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Science finds its roots in mankind’s desire to understand the 
world around us. Every scientific discovery and every 
technological advancement has a certain wonder about the 
intricate complexity of nature behind it: from our clock and 
calendar that record and follow the path of the sun to new 
CO2 free energy sources copied from plants’ mechanisms to 
live on sunlight. Looking at natural phenomena, large and 
small - from stars formed out of dust to the mechanics of 
animals walking – we can learn things that can make our 
lives easier and better suited to today’s challenges. The 
research portrayed in this second issue of the PRACE Digest 
clearly shows the links between science and real-life events 
and developments: climate change brings on new challenges 
for scientists and their investigations contribute to a better 
life on earth. All these fruits growing on the tree of 
knowledge clearly show how HPC fertilises science and 
engineering to solve society’s grand challenges.

For scientists working on solutions to those grand 
challenges, the Distributed European Computing Initiative 
Calls (DECI  in short)  serve as important entry points to HPC 
and as anchoring points for international collaborations: 
researchers have, through DECI, the opportunity to network 
with their peers at national HPC centres other than their 
own. In that way, DECI opens the door to cross-pollination 
and serendipity, two factors that enhance scientific 
discovery.

But scientific experiments that need HPC resources 
could not thrive on only national allocations and DECI 
awards. For example, the DSturb, H2OSPLIT and SunFlare 
projects, featured in this edition, use both resources 
provided through DECI as well as through PRACE Calls in a 
complementary manner in order to solve their scientific 
problems. Others, such as DyBHo, are just about to venture 
into the PRACE Calls’ allocation realm.

Where DECI inspired international synergy, PRACE 
takes the next step and actually pools HPC resources into a 
single peer review process that provides unified access to 
the top class of European high-performance computing 
facilities. In pace with the needs of the scientific 
communities and technical developments, systems deployed 
by PRACE are continuously updated and upgraded to be at 
the apex of HPC technology. Furthermore, PRACE awards 

allocations much larger than what is available via DECI 
awards.

Both types of HPC access are available in the current 
European HPC ecosystem and enable researchers to select 
the type of access they need. One scientist may use a PRACE 
system to run experimental calculations after which the data 
is analysed using resources awarded through a DECI Call. 
Another may start the experiment on a national system 
while upscaling the codes for a PRACE machine. In short, any 
combination is possible: PRACE puts users in the driver’s 
seat: PRACE lets them choose the tools they need to 
accomplish their goals. 

I invite you to read the articles that follow and to marvel 
– as I did – at the diversity of research done on High 
Performance Computing (HPC) systems and the plethora of 
results already achieved and still anticipated. Go along on a 
journey through the Earth’s oceans to better understand 
how their flows influence our climate. Or have a look at the 
mechanics of dinosaurs – those enormous animals of times 
past – walking the land long before the dawn of man. If you 
appreciate the smaller things in life, you will like the article 
on the H2OSPLIT project that splits water atoms to better 
copy the process of photosynthesis.

Welcome to PRACE Digest #2!

Dr. Maria Ramalho
Acting Managing Director

PRACE: the unique gateway to HPC in Europe

EDITORIAL
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“Increasing the solar conversion 
efficiency is the ultimate goal in the 
search for renewable energy.”
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The coupling between the electronic and atomic degrees of freedom  
plays a key role in several physical phenomena – not only in the superconductivity of materials.  

By investigating and manipulating the effect of this coupling researchers hope to discover  
– among others – new and more efficient sources of renewable solar energy.

Paving the Way toward 
Third Generation 

Photovoltaic Power?

For the past year, Professor Adam Gali’s research group, 
from Wigner Research Centre of Physics, and his 
collaborators have studied the effects induced by the 
quantistic fluctuations of the atoms around their equilibrium 
positions in very small systems, so-called diamond 
nanocrystals, or diamondoids. By doing so, the team hopes  
to find a better understanding of the principles behind the 
coupled atomic-electronic dynamics. This, in turn, can pave 
the way for developing, for instance, “third generation” solar 
cells, with larger solar conversion efficiency compared to 
today’s photovoltaics (light-electricity).

Research team member Márton Vörös explains that the 
vibration of atoms around their equilibrium positions affect 
the dynamics of electrons, a phenomenon known as electron-
phonon coupling. This is responsible, for instance, for the 
superconducting behaviour of many materials. 

According to Vörös, previous results from other 
research group members, namely Elena Canuccia and 
Andrea Marini, proved that vibrational effects not only 
change the mechanical properties of solid diamond, but its 
“colour” as well. Pure diamond is, in fact, transparent to 
visible light due to the position of its optical energy gap, i.e. 
the gap of a system expressed in nanometres that shows the 
range of wavelength where a material cannot absorb light. 
By changing the absolute energy position of this gap the 
electron-phonon coupling can, actually, alter the colour of the 
material.

Changing our view on materials
Studying the modifications of the diamondoids’ gaps induced 
by the electron-phonon coupling is at the core of the group’s 
new work. Thus, the name DIAVIB (Diamond Vibration) given 
for the study, notes Vörös.

“The effect of the electron-phonon coupling is really 
huge, resulting in a change of the gap of solid diamond as 
large as 10% of the gap itself. Although this gap has been 
well-known experimentally for decades, theoretical 
calculations have not been able to predict the effect of 
electron-phonon coupling, until very recently.”

“We thought that if such interesting effects take place  
in bulk carbon based systems, we may face even more 
interesting physics in quasi zero dimensional materials, e.g. 
very small nanocrystals. We have already had experience 
with diamond nanocrystals. They have the same atomic 
structure as solid diamond, but their size is in the nanometre 
size regime, thus, they contain only tens, hundreds of carbon 
atoms. Moreover, they can be produced experimentally with 
almost 100% purity. This makes them ideal test beds for 
theoretical calculations and the results directly comparable 
with experimental measurements.”

Focus on Diamond Vibration
The system studied with this technique is very similar to a 
big molecule, Vörös says.

“We studied the phenomenon in diamondoids. The 
smallest system considered in our study consisted of 10 
carbon and 16 hydrogen atoms. Our main result so far is  
that the influence of electron-phonon coupling is not at all 
negligible; however, there seems to be a smaller effect than 
in the case of solid diamond – e.g. we found that the change in 

Demonstration of the effect known as electron-phonon coupling: 
As an electron goes through a two-dimensional lattice of ions,  
it attracts neighbouring atoms resulting in a distorted lattice.  
This change, in turn, may affect the dynamics of another electrons.
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the gap of the system is in the order of a few percent.” 
Vörös says that the results from the study open the 

route to fabricate nanocrystals with different optical gaps 
via tuning the electron-phonon coupling. This can be done, 
for example, by doping and it is a crucial aspect for 
applications where the optical gap of materials is of utmost 
importance. For example, one may fabricate new types of 
solar cells where the optical gap of the absorbing substance 
is tuned via the electron-phonon coupling.

Although the group’s main results from the study are so 
far purely theoretical in nature, its consequences are 
numerous.

“For example, it is very well known that the maximum 
theoretical efficiency of first generation solar cells is limited 
by approximately 33 %. One of the reasons is that though the 
light is absorbed, most of the energy is converted to heat – 
the solar cell is warmed up. This phenomenon can be 
understood by the nature of electron-phonon coupling. 
Again, our tool may give very useful predictions about this 
process and in the near future we may have ideas how to 
fabricate materials that does not convert the absorbed 
energy to heat, inducing, instead, a larger current. Increasing 
the solar conversion efficiency is the ultimate goal in the 
search for renewable energy.”

Going into more detail in the future
Vörös says that in the very near future, Gali’s research group 
will continue to study further diamond-like systems and also 
plans to develop more tools to better understand the 
coupling between electrons and phonons.

How did PRACE resources enable this project to be 
completed?

“These calculations are extremely heavy in the field  
of condensed matter theory, though they are considerably 
less heavy than, for example, generating accurate weather 
forecasts. Unfortunately, as a consequence of the complexity 
of the underlying equations these calculations do not scale 
very well with the number of processors but still we can 
make use of tens-hundreds of processors at a time.”

“We have been using CINECA SP6 and SARA 
Huygens supercomputers to carry out the 
calculations. Small tests were done at our local 
computational facility as well, but the heaviness of 

the calculations requires the usage of 
supercomputers because our calculations require not only 
huge CPU time but a large amount of memory as well.”

In overall, tens of thousands of computer hours were 
required for careful testing of the methodology. Then, a few 
hundreds of thousands of CPU hours were used to perform 
electron-phonon calculations on small diamondoids. 

FuRTHER inFoRMATion / DiAViB

http://www.prace-ri.eu/DECI-7th-Call

• “Tuning the optical Gap of nanometer-Size Diamond 
Cages by Sulfurization: A Time-Dependent Density 
Functional Study” by Márton Vörös, Tamás Demjén,  
Tibor Szilvási and Adam Gali. Published in Physical 
Review Letters, Volume 108, issue 26, 267401 (2012). 
Link: http://prl.aps.org/abstract/PRL/v108/i26/e267401 
“optical absorption of diamond nanocrystals from ab 
initio density-functional calculations” by Márton Vörös 
and Adam Gali. Published in Physical Review B, Volume 
80, issue 16, 161411(R) (2009). 
Link: http://prb.aps.org/abstract/PRB/v80/i16/e161411

• “Effect of the Quantum Zero-Point Atomic Motion on the 
optical and Electronic Properties of Diamond and Trans-
Polyacetylene” by Elena Cannuccia and Andrea Marini. 
Published in Physical Review Letters, Volume 107, issue 
25, 255501 (2011). 
Link: http://prl.aps.org/abstract/PRL/v107/i25/e255501 
“Zero point motion effect on the electronic properties of 
diamond, trans-polyacetylene and polyethylene” by Elena 
Cannuccia and Andrea Marini. Published in The European 
Physical Journal B, Volume 85, number 9, 320 (2012). 
Link: http://dx.doi.org/10.1140/epjb/e2012-30105-4 

• Project title: DiAViB 
The project was awarded access to 443.100 core hours of 
DECi resource based in italy at CinECA (Power 6), and 
636.900 core hours in the netherlands at SARA (Huygens 
Power 6).

Text: Nina Garlo

Demonstration of quantistic fluctuations of atoms around 
their equilibrium positions in the smallest diamond 
nanocrystal, also known as adamantane.”
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All stars are formed in cold, dense clouds of gas and dust 
known as molecular clouds. These clouds are turbulent,  
with gas and dust in the cloud moving at supersonic speeds. 
The PRACE project “Driven Supersonic Turbulence: Beyond 
Magnetic Flux Freezing (DSTurb)” simulated this turbulence 
inside molecular clouds. The institutions involved were the 
Dublin City University and Ireland’s High-Performance 
Computing Centre ICHEC in Galway. According to  
Dr. Turlough Downes, Head of the Computational 
Astrophysics Group and director of the research centre 
SCI-SYM in Dublin City University, their research approach 
was different to that used in previous studies.

