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…seismicity in Switzerland

Map of the instrumental recorded earthquakes between 1975 and 

2022 with a minimum magnitude of 2. (http://seismo.ethz.ch)

Sanchez et al. (2018)

Singer et al. 2014



Basel 1356 Mw 6.6 

Visp 1855 Mw 6.2 

Sierre 1946 Mw 5.8
~3500 damaged buildings
4 fatalities

…historical earthquakes



…road to ERM-CH23 The Federal Council mandates BAFU, together 

with SED and BABS, to develop a model to 

quantify seismic risk in Switzerland
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…what does ERM-CH23 provide?

Probabilistic risk estimates
AAL

Loss exceedance curves

Structural/ 

Nonstructural loss 

[CHF]

LOSS TYPES        

Displaced population

Contents 

loss [CHF]

Fatalities

Injuries

PRODUCTS:               

Earthquake scenarios
59 historical and fictitious 

earthquake scenarios

Rapid impact assessment (RIA)
Near-real-time Shakemap-informed 

impact estimates after earthquakes 

Mw>3

Interactive risk tool
Approximation of personal 
earthquake risk 



…the anatomy of ERM-CH23

SOURCE 
MODEL

GMM
BUILDING 
DATABASE

EXPOSURE

MAPPING 
SCHEME

VULNERABILITY

SITE 
MODEL

HAZARD

FRAGILITY 
MODEL

CONSEQUENCE 
MODEL

Seismic Hazard Model 

2015 for Switzerland 

SUIhaz2015 

(Wiemer et al., 2016)

Logic tree of 

stochastic and 

empirical GMPEs 

and IPEs

High-resolution site 

amplification model + 

associated uncertainty 

(φs2s and φss)

Geo-localized database 

of >3 million building 

objects

Structural typology to 

building schemes 

informed from field 

surveys

Two sets of fragility 

models: 

• SA-based, 

• IEMS98-based

CH-specific simulation-

based consequence 

model for structural/ 

nonstructural loss 

+ 

literature-informed 

models for other loss 

types



…epistemic uncertainty in ERM-CH23



…site amplification model for Switzerland

 Measured amplifications at 245 seismic stations in 

Switzerland relative to the reference rock for earthquakes in 

2000-2022

 Measurements of shear wave profiles and natural frequencies 

at many sites to interpret the observed amplifications

 Amplifications are correlated with site characteristics such as 

geology (lithology), characterisation of topography, and 

thickness of sedimentary deposits

Station

Mean amplification +/- σ

SHER seismic station

swisstopo (2019)

Sediment thickness Lithology
Topographic index 600m scaleTopographic index 275m scale



 Application of multivariate statistics and 

regression-kriging

…site amplification model for Switzerland

Maps showing amplification 

relative to the reference rock

Amplification in macroseismic

intensity relative to the macroseismic

reference ground



…assembling the exposure model

Data 

curation 

and 

processing

Building DB Typology Mapping 

Schemes

Spatial aggregation 

module

Building by building 

exposure dataset

Spatially 

aggregated 

exposure 

model
Site amplification and ground motion 

uncertainty maps

RB RF

~2.25 million 

buildings 



…assembling the exposure model

5 km x 5 km 2 km x 2 km

1 km x 1 km 0.5 km x 0.5 km

ZURICH (ZH)

VALAIS (VS)

 Exposure aggregation needed!

~ 2.25 million buildings in exposure model

+

hundreds of logic tree branches

+

results required at multiple spatial scales with uncertainty

 Challenging even for our 256 CPU threads - 2TB SDRAM 

machine

Sensitivity testbeds



…assembling the exposure model
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 aggregation effect on AAL

Empirical CDFs of municipality AAL errors 

(comparison to benchmark building-by-

building analysis)

For instance, 10% of the (ZH and VS) municipalities present AAL errors of 

> ~45% if a 2 km x 2 km aggregation is used with site conditions 

assumed at the grid cell centroid



…assembling the exposure model
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 aggregation effect on AAL

Results at Canton-level

Mean amplification:

Lowest absolute municipality

errors but skewed towards 

negative errors

Leads to larger error at the canton level



…assembling the exposure model

K-Means clustering for aggregation

• The site parameters are extracted at the locations
of all buildings in the grid cell

• K-means clustering is to identify n site
parameter clusters

• The buildings within the cell are split to n clusters
and aggregated at n adjacent locations near the
cell centroid (a few meters apart).

• The associated K-means cluster centroid site
parameter values are assigned to the n
aggregation locations



…assembling the exposure model
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…assembling the exposure model

Each dot is refers to a specific municipality



…assembling the exposure model



…assembling the exposure model



…assembling the exposure model



…risk estimates

Seismic Hazard on rock Site amplification

AALR by 

municipality



…model exploration

Epistemic uncertainty tornado plot
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IPEs/GMPEs are the main contributors to 
the epistemic variance

Other epistemic variables might have small 
effect on countrywide results, but are 

relevant at local level (e.g. building 
mapping scheme)

AALRF/AALRB



…comparisons with other models
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Economic loss in billion CHF/USD/EUR

GAR15 in B USD ESRM20 in B EUR GEM18 in B USD ERM-CH23 in B CHF

1

10

100

1000

0 2 4 6 8 10

ERM-CH23 ESRM20 GEM18 GAR15

Structural/Non-

structural loss

AAL 245 M CHF 55 M EUR 100 M USD 785 M USD

AALR [‰] 0.084 0.043 0.07

Fatalities
AAL 7.6 2

AALR [‰] 0.00099 0.0002



…comparisons with other models

ERMCH23 - SAM ESRM20 RATIO

HAZARD MAPS



…communication products

Visuals (e.g. RIA sheets, risk map) 
and key messages for public 
outreach

Risk index map based on 
structural/nonstructural and fatalities 
AAL – normalized on min/max values



…downstream applications – 1) rapid impact assessment (RIA)

SHAKEMAP

EQ

Random ground 
motion fields

ERM-CH23 exposure

ERM-CH23 
fragility/vulnerability



…downstream applications – 2) OELF

OEF  time-dependent daily 
earthquake probabilities

OELF  time-dependent daily 
loss/damage probabilitiesERM-CH23



Feasibility of EEW
Better Question:
How much can EEW reduce 
current risk? 

Useful but not 
necessarily 
actionable

Warning times

Alert accuracy

Size of no-alert zones

Composite indices

…downstream applications – 3) Evaluation of mitigation actions 



Casualty 
reduction ratio

Original event loss table (ELT) EEW-related extension 

Event 
ID (i) 

Magnitude 
Longitude 
Latitude 
Depth 

Event 
Fatalities 

w/o EEWS 

𝐹𝑎𝑙𝑒𝑟𝑡
𝑖

/𝐹𝑑𝑎𝑦
𝑖  

twi (s) 
CRRi 
(%) 

Event 
Fatalities 
with EEW 

1 5.35 
6.975       
47.425     
22.500 

10 1.0/0.0 10 0.13 10 

2 6.45 
7.625   
46.525 
13.5 

2178 1.0/1.0 0 0 2178 

3 6.55 
8.377   
46.924 

8.9 
217 1.0/1.0 0 0.25 163 

⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ 

k 5.05 
11.025   
47.325  

4.5 
0 0.0/1.0  55 0.31  0 

 

Warning time
Is an alert issued?

Is it during the day?

…downstream applications – 3) Evaluation of mitigation actions 



Karl Jauslin (1842-1904)

The Basel Earthquake, October 10, 1356

Thank you!
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