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Abstract A primary objective of the national seismic network operated by the
National Institute for Earth Physics &ucharestis the monitoing of the seismic
activity onthe territory of RomaniaAs a result ofa considerable féort carried out
during the past yearsnainly since 2008the network consists at present oi8l
permanentigital stationsi 99 stations withreal timedata transmisen and 19 off

line stationsi distributed over the wholeerritory of the countryThe goal of this
study is toevaluate theontribution of theon-line networkstations to tB monitoring

of the local normal deptkeismidty. During the periodJanuary 1, 20®1 June 30,
2013,5933 eventswith depth < 60 km antbcal magnitude MO  1i .e@hquakes
and quarry blast$ have beerlocalized within the Romanian borders, or in their
immediate vicinity, using thdataof the nationahetwork To estimate theffectivity

of the individual statioswe takeinto consideratiorthe fraction of eventtocalized
using the station recordsompared to the total number of events of the catalogue,
which occurred during thBme of station operatioyy andthe location ofthe station

site with respect to theshallow depthseismic sources.The analysis provides a
measure of theverall network performance regarding the monitoriofgthe local
seismic activityand allows us tguantify the value of the individual stations ftire
localization ofthe seismic eventsn the territory of Romaniathis information is
crucialfor decisions regarding the effectiveness increasing and future development of
thenationalnetwork.

Key words Romanian seismic networkeal time seismic station;ormal depth
seismic events, network performance, seismic station effectiveness.

1. INTRODUCTION

The continuous monitoring of theeismic activity on the entire national
territory is a primary objective of theseismic network operated by the National
Institute for Earth Physics &ucharest

The considerable effortarried outduringthe past years, mainly since 2008,
in order toupgradeanddevelopthe network Table 1),resulted in118 permanent
digital stationsin operation at present, distributesgter the whole territory of the
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countryi 99 stations withreal timedata transmisen and 19 offline stationsAll
stationsare equippedwith 3-component accelerometerghile most ofthe on-line
stationscomprisein additionvelocity sensorsDetailedinformation oninstruments,
as well asdata transmissn, acquisition and processingfemare is given in [5]
and [6]
Apart from the source of strongntermediate deptlearthquakedocatedat
the bend ofEastern Carpathianseveral seismogeniareasof local importancdor
the seismic hazard are also present in the crust, in weést€rn i iKkManraa mur e K ,
Banat, Danubi an zoh€®Mmpulceemg rabne ,FLgbLangy!l
depression) anceasternRo mani a (Vrancea nor mal depth Z
Predobrogean depressioristramoesian Fallt Descriptiors of these shallow
depth sourcel boundaries, seismicity characteristicare given in several studies
(e.q.[1, 2, 3,4)).

Tablel
Therecent development of tHRomanian seismic network

Digital stations | Real time stations| Off-line stations
Stations in opration at present 118 99 19
Stations installed/ upgrade

during the period 2002013 98 9 19

The goal of oumwork is to evaluate thgerformance of the network, in its
present configuration, regarding the monitoring of Hegsmic activity on the
territory of Romania.In this second part of the analysige examine the
contribution of theonline stations in operation at January 1, 2013, to the
localization of thenormal depthseismic events which occurreldiring the period
January 1, 2008 June 302013.

During thestudytime interval 5933 eventswith depth < 60 km antbcal
magnitude M O 1 e&thquakes and quarry blasthave beenocalizedwithin
the Romanian borders, or in thémmediate vicinity (ROMPLUS earthquake
catalogue T], updated); 853 events occurred in 2008, 830 events in 2009, 1044
events in 2010, 258 events in 20111231 events in 2012, and 7X¥vents during
the first 6 months of 2013. The locations of theeats were computed by
HYPOPLUS prograni8], usinganaveragevelocity model for the lithodpere[7].