“When you look at gas clouds with modern telescopes, 
you can see that they are turbulent. Our objective was to 

learn more about this turbulence, and possible influences it 
might have on star formation. It was already known that 
turbulence can have a significant impact on star formation, 
sometimes preventing it and sometimes even enhancing it, in 
a gas cloud. Other research groups have generally considered 
molecular clouds as being single gases, but we considered 
these clouds as multifluids, consisting of several different 
gases. Some of the gases are charged and some are neutral.  
This is why they react differently to the magnetic fields 

An irish research group has conducted research into how stars, such as our own sun 
are formed from molecular clouds. The research group treated molecular clouds as multifluids,  
in which charged and neutral particles reacted differently to magnetic fields. The results have  

made it clear that some previous results based on single fluids are no longer valid. 

How does  
Turbulence effect  
Star formation?

The constellation Vulpecula is a veritable entire assembly line 
of newborn stars. The diffuse glow reveals the widespread cold 
reservoir of raw material that our Milky Way galaxy has in stock  
for building stars. Image credit: ESA/Hi-GAL Consortium.
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inside the cloud. We need more calculations than before 
because we need to determine the properties of several 
fluids now, instead of just one,” Downes says.

Previously it was thought that the magnetic field is tied 
to the cloud material: if the cloud material moves it drags the 
magnetic field with it and vice versa. This is called “the flux 
freezing approximation” hence the name of the PRACE 
project “Beyond Magnetic Flux Freezing”. In their study flux 
freezing approximation is rendered invalid, because when 
the cloud is considered a multifluid, the magnetic field is 
“tied” to each fluid to a different extent, which leads to 
complex physical effects.

Multifluid simulations produce different  
results to single fluid simulations  
The computational astrophysics research group had a clear 
idea what they needed to do. They had formed a theory of 
multifluids based on observations of molecular clouds and 
thereafter required computers to simulate it. The code had 
already been tested on a small scale. The researchers, 
however, needed a supercomputer to get more accurate 
results and that was done in the PRACE project.

“We did simulations where equations calculated the 
fluid and magnetic field properties of selected points in 
hypothetical molecular clouds. To simulate turbulence we 

needed to have as many points as possible in our cloud. In 
order to achieve this high resolution we needed a very high 
power supercomputer. Otherwise the calculation would have 
taken too long,” Downes explains.

The Computational Astrophysics Group performed their 
simulations and compared their results to the results of 
previous studies, which considered gas clouds as singular 
gases. 

“We have been able to show that single fluid and 
multifluid simulations produce significantly different results 
and we have proven that some old results are not reliable. We 
also found out that multifluids are more important in larger 
clouds than we expected. It is now clear to us that in order to 
explain star formation, we need to add multifluids into the 
simulation,” Downes concludes.

The researchers intend adding a gravity variable to their 
simulations next.

“Clearly, gravitational collapse is an important part of 
star formation. In our earlier work we have not been able to 
consider gravity, mainly because this would have required a 
huge amount of calculations. We are now determining the 
most efficient way of doing this.”

Applications in nuclear fusion research
The analysis of the calculations is still ongoing and the first 
scientific papers have just recently come out. The study has 
given a broad spectrum of PhD and post-doctoral students in 
Ireland access to a new kind of computing. This is beneficial 
for the whole field of study. In addition to the astrophysics 
applications, there are also some terrestrial applications for 
the research.

Two snapshots of the evolution of turbulence in a 4-fluid molecular cloud of size 0.2 pc. The first snapshot is taken at the start of 
the simulation and shows uniform density (colour) and a sample magnetic field line, which is initially straight and in the x-direction. 
The second snapshot is taken after about 2.5 flow times and shows the non-uniform density distribution, and the deformation of the 
magnetic field line resulting from the fluid motion. It is the nature of this deformation which is strongly influenced by the multifluid  
nature of the system. 

“Clearly, gravitational  
collapse is an important  
part of star formation.”
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“One possible further area of study using our code is  
the effect of turbulence on nuclear fusion. The plasmas in a 
fusion reactor are turbulent and the turbulence cools down 
the plasmas. This is problematic as scientists are trying to 
heat up the plasmas to create fusion,” Downes says.

The information this study has provided about turbulent 
plasmas can also be used in designing space vehicles and 
aircraft. According to Downes it is equally important to note 
that astrophysics plays a central role in getting the youth of 
today interested in science. 

“People are interested in space. Curiosity got me 
interested in stars when I was young. Even if I ended up 
focusing on computational astrophysics, many other 
students will become more interested in mathematics, 
physics or other natural sciences. Our society is in desperate 
need of young people in these fields of study.”

The PRACE project was conducted by Dr. Michael 
Browne and Dr. Turlough Downes. 

“I was in charge of development of the code, which is 
called HYDRA, in the Computational Astrophysics Group and 
planning the simulations. Dr. Browne provided me with 
technical support. His role was particularly important while 
preparing the simulations. The simulation went really 
smoothly,” Downes explains.

The PRACE project used the JUGENE supercomputer in 
Jülich for one year in 2010–2011. 

“We were really delighted to see how well our code 
suited the supercomputer – its performance was among the 

best in the world on that type of system. We will require 
more access to Tier-0 systems in future in order to study the 
gravitational collapse. With the help of these 
supercomputers, we will be able to shed more light on some 
of the big questions in star formation,” says Downes. 

FuRTHER inFoRMATion / MnRAS

http://www.prace-ri.eu/DECI-6th-Call

http:// www.prace-ri.eu/PRACE-2nd-Regular-Call?lang=en

• “Driven multifluid magnetohydrodynamic molecular cloud 
turbulence” by Downes T. P. Published in: Monthly notices 
of the Royal Astronomical Society (MnRAS), Volume 425, 
issue 3, pp. 2277-2286. Publication date 9 / 2012.  
MnRAS homepage:  
http://onlinelibrary.wiley.com/journal/10.1111/%28IS
SN%291365-2966/issues

• The project was awarded under DECi 6th Call and  
PRACE 2 nd call. 

• Project title: D-STurb  
The project was awarded access to 990.000 core hours  
of DECi resources based in Germany at FZJ (JuGEnE).

• Project title: MnRAS  
was awarded access to 14.000.000 core-hours of PRACE 
resources based in Germany at GAuSS/FZJ (JuGEnE).

Text: Päivi Brink

Volume rendering of the 
distribution of the neutral gas 
density in well-developed 
interstellar multifluid turbulence. 
Also shown is a selection of 
magnetic field lines (in grey).  
The magnetic field at the start  
of the simulation is uniform  
and directed entirely in the  
x direction. The turbulence, being 
super-Alfvénic, distorts the field 
lines considerably.
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Have you ever woken up in the morning just to see a fog cloud 
blocking the sky? Whether or not you live in the region of 
this kind of pollution level, it is a reality in few areas of the 
world today and if everything will continue as it has been, 
the fog clouds will be the reality for majority of the world’s 
population by 2050, reveals the research by Dr. Andrea 
Pozzer and the group.

Modeling air quality in Mediterranean basin  
Dr. Andrea Pozzer from Max-Planck-Institute for Chemistry 
and colleagues from an international research group have 
used an atmospheric chemistry models to assess and estimate 
the impact of natural and anthropogenic gas and aerosol 
emissions on air quality. The focus of the research is in 
Mediterranean Basin. However, when the air quality is in 
question, it is not possible to restrict the research exclusively 
on one country or region, as regions are not only influenced by 
local pollution, but also by the transboundary transport of air 
pollution. 

As the Mediterranean basin is surrounded by strongly 
urbanized and industrialized countries, the pollutions and 
air quality have risen as an important issue. Mediterranean 
Region includes completely or partially seven European 
Union members Greece, Malta, Cyprus, France, Portugal, 
Italy, and Spain. 

The area’s marine and terrestrial biodiversity is high in 
number and unique. European Commission’s “Natura 2000 in 
the Mediterranean Region” publication describes, that by 
estimation up to “two billion birds migrate to, or through, 
the Mediterranean Region every year.” Of the 25,000 
flowering plants identified so far – representing around 10% 
of all known plants on earth – more than half are endemic to 
the region.” 

An international group of researchers is searching for answers  
to the future air quality. For global issues, such as air quality and  
climate change, the scale of the research has to be global as well,  

to get reliable results. The modeling and analyzing of global climate 
simulations requires high computing resources. 

Calculating the Climate  
Change Scenarios

Commonly known as soot, black carbon enters the air when fossil 
fuels and biofuels, such as coal, wood, and diesel are burned. 
Black carbon is in perpetual motion across the globe. The Tibetan  
Plateau’s high levels of black carbon likely impact the region’s 
temperature, clouds and monsoon season.
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The research project aimed to investigate the regional 
and global interactions between air pollution and long-range 
transport. The selected time period for the analysis ranges 
from preindustrial and recent conditions to the projected 
future conditions on the year 2025 and 2050. 

Long range study and extreme computing 
As air quality has dramatic effects on human health and 
world’s biodiversity, it is essential to understand how 
current and future behavior affects to the atmosphere’s 
future state. The research uses so-called Business as Usual 
(BaU) scenario, which reveals exactly that. It represents a 
probable future with continuation of the past emission 
trends with no major changes in technologies.

The mechanism governing the Mediterranean weather 

and air quality was studied using high resolution simulation 
of an atmospheric chemistry climate model which resolved 
complex aerosol processes. The atmospheric chemistry 
models are used to assess and estimate the impact of natural 
and anthropogenic gas and aerosol emissions on air quality 
and climate change. The models are calculated using the 
Emission Database for Global Atmospheric Research 
(EDGAR-CIRCE).

The simulations demands a high spatial resolution 
which, combined with the modeling of the complex chemical 
interactions of the aerosol and gas phase gases presents in 
the atmosphere, requires strong usage of high-performance 
computing and storage resources. This was enabled by 
approval of DECI project GAME – Global and local Air 
pollution transport over the Mediterranean basin and the 

Model calculated annual mean near-surface carbon monoxide in nmol mol−1 from simulation SC natural, SC 2005, SC 2025 and SC 
2050. The increasing emissions from SC natural to SC 2005 influence the atmosphere globally, as the relatively long lifetime of CO 
allows efficient transport on large scales.
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Middle East. Dr. Pozzer – the principal investigator of the 
GAME project – remarks the importance of the high 
performance computing. 

“As modeler’s in the atmospheric chemistry community, 
I heavily rely on computer and HPC especially. Without them 
my work would not be possible at all.” The high-performance 
computing resources were used for example to model 
complex and detailed scenarios with variables like time and 
spatial scale. 

