
1

Alcune tecniche per la stima dei 

parametri di sorgente in Centro 

Italia

Morasca P., Mayeda K, Bindi D., D’Amico M., Spallarossa, D., Picozzi, M., Pacor, F.  

WP2.1 Kinematic and Dynamic Earthquake Rupture Modeling 



CCT calibration Dataset GIT calibration Dataset

39 events

14 stations

~ 5000 events

+ 600 stations 2

Coda Calibration and GIT calibration
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What is coda and what are its advantages?

Direct waves are sensitive to geologic structure between 
source and receiver as well as source radiation pattern.  
These issues require multiple station averaging.

Scattered waves average over both path and source 
heterogeneity.  We will likely never know small length-scale 
features well enough for 3-D modeling, but a stochastic 
empirical approach has been shown to work.

Problem:

Solution:

from Mayeda, 1993, BSSA
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Radiation pattern and directivity

Example in Northern California from Mayeda & Malagnini (GRL 2010)

We point to an example of the Mw 4.2 

July 20, 2007 event in Oakland, CA 

that exhibited strong S-wave 

directivity to the north-west toward 

station CVS.  In contrast, the coda 

after a few 10s of seconds 

homogenized. 

Low sensitivity to the source 

heterogeneity 
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Coda energy becomes homogenously 
distributed in space and time

3 events at 3 different distances from two stations, BKS & SAO

Example in Northern California from Mayeda et al. (GRL 2005)

simple, 
empirical 
path 
corrections 
are required

A

B

C

Low sensitivity to the path 

heterogeneity 



Coda Calibration Technique

Envelopes Shape parameters
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Path corrections

Ac (f,t,r) = W0(f) x S(f) x T(f) x P(r,f) x H(t-(r/v(r)) x (t-r/v(r))-γ(r)x exp[b(r) x (t-r/v(r))]

Site 
term

S-wave 

source 
amplitude

S-to-coda 

transfer 
function

Path
term



eventId refMw datetime Ref AppStr(Mpa)

163040640 6.33 2016-10-30   06:40:18.010 1.33

90971747 5.5 2009-04-07   17:47:37.710 0.38

163041207 4.6 2016-10-30   12:07:00.870 0.19

90990314 4.33 2009-04-09   03:14:52.600 0.09

Coda Calibration Technique

Independent source constraints are used to constrain the frequency-dependent site terms, thereby eliminating the need to assume a source

scaling for the entire region or assuming a stress drop for selected empirical Green’s function events.

Coda spectral ratios outlined in Mayeda et al., (2007) provide very stable, averaged

apparent stress estimates that are free of path and site effects.

We then invert for the best fitting Brune source spectra to find the best fit. We use

the resulting ground-truth (GT) source spectra along with independent moment

magnitudes as source constraints to determine all site correction terms in CCT.
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Site corrections



Coda Calibration Technique



GIT Calibration (non-parametric)

Determine source 

parameters Mo, fc

Fit an w2

model

(or any other model)
GIT

- 3 reference 

stations (LSS,RM03; 

T1221) on rock and with 

an average k
o

= 0.018 s

Constraints:

- LogA(5km,f)=0

Anchor average Mo 

to a reference scale 

(here Hermann’s 

values)
9

Linear system
Two unresolved degrees of freedom



A B

C D

Mw(coda)=6.33

Mw(coda)=6.33

Mw(coda)=5.97

Mw(coda)=5.97

Mw and Corner Frequencies Agree 

Between GIT and CCT methods
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CCT
GIT



Mw and Corner Frequencies Agree 

Between GIT and CCT methods

Mw(coda)=3.52

Mw(coda)=3.52

Mw(coda)=2.40

Mw(coda)=2.40
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CCT
GIT



Data:
https://shake.mi.ingv.it/source-parameters/

https://doi.org/10.1093/gji/ggac268
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References for Calibrations in CI

https://doi.org/10.1093/gji/ggac268
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on GitHub

Tools

Coda Calibration Tool (CCT)
Coda Envelope Ratio Tool (CERT)
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Generalized Inversion Technique code in Python

https://gitlab.rm.ingv.it/inversion/gitpy

GitPy



Attenuation 
Modeling 
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FIT 
ATTENUATION

CONFIG FILE 
MODE

GEOM SPREADING 
MODEL

Rref/R 

bilinear model

trilinear model

quadrilinear model

INTERACTIVE 
MODE

MODEL 
FOR 

KAPPA

ANELASTIC 
ATTENUATION 

MODEL

kappa known

kappa unknown

no kappa

FITTING
distance range for fitting Q(f)

fit Q(f) using a linear model

fit Q(f) using a tri-linear model
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Output Attenuation
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Source Modeling 

FIT SOURCE

CRUSTAL MODEL 

Homogeneous 
(constant vs and rho)

Heterogeneous
(variable vs and rho)

FITTING

simultaneous fit for 
M0 and fc

three steps from 
Bindi and Kota 2020

F-range: fmin and fmax from 
table

F-range: fmin is automatically 
calculated and fmax=30 Hz

KAPPA
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Output Source Modeling
output 
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Total events:    8534
Total stations:  355
Max dist:          120 km
Ml range:         1.78 – 6.14

Tests
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Tests : curve non .parametriche

GitPy

Git Bindi
GitPy

Git Bindi

GitPy

Git Bindi
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Grazie per 
l’attenzione!
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