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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.

from 

Satriano et al., SDEE, 2011
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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).

Example of regional and onsite system combination
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Cua & Heaton (2007) Satriano et al. (2008)

and Rosenberg (2009).

Nakamura (1988) and Allen and 

Kanamori(2003)

Kanamori (2005)

Rapid location estimation Rapid Magnitude estimation
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Are magnitude and location necessary?

Spectral content used to

improve Earthquake

Early Warning Systems

Bishkek

from 

Stankiewicz et al.,2015

Timely warning than was 

possible using a threshold 

on ground motion 

Improvement should come 

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

forecasting?

Hoshiba and Aoki (2015): Pilz and Parolai (2016)

Some Emerging questions



10
Istituto Nazionale 
di Oceanografia e di Geofisica Sperimentale

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) DU03, (middle column) DU06, 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),
and the recorded ground motion at the soft-soil site (bottom
waveform).

Reference

stretched

+ site

observed

Reference

stretched

+ site

observed
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Emerging questions

Aftershocks early warning

and monitoring: time

dependent vulnerability

Non structural damage:

Induced seismicity
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ACROSS Network

Applications
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Central Asia is amongst the regions with the highest earthquake hazard

worldwide

GSHAP (1999)

Ullah et al (2015))
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1887 Verny Earthquake M=7.3

Nurmagambetov (1999)

Nurmagambetov (1999)

Almaty

Macroseismic

Intensities in

Almaty

Almaty

~300 death
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1911 Kemin Earthquake M=7.8-8.0

The historical information suggests that the

earthquake also created devastation in Pishpek

(the actual Bishkek)

Nurmagambetov (1999)

Almaty

Almaty

Nurmagambetov (1999)

Macroseismic

Intensities in

Almaty

Nurmagambetov (1999)
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City
Population 

(millions) 

Estimated deaths 

(thousands)

Estimated Injuries 

(thousands) 

Almaty 1.5 75 300

Bishkek 0.8 (now ~1) 40 160

GeoHazards Int. B.Tucker, pers. comm.
Parolai et al (2018) in preparation

High risk considering the urban dynamic
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Regional Network Design: using a Genetic Algorithm

Extension to more than one target

Stankiewicz et al.,2015

Largest improvement in

performance when the network is

increased up to 5 station.

Separate warning systems for each

target are more efficient than a

multi-target one
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Picozzi et al (2013)
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from 

Parolai et al.,2017, Frontiers

Online application to Kyrgyzstan: Lead time for

Repetition of the M 7.8 1911 Kemin Earthquake
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Low pass filtering

Event detection

(possibility of combining info from

the low and high pass filtered

record or pred period)

Integration in velocity

and displacement

PGV estimation (mean

+/- s)

X

X

from 

Parolai et al.,2015

Decentralised On Site Early Warning



21
Istituto Nazionale 
di Oceanografia e di Geofisica Sperimentale

Decentralised OSEW in testing

from Parolai et al.,2017, Frontiers
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GFZ-Sentry Software, based on Parolai et al. (2015) and developed in cooperation 

with GEMPA GmbH.

Decentralised Onsite-Early Warning 
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from 

Parolai et al.,2017

Application to KiK-Net and K-NET recordings
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⚫ Better emergency management

⚫ Integrated with early warning

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

Real time risk assessment and rapid response

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

Real time shaking 
forecast 

Aftershock sequence

Shaking+damage

Forecasted on the 

node!

Real time damage 
detection

Aftershock hazard: take actions

independent from models of  

aftershock  rate

Cumulated damage effect:

from building monitoring to 

incremental 

damage assessment,

to updated vulnerability models 

-10m

-25m
-45m

-85m

-145m

from 

Parolai et al.,2015, SRL
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Pilot site: North Eastern Italy

- 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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Municipality chosen for the first new installations

from Grimaz et al.,2017
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from Grimaz et al.,2017

Rapid Damage forecasting in buffer areas
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Results showing the

impact distribution based

on the form filled by the

volunteers of the regional

civil defense

Expert Crowd sourcing: Civil protection Volunteers
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Results showing the impact

distribution based on the form

filled by the volunteers of the

regional civil protection

Expert Crowd sourcing: Civil protection Volunteers
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Close cooperation with

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.

Cooperation and network operations

Outreach and education
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Stankiewicz et al.,2015

Regional Network Design: using a Genetic Algorithm

Extension to more than one

target: Osh, Almaty, Bishkek,

Dushanbe, Tashkent

35 station network made of 

five,  7 stations subnetworks
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Low pass filtering

Event detection
(possibility of combining info from

the low and high pass filtered record
or pred period)

Integration in velocity
and displacement

PGV estimation (mean
+/- s)

X

X

from 

Parolai et al.,2015

Decentralised On Site Early Warning
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Low pass filtering

Event detection

(possibility of combining info from

the low and high pass filtered

record or pred period)
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Decentralised On Site Early Warning
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from 

Parolai et al.,2017

Application to KiK-Net and K-NET recordings
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Procedure of 

emergency for 

different Alert level

(A,B,C)
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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-Sentry Software, based on Parolai et al. (2015) and developed in cooperation 

with GEMPA GmbH.

Decentralised Onsite-Early Warning 


