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Soil response for risk assessment of induced seismicity

=

Seismic hazard Earthquake riskLocal subsoil Building 
vulnerability

Affected people 
and asset

http://www.seismo.ethz.ch/en/earthquake-country-switzerland/risk/overview/

Earthquake Risk Model Switzerland ERM-CH23 (Wiemer et al. 2023): first publicly available 
earthquake risk model for Switzerland

https://chat.mistral.ai/chat
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Why is soil amplification important in 
risk assessment?

1) Wide range of variability
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1) Motivation 2) IERM-CH25 risk model 3) Soil response model 4) Testing

from Ciaccio & Cultrera (2014)
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Why is soil amplification important in 
risk assessment?

1) Wide range of variability
2) Sharp spatial variability

sediments

range = 8.5 km range = 6.5 km
range = 4.1 km

Soil response for risk assessment of induced seismicity

1) Motivation 2) IERM-CH25 risk model 3) Soil response model 4) Testing
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=

Seismic hazard Earthquake riskLocal subsoil Building 
vulnerability

Affected people 
and asset

With rising interest in geothermal energy and CO2 injection in Switzerland, 
the Federal Office of Energy tasked the Swiss Seismological Service to 
extend the national Earthquake Risk Model (ERM-CH23) to include shallow 
induced seismicity (IERM-CH25)

ERM-CH23

+

Soil response for risk assessment of induced seismicity

1) Motivation 2) IERM-CH25 risk model 3) Soil response model 4) Testing
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=

Earthquake riskLocal subsoil Building 
vulnerability

Affected people 
and asset

With rising interest in geothermal energy and CO2 injection in Switzerland, 
the Federal Office of Energy tasked the Swiss Seismological Service to 
extend the national Earthquake Risk Model (ERM-CH23) to include shallow 
induced seismicity (IERM-CH25)

ERM-CH23 -> IERM-CH25

+

+ PSA(0.4s), PSA(0.2s) 
vulnerability curves 

+ PSA(0.4s), 
PSA(0.2) 
amplification

 Review of Mmin,Mmax
 Review of GM 

models
 Review of GM logic 

tree

Soil response for risk assessment of induced seismicity
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ERM-CH23 soil amplification maps:
can we use them for induced seismicity?

Site 
terms of 
GMMs for 
induced 

seismicity 

…yes

Soil response for risk assessment of induced seismicity
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Testing model performance
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Conclusions

 Soil amplification is a key component of risk assessment for 
(induced) seismicity -> wide range of variability, spatial variations

 Induced Earthquake Risk Model of Switzerland (IERM-CH25):  
extending the Swiss risk model  ERM-CH23 to shallow induced 
seismicity: 

 Swiss-wide PSA amplification maps (PGV, PSA(1.0 – 0.2s)) derived 
extrapolating amplification factors measured at seismic stations
with site condition proxies 

 PSA amplification maps with fine spatial resolution (250 m) and 
limited epistemic uncertainty (φS2S: comparable to that enabled 
by measured Vs30)

- We verified usability of ERM-CH23 soil amplification for 
induced seismicity scenarios; 

- We derive PSA(0.4s), PSA(0.2s) amplification maps 
specifically for IERM-CH25

Soil response for risk assessment of induced seismicity

1) Motivation 2) IERM-CH25 risk model 3) Soil response model 4) Testing
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Thank you for your attention
paolo.bergamo@sed.ethz.ch

Swiss risk model (ERM-CH23) soil amplification maps available here: https://doi.org/10.3929/ethz-b-000627033

Additional amplification maps for induced seismicity risk model IERM-CH25 available here: 
https://doi.org/10.3929/ethz-b-000729288

Induced seismicity risk model IERM-CH25 final report: Grigoratos et al., 2025. Extending ERM-CH23 to shallow 
induced seismicity in Switzerland. https://www.research-collection.ethz.ch/handle/20.500.11850/727014

GRID guidelines: Kraft, T., et al. (2025). Good-Practice Guide for Managing Induced Seismicity in Deep 
Geothermal Energy Projects in Switzerland. https://www.research-
collection.ethz.ch/handle/20.500.11850/714220
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Soil response for risk assessment of induced seismicity
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Areas with exceedance of C 
class elastic response 
spectrum

Consistent mapping of “soft 
soils” for GRID guidelines

+

But there is no complete 
soil class map for 
Switzerland

GRID guidelines: SED's Good-
Practice Guide for managing induced 
seismicity in deep geothermal 
projects (Kraft et al. 2025)


