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Abstract. The region of central and eastern Europe is an

area characterised by a relatively high seismic risk. Since

2001, to monitor the seismicity of this area, the OGS (Isti-

tuto Nazionale di Oceanografia e di Geofisica Sperimentale)

in Italy, the Agencija Republike Slovenije za Okolje (ARSO)

in Slovenia, the Zentralanstalt für Meteorologie und Geo-

dynamik (ZAMG) in Austria, and the Università di Trieste

(UniTS) have cooperated in real-time seismological data ex-

change. In 2014 OGS, ARSO, ZAMG and UniTS created a

cooperative network named the Central and Eastern Euro-

pean Earthquake Research Network (CE3RN), and teamed

up with the University of Naples Federico II, Italy, to imple-

ment an earthquake early warning system based on the ex-

isting networks. Since May 2014, the earthquake early warn-

ing system (EEWS) given by the integration of the PRESTo

(PRobability and Evolutionary early warning SysTem) alert

management platform and the CE3RN accelerometric sta-

tions has been under real-time testing in order to assess

the system’s performance. This work presents a preliminary

analysis of the EEWS performance carried out by playing

back real strong motion recordings for the 1976 Friuli earth-

quake (MW= 6.5). Then, the results of the first 6 months of

real-time testing of the EEWS are presented and discussed.

1 Introduction

With the aim of monitoring the seismic activity in the east-

ern sector of the Alps, since 2001 OGS (Istituto Nazionale di

Oceanografia e di Geofisica Sperimentale) in Udine (Italy),

the Agencija Republike Slovenije za Okolje (ARSO) in

Ljubljana (Slovenia), the Zentralanstalt für Meteorologie und

Geodynamik (ZAMG) in Vienna (Austria), and the Uni-

versity of Trieste (UniTS) have been collecting, analysing,

archiving and exchanging seismic data in real time. The data

exchange has proven to be effective and very useful in the

case of seismic events at the borders between Italy, Austria

and Slovenia, where the poor coverage of individual national

seismic networks precluded a precise earthquake location.

The usage of common data from the integrated networks im-

proves significantly the overall capability of real-time event

detection and rapid characterisation in this area. Further-

more, in 2014, OGS, ARSO, ZAMG and UniTS signed a

memorandum of understanding naming the cooperative net-

work as the Central and Eastern European Earthquake Re-

search Network (CE3RN) (Bragato et al., 2014).

Recently, in order to extend the seismic monitoring in

north-eastern Italy, Slovenia and southern Austria towards

earthquake early warning applications, OGS, ARSO and

ZAMG teamed up with the RISSC-Lab group (http://www.

rissclab.unina.it) of the Department of Physics at the Univer-

sity of Naples Federico II in Italy.

An earthquake early warning system (EEWS) is a real-

time system integrating seismic networks and software ca-

pable of performing real-time data telemetry and analysis in
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order to issue alert messages within seconds from the ori-

gin of an earthquake and before the destructive S-waves gen-

erated by the event reach the users. When accompanied by

appropriate training and preparedness of the population, an

EEWS is an effective and viable tool for reducing the expo-

sure of a population to seismic risk (e.g. Allen et al., 2009;

Hoshiba, 2013; Picozzi et al., 2015a). The application of

EEWS is nowadays increasing and several countries around

the world have already developed EEWS, or are on the verge

of doing so. Japan, Taiwan, Mexico, Romania and Califor-

nia, for example, already have operational EEWSs (e.g. Ho-

riuchi et al., 2005; Wu and Zhao, 2006; Espinosa-Aranda et

al., 2009; Böse et al., 2007, 2009). EEWSs are also under de-

velopment and testing in other regions of the world, such as

Italy, Turkey, Spain, and China (Satriano et al., 2010; Zollo

et al., 2014; Alcik et al., 2009; Peng et al., 2011; Picozzi et

al., 2014, 2015b).

The collaboration among OGS, ARSO, ZAMG

and RISSC-LAB focuses on testing the EEW

platform PRESTo (probabilistic and evolutionary

early warning system: http://www.prestoews.org)

in north-eastern Italy, Slovenia and Austria at the

network CE3RN, and represents, to our knowl-

edge, the first worldwide attempt of implementing

a trans-national EEWs. PRESTo is a stand-alone

software system that processes live acceleromet-

ric streams from a seismic network to promptly

provide probabilistic and evolutionary estimates of

location and magnitude of detected earthquakes

while they are occurring, as well as shaking pre-

diction at the regional scale (Satriano et al., 2011).

