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Partner Description 
Ludwig-Maximilians-Universität (LMU) München is the leading teaching and research university in 
Germany, ranking 1st in Germany in the latest Times Higher Education World University Ranking. With 
the neighbouring Max-Planck, Helmholtz, and TUM institutions, it can be regarded as a major European 
science hub. LMU is a large beneficiary of the German excellence initiative, and has hosted more than 35 
ERC grants. In total, under the Seventh EU Framework Programme the LMU was recipient of 225 
projects, in 22 of which it is/was the coordinating institution. 
To ensure that LMU maintains its high level of research, particular emphasis has been placed on 
promoting exceptional graduates and emerging young academics from all over the world by offering a 
broad variety of training options: Besides the traditional individual professorial supervision of PhD 
candidates, LMU runs a growing number of structured doctoral programs. On the more administrative side 
additional support is given by the newly founded Graduate Center - LMU. Its most prominent aim is to 
strengthen the appropriate infrastructure for structured PhD programs. It helps interested graduates to 
apply and enrol for a PhD program at LMU and offers training for professional skill development and 
personal training for young scientists from all disciplines. Moreover, they profit from Munich’s 
exceptionally diverse academic environment (with three universities and eleven Max-Planck Institutes), 
allowing them to develop even beyond their specific professional qualifications. Through the tight links 
with the Leibniz Supercomputing Centre (LRZ) the Ludwig-Maximilians-Universität München has 
supported large-scale projects that make use of high-end supercomputing applications. Examples are the 
developments in the Munich seismology group for more than 15 years that resulted in the development of 
new technologies for computational wave propagation, first applications of waveform inversion 
technologies to regional earthquake data, and particular the hosting of research and training networks in 
computational seismology for over a decade with funding exceeding 10 Mio Euro. 
 
Team Members 
Dr. Alice-Agnes Gabriel (female) holds an early career research position at Ludwig-Maximilian-
University of Munich. She received a PhD in seismology from ETH Zurich in 2013. She fuses expertise 
from Earth science, physics and computational mathematics to study the fundamentals of earthquake 
physics and develop methodological innovations for seismology. She is specifically interested in 
simulating waves and rupture processes within arbitrarily complex geological structures to enhance classic 
probabilistic seismic hazard assessment and a wide range of industry applications. Her career is 
distinguished by first-rate earthquake scenarios realized on some of the largest supercomputers worldwide. 
Gabriel earned an AGU Outstanding Student Paper Award in 2012, is an active member of the Southern 
California Earthquake Center and USGS Spontaneous Rupture Code Verification Project and serves in the 
geophysical community as peer reviewer and session convener. With the earthquake simulation code 
SeisSol, her group was finalist for the ACM Gordon Bell Award in 2014, won the ISC PRACE Award in 
2014 (at the ISC Conference) and received the Best Paper award at the SC17 Supercomputing Conference. 
She is lead PI and collaborator in several international research projects.   
 
Prof. Heiner Igel (male) Heiner Igel is professor of Seismology at the Department of Earth Sciences at 
LMU. He obtained his doctoral degree in 1993 from Institut de Physique du Globe in Paris developing 
parallel forward and inverse modeling tools for wave propagation problems. He then moved to the 
Institute of Theoretical Geophysics in Cambridge, where he developed wave simulation techniques for 
regional and global problems with spherical geometry. Since his arrival at LMU in 1999 his main interests 
are (1) using 3D modeling tools for wave propagation and rupture problems to estimate shaking hazards; 
(2) development of wave propagation tools for unstructured grids; (3) the influence of precipitation on 
seismicity; (4) rupture at bimaterial interfaces; and (5) the observation and modeling of rotational ground 
motions. He coordinated the EU-funded training networks SPICE (www.spice-rtn.org) and QUEST 
(www.quest-itn.org) in the field of computational seismology. He is recipient of an ERC Advanced Grant 
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No Participant organization name Short name Country 

