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- Next steps




WP5: Objectives

Implement novel features and coupling mechanisms in flagship codes for new
PD workflows.

2 Develop the new workflows of the PD farm.




Flagship codes

No Code Area Level Lead contact
1 SeisSol CS, T 1 LMU
2 SPECFEM3D | CS 1 CNRS
3 ExaHyPE CS, T 2 TUM
4 Tandem CS 2 LMU
5 XSHEELS MHD 1 CNRS
6 HySEA T 2 UMA
7 FALL3D \ 2 CsIC
8 OpenPDAC \ 2 INGV
9 LaMEM GD 1 UM
10 pTatin3D GD 1 SuU
11 Elmer/ice GL 2 CSC

CS : computational seismology, T: Tsunami, MHD: Magnetohydrodynamics
V : Volcanology, GD : Geodynamics, GL Glacier hazards.




Task 5.1 : Novel features (physics) in flagship codes

Multiphysics
-coupling of codes
-new physical models

Multisource
—-new sources for accurate representation
-forcing term

Multiscale
—capture physical effects from local to global scales

Timeline : Month 1 - Month 24

Deliverable D5.1 (TUM) : New version release of flagship codes
- Code version releases with the new functionalities available
in the ChEESE-2P Zenodo repository




WP5: Task 5.2 Developments in Pilot Demonstrators

Pilot Demonstrator (PD): Workflow based on flagship codes
— Capacity/capability simulation on (pre-)exsascale computer

- Farm 9 PDs (2 in CS, 2 in tsunamis, 2 in physical volcanology, 1 in MHD, 1 in
geodynamics, and 1 in glacier hazards)

- Basic research, subsurface imaging, hazard assessment, urgent computing
early warning system.

- Increase the Technology Readiness Level (TRL) of each PD by at least 2 points

Timeline : 7-42
Deliverables : D5.(2-10) (1 per PD)

TRL 1 2 3 4 5 6 7 8
basic principles technology experimental technology tech valid in demonstration demonstration system
observed concept proof of concept validated in lab relevant in relevant in operational complete and

formulated environment environment environment qualified

9

system proven in
operational
environment



WP5: Task 5.2 Developments in Pilot Demonstrators

No PD name Aera Realted flagship Initial Target Underpinning ECC
codes TRL TRL concept

1 Extreme-scale modeling of CS All CS codes 5 7 multiphysics ECC1
seismic hazards multiscale ECC3

2 High-resolution seismic CS SPECFEM3D 4 6 multisource ECC1
inversion and tomography

3 Global tsunami hazard and T HySEA 6 8-9 multiscale ECC6
uncertainty quantification

4 Complex multi-source T HySEA, ExaHype, 3 5 multisource ECC4
tsunami modeling SeiSol multiphysics ECC5

5 Ensemble-based volcanic \Y FALL3D 5 7-8 multiscale ECC7
dispersal at multiple scales ECCO

6 Multiphase 3D volcanic Vv OpenPDAC 4 7 multiphysics ECCS8
explosion modeling multiscale

7 The Earth’s dynamo model MHD XSHELLS 3 5 multiscale ECC10

8 Geodynamics to geohazards GD LaMEM, pTatin3aD 3 5 multiscale ECC11

ECC12

9 Glacial outburst floods GL Elmer/ice 2 4 multiphysics none




WP5: Deliverables

D Deliverable name
5.1 New version release of flagship codes
5.2 Demonstrator of PD1
5.3 Demonstrator of PD4
5.4 Demonstrator of PD6
5.5 Demonstrator of PD7
5.6 Demonstrator of PD8
5.7 Demonstrator of PD2
5.8 Demonstrator of PD3
5.9 Demonstrator of PD5

5.10 Demonstrator of PD9

Lead

TUM

TUM

NGI

INGV

CNRS

UM

CNRS

UMA

IMO

CSC

Type
OTHER
DEM
DEM
DEM
DEM
DEM
DEM
DEM
DEM

DEM

Level

PU

PU

PU

PU

PU

PU

PU

PU

PU

PU
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24
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30

30
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36
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Date
Dec 2024
Jun 2025
Jun 2025
Jun 2025
Jun 2025
Jun 2025
Dec 2025
Dec 2025
Dec 2025

Dec 2025
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Deliverable DS.1 — New version release of flagship codes

Deliverable Number D5.1 Lead Beneficiary 7. TUM
Deliverable Name New version release of flagship codes

Type OTHER Dissemination Level PU - Public
Due Date (month) 24 | Work Package No WP5
Description

Code version releases with the new functionalities available in the ChEESE-2P Zenodo repository




Work package WPS — Farming Pilot Demonstrators

Work Package Number | WP5 ‘ Lead Beneficiary ‘ 11. CNRS

‘Work Package Name Farming Pilot Demonstrators

Start Month 1| End Month | 02
Objectives

1. Implement novel features and coupling mechanisms in flagship codes for new PD workflows.
2. Develop the new workflows of the PD farm.
3. Produce the 10 deliverables detailed below.

