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SECURE regional-Scale Earthquake ground motion 
prediCtions throUgh pyhsics-based and empiRical 

approachEs: a case study Central Italy 

• WP1 Enhancements of Existing Crustal Velocity Models and Seismic Datasets

• WP2 Characterization of Earthquake Source and Seismic Wave Propagation in 
the Central Apennines 

• WP3 Ground Motion Predictions using Innovative Approaches 

• WP4 Testing the Performance of Ground Motion Models and Empirical 
Relationships

Bridging Spectral Decomposition and Ground-Motion Models



3 3 

In the context of SECURE

WP2 – Physical ingredients WP3 – Ground motion models

Bridging Spectral Decomposition and Ground-Motion Models

Sources

Site ampSpectral atten
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WP2 – Physical ingredients

Bridging Spectral Decomposition and Ground-Motion Models

Sources

Site ampSpectral atten

A.Kammerer

Why we need to decompose
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SECURE

Bridging Spectral Decomposition and Ground-Motion Models

IT NCR HGE 20161030 esm-db.eu
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SECURE

IT NCR HGE 20161030 esm-db.eu
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Spectral decomposition GIT & SECURE WP2
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Spectral decomposition GIT & SECURE WP2
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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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Pacor et al. 2016 GJI

stationsstations

Spectral decomposition GIT & SECURE
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stations

Pacor et al. 2016 GJI

stations

Spectral decomposition GIT & SECURE
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WP2 Physical ingredients / WP3  Ground motion models      Stress drop

Bridging Spectral Decomposition and Ground-Motion Models

GMMs are based on self-similar source scaling
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Stress drop variability

Bridging Spectral Decomposition and Ground-Motion Models

Pooled data set of results 
(between-studies)
 Large Ds variability (~3 orders)
 No clear trend

Individual data set 
(within-study)
 Large Ds variability (>2 orders)
 Some data sets show a trend

Cocco et al. 2016

Aggregation bias;
Between-groups confounding



16 16 

Stress drop variability SCEC stress drop benchmarch [Ridgecrest]

Bridging Spectral Decomposition and Ground-Motion Models
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Stress drop variability SCEC stress drop benchmarch [Ridgecrest]
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Stress drop variability SCEC stress drop benchmarch [Ridgecrest]

(2.3)

log
10
Ds
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Our companions along the GIT journey

Bridging Spectral Decomposition and Ground-Motion Models

● Non-Uniqueness of the solution
● Attenuation-source interplay

◦Regional attenuation: polygons, cell-grid
◦Depth dependency
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Spectral decomposition GIT – non uniqueness

Ridgecrest M7.1, 2016

Singular value decomposition

SVD:  G = U L VT

- L singular value matrix
- columns of V associated to  l =0
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Spectral decomposition GIT – non uniqueness

Base for
the null space

SVD:  G = U L VT

Bindi et al. 2023, SRL
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Spectral decomposition GIT – non uniqueness

Impact of site constraint on source spectra

Bindi et al. 2023, SRL
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Our companions along the GIT journey

Bridging Spectral Decomposition and Ground-Motion Models

● Non-Uniqueness of the solution
● Attenuation-source interplay

◦Regional attenuation: polygons, cell-grid
◦Depth dependency
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Example regional attenuation

Bridging Spectral Decomposition and Ground-Motion Models

Bindi et al. 2024, BSSA
SECURE

Source regional models are 
useful for:

- capturing fault-system 
related differences in source 
behavior

- analysis of dL2L/dBe 
residuals

- support development of  
magnitude conversions 
(e.g., T Allen, ongoing effort in 
Australia)

- prepare the set-up for 
numerical simulations
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Example regional attenuation

Bindi et al. 2024, BSSA
SECURE
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RATIO single model/multiple models

Impact of regional attenuation

Bindi et al. 2024, BSSA
SECURE
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SECURE ITACA-extended

Bridging Spectral Decomposition and Ground-Motion Models
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SECURE ITACA-extended

Bridging Spectral Decomposition and Ground-Motion Models



29 29 

Our companions along the GIT journey

Bridging Spectral Decomposition and Ground-Motion Models

● Non-Uniqueness of the solution
● Attenuation-source interplay

◦Regional attenuation: polygons, cell-grid
◦Depth dependency
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The depth-dependency issue

Bridging Spectral Decomposition and Ground-Motion Models

Trugman and Shearer 2017
http://dx.doi.org/10.1002/2017JB013971



31 31 

Depth dependent /
Depth independent

Depth controlled

Depth
issue

Bindi et al. 2024, BSSA SECURE

Bindi et al. 2023, SRL
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SECURE - Farewell

Bridging Spectral Decomposition and Ground-Motion Models

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.
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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.

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

Alla prossima !!!  Dino


