


YBOXXOeMble ABTOPbI, PeLeH3eHThI
U BCe APY3bS HALIEro XYPHAAQ!

Pepxomnerus u pemakums xypHana «[eocrcTeMpl IepexofHbIX 30H» OIarogapsaT Beex,
KTO COJEVICTBYET >KYpHa/ly B BBIIIOJIHEHUN €TO MVUCCUU — NPEfOCTaBIeHNE€ POCCUIICKIM U 3a-
PYOEXHBIM MCCIIeoBaTeNAM B 00/IaCTU T'€OJIOTUY, BYJIKQHOIOTUM, TeO(PU3UKH, CEVICMOTIOTHM,
OKeaHOJIOTHM, Treorpadui, reoMeXaHMKY, T€03KOJIOTHM 1 p. BO3MOXKHOCTH ITyO/IMKOBATh CBOY
Ppe3ynbTaThl U3y4EeHM MPOLIECCOB M 3aKOHOMEPHOCTEN IEePEXOJHBIX 30H 3eMJI.

IIpy BamieM 3aMHTEPECOBAHHOM YYaCTUM >KYPHa/l 3a LIECTb JIeT CYLeCTBOBAHUA
Io6mcs 3aMeTHBIX ycriexoB. HabmropaoTcs AsBHbIe TPEH bl POCTa OCHOBHBIX IIAPaMeTPOB, 110
KOTOPBIM 00BIYHO OLIeHVBAIOTCS XKypHanbl. Hanipumep, mosbimienne nmnakt-gaxropa PYHI]
KaK C y4eTOM IUTUPOBAHMA U3 BCEX MICTOYHMKOB, TaK U 110 IUTUPOBAHUIO B )KypHajax Ajgpa
PVIHII; pocT 4mcia CChUIOK B CIMCKAX IUTEPATypbl B CTATbAX; YBEIMYEHME LIUTUPOBAHNA
JKYPHAJIOB M 3apyOEXHBIX MCTOYHUKOB ¥ T.JI. ITO MOXKET CHOCOOCTBOBATb IIOBBIIICHNIO
IIPUBJIEKATEIbHOCTY U aBTOPUTETA KypHasIa.

Cpeny Hamux aBTOpoB yueHble U3 Mocksbl, [lerepbypra, Ekatepun6ypra, VipkyTcka,
HoBocubupcka, BmagmBocroka, Xabaposcka, IlerpomaBnoBcka-Kamuarckoro, IOxHO-
Caxanuncka u gpyrux ropopos Poccum.

B nacroamee Bpemsa xypHan BkawouyeH B Ilepedyenr BAK mo 9 cmenmanbHOCTAM
B COOTBETCTBMM C HOBOVI HOoMeHK/IaTypoi1 crienyaabHOCTEIN.

B xonne 2022 r., kak u3BecTHO, BAK 1poBesn o1jeHKy 110 KaueCTBEHHBIM M KOIMYECTBEH-
HBIM KPUTEPHAM KypHasoB, BXxogaumx B [lepeyenn. Bee sxypHanbl pacrpefeneHsl o Koag-
¢dbunyenTy Hay4dHoit 3HauMMocTH 1o Kateropuam K1, K2, K3. JKypnansl, Bxopsmye B 6a3bl
WoS, Scopus mmm RSCI, no ymonmuannio ornecennl k K1. Ham >xypHan Bouien Bo BTOpOIt
kBaptunb (K2).

Peqikorierviert IpUHST TUH pelieH3MPOBAHNSI IBOITHON C/IENOi — Hanbostee O TMMaTbHBbII
U PEKOMEH/IYEMBbIVI I KYPHAJIOB, Halle/IECHHBIX HAa BXOX/EHME B MEXIyHapOJHble Hay4yHbIe
6a3bl JTaHHBIX. PelleH3nN y HaC B ITOJAB/IAIONIEM OOIBIINHCTBE BBICOKOKBAMM(UIIPOBAaHHBIE.
Mpb1 671aroffapHbI HAIlIVIM pelleH3eHTaM M BHY TPEHH)M, U He3aBYICUMBIM, 32 JOOPO>KelaTeIbHYI0
U KOHCTPYKTUBHYIO KPUTHKY, ICKPEHHIOIO 3aIHTEPECOBAHHOCTD B Y/Ty4IIE€HNI KadeCTBa CTaTell.

JKypHan npupep>xuBaeTcsa MOMUTUKN OTKpbITOro gocrymna. C 2021 r. >KypHan BKIOYEH
B MEXJYHapOIHYI0 6a3y HayuyHbIX )KypHanoB Directory of Open Access Journals (DOAJ). PDE-
(a’liyIbl ¢ MOTHOTEKCTOBBIMM BEepCUAMI MaTepHaIoB, OIyOIMKOBAHHBIX B )KYpHasle, HAXOIATCA
B OTKPBITOM JIOCTYIIe Ha caiiTe )KypHaia U Ha caiite eLibrary, ¢ 2022 1. cBefleHUs O CTAaThSIX U
CCPUIKM Ha HMX pasMeNIAloTCA Ha moprane Poccuiickux Hay4HbBIX >KypHanoB. MeTamaHHbIE
HayYHBIX CTaTel epefaroTcs B MexxayHapopHble 6aspl DOAJ u CrossRef.

OdopmeHne XypHala U CaliT COOTBETCTBYIOT BCeM (POpPMaTbHBIM KpUTEPUAM 0TOOpa
JKYPHAJIOB B ME&XIYHApOJHbIE 6a3bl JAHHBIX.

Crparernsa pasBuTusA >KypHasa, 10 3aMbICTY PeJKOJIIETVM, IIPEATIOIaraaa ero BXoK/eHue
B MHB]I Scopus n/unmu Web of Sciences. Ho nsBectHbie peanuu >XU3HM Cfie/Iain TaKOe IPOJIBA-
JKeHue npo6bneMariaHbIM. Kak 1 ipyrye >KypHasIbl, MbI CTOTIKHY/IVICh C HEMaJIBIMU TPYFHOCTS-
M. OCHOBHasI M3 HUX COCTOUT B COKPAIIleHN IIPUTOKA CTATell ¥ Cy>KeHNM reorpaduyt aBTOPOB.

Pepaxuys HajieeTcs1, YTO XKYPHATY YAACTCS COXPAHUTD KOHTVHIEHT HaJle)KHBIX aBTOPOB,
KOTOpBbI€e IIPUB/IEKYT K COTPYFHUYECTBY KOJUIET U aCHMPAHTOB I IOMOTYT KypHAITy IIPEOI0/IETh
IpenATCTBYA Ha Iy T poaBIbKeHus ero B Russian Science Citation Index (RSCI) (coctaBHyIo
vacTp sappa PYHII).

Pepaxnusa xypnana «leocucreMbl mepexogHbIX 30H»
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OT peTpocneKkTUBbI K CUCTEME pearibHOro BPEMEHN —
nporHo3 semnerpsiceHnn metogom LURR
Ha CaxanvHe (2019-2022 rr.)

