Geosystems of Transition Zones, 2019, vol. 3, N 4, p. 377-389
[eocucTeMsl epexoHbIX 30H, 2019, 1. 3, Ne 4, ¢. 377-389 Full text RUS K&

https://doi.org/10.30730/2541-8912.2019.3.4.377-389 https://elibrary.ru/title about.asp?id=64191

Methodological aspects of the study of seismic sequences
by SDP (self-developing processes)
on the example of the Nevel’sk earthquake on Sakhalin

Alexander S. Zakupin* Institute of Marine Geology and Geophysics FEB RAS,

Natalia V. Boginskaya Yuzhno—Sa_lkhallnsk, I.?uss.la
*E-mail: a.zakupin@imgg.ru

Mariya Yu. Andreeva

Abstract Pegepar PDF Rus

The features of the application of the method of analysis of foreshock sequences of SDP (self-
developing processes) in the Sakhalin region are discussed. On the example of the Nevel’sk
earthquake (2007, M = 6.2), the characteristics of activations preceding the main shock were
estimated by the areal scanning method. A universal approach for seismic hazard assessment by SDP
method is proposed. Calculations are made for the catalogue of weak earthquakes with magnitudes
M < 3 and for the complete catalogue of seismic events without restrictions on magnitude,
the advantage of sampling weak events is shown. A significant influence on the result was exerted
by the declustering, which reduced the effect of aftershocks of the earthquake preceding Nevel’sk.
The connection of the SDP sequences with the development of the focal area and the appearance
of abnormal values of LURR (load-unload response ratio) parameter is established. A number
of features are obtained, according to which in real time it is possible to allocate the place and time
(up to weeks) of the main event.

Keywords

seismicity, seismic events, LURR method, earthquakes catalog,
fault, prediction

For citation: Zakupin A.S., Boginskaya N.V., Andreeva M.Yu. Methodological aspects of the study of aftershock
sequences by SDP (self-developing processes) on the example of the Nevel’sk earthquake on Sakhalin. Geosystems
of Transition Zones, 2019, vol. 3, no. 4, pp. 377-389. (In Russian) https://doi.org/10.30730/2541-
8912.2019.3.4.377-389

Jlna yumupoesanusn: 3axynua A.C., boruackas H.B., Auapeesa M.IO. Metoanueckue acreKTsl UCCIIETOBAHUS
(dopiokoBkIX mocnenoBarensHocTeit MeTogoMm CPIT (camopa3BuBarouecs nporecchl) Ha npuMepe HeBenbckoro
3emierpscenust Ha Caxanune. I eocucmemul nepexoousix son. 2019. T. 3, Ne 4. C. 377-389.
https://doi.org/10.30730/2541-8912.2019.3.4.377-389

References

1. 3asbsioB A.Jl. Cpeonecpounulii npoeno3s 3emiempsceHuii: 0CHo8bl, Memoouxa, peanusayus. M.: Hayka,
2006. 254 c.

2. 3akynuH A.C. IIporpaMMHBIN KOMIDIEKC JIJISl aHAIN3a HEYCTOWYMBOCTH CEHCMHUYECKOTO TIpoIiecca
Il T'eoungpopmamuxa. 2016. Ne 1. C. 34-43.

3. 3axymun A.C., Jleeun 1O.H., borunckas H.B., XKepuesa O.A. Pa3Butrne MeTO10B CpeTHECPOTHOTO
mporHo3a Ha npumepe OHopckoro 3emiueTpsiceHus Ha Caxanuae (Mw=5.8, 14 aBrycra 2016 roga)
Il Teonoeus u ceopusuxa. 2018. T. 59, Ne 11. C. 1904-1911. doi:10.15372/GiG20181112 [Zakupin A.S.,
Levin Yu.N., Boginskaya N.V., Zherdeva O.A. Development of medium-term prediction methods: A case
study of the August 14, 2016 Onor (Mw = 5.8) earthquake on Sakhalin. Russian Geology and Geophysics.
59(11): 1526-1532. https://doi.org/10.1016/j.rgo.2018.10.012]



https://doi.org/10.30730/2541-8912.2019.3.4.377-389
http://journal.imgg.ru/web/full/f2019-4-3.pdf
https://elibrary.ru/title_about.asp?id=64191
mailto:a.zakupin@imgg.ru
http://journal.imgg.ru/web/m2019-4-3.pdf
https://doi.org/10.15372/GiG20181112
https://doi.org/10.1016/j.rgg.2018.10.012%5d

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

3yokoB C.U. Ilpedsecmnuku semaempscenuti. M.: OUD®3 PAH, 2002. 140 c.

