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THE PIONEERING IDEA OF EW BY DR.COOPER

San Francisco

Alert = ring a big bell in City Hall to warn citizens

San Francisco
Daily Evening
Bulletin, 3 Unfortunately, Cooper’s
November 1868 scheme was never
implemented.
}‘_ =t
Wave Brops
R
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Fig. 13.1 The concept of the first detection system by Dr. Cooper. o
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SEISMIC RISK MITIGATION
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SEISMIC RISK MITIGATION

Automatic Low- | ,
Broadcast Alert Cost Safety - [\/ulnerability][ Exposure J
Systems
/ 4

High Risk
Plant/Structure

Decision Support System
for Transport Infrastructures
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WHICH ALERT THRESHOLD?

Required
Lead-Time

Intensity of the risk
mitigation action/
increase of the
system resilience

COST-BENEFIT ANALYSIS
LEAD-TIMES VS. MITIGATION ACTIONS

Actions on Actions on Three classes of actions:
cdritical I lifelines and
{ industria transportation . . :
. plants and systems 1/ low impact: stop elevators, children under
facilities 5 the desk, ..
Low impact
actions - actions on lifelines (shut-
O off gas/electric supply, stop or slow down
; > train,

...................................................

False Alarm

acceptability  3/high impact: shut-off large industrial plants,
as nuclear, electro-thermal, chemical

The lead-time should be designed according
to the impact of the mitigation action and
false alarm acceptability



Megacities > 5 milion

7in the 1950 = 2015: 60

www. citymayors.com 2010

The Urban Explosion
It is followed by a dramatic increase of seismic risk!
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Worldwide Early Warning Systems
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EEW is the delivery of ground shaking alerts or warnings.

ﬁ"‘ﬁ*

Seismogram
L  To predict the ground shaking
s Seismic ray and/or damage at a target site
ult
* be fast to alert end-users with
Q .V 1 the maximum lead-time possible
*

* be accurate to reduce the false

Rupture and missed alerts
process




TARGET

I REGIONAL EEW

Light speed ~ 3x10° km/sec

S-wave velocity ~3.5 km/sec
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 ON-sITE EEW

TARGET

P-wave velocity ~5.5 km/sec A

A

;S-wove velocity ~3.5 km /sec A
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CRITICAL ISSUE = TIMING

Event Telemetry Early Warning Post - Event
detection Analysis ~ 10 sec ~ 10 min

1 1 >
TO TPfirst TStarget Time

Time efficiency of a system:
Off-Line: no constrain is set on the response time of the system.

Near Real-Time: the system is fast, but no deadline is set (the system can
accumulate delays in special or critical conditions);

Real-Time: the system has to be fast and to react to an event (earthquake)
within a given deadline;=> nowadays: data packet < 1 sec

A real-time system for EW is a device (hardware or software)
which reacts to an event within a well defined deadline




ISNet — Irpinia Seismic Network )X

since 2009 e

7 30 Seismic Stations
5 Local Control Centers {

= |nternet ADSL (VPN *"
WiFi Hiperlan (5 GHz)

= Internet ADSL

- _ . WiFi (2.4 GHz)

Digitizers — only those implementing the 5 UMTS (Cell)

data transmission designed for EEW
applications (latency < 1 second) Py Telemetry 1s
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Once a threshold level for transmitting alerts is defined, considering the
real data (e.g., PGAo0) the alert follows a binary condition:

- necessary alert if observed PGA >= threshold

- not necessary alert if observed PGA < threshold

Performance Assessment

Damage threshold

Alerting/action threshold

<
)
(Al
©
()
+—
(©]
()
o
x
L

Correct no alert

Observed PGA

Minson et al., 2019



CRITICAL ISSUES

DATA UNCERTAINTY
[ T l l l ‘
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o I | |
A) Warning issued User threshold

Expected POA Follow probabilistic approaches

Predicted

0.0 05 1.0 1.5 2.0
logyo PGA (%gQ)

2%g 5%g 10%g 20%g

o
B) No warning issued User threshold
Expected PGA

Correct no aler | Log(PGA*)EPL=70% Log(PGA)

0.0 05 1.0 1.5 2.0
logyo PGA (%gQ)

oo g

Set the PGA threshold PGA =2 %g,5%g,10%g,15%g

Define the EXCEEDING PROBABILITY LEVEL (EPL), starting from LPGA" & Prob(LPGA = LPGA™) = EPL
the Gaussian distribution associated to any predicted log PGA
value.

