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Objective
The goal of an EEW system is the estimation in a fast and reliable way an
earthquake’s damage potential before the strong shaking hits the target

Principles

The idea of developing systems for launching early alert messages about
incoming ground shaking dates back to 1868 (Cooper JD, Letter to the Editor, San
Francisco Daily Evening Bulletin, November 3, 1868). It is based on the fact that
information spread through electromagnetic signals travels faster (about 300,000
km/s) than seismic waves (a few km/s). Moreover, most of the radiated seismic
energy Is carried by S- and surface-waves, which travel slower than P-waves.

Early examples

The first early warning systems were developed and installed during the cold war to
detect incoming intercontinental ballistic missiles. These early warning systems
were designed to alert target areas as soon as a missile was detected by a radar or
a launch discovered by satellite systems.
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Approaches
There are two main approaches:. Regional (or network-based) EEW
systems and Onsite (or single-station) EEW systems.

Network Based (or Regional) Approach
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Satriano et al., SDEE, 2011 Single Station (or On Site) Approach
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Real-time acceleration

Event detection

Decentralised Onsite Early warning

Alert protocols based on PGV
thresholds & expected damage
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Example of regional and onsite system combination
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Left: The lead-times for Almaty (Kazakhstan) when using a regional approach as a

function of the location of possible seismic events (i.e., a 0.1 by 0.1° grid).
Right: The lead-times for Almaty using a combined regional and on-site approach, as a

function of the location of possible seismic events (i.e., a 0.1 by 0.1-grid).
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sl Rapid location estimation Rapid Magnitude estimation
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Are magnitude and location necessary?
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improve Earthquake
Early Warning Systems

Bishkek

Timely warning than was
possible using a threshold

on ground motion
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from a combination with

On-Site Early Warning
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How to deal with nearly simultaneous
aftershocks?
: How to include site effects in real time shaking
“.4| forecasting?
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| Calculate the complex standard spectral ratio (Borcherdt 1970) | stretched

Calculate phase elongation using the frequency-dependent group delay method (Sawada 1998)| + site

y

[Calculate updated complex site response
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Recordings of (top row) a localM4.1 event (17 May 2012) and (bottom
row) a regionalM5.0 earthquake (12 September 2012)

at network sites (left column) DUO3, (middle column) DUO6, and
(right column) DU30. Each plot shows the north—south component
recording at the reference site (top waveform), the stretched
waveform at the reference site (second waveform from top), the
simulated waveforms for the soft-soil site (third waveform from top),
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Aftershocks early warning
and  monitoring:  time
dependent vulnerability

Residual structural capacity

Non structural damage:
Induced seismicity
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Central Asia is amongst the regions with the highest earthquake hazard

worldwide
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1887 Verny Earthquake M=7.3
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I ___# 1911 Kemin Earthquake M=7.8-8.0
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9 - Rakhat
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15 - Alatau

16 - East new

High risk considering the urban dynamic

Parolai et al (2018) in preparation
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Regional Network Design: using a Genetic Algorithm

Proposed Station Locations
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Stankiewicz et al.,2015
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Earthquake risk early warning

Picozzi et al (2013)
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Online application to Kyrgyzstan: Lead time for
Repetition of the M 7.8 1911 Kemin Earthquake
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Low pass filtering
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Decentralised Onsite-Early Warning
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with GEMPA GmbH.

GFZ-Sentry Software, based on Parolai et al. (2015) and developed in cooperation
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Application to KiK-Net and K-NET recordings
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Real time risk assessment and rapid response

Better emergency management
Integrated with early warning

Goal: reliable information to decision-makers
within minutes from the event

((caravan
: SIGK

Sending input data to server
process

Input event = {mag:
uv(6.84917199699,
0099957099954,
-0.00520537839854,
1.79542435203), 'sof - reverse’,
‘dep': uv(20.0238195629,
334507036886,
000783947988842,
1.79021864264), ‘gm_only’ False,
‘Ipe’, Ton" 73.79, 'str 90.0, lat':
39.62, 'dip* uv(59.982015484,

333727128165,
0.00528528910591,
1.80748902633)}

Process starting at Mon Jan 19
14:57:27 2015 (server time)

Written new scenario to databse
(hash=6298872678583298747):
scenario = {

str = [90.0,900],
dep=[100,30.0],

ipe=1,

lon = [73.79,0),
mag=[63,7.4],

lat =[39.62,0],
dip=[500,70.0]

Scenario id: 105
Tessellation id(s): 1
Area(l  5.00) radius: 261.9 Km

445 target cells found

Pittore et al 2017
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Real time risk assessment and rapid response
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On Site Early Warning

Shaking+damage
Forecasted on the
node!