Figure 1 displays the space distribuin of the eventsMore than 60%of
themare located within th@ppermostlO km, while less than 5%exhibit depths
greater than 30 knThe largest earthglia occurred offshorébeneath thdottom
of theBlack Seaon May 7, 2008, and had local magnitude 5.7.

The histogranof magitudes(Fig. 2) shows that most of the localized events
are weak, with Min the range 1.9 t@.6; only about 3% of them are stronger than
ML =3.0.

The presence of quarry and mine blasts imtit®nalcatalogue prevents us to
estimatets presentdaycompleteness magnitude for the normal depiemicity
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2. ANALYSIS OF STATION RELIABILITY

The performance of thiedividual stations is estimatelly using as criterion
the fraction of events that are |dicad with the stationdata(compared to the total
number of events of the catalogue, which occurred duringtithe of station
operation. Since he space distribution ahe seismic events within the study area
is stronglynon-uniform, the location of the station site with respect to gshallow
depth sarce zones is also taken into accounin the evaluation ofstation
effectiveness

The analysisrevealsthat most of the new installed stations improved their
performance after the first months of operation; also, sewttadtationsshowa
noticeable inease of theirreliability during the investigated period.oF the
stations exhibiting significanraise of their effectivenessheir highest recovery
rates (of reliable datai P- and Swave arrival timesused inseismic event
localizations)have beemakeninto consideration
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Fig. 17 The normal depth events localized durthg studytime period;up i location of epicenters:
grey dots’ eventswith 1.20M < 3.0, black dotg' eventswith 3 . M ©O4.0, stard events
with M O  4dovihj the histogram of event depths.
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Theresults argresented belown detail.

The locationof the on-line stationsequiptwith velocity sensorsn operation
at Januanyl, 2013 is shownin Fig. 3. hformation on their instidtion date and
presentday instruments igivenin [9].
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Fig. 2 Histogram ofeventmagnitudesupi all eventsdowni eventswithM_ O 3. 0.
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For each statiorwe display the fraction of events with local magnitude
greater or equal to a specified valtleat have ben localized using the station
records to account for the prominemonuniformspace distribution of the seismic
sources, the recovery rates of the events with epicentral distances less than 100 km,
200 km and 3001k, respectivelyare displayddistinctly. It should be stressed that
these recovery rates are not of the same statistical value, because the total number
of events localized within the selected distance ranges differ considerably from
station tostation(from severakens to severdiundreds

2.1 THE STATIONS FROM WESTERN AND CENTRAL ROMANIA

The performance f the real time stations from Me
northwestern Romanias presented in Figd.
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Fig. 41 The seismic stations froMa r a mu r e Kk Tathettactionmof exeats veithocal
magnitude greater or equaldcspecified valughathave beerocalized using the station records
The recovery rates of the events with epicentral distdesseghan 100 km, 200 km and 300,km
respectivelyaredisplayeddistincty; thenumber & eventswithin eachepicentral distanceainge

that have beelocalizedby usng the statiordata is given in bracketSThe vertical thick lineshows
the magnitude of the weakest eviatalized withthe statiordata.Thediagrans arerepresentative
for theindicatedtime intervalgthetime periodswhen the stationseachedher highest
performancg

The stationsi @ andMBMRa nshow eatably different
reliabilities Since its installation in 2011CE| station has beenused to the
localizaton of no more thar8 shallow depthseismicevents(all occurredduring
2013; two of them are moderatgzed (M| = 4.0, andM_ = 3.9, respectively), and
have epientral distances larger than 200 kB85 and 230 km, respectively), the
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smalestone has lodamagnitude 2.7 and epicentral distance 160 km. We notice
that during thetime of station operationno eventlarger thanM, = 2.7 has been
localizedwithin a radius of100 km from the stationlikewise, only 2 events with
M. O 3M,0= 3.0 andM, = 3.1, respectivelyhave been localizedithin the
epicentraldistance range 10200 km On the other handBMR stationi which
reached the highest recovery rateghe period 201220137 is reliable for the
events with local magnideO 2. 8 whi c kent@lcdistances keds thanp i
200km (alove 80% recovery rates), as well astfor events wittM, O  2ocaed
at epicentral distanse< 300 km (recovery rates greater th&®6); however the
station exhibitgathermodestresits for magnitudes belowl, = 2.4, even for the
nearessources

