailing
concern was how to convince employees
to exercise wage restraint. This was an existential issue for companies: it was their
way to generate the profits they believed
they needed. The solution was often that
unions accepted wages that were lower
than what they actually could have
achieved in negotiations had they used
their market power to the fullest. In return, their members were promised higher pensions in the future.
As a result, a high proportion of current
pensions are actually deferred wages, especially in Germany, where wage inflation has
been relatively low. This, among other
things, has given rise to a historical sense
of moral entitlement that makes it difficult
to cut pensions even more than they already have been. Not to mention the other
problem looming on the horizon: In an increasing number of cases, interrupted or
marginal employment histories are leading
to pension entitlements that are below the
poverty line.

selves by changing their constitutions,
and future majorities will have very little
power to do anything about it as they will
need the agreement of the opposition. In
Germany, in the coming years – when tax
receipts are lower than they are today – we
will be facing a situation in which the government will be acting unconstitutionally
if it doesn’t make further cutbacks. Constitutional debt ceilings have existed in the
past, albeit in a less rigorous form, and the
European Treaty on Monetary Union includes something akin to a constitutional
debt ceiling. These were often not complied with. In principle, unconstitutional
budgets are not a new phenomenon, including those formally declared unconstitutional by the German Federal Constitu-

tional Court, but ultimately, no one can do
anything about them. You can’t jail the entire parliament.
If the proportion of the budget available for
discretionary spending is getting smaller
and smaller, this raises the question of
where cutbacks can still be made. You examined how welfare spending is changing
under the pressure of cutbacks …

Crises of democratic capitalism based on the example of the US
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Not welfare spending, but social investment: spending on education, family policy, active labor market policy, and research
and development. We are talking here
about “soft” investments, in contrast to
“hard” physical infrastructure such as roads
and public buildings. In rich countries, a
further expansion of hard infrastructure
won’t be able to contribute significantly to
their economic potential. To date, however, the national accounts have included
only these hard investments.
That is why we combed through the
budgets of three countries for items that,
according to a more modern interpretation, could also be described as investments, but of the “soft” kind. If the data is
considered over an extended period of
time, it becomes clear that our selection is
reasonably close to the mark: the soft investments that we identified behave exactly like the physical investments over time.
Both of them decline when budgets start to
get consolidated.

* Estimate

Up until the early 1980s, increases in income and government revenues were achieved partly
through inflation in countries like the US. Once inflation was curbed, public sector debt
increased, also as a result of tax cuts. Later, when public debt became a political problem, the
government deregulated the financial markets, allowing private sector debt to increase as a
substitute for government debt. This ultimately led to the financial crisis in 2008, as a consequence of which public sector debt rapidly increased again.

You conclude from this that politics has
fallen into a kind of vicious circle. If the
government has to make cutbacks, it loses
its power to shape policy and act as an advocate for the public interest. The legitimacy of politicians dwindles accordingly – and
with it, the interest of citizens in politics. A
situation tends to arise in which those who
can afford it look after themselves – by taking out a private pension, for example – and
everyone else is left on their own.
We have a distribution problem. In a democracy, public education must always aspire to ensuring that the next generation of
citizens has an equal start in life. If a de-
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Inflation rates in seven industrialized countries

Unemployment rates in seven industrialized countries
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mocracy no longer performs that function,
its legitimacy dwindles. Moreover, if it is
true that the future of rich societies depends on such factors as education, social
integration and the ability to learn, the key
investments for the future must be made
in precisely these areas. If, in the course of
budget consolidation, cutbacks are made
in these areas, we may perhaps restore the
confidence of the financial markets in the
short term, but we will damage the national economy’s potential to prosper in the
long term.
In a long-term analysis, you show the extent
to which austerity, currently manifested in
the debt brakes that have been adopted, is
part of a whole series of crises in capitalism.
These crises are unfolding according to more
or less the same pattern in many countries.
The first crisis, or the first turning point,
was the sharp increase in inflation seen in
democratic countries in the 1970s. Inflation
was a political response to declining economic growth – it represented a way of allowing the then-powerful trade unions to
exert pressure on wages without adversely
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affecting profits, investments and employment in the short term. Thanks to progressive taxation, rising wages, including nominal wage increases, were accompanied by
increased revenue for the government.
In the long term, however, inflation is
a problem even for employment. That’s
why, in the early 1980s, it was fought and
conquered worldwide. As a result, public
debt increased: with the elimination of
bracket creep, states now had to cover
many of the claims that had previously
been covered by – inflationary – wage increases. This was also only a temporary solution. When the interest payments on the
public debt themselves became a major
budget item, a global phase of budget consolidation began in the 1990s. In a number
of countries, the fall in demand and the resultant loss of income were compensated
for by deregulation of the financial markets, which facilitated rising private sector
debt. Germany was a special case in this regard, partly because of reunification. It consolidated its budget only at a later stage
and, as in the Anglo-Saxon world and, interestingly, in Scandinavia, the propensity
to borrow is generally weaker in Germany.

This development was accompanied by a
change in the arenas of political conflict.
Conflicts about income distribution first
shifted from collective bargaining to government budget policy. The end of inflation
coincided with a weakening of trade
unions, and the consolidation of public
budgets reduced the scope that governments had for political redistribution. Clinton’s welfare reforms and our own Hartz reforms belong in this context. Today, conflicts about the extent and the limits of
government policy have shifted to the financial markets and to international financial diplomacy. Trade union members and
voters have a say only on the margins, if at
all. Over time, government policy has been
increasingly insulated from democratic
pressure from below.
Is it politically rational for practically all
parties to be in favor of shared liability for
debts in the eurozone?
Nobody knows what the right solution is.
In fact, current policy in Germany is driven mostly by pressure from the export sectors – both companies and employees –

Graphics: MPI for the Study of Societies (2)

In most industrialized nations, inflation rose sharply until the beginning of the 1980s (left), not least because trade unions had pushed through
significant wage increases in the previous decades. The end of inflation resulted in a significant increase in unemployment at the beginning of the
1980s (center). In response, trade unions accepted moderate wage increases, which, however, went hand in hand with a decline in their influence.
This can be seen in the number of average strike days per 1,000 employees (right).
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which have an interest in retaining the
euro to maintain the stable conditions
needed by exporters. Of course, you can’t
say to voters: “We need to persuade the
Greeks to cut the pensions of their low
earners so that their high earners can continue to buy BMWs.”
So, for propaganda purposes, the euro
must be associated as inseparably as possible with peace and international friendship. “If the euro fails, Europe will fail!” is
an enigmatic statement, and all the more
enigmatic the more one thinks about it.
Would our shared cultural heritage – the
idea of democracy, the diversity of languages, traditions and ways of life that
make Europe so unique – disappear without the euro? What we are experiencing is,
on the contrary, that the divisions between the peoples of Europe are dramatically increasing with the euro. This is not
surprising, given this completely nonsensical project in which Brussels or Berlin are
to monitor the public budgets of Greece
and Italy for decades and are expected to
tell the citizens of these countries what
they can and can’t afford. How will that
ever work without making us figures of
hate forever?
In my opinion, sooner or later we are
going to have to think about a new monetary system for European states that takes

into account the fundamental heterogeneity of European national economies. That
means restoring the option of a controlled
devaluation of national currencies in cases where an economy’s competitiveness
can’t be regained by other means. There is
no example of a monetary union that is as
internally heterogeneous as the eurozone,
except, perhaps, the union between Lombardy and Sicily, and its disastrous consequences, both economic and political, are
for everybody to inspect.
Currently, the only option available to
weaker countries in the monetary union is
what is referred to as internal devaluation:

cuts in wages and pensions, the brutal implementation of the entire neoliberal adjustment program as rapidly as possible. To
do this, a government has to virtually declare war on its people. Do we want the EU
to force the governments of the affected
countries to do this? And even if that
worked, which I doubt, it would be followed by decades of transfer payments
from the North to the South – “Marshall
plans,” “growth programs,” “structural aid,”
however you want to dress it up, on which
voters in the northern countries would first
have to be sold – at a time of shrinking budgets due to self-imposed debt brakes.

TO THE POINT
●

Governments are losing their freedom to act because more and more spending
is tied up for social security systems and debt brakes further limit their
available resources.

●

Due to budget cutbacks, “soft investments” in education, family policy, training
for job seekers and research and development are increasingly being axed,
damaging the potential for future prosperity in rich economies.

●

Conflicts over distribution first shifted from collective bargaining to public
finances. Today, struggles over the political capacity of the state are taking place
in the financial markets and in international financial diplomacy. Trade unions
and voters have only a marginal role in them, if any.
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Fatal Fling
Mating in the animal world can be a
dangerous proposition, as the mating
game quickly attracts the attention of
predators. Researchers at the Max

Planck Institute for Ornithology in Seewiesen have now observed how risky
copulation is for flies in a cowshed.
Natterer’s bats dine with relish on mat-

ing pairs of houseflies. In the fervor of
the fray, the flies give themselves away
through their loud flapping. It is only
thanks to the characteristic humming
noise that the insects make on the ceiling or walls that the bats can locate
them at all. Normally, the flies are invisible to the bats’ echo location, as the
insects’ echo mixes with those from the
rough ground below. The excited humming from the fly couples is so enticing
to the bats that they even attack loudspeakers that simulate the noises of the
flies in the researchers’ experiments.
(Current Biology, published online, July 24, 2012)

Fatal humming: Copulating pairs of flies attract
the attention of bats with the noisy beating of
their wings.

Solar Plasma at
a Slow Pace

Ripe Fruit

New observations challenge our understanding
of stellar interior dynamics

Fruits react differently to the
phytohormone ethylene

The Sun is a seething gaseous sphere. Its outer third resembles a pot of boiling water: driven by the powerful heat of
the interior, hot plasma rises, then cools further up and
sinks down again. This convection transports energy outward and affects the structure and activity of the Sun. Scientists at the Max Planck Institute for Solar System Research
have been successful in deriving these processes in the convective layer for the first time from direct observations of
the solar surface. They used data from NASA’s Solar Dynamics Observatory for this, and helioseismology techniques,
which resemble the seismology used to study the Earth. Researchers observed the oscillations at the surface and derived from them features such as currents in the interior of
the Sun. The result: plasma flows at a relatively slow pace,
at less than a meter per second. Models of the plasma flow,
in contrast, predict that the plasma should be moving at
the speed of a jet. There is no explanation as yet for the immense difference.
(PNAS, June 4, 2012)

Ethylene is a ripening hormone that lets some fruits, such
as bananas, apples and tomatoes, ripen after they have been
harvested. This is the reason why green bananas become yellow more quickly if they are stored next to apples, which give
off ethylene. On other fruits and vegetables, such as peppers,
grapes and strawberries, the gas has no effect. These must
be harvested in a ripened state and used as quickly as possible. Researchers at the Max Planck Institute of Molecular
Plant Physiology in Potsdam have now discovered why ethylene induces continued ripening in some fruits and not in
others. According to their findings, ripening tomatoes produce large quantities of ACC synthase and ACC oxidase. The
ethylene level continues to climb as a result and activates
various genes that cause the fruit to ripen. In peppers, which
don’t continue to ripen, ethylene has, in contrast, no influence on genetic activity and cellular metabolism. The re-
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Flies become easy prey for bats during mating
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A Volatile Pulsar

Photos: NASA/Fermi/Cruz de Wilde (top); Photocase (center)

Max Planck scientists discover a young neutron star with an unusually restless rotation
Pulsars are exceptional cosmic lighthouses. Compact neutron stars
rotate several times a second about their own axes, making them
appear to flash. In an international cooperative study, researchers
at the Max Planck Institute for Gravitational Physics and the Max
Planck Institute for Radio Astronomy have fished out a highly unusual pulsar from NASA’s Fermi Gamma-ray Space Telescope data.
The very young object, around 5,000 years old, known as PSR
J1838-0537 and located in the constellation Scutum, experienced
a glitch in its rotational motion during the observational period
– the strongest that has been observed in a pure gamma pulsar
thus far.
The glitch also explains why the pulsar suddenly disappeared
for a time after its discovery. Pulsars can be detected only with the
aid of laborious mathematical analysis of the measurement data.
As the glitch accelerated PSR J1838-0537 by 38 millionths of a
hertz, the neutron star became invisible to these analyses. Once
the researchers took the rotational change into account, the pulsar reappeared again in the measurement data. The cause of such
a glitch is suspected to be a stellar quake in the neutron star’s crust,
or interactions between the stellar interior and the crust.
(The Astrophysical Journal Letters, in press)

Lighthouse in space: If a compact neutron star with its extremely
intense magnetic field accelerates charged particles to nearly
the speed of light, gamma rays (violet) are produced over the
surface and radio waves (green) at the magnetic poles. The rotation
swings the emission fields through the line of sight to Earth, and
the pulsar flashes periodically in the sky.

Quantum Memory as Brilliant
as a Diamond
Quantum information preserved in an artificial diamond
at room temperature for longer than a second

Tomatoes change in color, aroma and
nutrient content also after harvest. The
ripening process is induced by the phytohormone ethylene. In this process, the
green chloroplasts are transformed into
colored chromoplasts, new sugar molecules are formed, and hard components in
the cell wall are broken down.

searchers don’t yet know what initiates
the ripening process in fruit that doesn’t
ripen after harvesting.
(Plant Physiology, August 2, 2012)

Absolutely fraud-proof credit cards
and IDs that can’t be counterfeited:
quantum memory would make both of
these possible. This is because the
quantum mechanical state of a particle, such as an atomic nucleus, can
neither be copied nor accurately read
without additional information that is
available only to the authorized user.
An international team of researchers at
the Max Planck Institute of Quantum
Optics in Garching has now stored
such a quantum state, which physicists call a qubit, in an artificial diamond for more than a second – and
that at room temperature. They stored

the qubit in the nuclear spin of a heavy
isotope of carbon, C13. Up to now, quantum states could be stored only at
slightly above absolute zero (-273.16
degrees Celsius), or the stored quantum information was lost after a few
milliseconds. If the technology that is
necessary to write quantum information to memory, preserve it, and read
it out can be significantly reduced in
size, quantum storage has a future not
just in counterfeit-proof documents,
but also in quantum communications.
They could also set new security standards, for instance for banking transactions.
(Science, June 8, 2012)

4 | 12 MaxPlanckResearch

41

SPECTRUM

Iron Trumps Precious Metal
An iron-aluminum compound could replace palladium as a catalyst and make the production
of plastics less expensive

Chemists don’t like precious metals –
at least when they need the expensive
materials as catalysts to accelerate or
steer reactions in the desired direction.
And that is often the case, as with an
important step in the production of
polyethylene for making plastic bags
light, flexible and stable. For this, a
team working together with researchers at the Max Planck Institute for
Chemical Physics of Solids in Dresden
and the Fritz Haber Institute of the
Max Planck Society in Berlin has developed a reaction promoter from iron
and aluminum that works as well as
the usual palladium catalyst, but is
much less expensive. The researchers
identified the inexpensive alternative
by systematically clarifying what properties the material has to have.
(Nature Materials, June 10, 2012)

An alternative to precious metal: Max Planck researchers utilized this crystal of an ironaluminum compound to catalyze an important step in the synthesis of polyethylene plastic.
Currently, industry uses a material containing palladium for this.

Decision in the Hippocampus
Learning alters the synapses. Previously, scientists believed
that a special form of synaptic plasticity in the hippocampus
of the brain was responsible for learning spatial relationships.