A. C. Baxynun*', H. B. Kocmuinesa', /[. B. Kocmoines'?
*E-mail: a.zakupin@imgg.ru
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Pestome. IIpeacraBneHsl pe3ysbTaThl SKCIEPHMEHTA 10 PEaH3aliH ONEPATUBHOTO aHajIHu3a ceicMuaHocTh Caxa-
JIMHA METOJIOM CcpeHecpoyHOro nporxosa semuerpscenunii LURR. MonuTopunr Hadar B 2022 . Ha OCHOBE PacyeToB
napamerpa LURR mo celicMuueckum gannsiM 2019-2021 rr. Teppuropus ocTpoBa pasfieseHa Ha 36 pacueTHBIX
oOnacTeid, KOTOpblE paBHOMEPHO €ro MokpeiBatoT ¢ maroMm 0.5 rpagyca no mupore u goirore. [locTpoeHbl 30HBI
MIPOTHO3a JUIsl 3TOTO IIePHO/ia, BKIIOYAIONINE T€ PacueTHbIE 00JacTH, B KOTOPBIX BBISBISJIMCH aHOMAJIMU T1apame-
tpa LURR. B Teuenue 2022 r. exxexBapTaibHO g00aBisiiach HHGOPMAIUs 0 HOBBIX aHOMAJIMIX U 30HaX MPOTHO3a.
OcHOBHas 11eJ1b IKCIIEPUMEHTa — anpobanust paboThl ¢ JaHHBIMU B PEKHMMeE KBa3HPEaJIbHOTO BPEMEHH U IIPOBEpKa
KauecTBa PELICHHUs NMPOLEAYPHBIX BOIPOCOB 10 BEACHHUIO MIPOTHO3a OT CTAJUM YTBEPXKACHUS 1O CTAIUU 3aBeplie-
Hus. 3a 2019-2022 rr. 6bu10 00HAPYXKEHO 25 aHOMAaNNi MPOTHO3HOTO TapaMeTpa. B perpocnexTuHo# 6a3e (¢ 2019
mo 2021 1.) BEIsBIECHO nBe 30HHI mporHo3a B 2020 r. (cocrosimue u3 9 u 4 pacdeTHBIX 00JacTel COOTBETCTBEHHO).
Eme nBe 30HBI mporHo3a copmuposanuck B 2022 1. (3 u 6 pacyeTHBIX oOmacTeit). JIns Tpex 30H MPOTHO3a HA 3a-
ceganmsix CaxamumHckoro (ummana PoccHiCKOTo 3KCIEpTHOTO cOBeTa Mo upe3BbdaifHeiM cutyarmsaMm (CO POC)
OBUTM IPUHATHI IPOTHO3HI C OIpE/IeNICHUEM BPEMEHH, MecTa 1 CHiIbl. B Teuenue 2022 r. aBa mporHo3a U3 Tpex ObLTH
IIPU3HAHBI PEeaTN30BaBIINMUCS. B TpeTbell 30He MPOTHO3 peann30Bajcs, HO 3eMIIETPSICEHHE C TPeOyeMbIMHU ITapaMe-
TpaMH IPOM30IIIIO BCIIEA 3a ONpeJieIeHUEM 30HbI B TEUEHHE OJHOTO KBapTala, T.e. 3aQ)MKCHPOBaHbI ObIIIM OTHOBpE-
MEHHO M 30Ha IIPOTHO3a, ¥ €ro peanu3alys, yxe noctdpaktyM (00padoTKa JaHHBIX OCYLIECTBISETCS pa3 B KBapTa).
B Takom cnydae mporHo3 He IMpHU3HAETCS HHU MPOIYLICHHOHN IeNbl0, HU PEeaJn30BaBIIMMCA B PEalbHOM BPEMEHHU
(peTpOoCIeKTUBHO 3TO YCIEUIHBIH MPOTHO3), a MPOLEIYPHO ONpeaenseTcs Kak TeXHuueckuil nmpomnyck. ITo coctos-
HUO Ha Havaso 2023 1. Ha ceBepe OCTPOBA €CTh OJIHA JIEHCTBYIONIAs 30HA MPOTHO3a. DKCIEPUMEHT ITPOAOTKAETCSI.

KnioueBble cnoBa: celicMUuHOCTh, ceiicMuyeckue coobiTus, Metox LURR, katanor 3emMiaeTpsaceHnii, aHOMaus,
MOHUTOPHUHT

From retrospective to real-time system —
LURR earthquake prediction on Sakhalin (2019-2022)

Aleksander S. Zakupin™®, Natalya V. Kostyleva', Dmitry V. Kostylev'*
*E-mail: a.zakupin@imgg.ru
Unstitute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia
2Sakhalin Branch, Geophysical Survey, Russian Academy of Sciences, Yuzhno-Sakhalinsk, Russia

Abstract. The results of an experiment on the implementation of operational analysis of Sakhalin seismicity by the LURR
method of medium-term earthquake prediction are presented. Monitoring began in 2022 on the basis of the LURR param-
eter calculations based on 2019-2021 seismic data. The island territory is divided into 36 calculated areas, which evenly
cover it in increments of 0.5 degree in latitude and longitude. Prediction zones for this period are constructed, including
those calculated areas in which anomalies of the LURR parameter have been detected. During 2022, information about new
anomalies and prediction zones was added quarterly. The main objective of the experiment is to test the work with data in
quasi-real time mode and to check the quality of solving the procedural issues related to prediction from the approval stage
to the completion one. In the period 0of 2019-2022, 25 anomalies of the prediction parameter were detected. In the retrospec-
tive database (from 2019 to 2021), two prediction zones were identified in 2020 (consisting of 9 and 4 calculation areas,
respectively). Two more prediction zones were formed in 2022 (3 and 6 calculation areas). Predictions with the definition
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Jna yumupoeanun: 3axynun A.C., KocteeBa H.B., Koctel-
neB JI.B. OT peTpocnekTuBBl K CHCTEME pPEaJbHOro BpeMe-
HU — nporHo3 semuerpsceHuil merogoM LURR na Caxanune
(2019-2022 rr.). I'eocucmemsr nepexoonuvix 30w, 2023, . 7, Ne 1,
c. 54-74. https://doi.org/10.30730/gtrz.2023.7.1.054-064.064-
074; https://www.elibrary.ru/kblexp