1 Barcelona Supercomputing Center BSC Spain 

2 Istituto Nazionale di Geofisica e Vulcanologia INGV Italy 

3 Icelandic Meteorological Office IMO Iceland 

4 Swiss Federal Institute of Technology ETH Switzerland 

5 University of Stuttgart - High Performance Computing Center  HLRS Germany 

6 CINECA CIN Italy 

7 Technical University of Munich TUM Germany 

8 Ludwig-Maximilians Universität München LMU Germany 

9 University of Málaga UMA Spain 

10 Norwegian Geotechnical Institute NGI Norway 

11 Institut de Physique du Globe de Paris IPGP France 

12 National Center for Scientific Research Marseille CNRS France 

13 Bull SAS  BA France 

 

 
 
When observing the Earth, our ancestors could distinguish clearly between the active and bursting cycles of life, 
weather and water as opposed to the stability and steadiness of the ground. Nevertheless, the Earth surprised them with 
extreme displays of might in the form of volcanoes or earthquakes. Once reason began taking over faith as a source for 
answers for humanity, such extreme events made curious minds question which was the source of such energy, or why 
was it released in such way or the reason for such events happening at or around some regions and not others. 
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Húsavík–Flatey fault zone

Dynamic Rupture Scenarios (SeisSol) and Ground Shaking

Rupture Probability (SHERIFS)
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• Standard probabilis-c seismic hazard assessment (PSHA) is generally based on empirical, -me-independent
assump-ons that are simplified and not based on earthquake physics.

• Physics-based numerical models such as dynamic rupture simula-ons account for the physics of ruptures on faults,
wave propaga-on through 3D structures, site effects, and their non-linear coupling effect, which can be significant
in their respec-ve contribu-ons depending on the generally complex geological environment (e.g., Wollherr et al.,
2019).

• The Húsavík–Flatey fault system in north Iceland features complex geometries, consis-ng of mul-ple right-lateral
strike slip segments distributed across ~100 km, providing a good chance to study the complex fault interac-on,
dynamic and sta-c stress transfers and rupture jumping across a complex fault network.

• The moment accumulated on the HFF since the last major earthquake in 1872 can result in an earthquake of
magnitude 6.8 to 7 (Metzger and Jonsson, 2014), posing a high risk to the Húsavík community.

55 fault segments used in the dynamic simula2ons
Seismogenic depth of the HFF is 6.5-12 km depth. 10 km is used in
the showing cases.
Slip rate on the HFF is about 1/4 of total plate transform mo2on 
~19.4 mm/year  (Einarsson, 2014)
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Any ChEESE flagship code

GMPE based approaches directly 
complemented by modeling

CyberShake

CyberShake: A PSHA pla1orm developed by SCEC 
using California as study case.

https://scec.usc.edu/scecpedia/CyberShake

https://github.com/SeisSol/SeisSol

https://github.com/tomchartier/SHERIFS
SeisSol : to build a physics-based 
dynamic earthquake catalog of 
mechanically plausible events.
Ground shaking  intensi2es 
Calculated for each rupture 
scenario.
SHERIFS  (seismic hazard and 
earthquake rates in fault systems)
(Char2er et al., 2019) : to es2mate 
the annual seismic rate.
Physics-based PSHA can 
complement the GMPE results and 
independently verified with 
CyberShake.

Rupture Jumping

Rupture Jumping
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Reac-va-on of slip

Overview of the dynamic rupture propaga2on of a Mw 6.9 rupture 
scenario. Rupture velocity increases substan2ally to supershear aWer a
delay of rupture jump to a new segment..

Distribu2on of the ini2al fault stress ra2o. The higher the ra2o is, the 
fault is closer and easier to break. Refer to the Ulrich et al (2019) for 
detailed parameters descrip2on.

Three dynamic rupture scenarios and the corresponding moment rate, and distribu2on of the RotD50 peak ground velocity
(PGV), with various ground intensity type measures in Húsavík town. 
• Highly heterogenous ground shaking intensity distribu2on, and intense localiza2on of shaking in the vicinity of geometric 

complexi2es, such as fault bends or rupture transi2on between segments. 
• The dynamic rupture simula2ons generate similar magnitude events as the historic events, indica2ng reasonable ini2al

se`ngs of the dynamic model.
• Varying the hypocenter loca2ons break different segments of the fault system and produce different magnitude events. 
• The ruptures jump generally correspond to the moment rate troughs.
• The PGV distribu2on map shows amplifica2on of the ground shaking in the rupture forward direc2on, and lights up 

some topography features, indica2ng the effect of the rupture direc2vity and topography on the ground shaking.
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Velocity (m/s)
Accelera2on (m/s^2)
PGV: 0.572
PGA: 3.829
SA 1.0s: 6.350
SA 2.0s: 3.001
SA 5.0s: 0.489