Spatial memory

It is based on a type of receptor for a neurotransmitter called
glutamate, known as the NMDA receptor. Researchers from
the Max Planck Institute for Medical Research in Heidelberg
and the University of Oxford have now observed that mice
are still able to orient themselves even when the synaptic
plasticity mediated by the NMDA receptor was switched off
in parts of their hippocampus. If, however, these mice are required to resolve a conflict during orientation, they no longer complete the task: in a swimming test, the genetically altered mice can’t differentiate between a platform that is hidden beneath the water’s surface and marked with a balloon,
and a second location marked with a balloon, although they
found the platform previously without any difficulty by using orientation points on the edge of the pool. Apparently
the NMDA receptors in the hippocampus are necessary for
recognizing or resolving conflict.
(Nature Neuroscience, July 15, 2012)

Spatial memory
Mice with dysfunctional NMDA receptors in the hippocampus locate a platform beneath the water’s surface using external orientation points just
as well (illustration above, red route) as mice with NMDA receptors (above, black route). However, they are unable to differentiate between two
balloons, one of which marks the hidden island (below, red route). Unlike the normal mice (below, black route), they no longer pay attention to the
outer orientation points.
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NMDA receptors facilitate correct decisions in complex orientation tasks
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There’s No Center of Consciousness
Genotype of a
Prehistoric Human

Conscious perception triggers various regions of the brain
Much of what we see, hear, feel or smell
is registered only unconsciously. Although these stimuli are processed in
different regions of the brain, they
don’t penetrate into our consciousness.
Nerve cells in the temporal lobes of the
cerebral cortex determine which visual
impressions we consciously perceive.
But apparently it’s not just these cells:
according to measurements by scientists at the Max Planck Institute for Bi-

ological Cybernetics in Tübingen, the
nerve cells in a part of the frontal lobe
known as the lateral prefrontal cortex
are also active when a visual stimulus is
consciously perceived. The decision as
to which sensory impressions reach our
consciousness is not made in a single
region of the brain. It appears to be
more an interaction involving participation of nerve cells from different regions of the brain. (Neuron, June 7, 2012)

New genetic data from the
Denisova Cave

Hard as a Shark’s Tooth

Photos: MPI for Evolutionary Anthropology (top right), University of Duisburg-Essen (bottom, 2)

Teeth of different shark species and those of humans
resemble one another in their material properties
Shark’s teeth aren’t as exceptional as
some scary legends would have us believe – at least not in terms of their
material. Thanks to a particular structure, human teeth are just as hard as
those of the feared predator, even
though they are made of hydroxylapatite and sharks’ teeth of fluorapatite,
which is harder. This is the result of a
study in which scientists at the University of Duisburg-Essen and the
Max-Planck-Institut für Eisenforschung GmbH (iron research) investigated the teeth of the tiger shark and
shortfin mako shark. According to this

The Leipzig-based researchers prepare
the gene analyses in protective clothing
to prevent contamination.

study, both the two sharks and humans bite with teeth whose material
properties resemble one another very
closely. The technique with which the
two sharks bite differs significantly as
well: while the tiger shark cuts pieces
from its prey with teeth that are serrated like saw blades, the shortfin mako
shark rips off pieces of its prey with its
dagger-like teeth. The researchers concluded that it is exclusively the form
of the teeth rather than their material
that is optimized for a highly specialized application.
(Journal of Structural Biology, June 2012)

1 μm

Optimized for biting: The shortfin mako shark rips pieces from its prey with dagger-like teeth (left).
The tiger shark, in contrast, cuts its meat with saw-blade-like teeth. Oval-shaped bundles of fluorapatite crystals form in the enamel of both sharks (right image). The outer layer (lower half of the
image) consists of random crystals that give the teeth their luster.

Thus far, a tiny finger bone and two back
teeth in a cave in the Altai Mountains
are the only known remains of the Denisovans – a humanoid that Max Planck
researchers identified two years ago
solely through their genetic material.
Scientists at the Max Planck Institute for
Evolutionary Anthropology in Leipzig,
together with an international team of
researchers, have now analyzed the genome of the Denisovans with previously unattained precision, and compared
the genotype to humans living today.
The scientists were able to detect
100,000 alterations, of which only 260
lie in regions that carry information for
proteins. A few of them affect genes
that influence development of the brain,
skin, eyes and dental morphology. The
researchers were able to determine
from their data that the genetic diversity of Denisovans was smaller than that
of today’s humans. The results finally
confirm that three percent of our contemporary genotype originated from
Southeast Asia and that the two anthropoids thus mixed with one another.
(Science, August 30, 2012)
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Computers Gather Momentum
It will soon be possible to process information according to
a completely new principle. Scientists at the Max Planck Institute for Dynamics and Self-Organization in Göttingen
have introduced the complex network computer, which no
longer works with the binary code and transistors of today’s
computers. Their design is based, instead, on a large number of coupled, oscillating elements, such as lasers and pulsating current loops. The elements can oscillate in different
choreographies, each of which represents a system state. If
one of the oscillating elements is disturbed, the entire system changes the oscillatory choreography multiple times
until it finally settles in a new state. The intermediate states
it transitions through and the final state it lands in depend
on the kind of disturbance. This thus corresponds to the input signal for the computer, and the result of the computing operation is the entire path from the initial to the final
state. The researchers in Göttingen proved that the complex
network computer can solve several tasks considerably faster than its conventional counterpart.
(Physical Review Letters, July 2, 2012)

A system composed of, for example, coupled lasers can oscillate in
different choreographies that correspond to possible states of the complex
network computer. These states can be represented as a network.
Disturbing a laser corresponds to the input signal of a computational
operation. Depending on the kind of disturbance, the system seeks
another path through the network of states. Two of the possible paths,
each corresponding to a result of a computation, are shown in the
illustration in orange and blue.

Close-Up of an Active Galactic Nucleus
The first interferometer signals between the radio telescope in Effelsberg and the Spektr-R Space
Telescope have been recorded
The distance from the Earth to the
moon is 384,000 kilometers. The antenna of a new radio telescope is almost as large, though it is virtual. To
achieve this, researchers at the Max
Planck Institute for Radio Astronomy

in Bonn and at the Astro Space Center
in Moscow combined the 100-meter
dish at Effelsberg and the Spektr-R
Space Telescope. In this process, known
as interferometry, the signals are electronically superposed. During their

successful observations, the antennas
were directed at the object called BL
Lacertae, the nucleus of an active galaxy located approximately 900 million
light-years away. The project, named
RadioAstron, provided an angular resolution of around 40 millionths of an
arc-second; for comparison, the size of
the full moon in Earth’s sky corresponds to 1,800 arc-seconds. Astronomers want to study, among other
things, the acceleration of particles in
the vicinity of massive black holes at
the centers of active galaxies, as well
as neutron stars and pulsars, dark matter and dark energy.
In the heart of a milky way: The central area of
the active galaxy BL Lacertae. The Spektr-R
Space Telescope helps achieve high-resolution
observations.
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A system of coupled oscillating elements could speed up computers
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Climate Change Despite Sun Screen
Several measures in geoengineering could indeed cool the earth, but they would create an entirely new climate

No sun umbrella can help against
climate change, no matter how gigantic. Some climate researchers
suggest enriching the atmosphere
with sulfur on a grand scale, or
positioning countless mirrors in
space. They want to screen out the
sunlight and cool the earth. However, the pre-industrial climate
can’t be brought back in this manner. As scientists at the Max Planck
Institute for Meteorology have
now calculated, these forms of
geoengineering would indeed lower the average global temperature,
but they would create a new climate with less rainfall. This is because sulfur-laden clouds and
masses of mirrors would only reflect the short-wavelength light

that vaporizes a lot of ocean water
particularly in areas having a high
incidence of solar radiation, like
the tropics, and mixes the air
masses. As a result, it would rain
20 percent less in the tropics and
up to 15 percent less in northern
Europe, as well as in large parts of
North America. This effect wouldn’t
exist if the concentration of greenhouse gases in the atmosphere
were to drop. Carbon dioxide and
methane namely capture a part of
the radiation reflected from the
earth’s surface in the atmosphere,
and do so evenly across the entire
spectrum, so they influence the
development of precipitation in
sunny regions less.
(Earth System Dynamics, June 6, 2012)

Volcanic eruptions, as in this illustration, spew large amounts of sulfur dioxide into
the atmosphere, forming airborne particulates that reflect part of the sunlight.
Geoengineering imitates this effect. However, with this type of artificial cooling,
it would rain significantly less in large parts of the world than was the case in preindustrial climate conditions.

Breathing Is Becoming Less Healthy

Photo: iStockphoto (top); graphic: MPI for Chemistry

By 2050, a large portion of the world’s population will live in highly polluted air
Researchers at the Max Planck Institute have gazed into the
future of our breathable air and seen little that is positive. Air
pollution will increase so much, especially in South and East
Asia and in the Middle East, that today’s limits for pollutant
loads will be significantly exceeded by 2050. The scientists calculated this using an atmospheric model. They assumed in

their calculations that emissions of harmful compounds
will climb at the same rate as the growth of the population and the economy, as in the past. In addition, the researchers assumed in their forecast that there will be no
additional measures to counter the emission of hazardous
substances – a pessimistic but realistic scenario, in their
opinion. Under these conditions, especially in several of
today’s emerging and third-world countries, air quality
will be as poor everywhere as it currently is in only a few
highly populated areas. In the industrialized nations of
Europe and North America, in contrast, the air quality will
hardly deteriorate at all.
(Atmospheric Chemistry and Physics, August 1, 2012)

Air quality of the future: The map shows how high the pollutant load
of the atmosphere will climb worldwide by 2050. Pale yellow stands
for little additional air pollution, while the redder an area is colored,
the heavier the pollutant load will be here in the air we breathe.

4 | 12 MaxPlanckResearch

45

PHYSICS & ASTRONOMY_High-Pressure Research

Elemental
Metamorphosis
The inside of planets, stellar shells and numerous other
uncomfortable spots in space have one thing in common: matter
there is under extreme pressure of several million atmospheres.
Mikhail Eremets and his colleagues produce such cosmic
pressures in their lab at the Max Planck Institute for Chemistry
in Mainz – and they do so in surprisingly simple experiments.
They are researching which unique transformations gases,
but also metals, undergo under these conditions.
TEXT ROLAND WENGENMAYR

T

he cosmos is full of places
where the extreme is normal. “In the core of Jupiter,
for example, the pressure is
more than 30 million atmospheres,” explains Mikhail Eremets at
the Max Planck Institute for Chemistry
in Mainz: “And planetary researchers
have long suspected that hydrogen,
which is the primary component of
these gas planets, is metallic there.”
American physicists Eugene Wigner
and Hillard Bell Huntington predicted
this strange, solid state of hydrogen as
far back as 1935. Until recently, though,
it remained just speculation. It wasn’t
until 2011 that the small Max Planck
team led by Mikhail Eremets, a Russian,
provided certainty with its experiments.
In fact, the Mainz-based scientists were
the first to observe how hydrogen becomes a metal – at an enormous pressure of more than 2.7 million bar, or
2.7 million atmospheres.
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Since this world-record-setting measurement, many chemists, materials
scientists and physicists are contemplating new, fascinating questions:
Does hydrogen even become superconducting at room temperature at
even higher pressure – in other words,
does it conduct electricity entirely
without electrical resistance? That is
precisely what theoreticians predict.
Only residents of Jupiter – if there
were any – would be able to use superconductive extreme-pressure hydrogen in electrical cables. However, the
discovery of room-temperature superconductivity in hydrogen could help
in solving the mystery of high-temperature superconductors and in tailoring these materials for technical
applications. Ceramics lose their resistance at higher temperatures than
conventional superconductors, but
still too far below zero to really be
technologically useful.
>

Ich weiß nicht genau, was zusammengehört,

Photo: Thomas Hartmann

The researchers in Mainz store their diamonds,
not in a pocket-type safe, but in an anvil cell.
They produce up to 4.4 million atmospheres
of pressure between the flattened tips of the
precious stones.

Regardless of potential new findings for
energy technology, the experiments
with hydrogen are of interest to physicists and chemists for a very basic reason: hydrogen is the simplest atom and
the most common of all chemical elements in the cosmos. This makes it the
model organism, the Drosophila, of
quantum physics. In fact, it was the attempt at a physically precise description of the hydrogen atom that first
gave rise to modern quantum mechanics. At the provisional end of this quantum revolution stands the semiconductor electronics that catapulted our
culture into the Internet age.
As a matter of fact, at more than 2.2
million atmospheres, hydrogen, too,
first becomes a semiconductor before
it mutates into a metal. This is another thing the group in Mainz observed
for the first time – even imaginative
theoreticians didn’t expect this behavior. It is precisely this transformability
under increasing pressure that makes
hydrogen so fascinating for science,
which aims to use such experiments to
draw basic conclusions about the matter in our cosmos. But how do the Max
Planck scientists in Mainz manage to
study their samples under such extreme conditions?
In any case, they don’t need, for example, expensive space probes that
crash into the bottomless abyss of the
gas planet Jupiter. So, at the institute in
Mainz, there aren’t millions and mil-
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lions of kilometers of cosmic travel separating us from the answer to our question. The solution is located right in
Eremets’ cramped study, where an old
clock placidly ticks away the time. It’s
lying on a workbench with a stereomicroscope, and at first glance, it looks almost disappointingly unspectacular.

EXPERIMENTS AT A PRESSURE
LIKE THAT INSIDE THE EARTH
Smiling, Eremets hands his visitor a
compact metal tube. The brass-colored
object has the diameter of a large coin
and vaguely resembles a specialty part
of a water fitting, but the massive caps
that seal the two ends of the metal
tube dispel this impression. Through
small, thick windows, they permit a
glimpse of the inside. And precisely
there, in a volume of about five micrometers in diameter – one micrometer is one-thousandth of a millimeter
– pressure conditions like those inside
the earth prevail. At least when the device is in operation.
Of course this raises the question of
which materials can withstand such
enormous pressure. In answer, one
might borrow Marilyn Monroe’s immortal song “... but diamonds are a researcher’s best friend.” Diamonds are,
in fact, the high-pressure researcher’s
best friends. The diamond anvil cell, as
the small tube is called, contains two
diamonds. However, they are quite

small, explains Eremets, “the largest
one is just 0.1 carat.” He picks up a little box with small, glittering stones, all
of which shattered in experiments.
Even the hardest material can’t withstand every pressure, and that’s what
makes this field of research so difficult.
Eremets and his colleague Ivan
Troyan, who is also Russian, even had
to become experts in precision grinding of diamonds. The shape they require has nothing in common with
the grinding that gives diamonds their
fire. The Max Planck scientists first
give the small diamonds a basic conical shape. Then they grind a tiny piece
of the tip off. This creates a flat surface
there measuring just around 20 micrometers in diameter. Then the researchers put their diamonds – flattened tips pointed toward each other
– into a tiny, ring-shaped mount that
is likewise highly stable.
Before an experiment, the Mainzbased researchers fill the tiny volume
between the diamond tips in a closed
box with ultra-pure hydrogen – or with
another material: sodium and nitrogen
have also been used in the cells in
Mainz. Now the enormous pressure is
needed. Mikhail Eremets demonstrates
how amazingly easily this is done. He
doesn’t need a gigantic press, as a layperson might expect. All the scientist
needs is a screwdriver and the ring of
precision screws that enclose each of
the two windows in the metal caps.

Photos: Thomas Hartmann (left, 2); MPI for Chemistry (right)

Creating pressure through a gentle turn: An Allen wrench and four screws are sufficient to produce pressures of several million
atmospheres inside the anvil cell. Only diamonds can withstand this load. However, the stones turn brown where they crash
into each other, as can be seen by looking through one of the diamonds in the cell (right).
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At a pressure above 2.2 million atmospheres, hydrogen initially becomes
a semiconductor, before mutating into a metal. The researchers in Mainz
were the first to observe this phenomenon.

The rest is pure and simple mechanics. By slowly tightening the screws
around the coin-sized surface of the
cap, the researcher applies growing
pressure to the inside of the cell. This
pressure, which can reach up to one
ton, focuses the conical internal workings on the tiny diamond tip. Its surface is just a few square micrometers
in size, while the cap surface, on the
other hand, measuring a few square
centimeters, is huge in comparison.
This extreme area ratio acts like an
enormous transmission gear, allowing

a couple of delicate turns of the screws
to ultimately result in one, two, three
or more million atmospheres of pressure in the core of the cell. The absolute record for the group in Mainz is
currently 4.4 million atmospheres.