BBeneHue

Haunnas ¢ 2015 r. corpynaukamu WHcTu-
TyTa MOpcKo# reosoruu u reopusuxu JJBO PAH
(UMTI'ul" IBO PAH) nomy4yeHbl HHTEPECHBIE pe-
3yJABTAThl B OOJIACTU CPETHECPOUHBIX NMPOTHO30B
semsierpsiceHnii Ha Caxamune metogom LURR
(load-unload response ratio). Paspaboransr MmeTo-
JIUKY 110 ucnoyib3oBanuto anroputma LURR, ko-
TOpBIE OTIINYAIOTCS YHUBEPCAIBHOCTHIO B BEIOOpE
napamMeTpoB oOpabOTKH, 4TO 0OECrIeYnBaeT BO3-
MO>KHOCTH TOBTOPEHUS ITOJIyY€HHBIX PE3yIbTaTOB
Y HEBO3MOXKHOCTH UX «IIOATOHKIY. JleficTBUTEb-
HO, B pa0oTax KUTAMCKUX y4eHBIX [l], KOoTOpBIE
nepebiMu npemiiokuian metoguky LURR, pac-
YEeTHBIE TTapaMeTPhl MEHSITUCH JIJIST KaXKI0T0 Tpo-
rHO3a (YTO JieNlaeT HEBO3MOXKHBIM ONEPAaTUBHBIN
MporHo3). B Hammx e pacderax 3TU MapameTpsl
UMEIOT (DUKCUPOBAaHHBIC 3HAYCHHS. Tak, OBLIM
OTpezieNieHbl: TUana3oH MarHUTyl B paboueil BbI-
6opke (ot 3.3 mo 5.0), BEIMUUHBI CKOJB3SIIETO
okHa (360 nueit) u cnpura (30 gHeil), BUA U pas-
Mep obmacTi 11 pacueTa (OKPYKHOCTb—3JUIUIIC
panuycoMm B 1°). C mpUMeHEHHEM MNepedncIIeH-
HBIX MapameTpoB B pacuerax mo metoqxy LURR
ISl pa3HbIX yacTeit 0. CaxanuH ObUTH TIOTyYEHBI
BechMa yOeauTenbHble pe3yabTarsl [2, 3]. C mo-
MOILbIO pa3pabOTaHHOIO MO/X0/a B IOCIEAHEM
OOJIBIIIOM PETPOCIEKTUBHOM HCCIeNOBaHUM [4]
3a mepuon ¢ 1997 mo 2019 1. na Caxanune ObLIO
BBISIBJICHO 15 TPOTHO3HBIX 30H (MIPEICTaBIISIO-
mMXx co0oil pacyeTHbIE OONIACTH C aHOMAJus-
mu napamerpa LURR), B 11 u3 xoTtopsix 3arem
(B CpOKH, HE TIPEBBIMIAIOIIHE 2 JIET) TPOUCXOAMIN
3emyieTpsiceHust ¢ marautynamu >5.0. U3 19 3em-
netpscennii ¢ M > 5.0 (a IMEHHO CTOJIBKO TIPOU-
3omwto Ha Caxanuue ¢ 1997 mo 2019 1) 16 momano
B YCTAHOBJICHHbIE MPOTHO3HBIE 30HBL. OcobeH-
HO yOeAWTEeNbHO B IUIAHE MPOTHO3a BBINVIAIUT
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of time, place and strength were approved for three prediction zones at the meetings of the Sakhalin Branch of the Russian
Expert Council on Emergency Situations (SB REC). During 2022, two out of three predictions were recognized as realized.
In the fourth zone, the prediction was realized, but an earthquake with the required parameters has occurred after the defini-
tion of the zone within a quarter, i.e. both the prediction zone and its implementation were simultaneously recorded, already
after the fact (data processing is carried out once a quarter). In this case, the forecast is not recognized as either a missed
goal or realized in real time (retrospectively, this is a successful forecast), but it is procedurally defined as a technical omis-
sion. As of the beginning of 2023, there is one active prediction zone in the north of the island. The experiment continues.

Keywords: seismicity, seismic events, LURR method, earthquakes catalog, anomaly, monitoring

For citation: Zakupin A.S., Kostyleva N.V., Kostylev D.V. From
retrospective to real-time system — LURR earthquake prediction
on Sakhalin (2019-2022). Geosistemy perehodnykh zon = Geosys-
tems of Transition Zones, 2023, vol. 7, no. 1, pp. 54-74. (In Russ.
& Engl). https://doi.org/10.30730/gtrz.2023.7.1.054-064.064-
074; https://www.elibrary.ru/kblexp

CTaTUCTUKA IO CWJIbHBIM 3emierpscenusM (He-
¢reropckoe 1995 r., Yreropckoe 2000, Heenb-
ckoe 2007, Yanrckoe 2010, Onopckoe 2016 1.).
[TpumeuaTenbHO, YTO YaCTh IPOTHO30B ObliIa
clenaHa B peasibHOM BpeMeHHU. [lo naBym 3emiie-
Tpsicenusim (Onopckoe 2016 r, Kpumbonckoe
2017 r.) mporHo3sl paccMaTpPUBAIKCH Ha 3ace/a-
Husix Caxamunckoro ¢unuana Poccuiickoro skc-
IIEPTHOTO COBETA IO YPE3BbIYAHBIM CUTYaLUAM
(C® POC, mpotokomnst Ne 3 ot 11.05.2016 1. 11 Ne 2
ot 16.03.2017 r.). O6Ga nporxo3a ObLIN MPU3HAHBI
peanu30BaHHBIMH.

[lonmyueHHble pe3ynbTaThl INOKa3ajdd TIOTOB-
Hocth ceiicmomoroB UMIul” JIBO PAH um Ca-
xanuHckoro ¢unuana PenepasbHOro HCCIEAO-
BareNbCcKoro ueHrpa «EauHas reodusnueckas
cryxx6a PAH» (CO ®UIL] ET'C PAH) nepeiitu
K CJIEAYIOLIEMY 3Taly paOoThl — BBISIBICHHE aHO-
MaJui MPOTHO3HOTO MapaMeTpa B peaibHOM Bpe-
MEHM B PEXHME HENPEpBIBHOIO pacyera ¢ J0-
CTaTO4HOM JaucKpermsanmend. Ha camom nerne,
B OTKPBITOM JOCTYIlE HE TaK MHOIO NPHUMEPOB
Takoro poja 3KcrepuMeHTOB. OTHUM U3 TaKUX
B POCCHIMCKON MPAKTHUKE SIBJISIETCS MPOJOIKUTEIb-
HBI SKCIIEPUMEHT B PEAJIbHOM BPEMEHU C METO-
namu M8 u MSc [5]. Kak ytBepxmaer aBrop [5],
JaHHbIE MUPOBOM ceTH 00pabaThIBaINCh KaX/ble
6 Mec., a pe3ysbTaThl B peKUME 3aKpbITOrO 10CTY-
na MyOIMKOBAIKCH Ha BHyTpeHHeM caiite UHcTu-
TyTa TEOPHH MPOTHO3a 3EMJIETPSICEHUI U MaTeMa-
tryeckor reodpusuku PAH. Tlpu 3tom nake npu
OTHOCHUTEJIBHO CKPOMHOW CTaTHCTUKE LIEJIEBbIX
3emierpsiceHuid (17 3emieTpsceHuil ¢ MarHuTy-
namu >8.0) ¢ 1992 no 2010 r. B pabote [5] Her
JAHHBIX IO BCEM 3EMJIETPSICEHUSM, MPUBEICHBI
b npuMepsl. Cyzst IO UTOTOBBIM Pe3yJbTaTamM
JAHHOT'O SKCIIEPUMEHTA, IPEACTABICHHBIM B XYp-
Hane «Natural hazards» [6], koTopsie, TO cyIe-
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CTBY, YK€ JIBa TO/Ia /IO STOTO OBLIN OITyOITHMKOBAHBI
B Poccun [5], mocnegHUMH B 1IETIOUKE YCIIEUTHBIX
MpOrHo3oB craiu 3emiuerpsacenus Yumm (2010 )
u Toxoky (2011 1.). MI3BecTHO, YTO IKCIIEPUMEHT
MPOAOIKAETCS B HACTOSIIEE BPEMSI.

DKCHEPUMEHT MO MPOTHO3Y 3E€MJIETPSICEHUN
metogoM LURR B peanbnom Bpemenu g o. Ca-
xanmuH ObuT Hadat B 2022 1. OCHOBHAS 1IeJb JKC-
MEePUMEHTa — 3TO anpodarus paboThl C TaHHBIMH
B PEXXHME KBa3UPEAIbHOTO BPEMEHHU U MPOBEPKA
Ka4ecTBa peHIeHUs] MPOIEAYPHBIX BOIPOCOB IO
BEJICHUIO MPOTHO3a OT CTAJUM YTBEPKICHHS 10
CTaauu 3aBepuieHus. B naHHON cTarbe MpUBO-
JSITCS pe3yJIbTaThl MEPBOTO Tojia (CTaTUCTHKA IO
MPOTHO3aM) U OOCYXIAIOTCS aCIEKThI, KOTOPHIC
MO3BOJIAT YAYYIIUTh KaueCTBO pabOThI B IMOCIE-
JQYIOIIUE TEPUOABI UCCIIETOBAHHUS.

