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bBeaeHue

KocemsmmyHm ca OHe3n npemecTBaHus,
KOUTO ce nosayyaBaT No Bpeme Ha (cmnHo)
CEM3MMYHO CbOUTME M MMAT NpPoABAEHUA
Ha NOBBPXHOCTA Ha 3€MHATa KOPa B TOYKU B
61130CT A0 ennueHTbpa Ha cbbuTueTo.

KocensmunuHute npemecTBaHuUA ce
onpeaensitT OCHOBHO C MeToguTe Ha
CMbTHUKOBM HabaogeHuA.

Han-pa3npoctpaHeHO ce n3non3ear
AaHHUTE oT [nobanHute HaBUTAUMOHHMU
cuctemun GNSS (Global Navigation Satellite
Systems) — GPS, Galileo n GLONASS.
[lpunara ce MHOro ycrnewHo npes
nocnegHute roauHu n DinSAR
TeXHO/I0rUATa

Introduction

Coseismicl displacements are those,
that occur during a (strong) seismic
event and have manifestations on the
surface of the earth's crust at points
near the epicenter of the event.
Coseismic displacements are mainly
determined by satellite observation
methods. The GNSS (Global
Navigation Satellite Systems) data
from GPS, Galileo and GLONASS -
are most widely used.

DinSAR technology has also been
applied very successfully in recent
years
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EEKTI/I HA U3C/IEABAHE

3emeTpeceHune ¢ maruutyg Mw = 6.9 octpos
NemHoc / 24 man 2014 .

3emeTpeceHne ¢ marHutyg Mw = 5.8 rp. lNepHuK
/22 man 2012 .

3emeTpeceHue ¢ marimtyg Mw = 6.0 B 6am3ocT
no rp. Nlapuca/ 03 mapt 2021r.

3emeTpeceHus ¢ marimtya Mw = 6.4 B 6am3ocT
no rp. Aypbe/ 21 centemspun 2019 . 1 26
HoemBpun 2019 r

3emeTpeceHune ¢ marintyg Mw =6.9 Ha ceBep OT
ocTpos Camoc (Ereiicko mope)/30 okTomBpu
2020r.

STUDY AREAS

earthquake with magnitude Mw = 6.9
Lemnos island / May 24, 2014

earthquake with magnitude Mw =5.8 g.
Pernik / May 22, 2012

earthquake with magnitude Mw = 6.0 near
the city of Larisa/ March 3, 2021

earthquakes with magnitude Mw = 6.0
near the city of Durast/ September 21,
2019 and November 26, 2019

earthquake with magnitude Mw =6.9 north
of the island of Samos (Aegean
Sea)/October 30, 2020
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Lemnos Island / May 24, 20

M6.9 2014/05/24 - 09:25:02 UTC Lat40.29 Lon 25.40 Depth 27.0 km

257 km NW of lzmir, Turkey / pop: 2,500,603 / local time: 12:25:02.9 2014-05-24
87 km W of Canakkale, Turkey / pop: 87,791 / local time: 12:25:02.9 2014-05-24
44 km W of Gokceada, Turkey / pop: 7.822 / local time: 12:25:02.9 2014-05-24
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IlepmanenTHaTta GNSS cranuus Ha octpoB JlemHOC e
MHCTAIMPDAaHA B pPaMKWATe Ha OBATapo-TPBUKU MPOEKT
¢duHaHCcupaH no nmporpamara Ha HATO ,Hayxka 3a mup”

The permanent GNSS station on the Lemnos island was
installed within the framework of Bulgarian-Greek project
financed by the NATO ,Science for Peace” program
HemusNET (http://www.hemus-net.org/).

./ /[wWwww.emsc-
.org/Earthquake/earthquake.php?id=379935



Pesynrtatute or oOpaboTkara W aHaAW3 Ha
nepMaHeHTHUTe cTaHUMU oT HauuroHanHara
GNSS wMpexxa u craHuuuTe Ha bankaHckus
MOYCTPOB  MO3BOJISIBAT  IIOAy4YaBaHeTO Ha
BpeMeHHHUTe penoBe ¢ KoopauHatd Ha GNSS
CTAHLIMUTE.

YepBeHUTe BEKTOPU IMOKA3BAT PA3IOI0KEHHETO
Ha nepmaHeHTHU GNSS crtaHuuu, a cuHuTe -
GNSS TOuYkM, Ha KOUTO ce WM3BBPILIBAT
NepruoOJUYHY U3MepPBaHUSI.

The results of the processing and analysis of
the permanent stations from the National
GNSS network and the stations of the Balkan
Peninsula allow obtaining the time series with
coordinates of the GNSS stations.

Red vectors show the location of permanent
GNSS stations, and blue - GNSS points at
which periodic measurements are made.
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The values of the coseismic

displacements of the LEMN station
are respectively

-45.8 +/- 2.1 mm in the northern and
-18.9 +/- 2.0 mm in the eastern
component.