THE PRINCIPLE IS SIMPLE –
THE DEVIL IS IN THE DETAIL
So the principle is surprisingly simple,
especially considering how much technical effort other disciplines, such as
particle physics, expend to reach – ad-

mittedly yet more extreme – states of
matter. And still there are only a few
research groups worldwide that can
play in the top extreme-pressure league
with the Max Planck scientists in
Mainz. This is by no means due to a
lack of interest in such experiments.
The reason is the many difficulties in
the details, which cause even experienced researchers to fail. The story of
this years-long battle is also told in
precisely those shattered diamonds in
Eremets’ little box. Persistence is what
helped his group succeed with its ex-

Photo: Thomas Hartmann

At the trigger: Ivan Troyan (left) and Mikhail Eremets prepare an experiment in which they compress hydrogen to an extreme extent. In doing so,
they discovered the previously unknown semiconducting state of the gas, and turned the lightest of all the elements into a metal for the first time.
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The European Research Council has been supporting the group since 2011,
to the tune of 1.9 million euros – a great acknowledgement of the research field
and the team’s discoveries.

periments. “We also owe it to the good
conditions at the Max Planck Society,
which allows us to work on long-term
projects,” stresses Mikhail Eremets.

A METAL FILM PROTECTS THE
DIAMONDS AGAINST HYDROGEN
Particularly hydrogen presented challenges that caused the diamonds of all
high-pressure researchers to date to
shatter. This is due to the fact that no
diamond is truly perfect. Even a finely

polished cutting surface always exhibits microcracks. Under pressure, the
small hydrogen molecules penetrate
into these cracks and shatter the stones.
For years, this was the cause of failure
for every experimenter worldwide. Eremets’ group was no exception – until
they came up with a crucial idea. They
vapor-deposited a metal film, for example of gold, copper or aluminum, on
the diamond anvil surfaces. The film is
so thin that light can still penetrate it,
so it is still possible to look into the

chamber. Despite this, it protects the
cracked diamonds against the aggressive hydrogen. This trick is what ultimately helped the group in Mainz to
become the first to successfully put hydrogen under a pressure of three million atmospheres at room temperature
without their diamonds shattering.
The question of whether the wear
on the diamonds is costly brings a smile
to Eremets’ lips. “We end up with breakage of maybe 20 small diamonds a
year,” he calculates, “which costs about

The researchers working with Mikhail Eremets used different spectroscopic methods to track what happens in their high-pressure experiments. Here,
they shine laser light into the cell. At the same time, this setup allows them to study the electrical properties of their samples at different temperatures.

10,000 dollars, making it cheap compared with many other experiments.”
The fact that the Mainz-based researchers can replace their losses again and
again owes to the 1.9 million euros in
funding that Eremets’ group receives
from the European Research Council.
This support, which began in 2011 and
is set to continue for several years, is a
great acknowledgement of the research
field and the team’s discoveries. It allows the small group of a half dozen scientists to exert a good deal of pressure,
as it were. And to travel with their experiments to the world’s great research
facilities – another advantage of the exceptionally handy cell. “I can simply
put it in my pocket and take it with
me,” says Eremets enthusiastically.
The transparent diamonds allow
different kinds of radiation into the
samples, and each one provides different information about the behavior of
the molecules, atoms and electrons
under pressure. In their lab in Mainz,
the researchers shoot a strong laser
light in the visible spectrum into the
samples. From the light that the sample then reflects back, they obtain detailed information about the behavior
of the molecules. Additional information is provided by a particularly perfect kind of infrared radiation from
synchrotrons, large accelerator rings
for which Eremets and his colleagues
travel, for instance, to Grenoble, France,
the Swiss town of Villigen, or Chicago
or Hamburg.

Photos: Thomas Hartmann

THE MOLECULES BECOME
WARM HYDROGEN ICE
X-ray radiation provides important
data as well. This electromagnetic radiation is so short-waved that it can
sharply image the positions of individual atoms in crystals. This also helps in
examining metals, which, like many
solids, have a crystalline structure. For
all of these highly specialized radiation
sources, the researchers need only bring
their little cells – there is no elaborate
equipment to set up.
Incidentally, it comes as no surprise
to chemists or physicists that hydrogen
could possess metal-like properties. In
the periodic system, it belongs to the

The Mainz-based researchers use light in the near – that is, relatively short-wave –
infrared range (NIR) to conduct Raman spectroscopy, which tells them something about
the structural changes under high pressure.

same group as the alkali metals lithium,
sodium and potassium. At slightly
above two million atmospheres of pressure, its diatomic molecules are pressed
together into a kind of warm hydrogen
ice. “This substance can then be further
compressed to a great degree,” says Eremets, “to a twentieth of its volume.”
The hydrogen molecules squeeze ever
more tightly together under the increasing pressure.
“In the process, something happens
with their electrons,” explains the researcher. The hydrogen molecule consists of two hydrogen atoms, and normally its two electrons are bound to
this molecule. But now they sense the
neighboring molecules closing in on
them and essentially expand their radius of action. This interaction between
the molecules eventually creates quantum highways on which electrons can
fly throughout the entire material unhindered. This is typical for electrically
conductive metals.
The group in Mainz observed this
transition to nearly freely moving electrons: starting at a pressure of 2.2 million atmospheres, the hydrogen became black and opaque. This is the

semiconducting state that the group
discovered. In a semiconductor, certain
electrons move nearly freely, but not
entirely. They need a small energy kick
to hop over an energy barrier onto the
electron highway. This energy can be
provided by light or an electric current.

THE CONDUCTIVITY PROVES
THE METALLIC STATE
One can just picture the tension rising
right along with the pressure in the lab
in Mainz. Finally, at 2.7 million atmospheres, the hydrogen made the desired
jump. It switched from the unexpected
semiconductor state to the hoped-for
metallic state. The freely moving electrons generated the typical shimmering
light reflection of a metal. However,
this high reflectivity is not yet proof of
a metallic state. The electrical conductivity must be measured, and Eremets’
group succeeded in doing so.
But an old scientific dream also died
in Mainz. There had been a hope that,
once the hydrogen had been compressed into a metal, it would remain
stable when the pressure subsided. In
the lab in Mainz, they saw for the first
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It is still not known whether metallic hydrogen is really solid.
It could also be liquid like mercury.

time that it relaxes into a gas again as
the pressure is reduced. Too bad, as it
might have resulted in the possibility
of room-temperature superconductors
from a press, as it were. But it is still
undetermined whether the metallic
hydrogen is really solid. It could also
be liquid like mercury, suggests Mikhail
Eremets. His team is currently working
on clarifying this issue.
The researchers also want to know
what happens when they increase the

pressure even further. At some point,
the hydrogen molecules should be
completely crushed. “Theoretically,
they should dissolve at about five million atmospheres,” the scientist explains. Theoreticians predict that hydrogen could then not only become
superconducting, but at the same
time, also superfluid. It would then
transform into an exotic quantum liquid that combines two extraordinary
quantum effects. All known supercon-

ductors are solid. Helium, on the other hand, for example, becomes superliquid at very low temperatures.
Like superconductivity, superliquidity is a collective quantum state
of many quantum particles that still
isn’t completely understood. What
disappears is not the electrical, but
rather the mechanical resistance: such
a liquid no longer has any internal
friction. As a result, it takes on what,
for our everyday understanding,

Photo: Thomas Hartmann

Ivan Troyan (in the foreground) and Mikhail Eremets follow the images and measurement data on their computers
during the experiments. The shiny metallic hydrogen can be seen on the screen in the background.
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Inconspicuous spots with spectacular importance: When looking through a diamond into the hydrogen-filled cell, its interior remains transparent
as long as the hydrogen is gaseous, at less than two million atmospheres (left). At 2.2 million atmospheres, the element turns a dark color when
it changes to the semiconducting state (center). Finally, at 2.7 million atmospheres, the hydrogen takes on the metallic sheen (right).

which knows only normal liquids, are
strange properties: in the form of an
ultrathin film, it can crawl up the
sides of a container and run over the
edge by itself. It’s a good thing our
beverages aren’t superfluid.

Photos: MPI for Chemistry (3)

HIGH PRESSURE MAKES SODIUM
AS TRANSPARENT AS GLASS
In the high-pressure experiments in
Mainz, however, it isn’t restricted to
gases turning into metals. Conversely,
a metal lost its metallic properties. In
2009, the researchers observed that sodium turns black at about one million
atmospheres, and at twice that pressure, it becomes as transparent as yellowish glass. In the process, its volume
shrank to a fifth of the space it takes up
at normal pressure. As it turned out, the
sodium transformed into a kind of salt.
Nitrogen, too, behaves strangely
under pressure. The nitrogen molecules that constitute 78 percent of our
atmosphere are chemically extremely
stable: its two atoms cling tightly to
each other in a triple chemical bond. It
takes a lot of energy to break this bond.
In 2004, the team working with Eremets and Troyan approached this tenacious gas with a mix of high pressure
and heat. They shot a strong laser into
the diamond cell, where there was a
tiny black surface that heated up the
compressed gas.
At a temperature of more than 1,700
degrees Celsius and a pressure of more
than 1.1 million atmospheres, the nitrogen molecule triple bond burst. Each
pair was now holding on with just one
chemical hand – the triple bond had

become a single bond. With their other, now free, hands, they reached for
their neighboring molecules, forming a
crystal with atoms nicely arranged in a
cube shape. “That’s something like a nitrogen diamond,” says Eremets.
It may even be possible to stably
bring this cg nitrogen into normal
pressure conditions. This exotic material did, after all, remain stable down
to 420,000 atmospheres in the Mainz
experiments in 2004. Mikhail Eremets

is particularly fascinated by this, because cg nitrogen theoretically contains more chemical energy than any
other material. “Then we would have,
for example, a fuel that is superior to
all fuels in existence today,” says the
researcher enthusiastically. So, we may
one day drive with a tank full of nitrogen cubes. That would then be a further completely unexpected application like those that basic research turns
out again and again.

TO THE POINT
●

Extreme pressures of several million bar – one bar is one atmosphere – prevail
inside planets and stars. Researchers learn a lot about the basic properties of
matter from experiments under such conditions.

●

Researchers at the Max Planck Institute for Chemistry produce extreme pressures
between two small diamonds in a handy metal device; their current record is
4.4 million atmospheres.

●

Matter takes on exotic characteristics under such conditions: hydrogen becomes
a metal, sodium becomes a salt, and nitrogen forms a diamond-like structure.

GLOSSARY
Superliquid: Substances whose atoms take on a collective quantum state below a
certain temperature, losing their internal friction in the process. So far, only the helium
isotopes helium-3 and helium-4, and the lithium isotope lithium-6, are known to
become superfluid at temperatures near absolute zero, or minus 273.15 degrees Celsius.
So far, no substances have been discovered that are simultaneously superconducting
and superfluid.
Superconductor: Metals, ceramics and some ferrous compounds that lose their
electrical resistance below a certain temperature because their electrons form
Cooper pairs and, as such, no longer interact with the crystal lattice.
A distinction is made between conventional metallic superconductors that lose
their resistance only at temperatures of less than minus 250 degrees Celsius, and
unconventional superconductors, which also include the ceramic high-temperature
superconductors. These lose their resistance at the temperature of liquid nitrogen.
The current record is minus 135 degrees Celsius.
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Untrue to Type
When plant pollen fertilizes an ovum, the genetic material in the nucleus and the
chloroplasts must harmonize. Stephan Greiner from the Max Planck Institute of Molecular
Plant Physiology in Golm, near Potsdam, would like to find out which factors in the
chloroplasts prevent the interbreeding of plant species. To do this, he works with a model
plant that’s not too particular when it comes to the species boundary: the evening primrose.
TEXT CATARINA PIETSCHMANN
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S

uppose the pollen from a cherry tree could land on a pumpkin blossom, or the pollen
from a banana plant somehow find its way to a cactus.
Would we get juicy, cherry-flavored
pumpkins and prickly skinned bananas
as a result?
A fascinating prospect. The earth
would be full of bizarre species, and
the cuisines of the world would be
constantly enriched with new flavors.
Evolution, however, has little time for
such fantasies. It doesn’t mix species
at random, but keeps them largely separate – a concept that, over the past
500 million years, has resulted in the
existence of approximately 500,000

plant species. And although they all
share a common ancestor, there are
very few species today that can reproduce with other species.
Nevertheless, something occurs
among plants now and again that is extremely rare in the animal kingdom: interbreeding across species boundaries.
However, in order for healthy offspring
– known as hybrids – to be produced,
the two participating species must be
extremely similar. Otherwise, the genetic obstacles to be overcome would
be too high. For example, despite the
fact that they both belong to the Compositae family, pollen from the sunflower doesn’t fertilize the dandelion.
Genetically speaking, the sunflower

Thale cress (Arabidopsis thaliana) seedlings in a
Petri dish. Condensation forms small drops on
the lid of the dish. The plant, which belongs to
the Brassicaceae family, is an important model
organism for plant geneticists.

and dandelion developed worlds apart
from each other. For this reason, they
also belong to different genuses.
Sunflowers and dandelions can thus
happily grow side by side without anything happening between them. “The
signals that show the pollen the way
to the ovum are missing,” explains
Stephan Greiner from the Max Planck
Institute of Molecular Plant Physiology.
With his Cytoplasmic and Evolutionary Genetics research group at the Max
Planck institute in Golm, near Pots-
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Photos: David Ausserhofer (top left, bottom), Catarina Pietschmann (top right)
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1

The stigma of an evening primrose flower is pollinated with foreign pollen. The petals and stamen were removed before pollination
(below). The pollen forms pollen threads that still hang on the stamens of the other flower (above).

2

After the foreign pollination, the flowers are covered to prevent further uncontrolled pollination.

3

In the foil greenhouse, Stephan Greiner checks whether the pollination was successful and the plants are forming seed capsules.
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dam, he’s hot on the trail of the species
barriers – the obstacles to interbreeding
between closely related plants.

Photos: MPI of Molecular Plant Physiology (2)

BARRIERS ENABLE NEW SPECIES
TO FORM
“According to a commonly accepted
model, a new species arises when, for
some reason, a population of the original species is separated from the rest for
a long period of time,” explains the biologist. “The reason could be an ice age,
a river or even a mountain.” The isolated population continues to develop independently, and over the course of future generations, its genes adapt increasingly well to the living conditions
in its environment. In an extreme case,
for example, it will thrive in a desert
while its original species is at home in
a bog. If the two populations are reunited – because the ice age has come to an
end or the river has dried up – they no
longer match. Although they still have
very similar genotypes, the activity of
some of their genes differs. “The factors
for species formation are genetic isolation, a change in habitat and the associated adaptations,” summarizes Greiner. Chance can also play a role.
Based on the example of the evening primrose plant, Stephan Greiner
is studying the make-up of these species barriers. The focus of his attention
is the plastome – the circular genome
of the chloroplasts, the small green
spheres in plant cells, where photosynthesis takes place. The genetic material
in both the nucleus and the chloroplasts is important for the success or
failure of a hybrid.

According to endosymbiotic theory,
the chloroplasts are the result of an
emergency situation: around two billion years ago, most of the living unicellular organisms were faced with a
huge problem as the oxygen content of
the earth’s atmosphere was continually increasing. This was caused by cyanobacteria, which perform photosynthesis – that is, they form carbohydrates
from carbon dioxide and water.
For most of the other unicellular organisms, which had not mastered this
trick, the oxygen released by this process was pure poison. There was only
one solution to their problem: they
snatched up bacteria that could survive
with oxygen, consumed them without
digesting them, and lived thereafter in
peaceful symbiosis. This is how the mitochondrion emerged. According to the
theory, this was the first step in the formation of multicellular organisms and
the emergence of animal life. These organisms later also assimilated a cyanobacterium as, through this fusion, the
organisms themselves could harness
energy from the sunlight.
The first algae emerged in this way,
followed later by plants. The mutual adaptation went so far that the partners
shared all of the tasks crucial to their existence. The assimilated bacteria became
cell organelles, the chloroplasts. They
focused exclusively on photosynthesis
and left all of the other tasks to the cell.
Unused genes were either lost or integrated into the cell’s genome. As a result,
the chloroplast genome is comparatively small: the genome of the evening
primrose chloroplast, for example, consists of around 160,000 letters from the

above: Interbreeding with consequences: The
plant on the left is type AA-I. The genome in
the nucleus and chloroplasts harmonize. In
contrast, the nucleus and chloroplasts in the
AA-III plant (right) do not go well together. The
leaves are pale with green areas on the edges
and along leaf veins.
below: Compatibility/incompatibility chart of
the evening primrose: The combinations of
letters refer to the nuclear genome types; the
Roman numerals represent the different
chloroplast genomes. The symbols stand for
the different appearances of the hybrid plants.
Small additional symbols in a field indicate the
variations of a hybrid. The combinations with
red edges arise in nature; all of the others
originate in the laboratory.
Chloroplast genome
Nuclear
genome

Normal green
Green to gray-green
Yellow-green
Temporarily yellow-green
Yellow-green to yellow
White or yellow
White with inhibited cell growth
Not viable or infertile
Slightly yellow
Reversibly pale
Temporarily pale
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Stephan Greiner (left) and Dirk Zerning examine boxes sown with evening primrose in the greenhouse.