Significantly highereffectivenessis attainedby the st ati aas of
DRGR achieved90% recovery rateof the eventswvith local magnitude greater or
equal tol.3 (the lowest magnituden the cataloguejocalized within a rdius of
200 km from the statiorgndover 60% recovery rateof the events witiM, 01.3
and epicentral distance < 3@t. SIRRis reliablefor the weakesseismicsources
from the catalogue, situatedoser than 100 knfabove65% recoveryrate of the
eventswith M, O 1durhg the period 201®013, and alsdfor the events with
local magnitude greater or equal2@, located aepicentral distaneaip to 200 km
(recovery rategxceedingg0%).

The resultsof the online stations from Banat, southestern Romaniaare
shown in kg. 5.

TIM and BANR stationsare less effectivaeliable for the close sources
I distances < 100 krm only for magnitudesM, = 2.9 andabove(recovery rates
higher than 69%)For the eveis with epicentral distanse< 200 km BANR is
reliable forlocal magnitudesd  Jrecdvery rates greater than 65%hile TIM
only for ma(ecovety take>60y0 3. 3

GZR, HERR, MDVR and BZS stations are all four effective for the near
events, even for the lowest magnitudes of the catalogue (over 65% recovery rates
of the sources with epicentral distances < 100 km). For the events located at
distances < 200 km, MDVR and BZS stations are also reliable for the lowest
magnitudes, while GZR and HERR reached recovery rates >s608ty for local
magnitudes 2.3 and largefhe best results are achieved by BZS: over 90%
recovery rate of theeventswith. O 1. 5 and epicentr al di
65%recoveryrateofthesourcesvmmO 1.3 | ocated within

The performance of the stations from Transilvania, cerRamania,is
shown in Fig. 6.

We not thatSIBR and TNR stationarenot considered in thianalysis due
to thedata transmission problethey were constantly faced witlluring the study
time interval [9].

stance
a radi



838 L. Ardeleanu, C. Neagoe 7

e d <200 km (Nev=64 e d <200 km (Nev=164 e d <200 km (Nev=601 e d <200 km (Nev=1833
x d < 300 km (Nev=66 x d <300 km (Nev=173 x d < 300 km (Nev=738 x d <300 km (Nev=1998

*d <100 km §Nev=47§ * d <100 km %Nev=106§ *d <100 km gNev=177€ +d <100 km iNev-GQS)
(Nev=2061)

10 =

+ all events
1 00

-
o

o 10 y =
X
_ 90 7y _ 90 . _ O 90 3
L8 * < 80 < 80 804 X -H-
§7 g 70— G 70 3 7ot !
'y =4 o
G 60 S S 60 3 g 60— o 60 i
g 50 . 85 4 D5 X 2 50 oy
c 40 X 2 4 SR S 4ol I
8 % * B o 8 S o
> 3
£ 20 e B oo ; £ 2
1 Iy 10’ﬂ"’ 10 10
0 0 o 0
1.0 2.0 3.0 40 50 1.0 2.0 3.0 40 5.0 1.0 2.0 3.0 40 5.0 1.0 20 3.0 40 5.0
M M M M
2008-2013 2008-2013 2010-2013 2008-2013
TIM station BANR station MDVR station BZS station
* d <100 km (Nev=152 * d < 100 km (Nev=717)
© d <200 km (Nev=362 o d <200 km Nev=1458;
xod <300 km (Nev=377 :Od < 300 km (Nev=1599
1
90 90 <
LY
= 80 2 80 oF
@ 70 = @ 70 %
& 604 56
E 50.J§¥ E 5 =] X
5 x 5 X
c 40—h c 40
S oo™ S
g 3 g 30
£ 2 E 2
10 10
0 0
1.0 2.0 3.0 40 50 1.0 2.0 30 40 50
M M
2011-2013 2008-2013
HERR station GZR station

Fig. 57 The seismic stations froBanat For details see the caption of Fig. 4.