Since 2014 PRESTo has run on OGS, ARSO and ZAMG

data, by collecting and analysing in real time the data streams

from 20 stations (Fig. 1).

In the following, first, we briefly present the CE3RN

project, and we summarise the characteristics of EEWS and

PRESTo. Then, we present the results of a test carried out by

playing back the waveforms of the strong motion data of the

MW= 6.5, 1976 Friuli earthquake, and, finally, we report on

the performance of the EEW system during this preliminary

testing phase.

2 The CE3RN project

The region of central and eastern Europe is an area char-

acterised by a relatively high seismicity. The active seis-

mogenic structures and the related potentially destructive

events are located in the proximity of the political bound-

aries between several countries existing in the area. An exam-

ple is the seismic region between north-eastern Italy (Friuli-

Venezia Giulia, Trentino-Alto Adige and Veneto), Austria

(Tyrol, Carinthia) and Slovenia. So, when a destructive earth-

quake occurs in the area, all three countries are possibly af-
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Figure 1: CE3RN institutions involved in the EEW experiment (blue squares), real-time accelerometric stations 510 
(yellow triangles).  511 
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Figure 1. CE3RN institutions involved in the EEW experiment

(blue squares), real-time accelerometric stations (yellow triangles).

fected. In the year 2001, the institutes OGS, ARSO, ZAMG,

and UniTS signed an agreement for real-time seismological

data exchange in the south-eastern Alps region. Soon after,

the Interreg IIIa Italia-Austria Trans-National Seismological

Networks in the South-Eastern Alps and FASTLINK projects

started. The main goal of these projects was the creation of a

transfrontier network for the common seismic monitoring of

the region for scientific and civil defense purposes.

The OGS, ZAMG and ARSO seismic networks present

many similarities. While there is a variety of sensor typolo-

gies in use (i.e. from strong motion to (very) broadband), all

the stations are equipped with Quanterra data loggers (Q6180,

Q4120, Q730 and Q330), and similar strong motion sensors

are used almost at each seismic station of the single net-

works. As shown by Stein and Reimiller (2014), the stations

equipped with data logger Q330 are capable of delivering

data with a latency of less than 1 s, and therefore are suitable

for early warning applications. The use of similar instrumen-

tation facilitated a very important consequence of Interreg

project Trans-National Seismological Networks in the South-

Eastern Alps, and the adoption of common software suite

Antelope from Boulder Real-Time Technologies (BRTT), for

seismic data real-time acquisition, archiving, analysis and ex-

change. It is in fact straightforward, given that all the in-

volved institutions use the same data acquisition software,

to extend the single networks’ seismic monitoring capabil-

ities to the entire transfrontier network, thus acting like an

extended virtual network. All the involved partners exchange

waveforms and parametric data in real time through a net-

work of bi-directional data links, mainly via the Internet, in-

terconnecting all data centres.

During the recent past years, the high-quality data

recorded by the trans-national network have been used by the

involved institutions for their scientific research, for institu-

tional activities and for civil defence services. Several com-

mon international projects have been realised with success.
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Figure 2: Schematic representation of the regional approach for EEW (modified from Satriano et al., 2011), and 516 

overview of the analyses carried out by the PRESTo software system for the real-time event 517 
characterization and ground motion level at target sites prediction. 518 

 519 
  520 

Figure 2. Schematic representation of the regional approach for EEW (modified from Satriano et al., 2011), and overview of the analyses

carried out by the PRESTo software system for the real-time event characterisation and ground motion level at target site prediction.

The instrumentation has been continuously upgraded and the

installations quality improved, as well as the data transmis-

sion efficiency.

In 2014, OGS, ARSO, ZAMG and UniTS signed a mem-

orandum of understanding named the Central and Eastern

European Earthquake Research Network (CE3RN) cooper-

ative network (Bragato et al., 2014). CE3RN represents an

excellent example of international high-quality research in-

frastructure and the starting point for the enlargement of the

transfrontier network to all countries and their seismological

institutions of the central and eastern Europe region. Further-

more, one of the main goals of the CE3RN is to intensify

the cooperation between these institutions through common

research activities and preparation of common international

projects.

On 11 November 2014, the CE3RN partnership was

enlarged to also include the Croatian Seismological Sur-

vey (CSS) of the University of Zagreb in Croatia.