2

Evening primrose seedling, a few days old.

3

Sven Roigk (left) and Katrin Seehaus transfer the evening primrose seedlings from seed trays to pots and select
the plants with the desired appearance.
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With its 1,000 different varieties, the Max Planck institute near Potsdam holds the
largest living collection of evening primrose plants.

genetic code, and contains only around
120 genes. The nuclear genome, in contrast, comprises a billion letters.
In the case of plant hybrids, therefore, not only two, but four sets of genes
must fit together: two nuclear genomes
plus one chloroplast and one mitochondrial genome. Greiner shows a compatibility/incompatibility chart that contains all of the possible genetic combinations for the evening primrose: three
different core genomes (AA, BB, CC) and
the corresponding hybrids (AB, AC, BC)
have formed, making a total of six.
Combined with five plastome variants
(I - V), there are 30 different possibilities. The green dots indicate that the
hybrids in question are healthy and fertile. The meaning of the black crosses
is obvious: here, the end of the line has
been reached.
According to the compatibility/incompatibility chart, Plastome I causes
the most problems: truly healthy evening primrose plants arise only in combination with the core genome variant
AA. Moreover, various gradations exist.
In these cases, the chloroplasts don’t
provide a complete service: problems
arise with photosynthesis. In nature,
such plants grow more slowly; they
produce fewer seeds, and are not as successful as a result.
Along with pelargoniums, the group
that includes the geranium, the perennial favorite of amateur gardeners, the
evening primrose is the traditional genetic model for biparental inheritance.
This means that, unlike in most plants,
the chloroplasts are not passed on to
the offspring by the maternal line
alone, but also through the paternal
line. “Another advantage is that we
can do something here that doesn’t
work with other plants. We can swap

the chloroplasts between two species.”
In the first generation (F1), the mixture of the parental genomes is achieved.
However, if F1s are crossed with each
other – Greiner calls it “selfing” – it’s
possible to breed the parents out of the
hybrids again.
The approximately 130-member family of the evening primrose plant originates from America, and was first introduced to Europe in the 17th century.
They grew wild here and are a permanent feature of central-European flora
today. Stephan Greiner researches the
subsection Oenothera, of which there
are only 13 species. To the untrained
eye, the plants look very similar. However, botanists can distinguish between
them based on their flower size, leaf
shape, growth, stem color, and branching type.

AMERICAN ORIGINS
The populations, which were separated
mostly by ice ages and are converging
again, are indicated on a biological map
of the American continent. Type AA-I
can be found almost throughout North
and Central America. BB-III grows only
in Florida and a few neighboring states.
To the northeast from here, a mixed
area (AA-I/BB-III and hybrids) exists
with a small enclave of CC-V plants.
One section of Greiner’s evening
primrose plants are outside in the airy
foil greenhouse. Here, too, there are
yellow flowers everywhere. But they
only appear like this to human eyes.
Greiner opens a flower. Inside, it has
barely visible stripes. “Butterflies can
see in the UV range. For them, these
flowers are white with red stripes.”
Greiner’s research group works with
300 experimental lines. “With about

1,000 varieties, we have the biggest living collection of evening primroses here
in Golm,” he explains. Some of them
grow in pots in the adjacent high-tech
greenhouse. In some of them, the yellow flowering branches are completely
packed in airy white paper bags – to ensure that they stay “clean,” meaning
they can’t be pollinated by other lines.
Many plant species, including crops
like barley, beans, and peas, don’t even
rely on cross-pollination. Some self-pollinate before they open their flowers;
others refrain completely from sexual
reproduction and produce seeds without fertilization. The question arises
here as to which system, sexual or asexual reproduction, is more effective. “Basically, nobody really knows why sex
exists anyway,” says Stephan Greiner.
“For example, a desert plant is perfectly adapted to extreme drought. If it’s
cross-pollinated, it’s pretty unlikely that
its offspring will manage as well in desert conditions.” In such cases, the fact
that mutations accumulate through inbreeding speaks in favor of sexual reproduction. Sex, in contrast, constantly renews the gene pool.
Part of Greiner’s work involves classical breeding experiments: targeted
pollination, waiting for the seeds to
form, sowing, replanting, and tending.
With 300 varieties, that’s a lot of work.
To this is added the molecular biology
work: taking samples, obtaining DNA,
reproducing, and analysis.
Another research approach is deliberate mutagenesis, which is the intentional triggering of changes in the genes,
which changes enable the chloroplasts
to harmonize with the nucleus again.
“We have an evening primrose line that
is called chloroplast mutator. It has a
defective gene in the nuclear genome
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left: Chloroplasts in a thale cress (Arabidopsis
thaliana) leaf. Plant cells have different
numbers of these organelles, with which
they harness energy from sunlight using
photosynthesis.

and thus causes a relatively high number of mutants.” From this, the biologist also hopes to obtain information as
to why some hybrids have no chance
of survival.
The beauty of Greiner’s research approach is that, because the chloroplast
genome is responsible almost solely for
photosynthesis, it is possible to see
from the plants whether and how this
process is impaired. The leaves are either too small, yellow-green in color, or
have a conspicuous pattern: whitegreen stripes or white around the edges. Such segregation patterns indicate
that only the impaired chloroplast has
been inherited.
It’s easy to establish whether and
which part of photosynthesis is impaired in hybrids using fluorescence
measurements. If the chlorophyll in
the leaves works perfectly, a certain volume of the incident light is reflected.
From the reflection, conclusions can
then be drawn about the state of the
chloroplasts.
“We are interested primarily in
these incompatible hybrids, as the nuclear and chloroplast genome is no longer correctly regulated in them.” This
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occurs when the two genomes have a
different evolutionary history. Through
the long symbiosis, the nuclear genome
and plastome adapted to each other.
However, if two different populations
are crossed, it’s possible that the chloroplasts don’t harmonize with the unfamiliar nuclear genome.

WHEN CHLOROPLASTS AND
NUCLEUS DON’T HARMONIZE
Inadequate cooperation between the
nucleus and chloroplast appears to be an
important species barrier. However, this
is not attributable to photosynthesis itself. “Cyanobacteria have been harnessing energy from sunlight for two billion
years, so they’ve had enough time to optimize photosynthesis. Therefore, it’s
unlikely that anything in this has
changed within a relatively short period
of one million years.”
No, it appears to be more a matter of
fine-tuning, the regulation of the complicated process. “Photosynthesis depends on water – evening primrose
plants in Florida have more water for
photosynthesis than the plants in California.” That could be the crucial point.

Greiner’s team has already found two
factors that influence the success of hybrids: an enzyme for the regulation of
chloroplast proteins and a sub-unit of
photosystem II – one of the complexes
that provide energy for the plant.
The evening primrose has been a
part of Ulm-born Stephan Greiner’s life
since his student days at Ludwig-Maximilians-Universität in Munich. Although the classical genetics of this
family of plants had already been well
researched at the time, a molecular
model did not yet exist. This therefore
became the topic of Greiner’s doctoral
thesis. “It was back-breaking work,” he
remembers. Together with a colleague,
he developed processes for releasing
DNA, RNA and the organelles from the
plant – no easy undertaking, as evening
primrose plants have so many mucilaginous substances that cutting them up
produces a sticky, filamentous mass.
“Many botanists had worked on it before we did, but none of them managed
to come to grips with this chewing
gum. Using our methods, we were able
to analyze the evening primrose’s five
plastomes and create genetic maps.”
However, his doctoral supervisor re-
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right: The researchers can determine the
rate of photosynthesis, in this case in a thale
cress leaf, by measuring fluorescence.
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tired, and there was no further interest
in the model. So many years of research, and all for nothing?
The fact that Stephan Greiner now
researches at the MPI in Golm owes to
a fortunate coincidence. In 2009, he decided to make a clean break and took
an office job with a Munich-based patent law firm. “The job wasn’t bad and
it was well paid,” he says smiling. “It
would have been fine.” However, after
six months in the maze of patent rules
and regulations, he received a telephone
call. Ralph Bock, one of the three directors of the MPI in Golm, was interested
in Greiner’s Oenothera system and invited him to a meeting.
“I was actually through with science, but the research group impressed
me. They’re fully familiar with all of
classical genetics, as well as chloroplast
biochemistry. Very few can claim that.”
And so Greiner bade farewell to Munich and the law firm, and moved to
Brandenburg in mid-2009. The 33-yearold now supervises six doctoral students and is completely snowed under
with work.
His current aim is to identify factors
that reflect the genetic adaptation of

plants. “We will then be able to identify whether a factor has changed completely by chance or under the pressure
of natural selection – that is, whether,
for example, it causes a plant to adapt
to the desert climate.” As far as the evening primrose is concerned, Greiner
is optimistic: of 30 possible combinations, as the compatibility/incompatibility chart shows, 19 yield incompatible plants. Thus, the search field is
manageable, but big enough to enable
him and his team to draw generally valid conclusions.
Could we also learn something
about species barriers between animals
from his research? Greiner laughs. “It’s
not directly transferrable, as animals
don’t have any chloroplasts. However,

incompatibilities between the nucleus
and mitochondria play as important a
role in animals as they do in plants.”
Greiner’s research will definitely
have an impact on plant breeding.
Once the species barriers have been
identified, ways of overcoming them
can be found. “If it’s just a matter of
one or two factors, it could be done
through gene exchange.” Innovative
hybrids would also be possible. Definitely not cherry pumpkins or prickly
bananas, but high-yielding grain varieties that might survive in the Sahara.
But do we actually want transgenic
plants? For a planet that will soon have
ten billion people to feed, this question
is practically rhetorical. However, that’s
a different story altogether.

TO THE POINT
●

In addition to the cell nucleus genome, the chloroplast genome is an important
factor for the formation of species.

●

The regulation of the genes in the chloroplast genome influences the interbreeding capacity of different evening primrose lines.

●

Hybrids of different evening primrose lines can’t adapt photosynthesis to natural
conditions very well. As a result, the plants remain weak and form fewer seeds.
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Building Blocks
for Nanotransporters
Active ingredients for chemotherapy, corrosion protection products or vitamins: packaging
substances in tiny containers, transporting them to their intended destination – if need be, even
in the human body – and unloading them there would be of interest for many applications.
Helmuth Möhwald and his colleagues at the Max Planck Institute of Colloids and Interfaces
are developing the methods that will make all this possible.

MATERIALS & TECHNOLOGY_Microparticles
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ven a simple train ride from
Berlin to Potsdam goes smoothly only because everything’s
well organized: the train rolls
into Berlin’s main station, the
passengers open the doors and crowd
in to the sound of “all aboard!” Then the
train unerringly finds its way, through a
rather complex rail network, to Potsdam
station. There, the doors open again and
an automated message politely invites
the passengers to leave the train. Passengers don’t notice just how complex
it is to plan and operate such everyday
transport systems until things don’t
work: providing suitable places and
mechanisms for getting on and off is
just as important as the route and a
control system that guides the train to
the right place.
A transport system that is intended
to head for somewhere much smaller
than a train station to deliver a nanoscale cargo is no less complicated.
Potsdam, or more specifically PotsdamGolm, is exactly the right place to go to
find out how all this works. There, at
the Max Planck Institute of Colloids
and Interfaces, is where, for more than
20 years, Helmuth Möhwald and his
colleagues have been developing micro- and nanocapsules that can do just
that. The scientists are investigating
how to create micro- and nanotransport systems, for example to deliver
pharmaceutical substances to their intended target in the body and release
them there.
Russian doll capsule: A number of differentcolored hollow spheres nested inside one
another can accommodate various substances.

This could provide a solution to, among
other things, the dilemma doctors face
when they have to treat cancer with toxic chemotherapy agents that not only
inhibit the growth of tumor cells, but
also damage healthy tissue. Releasing active ingredients right at the focus of the
disease is one solution to this problem.
In addition, in many diseases, medicines
are intended to act over an extended period. Transport capsules of the kind being developed by the Max Planck researchers are capable of releasing active
ingredients slowly, thus providing longterm treatment for a disease.

A SIMPLE PRINCIPLE WITH A
WIDE RANGE OF BENEFITS
Micro- and nanocontainers for transporting materials would also be useful
in fields other than pharmaceuticals.
They could be used in corrosion protection, biochemistry, surface coating
and micromechanics. “The wide range
of potential applications make development work particularly attractive,”
says Helmuth Möhwald, who has been
a Director at the Max Planck institute
since 1993, and who has also headed
the “Interfaces” department there since
that time. “A simple principle can provide the basis for a wide range of benefits and solutions to the most varied
problems.”
“In principle we now have the ability to produce polymer containers that
measure just a few hundred nanometers in size and that can ferry any active
ingredient to almost anywhere in the
body and release it there. It is difficult

4 | 12 MaxPlanckResearch

63

Tatiana Kolesnikova prepares the process for
introducing polysaccharides labeled with
fluorescent molecules into the polymer capsules
(left). She investigates the properties of the
capsule walls, for example their thickness and
roughness, with an atomic force microscope
(right). Before turning the instrument on, she
closes the lid of the foam-lined box to protect
the sensitive measurement from vibrations.
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charged molecules, causing the latter to
be deposited on the surface. This results
in a positively charged layer exactly one
molecule deep and approximately one
nanometer thick. “This is an example
of self-organization, where we merely
exploit the interactions of the molecules with one another, and the individual layers delimit themselves from
one another, as it were,” says Helmuth
Möhwald.

SOME CARGOES NEED SPECIAL
LOGISTICS
In the next step, the surface then binds
negatively charged molecules. In this
way, the researchers can build up any
number of alternately positively and
negatively charged layers, both on a flat
surface and around a particle that is to
be packaged for transport. The size and
shape of the vehicles then depend on
the material enclosed, and may be individually specified for each substance.