Dr. Andrea Pozzer has been working on atmospheric 
chemistry for almost 10 years. He explains that the kind of 
research they have now finished takes years of preparation 
and cooperation. 

“The work is a sort of final step of a long lasting research 
effort. Everyone in the manuscript contributed in some 
degree.” 

Main participating institutions were University of Leeds, 
School of Earth and Environment, United Kingdom; The 
Cyprus Institute, Energy, Environment and Water Research 

Center, Cyprus and Max Planck Institute for Chemistry, 
Germany. 

Alarming air quality expectations  
for coming decades
The research group focused on the five major pollutants that 
can significantly impact human health. The pollutants are 
Nitrogen Dioxide (NO2), Sulphur Dioxide (SO2), Ozone (O3), 
Carbon Monoxide (CO) and Particulate Matter (PM2.5). Multi 

Model calculated annual mean near-surface Particulate Matter (PM2.5) in μg m−3. Even low levels of exposure have effects on the lungs 
and the cardiovascular system. 

”As air quality has dramatic 
effects on human health and 
world’s biodiversity, it is essential 
to understand how current and 
future behavior affects to the 
atmosphere’s future state.”
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Difference between the Multi pollutant index estimated from simulations SC 2025 and SC 2050 and the MPI calculated from simulation 
SC natural. The contours are shown at multiples of 0.2 up to the level of 1. 

Population weighted multi pollutant 
index (PW-MPI) changes between 
2005 and 2050 for countries with 
the strongest changes. The red 
dashed line depicts the global  
PW-MPI increase between 2005 
and 2050. 
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pollutant index (MPI), combining these pollutants was used 
to quantify so called air quality hot spots - the areas where 
the emission levels are highest. Three main hot spots of 
poorest air quality in the future are located in eastern China, 
northern India and the Middle East/North Africa.

To reveal the number of people the pollution levels 
concerns, demographic and air quality projections were 
combined in pollution weighted multi pollutant index 
(PW-MPI). This index showed rapid worldwide increase in 
the number of people subjected to the highly reduced air 
quality during the first half of the 21st century. The research 
also concludes, that the air quality for global average citizen 
in 2050 will be almost the level the pollution hot spots in the 
year 2005. 

Even with the current regulations, the air quality for 
coming decades seems concerning in the light of this recent 
research. Business as Usual scenario illustrates the effects 
on the atmospheric composition that can be avoided by 
implementing additional emission control measures, like 
legislations. The publication sums up: “The results of this 
work indicate that strong actions and further legislations are 
essential to avoid a drastic deterioration of air quality which 
can have severe effects on human health.“

High demanding simulations and modeling were 
performed on the Center for Parallel Computers, PDC  
– KTH in Sweden. In the DECI GAME project 2 400 000 
standard DECI core-hours were used between years  
2010–2011. 

 

FuRTHER inFoRMATion / GAME

http://www.prace-ri.eu/DECI-6th-Call

• http://www.atmos-chem-phys.net/12/6915/2012/acp-12-
6915-2012.html

• http://www.atmos-chem-phys.net/12/961/2012/acp-12-961-
2012.html

• Project title: GAME  
Project was awarded access to 2.400.000 core hours of 
DECI-6 resources based in Sweden at PDC (Ekman AMD 
Cluster).

Text: suvi alanko

Population weighted multi pollutant index (PW-MPI) values for different regions. The regions are: North America (NA), South America 
(SA), Europe (EU), Middle East (ME), Central Africa (CE), South Asia (SAs) and East Asia (EAs). 
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impact of the indonesian 
Throughflow on the Global  
ocean Circulation

Observational studies have provided an estimate of the ITF 
volume transport of about 15 Sv (1 Sv is 106 m3/s). This water 
enters the Indian Ocean and feeds its western boundary 
current, the Agulhas Current. The ITF  therefore affects the 
inter-basin transport between the Indian and the Atlantic 
Ocean, the so-called Agulhas Leakage and hence may have an 
impact on the Atlantic Ocean Circulation and therefore the 
global climate. 

The standard model experiment to address the 
connection between the ITF and ocean currents elsewhere  

is to compare the global ocean circulation in the present-day 
world with that having a continental configuration in which 
the Indonesian Passage is (artificially) closed. Such model 
experiments have been carried out with both ocean-only 
models and global climate models using decadal time scale 
simulations. In both classes of models the presence of the ITF  
strengthens the Agulhas Current. 

“In these model studies, not much attention was given to 
the impact of the ITF on the Agulhas Leakage and the South 
Atlantic Ocean circulation. A crucial component of the 

The indonesian Passage forms an equatorial gateway between two major ocean basins, that allows 
for a transport of water between the Pacific and Indian Ocean, the so-called Indonesian Throughflow 
(iTF). The iTF is considered to be a crucial component of the global ocean circulation and hence the 
global climate. A very high-resolution ocean model has been used to analyse the impact of the iTF  
on the global ocean circulation. 

Mozambique Channel.
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Indo-Atlantic connection is the retroflection of the Agulhas 
Current,” explains Professor Henk Dijkstra of the Institute 
for Marine and Atmospheric Research Utrecht at Utrecht 
University in The Netherlands.

“In ocean models with only a horizontal resolution  
of about 1˚, this retroflection is controlled by the wrong 
dynamical (i.e. viscous) processes. A much higher 
horizontal resolution is required to reach a turbulent 
retroflection regime, which is thought to be a more realistic 
flow regime. In addition to a more adequate representation 
of the boundary layer flow, also the representation of 
mesoscale eddies is crucial to model a correct Indo-Atlantic 
exchange.”

“The aim of the DECI project ITAMOC (The impact of the 
Indonesian Troughflow of the Atlantic Meridional 
Overturning Circulation) is to assess the impact of the ITF on 
the global ocean circulation using a very high-resolution 
ocean model where the Agulhas retroflection and Agulhas 
Leakage can be captured more realistically.”

The strength of the ITF affects the transport through the 
Mozambique Channel and that of the Agulhas Current near 
the southern tip of Africa. The strength of the Agulhas 
Current controls the leakage of heat and salt from the Indian 
Ocean to the Atlantic Ocean through Agulhas rings. 

“This inter-basin salt transport is thought to be a crucial 
factor in controlling the properties of the Atlantic Ocean 
Circulation. The data from this project will  therefore be of 
interest to many researchers in the fields of physical 

oceanography and climate dynamics,” mentioned Henk 
Dijkstra.

ocean model simulations and technical realization
The global ocean simulations analyzed here were performed 
by using the Parallel Ocean Program (POP), which was 
developed at Los Alamos National Laboratory. The model has 
an average 0.1˚ horizontal resolution and 42 vertical levels, 
allowing for a maximum depth of 6000 m. The atmospheric 
forcing, consisting of wind stress and buoyancy (heat and 
freshwater) fluxes is prescribed from observations. 

“Using this model we did a 75-year control simulation 
with realistic bathymetry and another 75-year one in which 
the Indonesian Passage was closed by small land bridges,” 
said Henk Dijkstra.

Scientific Results indicate warming and 
salinification of the South Atlantic due to 
the presence of the iTF 
The spatial pattern of the difference of the last 40-year  
average horizontal velocity fields is shown in Figure 1. 

“The opening of the Indonesian Passage results in a 
decrease (-13 Sv) of the East Australian Current transport 
which is almost equal to the ITF  transport. In the south of 
Australia the input of water from the Pacific to the Indian 
Ocean through the Tasman Leakage decreases (-3 Sv) so we 
can conclude that an opening of the Indonesian Passage leads 
to an increase of the net flow of water into the Indian Ocean.”

“The opening of the Indonesian Passage also leads to an 
increase of the South Equatorial Current transport and 
strengthens both the Mozambique Channel flow (+ 15 Sv) 
and the South East Madagascar Current flow (+2 Sv). The 
Mozambique Channel transport would be reduced to almost 
nothing if there was no ITF,” Henk Dijkstra continued.

Figure 1

The spatial pattern of the difference of the last § average horizontal velocity fields.

“Indonesian Throughflow may 
have an impact on the Atlantic 
Ocean Circulation.”
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The increased transport of the Mozambique Channel and 
the South East Madagascar Current is only compensated by a 
small decrease of the Tasman Leakage transport leading to 
an increase of the Agulhas Current transport (+ 10 Sv). At the 
same time as the ITF intensifies, the South Equatorial 
Current imports warm water from the equatorial Pacific. 

This heat input increases the temperature of the entire 
Indian Ocean (see Figure 2a). The Indonesian flow through 
also provides an input of freshwater leading to an important 
freshening of the Indian Ocean between 20˚S and the equator 
(see Figure 2b). “This anomaly is affected to the southwest 
Indian Ocean and we see a freshening of the Agulhas Current 
by more than 0.1 g/kg”. 

“The new element of the ITAMOC project is that in the 
strongly eddying ocean model (POP) there is a much better 
representation of the Agulhas Current retroflection and 
Agulhas Leakage than in earlier low-resolution models. 
While the Indian Ocean subtropical gyre strengthens due to 
the opening of the Indonesian Passage, an important part of 
this increased transport is blocked south of Africa by the 
retroflection of the Agulhas Current.”

“There is, however, an increase in Agulhas Leakage  
(+ 4 Sv) and hence a significant increase of the Indo-Atlantic 

Figure 2

exchanges. This leads to both a strengthening of the South 
Atlantic gyre and a warming and a salinification of the 
surface and subsurface South Atlantic.”

The project used computing resources of the EPCC 
(HECTOR, Cray XT6) and of SARA (HUYGENS).

FuRTHER inFoRMATion / iTAMoC

http://www.prace-ri.eu/DECI-6th-Call

• Le Bars, D. Dijkstra, H.A., De Ruijter, W.P.M. and Kliphuis, 
M. Impact of the Indonesian Troughflow on the Agulhas 
Current leakage, ocean Science (2012).

• Project Title: iTAMoC 
Project was awarded access to 2.745.000 core hours of 
DECi resources in uK at EPCC (Hector XT6/XE6), and 
80.000 core hours in France at iDRiS (BABEL BG/P).

Text: Naomi Messing

This heat input increases the temperature of the entire Indian Ocean.
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Material Research  
helps to Create  
stronger Structures 

The strength of materials is an extremely important field of 
study, as these issues may affect directly to human health 
and safety. Just imagine a house or a bridge build without 
deeper knowledge of the strength of the material it was 
designed to be build of. How about the results of a 
miscalculation in pressure vessel’s strength? 