Coseismic movements at the height
of the permanent station are not
observed. The permanent GNSS
stations north of the epicenter,
including on the territory of Bulgaria,
do not show significant coseismic
displacements.
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“8 Mar- leorpadcka | leorpadcka
[aTta nuac
HuTyp, Ab/IKUHA LMPUHA

3. Mapt 2021 10:16
3. MapTt 2021 11:45
3. Mapt 2021 18:24
4. Mapt 2021 18:38
4. Mapt 2021 19:23
12. Mapt 2021 12:57

22.2102
22.2478
22.1013
22.1260
21.9424
22.0134

39.7591
39.6996
39.7316
39.7993
39.8373
39.8387
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near the city of Durast/ Sept. 21 and Nov. 2019, Mw = 6.4

the time series of coordinates of two
permanent GNSS stations (DUR2 and TIR2)
http://www.geo/edu.al/gnss/albpos
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Millimetres

Tirana GNSS (TIR2) vE = 20.0 mm/yr vN = 15.8 mm/yr vU = -6.5 mm/yr
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The long-term velocities, in the reference frame
ITRF2014, are 23.6 mm /yr in east and 16.3 mm /yr in
north at Durrés and 20.0 mm /yr and 15.8 mm/ yr at
Tirana. Therefore, the net motion of DUR2,

assuming TIR2 fix, is 3.6 mm/ yr of shortening in
the azimuth N8o. In addition, both GNSS stations
exhibit long-term subsidence of -8.7 and -6.5 mm/
yr respectively presumably due mostly to
anthropogenic reasons.
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Table :Co-seismic displacements produced by the September 21, 2019 and November 26, 2019

Site My = 5.7, September 21, 2019 My = 6.4, November 26, 2019

East (mm)  North (mm) Up (mm) East(mm)  North (mm) Up (mm)
DUR2 -Hh+4d -3+4 10£8 -13+£2 -23+2 13+4
TIR2 -4+4 -4+4 7+8 -5+2 -6+2 0+4

We used the GNSS data of the stations DUR2 (Durrés, 19.4510 E, 41.3156 N) and TIR2, (Tirana,
19.8095 E, 41.3357 N) both belonging to the Albanian Positioning Service (AIbPOS) geodetic network
(http://www.geo/edu.al/gnss/albpos;

We calculated the static o sets for both September 21, 2019 and November 26, 2019 events.

The sets indicate mm/cm size motion towards west, south and upwards (i.e., uplift), for both events.
Regarding the large aftershock on Nov. 26, 2019 06:08:25 UTC (M = 5.4), we could not see any
evidence of we could not see any evidence ofthis aftershock in the GNSS time series.
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2017 2018 2019 2020 p

Judan Jul dan Jul dan Jul dan Co-Seismic displacements
| Station IZMI North | e | 0 _ | from the IZMI station
. 1 - 20 E

e ‘ - Time series of GNSS stations IZMI,

which is an International GNSS Service
The reference frame is ITRF2014.
Red line marks the day of the earthquake.

D-displacement;

(mm)

STDV -standard deviation;

E- east—west;

N-north—south;

(mm)

- ' ' -30 U- vertical/up.
Jul Jan Jul Jan Jul Jan Jul Jan / P

2017 2018 2019 2020 2021

IZMI 27.0818 38.3948 12.21 35.20



dK/1l04EeHNe

* [lpe3 mocnenHNTE HIKOIKO JeCEeTHU/IETUSI TEXHHMKATA Ha I/I00a/THaTa HAaBUTAIIMOHHA CaTe/THUTHA
cucteMa (GNSS) e uznon3BaHa 3a M3cjIeABaHe HA MOJIETO HA CKOPOCTTA Ha 3eMHAaTa KOPAa, KaKTO
M Ha 3eMHHUTe nedopMally, IBH/DKAIIM Ce HAa CEeM3MHYHA, BYJIKAaHWYHA, TEOJIOKKA WU
AHTPOIIOT'€HHA JEeMHOCT

* GNSS TexHukara mMoxe ma ompenenu abcomoTeH 3D BeKTOp Ha IpeMecTBaHe Ha 3eMsTa
(M3YMC/IeHH TPelIKu 2-3 MM M 5-8 mm CbhOTBETHO 3a XOPW3OHTAJHUS U BEPTUKATHUS
KOMIIOHEHT), HO € OrpaHMYeHa /0 TOYKOBO mokputHe. InSAR ocurypsiBa mpocTpaHCTBEHO
MOKPHUTHE, HO MHPOPMAIUATA € B IMOCOKAaTa Ha mpsikata BugumocT (LOS) u e HeobGxogum
OOM'bJIHUTE/IeH aHa/I!3, 3a Aa Ce MO/Iy4YaT UICTUHCKHUTE KOMIIOHEHTHU Ha 3€eMHOTO JBHDKEHHe.

Conclusion

* QOver the past few decades, the Global Navigation Satellite System (GNSS) technique has been
used to study the crustal velocity field, as well as ground deformations due to seismic, volcanic,
geologic, or anthropogenic activity

* The GNSS technique can provide an absolute 3D vector of ground displacement (estimated
errors ~2—3 mm and ~5-8 mm for the horizontal and vertical component, respectively), but it is
limited to point-wise coverage. The InSAR provides spatial coverage, but the information is in
the line-of-sight (LOS) direction, and further multi-geometrical analysis is required to obtain
the true ground motion components.
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