Description

T5.1. Novel features (physics) in flagship codes (M1-M24 |L.ead: CNRS | Participants: CSIC, INGV, TUM, LMU,
UMA, IPGP, CSC, IRB, UM, SU). This task will implement novel features in flagship codes that are necessary to the
new generation of PDs (e.g. couplings for multiphysics, multiscale, multisource, forcing terms, etc). It is important
to differentiate conceptually between this task (“model physics™) and subsequent T2.2/T2.3 activities, focussed on
“algorithmics, porting, and optimization”. As shown in the Pert diagram, T5.1 actually feeds into T2.2/T2.3. Task T5.1
breaks down as:

T5.1.1. SeisSol (LMU, TUM, US). Couple SeisSol to codes for geodynamics (pTatin3D, LaMEM) and seismic cycling
(TANDEM), which simulate Earth’s lithosphere deformation crust from millions of years down to thousands of years
of entire seismic cycles. Ability to mix material models (elastic/elastic-anisotropic, acoustic, viscoelastic, poroelastic)
for multiphysics simulations. Enable Cybershake capabilities including implementation of reciprocity and optimal
"interfacing" between the Cybershake workflow and SeisSol (parameter files, formats of files, and model description).
T5.1.2. SPECFEM3D (CNRS, INGV). Add attenuation and gravity kernels for computing different kinds of gravity
anomalies. Extract and separate the computational core of SPECFEM3D, which must be efficient on different exascale
platforms, from the various higher-level workflows. To this purpose, a library called SEM-DK (Spectral Element
Method - Development Kernel) will be developed in 5 steps: (1) extract the computational kernels already optimized
during ChEESE-1P from SPECFEM3D in order to make a version 0.1 of SEM-DK, (2) integrate the new WP2/WP3
developments and optimizations in SEM-DKO.1 or upgraded versions, (3) write an API for SEM-DK considering Fortran
and C++ support to produce the version SEM-DK 0.2, (4) write a new version of SPECFEM3D based on SEM-DKO0.2
and validate against the up-to-date version of the code and, (5) write a new workflow for inversion (PD2) based on this
new version of SPECFEM3D. This will include new algorithms for multi-objective and multi-physics inversion and
functionals (seismology and gravimetry) as well as a new inversion scheme based on the Hessian matrix like Truncated
Newton method.

T5.1.3. ExaHyPE (TUM). Develop UQ workflows with MUQ (MIT Uncertainty Quantification Library) and ExaSeis
towards integration of improved earthquake sourcing (including dynamic rupture) and handling of more complicated
geometries, as well as extend shallow water models 1n the context of landslide tsunamus.

T5.1.4. TANDEM (LMU). New multiphysics coupling, two-way linking to earthquake dynamics and wave propagation




modeling with SeisSol, one way linking to long-term geodynamic modeling (LaMEM, ptatin3D) using stress,
temperature, viscosity, density geometry as initial conditions and velocity / stress as boundary conditions.

T5.1.5. xSHELLS (CNRS, IPGP). Implement a dynamic and versatile subgrid-scale flux model based on deep learning
to efficiently simulate turbulent geodynamo simulations that have barely been scratched by previous studies.

T5.1.6. HySEA (UMA, IRB). Develop an operational version of the one-layer dispersive/non-hydrostatic version of the
code for earthquake generated tsunamis. Implementation of nested domains. Effective coupling of Meteo-HySEA and
real atmospheric data (optimization of MeteoT-HySEA).

T5.1.7. FALL3D (CSIC, INGV). Implement a mass-consistent meteorological downscaling and nested domains for
multiscale simulations.

T5.1.8. OpenPDAC (INGV). Add new rheological models, modeling of the interaction between volcanic eruption
mixture and water, a description of the particle grain size distribution, and the treatment of complex topographies (use
of adaptive meshes).

T5.1.9. LaMEM (UM). Implementing a julia interface for LaMEM to rapidly generate model setups of any region of
the Earth while using available geophysical data.

T5.1.10. pTatin3D (SU). Add support for Navier-slip type boundary conditions for spherical cap regional model domains
using a symmetric Nitsche formulation. Accurate projection of material properties (stress and density) into a field defined
on a mesh. Integration of pTatin3D output data formats with ASAGI to enable efficient import of 3D volume data into
SeisSol.

T5.1.11. ELMER/ICE (CSC). Implementation of a coupled visco-elastic Reynolds flow type of model able to represent
Glacier Outburst Floods (GLOFs).

Task T5.2. Developments in Pilot Demonstrators (M7-M42 | Lead: CNRS | Participants: CSIC,BSC, INGV, IMO,TUM,
LMU, UMA, NGI, IPGP, CSC, IRB, UM, IPGP, SU). This task will implement and deliver the 9 PDs. Deliverables D5.2
to D5.10 at M36 will show benchmark results, but the task will continue up to M42 with focus on the production runs
(reported in D6.2, D6.3 and D6.4).




Roadmap / flagship code

- objectives

- validation

- test cases

- documentation
- time line?




- Next meeting April 12, 10am ?
- presentation on flagship code :

Seisol, specfem3d, ExaHype,
XSHELLS, HYySEA, FALL3D
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