MeToponorus JKCnepnmMmeHTa

OKCNIEpUMEHT  MPEANoNaraeT MoIydeHHe
Y aHalu3 JaHHBIX B ONEpaTUBHOM (OOHOBJIEHHE
pa3 B KBapTal, 3ajiepkka He Oonee Mecsia oT Te-
KYILIETO BPEMEHH) PEKUME.

[TpoekT n3HauaIbHO OPUEHTHUPOBAH Ha CPel-
HECpOYHbIE OIleHKH, KoTopele Meronm LURR,
coOCTBEHHO ToBOps, U obecneunBaeT. [lo panee
MOJTyYeHHBIM JTaHHBIM [4], Oonee 85 % cirydaeB
YCIIENTHBIX TMPOTHO30B HMMENH TEPUON OXKHJIa-
HUS CO BpeMeHM MosBieHus aHomanuu ot 0.5
no 2 netr. Penkue cinydad AarOT MEHbBIIME WU
Oonbinne cpoku [4], ModTOMYy OOHOBIIEHUE TaH-
HBIX pa3 B KBapTaJl JIOJDKHO OBITH JTOCTAaTOYHBIM
JUISL TOTO, YTOOBI HE TOMYCTUTH MPOITYCKOB.

Jns anamm3a ceiicmuunoct  CaxanmHa
meronom LURR wucnone3yercs onepaTuBHBII
karanor w3 0a3el gaHHbIX PUOILL «FOxHO0-Ca-
xanuHck». Kaxknoe coOwsiTue o0pabarbiBaeTcs
M0 TPYIIE CTAaHIMNA Ui YTOYHEHUS KOOPAWHAT
u marautyz. [locie nqonoaHUTENBHOM 00paboTKH
JTAHHBIX COCTABIISIETCS HOBBIM KaTaJior, B KOTOPOM
OCTArOTCs COOBITHS, COOTBETCTBYIOIINE KPUTEPH-
aM paboueii BbIOOpkH. [ToAroTOBIEHHBIN KaTanor
npeodpasyeTcs B popmart, HEOOXOIUMBIN /IS BBI-
nosiHeHus pacyeToB nmapamerpa LURR.

Meronuka pacueroB mnapamerpa LURR,
BKJIOYAsl TPUHIUIBI OMpPENeTICHUs] PacUETHBIX
30H, BBISIBJICHUS aHOMAJUN W OINpEICICHUsS 30H
MIPOrHO3a, MOJHOCTBIO COOTBETCTBYET TOM, KO-
TOPYIO TECTHUPOBAIM B MAcCIITAOHOM HCCIIEI0Ba-
Huu ceiicmuunoctu CaxanuHa B mepuoxa 1997—
2019 rr. [4]. HanmomHMM, 4TO B KaueCcTBe 0a30BOTO
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mapametpa s pacdyeta LURR wucnonb3yercs
KOpEHb U3 ceficMuueckoil sHepruu (aeopmarus
benboda). OcHOBHBIE NPUHIUIBI METOIUKH:
JIOCTATOYHO TUIOTHOE MOKPBITHE TEPPUTOPUU pac-
YETHBIMH 00JIaCTAMU (3TO OKPYKHOCTH PATIyCOM
OJIUH TPaaycC, KOTOpbIE pacnoyiokeHbl yepes 0.5°;
OCTpOB, TaKUM 00pa3zom, mozeneH Ha 36 obna-
CTeil); PUKCHUpOBaHHBIC MTAPAMETPhI MaTeMaTHYE-
cKoi 00paboTKH (CKomB3siIIee OKHO B 360 maHEH);
pabouasi BBIOOpKAa 3eMJIETPSICEHHUH B 00JacTH
pacuera B auana3zoHe MarHutya ot 3.3 1o 5);
nepuoj oxuaanus 2 roxa. Bce aTu 3HaueHHsS
MPOILIM anpoOaIMio B MHOTOYUCIICHHBIX JKC-
MEePUMEHTANIBHBIX HCCIEIOBAaHUSAX M JOKa3aiH
CBOIO COCTOSTENBHOCTH [2—4]. Takxke ompenene-
HbI U TIPUHIUIBI BBIICNICHUS aHOMAJUH, B 4acT-
HOCTH OJIMH U3 TIaBHBIX IMTAPAMETPOB — ATO MOPOT
(paBeH 3), pH MPEBLIIICHUN KOTOPOTO MapaMeTp
BBIXOJUT B 00JIACTh AHOMAJIbHBIX 3HAYCHU.

Jnst skcriepuMeHTa, KOTOPOMY IOCBSIIICHA
HacTosas paboTa, eKeKBapTalIbHO KaTayor Io-
TIOJTHSIETCS. HOBBIMU CEHCMUYECKUMU COOBITHSIMU
U B Kaxa0i u3 36 pacyeTHBIX OONIacTeil 3aHOBO
npoussoaurcs pacder napamerpa LURR ¢ Haua-
noMm orcuera B 2019 .

Bri6op 2019 1. xak TOYKM Havama dKCIEPH-
MEHTAa OCHOBaH Ha TOM, YTO IMOCJEIHHUE pacye-
Tl i CaxanuHa ObUTH BbINIONHEHB! 10 2019 1.
[4], a ms TOrO, YTOOBI IMETH 3aJ1e]T TI0 JAHHBIM,
JIOCTaTOYHO TPEIBICTOPUU B 2 UM Oojee JeT.
[Ipu oOHapyxeHuun aHoOManuii MHQPOPMAILHS O
HUM 3aHOCUTCS B 0a3y MaHHBIX, H (PUKCUPYETCS
30Ha MPOrHO3a (TeOMETPUYECKH ATO HabOp pac-
yeTHbIX oOnacrteit). [Ipn Hamuuuu ogHOBpEMEH-
HOM (B MPOIOIKEHNE MaKCUMyM 6 Mec.) KOHIIEH-
TpPallMU aHOMAJMH B COCENCTBYIOIIMX O0JACTAX
(hopMHpYyIOTCS YKPYTTHEHHBIE 30HBI TPOTHO3a.

[Tomyyennsie qaHHbIe TI0 36 pacyeTHBIM 00-
JIACTSM aKKyMYJIUPYIOTCS Ha CTIELIMAJIbBHOM CEPBU-
ce CO POC B BuaE 1EMOHCTpALMM BbISBICHHBIX
aHOMAJIUIA U C(POPMUPOBAHHBIX IO HUM OTIACHBIM
30HaM Ha 0. Caxanun. [lpu onpenenenun Takux
30H B HUX NPOU3BOJUTCA MOHHUTOPHUHI C MpE.-
craBineHueM Ha 3acenanusx CO POC orueros
Kaxkble 3 MecC. B TE€U€HHE BCEr0 YCTaHOBJIEHHOTO
nepuoaa Tpesoru (2 rona). Eciu B mepuon TpeBo-
T B 30HE IPOrHO3a MPOUCXOIUT CEHCMUYECKOE
coObITHE C MarHUTYyJ0i M > 5, TO IpOrHO3 CHU-
MaeTcsl U CUMTAeTCsl peanm3oBaBumcs. [lepuos
TPEBOTM 3aKaHYMBAETCS, U MOHUTOPUHI 30HBI
MpeKpanaeTcs. DKCnepuMeHT Havaics B 2022 1.
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u npoogutcs coBmectHo MMIul' IBO PAH
u CO OUIL EI'C PAH B pamkax pabotsr Caxa-
auHCKOro (mnmana Poccuiickoro sKCHepTHOro
coBeTa 1o upe3BbuaiiHbIM cutyanusm (CO POC).

