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Dopo un terremoto di magnitudo moderata, come nel caso di

Amatrice nel 2016, ci domandiamo

. ] ,
Amatrice, Italy: 24 Aug 2016: M6.2 Era il mainshock:

Ridgecrest, California: 4 July 2019: M6.4

AFTERSHOCK CONTINUES NEAR RIDGECREST
6.4 EARTHQUAKE, STRONGEST IN SOCAL IN 20 YEARS
HEADLINES |S; DAMAGE REPORTED “* %« CHICAGO, IL: THREE PEOPLE STAB |
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Kumamoto, Japan: 15 Apr 2016: M6.5
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Allo stato dell’arte...

ZUSGS GISN\
In Ridgecrest: e
o i S
* Dopo il M6.4: “Jones added that there’'sa = = =5
5% chance that an even bigger earthquake = .. ——

will happen in the next week—though the =
highest likelihood of one is in the next day” -
(Reasenberg-Jones probabilities, 1989)

Focal Mechanism

* Dopo il M7.1: Hardebeck et al. Bayesian -
updates on USGS web: “At the time of the —
M7.1 earthquake, the forecast showed a1l
in 200 chance of a M>7 in the following -
week, ~50,000 times the background

probability at that location.”

Our detailed aftershock fore

The USGS es!

3 KILA
BREAKING
DR. LUCY JONES SEISMOLOGIST NEWS E

\THER ®  Hi104% Loc73° gkila Ridgecrest 88° & Hi99° Lo:63" #iala Lake lsabe'  79% 11204

e ETAS: circa lo stesso....
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Era il mainshock? -/

P

Possiamo dire qualcosa in piu?

Per rispondere a questa domanda, proponiamo un

modello (Gulia e Wiemer, 2019) che si basa sulle

variazioni spazio-temporali del b-value e sulla sua
inversa correlazione con lo stress differenziale.

E stato testato su 58 sequenze,
raggiungendo un’accuratezza del 95%

No. 7777 10 October 2019

Gulia and Wiemer,
2019, Nature
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Cumulative ™
b: slope (power law)
a. productivity

10000 s

Number

100 —

Non-cumulative

1

0 1 2 3 4 5 6 7
gradual loading over decades > b-values decrease

the mainshock stress release —» b-value increase
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Alcuni esempi della correlazione tra il b-value e lo stress differenziale

s
en

&

Tormann et al, 2015,

Tormann et al, 2012, 1.3 | i
. .gll ——romaPriets— '8 1 Tohoku _
1 2 L 16
gl i e
7 3 - 14 3 Tohoku-oki
% b=1.2 ’ :
15 12 © ]
- |)|C1.09 - 1.0 W)
. | LOMA PRIETA - 0.8 k. . I L RN y 1 ’ ' I ’ g d : ‘
Tb=0.74! 2000 2005 2010 2015
1g | - 06 Time
_——"t 04 W _ o
| | | | | | : ainshock time Gulia et al, 2016, LAquila
1.5
: Reference
In vari case-studies, dopo un mainshock, il b-value aumenta. = 1o .. P ___.
E UN COMPORTAMENTO SISTEMATICO E COMUNE A - -
TUTTE LE SEQUENZE DI AFTERSHOCKS? s0085 20000 X 20085 20100 20105 20110 20115 20120
TIME
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E un comportamento sistematico e comune a TUTTE le
sequenze di aftershocks?

Abbiamo selezionato 58 sequenze ben monitorate in California, Giappone, Italia e Alaska.

Per poterle confrontare abbiamo dovuto prima considerare i vari problemi legati
alla qualita dei dati, che abbiamo superato attraverso un’operazione di stacking
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Come selezionare i dati relativi ad una sequenza?

1.Faglie note? No! 2. Slip? No!
Meccanismi focali? S

Nodal Planes @ FM N > @ NPs .. ) @ i E \5\3%694 ) @% ngNBPOSxeS

NPS/ B /

Q’enbm,\e"

A
\0‘ °

FM (ower hemisphere) !

