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Introduction Temporal inversion of b-value Application for seismic hazard }

Frequency-magnitude distribution
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Global scale How many earthquakes above magnitude 7 can we expect every year ?

ISC-GEM - Global Intrumental Earthquake Catalog (1999-2019)
(Storchaket al.,,2013; 2015; Di Giacomo et al.,2018)
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Frequency-Magnitude Distribution
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Gutenberg — Richter law (1944)
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Frequency-Magnitude Distribution
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Frequency-Magnitude Distribution

Log(N(m = M)) = a — bM d b ~1

Gutenberg — Richter law (1944)
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Motivations / Impacts
I1. b, ... can be used as a proxy of the tectonic stress

An observation from experimental studies...

by.ue decreases with increasing stress (e.g. Scholz., 1968)

(b) Shear Stress r‘ Steel blocks

Glass beads
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Motivations / Impacts

I1. b, ... can be used as a proxy of the tectonic stress

... confirmed with foreshocks sequences !

Kumamoto earthquake Mw?7.0 (2016, Japan) - 277 deaths
Foreshock sequence (Mw6.2) - MainshockVamdenklst. 2021
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We want to estimate in a robust way the temporal evolution of b-value

04/12/2025 Sigma3 Symposium - Bayesian inference of seismic parameters marinelaporte@icm.csic.es —



Introduction Temporal inversion of b-value Application for seismic hazard }

Motivations / Impacts

12. b,,,. and seismic rates are used in earthquake recurrence models
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We want to estimate in a robust way the spatial distribution of b-values and seismic rates
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Plan

How do we estimate b-value and seismic rates spatial and temporal variations ?

Part 1 : Usual b-value estimators and their limitations

» The frequentist approach of Aki (1965)
» Incompleteness sources from long-term to short term
» Usual integration of temporal variations of completeness

» New challenges for earthquake data analysis
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Classical approaches can be improved
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* b-value depends on the choice of Mc
The Frequentist approach : * Seismic rate estimated independantly

finds b-value that maximizes the likelihood P(mps|B)
* Truncate the catalog

Aki (1965) Byaiye = % * A non probabilistic estimate
(0) o . .
8  Mc varies with time and space

B=<m>_Mc
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Incompleteness sources (1)

1909 - Lambesc earthquake

(1) Long-Term Datasets (Historical data) 7 N 1.0
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of the French Historical and Instrumental catalog from Drouet (2020)
Colin et al. (under review)
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Incompleteness sources (1)

1909 - Lambesc earthquake
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Sigma3 - Starting December 25 of the French Historical and Instrumental catalog from Drouet (2020)
Bayesian Inversion of Seismic Intensities Colin et al. (under review)

for Historical Earthquake Analysis
Supervision: Thomas Bodin (ICM), Pierre Arroucau (EDF)
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Usual Estimators

Introduction of periods of completeness
for magnitude intervals (Weichert., 1980)

Truncating the catalog in periods of time
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Bayesian developments Applications : Nepal, France... }

Capturing temporal changes of incompleteness
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Issues:

Same issues as Aki (1965) :

* b-value depends on the arbitrary choice of

completeness periods
* Not probabilist

* Truncated catalog : lost information
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Incompleteness sources (2)

(2) Circumstantial incompleteness 5

 Momentarily higher seismic noise

Meteorological

Anthropic (days/nights/week-ends/Covid)

 Seismic network modifications

w

Addition/Loss of seismic stations

gnitudes

Change in the network geometry

Ma
N

/ Exemple 1 : Far-western Nepal microseismicity \
HiKNet network

* Location : Far-western Nepal

* Context: Temporary seismological experiment
 Time period: 2 years (2014-2016)

\ » Catalog size : 2500 earthquakes /

Wt pud ot e'0>_ e‘o
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Introduction

Temporal inversion of b-value Application for seismic hazard }

Incompleteness sources (3)

(3) Short-term aftershock incompleteness (STAI)