Pesynbrathbl

ITo pe3ynbraram 0OpaOOTKHM JAHHBIX 3a Tie-
puoxn ¢ 2019 mo 2022 r. Ha Teppuropuu o. Caxa-
JIMH ¥ TIpUJIETAIOUX aKBaTOPUi HaMU ObLIN BbI-
SBJICHBI 4 30HBI CO CPETHECPOYHBIMU ITPOTHO3AMH
3EMJICTPSACEHUN.

[epBas nadopmarms mocie o6padbOTKH qaH-
HbIX Katayora ¢ 2019 mo 2021 r. 6b1a ipeacTaB-
neHa B CO POC c 3asiBKOM Ha CpelHECPOUYHBIE
IIPOTHO3bI 3eMJIETPSCEHUS C MarHuTy10iM M > 5.0
(#0.1) nnst AByX 30H: B ceBepHOU (9 pacdyeTHbIX
obnacTeil) u 1KHOU (4 pacueTHbIe 00IacTH) Ya-
cTax 0. CaxanuH 1 NPUIIETAIONINX aKBaTOPHM WK
tepputopuil (puc. 1 u 2). ['eomeTpruecku 30HbI
IPOTHO3a ONPEACIISUIUCH 10 TPAaHHUIIAM PaCUeTHBIX
oOmactelf, COCTaBISIOLIUX IPOTHO3HBIE 30HBI:
1) 51.5-54° c.m., 141-144° B.711.; 2) 45—47.5° c.1m1.,
141-144° B.1.

C yueroM TOro, 4TO B 00EUX 30HaX MIPOrHO3a
AQHOMAJIMM B PACUYETHBIX 00JacTAX 3aBEpILIAIHChH
B 2021 r. (mapamerp LURR mnepexonun B ¢ono-
BBII PEXHUM), TPEBOXKHBIHM Mepros OblT yCTaHOB-
neH o konma 2023 r. (mpotokon CD POC Ne 1
o1 25.01.2022 1.). Pemenue coBera ObLIO CIIEAYIO-

ITUM: JIJII CEBEPHOU M 10)KHOM yacTeit 0. CaxannH
(B yKa3aHHBIX KOOPJMHATaX) OOBSBUTH IPOrHO3BI
3emuierpsicenuit ¢ M > 5.0 u yrBepauTh ux neu-
ctBue ¢ 1 pespans 2022 r. mo 31 gexadbpst 2023 1.

Ilpocnoz Ne 1. IlepBblii U3 MPOTHO30B pe-
ammzoBaics 05.02.2022 r. B 21:18:52 UTC
(06.02.2022 r. B 08:18:52 caxaJMHCKOTO Bpe-
Menn). B 23 kM Boctounee cena Ban u B 48 km
ceBepo-BoctouHee c. lopsune Kiroun (Ho-
[JIMKCKUN  paiioH) MPOM30LLIO 3eMJIETPSICEHHE
¢ M, = 5.3. Koopaunars! snuenTpa — 52.47° c.u.
u 143.53° B.1., Tny6una 22 kM. [Tapamerpsl 3em-
JETPSCEHHSI IO JAHHBIM PE3YJIbTaTOB 00PabOTKU
POCCHUICKMX M MEXIYHAapOAHBIX CEHMCMOJIOTHYE-
CKHUX IIEHTPOB MPUBOIATCS B Tabm. 1.

PacueTHass MHTEHCUBHOCTH 10 JAaHHBIM aK-
cenepomerpoB B Hommmkax m Oxe cocraBumia
4 6anna, MO JaHHBIM OIPOCHBIX JUCTOB B I. OXa,
nrt. Hornukwu, c. Tynrop, HekpacoBka, Mockaib-
BO, Ban — Taxke 4 Oanna (ompoc MpoOBOIUIICS
cpeau pabOTHUKOB aMHUHHCTpALUil IOCEJIKOB,
B IIKOJIAX, B OTJCJICHUSX CBS3M, MarasuHax).
3a mocnenyromnme ABoe CyToK mpousonwio 20 ad-
Tepmoko ¢ M, or 2.1 mo 3.6. Mudpopmanus
00 AMHIIEHTpaX 3eMJIETPSICEHUsS U ero adTepio-
KOB IIpE/ICTaBIeHa Ha KapTe (puc. 1).

3eMyIeTpsICeHHE MPOU30IIO HA BOCTOYHOM
menbpe CeBepnoro CaxanmHa. B cTpyktyp-
HOM OTHOIICHUU IIeNb(] MpeacTaBiIseT coOOi

Puc. 1. Kapra 30H5I mporHo3a Ne 1 ¢ ykazaHueM JaThl Hadajia TPEBOXKHOTO EPHOa, SIUIEHTpa (0003HaYeH 3BE3/109KON ) M AaThI 3eMITe-
TpsceHus (10 CaxaJUHCKOMY BPEMEHH) — PEATM3alMy MPOTHO3a (a) M KapTa adTepmokos semuerpsacenns 05.02.2022 r. (M, = 5.3) (6).
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CHUCTEMY CyOMEepHUIMOHAIBHBIX YEPeayIOMMUXCS
MOJHATUM M BHAAUH. BmaauHbl NpakTUUECKU
MOJIHOCThKO KOMIIEHCUPOBAHBI OCaJIKOHAKOILIE-
Huem. [lo marepuanam celcCMHUUYECKHX HCCIe-
JIOBaHUM B HANpaBJICHUWU C 3amajia Ha BOCTOK
BBIJICJISIIOTCSL  CIIEAYIOIINE CTPYKTYpHBIE 3lie-
MeHThI: [lunpryHckas BmaguHa, OJONTHHCKOE
n Bocrtouno-Onontunckoe nogHsAtus. Mopu-
cree pacnoyaraercsi Bocrouno-CaxannmHckuit
nporud W ero HEKOMIICHCUPOBAHHAS OCAaIKaMHU
4acTh — 3aMKHyTas OaruanbHas BmaguHa Jle-
ptoruna [7]. Opontunckoe u Boctouno-Omon-
TUHCKOE TIOJHSTHUS pa3leieHbl OYEHb Y3KUM
nporu6om. O6e 3TU CTPYKTYpbl OObEIUHSAIOTCS
B oaHO monHsTHe. C 3amagHOMl CTOPOHBI OHO
orpanuyeHo 3anagHo-OJ0NTUHCKUM Pa3jIoMoOM,
K KOTOpoMy mnpuMblkaeT IlunbTyHckas Bmaau-
Ha, a ¢ BOCTOKa — Boctouno-CaxaJinHCKUM
pa3iaoMoM, K KOTOpOMY IMpumbikaer BocTtou-
Ho-CaxanuHckuit mporu6d [7]. CelcMHUYHOCTD
Bocrouno-CaxanmuHCKON CHUCTEMBI Pas3IOMOB
MpeJCTaBICHA CIEAYIOUMMH 3eMJIETPACEHUS -

MHU: Ha TpaHuue BnaguHbl Jleproruna (1944 r.
M =5.5), Oxuncko-ITunsrynckumu 1932, 1939,
1942 u 1953 . (M = 5.0-5.5) [8], a Takxke
[unprynckum 12.06.2005 . ¢ Mw = 5.6.

