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System of Earthquakes Alert (SEA) in the Romania-Bulgaria cross border region
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Among the many kinds of natural and man-made disasters, earthquakes dominate with regard to their social and economical impact
on the urban environment. The prevention of the natural disasters and the performing management of reactions to crisis are common
problems for many countries. The main objective of this study is to present the integrated warning system that was designed and put in
operation in the Romania-Bulgaria cross-border area in the framework of DACEA (Danube Cross-border System for Earthquake Alert)
project. The main goals of the implemented system are: monitoring of the seismogenic areas relevant for the cross-border area, in order
to detect moderate to strong earthquakes and sending the seismic warning signals within seconds to the local public authorities in the

cross-border area.
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INTRODUCTION

The cross-border region encompassing northern
Bulgaria and southern Romania is a territory prone to
effects of strong earthquakes. Romania and Bulgaria,
situated in the Balkan Region as a part of the Alpine-
Himalayan seismic belt are characterized by high
seismicity, and are exposed to a high seismic risk.
Over the centuries, the two countries experienced
strong earthquakes. The considered cross-border re-
gion is significantly affected by earthquakes occurred
in both territories on the one-hand, Vrancea seismic
source (in Romania), with intermediate-depth events
and on the other hand, crustal seismicity recorded in
the northern part of Bulgaria (in seismic sources: Sh-
abla, Dulovo, Gorna Orjahovitza).

The spatial pattern of seismicity in the cross bor-
der region and adjacent areas is shown in Fig. 1.

The Vrancea seismogenic zone in Romania is
a very peculiar seismic source, often described as
unique in the world, and it represents a major con-
cern for most of the northern part of Bulgaria as well.
Situated at distances larger than 200 km from the
Vrancea zone, several cities in the northern Bulgaria
suffered many damages due to high energy Vrancea
intermediate-depth earthquakes; the March 4, 1977
event (M,,7.2) caused partial or total damages to 8470
buildings, and 125 casualties on the territory of Bul-
garia (as illustrated in Fig. 2).

* To whom all correspondence should be sent:

Idimitrova@geophys.bas.bg

2°E 2'E M E 25°E 26°E 2T'E 28 E 29°E
o o o 0 4.0 <=M<5.0
O 5.0<=M<6.0
O s0<=met0
o SE * 7.0<=M
o q 46°N

Osd 88

T
2°E 23°E 24

Fig. 1. Spatial distribution of seismicity (historical and in-
strumental M,, > 4.0) in Romania-Bulgaria cross-border
region.

DACEA PROJECT

The project DACEA is implemented in the frame-
work of the Romania—Bulgaria Cross Border Coop-
eration Programme (2007-2013), co-financed by the
European Union through the European Regional De-
velopment Fund, the Bulgarian and Romanian Gov-
ernments and the 5 project partners. DACEA project
general objective is to develop a cross-border system
for Earthquake alerts in order to prevent the natural
disasters caused by those events in the cross-border
area, taking into account the nuclear power plants and
other high risk facilities located along the Danube on
the territories of Romania and Bulgaria. The most
important factor for a rapid action after a destructive
earthquake is the real-time communication with the
seismic sensors in the closer epicenter area and with
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Fig. 2. The 1977 Vrancea earthquake effects on the territory of Bulgaria (modified from [1]).

dense station networks towards and within vul-
nerable cities and industrial plants. This will pro-
vide fast and reliable information for the near real-
time hypocenter determination and the automated
construction of Shake maps of the ground motions.
A fast overview of an anticipated damage pattern
will then be possible using this information. The
project Danube Cross-border System for Earthquake
Alert (DACEA) contributes significantly to these
challenges.

As a principal strategic view, the first part of the
project was focused on updating and integrating the
current databases available at the two countries re-
lated to geological, seismological and tectonic in-
formation and on integration of computation proce-
dures and techniques. A database for integration of
the detailed information that was compiled for the
Romania-Bulgaria Cross-border region is designed
and implemented. Model of the compiled Data Base
(DB) as a UML diagram is presented in Fig. 3.

