’ Schweizerischer Erdbebendienst
- _4 Service Sismologique Suisse

Servizio Sismico Svizzero m R =h h
‘ Swiss Seismological Service ZUfIC

Secondary (triggered) earthquake hazards
(landslides, liquefaction) in Swiss ShakeMaps

Carlo Cauzzi, J. Clinton, D. Fah, P. Kastli, S. Wiemer,
D.]J. Wald, M. Hearne, C.B. Worden, E.M. Thompson

ECGS & ESC/EAEE Workshop

European Center for Geodynamics and Seismology ..\'ya'gh

ewropean center for geodynamics and seismology
CONEIe SUROPLEN O Qeodymamique # de Wmologie EAEE

Thursday November 19th 2015



Schweizerischer Erdbebendienst
Service Sismologique Suisse

Swiss seismic hazard map 2015 Sacsemeosiaee  ETH ziirich

Selamic hazard
DAoL SLCater MM AL S DL
10 %% WA ATy yea s Aagh

Thursday November 19t 2015



Instrumental seismicity

Schweizerischer Erdbebendienst
Service Sismologique Suisse
Servizio Sismico Svizzero

Swiss Seismological Service

ETH:zurich

47°N-

46°N—

6‘:E 7jE 8‘:E 9‘:E 10|°E
Earthquakes from 1975 - 2014 ° ¢ 'l ¥ % Magnitude
Magnitude 22 ' o 2

@ 3

0! 0
S See e.g. Diehl et al.,

2015

B0

9°E 10°E

Thursday November 19th 2015



Schweizerischer Erdbebendienst
Service Sismologique Suisse
Servizio Sismico Svizzero

Swiss Seismological Service

9° 10°E
1 1

Historical seismicity

ETH:zurich

Historical Earthquakes from 250 - 1974 - Basel’ 1356 o
Intensity 2V o MW 6.6 e
— N

o o ©

year a.d.

2050
2000 A
1950 A
1900 A
1850 4
1800 4
1750 4
1700 1
1650
1600
1550 A
1500 1

1450 T T T T T T @)
0 1 2 3 4 5 6 7

M, 6.2

0 AT\ ‘
[ \ =

@ O O O O ( )
Sy O S fZ/D

Intensity

—47°N

Fah et al. (2011), http://hitseddb.ethz.ch:8080/ecos09/index.html Lo
i S 7/ R q
© 4 O AV ‘ﬁj \\ SED
iy ) & tay 2 o .
6‘!E 7‘!E 8‘!E 9‘!E 10I°E
0 25 50 100 Kilometers

Thursday November 19th 2015




Schweizerischer Erdbebendienst

Catalogues st o irich

Swiss Seismological Service

560IOOO 580'000 600'000 620IOOO
I . 'z /} AT ’// r 7 /" ’ ’./ - ;" ”' ﬁ' £ ;' GERMANY
v 4 - / - L ’/)'3:‘ FRANCE
Earthquake catalogue /?;’,,/ i/ f ,,ﬁj 2), g O

of Switzerland ECOS-09 ‘;,// Lol P P BT i
(Fah et al., 2011) + o\ AT P |
extensive collection of

triggered phenomena
(Fritsche et al., 2012).

s €7 L (:‘“‘ > %
o ;"j:l ’,\ L'. - & - } - 4
§ | e Q Legend * _g
o 7 * Epicenter ! <
Py

Large rockfalls

o
Rockfalls

Landslides

Cracks in the ground
41/ Terrain changes

#% Avalanche

@ Efiects on springs |-

110000

@ Visual phenomena

f Event of May 30 1946

1 1 1 1

560000 580000 600000 620000
Thursday November 19th 2015




seismic networks

Real-time Swiss national
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Swiss ShakeMap
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USGS codes since
2007;

PRP / SSMNet renewal
GMPE Edwards and Fah
(BSSA-2013);

GMICE Faenza and
Michelini (GJI-2010);

Site amplification based

oNn macroseismic
intensity observations;
DYFI (testing)

SC3 & scwfparam
Cauzzi et al. (GJI-2015)
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Mechanistic models
VS

Empirical models

ShakeMap

Nowicki et al., EG 2014 Z = Z(predictors) = a + bx; + bx, + ...,
Zhu et al., EQS 2015 P=1/(1+exp(-2))

Forward modeling
corrected based on
analyses of
residuals
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