3 Earthquake early warning systems and PRESTo

EEWS typically follows two basic approaches: “regional” (or

network based), and “on-site” (or a single station). Regional

EEWS are based on the use of a seismic network located

near one or more expected epicentral areas, whose aim is to

detect and locate an earthquake, and to determine its magni-

tude from the analysis of the first few seconds of the arriving

P-waves at multiple stations close to the epicentre (Satriano

et al., 2011). On the other hand, on-site EEWS are based on

seismic sensors deployed directly at the target site and ex-

ploit only the information carried by the faster early P-waves

to infer the larger shaking related to the incoming S and sur-

face waves.

One key parameter for an EEWS is the lead time, i.e. the

time available to perform safety measures at distant targets

once an earthquake has been promptly detected and char-

acterised, and an alarm has been issued. The lead time for

regional EEWS is defined as the travel-time difference be-

tween the arrival of the first S-waves at the target site and the

P-waves recorded in the source area, after accounting for the

necessary computation and data transmission times. In on-

site EEWS, the lead time is equal to the difference in S- and

P-wave arrival times at the target itself.

Recently, Zollo et al. (2010) showed that the two ap-

proaches can be profitably integrated within a unique system

that allows the early estimation of the potential damage zone

(PDZ) associated with an event. Clearly, the integration of re-

gional and on-site approaches is particularly useful whenever

target sites are threatened by more than one seismic source

area, and the latter are located at variable distances from the

target sites. An exhaustive review of the concepts, methods,

and physical basis of EEWS has been presented by Satriano

et al. (2010).

PRESTo is a free and open source, highly configurable

and easily portable platform for earthquake early warning

(Iannaccone et al., 2010). PRESTo processes the real-time

accelerometric data streams from the stations of a seismic

network to promptly detect the P-wave arrival, provide the

probabilistic and evolutionary estimates of location and mag-

nitude of earthquakes while they are occurring, as well as

the shaking prediction on a regional scale (Fig. 2). Alarm

messages containing the continuously updated estimates of

source and ground motion at target parameters, and their as-

sociated uncertainties, are sent over the Internet, and can thus

also reach distant vulnerable infrastructures before the arrival

of destructive waves, enabling the activation of automatic
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safety procedures. Following the idea proposed by Zollo et

al. (2010), PRESTo implements both a regional and an on-

site approach.

In its regional configuration (Fig. 2), PRESTo uses (a) a

phase detector and picker algorithm, which is optimised for

real-time seismic monitoring and EEW (Lomax et al., 2012);

(b) a location algorithm, RTLoc (Satriano et al., 2008), which

locates earthquakes using information from both triggered

and not-yet-triggered stations, and which provides a fully

probabilistic description of the hypocentre coordinates and

origin time; (c) the RTMag algorithm (Lancieri and Zollo,

2008), a Bayesian approach that uses the peak displace-

ment (Pd) measured on the first seconds of the high-pass-

filtered signal on short time windows of P-waves (i.e. 2 and

4 s) and S-waves (i.e. 1 or 2 s), and empirical correlation laws

between this latter parameter and the final earthquake mag-

nitude (M); and (d) finally, ground motion prediction equa-

tions (GMPE) that allow one to predict the peak ground mo-

tion at target sites and at seismic stations using EEW location

and magnitude estimates.

The regional approach to early warning is integrated with

an on-site, threshold-based method for the definition of in-

dependent local alert levels at each station. To this aim, the

dominant period, τc, and the peak displacement in a short

time window after the first P-arrival time, Pd, are simultane-

ously measured at each station, independently of the rest of

the seismic network. As shown by Zollo et al. (2010), Pd can

be correlated with the final PGV and consequently with the

modified Mercalli intensity (IMM), which is a measure of the

expected damage, while τc can be correlated with the earth-

quake magnitude. These two parameters are compared with

threshold values that define a decisional table with four alert

levels, declaring the expected earthquake effects nearby the

station or at distant sites. The alert level can be used to initi-

ate safety measures at each site independently of the regional

processing. At the same time, on the regional scale, the lo-

cal alert levels, as they become available, can be combined

with the estimated source parameters to define the extent of

the potential damage zone (PDZ), i.e. the area in which the

highest intensity levels are expected (Zollo et al., 2010).

Since 2009, PRESTo has been under real-time experimen-

tation in southern Italy on the data streams of the Irpinia Seis-

mic Network (ISNet). Moreover, in order to analyse its per-

formance in different seismic hazard contexts and seismic

networks of varying extensions, PRESTo is also currently

operating in other seismological centres (e.g. at the Korean

Institute of Geoscience and Mineral Resources, KIGAM, in

South Korea, at the Kandilli Observatory and Earthquake Re-

search Institute, KOERI, in Turkey, and at the National Insti-

tute of Research and Development for Earth Physics, NIEP,

in Romania). In addition, the feasibility study of a nation-

wide early warning system in Italy using the National Ac-

celerometric Network (RAN) and PRESTo is in progress.
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Figure 3. Snapshot of the PRESTo system during the playback of

theMW= 6.5, 1976 Friuli earthquake, at the instant when three sta-

tions have triggered and the first alert is issued.