The second part of the project activities was
connected with the seismic hazard assessment for
Romania-Bulgaria cross-border region on the basis of
integrated basic geo-datasets. The hazard estimates
are to be considered as a crucial phase of the risk

management cycle associated with hazards (mitiga-
tion and preparedness, early warning, response, and
recovery). The MSK64 intensity is used as output
parameter for the hazard maps. A particular advan-
tage of using intensities is that the very irregular pat-
tern of the attenuation field of the Vrancea intermedi-
ate depth earthquakes (for example, as it is illustrated
in [2]) can be estimated from detailed macroseismic
observations that are available (in both countries) for
the study region. The seismic hazard analysis was
performed by carrying out the following steps: anal-
ysis of the seismic, geophysical and geological fea-
tures; compilation of the seismic source model; haz-
ard assessment for the target region; and producing of
the hazard maps. The hazard results (presented in [3])
are obtained by applying two alternative approaches -
probabilistic and deterministic. The probabilistic haz-
ard map in intensity scale for return period of 475
(probability of exceedance of 10% in 50 years) is pre-
sented in Fig. 4.

The seismic hazard for a return period of 475
years (Fig. 4) displays nearly the same intensity level
as previous hazard estimates (for example, presented
in [2], [4], [5]) that were obtained using different ap-
proaches to simulate the observed attenuation field
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Fig. 3. Data Base model.

(for both shallow and subcrustal events), and source  Bulland [6] was applied to evaluate ambient seismic

models mainly based on the spatial distribution of the
seismicity. At the third step of the DACEA project -
the most appropriate station sites were selected and
studied - low level of noise was the most important
requirement (Fig. 5). The method of McNamara and
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noise at the potential sites. This method has been used
for evaluation of the seismic noise and estimation of
the performance of the broadband seismic stations
belonging to Bulgarian national seismic network [7].
The advantage of the method is that there is no need
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Fig. 4. Seismic hazard map for the cross-boarder region for 475 years return period (modified from [3]).
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Fig. 5. Ambient seismic noise at the selected sites.
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Fig. 6. Configuration and equipment of SEA on the territory of Bulgaria.

to filter data from earthquakes, gaps, spikes, calibra-
tions pulses etc. Such kind of signals has low-level of
occurrence while ambient noise reveals itself as a sig-
nal with high probability occurrence. The total power
spectral density (PSD) is given by the following ex-
pression:

Po=" Y [, (1)

N
where Y}, is the square of the amplitude spectrum with
a normalization factor of 2Az /N, At is the sample in-
terval, N is the number of samples in a time series
segment and k = 1,2,....,N — 1. The seismic noise is
measured in respect to the ground acceleration. The
PSD of the noise is also displayed against the ground
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acceleration. The equation of the PSD in unit of dB is

PSD = 10log,(m* /sec*) /Hz|dB] (2)

SYSTEM OF EARTHQUAKES ALERT (SEA)

The installed System of Earthquakes Alert (SEA)
involves 8 seismic stations and 8 earthquake alert sys-
tems on the territory of Northern Bulgaria. Configu-
ration and equipment of the stations and earthquake
alert systems is presented in Fig. 6.

The installation and maintenance, as well as the
data-processing are performed in close cooperation
with the leading partner — National Institute for Earth
Physics (NIEP), Bucharest, Romania. The aim of
the installed system is to provide an early warning
alert and a rapid damage assessment to the emer-
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Fig. 7. Response time for several sites on the territory of Bulgaria after Vrancea earthquake.

gency management agencies immediately after a ma-
jor seismic event. The system performs P-waves ar-
rival detection and, once an event has been detected,
it first provides location and magnitude estimations.
The earthquake location is obtained through real-time
probabilistic approach based on an equal differen-
tial time formulation that uses information from both
triggered and not-yet-triggered stations. The earth-
quake magnitude is estimated exploiting its empirical
correlation with the peak displacement measured on
the first 2-4s of P-waves. All estimates are provided
as probability density functions, with an uncertainty
that typically decreases with time, and can be sent as
alarm messages that can reach the vulnerable struc-
tures before the arrival of destructive S-waves. Fig. 7
shows the response time (for several sites on the ter-
ritory of Bulgaria) after Vrancea earthquake.