Jlesun B.B., Kum U.V., ConosreB B.H. Ornenka celicMU4IecKol OITacCHOCTH B Pe3yIbTaThl JCTATHHOTO
ceficMuUecKoro paiioHupoBanus 1yt ropoaoB o. Caxamun = Levin B.V., Chun Un Kim, Solovjev V.N.
Seismic hazard estimate and results of detailed seismic zoning for the cities of Sakhalin Island //
Tuxookeanckas ceonozusn. 2012. T. 31, Ne 5. C. 93—103.

Maneies AWM. [luHamMuka caMOpa3BUBAIOLIUXCS MPOIECCOB // Bynxkanonoeus u cericmonoausi. 1991, Ne 4,
C.61-72.

Mansmes A.U. IIporao3upyeMocTsh CEMCMIUUECKOT0 MOTOKA M CHIIBHBIX 3emiieTpsicenuit Kamyatku B
19622014 rr. Bynxanonozus u ceticmonoeusi. 2019. Ne 1. C. 52-66. [Malyshev A.l. The predictability of
seismicity and large earthquakes: Kamchatka 1962 to 2014. J. of Volcanology and Seismology. 2019, 13(1):
42-55]. https://doi.org/10.31857/s0205-96142019152-66

Mansiues A.U., Mansiuesa JILK. IIporaozupyemMocts NoTOKa cEiCMUYECKON S3HEPTUU CEBEPO-3a11aJTHOTO
obpaminenust Tuxoro okeana no nanueiM katanora USGS = Malyshev A.l., Malysheva L.K. Predictability
of seismic energy rate in northwest frame of Pacific Ocean on the base of USGS catalogue // I'eocucmemoi
nepexoonwvix 30n = Geosystems of Transition Zones. 2018. T. 2, Ne 3. C. 141-153. doi.org/10.30730/2541-
8912.2018.2.3.141-153

Mansmues A.U., Tuxonos U.H. HenuneitHple 3aKOHOMEPHOCTH Pa3BUTHSI CEHCMHUYECKOTO MPOIIECcca BO
BpeMenu // Quzuxa 3emau. 2007. Ne 6. C. 37-51.

Martsuenxo 1O./1. [Ipumenenne metoankn M8 Ha Kamdatke: ycrienTHbIi 3a0J1arOBpeMEHHBIH MTPOTHO3
3emuieTpsicenus 5 nexadps 1997 r. // Byaxanonoeus u ceticmonoeus. 1998. Ne 6. C. 27-36.

Moumyan I.M.. [imutpuera O.E. IleneBoii moaxox k npodieMe uaeHTuduKanuu ahTepiiokos //
Ceticmuunocms u ceticmuyeckoe pationuposanue Ceseprotl Espasuu. M.: ON®3 PAH, 1993. Bem. 1.

C. 62-609.

PoxnectBenckuit B.C., Canpeirun C.M. AKTHBHBIE pa3iioMbl U celicMu4HOCTh Ha IOxHOM Caxanune
Il Tuxooxeanckas eeonoeus. 1999. Ne 6. C. 59-70.

CmupnoB B.Bb. OnbIT OLIeHKH NPEICTaBUTEIBHOCTH JJAHHBIX KaTaJoroB 3eMJIeTpsceHui // Byaxanonozus u
ceticmonoeus. 1997. Ne 4. C. 93-105.

Cobomnes I'.A. Craanu MOTOTOBKH CHIIBHBIX KAMUYATCKUX 3eMJICTPSICEHUM // ByaKanonio2us u ceticMono2us.
1999. Ne 4-5. C. 63-72.

Tuxono U.H. Memoow: ananuza xamanozos semaempscenuti 015 yenel cpeoue- u KpamxoCcpouyHo2o
npocH0308 cuibHblx ceticmuyeckux coovimui. FOxHo-Caxamuack: UMI'ul” JIBO PAH, 2006. 214 c.
Tuxonos U.H. [Iporao3 cuibHOTO 3eMIIETPSICEHUS Ha IOT0-3aMafHOM Telbge octpoBa CaxaanH U ero
peanuzanus B pe3yibrare Hepenbckoro 3emnerpsicenus 2 arycra 2007 rona // Tuxookeanckas eeonousi.
2009. T. 28, Ne 5. C. 22-29.

Tuxonos U.H., Kum U.Y. Ycnemnsiit nporuo3 Hesensckoro 3emnerpsicenus 2 asrycta 2007 r. (MLH =
6.2) Ha rore 0-Ba CaxanuH // /Joxknaovt Akademuu Hayk. 2008. T. 420, Ne 4. C. 532-536.