How Strong are Materials? 
An international group of researchers from universities of 
Cornell, USA; Oak Ridge USA; Aalto University, Finland; 
Universita’ di Modena, Italy and National Research Council 
(CNR), Italy have been studying the material strength in the 
“How Strong are Materials?” (HoSAM) project. Although the 
official part of the study could be dated between years 
2009–2011, the Principal Investigator, professor Mikko Alava 

from the Aalto University, Department of Applied Physics, 
describes that the first steps of the study were made in 2006. 

The “How Strong are Materials?” study was to 
investigate the validity of so called weakest link hypothesis, 
which assumes that the material has a set of weaker parts, 
and those regions determine the overall material strength.

The research publication describes, that the weakest 
link hypothesis is traditionally used to explain the effect, 
that larger structure bodies have lower fracture strength. 
The study also aimed to find out if and how the strength of 
material depends on the size of the object itself and how it 
varies from sample to sample. 

To understand the mechanism behind the fractures, it 
could help to estimate how likely the material is to break. 
Samples are an essential part of the study. To include a 
massive amount of samples and acquire reliable data, a 
massive computational power is required. This was enabled 
with DECI resources.  Resources were needed especially to 
extend the simulation of comprehensive fracture models to 
study the sample size-dependent scaling of material 
strength. 

Engineering a safer world  
Designing a durable enough structures is a challenging task 
and it is essential, that the most reliable data possible is 

Building strong and durable structures and 
designing suitable materials for that are 
challenging tasks. By simulating the fracture 
models of hard and brittle materials, an 
international group of researchers from Finland, 
italy and uSA have found an answer that may 
change the structure calculations and 
engineering literature. 
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available for structure designers engineering e.g. buildings, 
bridges and vehicles. This might not be the case right now, as 
the material strength calculations may be based on 
unreliable theories and assumptions, found out the HoSAM 
group. 

The group worked by combining ideas of extreme value 
theory (EVT), which is used to model the risk of extreme and 
rare events, renormalization group (RG) to balance the 
results, and numerical simulation. The validity of the 
weakest link hypothesis was investigated in the presence of 
realistic long-ranged interactions in the random fuse model 
(RFM) that suggests continuum elasticity with a discretized 
scalar representation. 

The standard practice to predict if material will hold 
strong enough or not, with limited experimental data, is to 
measure the failure distribution of beams or wires the 
structure consists of and fit results to the universal models. 
The results of the research by Mr. Alava and colleagues 
shows, that this approach can be dangerous. 

“Our study indicates, that the current engineering 
knowledge and literature may not respond right in cases, 
where absolute accuracy is needed, such as calculating the 
strength of a reactors pressure vessel in nuclear power 
plant,“ explains professor Mikko Alava, who has been 
working in material research for 20 years. The field he finds 
intriguing because of its diversity.

Theories need to be adapted 
To design strong structures and materials that need 
strength, we need to understand how the strength depends 
on the size of the object in question and what kind of 
variation there can be found from sample to sample. To 
research these issues, scientist meets a challenge of taking 
into account various different viewpoints and facts from 
mechanics to modern physics. 

Duxbyry-Leath-Beale (DLB) distribution is a more 
detailed way to calculate the sample’s strength distribution 
and the study indicates that fracture strength is well 
described by it. The relation between Duxbyry-Leath-Beale 
distribution and extreme value distribution was explored in 
the research and the result was, that “the universal extreme 
value forms may not be appropriate to describe the non-
universal low-strength tail”. The conclusion is, that there is a 
need for new, even more accurate theories. 

Understanding the cause of the weakest link cracks 
might make it possible for scientists and designers to create 
stronger and more reliable solutions in materials. As the 
research paper summarizes, the HoSAM project group has 
shown that “The non-universal low reliability tail of the 

strength distribution may not be described by the universal 
extreme value distributions, and thus the common practice 
of fitting experimental data to universal forms and 
extrapolating in the tails is questionable. Theories that 
account for microscopic mechanisms of failures, the DLB 
distribution for instance, are required for accurate 
prediction of low strength failures.” The HoSAM group also 
points out, that ”the emergence of a Gumbel distribution 
offracture strengths is surprising, and brings into question 
the widespread use of the Weibull distribution for fitting 
experimental data.” 

In other words, the surprising findings by HoSAM 
group’s numerical simulations show that theories used today 
may work for very large items, but the new way of thinking 
could work also on systems in microscopic scale. 

High demanding simulations and calculations were 
performed at the Center for Parallel Computers,  
PDC – KTH in Sweden. The HoSAM project used about  
1,6 million core-hours from Ekman-cluster. 

The simulation software was exported to the KTH 
Ekman-cluster. The actual software solves a series of 
mechanical equilibria – which amounts to a damage mechanics 
study – the evolution of the scalar fracture model by rank-I 
updates. The original version was written at ORNL but the 
current version is an adaptation of a serial version from Cornell 
University to the DECI HPC environment. Second, a solver for 
three-dimensional cases was developed and tested. 

FuRTHER inFoRMATion / HoSAM

http://www.prace-ri.eu/DECI-6th-Call

• Project title:HoSAM  
Project was awarded access to 1.600.000 core hours of 
DECi resources in Sweden at PDC (Ekman AMD Cluster).

Text: suvi alanko

A material with cracks (black) is stretched vertically.  
The cracks open up when the material is stretched, producing 
stress concentration (red) at their tips and relaxation (blue) 
above and below the crack. 
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as these issues may affect directly 
to human health and safety.”
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Splitting water molecules through artificial photosynthesis  
is a promising method for storing solar energy in the form of fuel. 

Researchers are working to develop new guidelines for  
designing the optimal catalysts for the reaction.

Splitting Water 
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The sun is a great source of renewable energy for many 
reasons; it produces no pollution, it is independent of import, 
affordable, inexhaustible and clean. But there is one problem: 
some days are sunny and other days are not. How can we 
deal with this variation? How do we store solar energy?

One possibility is to copy nature. A series of reactions 
known as photosynthesis is nature’s way of producing fuels 
from sunlight. In more chemical terms, it means using 
electromagnetic radiation to convert water and carbon-
dioxide into chemical fuels. Artificial devices aiming at 
providing a viable way to store solar energy in the form of a 
fuel on a massive scale should reach significantly higher 
efficiencies.

Dr. Simone Piccinin from CNR-IOM in Trieste, Italy, is 
involved in a project that aims to understand the key issues 
governing the performance of artificial photosynthesis 
devices.

“It is a complex problem that involves many factors. Now 
we are trying to gain knowledge about how certain materials 
perform this reaction. Oxidizing water is one of the key steps 
in natural photosynthesis, and one of the crucial issues is 
finding materials that can efficiently catalyse the oxidation 
step,” Piccinin explains.

Earth-abundant materials
The overall efficiency in natural photosynthesis is quite 
limited, approximately one percent. Artificial devices aiming 
at providing a viable way to store solar energy in the form of 
a fuel on a massive scale should reach significantly higher 
efficiencies. 

One of the bottlenecks for the artificial process is the 
lack of suitable materials to oxidize water. This particular 
step in natural photosynthesis is very efficient, and relies on 
a catalyst made of earth-abundant elements such as 
manganese and calcium. The natural catalyst is extremely 
complex, highly unstable, and comprises a self-repair 
mechanism, while scientists are researching materials that 
are easy to fabricate.

“Finding catalysts for water oxidation that are at the same 
time efficient, stable, and cheap – that is, based on earth-
abundant elements – is a formidable challenge,” says Piccinin.

The already known materials suffer from poor stability 
under the standard conditions.

“For example, they may need a very acidic or very basic 
environment. We need something that can function under 
mild conditions. There has been lots of progress lately for 
example concerning the qualities of cobalt-based materials.  
 

Red, big white, small white and blue spheres represent Oxygen (O), Tungsten (W), Hydrogen (H) and Ruthenium (Ru) atoms, 
respectively. The isosurface around Ru atoms shows that the HOMO (highest occupied molecular orbital) is indeed localized around  
Ru atoms. The green and white areas represent regions where the HOMO wavefunction is positive and negative.
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The field is very active and there has been substantial 
progress in the last few years,” Piccinin states.

Step-by-step simulation
“We did a complete study using the theoretical tools that can 
simulate at the atomistic level the key steps in the oxidation 
of water. In other words, we want to find out how a specific 
catalyst can do it. With this information at hand we can try 
to understand why certain catalysts are better than others,” 
Piccinin explains.

They chose to experiment with a polyoxometalate 
molecule containing four ruthenium atoms, Ru4-POM for 
short, which is known to be a good catalyst under acidic 
conditions. The structure of molecular catalysts are usually 
very well known, which makes them easy to characterize 
compared to catalysts  
for which even the structure is difficult to determine.

“As we studied inorganic molecules based on ruthenium, 
we found details about what the mechanism promoted by 
this catalyst is, and took a computational approach. We 
simulated step-by-step how to get molecular oxygen from 
water,” he describes.

The next step of the plan is to have a look at other 
elements, and see how they perform in that environment. Dr. 
Piccinin is planning on replacing ruthenium with a cheaper 
element such as cobalt.

“Ruthenium is so rare and hence expensive that it would 
be unlikely that any industry would ever be based on it. Now 
that we know the mechanism, we can apply the same rules to 
homogeneous catalysts in this category. Eventually, I hope 
that we find an excellent catalyst that is efficient and based 
on earth-abundant elements,” he says.

options are still many
Dr. Piccinin believes that in few years there will be a 
proposal for a good water-oxidation catalyst, while finding 
suitable catalysts to promote the production of easy-to-store 
fuels like methanol might be even harder. Coupling the 
catalysts with a suitable light-absorbing material will be the 
next step, but having identified good catalysts would provide 
a driving force for engineering the device.

When it comes to artificial 
gasoline and the way oil is 

produced, the bottom line is 

photosynthesis. If it can be done artificially, it would be used 
for transportations or other similar needs for fuel. 

“As the energy field is shifting towards renewable 
energy, the problem of discontinuity with sunlight persists.  
If solar energy could be converted and stored in the form of 
fuel it would be much more appealing to our needs. The 
answer may lie in artificially producing methanol from 
water and CO2, but the options are still many,” Dr. Piccinin 
concludes.

Massive computing needs
In order to accurately simulate the chemical transformations 
the researchers are interested in, they need a quantum 
mechanical description of the system.

The first part of the project used Louhi, a Cray XT4/5 
located at CSC, and the grant was worth 1,5 million 
computing hours. The second, very extensive part of the 
project was done using CURIE, a Bullx cluster in France. The 
grant was 4,8 million computing hours and it took almost a 
whole year. Both projects had the same goal but involved 
slightly different materials.

“Now that we think we have understood the mechanism, 
we are trying to benchmark the most suitable elements to 
insert into this equation,” Dr. Piccinin adds.