* Sudden increase of the completeness magnitude
Large earthquakes hide smaller ones (mainshocks)

 Exponential decrease with the aftershock sequence
With the Omori law

Some formula accounts for STAI (Helmstetter et al., 2006)

Exemple 2 : Kumamoto earthquake sequence

* Location : South Japan

* Context : Mainshock-aftershock sequence
 Time period : 4 months (January-April 2016)
» Catalog size : 6000 earthquakes

04/12/2025

Magnitudes

Sigma3 Symposium - Bayesian inference of seismic parameters
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Kumamoto earthquake Mw?7.0 (2016, Japan)

Foreshock sequence (Mw6.2) — Mainshock sequence
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Capturing temporal changes : using moving windows

Time series ®) (€] o i
points |9 |, |0"| S Window = 250 events
VTime
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Kumamoto earthquake Mw7.0 (2016, Japan)
Foreshock sequence (Mw6.2) - Mainshock sequence
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Capturing temporal changes : using moving windows
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5

Temporal inversion of b-value Application for seismic hazard }

New challenges in exploring large datasets

(a) Growth of the GEOSCOPE data archive
35

3
2.5
2

1,5

Archive volume in terabytes

0,

=] A —
G_

|
— = — T [
=
ul

B Cumulated GEQSCOPE data archived

Leroy et al., 2023

Challenges :
* Use all the data available
* Add complexity the Gutenberg-Richter
model (more parameters)
* Find more robust inversion of spatial
and temporal variations
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Be Bayesian for b-value temporal variations

Part 2 : b-Bayesian : b-value temporal variations for non truncated catalogs

» (1) Conjoint inversion of b-value and detectability (an equivalent to Mc)
» (2) Using a Probabilistic framework

» (3 ) Inversion of temporal changes with a fully Bayesian approach

New probabilistic approaches for b,,,;,,. estimate without truncating the earthquake catalog
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Application for seismic hazard }

(1) Conjoint inversion of b-value and detectability

Probability of observation

(o2}
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Likelihood
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Magnitudes

We want a method that uses all the data available (Laporte et al., 2025)
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(1) Conjoint inversion of b-value and detectability

Probability of observation
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Gutenberg-Richter (1944)
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We want a method that uses all the data available (Laporte et al., 2025)
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(1) Conjoint inversion of b-value and detectability

Probability of observation Probability of occurence Probability of detection
Likelihood Gutenberg-Richter (1944) Ogata and Katsura (1993)
—Bm
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We want a method that uses all the data available (Laporte et al., 2025)
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(1) Conjoint inversion of b-value and detectability

Probability of observation Probability of occurence Probability of detection
Likelihood Gutenberg-Richter (1944) Ogata and Katsura (1993)
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We want a method that uses all the data available (Laporte et al., 2025)
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(2) Using a Probabilistic Approach

Synthetic A Bayesian Approach
Frequency-magnitude distribution Posterior Likelihood

P(Modellm,,,) < P(m,,;|Model)

Model: (3 dim)
{b-value, p ,c}
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(2) Using a Probabilistic Approach

Synthetic A Bayesian Approach
Frequency-magnitude distribution Posterior Likelihood
Model: (3 dim)
{b-value, u ,c} P(Model|m,,,) « P(m,,s|Model)
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(2) Using a Probabilistic Approach

Synthetic .
Frequency-magnitude distribution A Bayesian Approach
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(3) Inversion of temporal changes

4,_
wn
Q . . o)
T 5 How many temporal discontinuities
= and where are they ?
o10]
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an

We want a method that finds automatically b,,,;,,. changes
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(3) Inversion of temporal changes
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Inversion of 1D variations (space/time) |
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Introduction Usual Estimators Temporal inversion of b-value

On-going project about Seismic Processes

-GRASP

Actual project : Investigating foreshock sequences (MSCA B-GRASP)
Bayesian Gutenberg-Richter Analysis for understanding Seismic Processes
In collaboration with : T. Bodin (ICM), S. Durand (LGL-TPE), Pierre. Arroucau (EDF)

Magnitudes
O 4 v w & o0 o N

Values of Mu

0

04/12/2025
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N

o

Min

o
.......