However, not every cargo can be packaged quite so simply. In such cases, the
Potsdam-based scientists rely on another logistical solution. By carefully modifying the conditions in the polymer solution, such as temperature, concentration and pH, they can dissolve the core,
giving rise to hollow spheres that have
the dimensions of the templates. Producing a transporter for drugs in this
way often proves to be a particular challenge, since nanocapsules are often the
only suitable option for transporting
active ingredients, as only very small
containers can pass through the cell
membrane. However, producing polymer vehicles smaller than 100 nanometers in size is tricky: such tiny hollow
spheres can easily clump together into
an unusable conglomerate. The researchers prevent this from happening by
working with highly diluted solutions
in which the finished hollow spheres
virtually never come into contact with
each other. “Ultimately, it’s more com-

Photo: David Ausserhofer

to achieve all the required properties at
the same time,” says Möhwald. “The
fact that we can now do this successfully is a massive step forward compared
with our capabilities when research began here in Golm.”
Initially, he and his colleagues investigated chemical, biological and
physical processes that take place at interfaces between biological membranes
and their gaseous or liquid surroundings. Biological membranes consist of a
double layer made up of fat molecules,
proteins and polysaccharides. To facilitate their investigations into membrane
properties, the researchers used one
half of the membrane as a model, and
initially coated it with individual molecules. The resultant monolayers on a
surface allowed them to gain a better
understanding of the properties of biological membranes, and to investigate
the interactions between interfaces and
their surroundings. The emphasis at
this point was on the phospholipid
monolayer, which is distinguished by a
particular domain structure and many
different phases. The monolayer varies
between a solid and a liquid state when
it interacts with binding proteins, DNA
strands or other biomolecules.
The Potsdam-based scientists are
building on the findings from these investigations by developing organic multilayers of negatively and positively
charged polymers, which are simpler to
produce and handle than, for instance,
lipid membranes. They are exploiting
the electrostatic interactions between
the differently charged molecules: they
dip a material with a negatively charged
surface into a solution with positively
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plex than producing larger vehicles.
But even so, we’ve discovered various
usable methods,” explains Helmuth
Möhwald.
Then drugs or other substances have
to be brought into the resultant containers. In the same way as a train door
that opens to allow boarding and stays
closed during the ride, a capsule should
accommodate the active ingredient and
not let it back out until it reaches its site

5 μm

Water

5 μm

of action. The researchers aim to achieve
this by designing the capsule wall in
such a way that it becomes permeable
when required. As the scientists in Potsdam discovered, the thickness and density of the capsule wall, and thus its permeability, can be controlled just by
altering the temperature and salt content of the solution.
For instance, increasing the temperature causes the molecular building

The art of packaging in a test tube:
One mechanism for introducing substances
into the micro- and nanospheres makes
use of an effect of the solvent. In water,
the capsule wall is watertight (left);
in a water-ethanol mixture, it becomes
permeable, and the luminous green test
load penetrates into the hollow spheres.
The polymer wall closes again in water.

blocks of the capsule wall to move
more vigorously, and the shell softens.
This can have two diametrically opposed effects: either the container
shrinks or it swells. If the hollow spheres
contract, the bonds between the differently charged polymer layers break
and their constituents mix and coalesce. As a result, the wall becomes
thicker and denser and encloses the active ingredient in the interior. However, if the layers start to move, this can
have precisely the opposite effect. If
the differently charged layers move
apart, they no longer have a neutralizing effect on each other. The identically charged particles in an individual
layer then become more sensitive to
each other – they repel one another
and move apart. This causes the polymer wall to expand, making it thinner
and more permeable.
In order to close the wall again, the
researchers neutralize the electrical
charges with a salt, making the wall
thicker. “Wall permeability can thus be
systematically and reversibly controlled,” says Tatiana Kolesnikova, a
postdoc at the Max Planck institute.
“We can thus decide when active ingredients pass through the capsule wall.”
Using this principle, she and her colleagues not only fill the spheres with
active ingredients, but also release the
substances where they’re needed.
However, temperature isn’t the only
way to control permeability. It can also

4 | 12 MaxPlanckResearch

65

MATERIALS & TECHNOLOGY_Microparticles

T

40°C

50°C

60°C

70°C

80°C

Shrinkage in heat: The polymer
capsules contract as the temperature
rises. As they shrink, the walls
become more rigid and the spheres
retain their shape, even under a
scanning electron microscope.

4.5 μm

3.3 μm

2.0 μm

be controlled by varying the pH-value.
In cancer cells, for example, the pH-value is lower than that of healthy tissue.
If a capsule carrying a cytotoxin payload infiltrates a cancer cell, the capsule
wall becomes more permeable and the
active ingredient escapes. “We can also
use a similar mechanism in corrosion
protection applications, because a different pH-value prevails in the vicinity
of a corrosion spot than in the undamaged material,” explains Möhwald.
However, if active ingredients are to
be unloaded as accurately as possible
and in the greatest possible concentration at a specific location in the body,
the container needs proper doors that
can be opened from the outside. The

1.6 μm

1.0 μm

Max Planck researchers’ chemistry set
has something suitable for this, too:
molecules or nanoparticles that can be
built into the shell and act as door
openers. For instance, if the scientists
pack the capsule wall with gold particles, they can open the wall with pinpoint accuracy using an infrared light
stimulus: the gold particles heat up in
the infrared light and warm their surroundings, and the contents pass
through the shell at precisely this point.
“We can also achieve targeted substance release with ultrasound, microwaves or chemical reactions in which
the polymer is, for example, broken
down by enzymes,” says Kolesnikova.
The Potsdam-based researchers have

Hatchways in the capsule: The gold particles, depicted as spheres, in the polymer shell act
as antennas for infrared light, which heats the precious metal while being particularly
compatible with tissue. The capsule wall melts in the immediate vicinity of the particles,
releasing the fluorescent green particles. As soon as the light beam is switched off, the
wall closes again.

Infrared light
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Infrared on

Infrared off

also developed corresponding building
blocks that can be integrated into the
vehicle shell and open the containers
by means of these mechanisms.

LIME TEMPLATES FOR
MULTIFUNCTIONAL CAPSULES
Which particles the researchers use to
produce the shell and what size they
make the nanocapsules depend on the
active ingredient they want to transport. However, gold particles, which absorb infrared light, are of particular interest especially for medical applications. Radiation of this wavelength can
penetrate tissue to a depth of one centimeter, and the particles absorb light
around one million times better than
dye molecules. “This means that, in a
cell, we can target a capsule that releases an active ingredient at a precisely
specified time. We can even release different active ingredients simultaneously or in succession,” says Möhwald.
The researchers in Potsdam recently presented an elegant method for incorporating various building blocks
with different functions into hollow
spheres, thus producing containers of
an exact size. They use calcium carbonate – lime – microspheres as templates.
First, they fill the pores of the calcium
carbonate particles with the nanoparticles that ultimately form the shell and
perform various functions, and also
with the cargo for the transport con-
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Nanotransporter designer: Helmuth Möhwald and his colleagues have developed a wide range of methods for providing polymer capsules with
various functions. The poster and screens in the background show atomic force microscope images of surfaces, for instance of the capsule walls.

tainer. They then mix the filled calcium
carbonate spheres into a solution of
short amino acid chains or other polymers. The molecules are deposited like
threads in the pores and around the
filled calcium carbonate spheres, and
are crosslinked with a further protein
or polymer building block to form a
dense cocoon. When the researchers
then remove the calcium carbonate
with an acid, the nanoparticles arrange
themselves into hollow spheres in the
protein shell or polymer threads and
take on exactly the same size as the calcium carbonate spheres.
“This method is easier to control,
faster to implement and less costly than
previous methods for producing such
containers,” says Möhwald. And in the
case of vehicles for a medicinal cargo,
the protein shell itself is extremely useful. It not only defines the size of the
hollow spheres, but it also ensures that
the containers don’t clump together,
and makes them biocompatible. The
protein web, for instance, prevents the

colloidal spheres from becoming unstable in the highly saline environment of
the body.

SIGNAL PEPTIDES ACT AS
INTERACTIVE ADDRESS LABELS
Irrespective of the construction plans
the researchers follow to produce the
micro- and nanocontainers for medical
use, they must always select materials
for the shell that don’t induce an immune response, so the body’s defense
cells don’t intercept the active ingredient vehicles before they reach their target. Alternatively, the scientists design
the containers in such a way that they
can escape from the immune system’s
phagocytes. For instance, macrophages,
which eliminate any intruders or foreign bodies from the body, find it more
difficult to grasp long, thin containers.
However, being able to smuggle an
active ingredient container past the immune system and unload it in a targeted manner is helpful only if the means

of transport can also find its way to the
target. What a navigation device does
for a car, signal peptides, acting as interactive address labels, do for the active ingredient containers. These signal
peptides are appendages coupled to the
polymer shell that fit only receptors on
the target cell. They direct the capsules
to their destination because they continue to travel around the body until
their address labels dock onto the correct receptors on the target cell.
During years of research work,
Helmuth Möhwald and his colleagues
developed a range of methods for customizing micro- and nanocontainers
with various properties. “All we need is
an idea for a specific container property and we can do just about anything,”
says Tatiana Kolesnikova.
However, in order to be able to draw
up detailed instructions for practical
pharmaceutical use, the methods have
to be optimized for each specific case,
as the list of requirements for the capsules is determined by the substance to
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be transported and its target and purpose in the body. They can’t be too
large, must adapt to the biochemical
circumstances at the site of action, and
should produce an ideal concentration
of the active ingredient at the target.
The technique used to produce the capsules, in turn, is determined by the precise design of the containers. “This is
one of the reasons why industrial applications are still faltering. The methods
must be highly specialized for specific
active ingredients,” explains Helmuth
Möhwald. “That’s complicated and
costly, but from a scientific standpoint,
possible.”

COLLOIDAL SPHERES AS VALVES
IN MICROPUMPS
Capsules of the kind developed by the
researchers in Golm could, however, be
used for applications other than combating disease. Indeed, Möhwald can
see a whole spectrum of very specific
and very different potential applications, for example in nutritional supplements. For example, vitamin drinks
could contain high concentrations of
vitamins while remaining as clear as
possible. “They should look delicious
and be effective,” says Möhwald. “And
that’s just what we could achieve if we
packaged the vitamins at high concentration in colorless nanocapsules.”
The hollow spheres could also be of
use as a component in automotive
coating systems, because many of the
substances currently used for corrosion protection, such as chromium(VI)
compounds, are harmful to health and
need to be replaced. However, the nonharmful active ingredients disturb the
coating process and are readily dissolved out of the coating. This is why
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the scientists are currently developing
capsules that enclose alternative active
ingredients that aren’t harmful to
health, and that release them only
when required.
However, acting as a container for
substances to be encapsulated isn’t the
only potential application for these
hollow spheres. The colloidal spheres
are also suitable as micromechanical
components, for instance as valves controlled by salt concentration in micropumps. A hollow sphere expands when
exposed to an elevated salt content in
its surroundings and can block a channel, while it shrinks when the salt concentration drops, opening the channel
back up. “Our modular concept could
therefore be used in many sectors,”
comments Möhwald.
However, especially in medicine, it’s
not enough for the micro- or nanotransporters to perform all the neces-

sary functions reliably. They won’t
have a chance on the pharmaceuticals
market unless they are user-friendly
and are also accepted by patients. For
example, plans to distribute an insulin
preparation that diabetics could inhale
came to nothing some years ago because patients preferred to continue
injecting the medicine. It’s unclear
whether this was because of distrust of
a new technique or for other reasons.
In any case, the example shows how
difficult it can be for a method that is
successful from a scientific standpoint
to actually make it into practical use.
The basic researchers therefore still
have some work to do, as Helmuth
Möhwald explains: “We consider it our
job to point out potential applications
and hope that, at least for simple applications, we can demonstrate the practical benefits and convince industrial
partners of them.”

TO THE POINT
●

Nano- and microcapsules that enclose active ingredients may be produced from
many different materials and be given different functions.

●

The colloidal spheres are suitable as containers not only for drugs, for instance
in chemotherapy, but also for corrosion protection or as micromechanical
components.

●

The capsules and methods for producing them must be optimized for specific
applications, and the scientists at the Max Planck Institute of Colloids and Interfaces
have developed a range of options for achieving this.

GLOSSARY
Colloids: Particles up to a size of approximately one micrometer, for instance of a polymer
or droplets that are present in finely dispersed form in another medium, usually a liquid.
Permeability: The ability of a material to allow a gas or liquid to pass through it.
Phase: Area having a homogeneous chemical composition and identical physical properties. Steam above water and a layer of oil on water each constitute two-phase systems.
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The Power
of Flames
Fire has existed on earth ever since land plants colonized the
continents. To date, however, surprisingly little is known about
the role that fire plays in the global climate system – even
though vegetation fires have always influenced the climate with
their emissions. Silvia Kloster from the Max Planck Institute
for Meteorology is looking to close this gap in our knowledge.
She is researching the complex relationship between fire and
climate. Humans also play a key role in this closely woven web.
TEXT UTE KEHSE

P
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laying with fire isn’t Silvia
Kloster’s thing. “Actually, I’ve
always kept well away from
campfires,” the scientist admits with a smile. Kloster had
her most impressive encounter with the
hot element in 2011 during a conference in South Africa. Along with other
participants, she visited the Pilanesberg
National Park northwest of Johannesburg, where spheres the size of pingpong balls were being flung from helicopters into the head-high grassland.
These balls, filled with potassium
permanganate and glycol, set the savanna ablaze at lightning speed. “It
was terrifying to suddenly be standing
in the middle of a fire,” recalls Silvia
Kloster. But it was also amazingly interesting for the meteorologist to experience her research topic first hand

for once. “It was fascinating to see the
real-life version of what I work with on
my computer every day,” she says.

RESEARCH INTO
A NEGLECTED FIELD
Kloster’s topic is the interactive relationship between fire and climate. The
meteorologist focuses on two main
questions: Does global warming intensify natural vegetation fires? And, conversely, how does fire act on the earth’s
climate? Surprisingly little is known
about this. With the topic “Fire in the
earth system,” Silvia Kloster has chosen
a field that hasn’t had a lot of attention
to date. “Although fire is an important
process on the earth, it’s not taken into
consideration in the so-called earth system models,” says the scientist, who

Fire-climate feedback: As the greenhouse effect increases, forest fires are becoming
more common in some regions, and rarer in others. This alters the carbon dioxide balance
and the albedo, which in turn has effects on the climate.
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Earth system models document all important natural processes on our planet in formulas.
Fire is missing from practically all of these models.

heads an Emmy Noether Junior Research Group at the Hamburg-based
Max Planck institute.
Earth system models are computer
programs that document all important
natural processes on our planet in formulas, particularly the water cycle and
the cycles of trace gases, like carbon dioxide. They also describe the conversion
of solar energy into heat, wind and biomass. The main purpose of earth system
modeling is to simulate the climate. To
do this, the models include not only
processes in the atmosphere, but also on
the ground, in the oceans and in the icecovered regions, known as the cryosphere. All of them are linked to the
mantle of air that surrounds us.
Thus, earth system models also simulate phenomena such as the build-up

and melting of glaciers, changes in vegetation, the solar radiation reflected back
from the earth’s surface, and biological
processes in the sea. But fire is missing
from just about all of these models.

A WORLD WITHOUT FIRE WOULD
LOOK TOTALLY DIFFERENT
The power of flames has been shaping
life on earth since a good 400 million
years ago. At that time, the first land
plants conquered the continents. As
they spread, so did fire: that cataclysmic chemical reaction that converts
carbon into carbon dioxide, releasing
energy in the form of heat and light.
Only three ingredients are needed for a
fire to start spontaneously: oxygen, fuel
and an ignition source.

While oxygen levels in the air have
fluctuated greatly over the course of the
earth’s history, for the past 540 million
years or so, they have been high enough
to ignite organic material. Later on,
plants delivered the fuel needed for this
to happen. But ignition sources must
have been there all along too – most of
all lightning, but also volcanic eruptions and meteorite impacts.
Fire is likely to have played an important role in evolution. For a long
time, biologists assumed that it was
mainly climate and soil that determined which ecosystems thrived at any
specific location, but this idea is now
regarded as too simplistic. “Fires also
decisively influence how vegetation is
distributed on the earth,” says Silvia
Kloster. A world without fire would
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Fire researchers: Silvia Kloster (far left) and her working group (Stiig Wilkenskjeld, Iryna Khlystova, Jessica Engels, Gitta Lasslop and Andreas Veira)
standing on the roof of the Geomatikum building at the Max Planck Institute for Meteorology, next to a weather station.

ENVIRONMENT & CLIMATE_Earth System

Controlled vegetation fires in the woods: In the Pilanesberg National Park in South Africa, the grass is burned off once a year
to prevent the build-up of excess flammable material and the possible outbreak of a fire that could also endanger the trees.

look totally different. “There would be
more forest and probably no savannas.”
According to one theory, grasses that
burned off readily were able to spread
over large areas of the earth about eight
million years ago because, in the forests, fires cleared the swaths that were
needed for these grasses to grow.
The realization that fires are a natural component of many ecosystems
has slowly changed attitudes to them
in many places. “For a long time, the
policy in the US has been to suppress
fires as much as possible,” says Silvia
Kloster, “but it now turns out that this
isn’t a smart idea at all.” The reason is
that regular fires are needed in savannas, Mediterranean scrubland and the
coniferous forests of the northern taiga to thin out understory and rejuvenate the vegetation.