Declare an alert when the LogPGA predicted by P-wave peak ALERT- Predicted LPGA = LPGA®
amplitudes exceeds the threshold value
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CRITICAL ISSUES

MODEL UNCERTAINTY
LogPGV, = a; + alog PD,;

-6 -4 -2 0
Spallarossa et al., 2019
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MODEL UNCERTAINTY = EEW PERFORMANCE

log(PD) [cm]

Ground motion residuals depend
from several factors such as
event, path and site

Model parameterization using ergodic assumption

log10RSA(T) = a4 ¢ + bP%Clog,0(Pd)

Ergodic assumption says that the local variability in ground

motion is the same as the global variability

BAD EEW PERFORMANCE
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laccarino et al., sub. BSSA




EEW PERFORMANCE AFTER THE MIXED-EFFECT REGRESSION

Model parameterization considering random effects
log10RSA(T) = a*¢ + bP4Clog,o(Pd) + §S25P4-C + gPa-C

GOOD EEW PERFORMANCE

Without §S2S

THR PGAo
] I pGAp I ]
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laccarino et al., sub. BSSA log10(RSA)
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EEW PERFORMANCE (~200 RECORDS @ ATM & T1244)

WITHOUT RANDOM EFFECTS (ERGODIC)

SA 10.1%

SNA 77.2%

-
4

FA 2.6%

MA 10.1%

INCLUDING RANDOM EFFECTS

SA 18.3%

SNA 794%

laccarino et al., sub. BSSA

A

.

FA 0.58%
MA 4.8%

Picozzi M., 17.10.19 Bozen



A COMMON FRAMEWORK FOR TESTING AND VALIDATING EEW SOFTWARE

n NEAR-FAULT OBSERVATORIES

Testing Center for EEW in which different algorithms and procedures
for EEW are running in parallel and compared.

CREW: Testing CenteR for Early Warning @UniNa

EPOS - Early Warning Testing Center

i«  Several EW software can run in parallel as Virtual [:: ,I dm*“l“‘qmg’ow ——

:  Machines. : | |

i+ PRESTo (UniNa) and Virtual Seismologist

:  (ETH) are under testing

: » Standardized inputs and outputs

: « Database of all realtime alerts and of bulletins B

i (ISNet, INGV) . e :

:* Performance comparison: R - A z

- Correctness of location and magnitude T T A o X e
Promptness of the alert S @; MJ: b
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EEWD: EARTHQUAKE EARLY WARNING DISPLAY

Application to quickly and easily understand the EW alert to the end user
Establishes a common format for the alert message
Configurable for the region (GMPE) and local effects of interest

180 O EEWD [ connected to sc3vsa.ethz.ch ]
File Control Navigate Layers Views Help

wionute 6.6 o[ Bl [ o

Event Basel1356 I,%_l& y‘ig’Z‘Q v SRl (W 7
Time 2015-01-28 11:43:57 (165 ago) 2 Basel1 356

Location 47.47N 7.60E, 0.0km o .ﬁ 2015-01-28 11.43:57 (16 %
Likelihood of correct alarm  100% i\% distance: 72km

Target [ SED #]

Distance 72km

Remaining Time 5

PCA (g) 0.05 0.09/0.02

PCV (cm/s) 0.63 1.25/0.32

PSA (g, @2.0Hz2) 0.2 0.2/0.2
DRS (cm, @2.0Hz) 1.0 1.0/1.0
Intensity Vv \71\"

0.24—

0.22—

0.2

0.18—

0.16

00.14 —

<
€012

0.08—

\ bt P - P .\l dobkim,
T T T T risil 3 A% VAT e ) =t | =23

0.50 158 5.00 15.81 50.00 o = 3 i T 4
vibration frequency, Hz Lat, Lon (47.269, 6.21) - x, y (115,176) hearbent 124412
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HOW TO REACH THE END-USERS
A MOBILE APP FOR PRESTO

Basic

Geolocate the position of the
smartphone

Provide a warning in case of a
potentially damaging seismic event

Give instructions on how to
behave

Easily communicate the position &

conditions through SMS and social
networks

VI

Strong Shaking

16

Expected
Intensity

Expected
Shaking

Available

Lead Time

Instructions
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HoOW TO REACH THE END-USERS

IN CASE OF EARTHQUAKE

cted

RUN FOR COVER BEFORE
FACEBOOKING ABOUT IT !




MASS WASTING EVENTS AND SEISMIC MONITORING

Manconi et al., GRL, 2016

Val Pola landslide, 1987, Italy 8
10 3 T T T T W
i @ Dammeier dataset 426 >
Model /.x"
107k — = Standard deviation o ]
V=exp (4.3 Md-1.4) e s
R?=0.71
10°F o -
o e
é '-26
£ 107 E
_: e
O e
= e
10 4 - A Antelao rockslide (this study) -
I ] X Deparis et al., 2008 —
il ’," < Belvedere ice avalanche
L 10 31 V' San Leo rockfall _
%0 i <+ Crammont rock avalanche ]
g“_l_ B Brenva rock-ice avalanche
b p P> Val Pola rock avalanche
L~ | | 1 1

)
T
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t b t t t b
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Istituto di Ricerca per la Protezione ldrogeologica

Unitd di Ricerca in Sismologio :

478 Universitd degli Studi di Nopoli Federico Il

i
e

CIEYSY  Sperimentole e Computozionale

Dipartimento di Fisica

(1SS

Realtime Innovative Solutions for Seismology
www.riss-srl.com

Pilot project: SlideQuake v0.1.0 (UniNA & CNR)

Antelao Rockslide
(2014, eastern Italian Alps)
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