Finally, SEA centers were established both in
Sofia (in National Institute of Geophysics, Geodesy
and Geography) and Bucharest (in National Insti-
tute of Research and Development for Earth Physics,

NIEP). Real time data transfer (via internet) from sta-
tions to SEA centers is implemented. Both centers
are equipped with servers for data analyses and stor-
age. Specialized software for elaboration of scenarios
of seismic hazard is designed and implemented. The
software is designed on the base of the compiled data
base of historical and contemporary seismicity in the
cross-border region. The output shake maps and sce-
narios are to be used by the emergency intervention
units, local public authorities and for general public
awareness.

REFERENCES

[1] D. Solakov, (Ed.), Project report: “’Microseismic
zoning of Bulgaria according to EC8”, Sofia, Geo-
physical Inst., BAS, p. 205, (2007).

[2] G. Leydecker, H. Busche, K. P. Bonjer, T. Schmitt,
D. Kaiser, S. Simeonova, D. Solakov, and L. Arde-
leanu, Nat.Hazards Earth Syst. Sci., 8, 1431-1439,
(2008).

395



L. Dimitrova, D. Solakov, S. Simeonova, 1. Aleksandrova: System of Earthquakes Alert (SEA) in the Romania-Bulgaria cross border region

[3] D. Solakov, S. Simeonova, L. Ardeleanu, I. Alexan- T. Schmitt and D. Kaiser, Nat. Hazards Earth Syst.
drova, P. Trifonova, C. Cioflan, Com. Rend. de Sci., 6, 881-887, (2006).
L’Acad. Bulg. des Sci., accepted, (2014).

[4] L. Ardeleanu, G. Leydecker, H. Busche, T. Schmitt, [6] E. McNamara and P. Buland, BSSA, 94, 1517-1527,

and D. Kaiser, Nat. Hazards Earth Syst. Sci., 5, 679- (2004).
684, (2005). [7] L. Dimitrova, S. Nikolova, Bulgarian Geophysical
[5] S. Simeonova, D. Solakov, G. Leydecker, H. Busche, Journal, Vol. 37, pp. 48-61, (2011)

CHICTEMA 3A PAHHO OTIOBECTSBAHE HA 3EMETPECEHUS B TPAHC-TPAHUYHVS PAMOH
PYMBHUA-BBIITAPUSA

JI. Iumutpoga, [I. Conakos, C. CumeoHoBa, . AnekcaHapoBa

Hayuoranen uncmumym no 2eousuxa, 2eodesus u zeozpapus, Benzapcka akademus Ha HAyKume,
yn. “Akad. I. Bonues” 6n.3, 1113 Cous, Benzapus

(Pe3tome)

B cem3sMm4HO aKTMBHMTE paliOHM Ha IUIaHeTaTa, BKAUMUTETHO M B bbarapus, 3eMeTpeceHMsTa U MOCIEACTBYSTA OT TSIX Ca Hall-
Katacrpodanuute npupogHu 6excteus. OGSICHEHMETO e B crielMduKaTa Ha SIBJIEHMEeTO 3eMeTpeceHe — KPaTKOTPAHO M CYITHO Bb3-
JleliCTBYE C U3K/IIOUMTETHO He XyMaHHM ITOC/Ie/ICTBYS BbPXY 3HAUMTEeTHY 110 IJIoL, TepuTopuu. IlociecTBMsTa ca USKIIOUUTETHO TEXKI
0c06€eHO, KOraTo B 3aCETHATUTE PajlOHM Ca CbCPEIOTOYEHM TOJIeMM YOBEIIKY ¥ MaTepuaaHM pecypcu. [IpeBaHTUMBHNUTE MEPKHU I10 OT-
HOIIEHME Ha IPUPOSHMTE GeICTBIUS U YIIPAaBIEeHMETO Ha IefHOCTUTE 110 BpeMe Ha Kpu3u ca miobasieH mpobiem. [IpoekTsT “IlyHaBcKa
TpaHC rpaHMYHA CUCTEMA 3a PAHHO OmMoBecTsBaHe Ha 3emeTrpecennsi” (Danube Cross-border System for Earthquake Alert (DACEA)),
peanu3upaH B pamKkuTe Ha [Iporpamara 3a TpaHC 'PaHMYHO CbTPyAHMUYECTBO Mexay PymbHus u boarapus (2010-2013), npemocrasst
BB3MOXXHOCT 3a HaMaJIsiBaHe Ha MOC/IeICTBUSITA OT CUJIHU 3eMeTpeceHNsl.