Photos: MPI for Meteorology

SCIENTISTS WERE RELUCTANT
TO ACCEPT THE ROLE OF FIRES
Trees are protected from the heat of the
flames by their thick bark, and usually
withstand short and superficial fires
unscathed. In Pilanesberg National
Park in South Africa, controlled burning of the grass is carried out once a
year. “This doesn’t harm the trees,”
Kloster believes. “You could even jump
over the flames.”
However, if nothing burns for a
long period of time, more fuel builds
up. “And then there comes a time
when you can no longer prevent a fire
from breaking out,” says the researcher. Since there is a lot more combusti-

ble material in the understory, the
flames leap higher and build up higher temperatures. The consequences of
these crown fires are much worse: they
also engulf fire-resistant trees and destroy them.
For modelers like Silvia Kloster, fire
is a challenge, as it influences many
other processes on earth, and is influenced by them in turn. “I find these
kinds of feedback mechanisms exciting,” says Kloster. “Plus, I enjoy doing
the math. I like modeling and find it
fascinating to work with high performance computers.”
The scientist was already focusing on
feedback mechanisms during her doctoral work at the Max Planck Institute
for Meteorology. At that time, it was all
about whether marine algae could regulate climate like a kind of thermostat.
However, her calculations showed that
hypothesis to be wrong. For her achievement, she was distinguished with the renowned Otto Hahn Medal.
She got onto the subject of fire during her postdoc time at Cornell University in the US. “Fire models haven’t
been around very long,” she reports.
Climate researchers have been neglecting this part of the earth system, partly
because there was little data about how
often natural fires occur. But cultural
reasons may also have played a part.
Since fires are unwanted and have long
been seen as unnatural, many researchers found it hard to accept their fundamental role.
Since then, the data has improved
considerably. Among other things, sat-

ellites sent up by the space agencies ESA
and NASA are keeping track of where
things are burning in the world at any
given time. The same satellites can also
measure the visible solar radiation
bouncing back from the surface of the
earth, known as the albedo. This allows
the area of a fire to be estimated. When
combined with information about the
predominant vegetation, emissions
caused by the fire can be discerned.

KLOSTER’S GROUP IS GENERATING
ONE OF THE FIRST FIRE MODELS
Silvia Kloster needs these variables for
her model. Her group – consisting of
two postdocs, two doctoral students
and one programmer – is currently one
of the first teams in the world to be
working on producing a fire model that
not only is a realistic representation of
the distribution of natural fires on
earth, but also calculates the influence
of fire on the climate. The model is part
of the Max Planck Institute for Meteorology’s Earth System Model MPI-ESM.
An atmospheric model feeds it with climate data, and the Earth System Model, in turn, produces its own data, such
as carbon dioxide emissions and changes in albedo; these then flow back into
the atmospheric model.
“Our fire model computes interactively within the Earth System Model,”
says Kloster. Since fire, with its emissions, is closely linked to the chemistry of the atmosphere, Kloster’s team
is working together with researchers
from the Max Planck Institute for
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Humans have a big influence. They are a potential cause of fires, but they also fight them.

Chemistry in Mainz. The group also
keeps in close contact with the Max
Planck Institute for Biogeochemistry
in Jena, where specialists collect a large
amount of observational data for vegetation and fire models.

MORE FUEL GROWS WHEN
CO2 LEVELS RISE
“Basically, our model is really simple,”
says Kloster. According to it, fires occur
if there is enough fuel available in the
form of biomass at a given point on the
earth’s surface, if this biomass and the
soil are dry enough, and if a thunderstorm or humans are present as an ignition source. In the model, fires unintentionally started by people are counted
as natural vegetation fires.
All three fire factors depend on climate: for example, the warmer it is in
a particular region, the more often the
region will experience thunderstorms.
At the same time, most plants grow better at higher atmospheric CO2 concentrations. With higher future CO2 levels, more fuel could collect in many
parts of the world. While dry conditions produced by climate change favor
fires, they can also prevent them –

namely when there is so little water
that nothing can grow any more. “In
dry regions, there’s simply less stuff to
burn,” says Kloster.
In its first study, the team simulated the frequency of fires during the
20th century. Their aim was to test
whether their fire model accurately
projects the actual distribution of forest fires on earth – whether forest fires
occur in the model where they also
happen in real life. “We’ve also included fire clearing, although this is
not modeled using mathematical
equations. Instead, it goes into the
model through externally prescribed
land use data, based on information
from the Food and Agriculture Organization FAO, among others,” says Silvia Kloster.
The test confirmed that the model
reproduces real life really well. However, the researchers found that humans
have a big influence. According to
Kloster, people themselves are a potential cause of fires, but they also fight
them. The higher the population density in a particular location, the more is
done for fire protection – the local population is told not to throw away cigarette butts in the woods, and planes

Changes in carbon emissions from fires,
in percent
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quickly extinguish any fires that do
flare up. Areas used for agriculture are
another important factor. Since cultivated fields hardly ever catch fire, and
since they also prevent the spread of
forest fires, an increase in agricultural
area means fewer fires.

THE NUMBER OF FIRES WILL RISE
IN THE 21ST CENTURY
Kloster and her colleagues got the
right result only when they incorporated the population density factor
into their program. “The west coast of
the US, for example, would burn much
more often if it weren’t for the active
steps that are taken against forest
fires,” she says. The study also showed
that the number of fires worldwide decreased between 1860 and 1960. “This
is very interesting, because it was previously assumed that fires started by
people had increased during this
time,” says Silvia Kloster.
But the model’s calculations confirm that rising population numbers
and forest management eventually led
to fewer fires. Since 1960, though, there
has been an upward trend. “The cause
for this is global warming,” says Silvia
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Many factors make predicting fire uncertain: Depending on the underlying climate scenario, carbon dioxide emissions from fires (left), when
compared with average emissions in the years 1990 to 2009, increase by about 20 percent, or even up to 60 percent. What both calculations take into
account is that, as the world’s population grows, forests will need to give up more and more area to agricultural usage, and will be burned more often.
However, these fires will also be suppressed to a greater extent. The individual factors have a very different effect in this system (right graph):
depending on its scale, climate change (blue – ECHAM; pale blue – CCSM) leads to a greater or lesser increase. As land cover changes (LCC), there
is also a trend toward fewer fires (red curves), with the greatest decrease in forest area also causing the biggest drop. The number of fires ignited
by humans (HI) rises, but this will also be more than compensated for by fire suppression (FS) in the future.
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How can individual causes of fire be expressed in mathematical terms? On the whiteboard, Silvia Kloster is developing an approach
to enable her to feed lightning rates, which will be altered by climate change, into her fire model.

Kloster. One example of how the model provides a good reflection of reality
is that it correctly reproduced the extreme fires of the El Niño year of
1997/98 in Southeast Asia.
In a second study, published in
2012, the team worked out how the
situation would develop further in the
21st century. Their results showed that
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the number of fires is set to rise even
more. Carbon emissions due to fire
will increase by one- to three-fifths
compared to the last 25 years. However, this result depends on various developments – such as the rate of population growth and whether more
areas will be used for agriculture. It is
highly likely that these opposing
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The climate scenarios ECHAM/MPI-OM (left) and CCSM (right) provide a different picture
of where fires will release more or less carbon dioxide (grams per square meter and year)
at the end of the 21st century. Both simulations, however, show a decline in fires in the
Mediterranean region, as fewer plants will be growing there.

trends will balance each other out, report Kloster and her colleagues in the
journal BIOGEOSCIENCES.
According to the model, forest fires
in South America are on the increase,
because it is becoming drier there.
Tropical rainforests like those of the
Amazon are actually regarded as being
pretty much immune to forest fires.
Even if it doesn’t rain there for a long
period, the humidity of the air beneath
the canopy of leaves remains high, as
the water evaporating from the trees
can’t escape. But forest clearing and the
construction of highways is causing
the rainforest to fragment into smaller
and smaller plots. These wooded patches are more susceptible to wind and
dryness than an enclosed area of forest.
These days, only single trees are often felled for tropical timber production. But even this selective clearing endangers the rainforest. The remains left
behind by saws and heavy machinery
make for good fuel. And fire can spread
more easily in thinned rows of trees. In
addition, fires in tropical forests cause
more damage than in ecosystems
adapted to fire, such as the savanna.
Rainforest trees have thin bark that offers them little protection.
>
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The formula “warmer climate = more fire = even greater warming” is too simple,
says Silvia Kloster.

Changes in the probability of fire due to available biomass, in percent
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Changes in the probability of fire due to soil moisture, in percent

BLACK AREAS CONTRIBUTE
TO GLOBAL WARMING
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Two factors that influence the probability of fire for the years 2075 to 2099 show changes in
the ECHAM/MPI-OM and CCSM climate scenarios: the quantity of available biomass (above)
and soil moisture (below). In general, dry areas burn more often, but they also grow less
flammable material.

The study also had an unexpected result: “There will be fewer fires in the
Mediterranean region. It will become so
dry there that less biomass will be available as fuel,” explains Silvia Kloster.

NATURAL FIRES ARE THE
SECOND LARGEST CO2 SOURCE
It isn’t yet possible to definitively assess
the effects that fires will have on the climate. In any case, the formula “warmer climate = more fire = even greater
warming” is too simple, says Silvia
Kloster. “Fire has many different effects.
Some of them also cause global cooling.” Carbon emissions are viewed as
the most important climatic factor. In
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year. This is more than the area of India. But this figure varies greatly. “We
also need to take into account the fact
that vegetation grows back after a fire,
reabsorbing part of the carbon dioxide
it emitted,” says Silvia Kloster.
But a fire also generates other greenhouse gases. The most important of
these is the hydrocarbon methane,
which has a greenhouse effect 20 times
more powerful than that of CO2. Nitric
oxides and highly reactive trace gases
like ozone are also formed and cause
their own changes to the atmosphere’s
chemistry. In addition, fires generate
various aerosols, specifically airborne
liquid droplets and solid particles. Dark
aerosols, like black carbon, have a
warming effect. Others, like sulfate
aerosols, have a cooling effect and reflect sunlight back into space. Aerosols
also influence the formation of clouds.
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a fire, the carbon stored in plants burns
to form carbon dioxide. This greenhouse gas then escapes into the atmosphere. A single fire that burned for
many weeks in the summer of 2007
near the Anaktuvuk River in Alaska,
transforming thousands of square kilometers of tundra into a blackened
moonscape, released 2.1 million tons of
carbon, equivalent to the annual emissions of 1.4 million cars.
After mankind, natural fires are the
world’s second largest source of the
greenhouse gas carbon dioxide. They
release half as much CO2 as humans do
by burning fossil fuels. A total area averaging 400 million hectares is affected
by fires throughout the world every

Forest fires have a further climatic effect in that they temporarily change
the color of the land surface from green
to black. Since black areas absorb more
sunlight than a green wood or yellow
grassland, they heat up more intensely
and thus contribute to global warming
(the albedo effect). “In high latitudes,
however, a fire can also make the earth’s
surface brighter,” explains Kloster.
“When a forest is burned away, the area
is whiter in winter, because the snow is
not hidden by the trees.” What role this
mechanism plays is currently the subject of a doctorale research project in
her group.
She and her fellow researchers want
to incorporate other feedback processes into their model. They are thus
working on correctly modeling the
transport of ash into the atmosphere.
“It makes a difference if aerosols stay
close to the surface or if they go higher up and reach all the way into the
stratosphere,” explains Kloster. Another thing that the scientists in Hamburg

Graphics: MPI for Meteorology
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have not yet taken into account are
peat fires, as it can take millions of
years to build up a layer of peat, and
vegetation models have not yet provided a satisfactory simulation of this.
“Only vegetation burns in our model,”
says Kloster. “Peat is a major source that
we have had to overlook.”

fire, the permafrost could begin to melt
more widely, forming bogs. This risks
releasing large amounts of the climatealtering methane that has been stored
there for millennia.
Thus, global warming in the high
north could potentially set off an overlooked vicious circle. Fires have been
rare in the tundra: a blaze like the one

in 2007 at the Anaktuvuk River had not
been seen in northern Alaska for at
least 5,000 years. But the summer of
2007 was hotter and drier than ever before. This heat brought thunderstorms
to the Arctic for the first time. The trigger for this devastating fire, which
raged through the tundra from July to
October 2007, was a lightning strike.

FIRES HAVE BEEN RARE IN
THE TUNDRA SO FAR
The scientist also wants to include fires
in permafrost regions in the model, like
the Anaktuvuk River fire of 2007. While
only a thin layer of moss is usually
combusted by fires in the tundra, this
destruction can have long-term consequences. The reason is that the thin
plant cover on the surface insulates the
permanently frozen deep permafrost
soil from the heat of the summer. If
that protective layer is destroyed by

TO THE POINT
●

Fire has always influenced the earth’s climate. Conversely, global warming
also affects the frequency of fires.

●

The number of fires has been rising since 1960 due to global warming.
According to model projections, they will continue to increase. While people
are a potential cause of fires, they also fight them.

●

Although fire is an important climatic factor, it has not been considered in earth
system models to date. Researchers at the Max Planck Institute for Meteorology
are therefore studying the complex interactions between fire and climate.
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Law and Anthropology
Many different conceptions of law exist side by side in multicultural societies – a reality that formal
legal systems have ignored for far too long, according to Marie-Claire Foblets. As Director of the
new Department for Law and Anthropology at the Max Planck Institute for Social Anthropology,
she hopes to help change this situation.

T

here is something curiously
British about the way MarieClaire Foblets makes her way
through the streets of smart
townhouses in the shopping
district of the old university city, wearing a trench coat and carrying an umbrella. However, this isn’t Oxford, but
the capital of the province of Flemish
Brabant. She just returned from Halle a
few days ago, where she has been heading up the new Department for Law
and Anthropology at the Max Planck
Institute for Social Anthropology since
March of this year.
The fact of the matter is, when Foblets agreed to heed the call of the Max
Planck Society to Germany, it was on
condition that she would be able to
continue in her post as Director of the
Institute for Migration Law and Legal
Anthropology at the Catholic University of Leuven. Now she travels between
the two locations, and feels quite comfortable doing so. There’s just one thing
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that concerns her: “I hope I’m around
enough for my doctoral students,” she
says on the way to the old market
square, where she has suggested a restaurant for our lunch. Even having just
met her, it sounds improbable that
someone for whom she has assumed responsibility could feel neglected.

BACKGROUND INFLUENCES
ONE’S THOUGHTS AND ACTIONS
Born in Brasschaat, a Belgian town in
the Antwerp area of Flanders, MarieClaire Foblets has spent most of her
life in Belgium. She studied in Antwerp
and Leuven and has worked there for
most of the last 20 years. The legal anthropologist wouldn’t necessarily subscribe to the view that she is a typical
Belgian, but she is convinced that certain characteristics of this small kingdom in Western Europe have had a
major influence on her way of thinking and acting.

“I grew up in a small country, full of
cultural and linguistic diversity,” she
explains in relation to the origin of her
interest in multicultural societies and
strategies for conflict resolution. “You
could also say that I was socialized in
an awareness that well-negotiated compromises can increase the potential for
reconciliation, even in cases where there
are huge differences.”
For 20 years, she has researched, lectured on and written about the legal
problems affecting multicultural social
systems. “It’s fascinating to look into
the normative logic of cultures,” says
the scholar about her work. Of particular interest is the development of Europe, where globalization and migration made societies everywhere increasingly multicultural, even in relation to
law. “We get migrants who have comCharacterized by linguistic and cultural
diversity: The Belgian Marie-Claire Foblets,
Director at the Max Planck Institute for
Social Anthropology.

Photo: Sven Döring
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Research in dialogue and alone at her
desk: Marie-Claire Foblets works with
Bertram Turner (center) and Martin
Ramstedt (right) on a comprehensive
international database. It’s intended to
enable legal experts and politicians to
access past legal proceedings in which
people from other cultures and legal
conceptions came into conflict with the
official national legal system.

