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/ Motivation

2019).

Standard probabilistic seismic hazard assessment (PSHA) is generally based on empirical, time-independent
assumptions that are simplified and not based on earthquake physics.

¢ Physics-based numerical models such as dynamic rupture simulations account for the physics of ruptures on faults,
wave propagation through 3D structures, site effects, and their non-linear coupling effect, which can be significant
in their respective contributions depending on the generally complex geological environment (e.g., Wollherr et al.,

¢ The Husavik—Flatey fault system in north Iceland features complex geometries, consisting of multiple right-lateral
strike slip segments distributed across ~100 km, providing a good chance to study the complex fault interaction,
dynamic and static 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

K magnitude 6.8 to 7 (Metzger and Jonsson, 2014), posing a high risk to the Husavik community. j
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4 Workflow

SeisSol : to build a physics-based
dynamic earthquake catalog of
mechanically plausible events
Ground shaking intensities
Calculated for each rupture
scenario

SHERIFS (seismic hazard and

(Chartier et al., 2019) : to estimate
the annual seismic rate.
Physics-based PSHA can
complement the GMPE results and
independently verified with
CyberShake.
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earthquake rates in fault systems) ‘

SeisSol

Any ChEESE flagship code https://github. com/SeBSol/SevsSo\

https://github. com/tomchartler/SHERIF

CyberShake

Physics-based Hazard Curves &Maps
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GMPE based approaches directly
complemented by modeling
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Overview of the dynamic rupture propagation of a Mw 6.9 rupture

scenario. Rupture velocity increases substantially to supershear after a
delay of rupture jump to a new segment..
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Dynamic Rupture Scenarios (SeisSol) and Ground Shaking
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Three dynamic rupture scenarios and the corresponding moment rate, and dlstrlbutlon of the RotDSO peak ground velocity
(PGV), with various ground intensity type measures in Husavik town.

Highly heterogenous ground shaking intensity distribution, and intense localization of shaking in the vicinity of geometrid
complexities, such as fault bends or rupture transition between segments.

The dynamic rupture simulations generate similar magnitude events as the historic events, indicating reasonable initial
settings of the dynamic model.

*  Varying the hypocenter locations break different segments of the fault system and produce different magnitude events.
e The ruptures jump generally correspond to the moment rate troughs.

*  The PGV distribution map shows amplification of the ground shaking in the rupture forward direction, and lights up /

Husavik \

Velocity (m/s)
Acceleration (m/s2
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

some topography features, indicating the effect of the rupture directivity and topography on the ground shaking.
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Model Setting
Linear slip weakening: ps=0.55, 14=0.1, Dc=0.4 m
SHmax: azimuth of the maximum horizontal compressive stress: 155
Stress shape ratio: (s, — s3)/(s; — s5) = 0.5
where s1 > s > s3 are the principal stress magnitudes
Fault stress ratio: R= [T — ptaon(1 — ¥)I/[(1ts — pa)on(1 = ¥)]
Fluid pressure ratio: y = 0.75 ; and depth-dependent initial stresses

Distribution of the initial fault stress ratio. The higher the ratio is, the
fault is closer and easier to break. Refer to the Ulrich et al (2019) for
detailed parameters description.

55 fault segments used in the dynamic simulations
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and black stars mark the historic large earthquakes (Jonsson

wal., 2019).
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Gray dots show relocated earthquakes (Abril et al., 2019)

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 motion
~19.4 mm/year (Einarsson, 2014) /

/Rupture Probability (SHERIFS)
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M 6.8 in SHERIFS
M 6.9 in dynamic simulation
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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 estimated using
scaling laws in SHERIFS is comparable with the dynamic
rupture simulation.

The maximum magnitude of the earthquake is ~7.2 when

Q\e whole HFF rupture together.
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2013 and relocated catalog by Abril et al., 2019)
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NMS: non-mainshock slip. The slip budget not released by
earthquakes ( e.g., aseismic slip, shut off by rifting). The
green line indicates the simulation result and shows great
fit with the catalog seismic rate, showing by the red dashed
line. (SHEEC catalog by Stucchi et al., 2013; Griinthal et al.,

éjture work and goals: 1). Add the off-fault plasticity and attenuaﬁonm
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
estimation, 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 equations.

5). Figure out the largest potential earthquake in the study region and
the coupled tsunamic hazard.

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