First results from an earthquake early warning system inWestern Greece
with special focus on the city of Patras and the Rion Antirion bridge _
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Abstract VS alert time analysis VS total alert time analysis VS alert for S wave arrivals
The time difference between the 1ssuing of an alert and the arrival of the S wave arrival at the Rion

Patras with almost 250.000 residents is the third largest city in Greece and it is an ideal | In the ideal case only the time for P wave .data to qrrive at the ﬁpst six stations would be Analyzing the VS reports, for 2014 up to April the 8th, the average t,.. time, that VS needs to Antiri'on bridge site has also been qstimated f01.* two timg peripds. S wave arriva‘l 1s used since i.t 1S
candidate for an Earthquake Early Warning (EEW) application due to its high seismic hazard, its included in the VS-alert time (t,). In practice this time span consists of four parts a) the | [evaluate the first magnitude estimate, is ~55s (Fig.4a). more important fpr a la}‘ge construction as the Rion Antll‘l.OIl bridge and of course it reduces the bhnd
existing research infrastructure, and the presence of critical structures such as the Rion Antirion time of P wave propagation from the earthquake hypocenter to the (at least) six stations | | Fig.4b shows that in the late January early February in a period when the aftershock sequence of zone for EEW. Flg..7a 15 f(?l’ VS operation n 2013 and F%g.7b for 2014, up to Apr1.l the 8th. Adding
bridge. This bridge, completed in 2004 by the GEFYRA consortium, 1s the world’s longest multi- re.qpired. by SeisComP3, b) the telen.letry. delay, and the processing time tha? can be | |the Cephalonia earthquake occured there is a slight increase in the t,. time probably because of several.strong motion stations and fme tuning SC3 location parameters shows an Improvement by
span cable-stayed bridge, it crosses the Gulf of Corinth near Patras linking the town of Rion on the divided in c¢) the SeisComP3 processing time and d) the VS module processing time | |increase in processing time due to increased number of picks. narrowing the area where the warning arrives after the S wave arrival. We can roughly estimate an
Peloponnese to Antirion on mainland Greece. It 1s a very important infrastructure for the road Event Origin Alert time alert time of ~10s for a distance of ~150 - 200 km. | | | | |
network in central Greece since it is the only connection between Peloponnese and central * Lag + Tl a) - | o DY o - | L S S S . SV i O S 120
Greece. - _ RN S 5 ) | KRN o ). e . 100
Patras 1s located a few hundred of kilometers from the Hellenic Arc, where very strong and At At At,,. At, . 1201 s o I L Y. % e, ' e ST T §§
potentially damaging events occur. This distance 1s large enough to provide a few tens of seconds 200 o - | S — wl o i, B LTERY w0 " Y 40 o
of warning time, provided that a dense seismic network exists. Under the REAKT project the At,: P -Wave travel time to station At .: SeisComP Processing time  Time % N ] 80_' S ? | | o @
Virtual Selsmploglst (VS) software was 1nsta1.leq in Patras Selsmologlcal Laboratory.(UPAT ) as At: Telemetry delay time At : VS Processing time ™ s " g & I 2 :
an early warning system and we present here its initial evaluation. The software was installed in ol | o T SR . MRS O P 3" 39 - = [ 0 £
UPAT in May 2013 and is using broad band data from the Hellenic Unified Seismic Network and | | ol EdlTT EEETL TR L LI [ w0
strong motion data from six accelerographs installed during the first year of REAKT project. Figure 2: Analysis of delays affecting EEW . ol | LR At [ oo
During this first year of operation VS has processed a few thousand events. In general the ‘ - 201 | 36" 36 - Ed 70
software performs quite well 1n magnitude estimation (regression between officially reported Simulation of EEW performance b= & & ml) T Feb o e | | ‘ ; | Eg
magnitude and VS magnitude gives correlation coefficient equal to 0.84). Tt {sec) y : o . : ) i;g
The average time that VS needs to evqluate the first magpitué,e estimate 1s rathgr large, of the Initially a simulation of the EEW system under ideal conditions was made. The Figure 4: (a) Histogram of the t_ . .for 2014 up to April 8th, (b) mapping the time evolution of the . o o o o S = o 2 s
order of tens of seconds and not yet satisfactory for operational use of early warning. Results of assumptions made for these optimal conditions were that the seismic network stations | |+  forthe same period Figure 7: Time difference of warning arrival minus the S wave phase arrival at the Ri1o Antirio Bridge
the mitial period of early warning operation in western Greece suggest that the network density would be fully operational, and there would be no delay due to delays in data transmission | | | site. (a) shows the performance of VS during its operation in 2013 , (b) shows the same for 2014 up to
needs to be enhanced by the addition of extra stations. Nevertheless the application of early or processing. The earthquake’s depth was assumed to be at 10Km while the medium’s April the 8th.
warning in the area seems to be interesting and capable of reducing earthquake risk. velocities were fixed, that is P wave velocity 6km/s and S wave velocity 3.5km/s