4 EEW analysis of the 1976 Friuli earthquake data

One of the first tests that we carried out was devoted to ver-

ifying what could have been the performance of PRESTo in

the case of the 1976, MW= 6.5 Friuli earthquake in north-

ern Italy (Carulli and Sleiko, 2005). To this aim, we re-

alised an off-line run of the algorithm (i.e. a playback) of

this earthquake using the historical recordings downloaded

by ITACA 2.0 (Luzi et al., 2008; Pacor et al., 2011). The

playback was run considering the network geometry of 1976,

but assuming the existence at the time of the hardware and

the management software necessary for the real-time data

streaming to the OGS’s seismological centre of Udine.

Figure 3 shows a snapshot of the first event detection and

characterisation provided by PRESTo at the instant when

only three stations have triggered and the first alert is issued.

Although based on few initial P-measurements, the early

magnitude estimation with only two stations (ML= 6.8) is

close to the final value (i.e. 6.5) as inferred from authorita-

tive catalogues.

The blind zone is the region where S-waves arrive before

the first alert is issued, and it corresponds to the circular area

where no lead time is available and no safety actions can

be undertaken. Given the station’s available density at that

time, we observe that the blind zone has a radius of 36 km.

Despite the fact that, under such conditions, the municipali-

ties affected by the most severe damage level could not have

been alerted, the comparison with the macroseismic field es-

timated by Giorgetti (1976) shows that some of the munici-

palities in the area of intensity VII and most of those in the

area of intensity VI could have potentially received an alert

(Fig. 3). For instance, at the city of Pordenone (falling within

the area of intensity VII and located about 65 km from the

epicentre), we measure a lead time of about 9 s. Furthermore,

for the area included within isoseismal level VI (i.e. where

the perceived ground shaking level is strong), the lead time
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could have been between about 15 and 20 s (e.g. 14 s for

Trieste, and 21 s for Treviso, Fig. 3). Considering the net-

work geometry that exists nowadays, we estimated that, for

an event with the same epicentre of the 1976 one, the blind

zone radius may shrink to about 22 km. For instance, in the

case of Pordenone, the lead time might increase to about 13 s.

Figure 4 shows, still for the playback of the Friuli 1976

earthquake, the PDZ obtained estimated from the Pd mea-

surements at the instant when the first four stations have trig-

gered. Interestingly, despite the PDZ not showing the com-

plex shape of isoseismal level VII, this was somehow ex-

pected given the few stations available for the analysis; in

first approximation this early estimation of the damage ex-

tension matches reasonably well with the size of the observed

damage zone by Giorgetti (1976). As shown by Colombelli et

al. (2012) on Japanese data examples, whenever a dense net-

work of stations is available, the PDZ maps can reproduce

the extension of the damage area well (i.e. the area for which

the observed macroseismic intensity is larger than VII).

5 PRESTo performance on CE3RN

Since the beginning of 2014, PRESTo (version 0.2.7) has

been under experimentation in the transnational area includ-

ing north-eastern Italy, Slovenia and Austria. During this pre-

liminary test phase, in order to avoid overloading the Ante-

lope system managing the CE3RN, a dedicated SeisComP

server (SeisComP, 2009) has been set up at the OGS CRS

data centre in Udine with the aim of collecting and convert-

ing in SeedLink (Heinloo, 2000) the data of 20 acceleromet-

ric stations from the Antelope system (Fig. 1), and pushing

them towards a dedicated PRESTo system at RISSC-Lab in

Naples.

After an initial period during which we tested different set-

ups of the system parameters, since the end of March 2014

we have been experimenting with the velocity model used for

routine earthquake analysis and bulletin production at OGS

(OGS, 1995–2013); a minimum number of five stations re-

quired to trigger within 12 s for event declaration; the coeffi-

cients of the empirical correlation laws between the peak dis-

placement (Pd) measured on short time windows of P-waves

and the earthquake magnitude (M) estimated by Lancieri and

Zollo (2008); and the Akkar and Bommer (2007) ground mo-

tion prediction equation.