In the future, it will be easier to approach experimental 
labs and companies that are building devices for storing 
solar energy in the form of fuel by saying that there is 
computational evidence that a specific material should be an 
excellent catalyst. The most rational way to design catalysts 
is to base the plans on the most accurate simulations 
available at the time. Dr. Piccinin foresees a need for massive 
computer resources and has already submitted a new 
proposal to PRACE.

FuRTHER inFoRMATion / H2oSPLiT

http://www.prace-ri.eu/DECI-6th-Call

http://www.prace-ri.eu/PRACE-3rd-Regular-Call

• “Powering the planet: Chemical challenges in solar energy 
utilization” by nathan S. Lewis and Daniel G. nocera in: 
PnAS, December 11, 2007, Volume 104, no. 50. 
http://www.prace-ri.eu/PRACE-5thRegular-Call?lang=en

• Project title: H20SPLiT 
Project was awarded under DECi-6 Call with 1.560.000 
core hours based in Finland at CSC (Louhi XT4/XT5).

• Project title: ‘Multicenter cobalt-oxo cores for catalytic 
water oxidation’ was awarded on PRACE 3rd Call 4.816.000 
core-hours on CuRiE (GEnCi@CEA), France.

• Project title: ‘EnCoRASoL – Engineering transition-metal 
multi-core centers in molecular catalysts for solar fuel 
production’ was awarded on PRACE 5th Call 12.000.000 
core-hours on Hermit (GCS@HLRS), Germany. 

Text: Heini santos
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To understand climate phenomena requires an analysis of 
the complex interplay between the changing climate and 
chemically active substances cycling through the Earth 
system. At the forefront of the battle to provide deeper 
insight into our climate system including the chemical state 
of the atmosphere are state-of-the-art chemistry climate 
model simulations, which attempt to estimate real-life 
meteorological and chemical situations. These simulations 
will benefit from the results of the German Aerospace 
Center’s project called “Performance optimization and 
reproducibility analysis of distributed simulations of the 
Earth climate system”, or more aptly, project PaRADiSE.

The climate and its features as we experience them in 
our daily lives are a result of complex interactions between 
the Earth’s atmosphere, vast masses of land, water and ice, 
and the sun. Factors like volcanic eruptions and man-made 
greenhouse gases are inextricable components as well, 
adding their own signature to this complicated web. On 
shorter time scales photochemically active gases and 
aerosols also play an important role. In order to accurately 
estimate how our physical and chemical climate will  
evolve in the future it is first necessary to untangle these 
interactions and form a clear view of the chain of effects. 
This is where climate and chemistry models come to play.

“These models aim to faithfully describe the 
deterministically chaotic system of the terrestrial climate 
and the constituent cycles within”, Dr. Patrick Jöckel, the 
leader of project PaRADiSE from the German Aerospace 
Center explains. 

At the very heart of these research activities is the 
examination of the beautifully coined butterfly effect.

“The term is to say that a slightly perturbed initial 
condition will generate a completely different meteorological 
situation after a short time of some days”, Jöckel enlightens.

Bridging the gap between different  
climate models’ results
The beats of a butterfly’s wings do not always provide similar 
meteorological results when simulated by different models.

“Describing a chaotic system like the climate on different 
computer architectures does not generate the same output 
with respect to the simulated meteorological development”, 
Jöckel clarifies.

This is due the fact that floating point arithmetic 
operation sequences of the same source  code on different 
architectures is not the same. 

“The simulated sequence of meteorological conditions 
diverges on different architectures – but the statistical 

Climate change has lead to new 
challenges for climate scientists; 
the largest occurrence of ozone 
depletion ever recorded over the 
Arctic was observed in 2011. 
Lower in the atmosphere, strong 
air pollution degrade the quality 
of life. Scientists are endeavoring 
to help us avoid the negative 
effects with the help of complicated 
climate simulations. Recently the 
computing resources provided by 
PRACE has been used to validate the 
results between different simulation 
architectures – a feat which will benefit 
future climate modeling.

Harnessing High  
Performance Computing 
Architectures for Earth Climate 
system simulations 
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quantities (averages, spread, standard deviation etc.), i.e.  the 
“climate state” might still be the same. The latter we found 
out in the project for two quite different architectures – 
implying indeed that our code is very robust!”

Factors like different compiler optimizations leading to 
differing assembler operation sequences, varying instruction 
sets and rounding errors are included  
on Jöckel’s list of causes for diversification of the simulated 
meteorological situations. Within this diversification lies  
the key question for project PaRADiSE – can the physical  
and chemical climate state created on the basis of these 
representations be the same regardless of the used 
architecture? Jöckel and Duy Cai, from the German 
Aerospace Center as well, positioned the question more 
specifically as “Are simulation results of a state-of-the art 
chemistry climate model achieved on different high 
performance computing architectures statistically 
undistinguishable?”

– The climate state is independent of the architecture, 
although this finding is only valid for the tested 
architectures, Jöckel elaborates on the project’s results.

A paradise for old and new analysis
A key contribution of the project initiated by Jöckel for the 
scientific community is proving that running climate models 
through non-centralized frameworks can enhance the 
resulting data and its assessment.

“One practical consequence of project PaRADiSE is that 
simulations can be split onto different computers and the 
results can then be combined to a better statistical base for 
use in further analyses”, Jöckel presents.

PaRADiSE also gives new life to old data.

“As long as the climate state of the model remains the 
same, older simulations can still be analyzed and used in 
connection with new simulations, for example after the 
machine they were simulated on has been replaced with a 
new one”, Jöckel goes on to elaborate.

This means that this project supported by a consortium of 
institutions developing and operating the EMAC model system 
will not only provide useful reference data but more 
importantly facilitate future research on this important issue.

Continuing the work – what does the future hold
“The project was initiated by me and in roughly two person-
months the model setups were prepared. The simulations on 
the two different architectures were conducted within some 
months”, Jöckel describes.

The creation of the data through the simulations was 
done by using an IBM Power6 at CINECA and a Cray XT4/XT5 
at CSC. The IBM Power 6 and Cray XT4/XT5 were key 
instruments in the use of two different chemical 
mechanisms. The mechanisms used the corresponding 
solvers E4CHEM and MECCA, the former of which is 
instrumental for simulating stratospheric chemistry 
whereas the latter, more complex one, covers the chemistry 
from the surface to the mesosphere. The data created by the 
project itself is archived at Jöckel’s home site at the Leibniz 
Supercomputing Centre.

While the simulations that were run within the PRACE  
have already been conducted, the project is far from over.

“The simulations were finished already last year and 
now after a small gap we are in the process of analyzing the 
results at our home site by SuperMIG and SuperMUC 
frameworks. Some of this analysis will be conducted in the 

Differences (CRAY XT4/XT5 minus IBM POWER 6) of annual mean of zonal mean NOX distribution in nmol/mol for a) MECCA chemistry 
and respective b) E4CHEM. According student’s t-test shaded areas are not statistically significant at a 95% level.
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Differences (CRAY XT4/XT5 minus IBM POWER 6) of annual mean of zonal mean ozone mixing ratio in mmol/mol for a) MECCA 
chemistry and respective b) E4CHEM. According student’s t-test shaded areas are not statistically significant at a 95% level.

Differences (MECCA minus E4CHEM) of annual mean of zonal means for a) temperature in K b) ozone mixing ratio in mmol/mol. 
According student’s t-test shaded areas are not statistically significant at a 95% level.

course of a colleague’s PhD”, Jöckel says.
“Given the sizeable data-set, the number man-hours that 

will be required for the analysis of this data is not yet 
foreseeable. The analysis of the data usually takes much 
longer than performing the simulations”, Jöckel admits.

FuRTHER inFoRMATion / PaRADiSE

http://www.prace-ri.eu/DECI-6th-Call

http://www.prace-ri.eu/DECI-7th-Regular-Call#Chemistry

• [1] Song, Z., Qiao, F., Lei, X., and Wang, C.: Influence of 
parallel computational uncertainty on simulations of the 
Coupled General Climate Model, Geosci. Model Dev. 
Discuss., 4, 3295-3312, doi:10.5194/gmdd-4-3295-2011, 

2011. (www.geosci-model-dev-discuss.net/4/3295/2011/ )
• [2] Jöckel, P., Kerkweg, A., Pozzer, A., Sander, R., Tost, H., 

Riede, H., Baumgaertner, A., Gromov, S.,& Kern, B.: 
Development cycle 2 of the Modular Earth Submodel 
System (MESSy2), Geoscientific Model Development,  
3, 717–752, doi: 10.5194/gmd-3-717-2010  
(http://www.geosci-model-dev.net/3/717/2010/ )

• Project title: PaRADiSE  
Project was awarded access under DECi call 6 to 360.000 
core hours based in italy at CinECA (Power 6), 360.000 
core hours in Finland at CSC (Louhi XT4/XT5), and 110.000 
core hours in Germany at HLRS(nEC SX-9).

Text: Teemu Puutio
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Simulating Activity  
on the Sun with  
large Plasma models

The main objective of the SunFlare project is modelling and 
understanding the couplings between the sub-surface layers 
and visible layers of the Sun: the solar photosphere, 
chromosphere and corona.

“The mass density is much larger in the sub-surface 
layers than in the visible layers. The kinetic and magnetic 
energy densities are also correspondingly large. The  
motions that occur in these layers cover a wide scale  
range. The motions transport heat to the surface of the Sun, 
allowing the Sun to maintain its enormous energy output.  
The motions also generate, stretch, and transport magnetic 
fields to the surface and, as our simulations have shown  
for the first time, spontaneously create the structure in 
so-called Solar Active Regions,” professor Åke Nordlund 
from the University of Copenhagen explains. Nordlund  
heads the team. He is a science coordinator as well as a 
program developer and works closely with the SunFlare 
project group.

When magnetic fields emerge on the surface of the Sun 
the energy can be violently released in the form of so-called 
Solar flares and Coronal Mass Ejections (CMEs).

“Solar flares are extremely powerful explosive events, 
which ultimately may affect the environment in the Earth’s 
protective magnetosphere. The explosions are often closely 
accompanied by CMEs, where magnetic energy is converted 
into intense UV-light emissions, X-rays, gamma rays, as well 
as highly charged particles. The particles can travel into 
interplanetary space, resulting in northern lights and 
magnetic sub-storms in the Earth’s magnetosphere,” 
Nordlund explains.

The SunFlare project group has studied the relationship between the 
sub-surface layers and visible layers of the Sun, with a focus on its 
active regions. The dynamics in the visible layers of the active solar 
regions is the result of processes that take place in the sub-surface 
layers. By using the largest plasma simulations ever conducted in solar 
research, the project team unearthed a basic mechanism responsible 
for accelerating charged particles on the Sun.