Mean mu
Standard dev. 68%

Likelihood

Max

0

1000 2000 3000 4000 5000
Nb of events since January 2016

6000
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b-value

BG F

A

i

—-— Mean b-value

1.8 Standard dev. 68%

1.6

—_
e

——
o

0.8]

0.6

0 1000 2000 3000 4000 5000 6000
Nb of events since January 2016
Results of b-value temporal variations

for the Kumamoto earthquake sequence
Laporte et al., in writting
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Another on-going project about b-value (Team from Lyon)

Swann Rubin’s PhD (ENS, Lyon) : Marsquakes statistics
Supervision : Chloe Michaut (ENS), Stéphanie Durand(Univ Lyon1), Thomas Bodin (ICM)

Very few Marsquakes detected :
what can we still learn about the planet’s interior ?

Funded by European Research Council + low magnitude event 6
the European Union Estabished by the Eurapean Commission = moderate magnitude event

high magnitude event

< Mars quiet catalog
5 —— 90% detection

o

3
X

Magnitude (Mw)
w

N

@NASA/JPLCaltech

. . . . 11
One seismic station - InSight
This project has received funding from the 25 50 . 75 ,100 1205 150 175
European Research Council (ERC) under the _ . Epicentral Distance (°)
European Union's Horizon 2020 research Model of theoretical detectability on Mars Swann’s Results of Detectability
and innovation programme (grant . . ] . .
agreement No. 101001689) Swann Rubin, personal communication as a fonction of Source-Station distance
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Applications for Seismic Hazard

Part 3 : Application for Seismic Hazard (C. Colin’s PhD)

» (1) Adding Seismic rate as a model parameter
» (2) Adding data uncertainties
» (3 ) Inversion of time-varying detectability

> (4) Inversion of the space changes of b-value and seismic rate

Cyrielle Colin’s PhD (Univ Lyon 1, Sigma3) :

Bayesian estimation of b and a parameters for seismic hazard analysis
Supervision : Stéphanie Durand(Univ Lyon1), Thomas Bodin (ICM), Pierre Arroucau (EDF),
Guillaume Daniel (EDF)
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Adaptation for seismic hazard studies

b-value and Seismic rate

7
6 For each seismotectonic zones :
2
5 o 5 One long term b-value and one long-term seismic rate
§ E (probability density functions)
S 4 S
= =
503 =
‘Eﬁ = Taking into account time-varying detectability
2 k=
o
S
1 = Large uncertainties in the historical data
0 0.0
1200 1400 1600 1800 2000

Time

We want a method that finds one b-value and one seismic rate while taking into account time

varying detectability
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(1) Adding the seismic rate as a parameter

Likelihood Probability of occurence Probability of detection

Probability of observation Gutenberg-Richter (1944) Poisson process Ogata and Katsura (1993)

P(mobs: Nlﬁ» U o, }\) — P(Tnobs |ﬁ) X P(Nl)\) X P(Q(mobs) |ﬂ; 0')
o 600 v 6000- AAT Ne—/lAT _
2 s p(N|2) = YA
£ 500 = N!
E 100% of the catalog g 200
£ _ &
7400 & , 1.00¢
% i ? o0 =) / Q(mr U, J)
£ I = e P X ¢ T
< 200 g 2000- 5 09017 84% detection]
: ‘ 8 ~ (84% detection)
£ 100 S 1000- }\ 0.25/ u (50% detection)
= b}
= S

ob— ‘ ‘ E o . 0.00 2 4 6

o 1 2 3 4 5 6 7 > 0 1 2 3 4 5 6 7 _
Magnitude Magnitudes Magnitudes
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(2) Inversion of b-value and seismic rate with data uncertainties

Likelihood Probability of occurence Probability of detection
Probability of observation Gutenberg-Richter (1944) Poisson process Ogata and Katsura (1993)
P(mobs Nlﬁ» i o, }\) — P(Tnobs |ﬁ) X P(Nl)\) X P(Q(mobs) |ﬂ: 0-)

Integration of magnitude uncertainties m,,;+Am
Colin et al., under review

/ P(x) |
/ P(;R{.'I.‘).

|2,

P(;R('lfﬁ.l'?u.']