PGV: 0.054
PGA: 0.210
SA 1.0s: 0.513
SA 2.0s: 0.301
SA 5.0s: 0.075

PGV: 0.494
PGA: 2.390
SA 1.0s: 3.857
SA 2.0s: 2.573
SA 5.0s: 0.534

Húsavík

ChEESE in numbers Pilots

Exascale Pilot Demonstrators  are “small-scale” proofs of concept 

aimed at testing codes on Exascale hardware prototypes.

• 4 in computational seismology: EXAHYPE, SALVUS, SEISSOL, SPECFEM3D

• 2 in magneto-hydrodynamics: PARODY_PDAF, XSHELLS

• 2 in physical volcanology: ASHEE, FALL3D

• 2 in tsunami modelling: T_HYSEA, L_HYSEA

• Urgent seismic simulations

• Faster than real-time tsunami simulations 

• High-resolution volcanic plume simulation

• Physics-based tsunami-earthquake interaction

• Physics-based probabilistic seismic hazard assessment 

• Probabilistic volcanic hazard assessment

• Probabilistic tsunami hazard assessment

•  Probabilistic tsunami forecast for early warning

• Seismic tomography

• Array-based statistical source detection and restoration and machine 

    learning from volcano slow-earthquakes monitoring

• Geomagnetic forecasts

• High-resolution volcanic ash dispersal forecast

www.cheese-coe.eu www.cheese-coe.eu

· One of the 10 HPC Centres of Excellence (CoEs)  

  funded under H2020 INFRAEDI-02-2018 call

* Duration: 1 November 2018 - 31 October 2021

* Budget: 7.7M€

* Partners: 13

• Establish a new Centre of 

Excellence in the domain of 

Solid Earth targeting the prepa-

ration of 10 European flagship 

codes for the upcoming 

pre-Exascale (2020) and Exas-

cale (2022) supercomputer.

• Address 15 scientific, techni-

cal, and socio-economic Exas-

cale Computational Challen-

ges  in the domain of Solid 

Earth.

• Develop 12 Pilot Demonstra-

tors and enable services orien-

ted to society on critical aspects 

of geohazards like hazard 

assessment, urgent computing, 

and early warning.

• Bring together High Perfor-

mance Computing and 

High-end Data Analysis trans-

versal European institutions in 

charge of operational geophy-

sical monitoring networks, 

Tier-0 supercomputing centers, 

academia, hardware develo-

pers, and third-parties from 

SMEs, Industry and public 

governance bodies (civil 

protection). 

Flagship codes
10 different Solid Earth community codes have been selected in 

ChEESE for Exascale preparation.

Objectives

h^ps://cheese-coe.eu/

Establish a new Centre of Excellence in the 
domain of Solid Earth targe2ng the 
prepara2on of 10 European flagship codes 
for the upcoming pre-Exascale (2020) and 
Exascale (2022) supercomputer. 

Future work and goals: 1). Add the off-fault plas2city and agenua2on in
the dynamic models and build the physics-based rupture database.
2). Update the fault to fault (FtF) rupture scenarios in SHERIFS, based on
the dynamic rupture database, to improve the annual seismic rate
es2ma2on, and come up with improved earthquake forecast model.
3). Produce physics-based seismic hazard curves and maps.
4). Build physics-based GMPEs to complement current equa2ons.
5). Figure out the largest poten2al earthquake in the study region and
the coupled tsunamic hazard.