The remaining statiorfsom Translvaniaexhibit also rather modest results.
The less effective one is MDB, witlecovery rates above 60% only for the

sourceswittM, O 3. 0 | ocat ed wi tfron the statioframddor us o f 100
the earthquakeswitl,. O 3. 7 occurr ed agto2e0kin.central di st a
DEV (during 20122013), CJR (during 201@013) and ARCR (during
2017 2013) arereliable for the events withW, = 2.7 2.8 and stronger (over 60%
recovery rates), in botkpicentral distance range$ 10 km and 0200 km.
Likewise, OZUR station (during 2012013) is reliable for the near sources
with local magnitud® 2. 6, and f MrO t2h.e7etcatdistamtest wi t h
< 200 km.
Better results are displayed by DOPR station, but only for the close é&vents
61% recovery rate of the sourceswh O 2. 4 and epicentr al di st a
100 kmi while for the sources located within a radius of 200 kmffecgveness
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is similar to that of DEV, CJR, ARCR and OZURrecovery rate above 60% for

the events with8 | ocal magnitude O 2.
+ d < 100 km (Nev=99) + d < 100 km (Nev=220 +d <100 km Nev=33g + d <100 km (Nev=78)
e d <200 km Nev=154; o d <200 km (Nev=512 e d <200 km (Nev=90 e d <200 km Nev=142;
x d < 300 km (Nev=163 x d < 300 km (Nev=552 x d < 300 km (Nev=123)  x d <300 km (Nev=156
10 3o 10 10 . 10 -
L. x
90 = %o - 9 o~ : 90, -
°\° o & 8 X ;\? 80 XX o\° 80 P
@ 2 B X ~ <
27 $ a7 3 27 X 5 70 ! =
g 6 g 60) 2 g 6 e S 60 =
3 50 # kS 50———% 35 3 50 ha.
S 4 & S 40l S 40— B ox
c c [ ot
S » S S X 5 B
8 30 g 3 - g 3 : 3 $
£ 20 £ 20 £ 20 . 82
104 i 10 [ 10# 10-#‘
0 0 0 0
1.0 2.0 3.0 4.0 5.0 1.0 20 30 40 5.0 10 2.0 3.0 40 5.0 1.0 2.0 3.0 40 5.0
M M M M
2012-2013 2010-2013 2011-2013 2008-2013
DEV station CJR station ARCR station MDB station
+ d <100 km (Nev=37 *d <100 km Nev=614§ * d < 100 km (Nev=44
e d <200 km (Nev=50 e d < 200 km (Nev=994 e d <200 km (Nev=85
x d < 300 km (Nev=55 x d < 300 km (Nev=1048)  x d < 300 km Nev—88
10 P 10 1 10
90, . 90 9 *
< - 38 :Hf 3 80
% 70 % 70 % 70
8 = L 2
56 ol 56 ,’:‘ 56 X
E’ 5 o E 5 A 8 5 *
S4 29 O 40| ome_« S a0l
5 & S S B
'Q 301 ‘ fé 307wt § 30] 1 3‘
&= 2 & &= 20 £ 20—
10# 1 10#‘
0 0 0
1.0 2.0 3.0 4.0 5.0 1.0 2.0 3.0 40 5.0 1.0 2.0 3.0 4.0 5.0
M M M
2012-2013 2008-2013 2012-2013
JOSR station DOPR station OZUR station

Fig. 61 The seismic stations froffransilvaniaFor details see the caption of Fig. 4.

