A SECURE

DN | o e MV

Bridging Spectral Decomposition
and Ground-Motion Models:

Results from and

Perspectives
Dino Bindi & WP2, WP3

GFZ-Potsdam

Bindi et al., 2024 (BSSA)

Rome, 12 March 2026

Y GFZ o cone HELMHOLTZ



& “HSECRE  regional-Scale Earthquake ground motion
prediCtions throUgh pyhsics-based and empiRical

approachEs: a case study Central Italy

. Enhancements of Existing Crustal Velocity Models and Seismic Datasets

. Characterization of Earthquake Source and Seismic Wave Propagation in
the Central Apennines

. Ground Motion Predictions using Innovative Approaches

. Testing the Performance of Ground Motion Models and Empirical

Relationships
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In the context of SECURE

WP2 — Physical ingredients WP3 — Ground motion models
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Why we need to decompose

WP2 — Physical ingredients Log[FAS(f)] = Scaling(R) + Scaling(M) + 52§ + éBe + e
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1989 Loma Prieta - Capitola
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Spectral decomposition GIT & SECURE WP2
FAS(f)= S(f) P(f) G(f)

Source Site
= Source * Path * Site Propagation
o ] log1oFAS;(f) = S" o 6ilogioSk(f) +

+ anlogioPn(f) + 3n+1/0g1opn+1(f) +

+ ZkNStl JklogloZk( f)

where a, = (Rn+1 — Rg)/(RnH — Rn))

dp+1 = L= an Rn < R.'J < Rn—'—l
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Spectral decomposition GIT & SECURE WP2
FAS(f)= S(f) P(f) G(f)

Source Site
= Source * Path * Site Propagation
o ] log1oFAS;(f) = S" o 6ilogioSk(f) +

+ anlogioPn(f) + 3n+1/0g1opn+1(f) +

+ ZkNStl JklogloZk( f)

where a, = (Rn+1 — Rg)/(RnH — Rn))

dp+1 = L= an Rn < R.'J < Rn—'—l

15:10 WP2 Calderoni G. Multi-Method Stress Drop Estimation and Uncertainty Analysis for
the 2016-2017 Amatrice—Visso—Norcia Seismic Sequence.
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Spectral decomposition GIT & SECURE
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Spectral decomposition GIT & SECURE
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Spectral decomposition GIT & SECURE
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Bindi et al. 2020, BSSA
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Spectral decomposition GIT & SECURE
FAS(F) = S(f) P(f) G(f)
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Spectral decomposition GIT & SECURE
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15:25 WP2 Cirella, A., Linking Stress Drop and Slip Heterogeneity to Assess Source
Rupture Directivity for Earthquakes in Central Italy.

15:55 WP2 Colavitti, L. Data-Driven Empirical Modeling of Source Directivity Effects in a
Ground Motion Model for Central Italy

10:30 - Keynote Lecture, Gallovié¢, F., (Charles University in Prague, Czech
Republic), Constraining kinematic and dynamic rupture models for broadband strong-
motion simulations.
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WP2 Physical ingredients / WP3 Ground motion models
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Aggregation bias;
Stress drop variability Between-groups confounding
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Stress dl’Op Variability SCEC stress drop benchmarch [Ridgecrest]
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Stress drop Variability SCEC stress drop benchmarch [Ridgecrest]
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SCEC

Stress drop Variability SCEC stress drop benchmarch [Ridgecrest]
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Our companions along the GIT journey
FAS(f) = Bl Bt G(f)

* Non-Uniqueness of the solution

« Attenuation-source interplay
° Regional attenuation: polygons, cell-grid
° Depth dependency
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Spectral decomposition GIT — non unigueness
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Singular value decomposition

SVD: G=UAV'

- A singular value matrix
g 3 - columns of V associated to A =0

FAS(f)= S(f) P(f) G(f)
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Spectral decomposition GIT — non unigueness
_SVD: G=UAN
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Spectral decomposition GIT — non unigueness

Impact of site constraint on source spectra
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Bindi et al. 2023, SRL
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Our companions along the GIT journey ras(f) = s() P(f) 6(f)

* Attenuation-source interplay
° Regional attenuation: polygons, cell-grid
° Depth dependency

15:40 WP2 Gabrielli, S., Spectral Corrections for Propagation and Site Effects: Implications
for Stress Drop Estimation in the 2016 Mw 6.0 Amatrice Earthquake.
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Example regional attenuation

Source regional models are
useful for:

- capturing fault-system
related differences in source
behavior

420

- analysis of dL2L/5Be
residuals
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E magnitude conversions
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42° 427 4
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ar w i .
N T | - prepare the set-up for

numerical simulations
Bindi et al. 2024, BSSA
SECURE

for Geosciences
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Example regional attenuation
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Impact of regional attenuation
RATIO single model/multiple models
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SECURE ITACA-extended log(Pathi;(f)) = logG(Rij; f) + i rapar(f) | o|m=
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SECURE ITACA-extended i) - togirn+ Sty |-
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Our companions along the GIT journey ras(f) = s() P(f) 6(f)

« Attenuation-source interplay
° Regional attenuation: polygons, cell-grid
° Depth dependency
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The depth-dependency issue

|Hector Mine | (a) Same small EGF events for deep and shallow main events

Yuha Desert| | SJF Trifurcation | !Ng Bear

i e)

Lk

depth (km)

Does Earthquake Stress Drop Increase With Depth in
== the Crust?

depth (km)

Rachel E. Abercrombie g Daniel T, Trugman. Peter M. Shearer, Xiaowei Chen, Jiewen Zhang.
Colin M. Pennington. Jeanne L. Hardebeck, Thomas H. W. Goebel, Christine ). Ruhl

16

10! 10° 10! First published: 16 September 2021 | https://doi.org/10.1029/2021)B022314

10 10! = 10° 10 10° 10" 100
Aa (MPa) Ao (MPa) Ao (MPa) Ag (MPa) Ao (MPa)

Trugman and Shearer 2017
http://dx.doi.org/10.1002/2017JB013971
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Depth independent
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SECURE - Farewell

Ground-motion models describe variability statistically.
Spectral decomposition allows us to give that variability
a physical meaning.

In SECURE, we applied this idea at regional scale in
Central Italy.

(GI=7 [innolt Centre Bridging Spectral Decomposition and Ground-Motion Models

32



SECURE - Farewell

Ground-motion models describe variability statistically.
Spectral decomposition allows us to give that variability
a physical meaning.

In SECURE, we applied this idea at regional scale In
Central Italy.

Thank you, SECURE community, for
the nice journey we took together.

Alla prossima !!! Dino
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