ﬂffru.:’ X —Am llulflruﬁ +Am T A ‘,.h-ur x .

Considering a uniform distribution of magnitudes for simplification
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(3) In a probabilistic framework

Model : (4 parameters) Posterior Likelihood

{b-value » 1,0, Iambda} P(Modellmobs) (0.4 P(mobslMOdel)

Comparing with or without uncertainties

\< 4D - Probability Density Function \
1.0- without Am A
with Am 1.0 1.0 i
- Real value
0.8 LL LL.
Q0.5 00.5
b 0.6 | 0.0 0.0 |
Q 0.8 1.0 1.2 50 55 6.0 6.5
Q. b-value a
0.4-
1.0 1.0 : :
0.2 W L
0 0.5 00.5 .
00758 0.9 1.0 1.1 1.2 13 0.0 0.0 -
b-value 2.75 3.00 3.25 0.4 0.5 0.6
Figures from Colin et al., in review H g
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Application to French Seismicity : Alpine zone

5 W"jf Adding information with large earthquakes occurrences
from historical catalogs

JNE
20°N 0000000.., e Historical (cumulative)
104/ “, ®Instrumental (cumulative)
oooooooooo..'....
i; ; . o..
m=§ M > s K ‘a..
o M;4 | %5 °, °,
45°N 8M=5 3 102 ... .Q
M=6 . o
@
® [
®
101 .. .
i °
®
®
100 oo o
0 1 2 3 4 5 6 7
Magnitude

0° 5°E 10°E

Earthquake catalog from Drouet et al., 2020 Figures from Colin et al., in review
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Application to French Seismicity : Alpine zone

ke -’3234— Inverting for detectability in each period

11 periods in Historical and Instrumental period
Colin et al., in review

1.0
50°N

0.8
| S Y ® “
- M=2 1 ® (o)
© M=3 4 2 5 0.6 =
o M=4 -g 4 @ o
o M=5 2 ® 3
45 N 6 M=6 e e e® g
@3 o 0.4 =
© ® E C
| = >
11 periods — (11 p, 11 0) =
1 '0.2
1
1 [ Instrumental catalog :
40°N == Detectability change :
0 : lo.0
1200 1400 1600 1800 2000 '
Time

0 5°E 10°E

Earthquake catalog from Drouet et al., 2020 Figures from Colin et al., in review
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Results for French Seismicity : Alpine zone

Inversion of the temporal variability of the detectability

Instrumental Historical
(low mu, low sigma) (high mu, high sigma)

Larger spread of the probability density
functions for historical part

1.0¢ {

0.8 !
[2010-2016]

—_
o

(e, 0)

<
co

(1.41,0.16) | (3.35,0.44)

[2010-2016]
[2000-2009] |
[1990-1999]
[1980-1989]
[1965-1979]
[1950-1964]
[1850-1949]
[1700-1849]
[1600-1699]
[1500-1599]
[1182-1499]

0 1 2 3 4 5 6 7 8
Magnitudes

(1.58,0.05) /

(3.82,0.47)
(1.72,0.05)
= ('] u{a) (3.90,0.35)
(2.20,0.16) (4.40,0.54)

(3.23.0.42) (5.54,0.79)

S
o™

0.6

J: [1850-1949]

q(m)

Detection(m)
o
e

et
N

Magnitudes

0.0

Figures from Colin et al., in review
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Results for French Seismicity : Alpine zone

