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Jumeau numérique = 

modèle numérique qui 

reconstitue fidèlement 

un objet, un processus 

ou un système.
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Complexity of earthquake rupture
2016 Mw 7.8 Kaikoura, New Zealand earthquake 

Ulrich et al (2019)
(v1: April 2018)

Rupture cascade on a fault network 
(14 Nov 2016) Slip rate evolution in

dynamic rupture model
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CNRS @ DT-GEO :

Paris (IPGP)

Grenoble (ISTERRE)

Nice (GEOAZUR)

Strasbourg (ITES/ICUBE)
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Objectives

WP8: Anthropogenic Geophysical Extreme Forecasting

To  develop  and  implement  1  Digital Twin Component (DTC)  for  with 4 

outcomes: 

➢ forecasting  of  long-range  responses  of  geo-reservoirs 

➢ forecasting  of  late responses  of  geo-reservoirs 

➢ modelling  of  the  largest magnitude 

➢ map of estimated induced seismic hazard

To test the  DTC-A  through demonstrators at two relevant  European sites: 

Strasbourg geothermal site in France and the KGHM copper ore mine in Poland.

https://raportcsr2019.kghm.com/Grupa-KGHM-i-otoczenie#nasze-aktywaFrom Heap et al., 2019, https://doi.org/10.1186/s40517-019-0145-4



T8.6. Testing and validation
Demonstrator site testing: Strasbourg test-bed -> CNRS Strasbourg/GFZ

Check of in-situ stresses 

Fluid flow along the main faults

Induced seismicity 
at Strasbourg site

A first meshed model of the 
Strasbourg site (8x8x8 km3)

WP8: Anthropogenic Geophysical Extreme Forecasting



Homogenization component
⚫ Wave propagation medium contains small-scale features 

that can hardly be represented at the discrete level.

⚫ Homogenization allows to produce a smooth (easy-to-
mesh), effective medium for a target resolution (minimum 
seismic wavelength).
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T8.2/T8.3. Forecasting of long-range 
and late responses of georeservoirs



The February 6 2023 earthquake sequence 
in Turkey occurred as we were preparing our 
automated workflows for DT-GEO.

A very important earthquake: 
large and complex rupture, 
very well recorded by near-fault sensors. 

Great study case for DT-GEO, 
stimulation for our teams.
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WP7 Earthquakes 



①

②

③

On Day 1, DT-GEO postdoc Yuqing Xie ran a teleseismic back-projection 
of the mainshock.

Her results provided an initial image of the rupture process
which we then used to motivate dynamic rupture modeling
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Within the month that followed, Bertrand Delouis
ran finite source inversions of strong motion and GNSS data, 
with a code that will be integrated in DT-GEO workflows.

We obtained one of the finest views of a large earthquake ever!

Delouis et al (BSSA 2023, submitted on 17/04/23) 
14

Amazingly dense set of near-fault 
strong-motion recordings (AFAD).
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