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What is coda and what are its advantages?
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Radiation pattern and directivity
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Coda energy becomes homogenously
distributed in space and time

3 events at 3 different distances from two stations, BKS & SAO
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Example in Northern California from Mayeda et al. (GRL 2005)
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Coda Calibration Technique

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

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

(2007) provide very stable, averaged
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90990314 4.33| 2009-04-09 03:14:52.600 0.09

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

I magnitudes as source constraints to determine all site correction terms in CCT. _

7



THROUGH PYHSICS-BASED AND EMPIRICAL
ACASE STUDY CENTRAL ITALY

:

§# Coda Calibration Built at 2022-08-16T17:06:582

File

Parameters | Data

Shape

Fath

Measured Mws | I Site

SEGURE

REGIONAL-SCALE EARTHOUAKE GROUND MOTION PREDICTIONS

APPROACHES:

Coda Calibration Technique

Help a

Event

162370136 - | |><| ¥

20

s+ ment Rate Spectra

log LO(N-m )

~Fc (0.27)

s 0.10 2 s 1.00 2 s
center freq (Hz)

10.00 2

Calibration ~ Measurement Window Data Tools Help o] 0 Map & Refresh
Source Spectra | Source Results || Site Terms
Mw Apparent Stress (MPa) Site correction overview (# stations)
= val 100.00 = val 08 €% Coda Calibration Built at 2022-08-16T17:06:58Z
5.5 e Ref. 5 e Ref. ' File Calibration Measurement Windew Data  Togls
e ¢ 2 0.5 = | Source Spectra | Source Results | Site Terms
6 o* 10.00 1 b 162370136
5 5 2 Date 2016-08-24 (237)
c 55 - z 0.4 (= -
s I .:. = > g = Origin Time 01:36:32.447
2 2
E «° 5100 o a2 3 Latitude 227017
£ 5 o E T 03 & Longitude 13.2488
s S ¥ = =
o . .o ~ ) = . H £ Depth (km) 9.99
. 3 =
43 o % 0.10 n w2 : . 5
] ' ° . . ~ Mw (Model Fit) 5.97[-0.12, 0.13]
4 [ 4 B g 5 ¢ . N N
% 01 1 ety - Apparent Stress 0.93 MPa [-0.26, 0.32]
o® 2 ' i g H . i i l = (Model Fit)
3.5 0.01 § H l I I ' i l | ' s i g Energy (Model Fit) 13.51[-0.32, 0.32] log J
0 3 Total Energy 13.59 log J
4 5 5] 0.01 0.10 1.00 10.00 100.00 0.10 2 5 100 2 5 10.00 =
Me (Total Energy) 5.86
Measured Measured Frequency (Hz)
Observed Apparent 1.27 MPa
Moment vs Corner Frequency Stress
Energy/MomﬁEt vs Moment Apparent Strﬁss vs Moment S — ——
y v Energy
_?'2? .60 5.94 100.0%'27 4.60 5.54 6.60 Extrapolated / Total 476 %
5 Energy
— Reference Mw 5.97
E -2 2 5.04
= —
S _10.00 E Iterations 2%
= [ 5 =
2 = g 3.27 o Data Count 110
= z
= —4 = 2 = =
= ] [=]
= L/ L™ fd =
S -5 ek . & B 4.60
=3 —— = = e e s
= =
= L) .:%
5 6 ee oy 3.94
] |
]
-7
3.27
14 16 18 2 5 100 2 5 10.00
log10 Mo (N-m) log10 Mo (N-m) Corner Freq (Hz)
Evid Date Mw Me ObsTotalEnergy Obs/TotalObs ObsAppStress App.Stress (MPa) Ref Mw Ref Stress
163040640 2016-10-30T06:40:1...  6.3337 6.1504 14.0391 0.9493 0.9042 1.1651 633 133 0.1 > Raw
161512024 2016-05-30T20:2: 41993 3.077 9.4155 0.9395 0.0495 0.0257 414 0.6204 !
163010350 2016-10-27T03:50:2.. 43116 3.6715 10,3073 0.9179 0.2352 01573 417 0.9973 |
133631708 0131220717084 50535 44704 115054 n0525 02182 0137 501 03052 vJ

- O X
o Map C Refresh
7.27
— Avg
— — Model Fit |
- = REF
uQ1
5.04 vo2
& cErRT
8 FeEMA
N FIaM
4.60 W MDAR
gk MGAB
X MURE
g RM332
= < TERO
3.27
1.94
0.60
-0.73