Since the station distribution has a key role in determining

the resilience of a system, that is to say the network rapidity

in issuing EEW alerts, we estimated for the CE3RN network

the time of the first alert and the blind-zone extent when three

stations have triggered (Fig. 5). The analysis was carried out

considering a grid of virtual seismic sources (i.e. a node each

of 0.05◦× 0.05◦ for a total of 9801 nodes) with a fixed depth

at 6.4 km.

Following Picozzi et al. (2015b), the time of the first alert

is defined as the time when P-waves reached the third station
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Figure 4. Same as Fig. 3 but showing the PDZ (pink area) cor-

responding to real-time estimation of the area with macroseismic

intensity equal to or higher than VII.

of the network. Furthermore, the BZ is defined as the sum

of three delays: (1) the time of the first alert, (2) a fixed de-

lay for the telemetry and computation equal to 2 s, selected

according to the value recorded with PRESTo at the ISNet

accelerometric network in southern Italy over a long period

of testing (Satriano et al., 2011), and (3) the constraint of

having 2 s long P-wave time windows at an N-1 station used

by RTLoc, which is the needed information for RTMag to es-

timate the magnitude. This latter constraint is due to the fact

that at the instant when RTLoc locates an event with N sta-

tions, RTMag provides the first magnitude estimation using

N-1 stations, under the condition that they recorded at least

2 s of P-waves. Finally, the sum of these three times is con-

verted in the radius of BZ by multiplying it by the S-wave

velocity, assuming that this latter value is equal to 3 km s−1.

Figure 5a shows that the time of the first alert is less than

or equal to 10 s for the central area of the network, which in-

cludes the Friuli 1976 earthquake’s epicentre and the Italian–

Slovenian boundary, where the station’s density is high. The

first alert time, and the smallest as well as the larger values,

are in general elongated approximately in the east–west di-

rection, according to the network geometry. Also, the blind-

zone map shows a similar trend, having the smallest values

(i.e. below 25 km) in the Friuli 1976 earthquake’s epicen-

tre area, with larger values towards the network boundaries

(Fig. 5b).

Concerning the real-time testing of the EEWS, since the

end of May 2014, that is to say when a stable configuration

of the EEWS was found, PRESTo (version 0.2.7) detected

in real time 23 earthquakes, while one event was missed

(i.e. event no. 21, Table 1).

Figure 6 shows that the performance of the system in lo-

cating the earthquakes has in general been very good, with

18 events out of 23 located within 10 km of the authoritative

value. Only in one case is the discrepancy between 10 and

50 km, and in four cases it is larger than 50 km. Concerning

www.adv-geosci.net/40/51/2015/ Adv. Geosci., 40, 51–61, 2015
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Figure 5. Distribution of time of the first alert (a) and dimension of the blind zone (b) for the grid of synthetic sources.

 
 

20 

 536 
Figure 6. CE3RN stations (yellow). Location error within 10 km (green), between 10 and 50 (orange), and larger 537 

than 50 (red). 538 
 539 
 540 

 541 
Figure 7: Same as Figure 1, but showing the correctly detected (green), missed (red), and false (blue) events. 542 
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Figure 6. CE3RN stations (yellow). Location error within 10 km

(green), between 10 and 50 km (orange), and larger than 50 km

(red).

the depth estimation, it must be kept in mind that 90 % of

the events in this region are related to a seismogenic layer

placed at a depth of about 8 km (Gruppo di lavoro MPS,

2004). The peculiar distribution of events in depth, together

with the observation that, given the Pd vs. M relationship

adopted, location discrepancies of the order of 15 km deter-

mine a magnitude error within 0.5 magnitude units, led the

depth estimation to be, for the moment, a parameter of mi-

nor importance in our experiment. Similarly to what was al-

ready observed in the Irpinia region (Satriano et al., 2011),

the hypocentral locations for the events inside the network

are generally well constrained starting from the very first es-

timates. For the events outside the network, the azimuth is

well determined, but there is typically a larger uncertainty in

the distance.

In order to quantitatively assess the EEWS performance,

we compared the EW magnitude (MEW) with the authorita-

tive one (MBULL), and we declared success (S) when MEW

falls within a±0.5 interval aroundMBULL, missed (M) when

MEW is lower than MBULL− 0.5 units, and false (F) when

MEW is higher than MBULL+ 0.5 units. Table 1 shows that

the system had 17 successful detections (70.8 %), 3 false de-

tections (12.5 %), and 4 missed events (16.7 %), of which
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Figure 7: Same as Figure 1, but showing the correctly detected (green), missed (red), and false (blue) events. 542 
 543 
 544 Figure 7. Same as Fig. 1 but showing the correctly detected (green),

missed (red), and false (blue) events.