ENTICING OFFER FROM THE
MAX PLANCK SOCIETY
An increase in nationalistic tendencies
is also being seen all over Europe, and
“Belgium is no exception,” she says.
These considerations may have played
a role in her decision to open a new
chapter in her career, swapping the familiar life of a professor for that of a
commuter. “The offer to continue my
research long term and on an international level under the aegis of the Max
Planck Society was very enticing.”
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She stops frequently as we make our
way into the center of Leuven, to point
out interesting details on the buildings.
Most of the townhouses, richly decorated in typically Flemish style, look older than they are. “These here were simply reconstructed after they had been
destroyed by the Germans during World
War I,” she recounts, indicating a particularly attractive row of houses. It’s
clear that she has a wealth of knowledge about the history of the old university city, and enjoys sharing it.
From this perspective, it would seem
that her choice of “Rodins” in the Oude
Markt was no random selection. With
its dark interiors, it reflects the flair of
Dutch “brown cafés” for “Gezelligheid,”
roughly translated as coziness and conviviality. The food should also be typically Belgian, and the waitress serves
this German visitor steak tartare, fries
and a beer from the local brewery, for

which the city of Leuven is also world
renowned. My hostess, in turn, is served
carpaccio and a small glass of dry white
wine.

BACKGROUND KNOWLEDGE FOR
POLITICS AND SOCIETY
Marie-Claire Foblets would also make
quite a respectable tour guide – perhaps
because she already is one in a way, only
on another level. As a legal anthropologist, she has studied the social rules and
structures of other cultures in theory and
practice and is committed to ensuring
that this knowledge makes its way into
society. Of particular concern to her is
equipping decision-makers in politics
and society with the necessary background knowledge to deal appropriately
with the legal problems and issues that
the day-to-day coexistence of people
from different cultures brings with it.

Photo: Sven Döring

pletely different conceptions of justice
or what is just, and they keep their law
codes. Of course they adapt, just as we
do, but in the course of that process,
certain issues prove difficult and end up
before the courts,” Foblets says, describing the impacts of the new legal pluralism on society.

Photo: Sven Döring

It’s quite remarkable that those people
who really have something worth sharing are very hesitant to reveal things
from their own lives – not because they
have something to hide, but out of
modesty. Marie-Claire Foblets is no exception to the rule. The 52-year-old,
now relaxed and sipping her wine unpretentiously, is one of Belgium’s most
important scientists. There is even a
stamp bearing her portrait, and in 2004,
her work in the field of legal anthropology was honored with Belgium’s most
prestigious science award, the Francqui
Prize; conferred in a three-year cycle, it
is worth 150,000 euros. Two years later, King Albert II made her a baroness
in recognition of her work.
“What pleased me most was the recognition of my research findings,” she
recalls. But she waves all personal questions aside: “That’s really not important.” She would much rather talk about

her work – the political interaction between different legal systems, for example, and under what circumstances this
suddenly becomes relevant. Or how
people in a multicultural society navigate the different legal spheres.

CIRCUITOUS ROUTE TO LEGAL
ANTHROPOLOGY
She studied this issue for ten years in legal practice, when she was admitted to
the French-speaking section of the bar
association in Brussels upon completion of her studies in law and philosophy. The law firm she worked in specialized in migration and asylum law.
“I gave my clients legal advice and then,
when the conflict or issue was resolved
by a court decision, I frequently remained in contact to see how they lived
with the solution,” recounts MarieClaire Foblets.

In doing so, she frequently observed
that people aren’t interested in using
the courts to set precedents. “Some of
them just wanted to know they were in
the right; they never actually implemented the ruling.” From this, Foblets
drew the conclusion that people use
the law for their own power games. “I
always found that fascinating, and in
fact that’s what brought me to legal anthropology,” she says.
In fact, when she started out, it
wasn’t at all clear where her career
would lead her. “It’s only in hindsight
that everything seems so obvious,” she
observes. When she registered to study
law at Antwerp University at the age of
17, she wasn’t necessarily intending to
pursue a career in law. “I was in the fortunate position that my parents didn’t
expect me to immediately select a path
that would guarantee secure access to
employment,” she recalls of her deci-
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with a scholarship that took her to the
University of Münster for a semester of
philosophy. There she came across the
phenomenologist Hans Blumenberg,
who believed that those who take too
narrow a view when interpreting human life and living environments fail
to do justice to their subject.

PARALLEL UNIVERSE OF
CONFLICT MANAGEMENT
However, Marie-Claire Foblets would
only truly encounter this open-mindedness when, back in Belgium once
more, she devoted serious attention to
anthropology. This science, which
probes all aspects of human existence
and co-existence, opened up new worlds
to her. “It was as if a door opened that
I was completely unaware of as a law
student,” she remembers. Suddenly, her
direction seemed clear. “Anthropology

sharpened my awareness of how different mindsets exist alongside each other all over the world.”
Her work in Brussels was taking
place during the time that Europe was
beginning not only to constitute itself
as a supranational alliance of member
states with a joint foreign and security
policy and cooperation in justice and
internal affairs, but also to align its asylum and migration policy. “It was an
exciting time for me as a young lawyer,
and I learned a lot about how issues of
international migration are dealt with
in law,” says Foblets. “At the same time,
I was able to observe the increasingly
rapid development of unprecedented
legal pluralism in immigrant societies.”
It was also during this period that
she completed her doctorate in anthropology, largely inspired by those
observations and focusing on North
African families living in Belgium and

Contested ritual: In the Muslim and Jewish worlds, boys are circumcised to symbolize their belonging to the religion – a cause for great
celebration in their families. In Germany, however, circumcision is met with resistance. In June, a judge at the Cologne regional court ruled that
the circumcision of a four-year-old Muslim boy was an infringement of the boy’s basic right to physical integrity. Consequently, legal experts
have called for a bill to legalize circumcisions performed under proper medical conditions. One attentive listener to the debate in the Bundestag
was Israeli Chief Rabbi Yona Metzger, who, at a federal press conference in August, proposed a compromise that those performing circumcisions in Germany should receive basic medical training.

Photos: AP (left), ddp (right, 2)

sion, which she hoped would broaden
her personal horizons. She was simply
curious about the world. And just as
some learn a language by studying its
grammar, she used her freedom to grasp
the structures of the world.
The discipline of law, with its different types of normative logic and the resulting rules, was evidently just right
for her. But there was a snag. “The answer is there, and you always have to
try to line up the facts with the rules,
but I found that a little too dry,” she
says about her first, rather insipid experiences with academic life. It was a similar story with her second subject, philosophy. The philosophical theories
about the origin of moral concepts and
related norms were quite relevant to
her legal studies, but she found them
very abstract.
The exception came upon completion of her master’s degree in Belgium,
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the Belgian legal system. “As an anthropologist, I was especially interested in how members of minority communities behave in pluralistic settings
when the legal concepts of their culture of origin aren’t recognized by the
official legal system of their new home,
but they still want to seek just solutions in personal disputes.”
Foblets discovered a parallel universe of strategies and mechanisms of
conflict management in that society
and learned a great deal about the experiences of minorities with the European legal system. “Now, 20 years later,
we know much more thanks to many
research projects – not only anthropological ones, but also sociological and
psychological.”

PLURALISM WAS IGNORED FOR
FAR TOO LONG
She continues to speak in clear, wellformulated sentences, but now at a remarkable pace, and even the gestures
she uses to emphasize her words are
livelier. She has come to the topic she
really wants to talk about: why the

knowledge garnered through legal anthropology is so important for modern
society. “Because pluralism, in all its
complexity, has arrived in our society
and this reality has been ignored for far
too long by the formal legal system.”
And: “Unfortunately, it must also be
said that the lawyers and legal experts
who are educated in European universities aren’t properly equipped to deal
adequately with the new situation.”
However, this ignorance carries the
seeds of social unrest, as seen recently
in the example of a ruling by the Cologne regional court. A judge there
deemed the circumcision of a four-yearold Muslim boy to be an infringement
of his basic right to physical integrity,
setting off an enormous wave of protest
among Muslims and Jews. “They see
the verdict as discrimination against
their religion,” says Foblets, explaining
that, in this case, two world views came
into conflict, each of them having their
own set of rules.
Strictly speaking, both were concerned with the well-being of the child,
because for many people, bringing a
child up in one’s own religion serves

precisely this purpose. The basic right
to physical integrity clashes here with
the social tradition of the two other cultures, in which a boy becomes a member of the religious community when
he is circumcised. This raises the question of which is more important: the
child’s basic right to physical integrity,
or his identity?

RULING STRIKES AT THE CORE
OF MUSLIM IDENTITY
“We developed the concept that physical integrity is an important value in
legal terms, and that it is in a child’s interest,” says Foblets. “However, this
clashes with other world views in which
a person’s identity is largely defined by
his or her religion. Without this, they
have no identity.” If one considers
physical integrity from a global perspective, it turns out that an astonishing number of societies around the
world use physical markings to symbolize identification with their culture.
If a judge in Cologne decides to approach this type of case from a Western
perspective, conflicts with other seg-
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ments of a multicultural migration society are assured. “Forbidding people to
raise their children according to part of
their culture is bound to strike at the
heart of their identity,” says MarieClaire Foblets, explaining the outrage
among Muslims and Jews in Germany.
With her department in Halle, the
new Max Planck Director aims to help
reveal the potential of such legal disputes for social conflict, thereby contributing to the peaceful coexistence of different communities. It is a question of
finding appropriate solutions that do
not lead to division in society. “My professional responsibility doesn’t consist
in rising above the position of the judge
or taking a position in favor of one of
the cultures. Rather, I want to show that
anthropologists have a wealth of valuable knowledge that judges know little
about, or to which they have had no access to date, but that may be helpful.”
Judges and legal experts are one target group, but so are decision makers
from politics and education. Foblets
hopes to network them with anthropologists and researchers from other
disciplines and other Max Planck institutes. Her wish list includes regular
workshops to share experiences and
thoughts on specific current issues. Another of her goals is to create a comprehensive international database containing fundamental decisions on conflicts
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between constitutional law and religious norms, such as the Cologne ruling and other relevant cases in which
cultural diversity is the object or a part
of the conflict.

JUDGES AVOID CULTURAL
CONFLICT
“It’s a matter of providing information
on how judges dealt with the issues and
how people reacted to their rulings,”
Foblets says of the idea. Had such a database already existed, the judge in the
Cologne circumcision case could have
drawn on recorded experience. “There
was a similar case 25 years ago in Belgium,” observes Foblets. Following a divorce from his Belgian wife, a Muslim father wanted to have their son circumcised, although the child had been
brought up as a Catholic until that time.
In this case, the judges avoided cultural conflict in that they didn’t even
raise the issue of physical integrity versus religious freedom. Instead, they ruled
that continuity of upbringing was in the
child’s interest, and in this case the boy
had had a Catholic upbringing until the
time of his parents’ divorce. “This meant
that the decision about which religion
the child should ultimately belong to
was postponed until he came of age, and
the court was off the hook,” says the
scholar. There was no scandal.

In recent years, social anthropology
and its concepts have attracted growing
attention from international decisionmakers. In our complex, increasingly
networked world, reliable information
about different cultures truly has become indispensable. In order to make
this information available to international legal practice, Foblets’ new department will start by working in three
main areas: the contribution of anthropology to the cross-cultural comparison
of legal systems; the integration of anthropological research and specific legal practice; and anthropological perspectives on legal pluralism.
Marie-Claire Foblets clearly has a lot
on her plate in the coming months, so
it’s surprising that she could take time
out for the interview and is now relaxed
and enjoying the coffee that the waitress has brought. “If we can manage to
do it all as we’ve envisaged, Halle will
be home to a legal anthropology knowledge center that is unique in Europe,”
she says.
That goal makes it worth leaving
the cozy conviviality of the small Belgian university city. “I’m very happy in
Germany, too,” she says. “I got to know
it a little during my semester in Münster and felt very comfortable there.” It
may well be true that she’ll miss the
fine Belgian coffee while in Halle. But
of course she would never say so.

Photo: MPI for Social Anthropology – Bertram Turner

Black on brown: In Marie-Claire Foblets’ Department for Law and Anthropology, scholars examine,
among other things, Moroccan family contracts that were written on pieces of wood. These alwah or
tablets allow them to analyze the impact of Islamic jurisprudence (fiqh) on everyday life.
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A Place That Radiates Great Science
The Kaiser Wilhelm Institute for Chemistry opened its doors in Berlin-Dahlem 100 years ago.
Just three years later, it produced its first Nobel laureate: Richard Willstätter had worked out the
structure of chlorophyll. However, the research facility, later reborn as the Max Planck Institute
for Chemistry in Mainz, became world-famous through the discovery of nuclear fission.

The grand opening was set for October 23, 1912. By 10:00 a.m., VIPs
from the worlds of economics, science and politics were assembled
in the chemical institute’s library. Those in attendance awaited an
exalted guest: the Kaiser himself was to formally open the Institute
of Chemistry, along with the neighboring Institute for Physical
Chemistry and Electrochemistry. And so began the work of the first
two research institutions of the Kaiser Wilhelm Society, which was
founded the year before.
“Today, the building is decked out in all its finery, like a bride
on her wedding day,” said Emil Fischer, Chairman of the Chemische
Reichsanstalt, the German Imperial Chemical Association, who had
backed the founding of the research facility. “But we are here to
celebrate the marriage of this institute to science, under the patronage of His Majesty. It is therefore easy to tell the future of this
union. We confidently expect it to produce an uninterrupted
throng of thriving, promising children, in the form of brilliant discoveries and useful inventions […].”
Like its neighboring sister institution, the Institute for Chemistry was designed by court architect Ernst von Ihne in the style of
the Dahlem villas, and completed in the record time of a mere eleven months. The laboratories were both modern and functional:
“White tiles […] and the generous use of glass on all sides ensure
His Majesty assumes the honor: On October 23, 1912, Kaiser Wilhelm II
(left) is seen formally opening the Institute of Chemistry that was
named after him. Walking alongside him is Adolf von Harnack, the first
President of the Kaiser Wilhelm Society.
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good illumination during the day. In the evening, lighting is provided by […] electric light bulbs […]. Clean, shiny flooring directly
promotes cleanliness.”
To provide the eminent guest himself with an idea of the institute’s work, the ceremony was to be followed by an official tour:
the Kaiser marveled at a “chlorophyll solution of wonderful color
and fluorescence,” peered at crystals of the same substance under
the microscope, and was given a demonstration of glowing radioactive compounds in a darkroom.
The Institute for Chemistry comprised three independent departments: the Department of Inorganic and Physical Chemistry
was led by the Institute’s Director, Ernst Otto Beckmann. The Head
of the Department of Radioactivity was initially chemist Otto
Hahn, later followed by physicist Lise Meitner. Richard Willstätter
had been recruited to head up Organic Chemistry.
Willstätter was a student of the famous Adolf von Baeyer, wrote
his doctorate in Munich on the structure of cocaine, and conducted research at the ETH Zurich. In Dahlem, he devoted himself to
photosynthesis and to working out the structure of flower and fruit
pigments. With this aim in mind, he created the most magnificent
institute garden of all time, including plantings “of large-flowered
asters, red sage, red-leaved beetroot, deep purple pansies […].”
That entire splendor disappeared into large stone tubs, where
the plants’ pigments were extracted. This required large amounts
of alcohol, which soon broke the budget due to the high alcohol
tax. Richard Willstätter had to make do with the cheaper solvent
acetone. But all this investment paid off: in 1915, Willstätter received the Nobel Prize for Chemistry for his research on plant pigments, especially chlorophyll.
By that time though, the work for which he was so highly distinguished was left to lie fallow, as World War I dictated the type
of research carried out at the institute. Willstätter was given the
commission to develop filters for gas masks that were needed to
protect the troops from chlorine, phosgene and “all other known
and potential poisons and irritants” involved in gas warfare. Around
30 million of the new three-layer filters went into use within a year.
Institute Director Ernst Otto Beckmann had also dedicated
himself to matters of national importance. Originally, this versatile chemist had worked mainly on the precise determination of
molecular masses; now, he was looking into raw material procurement issues. The lupine was a promising candidate as a source of
protein-rich feeds. However, in addition to valuable protein, this
relative of the pea also contains many bitter compounds.