Tuxonos N.H., Jlesun b.B. IIporao3s cunbHbIx 3emieTpsicennii CaxaJluHCKON 0071acTH: HCTOPHS,
pe3ybTaThl ¥ IEPCHEKTHBEI // [ eo0unamuueckue npoyeccol u npupoonvle kamacmpogvl. Onvim
Heghmezopcka: Becepoc. nayy. koug. ¢ mexcoynapoonvim yuacmuem, 26-31 maa 2015, FOxncno-Caxanunck.
BrnaguBoctok: [lanprHayka, 2015. C. 41-45.

TuxonoB U.H., Muxaiinos B.1., Mansimes A.1. MogenupoBaHue nocaea0BaTeIbHOCTEN 3eMIETPsCEHUI
tora CaxanuHa, MpeaBapsoINX CHIIbHBIE TOYKH, C IIETbI0 KPATKOCPOYHOT'O MPOTHO32 BPEMEHU HX
BO3HUKHOBeHUS // Tuxooxeanckas ceonoeus. 2017. T. 36, Ne 1. C. 5-14. [Tikhonov I.N., Mikhaylov V.I.,
Malyshev A.l. Modeling the Southern Sakhalin earthquake sequences preceding strong shocks for short-
term prediction of their origin time. Russian J. of Pacific Geology, 2017, 11(1): 1-10.
https://doi.org/10.1134/s1819714017010092]

XapaxunoB B.B. Heghpmeeaszosas eeonocus Caxanunckoeo pecuona. M.. Hayunsrit mup, 2010. 275 c.

Arellano-Baeza A.A., Zverev A.T., Malinnikov V.A. Study of changes in the leniament structure? Caused
by earthquakes in South America by applying the leniament analysis to the Aster (Terra) satellite data

/l Advances in Space Research. 2006. VVol. 37. P. 690-697. https://doi.org/10.1016/].asr.2005.07.068
Geller R.J. Earthquake prediction: A critical review // Geophysical J. International. 1997. Vol. 131(3).

P. 425—-450. https://doi.org/10.1111/j.1365-246x.1997.tb06588.x

Geller R.J., Jackson D.D., Kagan Y.Y., Mulargia F. Earthquakes cannot be predicted // Science. 1997. Vol.
275(5306). P. 1616—1619. https://doi.org/10.1126/science.275.5306.1616

Hamilton R.M. The President's Page: Earthquake prediction and public reaction [Guest Editorial] // EQS,
Transactions American Geophysical Union. 1974. Vol. 55(8). P. 739-742.
https://doi.org/10.1029/e0055i008p00739

Kagan Y. Seismic moment-frequency relation for shallow earthquakes: Regional comparison // J.
Geophysical Research: Solid Earth. 1997. Vol. 102(B2). P. 2835-2852. https://doi.org/10.1029/96jb03386
Swinbanks D. Trying to shake Japan’s faith in forecasts // Nature. 1992. Vol. 356. P. 464-465.
https://doi.org/10.1038/356464a0



https://doi.org/10.31857/s0205-96142019152-66
http://dx.doi.org/10.30730/2541-8912.2018.2.3.141-153
http://dx.doi.org/10.30730/2541-8912.2018.2.3.141-153
https://doi.org/10.1134/s1819714017010092%5d 
https://doi.org/10.1016/j.asr.2005.07.068
https://doi.org/10.1111/j.1365-246x.1997.tb06588.x
https://doi.org/10.1126/science.275.5306.1616
https://doi.org/10.1029/eo055i008p00739
https://doi.org/10.1038/356464a0

217.

28.

29.

30.

31.

Tikhonov I.N., Kim Ch.U. Confirmed prediction of the 2 August 2007 Mw 6.2 Nevelsk earthquake
(Sakhalin Island, Russia) // Tectonophysics. 2010. Vol. 485 (1-4). P. 85-93.
https://doi.org/10.1016/j.tect0.2009.12.002

Tikhonov I.N., Rodkin M.V. Earthquake research and analysis // Sebastiano D'Amico, Dr (ed.). Statistical
Studies, Observations and Planning. Malta: Univ. of Malta, 2012. P. 43—78.

Wyss M. Cannot earthquakes be predicted? // Science. 1997. Vol. 278(5337). P. 487—4388.
https://doi.org/10.1126/science.278.5337.487

Wang K., Chen Qi-Fu, Sun Shihong, Wang Andong. Predicting the 1975 Haicheng Earthquake // Bulletin
of the Seismological Society of America. 2006. VVol. 96(3). P. 757—795. https://doi.org/10.1785/0120050191
Zhang G., Fu Z. Some features of medium and short-term anomalies before great earthquake // Earthquake
Prediction: An International Review. 1981. P. 497-509. (Maurice Ewing Series; vol. 4).
https://doi.org/10.1029/me004p0497



https://doi.org/10.1016/j.tecto.2009.12.002
https://doi.org/10.1126/science.278.5337.487
https://doi.org/10.1785/0120050191
https://doi.org/10.1029/me004p0497