< Ftd % £ NMstrike|dip| rake Wlstrike | dip| rake [Slstrike|dip |rake C Istrike! dip |rake

a v nl1/120/46| -98 n1,200]30(122 n1/300/75/186 n1] 70|/35| 10

0y Y WaCo4: 5 § n2[311[45[-92 n2344/65| 73 n2|209| 84| -15 n2/332|84/125
L=length depth 2 8 N:Normal T: Thust S: Strike Slip C: Composite

W=width
(Km) +

Per i dettagli sulla
definizione della sorgente
e la selezione degli
eventi: Gulia et al., 2018,

GRL

La definizione della sorgente é stata curata dal Dr. G. Vannucci, INGV,
sez. di Bologna
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Per ogni singola sequenza, abbiamo costruito una time-series, dividendo il catalogo in pre- e post-
mainshock, che diventa il tempo 0.

Un esempio per la sequenza di Parkfield, 2004, California
mainshock time

10 ¥*

08+

06+

b-value

time (years) :
OS Earth & Space Science News

A~ | OO ADVANCING Check o
‘I EARTHAND
NIV srace e ‘

Geophysical Research Letters

Gulia et aI., 2018’ GRL RESEARCH LETTER The Effect of a Mainshock on the Size Distribution
10.1029/2018GL080619 of the Aftershocks " T
Shocks Affect

"'{_‘I";'"“’b y _— L. Gulia' (", A. P. Rinaldi' _ , T. Tormann', G. Vannucci®* |, B. Enescu’® |, and S. Wiemer'

" ok e sries ComrS On the. Subsequent Earthquakes?
Value time serles centered on the 'Swiss Seismological Service, ETH, Zurich, Switzerland, “Istituto Nazionale di Geofisica e Vulcanologia, Bologna, Italy, q q
mainshock time In order to extract ) RUAD MORE »
the aeneric behavior Department of Geophysics, Kyoto University, Kyoto, Japan
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Con un approccio di tipo Moving Window, abbiamo calcolato il b-
value per un numero fisso di eventi, muovendoci evento per evento,
per tutti gli eventi che precedono il mainshock.

La mediana di tutte le stime effettuate sara il nostro valore di
riferimento (b-reference)

Come per la prima parte del catalogo, con lo stesse modalita,
abbiamo calcolato il b-value per gli eventi che seguono il
mainshock.
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Una volta trasformate le single time-series in variazioni percentuale rispetto al valore di riferimento
(quindi non piu valori assoluti) abbiamo potuto sommarle con un’operazione di stacking

| |
b-value

-15 10 - -5 0 5 10

Time relative to mainshock (years)
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Stacking delle 31 sequenze di California, Giappone, ltalia e Alaska

time of the mainshock

1A I b-value

median bpre
| ' | ' | ' | ' [

—4 -2 0 2 4
years pre- and post mainshock

difference in % from
the pre-median

Il b-value in prossimita del piano di faglia
aumenta tra il 10 e il 30%
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Lo stacking di 3 volumi indipendenti intorno alla sorgente evidenzia una
dipendenza con la distanza dal piano di faglia

time of the mainshock

|A 14 sequences 4 box +firstzkm |
120 - *,""'"""" —
b N J I
@ 100 i S S e u
o median bpre X
-; T T T 1 T T
140 ‘ 2-15 km from the fault
g |B 28 sequences L 2-15 km from the box g m from fhe fad
= 1201 o
.§ Wm ? fault+first 2 km A B
£ 100 s T R I
g median bpre ) fe]
S 140 :
|C 30 sequences | 15-25 km from the box
I
I
|

Time relative to mainshock (years)

106° CONGRESSO NAZIONALE - SOCIETA ITALIANA DI FISICA - 14-18 settembre 2020



'aumento del b-value osservato negli aftershocks
e in accordo sia con i modelli teorici sia con
esperimenti di laboratorio

La
modellizzazione
e stata curata
dal Dr. Antonio
P. Rinaldi dello
Swiss
Seismological
Service

Per maggiori dettagli: Gulia et al., 2018, GRL
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The Foreshock Traffic Light Model “==~

&

ARTICLE

Real-time discrimination of earthquake
foreshocks and aftershocks

Witpe://dedorg/10. 10/ 441586 019-1606-4

after a largy b i the L kers is whether it was the
mainshock or 2 fareshock 1o an even stronger event yet 1o come. So far, scientis iri
quEnces, arguing y sexuet y gradually e
- %! of a few per cent. Here we analyse the average size dist ribution
of aftershocks of the recent Amatrice - Norcia suggest that in many cases ¢
may be possible i 2 or foreshocks
asimple S

We pr the
3 subsequent Larger event and test it agaiist 58 seque accuracy of 95 per cent.

nelle quali, in seguito ad un
evento di M>=6, il b-value RS
non aumenta, sono le ﬂmmm
sequenze nelle quali il ?~‘-‘§‘-‘-
mainshock deve ancora il
avvenire.