2 were detected but with underestimated magnitude, 1 was a

MB, 5 occurred in Greece (event no. 20, http://cnt.rm.ingv.it),

and 1 was not detected (event no. 2). In general, we observed

that both the mis-detection and the wrong location and mag-

nitude estimation occurred when the events were located out

of the network, or where the latter has a lower station den-

sity (i.e. no. 16, no. 20, and no. 21, Table 1). On the con-

trary, Fig. 7 shows that when the events occur in the area of

higher station density, which also corresponds to higher seis-

mic risk areas, the estimation of EEW magnitude is generally

correct. Figure 8 shows, as an example, the good detection of

event no. 1 (Table 1) that occurred in Slovenia.

Recently, on the occasion of the M = 4.1 event that oc-

curred nearby the town of Udine, Italy (i.e. event no. 24

of 30 January 2015; Table 1), we observed that PRESTo

provided a correct location, but estimated an EW magni-

tude 0.6 units less than the authoritative one (3.5MEW,

4.1MBULL). The location being accurate, we guessed that

the discrepancy between the early warning and the bulletin

magnitude estimates might be related to the parameters of

the peak displacement (Pd) vs. M relationships. We decided

to investigate this case in more detail by using the record-

ings of this event to run an off-line PRESTo playback. In

particular, the playback was run using new parameters of the

Adv. Geosci., 40, 51–61, 2015 www.adv-geosci.net/40/51/2015/
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Table 1. Earthquake detected by PRESTo at CE3RN during the period from May to December 2014. The early warning (EW) estimates are

compared with those of the OGS-CRS bulletin (BULL; from OGS, 1995–2013). EEW performance: success (S), missed (M), false (F).

ID Date (yyyy- MBULL LonBULL LatBULL MEW LonEW LatEW MEW− Time first EEW

mm-dd) and (±0.3) (◦) (◦) (◦) (◦) MBULL info loc. perf.

time (UTC) &M (s)