Tepuropunte Ha PymbHMS 1 Bbarapus, KaTo 4acT oT Anno-Xumanaickusl ceM3sMuYeH I0sIC, ce XapaKTepusmupar C BUCOKa Ceu3-
MWYHOCT. JIBeTe IbpskaBy Ca M3T0KeHM Ha BUCOK Ceu3MM4eH PUCK. TpaHC-TpaHMYHMAT PerMoH, BKIOYBAlL I0)kKHa PymbHMS 1 ceBep-
Ha Bbarapus, e roanosxkeH Ha Bb3A€ICTBMETO OT CEM3MUYHY U3TOUHMULIM, Pa3IoNokeHM Ha PyMmbHCKa TepUTOPMS], KAKBOTO € OTHUIILEe
BpaHua, Taka M Ha Te3¥ HaMUpallK ce Ha TepuTopusita Ha bearapus — [Iynoso, [lla6na, [opHa OpsixoBuila. B M3mbiHeHNe Ha TPOEKTA B
TpaHC-TPaHVYHVS PaViOH e 3rpaZieHa CbBMeCTHa Mpeska OT e JHOTUITHY CeM3MMYHM CTaHLIMM C peaJHO BpeMeBa Bpb3Ka C LIeHTPOBeTe 3a
06paboTKa Ha cen3MoornyHaTa MHbopMauus. PeasHo BpeMeBaTa KOMYHMKALMS € BaKeH (HaKkTop, KOMTO B TOIsIMA CTEIEH BIIMsIe BbP-
Xy 6bp3MHATA Ha Peakuus cjie CIHK 3eMeTpeceHus. OcurypsiBa ce 6bp3a U HafeXXgHa MHGOPMAIVS 32 MECTOIIONIOKEHUETO U CUIaTa
Ha 3eMeTpeceHNsITa, aBTOMATIYHO ChCTaBsSIHEe Ha KapTH Ha ChTPECSIeMOCT ¥ OLleHKa Ha Bb3MOKHUTE Pa3pyLIeHMs U YOBEIIKM 3aryou.
Ta3u nudopmauyst Moxe fa ce M3rnoa3Bat ot 3seHara Ha [l [IB3H u MecTHUTe aAMUHUCTpALMY, 32 MIpeJIpyieMaHe Ha HeOOX0OUMMUTe
MePKM 32 3all/Ta Ha HaceJeHMeTO ¥ HaMa/IsIBaHe Ha MOCIefCTBUSITA OT 3eMeTpeCeHNeTo.

VsrpameHu ca gBa cem3amMuuHu 1eHTbpa — B Codus (B HaumoHaneH MHCTUTYT 1o reodusuka, reogesus u reorpacdus koM BAH) u B
Bykypern (B HaimoHaaHust MHCTUTYT 1o ¢pm3uKa Ha 3emsiTa). [IBaTa IeHTbpa ca 060pyIBaHM CbC CbPBBPYM 32 aHAIN3 U CbXPaHEeHMe Ha
IaHHNUTe. Pa3paboTeH 1 MHCTAIMPAH e crenuanu3upaH copryep 3a M3rOTBSIHE Ha KapTu Ha chTpecsieMocT. CobTyepsT e pa3paboTeH Ha
6asaTa Ha Gorara 6a3a JaHHU OT UCTOPMUECKY U CbBpEMEeHHM 3eMeTpeceHs], pealn3ypaHy B TPaHC-TPAaHUYHITE TEPUTOPUNL.
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