No. 7777 10 October 2019
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3 livelli di allerta:

ROSSO: I'evento NON era il
mainshock; <10%

ARANCIO: incertezza,
continuare a monitorare;

VERDE: I'evento era il
mainshock: la sequenza
seguira un decadimento
“normale” >10%

Gulia and Wiemer,
2019, Nature

difference in %
from the median

difference in %

from the median
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Il modello e stato poi testato su due sequenze ben monitorate, registrate entrambe nel 2016:
Kumamoto (Aprile 2016, Giappone) e Amatrice-Norcia (Agosto-Ottobre 2016, Italia) nelle quali un
terremoto con M>6 e stato seguito da un evento di magnitudo maggiore
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Kumamoto, 14 April 2016, M6.5

3 L 106
Background: b= 0.83 .
] - 10
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QO B 10
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M 6.5 M 7.3 = E 102
1273 | 28 hours | i c_; i
EN [~ ~— 3
084 i,.:...T--"-F'-r Aftershocks? NOT YET § _ 101
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Mappando le
variazioni
spaziali del b-
value e possibile
localizzare I'area
di enucleazione
del futuro
mainshock
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Binary classifier:

2 successful alerts (true positives) »
1 false alert (false positives)

Confusion matrix analysis: accuracy of 0.95.
The random chance of correctly identifying two out of
two mainshocks, with only one false alert and no missed

0 missed events (false negatives) _ .
18 correct negatives (true negative) events is below 1%.
200 ey sy 1 200
. (o) i
180 ° o 180
X 160 - o) - 160
£ ] o ° l
S 140~ o o X m 140
o 1204° o ¢ © o - 120
® | e} o ° o gr
5 100 o ° 5 o © © © - 100
2 god ¢ 4 """"""""" B2l s0
60 —T - - - 1 - - 1 - - - 1 T 1 T T T T 1T T T T 1 60
1985 1990 1995 2000 2005 2010 2015

year

Le due stelle (rossa e verde) rappresentano il mainshock di Tohoku (M9 in 2011, in verde) e il suo foreshock maggiore
(M7.3 in rosso), non inclusi comungue nell’analisi statistica in quanto off-shore
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Ridgecrest, California, 4 luglio 2019: M 6.4

il mainshock?
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Summary b-value time-series for the Ridgecrest sequence
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Ridgecrest, California,
luglio 2019:

M6.4 seguito da un M7.1 dopo circa 2
giorni

Analisi con dati PRELIMINARI:

Mainshock identificato con successo!
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Two Foreshock Sequences Post Gulia and
Wiemer (2019)

Kelian Dascher-Cousineau™, Thorne Lay', and Emily E. Brodsky'

Abstract

Purtroppo questo test
Recognizing earthquakes as foreshocks in real time would provide a valuable forecast- ° ° °
ing capability. In a recent study, Gulia and Wiemer (2019) proposed a traffic-light system I n d I p e n d e nte Co nt I e n e m O Ite

that relies on abrupt changes in b-values relative to background values. The approach
utilizes high-resolution earthquake catalogs to monitor localized regions around the

largest events and distinguish foreshock sequences (reduced b-values) from aftershock H H

sequences (increased b-values). The rec rded earthquake foreshock sequen- I n e S a tte z ze e m o d I fl C h e

o Rico, provide an opportunity to

ies indi | d risk of e
e o profonde, anche concettuali,

ftershock sequence. However, the

ces in Ridgecrest, California, and Maria
test the procedure. For Ridgecrest, our b-value ti
larger impending earthquake during the M,, 6.
ambiguous identification of the onset of t
exact result depends strongly on expert ju nt. Monte Carlo sampling across a range
of reasonable decisions most often results