1 29 May 2014 3.8 13.862 46.098 3.5 13.8511 46.0967 −0.3 10.0 S

07:24:18.63

2 2 Jun 2014 2.0 12.915 46.414 2.0 12.9662 46.4153 0 13.8 S

02:15:03.02

3 19 Jun 2014 2.6 14.114 46.137 2.8 14.1955 45.4527 0.2 15.5 S

11:26:21.40

4 24 Jun 2014 2.7 13.762 46.237 2.8 13.9952 46.6362 0.1 40.2 S

22:43:25.39

5 29 Jun 2014 2.1 12.916 46.414 1.9 12.8762 46.3952 −0.2 50.2 S

18:39:32.15

6 5 Jul 2014 1.7 13.342 46.418 1.8 13.3719 46.4447 0.1 32.8 S

15:01:14.57

7 5 Jul 2014 1.6 13.344 46.418 1.7 13.3719 46.4547 0.1 51.6 S

15:47:05.50

8 7 Jul 2014 2.8 12.206 46.001 3.1 12.3071 45.9876 0.3 14.1 S

10:50:38.87

9 20 Jul 2014 2.4 13.668 46.486 3.7 10.2293 45.0643 1.3 71.5 F

14:44:13.58

10 25 Jul 2014 1.9 12.972 46.398 1.6 12.9662 46.3952 −0.3 68.1 S

06:32:00.58

11 8 Aug 2014 2.6 12.917 46.361 3.1 12.9325 46.3502 0.5 13.2 S

12:14:16.38

12 1 Sep 2014 – – – 2.3 13.9646 46.1859 – 23.9 F

00:50:52.70

13 12 Sep 2014 2.2 13.401 46.455 2.0 13.4283 46.4495 −0.2 21.2 S

15:50:52.85

14 12 Sep 2014 2.0 13.405 46.455 2.0 13.4735 46.4694 0 57.0 S

15:53:45.06

15 18 Sep 2014 2.2 12.937 46.356 1.8 12.9325 46.3502 −0.4 11.5 S

14:24:41.45

16 5 Oct 2014 2.5 10.997 44.631 3.9 11.0858 44.6298 1.4 180.5 F

07:09:23.00

17 22 Nov 2014 1.9 13.650 46.316 2.0 13.6748 46.3382 0.1 103.9 S

03:22:35.41

18 5 Dec 2014 2.8 12.835 46.418 2.2 12.8357 46.4183 −0.6 11.5 M

09:11:36.31

19 7 Dec 2014 1.8 13.620 46.113 2.1 13.6208 46.1138 0.3 92.1 S

08:00:32.35

20 11 Dec 2014 4.9 20.444 38.478 3.7 14.5266 44.6075 −1.2 44.6 M

22:26:02.39

21 12 Dec 2014 3.5 11.146 44.866 – – – M

07:01:25.00

22 18 Jan 2015 2.9 12.890 46.335 2.7 12.8538 46.3351 −0.2 12.0 S

14:42:23.98

23 22 Jan 2015 1.7 12.838 46.408 1.3 12.8311 46.4151 −0.4 10.2 S

15:34:35.27

24 30 Jan 2015 4.1 13.148 46.391 3.5 13.1463 46.3751 −0.6 8.4 M

00:45:48.51
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Figure 8: Snapshot of the PRESTo system during the 29th May 2014 ML 3.8 Slovenian Earthquake (Event #1 546 

Table 1). 547 
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Figure 8. Snapshot of the PRESTo system during the 29 May 2014 ML= 3.8 Slovenian earthquake (event no. 1, Table 1).

Pd vs. M relationship derived from the local magnitude law

used by the INGV. Figure 9 shows that the new law provides

potentialMEW estimates in better agreement with theMBULL

(4.2MEW, 4.1MBULL). However, it is worth mentioning that

the magnitude law used by the INGV is the one computed

for the southern California region, which mostly adheres to

actual Italian data for station–hypocentre distances greater

than 100 km, whereas it overestimates the local magnitude at

closer stations (M. Di Bona, personal communication, 2015;

http://iside.rm.ingv.it). More tests on this point are needed

before drawing a conclusion.

Concerning the few wrong event characterisations, we

guess that the low magnitude of the events might have played

a major role. Indeed, small magnitudes lead to a low signal-

to-noise ratio of the recordings, which in turn makes the real-

time analysis more difficult than in the case of moderate size

events. This issue can be overcome by considering velocity

streams, a feature that we included in the newest version of

PRESTo (PRESTo 0.2.8; http://www.prestoews.org) and that

in the near future will also be adopted at CE3RN.

The time when the first EEW information on the loca-

tion and magnitude of the earthquake was available is also

reported in Table 1, as the time after the first P arrival de-

tected at a CE3RN station (Fig. 10). We observe that, in

10 cases, the EEW information is available within 15 s (the

minimum value of 8.4 s has been observed for event no. 24

of 30 January 2015), while in 13 cases the delay was larger

than 15 s (the maximum vale was 180.5 s for event no. 16

of 22 November 2014). The spatial distribution of the delays

(Fig. 10) highlights that, for EEW purposes, the reasons for

the larger telemetry delays of stations in the Slovenian sector

should be better investigated.

6 Conclusions

This work presents the preliminary results of a feasibility

study carried out with EEW platform PRESTo in the high

seismic hazard region including north-eastern Italy, Slovenia

and Austria, where the 1976 Friuli earthquake occurred.

Results from the offline analysis using the software plat-

form for EW, PRESTo, indicate that, despite the network ge-

ometry at that time being rather poor, the EEWS could have

been potentially very useful. Indeed, we estimated that the

blind-zone radius could have been of the order of 36 km, and

that municipalities located within the intensity VI and VII ar-

eas could have potentially benefited from an alert. Of course,

implementing an EEWS requires, besides these scientific as-

pects, many further issues to be taken into consideration. For

instance: the definition of actions that end users could effec-

tively put into operation within the available lead time for the

reduction of their exposure to the seismic risk; cost–benefit

analysis of the aforementioned actions; the definition, test,

and validation of the procedures which allow the implemen-

tation of these mitigation actions; a comprehensive campaign

of information on what has to be done; and, finally, a clear at-

tribution of the responsibilities.

Interestingly, we also found that, in the case of a large

event with a similar epicentre to the 1976 Friuli earthquake,
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Figure 9. Snapshot of the playback of the PRESTo system during the 30th January 2015 ML 4.1 Earthquake 552 
(Event #24 Table 1) using new parameters of the log(Pd) vs. M relationship. 553 
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Figure 9. Snapshot of the playback of the PRESTo system during the 30 January 2015 ML= 4.1 earthquake (event no. 24, Table 1) using

new parameters of the log(Pd) vs. M relationship.
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Figure 10. CE3RN stations (yellow). Delays less than 15 seconds (blue) or larger (red). 559 
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Figure 10. CE3RN stations (yellow). Delays less than 15 s (blue) or

larger (red).

the performance of the EEWS would improve, considering

the actual CE3RN network configuration. In particular, for

such a scenario, we found that three major centres in the re-

gion (i.e. Pordenone, Trieste, and Ljubljana) could fall within

isoseismal level VI (i.e. experiencing a strong ground shak-

ing) but potentially benefit from a lead time longer than 10 s.

