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URGENT COMPUTING
UC for Natural Hazards links:

* HPC

* Optimized State-of-art
physics-based simulation
codes

* Readily available high-
resolution data

* HPDA
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To provide insights into the

impact and potential
damages immediately after
the occurrence of an
extreme event
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eFlows4HPC

Enabling dynamic and Intelligent workflows
in the future EuroHPC ecosystem

Pillar lll: UC workflows for Earthquakes and Tsunamis

The development and improvement of UC workflows
for earthquakes and tsunamis involves the
deployments of advanced tools and developments of
complex tasks to ultimately bring them to an
operational level.
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Outline 964

1. Urgent Computing for Seismic simulations
2. Challenges
3. UCIS4EQ

5. Front-end
5. M7.0 Samos-lzmir 2020

6. M6.6 Kos-Bodrum 2017
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1. Urgent Computing for Seismic simulations 964

Resilience Workflow

analysis pre-processing HPC post-processing
simulations

Launch in supercomputer
Filter data
Build maps
Uncertainty quantification
Reach conclusions

Source location
Magnitude estimation
Grid generation
Ask for resources

v

minutes / hours

* Full time histories
* Uniform sampling in space
* Sensitive in different ways to uncertainties than current approaches
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2. Challenges 964

* Obtaining high-resolution Earth models (velocity models that
define the properties of the subsurface).

* Rapidly constraining source parameters and accurately
estimating the impact of parameter variations in the outcome of
simulations, i.e. sensitivity to parameter uncertainties.

* Ensuring fast and reliable results with urgent access to
computational resources and smart management of all workflow
components.
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3. UCIS4EQ

Urgent Computing Integrated Services for Earthquakes
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UCIS4EQ Portal

about ur

System Monitor

» ChEESE Northern Peru (Land: Peru] eV 7.6 4.43672 76.7883 108594 28/11/2621, 10:52:13 1105.53

NORTHERN PERU mIs 7.5 -a.4528 76.8109 126600 28/11/2021, 10:52:14 1105.93

scenc 7.5 4.4898 76.8461 112480 28/11/2021, 10:52:13 1105.53

Northern Peru GeoFoN 7.42 4.426 -76.758 101900 28/11/2021, 10:52:13 1105.93

v eFlows4HPC Indonesia [Sea) eV 7.1 7.6253 122.214 9766 14/12/2021, 03:20:22 729.26
e « 1o

Portal

einfc on

Alerts

User Event System Monitor

[ site | etitede | Longitede | Wi M Mex. | Mir. Depth | Mex. Dupth | # Mlerts|
-7.63 7.1 7.3 7.1 7.3

a C h E E S E REJECTED East Nusa Tenggara 122.23 4 61e539ec739c122603c903a7
O REJECTED Lautem 7.58 127.57 7.21 7.3 7.21 7.3 1 61e539ec739c12a603c903a8

O REJECTED Loreto Datem Del Maranon 4.45 6.8 7.42 1.6 7.42 7.6 1 61e539ec739c12a603c903a9

LAUNCHED North Aegean Nomos Samou 37.92 26.79 7 7 7 7 1 61e53a97739¢12a603c903ae

B eFlows4HPC

43 %
L sevie | statw

EventDomains SUCCESS 2022.01-17 09:44:55 2022-01-17 09:44:55
CMTInputs SUCCESS 2022-01-17 09:44:55 2022-01-17 89:44:55
ComputeResources SUCCESS 2022-01-17 09:44:55 2022-01-17 09:44:55
MTCalculation SUCCESS 2022-01-17 09:44:55 2022-81-17 9:45:06
SourceType SUCCESS 2022.01-17 09:45:06 2022-01-17 09:45:06
5LlipGenGP SUCCESS 2022-01-17 09:45:06 2022-01-17 09:46:44
InputParametersBuilder SUCCESS 2022-01-17 09:46:44 2022-01-17 09:46:44
salvusPrepare SUCCESS 2022-01-17 09:46:44 2022-01-17 9:49:02
SalvusRun RUNNING 2022.01-17 09:49:02

\SE  6O0E  SE  2UOOE  27iSE
A preview of the magnitude of the
(unfiltered) velocity field.
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5. Mediterranean Earthquakes: Samos-Izmir 964

Mw 6.9 Samos-lzmir 2020

* Off-shore the North coast of Samos Island in the eastern Aegean Sea
® 2020-10-30 11:51:27 (UTC)

* 118 fatalities, ~ 100 injuries, collapse of structures

* Local high-intensity effects, Tsunami run-up
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Source: https://earthquake.usgs.gov/earthquakes/eventpage/us7000c7y0/shakemap/pga
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5. Mediterranean Earthquakes: Samos-Izmir 964

* 4,012,250 number of mesh elements « 22 simulations

* Domain: 110km in longitude, 140km in « 1h20m wallclock per ensemble
latitude, and 35km in depth * 90 GPUs (Piz Daint) per

* Up to 5 Hz simulation

PGA_horizontal_max (cm/s/s) PGV_horizontal_max (cm/s) Arias_horizontal_max (cm/s)

38°45'N 38°45'N

37°45'N 37°45'N |
7 :
T #
26°15E 26°30'E 26°45'E 27°00'E 27°15'E 26°15'E 26°30E 26°45'E 27°00'E 27°15E 26°15'E 26°30'E 26°45'E 27°00E 27°15E

0.0 67.8 135.6 203.4 271.2 339.0 406.8 474.6 542.4 610.2 678.0 00 26 52 78 104 130 156 182 208 234 260 00 205 41.0 615 820 1025 123.0 1435 164.0 184.5 205.0
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6. Mediterranean Earthquakes: Kos-Bodrum

M6.6 Off-shore between the Bodrum Peninsula (Turkey) and the Greek Island
of Kos, in the eastern Aegean Sea

2017-07-20 22:31:11 (UTC)

2 fatalities, hundreds injuries, significant structural damage

Tsunami with wave heights reaching 1.4 m

PGA_horizontal_max (cm/s/s) PGV_horizontal_max (cm/s) Arias_horizontal_max (cm/s)

37°00°N 1

36°30'N

36°30N 36°30'N

27°00'E 27°30'E 28°00'E

27°00'E 27°30'E 28°00'E 27°00'E 27°30'E 28°00'E

00 1162 232.4 3486 464.8 581.0 697.2 813.4 929.6 1045.81162.0 00 47 94 141 188 235 282 329 37.6 423 47.0 0.0 832 1664 2496 3328 416.0 499.2 582.4 665.6 748.8 832.0



x
£ 800
]
8
£ 600
=}

a
2 400
&

Paper Nr

6. Mediterranean Earthquakes: Kos-Bodrum

2,432,623 number of mesh elements * 24 simulations

Domain: 120km in longitude, 100km  57m wall clock per ensemble
in latitude, 20km in depth * 54 GPUs (Piz Daint) per simulation
Up to 5 Hz
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Conclusions 964

e The first end-to-end executions of the UCIS4EQ workflow take as use-case two
Mediterranean earthquakes, Mw 6.9 Samos-Izmir, 2020, and Mw 6.6 Kos-
Bodrum, 2017.

* The results are encouraging, with synthetics reproducing the right orders of
magnitude observed in the recorded data.

e When well-calibrated, our results could complement GMPEs for rapid hazard
assessment.

We can boast a first working prototype, but a lot of work remains:

* Improved rapid calibration of the source parameters, including uncertainty
estimates.

e New velocity models of the Earth, including testing their effects on results.

e Machine learning capabilities for fast simulation-based predictions at lower
frequencies.
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