° °
biguous warning levels. In the case of c h e n e a Ite ra n o I I rI S u Itato
the Puerto Rico sequence, we record signifj drops in b-value prior to and following
the largest event (M,, 6.4) in the sequencC b-value has still not returned to back-
ground levels (12 February 2020). The Ridgetfest sequence roughly conforms to expect-
ations; the Puerto Rico sequence will only do so if a larger event occurs in the future

with an ensuing b-value increase. Any real-time implementation of this approach will Cite this article as Dascher-

require dense instrumentation, consistent (versioned) low completeness catalogs, well- Cousineau, K., T. Lay, and E. E. Brodsky
(2020). Two Foreshock Sequences Post

calibrated maps of regionalized background b-values, systematic real-time catalog pro- Gulia and Wiemer (2019), Seismol. Res.
duction, and robust decision making about the event source volumes to analyze. Lett. XX, 1-8, doi: 10.1785/0220200082.
Introduction (Amatrice, Italy, and Kumamoto, Japan). Eighteen correct neg-

Global statistical analyses of earthquake sequences and the  atives, two true positives, 10 neutral alarms, counted neither as
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Other activities

In brief: RISE WP7 addresses the testing, model evaluation, model validation and ensemble modelling by
adopting and transforming the CSEP (Collaboratory for the Study of Earthquake Predictibility). CSEP is a
global platform for independent, reproducible and transparent testing of earthquake prediction algorithms
and forecast models. Learning from best practices in other science disciplines, and coordinating with the
global CSEP community, we will transform and expand the CSEP platform to suit the testing needs of
Operational Earthquake Forecasting OEF. We will design a more flexible and sustainable framework
(nicknamed here CSEP2.0) with significantly improved testing capabilities to enable the transfer of scientific
knowledge and models to trusted operational tools for loss reduction. Specific targets are:

* Design and implement a CSEP 2.0 platform for Europe with transformed capacity to test OEF
hypotheses, models and procedures, establishing Europe as a major contributor to the global CSEP
Collaboratory.

« Conduct formal and independent evaluations, both pseudo-prospective and fully prospective, of RISE
OEF candidate models (or model components) in several well-defined European testing regions.

« Develop rigorous testing approaches of other dynamic risk model components, including ground-
motion forecasts, micro-zonation, exposure and loss models.

« Expand the suite of tests to support new OEF-specific experiments, learning also from best practises in
weather forecasting and other disciplines.

* Leverage the global CSEP collaboration through open-source, co-designed and shared software that
enables userfriendly testing of models across tectonic settings.

* Develop aroadmap to enable CSEP style testing as a sustainable EPOS service that will advance
research on earthquake predictability.

Lead: GFZ
Participants: ETH Zirich, INGV, UNIVBRIS, UEDIN, UNINA, BIU, UKRI, QUAKE

Contact: Dr. Danijel Schorlemmer

In collaborazione
con il Dr. Celso
Reyes dello Swiss
Seismological
Service
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http://www.rise-eu.org/activities/testin
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Conclusioni

Il nostro modello (Gulia and Wiemer, 2019) permette di distinguere, in tempo reale, una sequenza
di foreshocks da una di aftershocks, individuando quindi il mainshock

Nelle aree del Mondo con una copertura sufficiente, il nostro modello (Gulia and Wiemer, 2019)
puo offrire un supporto per la Protezione Civile e, in generale, per tutti i cosiddetti decision makers.

Gulia, L., S. Wiemer, and G. Vannucci (2020). Pseudoprospective Evaluation of the Foreshock Traffic-Light System in Ridgecrest and Implications for Aftershock Hazard
Assessment, Seismol. Res. Lett., 91 (5): 2828-2842, doi: 10.1785/0220190307

Gulia, L., and S. Wiemer (2019). Real-time discrimination of earthquake foreshocks and aftershocks, Nature 574, 193—199.

Gulia, L., A. P. Rinaldi, T. Tormann, G. Vannucci, B. Enescu, and S. Wiemer (2018). The effect of a mainshock on the size distribution of the aftershocks, Geophys. Res.
Lett. 45, no. B1, doi: 10.1029/2018GL080619.
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