Inversion of the temporal variability of the detectability

Assumption : the and the are constant over a
long period of time
1.0
0.8
E (1.41,0.16) (3.35,0.44) [2010-2016]
- -
c 0.6 (1.58,0.05) / [2000-2009]
e’ (3.82,0.47) [1990-1999]
o (1.72.0.05) [1980-1989]
E 0.4 |' (3.90,0.35) — [1 965-19?9] |
O (1.97,0.09) —— [1950-1964]
(2.20,0.16) (4.40,0.54) — [1850-1949]
0.2 | —— [1700-1849] |
[(3.23,0.42) (654.079) —— [1600-1699]
e —— [1500-1599]
0.0 — [1182-1499] |
0 1 2 3 4 5 7
Magnitudes
04/12/2025 Sigma3 Symposium - Bayesian inference of seismic parameters
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confidence interval
0.8
[}
=
§0.6
O
50.4
o
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0.8
© 1
I_|_0.6
T
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Figures from Colin et al., in review

marinelaporte@icm.csic.es “



Temporal inversion of b-value Application for seismic hazard }

Perspectives : questioning seismotectonic zones

5'W 0° S°E 10°E 5°'W 0° S5°E 10°E

Area source " g g A L : S Area source
| | model EDF = 2 NG ' model IRSN
agregated (2017) §7 - - agregated
A > Nl el e (2013-extended)

50°N

S0°N

45°N
45°N

40°N

=
o

o
=T

= ° ¥ - ~ 4 - ‘e
5'W 0° 5°E 10 ¥ 5°W 0° 5°E 10°E
PSHA_Fig_Zonage IRSN_EDF.mxd

Comparison of EDF and IRSN tectonic zonations (Drouet et al, 2020)
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Perspectives : questioning seismotectonic zones

In 2026 : ]. Renac M2 internship, M. Laporte, T. Bodin, S. Durand, C. Colin
2D Transdimensional inversion of b and a-values spatial distributions

W TN
Area source ": ; .
[ model EDF « /. X P L .
agrted (217) . By " o i
SO : - * =
4 : . = .
o -
™ -
- » .
O - : . »
- & .. g . A = . ~
L
»
- . e
. -
-
5 .
<3 .
” .
34 . »
. - .
45 Inversion of ) 4
kernels of voronoi cells - DN . <
Probabilistic framework A .
% ol

Voronoi cells sketch for French seismicity
Courtesy of Theo Santos (ICM)
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Perspectives : tapered Gutenberg-Richter

On-going : Adding a taper for the maximum magnitude of earthquake catalog
In Collaboration with Thomas Bodin (ICM), Stéphanie Durand (Lyon1), Jean Arthur Olive (ENS, Paris), Pierre Yves Raumer (ENS, Paris)

Cumulative distributions - Observation vs Occurrence

e
] =
2500 @ Simple Gutenberg-Richter A
® Occurrence = tapered GR [ 104 =
—_ ® Observation §
§ 2000 1 3
73]
N 103 £
= 2
£ 1500 1 E
g °
e 1102
Y
© 1000+ =
@ ® =
0 o, 1 f
= o L1l @ Al L s
5 . 10 9 e g
j &, 2 ==
< 500 % ““‘ g 50km detachment faults
o  Coooooon = depth (km)
® - - 1009 E 60 40 30 20 10
D - T T T E
4 5 6 5

In order to estimate the total moment (energy)
released from earthquakes for oceanic ridges
(Olive and Escartin., 2016)

Magnitude M,
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Conclusions and Perspectives
A constellation of studies

Earthquakes statistics for
understanding seismic processes
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A
E
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5 6 7 '

seismic hazard assessment applications
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(3) Inversion of temporal discontinuities

Transdimensional Markhov-chain Monte-Carlo (McMCQC) (Green, 1995; Bodin and Sambridge., 2009):