On the contrary, JOSR station display@mparable results with DEV, CJR
ARCR and OZURfor the sources situated at distances < 100" k1% recovery
rate ofthe events withM, O 2. 7, di20131nbgt it & Oadtickablyless

effective in the distance rang@ 200 kmi above 60% recovery raenly for the
events withM, O 3. 1.

2.2. THE STATIONS FROM SOUTHERN ROMANIA

Figure7 presents the results tietreal time stations from western Muntenia
We notice thathe recentlyinstalledBAIL and COPAstatiors havenot been
usedyetin the localizabn of any crustal evenBoth stations are situated in zones
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with low seismicityi no shalloweventhas been localizedoser than 95 km from
the stationsduring their time of operatiorNeverthelessa moderate sizerustal
earthquakewith local magnitude 4.0 occurred atLl80 km from BAIL andl165 km
from COPA,; also anormal depthearthquakewith M| = 3.6 occurred at 120 km
from BAIL.

The contribution of RMVG statiois alsovery poor. Since its installation in
2009,RMVG has beerused to the localizatioof only 3 shallow depthseismic
sources two eventsin 2010 M, = 3.2, at 95 km epicentral distance, and M
= 4.0, at 55 km epicentral distance, respectiyelgnd one eventin 2011 (M =
2.5, at95 km epicentral distange

Among the remaining stamns, VLAD, CRAR, ZIMR, RMGR and GOLR
displayalsomodest results.

VLAD, ZIMR and CRAR stations arelso placed in zones with low
seismicity. No seismic eveltas beetocalizedcloser than 130 km from VLAD
during the time of station operatio@milarly, no event lasbeenlocalized within
a radius of 60 knfrom ZIMR, andonly 2 weakevents /. = 2.5 and M = 2.4,
respectively have beerocalized at epicentral distances smaller than 6Grkm
CRAR. In fact, both ZIMR and CRARstationscontributed to théocalization of
no more than5 crustalseismicsourcesin the distance rangei 000 km. For
epicentral distances up to 200 kWi, AD is effective forthe eventswith M_ =
= 3.0andstronger(recovery rates above 658tiring 2013, while CRAR (during
2010 2013) and ZIMR are reliableonly for magnitudesM, = 3.3 and above
(recovery rates slightly below 70%

Due to their location in the vicinitgf sesmically active aregsRMGR and
GOLR stations displagonsiderablyhighereffectivenesgshan VLAD, ZIMR and
CRAR, in the epicentral distance rangé&l100: RMGR exhibits 67% recovery
rate ofthe events withM, O  3(dufing 20082011), and GOLR shows 72%
recovery rate ofhe sourceswith M, O 03during 20122013. Neverthelessin
the distance rangei@00 km the reliability of GOLR is comparableto that of
ZIMR and CRARstationsi recovery rates above 60far the events with local
magnitude greater or equal to 312 while the usefulnessof RMGR is
significantly lower its reliability decreasingtrongly for seismic sourcesvith
local magnitude belo\8.7.

The station®UNG, HUMR (during 20112013) MTUR and SRE (during
2010 2013) achievedsimilar performance in the localization ofthe normal
depth events with epicentral distargdess than 100 km Recovery rates
exceethg 60% are reached biPUNG andHUMR for the events withM_ O 2.6
and bySRE and MTURfor the events withM, O 2 we7note the rather high
recovery rate§ above 55% displayed byMTUR for the weakestsources(M_
betweenl.4and2.6).
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Fig. 7 (continued) The seismic stations fromestern Muntenia
For details see the caption of Fig. 4.

By contrast, for the epicentral distance ran200 km the reliabilities of the
four stations differ noticeably: HUMRPUNG and MTUR exhibit 63% recovery
rateof the eventsvith M, O 2M. D 2 . 81, & n3tespectively while SRE
shows 84% recovery rate diie sources wittM, O 2 belew these magnitude
thresholds the effectivenessthéfour stations decreases rapidly.