Real time shaking \l;ﬁ

forecast
Real time damage
detection
Aftershock hazard: take actions
independent from models of
aftershock rate ¢
rom
Parolai et al.,2015, SRL
Cumulated damage effect: Aftershock sequence

from building monitoring to _%, T
incremental
damage assessment, ‘

to updated vulnerability models
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ot s Pilot site: North Eastern ltaly
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- 2018: installation of ~100 strong motion stations (Edifici
Sentinella, Armonia) Coop. with Uni Udine, Uni Trieste

- Regional+ Onsite

- DOSEW for critical infrastructures

- Necessity of considering site response

- Close cooperation with Civil protection and Industry
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skt Rapid Damage forecasting in buffer areas
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LT Expert Crowd sourcing: Civil protection Volunteers

Mappa evento 11/09/2017 08:30 4 km NNE Venzone (Udine) - Magnitudo: 5.4
Schede compilate: 232 di 144 comuni - la pil recente alle 09:03 12/09/2017
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Results showing the
Impact distribution based
on the form filled by the
volunteers of the regional
civil defense
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Expert Crowd sourcing: Civil protection Volunteers
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GFZ
Cooperation and network operations

Close cooperation with

Outreach and education
end users

December, 2016, CAIAG was visited by the Kyrgyz
Republic Minister of Emergency Situations, Mr. K.
Boronov, the State Secretary Mr. T. Temiraliev, and
the Deputy Head of the Center of Crisis Situations
Managment, Mr. A. Mambetov.
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Thank You!
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Regional Network Design: using a Genetic Algorithm

. | " .
44 ~ Extension to more than one

target: Osh, Almaty, Bishkek,

Dushanbe, Tashkent
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40
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Stankiewicz et al.,2015
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Low pass filtering

Integration in velocity
and displacement

Event detection

(possibility of combining info from

the low and high pass filtered record
or pred period)

PGV estimation (mean

+/- o)

Decentralised On Site Early Warning
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Low pass filtering

Integration in velocity
and displacement

Event detection

(possibility of combining info from

the low and high pass filtered
record or pred period)

PGV estimation (mean
+/- ©)
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Decentralised On Site Early Warning

mean + o > 8.1 cm/sec Intensity 2VI

Mean >8.1 cm/sec

8.1 cm/sec>mean>3.4
cm/sec

mean—G >8.1 cm/sec | 8.1 cm/sec>mean —
G > 3.4 cm/sec

mean — G <3.4 cm/sec

Mean <3.4 cm/sec

8.1 cm/sec > mean +G > 3.4 cm/sec Intensity =V

8.1 cm/sec>mean —
G > 3.4 cm/sec

mean - G >8.1 cm/sec mean - 0 <3.4 cm/sec

Mean >8.1 cm/sec

8.1 cm/sec>mean>3.4
cm/sec

Mean <3.4 cm/sec

mean + G < 3.4 cm/sec Intensity SIV

8.1 cm/sec>mean —
G >3.4cm/sec

mean - G >8.1 cm/sec mean — G <3.4 cm/sec

Mean >8.1 cm/sec

8.1 cm/sec>mean>3.4
cm/sec

Mean <3.4 cm/sec

10 L L |
MDN
1.0 . - - L 30
Y 5 i
E - L
o) /—J 0.8 - - 20 ‘\('\n
> |
:.5 0 ? - 10 E‘
9 _‘—_: 0.6 =
S © 0 .S
> 51 - Qo =
O 04 g
o - -10 g
=0 : J T 0.2 1 g Q
25 30 35 40 50 J_J 20 <
from 0.0 ; : . : o
Parolai et al.,2015 25 30 B 40 45 50
time [s]

Istituto Nazionale

di Oceanografia e di Geofisica Sperimentale

37



GFZ

Helmholtz Centre

Porspam

Application to KiK-Net and K-NET recordings

Alarms

Underestimated alarms

Missed alarms
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REGIONE AUTONOMA ' Piano comunale di
FRIVLI VENEZIA GIULA s emergenza

Nucleo operativo piani d’emergenza Cute EELGITE

A 1. Perinformazioni sull’sttivith siemica in atto contattare |a Sala Operativa regionale sl numero verde sopraindicato

2. Agglornare aloccormenza gll indirkzzl emal utlizzati dalla SOR per trasmetters alle autorith comunall di protezione civile ke notifiche di
evento sismico.

3. Organizzare mailing-list per la diffusione delle informazion| sull’evento ai referent] degll edifici rilevant] in caso di evento sismico (scuole,
case di rfiposo e di cura, edifici pubblici soggetti ad affollamentn, ecc).

