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SP: Spectral Fitting (Calderoni et al., 2019 and Calderoni & Abercrombie, 2023).
Applied to 97 events and 123 stations.

SR: Spectral Ratio of co-located events with different magnitudes (Calderoni et al., 2013 and Calderoni &
Abercrombie, 2023).
Applied to 28 events and 123 stations.

GIT: Non-parametric inversion of source, attenuation, and site (Bindi et al., 2020; Morasca et al., 2022).
Model calibrated in Central Italy on a dataset of about 5000 events and 624 stations and applied to approximately
250 additional recordings in the same region (in Morasca et al., 2022).

CCT: Coda Calibration Technique (CCT, Mayeda et al., 2003; Morasca et al., 2022).
Calibrated on a dataset of 39 events (3.5 <M,, < 6.33) recorded by 14 stations and applied to approximately 250
additional recordings in the same region (Morasca et al., 2022).

CERT: Coda Envelope Spectral Ratios (this study).

Method applied to 27 target events (common with Calderoni & Abercrombie, 2023) using 14 stations (the same as
for CCT).
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Methodological Overview SECURE

. g REGIONAL-SCALE EARTHQUAKE GROUND MOTION PREDICTIONS
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Comparison of Magnitude from CCT and GIT Using 96 SP-Based y SECURE
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Comparison of Source Parameters from CCT, GIT, and CERT Using
96 SP-Based Reference Events
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v There is excellent agreement among M, estimates and good consistency in f,
estimates.
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Ao versus M,: Scaling Laws for

GIT, CCT, CERT, SR, and SP
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GIT results (in Morasca et al. 2022) = Fit GIT
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v' Good agreement is observed among the scaling laws across different methods,
as well as among the estimates of stress drop (Ao) and apparent stress (t,).
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log (M) (N*m)

y SECU

M, vesus f_: Scaling Laws for GIT, CCT, CERT, SR, and SP L}
v GIT — fit GIT
° EELTW - ;;;gg;w SP logM,=-3.97+/-0.12 log(f.)+15.29 +/-0.04
* CA — fit CA,
A CA, fit CA,,
SR logM,=-3.92 +/-0.19 log(f.)+15.14 +/-0.07

GIT* | logM,=-3.81 +/-0.07 log(f.)+15.40+/-0.04

CCT* | logM,=-3.98 +/-0.08 log(f,)+15.32 +/-0.04

CERT | logM,=-3.75 +/-0.35 log(f,)+15.72 +/-0.10

constant apparent stress i
11 1 1 N 1 PR I 1 1 I " ‘
I

0.1 : 10 * Regression on published Datasets (Morasca
Corner Frequency (Hz) et al., 2022)

v" Scaling laws based on log(M,) vs f. show good agreement across the different
methods.
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Analysis on 17 Common Events: SP, SR, CCT, GIT, CERT
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Analysis on 17 Common Events: SP, SR, CCT, GIT, CERT
» Coefficient of Variation < 0.4
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REGIONAL

Analysis on 17 Common Events: SP, SR, CCT, GIT, CERT ! SECU
» cCefficient of Variation > 0.6 ==
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Displacement (cm*s)