[To cOBOKYMHOCTH MPU3HAKOB MPOTHO3 ObLI
NpU3HAH peaju30BaBUIMMCS, a HaOIONEHHE 3a
30HOM B IIpeienax yKa3aHHbIX KOOPJIMHAT MpeKpa-
nieHo (mporokon Ne 2 CO POC ot 15.04.2022 ).

Ilpocnoz Ne 2. 1o BTopomy NMpOrHO3y Ha HOre
Caxanuna (4 pacyeTHbie 007aCTH ¢ aHOMAJIUSIMH
LURR, puc. 2) B aBrycte 2022 1. ObIIH MOTYYEHbI
JJaHHBIE, CBUJIETEIbCTBYIOIIUE O €T0 pean3aluu
Ha ceBepe 0. XOKKanIo0.

10 aBrycra 2022 r. B 15:52:59 UTC Ha ce-
BEpO-3anaJJHOW OKOHEUYHOCTH 0. XOKKan1o0 (Smo-
HUs) TIPOU3OIIO 3eMiieTpsiceHne ¢ M, = 5.2.
ONULEHTp pacrosarajicsd B HENOCPEICTBEHHOU
6ausoctu ot moc. HakaraBa (okpyr Kamukaga,
ryoepHatopctBo Xokkaiino). Ilapamerpsl 3em-
JETPSICeHUS 1O JAHHBIM PE3yJIbTaTOB 00PaObOTKH
POCCHICKUX M MEXIYHapOIHBIX ceficMosiornye-
CKUX IIEHTPOB MPHUBEJICHEI B TA0M. 2.

Tab6mauua 1. [Tapametpsl 3emierpscenus 05.02.2022 1. ¢ snutieHTpoM B Hormmukckom parioHe

KoopauHatsl

HcTouHuk JaHHBIX B (]?q%erhé,ﬂto, 3“"?1?31“1’3 rj;lyilffa Marsutypa

9IMHH:C o, N | 2°E ’ Mw | mb | M,
PUOII «tOxHo-Caxanunck» | 21:18:52.0 52.47 143.53 22 - - 53
CCJ] ®UILI EI'C PAH 21:18:52.0 52.61 143.36 20 — 5.7 —
EMSC 21:18:51.8 52.57 143.29 17 5.2 - —
GEOFON 21:18:52.1 52.55 143.34 15 53 - -
USGS 21:18:52.0 52.59 143.28 10 5.2 - -

Ipumeyanus. Mw — mareutyna no Kamamopu, mb — Maruutyna o0beMHBIX BOJH, M, — jokanbHas Marmutyga. PUOLL — peruo-
HaJIbHBIA MH(OpPMALMOHHBII oOpabareiBatonmii neHTp «tOxHO-Caxamuucky; CCJ ®UI] ET'C PAH — Cnyxba cpoyHbsix IoHece-
auii ®ULL ETC PAH, O6nunCck, Poccus; EMSC— EBpormetickuii ceticmonormueckuii neHTp (http:/www.emsc-csem.org/Earthquake/
earthquake.php?id=324605); GEOFON — Helmholtz Centre Potsdam (http://geofon.gfz-potsdam.de/eqinfo/form.php); USGS — United

States Geological Survey (https://earthquake.usgs.gov/).

Tab6auua 2. [Tapamerpsl 3emietpscenus 10 aBrycra 2022 1. ¢ SNUIEHTPOM Ha CEBEpPO-3arafHON OKOHEYHOCTH

0. Xokkaiino (Smonns)

Koopaunatst

VlcToyHUK JaHHBIX B (])Stgel“hgjlto, 3H1’II)H6HTP3 Fj;ly?g{ﬂa S

9IMHH:C o, N | A E ’ Mw | mb | M,
PUOL «FOsxHO0-CaxamuHCK» 15:52:59 44 .86 142.04 11 - - 5.2
CCJ] ®ULI EI'C PAH 15:52:59 45.06 142.04 10 - 5.1 -
EMSC 15:52:59 45.03 142.07 10 5.1 - -
GEOFON 15:53:04 4498 141.99 42 - 4.9 -
IMA 15:51:00 44.90 142.06 10 - — 5.1

Tpumeuanue. IMA — Japan Meteorological Agency (https://www.jma.go.jp/jma/en/menu.html)/.

OctanbHbIEe yCIOBHBIE 0003HaUeHHS CM. B Ta0m. 1.
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Puc. 2. Kapra 30HbI mporaosa Ne 2 ¢ ykasaHueM JaThl Hadyasia TPEBOXKHOTO TIEPHO/IA, STHLEHTPa (0003HA4YCH 3BE3/10UKOM) U IaThl 3eMIle-
TpsceHHus (110 CaXaJMHCKOMY BPEMEHH) — Peajlu3alluu IIPOrHosa (a) v kapra agrepuiokos semuerpsacenus 10.08.2022 . (M, = 5.2) (6).

C mnoMouIpl0 Ppa3IMUYHBIX MPOrPAMMHBIX
CpeAcTB 0O0pabOTKH YCTaHOBJIEHO, YTO PaCcXOXK-
JIEHUs DPa3HbIX CEUCMOJOTMYECKUX areHTCTB
B OIPE/IENICHNHU TapaMeTPOB TUIOLIEHTPA U SHEP-
reTUYeCKUX OLEHOK 3emuerpsicenust 10 aBrycra
2022 r. MmuHuMaJIbHBL. B omnpenenenun mapame-
TPOB 3eMJIETPSICEHUSI OBLTN HCIOIB30BAHBI JIaH-
HbIE€ PETMOHAIBHON CETU CEMCMUYECKUX CTAHIUN
Caxanunckoro ¢ummuana ®UL[ EI'C PAH, cran-
i MHCTUTYTa BYJIKAHOJIIOTMM U CEHCMOJIOTMH
yHuBepcutera Xokkaio u cranuuii JJBO PAH.
Cersio cranmmii cetu Ha 20 aBrycra 2022 . Ob1I10
3aperucTpupoBaHo 43 adTepiioka ¢ MarHUTy/a-
mu ot 1.0 o 4.5 (puc. 2).

[lo ompeneneHusM SHUIEHTpPA pa3IUYHbI-
MU areHTCTBaMH, 3€MJIETPACEHUE MPOMU30ILIO Ha
rpaHuIle TPOrHO3HOM 30HBI (pUC. 2) HA MIUPOTE
0koJ10 45°. ITOCKOJIbKY MO YCIOBHSAM 3KCIIEPUMEH-
Ta HE MPEAyCMOTPEHO pacyeTHBIX olnactedl 3a

npeaenamu CaxanuHa Hyobke 45° c.ai., 3emierpsi-
cenue 10.08.2022 He momagaer B 30HY MPOTHO3a,
a ero MULEHTP yAAJEH OT €€ IPaHHILIbl IPUMEPHO
Ha 13 kM. YuuThIBas1, YTO pacyeTHasl 30HA POTHO-
3a MOXKET OBITh MPOJIOJDKEHA Ha tor oT CaxanuHa,
a OTKJIOHEHUE 3IUIIEHTPA OT FPAaHMILIbI 30HBI 110 OT-
HOILICHUIO K IMHEMHOMY pa3Mepy IPOTrHO3HOM 30HbI
(275 kM) menbie 5 %, MOXKHO TPU3HATH MPOTHO3
cocrosiBMMcs. Ho MbI pemmiu npoBecTu pacue-
TbI lapaMerpa LURR B 1msTOM, NONOIHATENBHON
K HalllUM YeThIpeM, 00JIaCTH € LEHTPOM B ITO3ULIUU
44° c.m. u 142° B.1. (puc. 3). Mcnonb3yeMblii Hamu
KaTajior He NPeayCMaTpUBAET MOKPHITUE TEPPUTO-
puM HIKe 45°, M03TOMY JUIsl pacyeTa UCIOoIb30Ba-
JIUCh JAHHBIE KaTaJIOTOB [ €0sornyeckoil ciry»cObl
CIHIA (United States Geological Survey — USGS)
(https://earthquake.usgs.gov/).