Extension of McMC to spaces of varying dimension
-> An iterative stochastic approach to explore the space of models (~ number and position of temporal discontinuities)

M : (3x5 dim) k. f " w k4

{b-value, u ,o} ‘® g2 ! : '
s o ' 85

; ' B4 [

B B ] [ ]

e B3 :

! ' ' -

: . ' [}

" ] ' L

'Y [ ] ] A

Time k=4

We want a method that finds automatically b,,,;,,. changes
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(3) Inversion of temporal discontinuities

Transdimensional Markhov-chain Monte-Carlo (McMCQC) (Green, 1995; Bodin and Sambridge., 2009):

Extension of McMC to spaces of varying dimension
-> An iterative stochastic approach to explore the space of models (~ number and position of temporal discontinuities)

M : (3x5 dim) k1 k2 k3 k4
{b-value, u ,o} - B2 E ' .
3 . ' B5
: ' B4 [
B ’ "
- §K B3 ;
; , ! : o Updated model : M',,44¢e
] L] . . .
; v ! E * Death of a discontinuity (k=3)
Time k=4 random choice
M’ : (3x4 dim) k1 k2 k3
{b-value, u ,o} ' ; L
® B2 | '
'
B ]
B1
E B3
: ‘ 1
] ' ¢
: : 1
Time k=3
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(3) Inversion of temporal discontinuities

Transdimensional Markhov-chain Monte-Carlo (McMCQC) (Green, 1995; Bodin and Sambridge., 2009):

Extension of McMC to spaces of varying dimension
-> An iterative stochastic approach to explore the space of models (~ number and position of temporal discontinuities)

x-
£

M : (3x5 dim) k1 k2 k
{b-value, u ,o} B2 E

oy
$)]

Soccoays ¢,

W
BN

B1
B3

o Updated model : M’ 44,

* Death of a discontinuity (k=3)
* Birth of a discontinuity (k=5)

random place

M’ : (3x6 dim) k1
{b-value, u ,c} .

® B2

B1

Time k=5
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(3) Inversion of temporal discontinuities

Transdimensional Markhov-chain Monte-Carlo (McMCQC) (Green, 1995; Bodin and Sambridge., 2009):

Extension of McMC to spaces of varying dimension
-> An iterative stochastic approach to explore the space of models (~ number and position of temporal discontinuities)

M : (3x5 dim) k1 k2 k3 k4

{b-value, u ,o} E B2 E E .
. ' 8BS
: ' B4 -

B ’ "
B1 E B3 E ’
v ’ 4 v o Updated model : M',;,44¢e
: : : : * Death of a discontinuity (k=3)
Time k=4 « Birth of a discontinuity (k=5)
* Move of a discontinuity (k=4)

M’ : (3x5 dim) k1 —

{b-value, u ,o} ; k,2 3 k.3 k.4 k3 + omove
® B2 | L '

- 1 <B4 E'— If accepted (McMC acceptance )
s BT . s Tl ; M-> M’
' B3 -
: : T : i o i
E E E E Q 1 +1
Time k=4 £ | |
el
Time
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(3) Inversion of temporal changes

Synthetics : Gutenberg-Richter (b) - Detection law (u,0) - Etas
» 5600 events / 6 discontinuities

» Generated temporal variations of b, , o Frequency-Magnitude distribution

Synthetics - 6 discontinuities

6ls0is1i s2 | s3 is4; S5 :® e SO-b= 07 © N=514 events
: ' : : ! ' — N=647 events
1 | o | 103 e S1-b= 1.1 j
| : : : : : ] o S2-b= 1.0 N=261 events
5 : : : : : o S3-b= 1.0 Ni2538 events
7)) O 1 : " " i o S4-b= 0.8 N:727 events
g 4l oo | : I % o e S5-b= 0.7 N=672 events
S5 | ” | : ! : z 1047 e S6-b= 065 () N=324 events
= 3 1 o] [r " | 87
o PRI A 141 —
(] - %! K w 1% 2 21858
2 g litest ke
I 153 a o0 a»n
1 : :f @ © O CEm———
ok ; A 100 | | | ——
0 20 40 60 0 1 2 3 4 ) 6
Times Magnitudes
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(3) Inversion of temporal changes

