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Outline
- Perform spectral decomposition (GIT) to interpret partially- or fully-NE residuals: 

Example 1 – Ds .vs. dB
e

Example 2 – t .vs. source parameter selection
Example 3 – dP2P .vs. spatial distribution of Q-residuals

- Not a single GIT solution: 
- the GIT design matrix is not full rank: non-uniqueness of the solution
- data geometry and correlation
- impact of model assumptions (SCEC Ds-benchmark)

- GIT for central and southern Italy using regional attenuation models

- A 2D grid approach to GIT:
Example 1 – Depth distribution of Ds  for Ridgecrest
Example 2 – Ongoing attempts for Italy (ITACAext flatfile)



  

Seismological models for source, 
propagation and site effects
GIT approach

Ground Motion Prediction Models 
(median and variability)

Spectral 
attenuation

Site 
amplifications

Sources

Source 
parameters

SECURE
WP2
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WP3

Self-similar median model (M
0
 controlled)

→ GIT - GMPM residuals comparison



  

GIT

GMPM

Moment magnitude

0.8 Hz

3.0 Hz

22 Hz

Mw

ML

Apparent source spectra 
(i.e., recorded spectra corrected 
for attenuation and site effects) 

GIT

GMPM

Circles correspond to |dBe|>0.2

Example 1 Local magnitude
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Bindi et al., BSSA, in revision

Partially non-ergodic GMPM Source scaling controlled by 
different source parameters

Example 2



  

Non-ergodic GMM term  dP2PResidual dQs map from GIT

Morasca et al (2022)

Example 3



  

Not a single 
GIT solution
 

waveform(t)    = [Source*Propagation*Site] (t)
FAS(f)             = Source(f)Propagation(f)Site(f)

1. Matrix of coefficients is not full rank: - by model design, the solution cannot be unique;
    - constraints are needed [a-priori assumptions]



  

waveform(t)    = [Source*Propagation*Site] (t)
FAS(f)             = Source(f)Propagation(f)Site(f)

1. Matrix of coefficients is not full rank
2. Correlation between different terms: - depends on the geometry (events and station selection) 
 

Bindi et al (2023a,b) SRL

Not a single 
GIT solution
 



  

waveform(t)    = [Source*Propagation*Site] (t)
FAS(f)             = Source(f)Propagation(f)Site(f)

1. Matrix of coefficients is not full rank 
2. Correlation between different terms
3. Model assumptions on attenuation : depth-dependent attenuation and source trade-off 

Abercrombie et al. 
(2021, JGR)

Not a single 
GIT solution
 



  

Ridgecrest 
Benchmark

Bindi et al (2023a,b) SRL



  

Ridgecrest benchmark

Bindi et al (2023a,b) SRL

Mixed-effects regression

“epistemic” uncertainty

“aleatory” 
uncertainty

“Epistemic” (model) uncertainty larger than aleatory (statistical) 
one for most of the earthquakes



  

Ridgecrest benchmark

Bindi et al (2023a,b) SRL

Different model assumptions control the source 
variability over different frequency bands

Sammon’s maps for the 12 logic-tree 
branches and different frequencies

frequency

Source spectra of one specific event for the 12 logic-tree 
branches, color-coded with different model assumptions



  

GIT spectral model for Central-Southern Italy

Bindi et al (2024) BSSA

28943 earthquakes, ~1000 sensors, 901,228 amplitudes at 3 Hz 



  



  

Central-Southern Italy: regional attenuation models

Bindi et al (2024) BSSA



  

Source parameters

Bindi et al (2024) BSSA

Ratio no regional/regional attenuation
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Bindi et al (2024) BSSA
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Bindi et al (2024) BSSA
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Stress drop-seismic moment residuals

Bindi et al (2024) BSSA
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Ridgecrest – a 2D grid approach 
for the attenuation

Geometrical 
spreading

Absorption 
coefficients

log



  

J. Zhang, X. Chen, and R. E. Abercrombie (2022).  Spatiotemporal variability of earthquake source parameters at 
Parkfield, California, and their relationship with the 2004 M6 earthquake.  JGR: SE, doi: 10.1029/2021JB022851.

Bindi et al (2025)
in revision



  

Ongoing analysis with ITACAext



  

Ongoing analysis with ITACAext

Max 200km with events with stations



  

Ongoing analysis with ITACAext

Results about the 2D absorption coefficients at 0.99 and 10.62 Hz
n is the geometrical spreading exponents (values depend on max distance)

Mid-point
Rmax=120km

… work in progress!!



  

Ongoing analysis with ITACAext

Preliminary results about source spectra obtained the 2D attenuation model
and constrained site amplifications.

… work in progress!!



  

Outlook (ITACAext)

- Apply GIT with constrained source spectra

Constrained to be Brune-like with 
parameters from Morasca et al (2023)



  

Outlook (ITACAext)

- Apply GIT with constrained source spectra

- Apply GIT with site term constrained using dS2S(FAS) 
from non-ergodic GMM



  

Outlook (ITACAext)

- Apply GIT with constrained source spectra

- Apply GIT with site term constrained using dS2S(FAS) from ne-GMM

- Investigate the temporal variability of the GIT results and compare 
with the temporal (and spatial) variability of the ne-GMM residuals



  

Outlook 

- Apply GIT with constrained source spectra

- Apply GIT with site term constrained using dS2S(FAS) from ne-GMM

- Investigate the temporal variability of the GIT results and compare with 
the temporal (and spatial) variability of the ne-GMM residuals

- Repeat the analysis for the Spallarossa’s central Italy data set (N3)

M>3



  

Outlook 

- Apply GIT with constrained source spectra

- Apply GIT with site term constrained using dS2S(FAS) from ne-GMM

- Investigate the temporal variability of the GIT results and compare with the temporal 
(and spatial) variability of the ne-GMM residuals

- Repeat the analysis for the Spallarossa’s central Italy data set (N3)

Thank you for your attention !!!!

Contact: dino.bindi@gfz.de
https://www.gfz.de/en/staff/dino.bindi/sec26
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