SEGURE

REGIONAL-SCALE EARTHOUAKE GROUND MOTION PREDICTIONS
THROUGH PYHSICS-BASED AND EMPIRICAL APPROACHES
ACASE STUDY CENTRAL ITALY

:

w
Depth (km)
. GIT
15
10
43" 5
Constraints:
. - LogA(5km,f)=0
N | - 3reference
« | Stations (LSS,RMO03;
A T1221) on rock and with
. an average k, = 0.018 s
Y
41'11'. 12 123‘ 14 15

log, FAS;; (f, Rj, M;) = log,,Source; (f, M;) + log,,Path (f, R;;) + log,,Site; (f)l

Linear system
Two unresolved degrees of freedom

Source

Attenuation

Relative site amplification

N— | M |
3 C 3 00

Distance tkm]

—

’ ]Fréauéﬁcy‘ [i—lz] '

30!

(

GIT Calibration (non-parametric)

Fit an m?
model

[
>

(or any other model)

N \
NIRRT
S
S
RN L
AN 2\
\\ N\
\

Anchor average Mo
to a reference scale
(here Hermann'’s
values)

13.2193 4.447 170824061008

12.3481 5.9956 161214154951

freq

Determine source
parameters Mo, f_

Mw Hermann



M,, and Corner Frequencies Agree

74
. wwemmeeann B ct\Ween GIT and CCT methods
+ o GIT-derived values
65 = — Constant App. Stress lines
g 6 - 21 24
E oo
U ommed
o 55 i
E 5 Q Q
[0 =] o 04 O 0]
S : :
® 4.5= - g
-8 . g Mw(coda)=6.33 :8;
) 4~ § 2. LogMycr, =18.609 Nm o
4 § | LogMygq, = 18.595 Nm g
3:5 A 1 = E
fcer =0.161 Hz _
5 . | fc:::TT)) =0.176 Hz Mw(coda)=6.33
LI T T I T LT L ' -+ Norcia (2016 Oct. 30 6:40) -+ Norcia (2016 Oct. 30 6:40)
3 35 4 45 5 55 6 65 7 0.1 1 10
GlT-derlved MW Corner Frequency [HZ] o Freqltjfncy [Hz] bt - FreqLﬁncy [Hz] L
10 =
4 fkm]
!ﬁl = 60
E " I
04 0
W’ y § o g
-o o3 o3
.g k- % §
s o 5 Mw(coda)=5.97 £
o 4 @ ol & 5l
=2 3 £ LogMyccr, =18.068 Nm g
§ 4 &al LogMqr) = 18.055 Nm §
i f.cor =0.294 Hz
© i fc:z:w:) =0.251 Hz Mw(coda)=5.97
C —— CCT  * Amatrice (2016 Aug. 24 1:36) \ “1 Amatrice (2016 Aug. 24 1:36) \
0.1 . : !
N e ey LA A A g 3 U 0.1 1.0 10.0 0.1 1.0 10.0
0.1 1 10 Frequency [Hz] Frequency [Hz] 10

GIT-derived f, [HZ]



M, and Corner Freguencies Agree
) | SECURE Bgtween GIT and CCT methods

5
o o GIT-derived values
- e Coda-derived values -21 -21 = Azimuth
45 — 0.1MPa_AppStress : ‘ N\ -/Xé\\\
- 16 o — 1MPa_AppStress ' WG RN
g 4_ = 10MPa_AppStress 6 5 N, .‘ S0
2 § — 15 — &; -31 g -31
8 3.5+ = = =
= - 2 S S
= 3= —T—T o 14 = g g
8 . S | g _4- Mw(coda)=3.52 g a1
® 2.5 D @ | LogMycer, =14.408 Nm ]
- ] L2 43 i1 = LogMqar, = 14.336 Nm =
3 o o
O 2- d % fcon =2.129 Hz % ~
- 12 - < -59 fyom =2.810 Hz < -5 Mw(coda)=3.52 \
1.5= A | 2016 Nov.23 00:02 2016 Nov.23 00:02
1 LI LA L LI DL L I 11 ™TT U | T g T 1' é 1'0 3'0 1' :'3 1'0 3'0
1 15 2 25 3 35 4 45 5 0.1 1 10 Frequency [Hz] Frequency [Hz]
GIT-derived Mw Corner Frequency [HZz]
\7\ [km] ~\ Azimuth
60
<104 G -41 40 G-
N 3 O (@]
E 3 o3 20 o3
- = =
y—" 0] 0]
e 9 3 Mw(coda)=2.40 3
53 2 LogMyccr) =12.726 Nm 2
S 14 5 LogMygr, = 12.899 Nm 5
1 b o @
= 8 o e =a541 1 gl
o A Tugmy =3.873 Kz Mw(coda)=2.40
O 1 — CCT 2016 Nov.22 15:41 | 2016 Nov.22 15:41
‘ 1 3 10 30 1 3 10 30
0.1 T 11 llllll LI L B LL | Frequency [Hz] Frequency [Hz] 1 1
0.1 10