The structure of the solar magnetic field rising vertically from a 
sunspot (an area of strong magnetic field), outward into the solar 
atmopshere.
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Illustration of the particle tracing used to understand acceleration mechanisms in the solar corona: the upper panels present two  
planes, cut out from a larger simulation. They are both centred on the reconnection point, marked with a cross, where the magnetic field 
topology changes. The gray scale pictures show the projected electrical currents, with darker shades representing stronger currents.  
The trajectories of high energy particles are plotted on top. a) is a horizontal cut in the solar corona, and b) is a vertical cut. The small 
graphs present the time evolution for individual particles. From top to bottom are the energy evolution, the local accelerating electric field, 
the angle particles make with the local magnetic fields, and the size of their gyro radius. It can be seen how all the high energy particles 
move along the strongest currents, almost perfectly aligned with the magnetic field lines, and accelerated by the local electric field.
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Coupling traditional MHD models  
with kinetic particle models
The team primarily made use of two kinds of supercomputer 
programs in the study.

“One program type solves equations that describe the 
dynamics of magnetized plasma as a fluid. The other treats 
the same situation in a particle representation, where the 
gas is represented by up to more than 100 billion pseudo-
particles, which are characterized by their mass, electrical 
charge, and velocity,” Nordlund says.

“There are many groups studying the solar atmosphere 
with supercomputer models, but our group is unique in that 
it studies all aspects, and does so by coupling traditional 
MHD models with kinetic particle models. Our models are 
very detailed and realistic and are readily compared to 
observations. Sometimes observations are even used as a 
starting point for data-driven simulations. Furthermore, our 
MHD models are some of the most extensive and compute-
demanding ever conducted and, certainly, our plasma models 
are the largest ever created in a solar context,” Nordlund 
explains.

Revealing the charged particle  
acceleration mechanism
The SunFlare team has been able to reveal a basic mechanism 
responsible for accelerating charged particles on the Sun.

“The dominant physical process was only clearly 
discovered while running the largest particle-in-cell 
simulation on JUGENE-supercomputer, with over 3 billion 
mesh points and more than 135 billion pseudo-particles,” 
Nordlund says.

Smaller simulations had shown indications of the 
process, but only the largest simulation was able to 
conclusively show what occurs.

“A strong electric field develops along the solar  
magnetic field. As a result, charged particles are accelerated. 
Protons are accelerated in the direction of the electric field 
and electrons in the opposite direction. The spatial 
distribution of the simulated particles agrees well with what 
we infer from observations of active regions on the Sun,” 
Nordlund says.

The Sun is presently entering its next solar maximum of 
magnetic activity, Solar Cycle #24, which culminates in 2013. 

The magnetic field structure reconstructed from a magnetogram of an active region on the Sun, taken on November 16, 2002 by the 
SOHO satellite. Two black & white spots are clearly visible. The close-up view shows the central dome / fan topology centred on the 
magnetic null point, where particle acceleration takes place. This was the starting point for our endeavour: We used observations as a 
basis for our fluid dynamics simulations to study the large scale dynamics, and to advance the simulation (several solar hours) to a state 
just prior to the violent reconnection event. We then used the close-up view to trace the reconnection event with a particle code, in order 
to study the particle acceleration in detail. The results are based on real satellite data, in contrast to the idealized setups normally used in 
such studies.
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It is believed that solar magnetic activity is directly 
responsible for launching CMEs into the solar system.

“Our results provide a strong foundation for continued 
research on the launching of solar storms, propagation of 
CME-driven plasmas through the solar system, and resulting 
space weather events that are driven by the interaction 
between accelerated solar wind (a solar storm) and the 
Earth’s magnetosphere. Some unresolved questions remain. 
The modelled events are active regions, but the particle 
acceleration events modelled so far, so-called “pre-flares”, 
are not the most energetic. We are still unable to model the 
most powerful energetic explosions in the solar corona,” 
Nordlund says.

This research has provided detailed insights into 
processes that are fundamentally responsible for the onset  
of solar storms.

“We can only quantify the mechanisms behind solar 
storms more precisely by synthesizing explosive CME-like 
conditions in supercomputer models. It will be vital for 
precise modelling and perhaps even for forecasting space 
weather events here on Earth.”

Charged particle acceleration is known to take place in 
many different astrophysical contexts, but most occur so far 
away in the Universe that their details cannot be studied.

“The Sun presents an accessible laboratory for studying 
a very basic physical process. The methods used are indeed 
shared with the plasma fusion community: either using 
magnetic confinement (tokamak fusion reactors) or inertial 
confinement (laser induced fusion),” Nordlund concludes.

The largest continuous run ever done on JuGEnE
The SunFlare project was a DECI project from 2009 to 2011 
and continued in PRACE from 2011 to 2012. Both phases of 
the work involved collaborators from the Universities of 
Copenhagen, Oslo, Stockholm, La Laguna (Tenerife), 
Michigan State, and the Max Planck Institute for 
Astrophysics (Garching near Munich). The team has received 
a new PRACE grant for 2012 and 2013.

Dr Troels Haugbølle from the University of Copenhagen 
was the main programmer of the Photon-Plasma kinetic 
particle code used for the simulations. He carried out the 
largest plasma simulations on JUGENE at FZJ. What makes 
the supercomputer special is the fact that it has an enormous 
amount of CPUs, even if the individual CPUs are not very 
powerful.

“The codes used to run our simulations are very scalable 
and can run on many CPUs in parallel without slowing down. 
JUGENE was indeed a perfect match for our research. 
Furthermore, the machine was set up to do full machine 
runs. At convenient times the machine is cleaned for other 
uses, and it can be used exclusively for one application. This 
was exactly what we needed when we did our largest 
simulation. We ran it on 262.144 CPU cores for 36 
consecutive hours,” Haugbølle says.

This was the largest continuous run ever done on 
JUGENE.

“This enabled us to practice unique science. JUGENE was 
at that time the only computer in Europe that could enable us 
to accomplish that,” Haugbølle says.

 

FuRTHER inFoRMATion / SunFlare

http://www.prace-ri.eu/DECI-6th-Call

http://www.prace-ri.eu/PRACE-2nd-Regular-Call?lang=en 

• Gisela Baumann, Klaus Galsgaard, Åke nordlund, 
arXiv:1203.1018, accepted by Solar Physics

• Gisela Baumann, Troels Haugbølle, Åke nordlund, 
arXiv:1204.4947, submitted to Astrophysical Journal

• Gisela Baumann, Åke nordlund, arXiv:1205.3486, accepted 
by Astrophysical Journal Letters

• Robert Stein, Åke nordlund, Astrophysical Journal Letters, 
753, L13 (2012)

• Damian Fabbian, Elena Khomenko, Fernando Moreno-
insertis, Åke nordlund, Astrophysical Journal, 724,  
pp. 1536-1541 (2010)

• The Project was awarded under PRACE Project Call 3 and 
DECi call 6: http://www.prace-ri.eu/DECI-6th-Call

• Project title: SunFlare 
The project was awarded access to 1.920.000 core-hours 
of the DECi resource based in Germany, at FZJ(JuRoPA) 
and 480,000 core-hours at HLRS(nEC SX-9).

• Project title: ’Ab initio Modeling of Solar Active Regions’, 
was awarded on PRACE 2nd Call 60.000 000 core hours on 
JuGEnE (GCS@FZJ), Germany

• Project title: ‘Ab initio Modeling of Solar Active Regions’ 
was awarded on PRACE 4th Call 45.000.000 core hours on 
JuGEnE (GCS@FZJ), Germany.

Text: Päivi Brink

The groundbreaking simulations of the solar atmosphere have 
for the first time shown the formation of sunspots in ab initio 
simulations purely driven by the convective flows of the Sun.
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Utilising high-power computing in research produces 
significant added value in all branches of science. PRACE’s 
training programme caters to this need by providing 
researchers with versatile instruction through a 
supercomputing training programme that aims at establishing 
an internationally recognized, state-of-the-art brand.

Seasonal schools
Several training events are arranged per year  within the 
training programme. These events are called seasonal 
schools. Seasonal schools arranged across Europe provide 
basic courses on scientific programming as well as more 
in-depth knowledge of supercomputing and individual 
supercomputers for the scientific community. Course content 
is tailored to their time and place. In addition, there is an 
annually arranged EU-US summer school, a shared training 
and networking event for researchers from Europe and the 
United States.

PRACE Advanced Training Centres 
More courses and workshops in supercomputing are offered 
by PRACE Advanced Training Centres, hosted for two years 
by various supercomputer centres.  In 2012–2013, the 
training centres are BSC (Spain), CINECA (Italy), CSC 
(Finland), EPCC (United Kingdom), GCS (Germany) and 
Maison de la Simulation (France). Each PRACE Training 
Centre runs approximately ten training events per year 
ranging from 2 to 4 days, which are scheduled and designed 
as learning paths. 

A comprehensive training portal
An essential part of the instruction in the PRACE training 
programme is the PRACE Training Portal, an information 
portal, which opened in the autumn of 2011. The portal can 
be accessed at http://www.prace-ri.eu/training. It is a centre 
for electronic training material related to supercomputing. 
This database supports independent studying and contains 
news, forthcoming training events, interactive lecture 
material, video clips, exercises and questionnaires for 

self-evaluation. The portal aims to provide an answer to any 
problem related to high-power computing. It is intended to 
be a resource that researchers can turn to with their 
scientific calculation issues.

FoR MoRE inFoRMATion / PRACE training programme

http://www.prace-ri.eu/training  

Seasonal schools provide basic courses on scientific 
programming as well as more in-depth knowledge of 
supercomputing and individual supercomputers. Since 2010, 
the PRACE training programme has comprised four seasonal 
schools and one scientific seminar each year. Corresponding 
events will also be arranged this year and the next. 

This year, PRACE Advanced Training Centres will 
arrange more than thirty courses on supercomputing across 
Europe. PRACE Advanced Training Centres are hosted by 
European supercomputer centres.

PRACE’s 
Training Programme offers a versatile 

Education in Supercomputing
in 2008, PRACE started a training programme aimed at European 

researchers to provide training on supercomputing issues. The most important 
instruction methods in the training programme are face-to-face training  

events and the web-based PRACE Training Portal.



in search of Ligands  
that prevent Blood clotting
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The Karlsruhe Institute of Technology (KIT) in Germany and 
The Blood Center Department at the University of Murcia in 
Spain joined efforts in the BloodInh PRACE project from 
2008 to 2010. The researchers had previously developed a 
novel strategy for in-silico (computer) screening of large 
ligand databases, based on the stochastic tunneling method 
(STUN). The FlexScreen computer program was used for 
searching the databases. 

“Molecules interact with proteins, thereby modulating 
protein function. A human body, for instance, has to switch 
on the protein that induces blood clotting to close a wound. 
Normally the proteins are in an inactive state, but small 
molecules in the body bind to and activate these proteins. 