The stationslocated in the mountairegion exhibitthe kest resultsfrom
western MunteniaVOIR, ARR (during 20112013)andLOT (during 20112013)
reachedrecovery ratesigher than 90%, over 80% armtbove 60% respectively
for the eventsvith M, O 1the3entite magnitude range of the catalggudich
occured at epicentrallistances < 10Bm. VOIR attainedalsohigh recovery rates
(> 70%) for thesourceswith M, O 1 . 3 witlincaaradiesdf 200 km.In the
sameepicentral distance rangei @0 km) LOTreached recovery rates exceeding
60%for theevents with magnituded2.5, andARR for thesourcesvithM, O 2 . 6

The performancef the stations froneasterrMunteniais presentedh Fig. 8.

We notice that the 6 stations in operatiorBucharest cityBAPR, BSTR,
BTMR, BUC, BVCR, INCR which areonly occasbnaly used in the loglization
of the weakto-moderate seismieventsare not considered this analysig9].

We also noticeghe poor contributionof the recently installed BISRR station
which was usedto the localization ofonly 3 weak shallow depthevents
(magnitudes between 2.2 and 2.6, epicentral distances less than),68ukmas
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not considered in the locadition of2 seisms with MO 4 M, 04.0 &ndM, 4.3,
respectively)that occurred at epicentral distances of about 75 lmd of an
earthquake wittM, 3.6, located at less than 30 km from it.

Several stations display also rather modesults BUC1 (during 201l
2013), AMRR, PGOR, BCR (during 20102013) reached recovery ratetove
60% only for the events with local magnitude greater or equal to i8.®oth
epicentral distance range$1®0 km and 0200 km PLAR (during 20122013)
exhibits similar reliabilityfor the sources l@ted at distances < 100 krbut it is
significantly less effectiven the distance rang@ 200 km i over 60% recovery
ratesonly for the eventsiithM, O 4. 0

Significanty better results are achieved by SGRR (during 22Q23),
RASA, LEHL and ISR (during 2002013} they showrecovery rateabove60%
for the eventswith local magnitude greater or equal 2ak 2.5, locatedwithin a
radius of 100 kmas wel asfor the eventswith M| = 2.6/ 2.7 and strongesituated
at epicentral distances up to 200 km.

The stations SULR (during 2012013) and GRER (during 2002013)
exhibit slightly lower performances; they are reliable for the sourceswyith 2 . 6 ,
located at distances < 100 km, and for the events with magnitude greater or equal
to 2.8 and 2.9, respectively, situated at epicentral distances < 200 km.

Among the station®f eastern Muntenjathe highest contribution to the
monitoring of the normal depthisaic events ivroughtby MLR observatory. It
attained about 80% recovery rate of the sources WithO 1 thé whdle
magnitude range of the cataloguehich occurred at epicentral distances up to
200 km, and over 50% recovery rate of the events WithO 1. 3 | ocal i zed
epicentral distances less than 300 km.

Figure 9 presents theations from Dobroge southeasterrRomania.

We notice that CVD1 station, which has been instédhetthe neighbourhood
of CVD in 2010, but is not currently usénl the localization of the seismic events,
is not considereth this analysiq9].

Among the remaining statiorfsom Dobrogea, CVD exhibits the weakest
results:recovery rates above 60% for the events with local magnitude greater or
equal to 2.9, in thepicentral distance rand® 100km, and for the sources with
M. O 3. 0 distanae ranghi 800 km.

EFOR (during 20002013) and HARR (during 20092013) are more
effective for the close events (epicentral distances up to 100 km), both stations
reaching over 60% recovery rate of the sourcesMit® 2 . 6 ; nceraighhe di st a
01200 km, however, the station performances differ considerably: HARR is
reliable for the events with local magnitude greater or equal to 2.6, while EFOR
only forthe eventswitM, © 3. 0, similarly to CVD.

a
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Fig. 81 The seismic stations froeastern MunteniaFor details see the caption of Fig. 4.