GIT- derlved f. [HZ]



Data: _ _ _
wesenonss  NEEps://shake.mi.ingv.it/source-parameters/ References for Calibrations in ClI

Coda Derived Source Parameters

i Geophysical Journal International

Geophys. J. Int. (2022) 231, 1573-1590 https://doi.org/10.1093/gji/ggac268
Advance Access publication 2022 July 23
GIJI Seismology

Source scaling comparison and validation in Central Italy: data

intensive direct S waves versus the sparse data coda envelope

methodology

Paola Morasca “,! Dino Bindi “,> Kevin Mayeda,® Jorge Roman-Nieves,® Justin Barno,*
William R. Walter “* and Daniele Spallarossa®

gy B N . Ustituto Nazionale di Geofisica e Vulcanologia, INGV, Milan, Italy. E-mail: paola.morasca@ingv.it
oz N RSP “} » 2Deutsches GeoForschungsZentrum GFZ, Potsdam, Germany

3 Air Force Technical Applications Center; AFTAC, Patrick Air Force Base, USA
*Lawrence Livermore National Laboratory, LLNL, CA, USA
3 Dipartimento di Scienze della Terra dell Ambiente ¢ della Vita, Universita di Genova, UNIGE, Genoa, Italy

7

Accepted 2022 July 20. Received 2022 May 23; in original form 2021 November 26

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



https://doi.org/10.1093/gji/ggac268
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Using REST endpoints to get Mws
Logging settings at runtime
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References
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Coda Calibration Tool (CCT) 1.0.20 documentation
2022-07-31; Version 1.0; Authors Barno, Justin | Mayeda, Kevin

About CCT

The Coda Calibration Tool (CCT) is a Java-based application that stems from a collaborative project
by scientists from the USNDC (AFTAC/SDS) and DOE (LLNL) as well as significant input from
seismologists from the University of Utah, INGV (Milan) and USGS (Golden, CO), Natural Resources
Canada. This tool consolidates research-mode scripts circa 1995 (SAC, C-shell, Fortran) into a
robust platform-independent tool using the empirical 1-D method outlined by Mayeda and Walter
(1996) and Mayeda et al. (2003).

CCT provides a fast and efficient means of calibrating and processing local and regional coda
envelopes to estimate stable source spectra, moment magnitude, and apparent stress, that are
roughly 3-to-4 times less variable than estimates derived from traditional direct wave estimates.
The source parameters represent averaged values and are virtually free of lateral path
heterogeneity and source radiation anisotropy.

The methodology has two options for dealing with potential regional source scaling. In the first (and
preferred) case, independent, ground-truth reference source spectra are used in the calibration
process to constrain the frequency-dependent site terms. In the second case, reference events with
independent M,, estimates are used to constrain the long-period site terms, but for the higher
frequencies we impose a Brune (1970) source spectrum with an a priori source scaling, currently set
so that the apparent stress increases as ~M, 0.25.

Tutorial Guide for New Users

The following is a step-by-step guide for a specific example taken from the San Francisco Bay Area
region using broadband waveform data from the UC Berkeley Seismological Laboratory.

For a new dataset and region, you should expect to run CCT multiple times before settling on a
final coda calibration.

on GitHub

Coda Calibration Tool (CCT)
Coda Envelope Ratio Tool (CERT)

13
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REGIONAL-SCALE EARTHOUAKE GROUND MOTION PREDICTIONS
THROUGH PYHSICS-BASED AND EMPIRICAL APPROACHES
ACASE STUDY CENTRAL ITALY

EventlD: 161030120700
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SEGURE

REGIONAL-SCALE EARTHOUAKE GROUND MOTION PREDICTIONS
WD OISO CNPRICALAPPROACHES
- ACASE STUDY CENTRAL ITALY

Zona: Seq Nsta_Selected: 355, Nevt_Selected: 8512, Ndat:|393639 (1Hz) Zona: Seq Nsta_Selected: 355, Nevt_Selected: 8512, Ndat: 393639 (1Hz)
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REGIONAL-SCALE EARTHOUAKE GROUND MOTION PREDICTIONS
THROUGH PYHSICS-BASED AND EMPIRICAL APPROACHES:
ACASE STUDY CENTRAL ITALY

% SECURE
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