These activating molecules are called ligands. Drugs 
contain artificial molecules that mimic this ability to 

activate or deactivate proteins. These artificial 
molecules can be used to regulate protein function 
in order to treat a particular disease or condition, 

such as thrombosis,” Professor Wolfgang 
Wenzel explains. 

Professor Wenzel was in charge of the 
BloodInh project. He leads the 
Nanosimulation group at the Institute of 
Nanotechnology and is an Associate 
Professor at the department of physics at 

KIT. Dr Horatio Perez Sanchez performed 
all the computational work on the project, 

which was subsequently validated 
experimentally by a group from the 
University of Murcia that conducted 

laboratory testing for the BloodInh 
project.

“If one knows the structure of 
the target receptor for a natural 

ligand, the molecule library or database 
can be searched for molecules that bind similarly 

or better to the same receptor. In our case we 
searched for molecules that would bind to 

anti-thrombin, a protein involved in 
blood clotting. The computer identified 
the top 10 molecules that matched the 
search criteria in a database of about 

eight million molecules. These 
molecules could then be used for further 

laboratory testing,” Wenzel says.

Research conducted by a Spanish-German team 
has eased and accelerated the discovery of 
ligands (binding molecules) that interact with 
proteins associated with diseases. Their findings 
will aid drug development and significantly reduce 
laboratory hours used, since the suitable ligands 
are selected by computers from a database of 
molecules. The Bloodinh project team screened  
a large ligand database to obtain molecules that 
were likely to bind to the target protein. These hits 
were validated as new inhibitors to prevent blood 
clotting, without incurring  
harmful side effects.

Docking geometry of Heparin (magenta), the natural ligand to 
antithrombin (green), in comparison to the experimentally known 
pose (light blue).
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The Blood center department at the University of Murcia 
found that one of the molecules (TMI) actually functioned 
more effectively than the natural ligand. 

“When the natural and artificial ligand operated in 
unison, the protein activation was extremely effective. In the 
near future these results may be practically applied, but 
extensive clinical testing must be conducted first.”

Only a few documented examples of in-silico screening 
that leads to directly effective molecules exist and the method 
has discovered no more than three to four drugs  to date.

new antithrombin activator discovered
The study aimed to gain a better understanding of the blood 
coagulation (clotting) mechanism and to develop new lead 
molecules for effective anticoagulant drugs used in disease 
treatment.

“The medical and socioeconomic relevance of 
thromboembolic disorders promotes an ongoing effort to 
develop new anticoagulants. Heparin is widely used as an 
antithrombin activator, but incurs side effects. We screened 
a large database in-silico in order to identify alternative 
molecules to Heparin. We predicted that the D-myo-inositol 
3,4,5,6-tetrakisphosphate (TMI) molecule would interact 
robustly with antithrombin. Isothermal titration calorimetry 
indeed confirmed a TMI affinity of 45 nM, higher than the 
heparin affinity (273 nM), in other words, a smaller amount 
of TMI has the same effect as a larger amount of heparin,” 
Wenzel says. 

Further experiments revealed that TMI induced a partial 
activation of antithrombin, which facilitated the interaction 
with heparin and low affinity heparins.

“TMI improved the antithrombin inhibitory function of 
plasma in patients with antithrombin deficiency with a 
heparin binding defect. The same result was achieved in a 
model with endothelial cells. Our in-silico screen identified a 

Schematic workflow to discover potentially active molecules with 
high-throughput in-silico screening.

Heparin (left) binds to 
antithrombin, a protein 
important in the process 
of blood coagulation. In 
this study we discovered 
a molecule, TMI (right), 
which binds to antithrombin 
even better, by comparing 
the binding properties 
of 8 million candidate 
molecules in computer 
simulations.

“The study aimed to  
gain a better understanding 
of the blood coagulation 
(clotting) mechanism  
and to develop new lead 
molecules for effective 
anticoagulant drugs used  
in disease treatment.”
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new, non-polysaccharide scaffold that is able to interact with 
the heparin binding domain of antithrombin. The functional 
consequences of this interaction were experimentally 
characterized and suggest potential anticoagulant 
therapeutic applications,” Wenzel says. 

Many patients require long term treatment with 
anticoagulants and the annual market volume of these drugs 
is about 5 billion US dollars.

Saving time in the laboratory
The ZINC molecule library contains 8 million different 
molecules. Only very large pharmaceutical companies can 
maintain and wet-screen such large libraries.  

“There are three ways of discovering ligands for 
proteins: You can find them by chance, you can screen them 
in a laboratory, or you can identify them with an in-silico 
screening method, such as FlexScreen, using a 
supercomputer. The computational approach is faster, less 
expensive and is becoming increasingly reliable with 
improved method development,” Wenzel says.

The use of supercomputers in the search for ligands, as 
opposed to laboratory testing methods, can potentially save 
billions of Euros in research time and the cost of chemicals. 

“In silico methods reduce drug discovery costs and have 

the potential to discover new scaffolds, 
i.e. molecules no one expects to bind to 
the specific receptor. We have used the 
program for ten years and it has proven 
to be very efficient. Looking ahead we 
are interested in developing methods 
that can predict side effects, which would 
speed up the process. We are trying to 
make FlexScreen screening even more 
efficient and are also involved in 
discovering the biological mechanisms of 
how ligands switch proteins on and off.”

There are 20–35 other groups 
conducting research in the same field. 
Some are academic groups and some are 
industrial groups in pharmaceutical 
companies. The latter grouping receives 
much more funding than academic 
groups and there is considerable 
competition to achieve results.  

The versatile Hector 
supercomputer 
BloodInh conducted their calculations 
with the Hector supercomputer in 
Edinburgh. 

“It is a supercomputers easy to use 
and extremely versatile. Hector suited 
our program well and was available to 
us for two years. Without a 
supercomputer we would not have 
been able to do this research in such 

detail. Many simulations cannot use the capability of Tier-0 
systems effectively, as we are unable to scale to a sufficient 
number of nodes, a problem common to many biophysical 
calculations. We require even better methods to be able to 
use emerging exascale supercomputers, because the life 
sciences have few codes that scale to this size,” Wenzel says.

FuRTHER inFoRMATion / BLooDinH

http://www.prace-ri.eu/DECI-6th-Call

• “in Silico Discovery of a Compound with nanomolar 
Affinity to Antithrombin Causing Partial Activation and 
Increased Heparin Affinity” by J. Navarro-Fernández,  
H. Pérez-Sánchez, i. Martínez-Martínez, i. Meliciani,  
J. A. Guerrero, V. Vicente, J. Corral, and W. Wenzel. 
Published in Journal of Medical Chemistry 2012,  
55, 6403−6412.

• Project´s website: http://www.int.kit.edu/nanosim
• Project title: BLooDinH 

Project was awarded under DECi-6 call with access to 
1.900.000 core hours based in uK at EPCC  
(HECToR XT6/XE6).

Text: Päivi Brink
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Black holes as Guinea pigs



Black holes as Guinea pigs
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The research group of Prof. Vitor Cardoso in IST/Lisbon 
explores the dynamics of black holes by making them 
collide under a variety of different conditions. 
Experimenting with real black holes is not possible, so 
the collisions are modelled using supercomputers.

“Actually the most important subject of our 
research is elementary particles, not black holes 
directly. We are interested in understanding how the 
high energy collision of particles produces a black hole. 
When dealing with very large amounts of energy 
“matter does not matter”, meaning it does not matter 
whether we model the collisions of black holes, people, 
laptops, or even the Earth, because the result of that 
collision is a black hole,” Cardoso says.

“A black hole is the easiest to model because it is the 
simplest object that we know: by specifying its mass, 
charge, and angular momentum we know everything 
about it. This is commonly summarized in the statement 
“black holes have no hair”. If we used for instance the 
Earth, we would have to define countless different 
parameters from the number of trees to the appearance 
of humans.”

Einstein´s messengers
Scientists are hoping that gaining knowledge about 
black holes will help in the search for gravitational 
waves. These waves, also called Einstein’s messengers, 
are ripples in the curving of spacetime, and they arise 
from the movement of matter. They are sort of like 
wrinkles that supernovae and black holes leave on the 
fabric of spacetime, and they carry vast amounts of 
information, ranging from the birth of our universe to 
the essence of extremely compact matter. They speak 
about the birth of stars as well as the unknown dark 
matter that influences space.

“Gravity waves can be looked at as regular light, but 
human senses are not sensitive enough to detect them.  
We already know based on Einstein’s theory of gravity that 
there is radiation but we still do not know what it is like,” 
Cardoso says.

Even though several antennas on Earth are tuned 
for these waves – for example the biggest LIGO antenna 
located in the United States, a four-kilometre-long letter 
L – the humankind has not yet managed to develop 
research equipment sensitive enough to detect the 
waves. After all, the changes are measured in fractions 
of the size of the atom nuclei.

Research on black holes has recently become 
a target of interest in many fields of physics: 
the results are expected to answer questions 
about gravity and the essence of matter all the 
way back to the birth of the universe.

A growing black hole, called a quasar, 
can be seen at the center of a faraway 
galaxy in this artist’s concept. Image 
credit: NASA/JPL-Caltech.
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Black holes are assumed to be a notable 
source of the waves, and Cardoso believes that 
they will produce the first such waves ever to be 
detected.

“For the last couple of years, hundreds of 
researchers have been working hard to understand 
precisely the collisions of black holes, in order to gather a 
credible catalogue of gravitational wave production. The list 
is intended for the use of observatories that look for gravity 
waves. The work is time-consuming – it will take some more 
years – but at the same time it will be incredibly rewarding.”

Behind the event horizon
It is not possible, and it may never be possible to directly 
study black holes. The reason is that black holes are so dense 
that light or any other information cannot resist their 
gravity, and is therefore trapped within it. According to the 
current understanding, at the centre of black holes there is a 
singularity, a place where a huge amount of matter is 
squeezed to extremely small volume. In the singularity, the 
laws of physics break down, and all sorts of infinities arise.

Singularities are a deficiency of the theory and they are 
telling us that a better quantum theory is probably required. 
To protect General Relativity from the need of quantum 
effects, scientists have relied on cosmic censorship 
hypothesis introduced by Roger Penrose in 1965. According 
to this conjecture, every time singularities arise they are 
hidden within event horizon, thereby cloaking all the nasty 
quantum effects. 

“The cosmic censorship of Penrose is basically an 
attempt to save the classical theory of General Relativity. If 
this conjecture is correct. Einstein’s theory does not need to 
be improved by a quantum version, because all quantum 
effects are hidden from us. The past five years have been a 
quest for a counter-example to cosmic censorship.”