[To pesynpraTaM IpPOBEPOYHOIO pacyera,
¢ 2016 mo 2022 r. B 3TO# 00NacTu UKCUpyeTCs

Puc. 3. [lononHurensHas pacyeTHas obimacTe Ha XOKKaijo (ciea) u pacdyer napamerpa LURR B Heil B nepuox ¢ 2016 mo 2022 1.

o ganubiM USGS.
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anomanmuss LURR B wurone 2020 r. (puc. 3), uro
TOBOPHUT O €IMHCTBE BCeX 5 obmacrteit st cdop-
MHPOBaHHOW IPOrHO3HOM 30HBI (110 4 caxayuH-
CKUM 00JacTsIM aHOMAaJIMU TMOSBUJIMCH B arpese
2020 r.). Takum oOpazoM, 30Ha, cHhOpMHUpPOBaHHAS
M3Ha4YaJIbHO B I0XKHOU yacTH 0. CaxajivH B anpesne
2020 ., 3arem OblIa pacIIMpeHa Jabliie Ha IOT, IM0-
KpBIB CEBEPHYIO0 OKOHEYHOCTh 0. XOKKai10. DTOT
pacueT HOCUT UCKIIFOUYUTEILHO IPOBEPOUHBINA Xa-
pakTep, U B OynymieM yBeTHMYEHHE KOJIWYecTBa
pacueTHBIX obOnacTel Juis oxBara 0. XOKKaimo
He npenycmarpuBaercs. [Ipyunna B TOM, 4TO HC-
MOJIb30BaHHbIE KaTajaoru ['eosornueckoil cirykObl
CUIA He ABIISIFOTCS MOJTHOCTBHIO MPUTOTHBIMU TSI
pacuetoB LURR, Tak kak coznep:xat nuHpopmaruo
0 3eMJIETPSICEHUAX HAaYMHAsl C MAarHUTY/Ibl pAaBHOM
4.0, a U1 HAIIUX PACUETOB HCIIOIb3YETCs BEIOOP-
ka HaunHasg ¢ M = 3.3. Ho juig naHHOroO citydas
pacyeT UMeeT JOKa3aTeIbHYIO CUITY.

3emnerpsacenue 10.08.2022 r. mpowusonuio,
10 BCei BUIUMOCTH, B MECTE KOHTAKTa TEKTOHU-
yeckux cTpykryp. C 3amagHoil CTOPOHBI OT 3Iu-
LIEHTPA pacnoioKeHbl MOHEpOHCKas 30Ha U 30Ha
Pebyn-Kob6aro, koTopbie B COBOKYITHOCTH HPOTS-
TUBAIOTCSI HEMHOTMM ceBepHee 0. MoHepoH. Llen-
TpaJIbHas ke 4acTh 0. XOKKailo cioxeHa oopa-
30BaHUAMU 30HbI KaMyHKOTaH U CMEKHOU ¢ HEH
CycyHaiiCKOH, KOTOpasi SIBISIETCS CEBEPHBIM €€
pojoJKeHueEM [8].

B cBs31 cO 3HAUUTENBHONW OCBOEHHOCTBIO Ce-
BEPHOIi 4acTh 0. XOKKai10 (TI0 CpaBHEHHIO C CeBe-
pom 0. CaxanuH) 3T0 3eMJIETPsICEHUE UMEJIO0 TOpa3io
OoJiee BEICOKHUI ypOBEHb MaKpPOCEHCMUYECKUX ITPO-

SIBJICHUH, YyeM celicMudeckoe coObiTHe 5 (heBpasis
2022 1. ComiacHO JaHHBIM SITIOHCKOTO METEOPOII0-
rudeckoro areHTcTa (JMA) (https://www.data.jma.
go.jp/svd/eqdb/data/shindo/#20220811005300),
MHTEHCUBHOCTh 3eMileTpsiceHusi B moc. Hakarasa
cocraBuia 5+ 6aymios mo mkaine JMA (JMA. Table
sexplaining the JMA Seismic Intensity Scale, http://
wWww.jma.go.jp/jma/en/Activities/inttable.html),
YTO COOTBETCTBYET [9] 6 Oamnmam no mkane MSK-
64 U XapakTepu3yeT CHIIbHBIC 3eMJICTPSICEHUS.
B npounx HaceneHHBIX MyHKTax ceBepa 0. XOK-
Kaiino, B yactHocTH B okpyrax Cost u Pymou, un-
TEHCHBHOCTH cocTaBmia 3-4 Gauia o mkaine JMA.
Ha tepputopnn CaxanuHcKoit o0nacTH, B CBS3U CO
3HAUUTEIBHBIM YJlaJIeHHeM ONvKalIuX HaceseH-
HBIX ITyHKTOB OT Odara 3eMIICTPSICCHHUS, TaHHOE
ceficMrUYecKoe COOBITHE HEe Oy maochk. CormacHo
WHCTPYMEHTAIBHBIM JJAHHBIM 10 3aITUCSIM OJTvKaii-
1IeH K 04ary celCMU4eCKor cTaHumu B I. HeBenbck
(200 kM OT 3MUIIEHTPA), UHTEHCUBHOCTb COCTABMIIA
1 6amn mo mkane MSK-64.

Takum 00pa3zom, 06e 30HBI IPOTHO3A, C KO-
TOPBIX CTAPTOBAJ MIPOEKT, OBLIHM CHATHI C MOHUTO-
punra B 2022 1. ¢ yIOBIE€TBOPUTEIbHBIMU MOKa3a-
TEJISIMU PE3YJIbTaTUBHOCTH peaIn3aluil.

Opnako rog He mpornen 0e3 MOSBICHHS HO-
BBIX aHOMAJIMii, KOTOpbIE, B UTOTE, CPOPMUPOBA-
JIM JIB€ HOBBIE 30HBI MTPOrHo3a (puc. 4, 5).

IIpoenos Ne 3. K coxaneHuro, OUH U3 Npo-
THO30B, 10 00IIEMy CUeTy TpeTuil, KBaauduiu-
pyercs Kak «TeXHH4Yeckui mpomyck». Kak Obuio
y’K€ CKa3aHO B METOAMYECKOM pasziesie, OOHOBJIe-
HUE JAaHHBIX pa3 B KBapTall JOHKHO OBLIO OBITH

Puc. 4. Kapra 30Hb1 iporaosza Ne 3 ¢ yka3zaHueM JaThl Hayalla TPEBOXKHOTO TIEPHO/Ia, SMUIICHTpa (0003HaUSH 3BE3/J0UKOM ) U IAThI 3eMJIc-
TpsceHus (10 CaxaJUHCKOMY BPEMEHH) — pealu3alliy MPOrHo3a (a) U KapTa adrepmokos 3emneTpsicenus 09.02.2022 . (M, = 5.0) (6).
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Taoauua 3. [TapameTpsr 3emierpsicerns 8 ¢espanst 2022 T. ¢ SNHUIEHTPOM oro-3amagaee cena [lopedse

Maxaposckoro paitona CaxanuHCKOH obaacTu

KoopaunaTs!