Analysis on 17 Common Events: SP, SR, CCT, GIT, CERT 3 SECURE

J;}: Gﬁl),l.llill kﬂTIDN FR[BKIIMS

- coefficient of variation > 0.6

1.0E+00 1.0E+02 ¢
: _ > : C
1.0E-01 E A % 1.0E+01 E
I ~— 1.0E+00 E
1.0E-02 & - :
E [= B
- Y 10801 ¢
Event: 161030133454 £ E
LOE-03 E 1og, Mo (sp) = 15.23 fegp= 1.221 Hz Acgp= 0.88 MPa @ EIE"e”’:/" 17011%1;’71‘;29f P (—
F l0g,M(sR) = 15.23 fesg= 0.991 Hz Aogg= 0.47 MPa & 10E-02 pEREASe] = EspR R TEEOSPE S
r — Ek’gmMO(SR) =17.24 fcgg=0.267 Hz Aogg=0.94 MPa
1.0E-04 L log,uMo(GT)= 15.66 fcg 1= 0.975 Hz Aog = 1.1 MPa o E
. ) [108:0Mo(GIT) =16-79 fegir= 0.699 Hz Aog 7= 5.47 MPa Mw (Herrmann)
|OgmM0(CCT 15.38 fecet=1.197 Hz Aoccr=0.76 MPa .— 1.0E-03 ?Io - 1735 fer= 0,382 7 AG~ro2:32 IP5 320 408 412 432 446 448 45 472 497 512 529 53 535 543 587 597 633
[ 10g,Mo(cerT)= 15.38 fecgRr= 1690 Hz Aocp=2.16 MPa o Ewtoieey) €T ccr™ oo
1.0E-05 i =2 L D i 2 Wi S -IogwMo(CERT) =17.35 feggr=0379 HzAocgpr=224MPa o o |
. 1.0E-04 L1l P " ) . .
0.01 0.1 1 10 0.01 0.1 1 10 e - : 1 -
Frequency (Hz) Frequency (Hz) : S R T g
Zoa 3 a . , & s s o i ‘
3 . " . )|
0.3 - ¥ s P ™
0.2 ° 1 o 8
° a
1.0E+01 ¢ " -
: B Model °
L odels [ —
1.0E+00 cCT o CCT t I i :
: — CCT Y
1.0E-01 ¢ SP v GIT ¢
; - o g i ; BdIE
1.0E-02 F GIT sp & SP < 3 f
F Event: 170118102523 < F
1.0E-03 E|ogwr\/10(sp)= 17.12 fegp= 0.368 Hz Acgp= 1.87 MPa — SR * SR 2 ] % ¥ ¥ ¥
Fllog,,M(sg)= 17.12 fegg=0.265 Hz Acgg=0.70 MPa CERT s | 1 C e T
1.0E-04 ;IOEIDMO(GITF 16.62 fcg = 0.796 Hz Acg 7= 5.40 MPa @® CERT % ! B v GIT
' = log,MojccT)= 17.07 fecer= 0476 Hz Acccr= 237 MPa A &SP
r * SR
Clog,oM =17.07 fecgr= 0455 Hz A = 2.09 MP
1.0E-05 o8 TO(CERT i T COERT, T TOCERTT L [ Var coeff > 0.6 ® CERT
0.01 o'l 1 10 o o - (=3 o w o~ (=3 =3 L] w " (=] w - o w o
Frequency (Hz) :% 53§ 3838 ‘e
MID-TERM MEETING SECURE (DYNAMIC PLANET PROJECT2023%25) & & & & & & & & & & & & &

\

JUNE 20, 2025 - MILAN- ITALY



Ratlo Avg

Ratlo Avg

CASE A :A0cerr >> AGgpccrsi

2 2016-10-30 13:34; Mw=4.09
1.5 =
‘ Level-off
.o — Joint not

— pair captured

center frea (Hz)

This happens probably because for one or both of the events we are

not measuring high enough frequencies to catch the final level-off.
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An example of better high frequency constraining: 2016-08-24 01:36; Mw=5.97
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CASE B: Acsg << AGspccrcert

Target Event: 2016/01/18 10:25 MwmH,1 5.35
(b) Displacement Spectra

(a) Spectral Ratio
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CASE C: Acsg << ACsp ccr, cERT

Target Event: 2017/01/18 10:14 Mw 5.43
(b) Displacement Spectra

(a) Spectral Ratio
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v EGF Directivity Effect: if the difference between the Aogg
and Aogp is greater than a factor of 2 for a given EGF, it
likely indicates significant source directivity in the EGF

v" Another potentialissue is the limited frequency band
over which the analysis is performed.



Analysis on 17 Common Events: SP, SR, CCT, GIT, CERT
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Amatrice-Visso-Norcia Mainshocks:

Comparison of the Spectral Corrections

for Propagation and Site Effects
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v" For the AVN mainshocks, stress drop
estimates show excellent agreement
across 5 different methods.
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Conclusions 24 SECURE

1. Good agreement among methods in the estimation of:

o Moment magnitude (M,,) and seismic moment (M,)
o Stress drop (Ao) and corner frequency (f,)
o Scaling laws: Ao =f(M,), 1,= f.(M,)

2. Analysis of 17 common events using all 5 methods shows that:

o Spectral corrections are generally consistent.
o Afew cases show a coefficient of variation > 0.6, likely due to strong medium
heterogeneity, EGF directivity effects, or limited high-frequency resolution.

3. AVN mainshocks:
» Stress drop estimates show excellent agreement across all methods.
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