“With our modelling, we want to find out whether the 
event horizon is an inevitable result of a high energy 
collision, or are so called naked singularities possible. If they 
are, major revisions to General Relativity will be necessary 
for in particular quantum effects to become relevant.”

“We have been able to model collisions of black 
holes at monstrous speeds: we have thrown black holes 
at one another at close to the speed of light. But we 
never saw any evidence of naked singularities. This 
means that the cosmic censor seems to be indeed 
present and protecting us.”

Do-it-your-self black hole?
These topics could become even more important if 

Newton’s theory is not valid at the microscopic 
level. According to Newton, two objects 

gravitate towards each other with a force 
directly proportional to the masses of the 
objects and inversely proportional to the 
square of the distance between them. The 

theory works well in the world sensed by humans 
but it has never been tested at small scales.

“Although Newton’s theory has been used for 
centuries, gravity has not really been tested at very short 
distances. A new scenario invokes the existence of other, 
very small dimensions in our universe to argue that gravity 
becomes very strong at small distances. Thus, elementary 
particles would feel much stronger gravitational forces.”

“These unknown dimensions are compactified in very 
small proportions, which is the main reason for why they 
have not been detected.”

Theoretical modelling has shown that it is possible to 
create a black hole on Earth by colliding elementary particles 
in a particle accelerator, such as the Large Hadron Collider  
at CERN.

“If that happens, we could study and describe the birth 
and structure of a black hole for the first time! Even though 
such research sounds exotic, there is a team called ATLAS in 
CERN constantly looking for signs of black hole production 
on the elementary particle level. The chances are slim, but if 
successful, the pay-off would be huge.”

The so-called BH bomb effect: a rotating black hole surrounded by 
a mirror is super-radiantly unstable.

The floating orbit effect: particles  
around rotating black holes can 
sometimes “hover” outside the horizon.
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But is there a risk, that a black hole on Earth would 
swallow the whole planet and its inhabitants?

“People’s fear of the world being destroyed when a black 
hole is born is unfounded. Such collisions have been 
happening since the beginning of the world, when high 
energy particles collide with our atmosphere. The reason 
why we are still here is that black holes evaporate away by so 
called Hawking radiation. The smaller the black hole, the 
stronger the radiation,” Cardoso explains.

“I believe that Black hole dynamics provide answers to 
several events in the universe that modern science has not been 
able to explain yet. The most exciting things are yet to come!”

The research group is now using the  PRACE resources 
via the Polish Supercomputing and networking centre 
(PSNC). According to Cardoso, the research group has huge 
needs of HPC, and they are increasing in the future.

”This is a rapidly growing field with a huge class of 
important open issues that can now be tackled. We would of 
course be extremely happy to be in a Tier-0 system and 
would certainly use all the available time!”

FuRTHER inFoRMATion / DyBHo

http://www.prace-ri.eu/DECI-6th-Call

• Research group’s webpage: http://blackholes.ist.utl.pt

• Vitor Cardoso´s homepage: http://centra.ist.utl.pt/~vitor

• “The high-energy collision of two black holes” by ulrich 
Sperhake, Vitor Cardoso, Frans Pretorius, Emanuele Berti 
and José A. González. Phys. Rev. Lett. 101:161101, 2008 
uRL: http://arxiv.org/pdf/0806.1738.pdf

• “Test bodies and naked singularities: is the self-force the 
cosmic censor?” by Enrico Barausse, Vitor Cardoso and 
Gaurav Khanna. Phys. Rev. Lett. 105:261102, 2010 
uRL: http://arxiv.org/pdf/1008.5159.pdf

• “numerical relativity for D dimensional axially symmetric 
space-times: formalism and code tests” by Miguel Zilhão, 
Helvi Witek, ulrich Sperhake, Vitor Cardoso, Leonardo 
Gualtieri, Carlos Herdeiro and Andrea nerozzi. Phys. Rev. 
D81 (2010) 084052 
uRL: http://arxiv.org/pdf/1001.2302.pdf

• “numerical relativity for D dimensional space-times: 
Head-on collisions of black holes and gravitational wave 
extraction” by Helvi Witek, Miguel Zilhão, Leonardo 
Gualtieri, Vitor Cardoso, Carlos Herdeiro, Andrea nerozzi 
and ulrich Sperhake. Phys. Rev. D82:104014, 2010 
uRL: http://arxiv.org/pdf/1006.3081.pdf

• Project title: DyBHo  
Project was awarded under DECi-6 call with 1.540,000 core 
hours based in Germany at LRZ (HLRB ii cluster)

• Project title: BlackHoles  
Project was awarded under DECi-7 call with 4.200.000 core 
hours based in Poland at PSnC (interlagos/GPu cluster).

Text: samppa Haapio

Moments before the collision 
of two black holes at close to 
the speed of light.

“I believe that Black hole dynamics provide 
answers to several events in the universe that 
modern science has not been able to explain 
yet. The most exciting things are yet to come!”

©
 D

yB
H

o



38

Supercomputers help reveal  
Dinosaur mechanics

The BigDino project is a collaboration between 
palaeontologists, biologists and computational scientists. 
The goal is simply to understand more about how dinosaurs 
moved.

“People are used to seeing the skeletons in museums and 
they have seen Jurassic Park, but there is really no biological 
basis behind explaining their movement. We do not really 
know the details, especially when it comes to the very big 
dinosaurs that weighed at least 70 tonnes, possibly even 100 
tonnes. It is hard to imagine how they moved, and due to 
their massive size there must have been some mechanical 
problems,” Dr. William Sellers from University of 
Manchester’s Faculty of Life Sciences explains.

Dr. Sellers and his colleagues started making computer 
simulations of fossils about ten years ago. Initially their 
interest has focused on human evolution and why humans 

walk on two legs, which was the earliest difference between 
the human and the chimpanzee lineage and started long 
before people developed the large brains that we have today.

“We became interested in dinosaurs because they are so 
extreme; bigger than any other land animal that is alive now. 
Looking at the extremes reveals the limits of the whole 
system,” Sellers says.

Voilà, a virtual dinosaur
Making a dinosaur simulation begins with the skeleton. 

“Some amazing, very complete skeletons have been 
found, so assembling them is not very difficult. We go into a 
museum and use a laser scanner to produce accurate 
3D-pictures of the dinosaur. We put the scans into the 
computer, and start to add muscles around the skeleton,” 
Sellers describes.

The muscle structure is based on closely related animals 
like crocodiles and birds. In fact, as Sellers points out, 
muscles have stayed remarkably consistent throughout 
vertebrate evolution and scientists know how they work.  
The dinosaur bones, like any other bones, have lumps on 
them, which reveals where the muscles must have been –  
the anatomical fundamentals are all the same, whether it is 
humans, birds or crocodiles.

To finish off the virtual robot the researchers add joints, 
and voilà, they have created a dinosaur on the computer 
using modern animal physiology. But this is only where the 
project gets complicated.

The adult weight of animals that live on the land 
varies from a few grams to many tonnes. Still, they 
are all made up of the same materials. As animals 
get larger they also get stronger but not as quickly 
as they get heavier, which has a major influence on 
their mechanics. The BigDino project contributes 
to reveal the limits at the larger end of the 
spectrum by combining knowledge from different 
fields and simulating dinosaur locomotion.
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“We teach the robot to walk or run, using genetic 
algorithms and activation patterns of the muscles that would 
lead to, for example, maximum running speed,” Sellers says.

on the scale
One key thing that Sellers and his colleagues want to find out 
is how much the dinosaurs weighed. Determining the weight 
is very important because it is such a fundamental biological 
property. Everything depends on body mass: power, speed, 
strength, and so on. People often argue about how much 
dinosaurs weighed, and the information can vary greatly 
between different sources.

“We have recently come up with a new technique of 
calculating the body mass, and it seems reliable. It is 
calibrated on big modern animals like elephants, rhinos, 
giraffes and polar bears. The computer wraps the surface 
around the skeleton – just like the minimum amount of paper 
you need to cover any given object, it can be mathematically 
calculated. One of my colleagues compared it to wrapping a 
tea pot,” Sellers laughs.

Interestingly, the calculations continue to produce fairly 
low values of body mass. That means that the dinosaurs 
could have been faster and more athletic than previously 
thought. 

“If we make them very heavy in the simulation, it is 
difficult to make them fast,” Sellers says.

At the faster end of creatures
So far, the results from the BigDino project show that 
dinosaurs were quite fast but not super fast. 

“The simulations never show a big dinosaur that is really 
fast, like a racehorse, nor really slow. They seem to be more 
like the modern elephant in speed, which is surprising 
because they were a lot bigger”.

The dinosaurs seem to have been able to accelerate to 
speeds around 5–10 m/s, which is faster than the average 
human. A racehorse can run 20 m/s, which is impressive for a 
half a ton animal.

“With dinosaurs, there is always a vast range of 
predictions, but our results are based on sounder biological 
and mechanical evidence. They are based on an actual robot 
that uses everything we know about anatomy and physiology 
together, which makes it as accurate as possible,” Sellers 
concludes.

Supercomputing
Making the actual simulation is relatively quick, but teaching 
it to move is complex and requires the development of so 
called machine learning algorithms. That means that the 
scientist can collect data that would have affected how the 
dinosaurs moved from the computer simulations and can try 
to find patterns that reveal the underlying mechanisms.

The simulations have to be repeated many times, which 
raises the dimensionality of the problem to a very high level. 
The more realistic they want the simulation to be the larger 
the search base becomes. Sellers explains that there are two 
criteria for the genetic algorithm: If looking for efficiency in 
motion and lower speeds, you have to use the maximum 
economy optimization criteria. For maximum speed you 
need the maximum speed criteria.

The machine learning algorithms are also the reason 
why supercomputing is required in the BigDino project. 
According to Sellers, it is a difficult problem with a very few 
good and many bad solutions.

There are a couple of areas of the simulation that Sellers 
is hoping to improve in the future.

“Currently we are using a simple way of measuring 
contact between the feet and the ground, but we would like 
to be able to do it properly. That means that we will need to 
combine two different methods.”

Those two methods are MBDA, which refers to 
MultiBody Dynamic Analysis, and FEA, which stands for 
Finite Element Analysis. Combining the two would be much 
more accurate than the current method, but it will also slow 
down the simulation process. The calculation would take 
about 10 to 100 times longer, requiring an even bigger 
computer in the future. 

BidDino-project used primarily the IBM Power6-system  
located at Italy’s largest computing centre CINECA, with 
some assist from Hector-supercomputer in EPCC (Edinburgh 
Parallel Computing Centre).

FuRTHER inFoRMATion / BigDino
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Text: Heini santos

“We became interested in 
dinosaurs because they are  
so extreme; bigger than anything 
that is alive now. Looking at the 
extremes reveals the limits 
of the whole system.”
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