respectively. « o : :
Baged on tﬁ]is the optimal times for 1ssuing a warning for an earthquake occurring 1n the Effect of data transmission Discussion
VS implementation/installation in UPAT gte;tivi)(ilrf ;ririizze; g %1?;,?2?:5?; gtv;o;c;iﬁiilgoznag i?;}?énzg?rq:si gnzi;et?;rlgsaijﬁgu; HUSN is composed of several different types of instruments and data is transmitted using a variety | | Virtual Seismologist (VS) was 1nstalled 1n the SeisComP server of UPAT 1n May

minimum of P-wave arrival at six stations are needed. The first case is the minimum | | ©f methods (e.g. satellite, GPRS, ADSL), and protocols (e.g NAQS, SCREAM, SEEDLINK). This| [2013. The software has been running without problems for a long period and

q eisg (})1;;/ égflvfr (S)?gﬁ:? ﬁislt/[i;g%llt?nAigr ﬂ;fl iilsﬁ 2?5113?2&?11835 giztgﬁézlizdpg;&z number of arrivals needed by the VS algorithm to work, while the second case is the | | ¥~ VALV delaysinthe arrival of data packets (Fig.5). produces EW reports fqr events 1ocated by SeisComP3. The overall evaluatioq of
EEW reports for events in Greece. standard minimum number of stations required by SeisComP3 system in order to s — 3 — LT — — the process 1s positive, 1.€. magnitudes are very close to reported ones and warning
i ——y | | produce a location that will be used by the VS implementation for this system. J craoms i) 3 . (anomericSulie/ NA0S) | 3 I e OIS e time for S-waves is of the order of ten seconds for events at a distance of ~200km.
| | | | o s e Fig. 3a,b created by the above calculations show that an average value of 10-15sec for the Accordine to evaluation of EEW performance bv the Rion-Antitrion bridee
The SeisComP server in UPAT acquires R-squared = 0 84 " initial possible alert time can be estimated for events 1in the Western Greece area show | N S V “ P M . &
data from the Hellenic Unified Seismic o | | | | | (using six stations). While for Central Greece were the station density is higher the alert : BT S L e L1 SR personel, the main advan?ages of the system are a) GOOOd correlation between ,the VS
Network (HUSN) and from strong motion time has an average value of 5sec. It is also clear that in the case of the four stations ®.c0. o g B R T R 7 T T T T AT T output and the data provided by the Geodynamic Institute ot Athens regarding the
stations available to UPAT. In Fig.1 we ' minimum requirement, the possible alert time is reduced by an average value of ~4-6sec. g RIS, carthquake magnitude and b) there 1s a fare amount of warning time for S arrival
compare the magnitudes published by GI- pLiave 1 [86d] to 4 atations (skisting W) P-wave tt [sec] to 6 stations (existing NW) | | Figure 5: Delay of data packets due to telemetry for 2014 up to April 8th for three selected stations| | {from events located in the Greek subduction zone.
NQA to those produce.d by the Virtual ; | presented as histograms of delay time, (top) and delays vs time for the same period.
Seismologist (VS) running at UPAL The 54 2 . == . T . The main problem identified up to now is the uninterrupted operation of the network
two datasets are satisfactorily in agreement Analyzing the telemetry delays, for the | = . . . .
and show the potential of V'S to be used as a = | |HUSN network shows that these depend - . and the Increase of the gvallable strong mqtlon data. Our efforts for theonext year will
reliable EEW system. It can be seen || | highly on digitizer configuration and used | be focussed 1n providing faster information to the end user (User Display), 1n the
however, even though there are limited data telemetry method and can on average . : _ || addition of strong motion stations and changes in SC acquisition process.
points at magnitudes above M>5, that VS : 10 exceed 10 sec. This 1s a major drawback for | | N AN INT T 171 N\ -
as currently configured slightly 5 an EEW system implementation. A Mt YA [ N =1 Ackn owledgments
overestimates the magnitudes 1n this Data transmission is currently not tailored ¢ | % L | |
magnitude range. | | to EEW purposes, that needs a high . | T4 & ’ | I This work has been financially supported by the REAKT project
| 2 3 - : : r quality low delay system with fine tuned .
GI-NOA parameters such as packet length, | (http://www.reaktproject.eu/). Yannik Behr, Carlo Cauzzi, John Clinton, Georgla

Figure 1: Comparison of GI-NOA and VS magnitudes. Figure 3: Simulation of possible event alert time a) using four stations b) using six probably at the expense of bandwidth Flgure 6: Mean delay of data packets Y\ 16 forselected | | Cuaand the ETH/SED statt provided valuable help on VS and Sc3
stations, as the minimum number of stations needed for initial location. usage tations
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