The work is funded by the European Union’s Horizon 2020 Research and 
Innova2on Programme under grant agreements No 823844 (ChEESE).Magnitude

An
nu

al
Se
ism

ic
Ra
te

NMS ratio = 23%

Faults with length >= 5 km, with red line marking the fault
to fault rupture scenario in this example. Green lines show
the background boundary. The magnitude es2mated using
scaling laws in SHERIFS is comparable with the dynamic
rupture simula2on.
The maximum magnitude of the earthquake is ~7.2 when
the whole HFF rupture together.
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M 6.9 in dynamic simula2on

NMS: non-mainshock slip. The slip budget not released by
earthquakes ( e.g., aseismic slip, shut off by riWing). The 
green line indicates the simula2on result and shows great
fit with the catalog seismic rate, showing by the red dashed
line. (SHEEC catalog by Stucchi et al., 2013; Grünthal et al., 
2013 and relocated catalog by Abril et al., 2019)

Gray dots show relocated earthquakes (Abril et al., 2019)
and black stars mark the historic large earthquakes (Jónsson
et al., 2019).

References: C. Abril, A. Tryggvason, O. Gudmundsson, R. Steffen. Earthquake RelocaCon in the Tjörnes Fracture Zone. Proceedings of Northquake 2019 - The 3rd InternaConal Workshop on Earthquakes in North Iceland. Húsavík, 2019; CharCer, T., ScoW, O., & Lyon-Caen, H. (2019). SHERIFS: Open-Source Code for CompuCng Earthquake Rates in Fault Systems and ConstrucCng Hazard Models. Seismological Research Le^ers, 90(4), 1678-1688; Einarsson, P. (2014). Mechanisms of Earthquakes in Iceland. In Encyclopedia of Earthquake Engineering, M. Beer, I. A. Kougioumtzoglou, E. Patelli, 
and I. S.-K. Au, eds. (Berlin, Heidelberg: Springer Berlin Heidelberg), pp. 1–15. Available at: h^p://link.springer.com/10.1007/978-3-642-36197-5_298-1 [Accessed December 4, 2019]; Grünthal, G., Wahlström, R., & Stromeyer, D. (2013). The SHARE European Earthquake Catalogue (SHEEC) for the Cme period 1900–2006 and its comparison to the European-Mediterranean Earthquake Catalogue (EMEC). Journal of seismology, 17(4), 1339-1344; Metzger, S. and S. Jónsson, Plate boundary deformaCon in North Iceland during 1992-2009 revealed by InSAR Cme-series analysis and GPS, 
Tectonophysics 634, 127-138, 2014; Sigurjón Jónsson, Rémi Matrau, Renier Viltres,and Benedikt Ófeigsson (2019), Update on GPS Measurements in North Iceland. Proceedings of Northquake 2019 - The 3rd InternaConal Workshop on Earthquakes in North Iceland. Húsavík, 2019; Stucchi, M., Rovida, A., Capera, A. G., Alexandre, P., Camelbeeck, T., Demircioglu, M. B., ... & Sesetyan, K. (2013). The SHARE European earthquake catalogue (SHEEC) 1000–1899. Journal of Seismology, 17(2), 523-544; Ulrich, Thomas, Alice-Agnes Gabriel, Jean-Paul Ampuero, and Wenbin Xu (2019), Dynamic 
viability of the 2016 Mw 7.8 Kaikōura earthquake cascade on weak crustal faults, Nature CommunicaCons, 10(1213), doi:10.1038/s41467-019-09125-w; Wollherr, S., Gabriel, A. A., & Mai, P. M. (2019). Landers 1992 “reloaded”: IntegraCve dynamic earthquake rupture modeling. Journal of Geophysical Research: Solid Earth, 124(7), 6666-6702.

Scenario – Hypocenter Middle Scenario 1 – Hypocenter Middle

Scenario 2 – Hypocenter West

Scenario 3 – Hypocenter East

Model Se7ng
Linear slip weakening: 𝜇s=0.55, 𝜇𝑑=0.1, Dc=0.4 m
SHmax: azimuth of the maximum horizontal compressive stress: 155
Stress shape ra2o:

𝑤ℎ𝑒𝑟𝑒 𝑠1 > 𝑠2 > 𝑠3 are the principal stress magnitudes
⁄𝑠2− 𝑠3 𝑠1− 𝑠3 = 0.5

R= [𝜏 − 𝜇𝑑𝜎n(1 − 𝛾)]/[(𝜇𝑠− 𝜇𝑑)𝜎n(1 − 𝛾)]Fault stress ra2o:
Fluid pressure ra2o: 𝛾 = 0.75 ; and depth-dependent ini2al stresses
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