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1) Motivation

Benefits:

1. Informed Decision-Making: Risk models provide valuable insights for urban planners,
policymakers, and emergency managers, helping them make informed decisions
about land use, building codes, and disaster preparedness.

what is earthquake risk modeling and what are the benefits it brings?

)

. Risk Mitigation: By identifying high-risk areas and vulnerable structures, risk models
can guide mitigation efforts, such as retrofitting buildings or improving infrastructure,
to reduce potential losses.

w

. Insurance and Financial Planning: Insurance companies use risk models to set
premiums and manage their portfolios. Governments and businesses can also use

m Earthquake risk modeling is a process used to assess and quantify the potential impacts of Sy Sl VAt ottt
earthquakes on a given area or structure. It involves the integration of various scientific

4. Public A and Prepared Risk models can raise public awareness about
disciplines, including seismology, geology, engineering, and statistics, to estimate the o e ke anclpromete réparecness, petentaly saving fues sndreduchs

likelihood and consequences of earthquake events. Here are the key components and 5 e e Tl S e et G
beneﬁts Of ea l’thquake I'isk modeling_ effective emergency response plans, ensuring that resources are allocated efficiently

during a disaster.

Resilience Building: Long-term resilience strategies can be developed based on risk httDS//Chat mistral. ai/Chat

modeling, helping communities recover more quickly from earthquakes.
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Earthquake Risk Model Switzerland ERM-CH23 (Wiemer et al. 2023): first publicly available
earthquake risk model for Switzerland




Soil response for risk assessment of induced seismicity

nN. www.seismo.ethz.ch

1) Motivation

causative

fault

Why is soil amplification important in

risk assessment?

seismic source spectrum

1) Wide range of variability

Lithogroups

sediments

local amplification »

effects

from Ciaccio & Cultrera (2014)

Fine-grained deposits

Sand & gravel w. clay or silt

RN
o
-_—

Sand & gravel

o O 'Empiricall amplification at
individual station-

/\;‘/*w

N\
\
\

c
i
©
= O
o = =
u a =
Silt & sand bodies w. gravel,rocks | & e 8
I © _
Debris, blocks, shingle S < g VS30 ref —
“ 0 1077 - 8-
Sedimentary clastic rocks o % 1100m/s
Sed. clastic & biogenic rocks (>_; =
o Metamorphic rocks o )
Vv Seismic stations , o ' ' — '
Magmatic rocks 0.05 0.1 0.3 06 1 PGV
T (s)




Soil response for risk assessment of induced seismicity

1) Motivation

Why is soil amplification important in
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causative

nN. www.seismo.ethz.ch

sediments

local amplification »
effects

propagation

seismic source spectrum

1) Wide range of variability
2) Sharp spatial variability

PSA(1.0s) amplification

@ 02 @ 0.2

c | c

> >

o H o

o> 0.15 . o 0.15

O - O

£ o1 range < o

(] (O]

O (&)

S 5

-§ 0.05 i 5 0.05

£ | £

® 0= e b0 » 0 B

102 108 10* 10° 102 103 10*

lag distance h (m) lag distance h (m)

PSA(O‘.4s) amplifi'cation___

—_
(@)
(&)

Semivariance ~y(h) (Iog10 units)

PSA(O‘.ZS) amplifi'cation -

0.2 ]
Experimental semivariogram
— Fitted exponential semivariogram
0.15 ¥
0.1
range 5141
0.05¢
0 .2 :
102 10° 10 10°

lag distance h (m)



Soil response for risk assessment of induced seismicity fv\. www.seismo.ethz.ch

2) IERM-CH25 risk model

With rising interest in geothermal energy and CO, 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)
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2) IERM-CH25 risk model

With rising interest in geothermal energy and CO, 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

R e e Building Affected people
and asset

Local subsoil

vulnerability

Earthquake risk

& &

o
e
K5 a
E <5 QPQ

S5 o

i

il

A

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

» Review of M,in,Mmax vulnerability curves

= Review of GM
models
= Review of GM logic

+ PSA(0.45s),
tree

PSA(0.2)
amplification

Amplification [T
0.3 1



Soil response for risk assessment of induced seismicity fv\. www.seismo.ethz.ch

3) Soil response model

ERM-CH23 soil amplification maps
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3) Soil response model

ERM-CH23 soil amplification maps:
can we use them for induced seismicity?
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3) Soil response model

ERM-CH23 soil amplification maps
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3) Soil response model

(additional) IERM-CH25 soil amplification maps
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3) Soil response model

(additional) IERM-CH25 soil amplification maps
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Local amplification model
(Perron et al. 2022)
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Testing model performance

Residuals vs distance (site
ampl. from this study)
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4) Testing

Residuals vs distance (site
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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: . 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

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 (¢S2S: comparable to that enabled
by measured Vs30)

14
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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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GRID guidelines: SED's Good-

Practice Guide for managing induced

seismicity in deep geothermal
projects (Kraft et al. 2025)
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