D @ 8 ® @ 6
1.0 | : \ : |:,versi'(,n McMC : ) 6 (1) We retrieve the probability of the temporal discontinuities
! ! =« «« Fixeddiscontinuities
0.8 E
.8 1 . O
]
i
8 ®

o
(o))

.08

0“0
@D

WL 7,

Magnitudes

o
IS
0P’

O
N
T T a RLW
i e R
a } - ':A ,.'..'1

Probability of discontinuities
.

40
Times
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(3) Inversion of temporal changes

(2) We get the temporal evolution of the PDF

D @ 3 4 & 6 for each parameter of the inversion
! ! l l { q
1.0 g i I Inversion McMC ) -6

z ! » Fixed discontinuities T Y Y

! ! 16 I ——MeanMu | |
” : - 5 . | i'--—68% confidence intefval
o 08 | | O .
= 1.4
5 ! \ |
= o8 o Po 7 >, :
S 069 1 I s B 312
(&) O& — —

A0 ®" a=n — |

.2 ® & I a 3 C .Q .G I
© > of © “y = S o 1.00 1
S Y ‘ L P v A
© 0.4 Pesll: ’ = O 2 -
Z fed 2 8 = 0.8 o=
. Kaage : Q
s e o~ 3 A= =
202 2 P 06 :
2 >
o T |

‘ 0.41 1

0 0 | , | :
0 60 0 0 20 40 60 80 100
Times Time Likelihood

Min Max
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(3) Inversion of temporal changes

(2) We get the temporal evolution of the PDF

D @ 8 4 5 6 for each parameter of the inversion
¢ i | i [ £
1.0 4 ¢ 0 ! Inversion McMC ) -6
! ! « Fixed discontinuities (C) p.4 - - — -
; :: I —=Mean b-value
G ---- 68% confidence interval
! . | ) ! ¢ v
S 0.8- ; @ 1.2 'L__.__I"‘H-._‘ " I
= ” " I - ! [ [
5 o ! 1.1{ ==l ] I -
= ¢ : o = | : :
- og ¢ ‘ ~0
€ 0.6 @ O 1.0 I !
2 o) ; > ) [ [
O A & ) v B | |
2 X ‘ c
© Y o © e) = 0.9 " :
Y— o oM a © ] f:l-u
S 0.4 Pesll? ; : = > 08
= SRl ' <
.-(.-; ;h‘;-. _ 0.7 |
5 02 Ll 0.6 "i
' 0.5 - -
02 2 40 50 20 40 60 80 100
Times Tl me Likelihood
Min Max
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Introduction : what magnitude ?

Earthquake magnitudes are
governed by seismic amplitude
and distance

* Regional/Local
THE RICHTER SCALE

:®  AMPLITUDE
, 23 mm
‘ Richter scale (Local magnitude M)) Gutenberg and Richter, 1950s
M; = log(Amplitude) + 2.76 log(Distance) — 2.48
* Teleseismic (>3000 km)
mp M, N - .
measured measured From teleseismic observations:
here here
e e "“m ” va WM‘ Tf“"'” M mb (volumic) and Ms (surface waves)
1 [ S L | S Al TN SN LN NN Sy O Lf —
1000 1500 300¢

Time(s)
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Introduction : what magnitude ?

For earthquakes above magnitude 7
saturation of M; ,my, , Mg

Moment magnitude Mw (Hanks and Kanamori)

2
M, = §log(M0) —10.7

Seismic moment can be estimated from the estimated surface that
breaks during large earthquakes

A1, R

2 3 4 D 6 7 8 9 10
Moment Magnitude

Magnitude scales are not always equivalent
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