Photo: Archive of the Max Planck Society
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To separate them out and make the plant palatable, the scientist
relied on hot water and regular taste tests of his mixtures. The key
factor was “the more or less scratchy sensation at the back of the
palate, perceived when swallowing a sample of the leaching water.” This self-experimentation proved to be his undoing: in 1923,
Beckmann died – the suspected cause of death being a form of poisoning known in veterinary science as lupinosis.
The Hahn/Meitner department was shut down at various times
during the war. Otto Hahn served in the Poison Gas Unit, while
Lise Meitner worked as an X-ray technician at a military hospital.
Soon after, though, things began to look up again. In the 1920s, the
Kaiser Wilhelm Institute for Chemistry was one of the foremost radioactivity research facilities. Eventually, in 1938, the institute was
responsible for working out a process that ushered in a new age,
namely nuclear fission.
As is so often the case in science, this fateful discovery was also
an accidental one: Otto Hahn and Lise Meitner, together with
chemist Fritz Straßmann, were actually on the trail of something
completely different. Following the trend of their times, they were

Photo: Archive of the Max Planck Society

»

a long walk in the woods, they reached the following conclusion:
the uranium nucleus hadn’t grown as a result of the neutron bombardment; quite the opposite: it had been blown up.
So the barium was indeed a fission product of uranium, releasing an enormous amount of energy upon its formation. Otto
Hahn was awarded the 1944 Nobel Prize for Chemistry for discovering nuclear fission, while Lise Meitner and Fritz Straßmann
went away empty handed – a decision that continues to fuel discussion even today.
After this ground-breaking discovery, the Kaiser Wilhelm Institute for Chemistry in Dahlem existed as such for only a few more
years. Air raids during the night of February 16, 1944 devastated

Science in the old days: Ernst Otto Beckmann (with
beard, right) and his colleagues at the Kaiser Wilhelm
Institute for Chemistry in Berlin-Dahlem.

Süddeutsche Zeitung daily paper, July 11, 1956

The Max Planck Institute for Chemistry’s new building is now
officially open. This edifice, containing facilities such as a
modern mechanical workshop, mass spectrography and radiochemistry departments, as well as a high-voltage plant used for
generating artificial radioactivity, cost around four million
Deutschmarks. The institute’s role is to conduct basic research
into nuclear physics and nuclear chemistry.«
trying to create transuranic elements: radioactive elements that
are heavier than uranium and don’t occur naturally. In their quest
for these substances, scientists diligently fired slow neutrons at
samples of uranium. The particles, it was thought, would stick in
the uranium nucleus, making it grow into a transuranic one.
But the trials that took place in the north wing of Dahlem’s Institute of Chemistry in December 1938 didn’t go according to plan.
Shortly before Christmas, Otto Hahn and Fritz Straßmann had repeatedly subjected uranium samples to this neutron bombardment. Lise Meitner could no longer take part in these experiments:
because of her Jewish origins, she had been forced to flee from the
National Socialists a few months previously, and had taken refuge
in Sweden.
In Stockholm, shortly before Christmas, she received a letter
from her friend and research colleague Otto Hahn, in which he
asked her for a remote diagnosis: “There’s something so peculiar
about these radioisotopes that you are the only one we’re telling
about it for now. It could still be a very strange coincidence. But
we’re getting closer and closer to the terrible conclusion that our
Ra[dium] isotopes are not behaving like Ra[dium], but like Ba[rium]
[…]. Perhaps you could suggest some kind of inconceivable explanation. We ourselves know that it can’t really split up into Ba[rium].”
Their findings were confusing because, had the trials gone as
planned, radium should have been detectable as a by-product. Instead, they had produced barium, an element with a much smaller nuclear mass than uranium. Together with her nephew, physicist Otto Robert Frisch, Lise Meitner sought an explanation. After

large sections of the building, including Otto Hahn’s office. What
remained was moved to disused textile works located in the town
of Tailfingen in Germany’s Württemberg region.
In April 1945, Otto Hahn was captured there by the Allies and
interned in England along with nine other scientists. Even though
Hahn later insisted that his institute merely conducted basic research, there is no doubt that his results were also fed into top-secret projects such as the “Uranverein” (Uranium Club) nuclear energy project, which was controlled for a time by the German Army’s
Weapons Agency, the Heereswaffenamt, and which involved research into the military uses of nuclear energy.
The institute never returned to its place of origin. Instead, after the war, it reopened as the Max Planck Institute for Chemistry
in Mainz. Like Tailfingen, Mainz, too, was in the French Occupation Zone; France wanted to keep the research facility within its
jurisdiction. When a new building was opened on July 9, 1956, it
was given the additional name of “Otto Hahn Institute.”
Today, the old institute building in Dahlem, at no. 63 Thielallee, now known as the “Hahn-Meitner Building,” is home to the Biochemistry Institute of the Free University of Berlin. Three bronze
plaques sited there commemorate nuclear fission and those who
discovered it: “This act has opened up new paths in materials and
space research, and has given mankind the gift of atomic energy.”
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A Conference with an Eye to the Future
Bremen was this year’s venue for the MPS’s doctoral students’ annual discussion forum

www.keller-druck.com
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When future discusses future: Participants at the
Ph.D. meeting in Bremen

Photo: Misha Doroshenko

What are we going to be researching in ten years, and how will this influence our
lives? These kinds of future-oriented questions were discussed at PhDnet’s interdisciplinary event in Bremen at the end of September. The organizers of the MPS’s
doctoral student representative body chose the motto “Visions in Science” for
their meeting. Together with 80 doctoral students and postdocs, plus six Max
Planck researchers from all Sections, they ventured on a short trip into the future.
Speakers included Directors Rupak Majumdar (MPI for Software Systems),
Ulrich Witt (MPI of Economics), Benjamin Kaupp (caesar) and Nikos K. Logothetis (MPI for Biological Cybernetics), as well as research group leader Stephan Götzinger from the MPI for the Science of Light. They were also joined by Henrik
Jeldtoft Jensen (Imperial College, London), who was there as an external representative.
The two-day meeting is traditionally funded by the MPS. This year for the
first time, BASF, McKinsey and Lanxess were also involved as sponsors. “This allowed us to design a more varied program for our annual interdisciplinary event,”
explained co-organizer Jan Jikeli. The talks were accompanied by a supplementary program during which participants could also meet the speakers in an informal setting. “The opportunity to exchange opinions in smaller groups was a
special bonus,” says Luam Mengler, who works at the MPI for Neurological Research in Cologne.

MAX PLANCK COMMUNITY

Speakers on Individual Visions in Science

How might your discipline change?
Today’s experiments in the field of quantum optics are often highly complex and require large-scale apparatuses. Things would be
much easier if experiments could be completely carried out on a
small chip. I believe that this is where the future of this field lies.
Furthermore, quantum mechanics needs to open up more to other
disciplines: I see particularly great potential in biology. My personal wish for the future would be to gain absolute control over the interaction between a photon and individual atoms or molecules – to
play ping pong with individual quantum objects, so to speak. Of
course, predictions are always problematic, even for a scientist. In
the end, our knowledge is often revolutionized by accidental discoveries – leading to new realities and opening up new visions.
Stephan Götzinger, quantum physicist,
University of Erlangen and MPI for the Science of Light

Economics is on the path to a more realistic view of humanity. More
“naturalism” will also be needed for a better understanding of the
changing motives and differences in this field. We must better explain when changes in the economy and its growth really increase
our well-being and happiness. This needs to be weighed up against
the “costs” of growth, in dialogue with the natural sciences. Suitable limits for the consumption of natural resources must be determined that will sustainably safeguard the “niche” our species occupies on this planet. Working out the consequences for our lifestyle,
economic growth, employment and, last but not least, sustained
peaceful global competition will give economists plenty to do.

Photos: Birgit Adam, MPI of Economics, Misha Doroshenko

Ulrich Witt, economist, Director at the MPI of Economics

Software systems permeate our world and are growing more and
more complex. Our cars, for example, can no longer function without electronics. The same applies to the financial system. But software has also been regulating our social relationships and the exchange of information for many years. Software is used to carry out
extensive analyses of our data, allowing us to retrieve useful information. But its defining role will become even greater. The enormous challenges of our field consist in designing these systems to
be reliable, secure and user-friendly for the lay person. For this reason, information scientists are developing programs that can themselves learn data models and then check other programs for accuracy and performance. My vision is that these new software systems
will soon benefit all people, allowing us to solve resource-intensive
problems despite linguistic and cultural differences.
Rupak Majumdar, information scientist,
Director at the MPI for Software Systems
4 | 12 MaxPlanckResearch
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Greater Freedom for Science
New law heightens the international competitiveness of research

A milestone for research in Germany –
this phrase summarizes the Max Planck
Society’s position on the German Academic Freedom Act (Wissenschaftsfreiheitsgesetz), which the Bundestag passed
in October. “The Act heightens the international competitiveness of the German scientific system,” said MPS President Peter Gruss. The MPS sees the
regulations as a kind of “basic law for
science,” as they lay down a framework
that maintains and boosts competitiveness. For example, they provide for
greater creative leeway for research organizations in central work areas such
as budget management, staff recruitment and construction projects.
The MPS supported the law introduced by the German federal government from the outset. Most recently,
at the end of September, Secretary General Ludwig Kronthaler underscored
this at a hearing before the Federal
Committee for Education and Research.
At the hearing before the German
Parliamentary Committee, Ludwig
Kronthaler strongly spoke out in favor of the
legislation initiated by Annette Schavan.
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In particular, he explored the personnel aspects of the new law. He called
the explicit provision for the payment
of bonuses over and above the basic
salary for top scientists the central
point. According to Kronthaler, “This
sends the right signals that will also allow us to offer internationally competitive jobs in the future.” This will be
made possible by the relaxing of the
ban on preferential treatment; moreover, the relaxation will apply not only
to researchers, but also to staff in all areas related to science. Ultimately, implementation agreements will have to

Photos: Deutscher Bundestag (3)

In October 2012, German Parliament adopted the Freedom of Science Act (Wissenschaftsfreiheitsgesetz).

lay down a clear definition as to specifically which employee groups this
applies to.
At the same time, the MPS sees a
need for further action. For example, in
respect to the question of how the pension benefits a scientist has accrued
while working abroad can best be transferred if he or she moves to Germany.
The MPS is calling for improvements in
this area, since a number of appointments have already foundered for this
reason. In the end, however, details like
these may not be regulated by the Academic Freedom Act, whose strength lies
rather in providing a basis from which
points like these can be addressed in
the future.
A series of flexibility measures have
already come into effect. These were laid
down in the Academic Freedom Initiative, although this expires at the end of
this year. The new law is expected to
establish this extended leeway permanently. In this context, Kronthaler
stressed that the increase in freedom entails a greater awareness of responsibility. “We will use our sound judgment
when exercising the new scope that has
been granted, and regularly report to the
funding agencies within the context of
an appropriate monitoring system.”
The Act is set to come into force at
the end of the year. As the research organizations are supported mostly by
the federal government and the federal states, the latter will collaborate in
the specific implementation of the flexibility measures.

Research Establishments

SCHLESWIGHOLSTEIN
Plön

Institute / research center
Sub-institute / external branch
Other research establishments
Associated research organizations

Rostock
Greifswald
MECKLENBURGWESTERN POMERANIA

Hamburg

Bremen
Holland
Nijmegen
Italy
Rome
Florence
USA
Florida
BRAZIL
Manaus
Luxembourg
Luxembourg

BRANDENBURG

LOWER SAXONY
Berlin
Hanover

Potsdam
Magdeburg

Münster

Katlenburg- SAXONY-ANHALT
Lindau

NORTH RHINE-WESTPHALIA
Dortmund
Mülheim
Düsseldorf
Cologne

Halle

Göttingen

Leipzig
SAXONY
Dresden

Jena

Bonn
Marburg
Bad Münstereifel
RHINELAND
PALATINATE
Mainz

THURINGIA

HESSE
Bad Nauheim
Frankfurt

SAARLAND
Kaiserslautern
Saarbrücken
Heidelberg

Erlangen
BAVARIA

Stuttgart
Tübingen

Garching

BADENWÜRTTEMBERG

Munich
Martinsried

Freiburg
Radolfzell

Seewiesen

Imprint
MAXPLANCKRESEARCH is published by the Press and Public
Relations Department of the Max-Planck-Gesellschaft zur
Förderung der Wissenschaften e.V. (Max Planck Society
for the Advancement of Science). Legal headquarters of
the Association: Berlin. ISSN 1616-4172
Publisher’s mailing address
Hofgartenstraße 8, D-80539 Munich
Tel. +49 89 2108-1276, Fax +49 89 2108-1405
e-mail: mpf@gv.mpg.de
The magazine as pdf: www.mpg.de/mpresearch
Content Authority Dr. Christina Beck (-1276)
Editors-in-Chief
Peter Hergersberg (-1536), Helmut Hornung (-1404)
Editorial Staff
Peter Hergersberg (Chemistry, Physics, Technology; -1536)
Helmut Hornung (Astronomy; -1404)
Dr. Harald Rösch (Biology, Medicine; -1756)
Photo Editor Susanne Schauer (-1562)

MaxPlanckResearch
is printed on paper from responsibly
managed forests and bears the seal of
the Forest Stewardship Council (FSC)

Editorial Board
Prof. Dr. Gerhard Wegner, Prof. Dr. Heinz Wässle
Prof. Dr. Wolfgang Prinz
Translation
Baker & Harrison Translations
Ferdinand-Maria-Straße 30, 80639 Munich
Tel. +49 89 8583608-0
e-mail: cb@bakerharrison.de
Art Direction
Julia Kessler, Sandra Ostertag
Voßstraße 9, 81543 Munich
Tel. +49 89 27818770
e-mail: projekte@designergold.de
Lithography
kaltnermedia GmbH
Dr.-Robert-Zoller-Str. 1, 86399 Bobingen
Printing & Distribution
Vogel Druck- & Medienservice GmbH
Leibnizstr. 5, 97204 Höchberg
Advertising
Stefanie Beinl
atlas Verlag GmbH
Flößergasse 4, 81369 Munich
Tel.: +49 89 55241-240, Fax: +49 89 55241-271
e-mail: stefanie.beinl@atlas-verlag.de

MAXPLANCKRESEARCH seeks to keep partners and friends
of the Max Planck Society up to date on the latest
research conducted at the Max Planck Institutes. Four
editions of the magazine are published in German each
year, all of which are translated into English. At present,
the English version has a circulation of 10,000 copies
(MAXPLANCKFORSCHUNG: 78,000 copies). It is free of
charge. None of the views and opinions expressed in
MAXPLANCKRESEARCH may be interpreted as representing the official views of the Max Planck Society and its
associated bodies. Reprint of texts is permitted only with
the prior approval of the publisher. Photographic rights
may be granted by agreement.
The Max-Planck-Gesellschaft zur Förderung der Wissenschaften e.V. (Max Planck Society) comprises 80 institutes and research facilities where around 21,800 employees, including some 5,400 permanently employed
scientists, work and conduct research. The annual budget for 2012 is 1.46 billion euros. Research activities of the
Max Planck Society focus on basic research in natural
sciences and the humanities. The Max Planck Society is
a non-profit organization registered under private law as
an incorporated association. Its central decision-making
body is the Senate, with members from the world of
politics, the scientific community, and the professional
public, providing for a well-balanced partnership.

4 | 12 MaxPlanckResearch

91

Characterized by the aesthetics of the Baroque,
flooded by the radiance of the Enlightenment: Irsee
Monastery offers guests from the fields of science and

ENCO U NTER S

higher education a unique setting for academic encounters and extraordinary meetings.

Live different. Nicer meet.
Enjoy the festive atmosphere of the former Benedictine monastery and the unusual atmosphere in the
individually designed hotel and meeting rooms. Relish
the culinary delights of our creative kitchen team in the
former refectory.

Monastery
Swabian Conference
and Education Centre
An institution of the
State Parliament of Swabia

The centuries-old knowledge of the monks in the rules
of community life, creativity concentration and the
tolerant attitude has gained shape in Irsee Monastery.
Porta patet, cor magis is an old monk greeting: The door
is open, more so the heart. We look forward to seeing
you in Irsee Monastery !
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