4. Convacare FUfficio tecnico efo Il Responsabile comunale di p.c. per coordinare le verifiche sul territorio ad inkrlare dagli edifici e dale
infrastrutture strategiche e rilevanti secondo Pordine di priodth predefinite nel Plano comunale di emergenza, tenendoe conto della
presenza o meno di alunni nelle scucle & della presenza di zone o fabbricati pericolosi per la circolazione.

5. Se necestaris richledene il supporto tecnico specialstico attraverso la SOR al numers verde per verifiche ad edific] strategici e rlevanti.

6. Masurnere provvedimenti a salvasguardia delle persone in difficolth.

7. Assurnere eventuall provvedimenti di sespensione precauzionale dell”sttivith scolastics e in aktrl edifici rilevant].

8. Attivare Il propria Gruppo comunale di p.c. per Fassstenza alla popolazione presso ke aree di attesa e le aree di ricovero coperte
individuate nel plano comunale di emergenza,
9. Coordinarsi con la Prootezione Chvile della Reglone per eventuall provwediment] da sdottare a tutela della pubblica incolumita e per
Finformazione alla popolazione.
10. Contattare le adende del berritorio o I & AlA 1e integrata ambientale) per accertarsi sull'esibo delle verifiche
in atto.

Gruppo comunale di Protezione Clvile
A 1. Aprire le comunicaziond radio con la SOR per ricevere inform azond sulls scosss registrata,
2. Compilsre & trasmettere alls SOR | datl sul risentimente sismico locale utilizzande lapposks guestionaro presente sul sho
bitputisismica protedoneciyvile fig it
3. Dare supporto al perscnale scolastico o di aktr edific rlevanti nel caso di evacuaziane degli sbessi fing alla ripresa o al termine dele
marrnall atthith.
4. Dare assistenza alla popolazione presso le aree di sttesafaree di ricovern.

5. Su richiesta della SOR e qualora attivati dal Sindace, intervenire a supporto di altrd comuni limitrofi per analoghi interventi di assistenza
alla popolazione.

Addetti alla sicurezza degll edificl rilevanti (scuole, case di riposo, ...)

A 1. Informarsl attraverso Intemet

ttp: 2 P o la locale autorith di
protezione chiile sull'epicentro e Inmwdnddl‘wmbodhdlvﬂ;mlndmm;

2. MAttivare || s=gnale di evacuazione secondo la planificazione di emergenza specifica delfedificio. coordinare le operazionl & verificare|
Faweenuta evacuazione.

3. Assurnere informazoni sullevento chiamando | numesd indicati dal Fano di emergenza deffedificio.

4. Eseguire una prima valutazione di danno alle part] strutturall & nen strutturall delfedificic richiedendo Finterventa dellente proprietaria
peer gli eventuall approfondimenti tecnicl del caso.

5. Dopa le opportune verifiche di fruibiith dei locall disporne, se del caso, il dentro delle persone nelledificio per la ripresa delle attivith.

Hessuna ulteriore atthvits

Cittadini

1. Informarsi attraverso Intemet (hitp: 1 o la locale autorith di
protezione chile sull'epicentro e ka lnu;n}tudu dedl’ n'mh: d l|n= dl \rd.ltx: I: niml plﬁ prud=1H da adottare in relazone alle
caratterktiche della propria abtasane

2. Sequire le norme di autaproterione walide per Il luogo nel quale =i @ presenti al moments del terremoto. Fare riferimento alla
documentazione prodotta dal Dipartimenta dil Protezione Civile hitpoifwww. protezionechvile gov.itfiemsfiticosa fare smico.wp
3. Assicurarsi sullo stato di salube delle persone atborno a se.

4. Recarsi nella propria area di attesa individuata dal Plana comunale di emergenza per ricewere informazion] sull'evento e fare le proprie
eventuali richleste di astistenza.

Procedure of
emergency for
different Alert level
(A,B,C)
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REGISNE AUTONSMA A
FRIULI VENEZIA GIULIA | "%

Protezione Clvile della Reglone

MNucleo operativo plan] d'emergenza
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Il terremoto & state avvertite © 51 ©Ne
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Awvertibo con spavento da

Effetti su adifici
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appoggiat
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Crepe evident! nelle paret
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Crolli generalizzath

Note

Naote

Evaluation form of
the earthquake
effects at
municipality level
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OGS Peak Velocity Map (in cm/s) for event: 86085 - [L. Moratto]
Fri Jan 30, 2015 01:45:49 AM MST M 4.1 N46.39 E13.15 Depth: 14.6km
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GFZ . : .
Decentralised Onsite-Early Warning

Porspam

GFZ-Sentry Software, based on Parolai et al. (2015) and developed in cooperation
with GEMPA GmbH.
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