As discussed by Goltz (2002), when the population is trained

to rapidly respond and take protective measures (e.g. duck

and cover, turn off gas burners, move away from windows or

equipment, etc.), even fewer than 10 s can help to reduce the

risk of injury from an earthquake’s secondary effects.

During the period May–December 2014, PRESTo de-

tected in real time 23 earthquakes in the magnitude range 1.7

to 4.1, of which 14 were correctly detected, while 4 and

3 events resulted in missed and false alerts, respectively. De-

spite the testing period still being too short to come up with

definitive conclusions, it seems that the EEWS given by the

integration of PRESTo and CE3RN is efficient with respect

to earthquakes that occur nearby the area with higher station

density. Nevertheless, more testing and an improvement in

the system are necessary to cope with events occurring out

of the network, and in general where it has a lower station

density. With respect to this last issue, we are evaluating to

increase the network density, including in the EEWS also sta-

tions with velocimetric sensors.

The testing period of the EEW system is carried out pri-

marily with the goal of highlighting the existence of weak

points (i.e. in the hardware, network management and analy-

sis software with respect to the seismicity of the area). In fact,

besides the specific characteristics of an EEW algorithm, the

performance of an EEW system strongly depends also on

technological issues, like for example the efficiency of the

data telemetry and the seismic noise level at the stations. For

this reason, especially these latter two aspects will be studied

in the next tests of the EEWS. Of course, the realisation of

the EEWS in the area monitored by CE3RN will be accompa-

nied by an extensive activity of communication and training,

specifically tailored for both the population and the different

stakeholders.
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Besides the standard application of EEW, the use of

PRESTo in the area surveyed by CE3RN will give a potential

benefit to local civil protection agencies. In the case of a very

strong shock, the standard monitoring network equipped with

modern BB sensors has a saturation zone that may hamper

immediate response (e.g. see Fig. 2 from Faenza et al., 2011)

in a radius of the order of 100 km. This means that the epi-

central location is available when the strongest S-wave phase

has already affected the area. On the contrary, an EEW sys-

tem may broadcast the information to civil protection centres

before the strong ground motion can cause potential failure

or hampering of the communication system. Hence, civil pro-

tection would have the information necessary to act immedi-

ately, according to the severity of the situation.

Acknowledgements. We would like to thank the Associate Editor

J. Clinton, C. Cauzzi and an anonymous reviewer for their com-

ments and suggestions that allowed us to significantly improve the

manuscript’s content and form.

This work has been partially supported by the REAKT-Strategies

and tools for Real Time Earthquake RisK ReducTion FP7 European

project funded by the European Community’s Seventh Framework

Programme (FP7/2007-2013) under grant agreement no. 282862.

Edited by: J. Clinton

Reviewed by: C. Cauzzi and two anonymous referees

References

Akkar, S. and Bommer, J. J.: Empirical prediction equations for

peak ground velocity derived from strong-motions records from

Europe and the Middle East, Bull. Seismol. Soc. Am., 97, 511–

530, 2007.

Alcik, H., Özel, O., Apaydin, N., and Erdik, M.: A study on warn-

ing algorithms for Istanbul earthquake early warning system,

Geophys. Res. Lett., 36, L00B05, doi:10.1029/2008GL036659,

2009.

Allen, R. M., Gasparini, P., Kamigaichi, O., and Böse, M.: The sta-

tus of earthquake early warning around the world: an introduc-

tory overview, Seismol. Res. Lett., 80, 682–693, 2009.

Böse, M., Ionescu, C., and Wenzel, F.: Earthquake Early Warn-

ing for Bucharest, Romania: Novel and revised scaling relations,

Geophys. Res. Lett., 34, L07302, doi:10.1029/2007GL029396,

2007.

Böse, M., Hauksson, E., Solanki, K., Kanamori, H., and Heaton,

T. H.: Real-time testing of the on-site warning algorithm in

Southern California and its performance during the July 29,

2008 Mw 5.4 Chino Hills earthquake, Geophys. Res. Lett., 36,

L00B03, doi:10.1029/2008GL036366, 2009.

Bragato, P. L., Costa, G., Gallo, A., Gosar, A., Horn, N., Lenhardt,

W., Mucciarelli, M., Pesaresi, D., Steiner, R., Suhadolc, P.,
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