WcTouHMK JaHHBIX B (])?’I{P;erhgto, SIS o8 D}qyil;\[fa Martutyza

- MHH.C ¢°, N A%, E ’ Mw mb M,
PUOL «tOxno-Caxanunck» | 22:29:00.7 48.54 142.48 13.7 - - 5.0
CCJ] ®UL ET'C PAH 22:29:03.0 48.52 142.42 10 — 5.0 —
EMSC 22:29:02.6 48.52 142.44 10 5.0 - -
GEOFON 22:29:03.7 48.48 142.47 10 - 4.8 -
USGS 22:29:02.0 48.51 142.37 10 4.9 - -

Ilpumeuanue. YcnoBHble 0003Ha4eHUs cM. B Ta0. 1.

JOCTATOYHBIM TSI TOTO, UTOOBI HE IOMYCTUTH MPO-
nmyckoB. OJTHaKO yXe B NIEPBbIE MECSIIbI IKCIIEPU-
MEHTAa TaKOM Cllydai Ipousouiell. B koHLe ssHBaps
2022 r. MOABUINCH AHOMAJIMM B TPEX PAaCUETHBIX
obactsx (puc. 4), KoTopble 3apUKCHPOBAHBI OBLITH
nocJie 00paboTku naHHBIX B anpene 2022 1. (¢ 06-
HOBJICHWEM JaHHBIX 3a | kBapram). M Torma xe
B Mpoliecce aHaau3a Karajaora 00Hapy>KUIOCh, YTO
MPOTHO3HAS 30HA M3 3TUX TPEX PaCUETHBIX OO0Ia-
cTeil Obita «oTpabotaHa» 9 ¢epans, T.e. uepes
JIBE HEJIEJIH OCIIE TIOSBIICHUS] aHOMAITUH.

8 dempams 2022 1. B 22:29:00.7 UTC

(09.02.2022 r. B 09:29:00.7 caxaJWHCKOTO Bpe-
MeHH) B 21 kM roro-3amanHee cena [Topeube Ma-
KapOBCKOI'0 palioHa U B 32 KM CEBEpO-BOCTOUHEE
c. Kpacnoropck (TomapuHCKui paifioH ) pOU30IILIO
semunierpsicenue ¢ M, = 5.0. Koop-
JIMHATHI AnvLeHTpa — 48.54° c..
u 142.48° B.4., TmyOouHa 13.7 kM.
[TapameTpsl 3eMIIETPSACEHUS IPH-
BOIATCS B Ta0I. 3.

Ilo JaHHBIM OIIPOCHBIX
JINCTOB, HMHTCHCHUBHOCTL 3CM-
JETPsACCHUsA B C. BocTounoe

MakapoBckoro paiioHa OICHHU-
BaeTrcsa B 5 Oamios, B c¢. Kpac-
HOropck TomapuHCKOro paifo-
Ha B 4-5 OamioB, B T. MakapoB
4 Oamma, B c¢. Ilopeure Maka-
poBckoro paiona, . Tomapwu,
c. Wnpunackoe TomapuHCKOTO
paiioHa, . Ymieropck, ¢. Kpac-
HOIOJIbE YTIIETOPCKOTo paiioHa —
3-4 Oamna, B m.rt. IllaxTepck
VYrieropckoro paiiona — 3 Gasia.
PacueTHas WHTEHCHBHOCTH IIO
TAaHHBIM aKCEeJIepPOMETPOB COCTa-
BWIa B TI. Yrieropck 2.5 Gamia,
B c. UnpunCcKoe 3.3, B 1. JlonuHCcK
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2.6, B T. XonMmck 1.5 Oania; mo maHHBIM BEJIOCH-
METpPOB — B I. Yrieropck 2.9 6amna, B c. Kpacho-
nosise 4.0, Ha Mbice XOKyH YIIIEropckoro paiioHa
2.3 Gamna.

3emnerpsicenne 8.02.2022 1. mpuypoyeHo
K paifonam mnepeceuenusi LlenrpanpHo-Caxanus-
ckoro (Temvb-IlopoHaiickoro) pasioma C auaro-
HaJIbHBIMM  pa3iioMamu  3amnaiHo-CaxaJIuHCKOro
pasnoma. 1 xors LICP ycrynaer B ceficMuyecKoit
aKTMBHOCTH 3anasHo-CaxaJuHCKOMY DPa3jioMy,
MOYKHO OTMETHTBH 3/1€Ch TAKHUE 3EMJIETPSICEHUS, KaK
Tomapunckoe 1923 . M = 5.2 u JleonunoBckoe
1957 M =4.9[10].

Ilpocnosz Ne 4. TIporuo3 no 4eTBepTOr 30HE
ouLmanbHO yTBEpXKIEH M ACHUCTBYET IO CO-
crostHuio Ha sHBapb 2023 1. OH ObLT COCTaBICH

Puc. 5. Kapra 30HBI 3aperHCTpUPOBAHHOTO MPOTrHO3a Ne 4.
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o naHHbIM 2—4 kBapranoB 2022 r. Ha nepom
atamne, ¢ mMapra no Maii 2022 ., B 3 pacyeTHBIX
o0acTsX Ha ceBepe OCTPOBa ObUIO OOHAPYKEHO
o ogHoi aHomanuu LURR (puc. 5). 3arem ue-
pe3 3 Mec. B mepBOHAaYaIbHBIX 3 001acTsIX aHo-
MaJiH TMOBTOPUIINCH, @ B 3 HOBBIX, COCEIHHX,
MOSIBUIIMCH BIepBbIe. Takum 00pa3zom, 30Ha Mpo-
THO3a chopMHUpOBaIaCh ¢ MapTa 1o aBryct 2022 r.
U TIpeJICTaBlIeHA JEBAThI0 aHOMAJIHUSIMHU B LIECTH
pacuetHbIX oOnacTsax. Pemennem CO POC (mpo-
tokon Ne 3 ot 14.10.2022 1) mo mast 2024 1. 005b-
SIBJICH CPEAHECPOYHBIN IPOTHO3 CEMCMHUYECKOrO
coObrTust ¢ MarauTygoit M > 5.0 (+0.1) ansa ce-
BepHoi yactu 0. CaxanuH B rpanuinax ot 52.0 no
54.5° c.mi., ot 141.5 no 144° B.A., T.€. IPaKTUYECKU
B TEX K€ I'paHuUIlaX, 4To U 30Ha MporHo3a Ne 1.

Curyanus, Koraa B 30HE, IJI€ BCETO MEHee
4yeM 2 roja HazaJl (pUKCUPOBAIMCH AHOMAIIUHU, OHU
(UKCHUPYIOTCS CHOBA, HETpuUBHANbHA. TexHuYe-
CKH, eciu Obl 3emueTpsicenre B ¢espaine 2022 1.
(puc. 1) He mpoU301LI0, MPOTHO3 HA TEPPUTOPHUHU
MOT OBITh MPOJJIEH, U, B 00IIEM-TO, TaKas Mpak-
tuka He HoBa 111 CD POC npu pabore ¢ qpyrumu
MeToAaMH (JOArocpouHble MporHossl). Ho oHo
MIPOM30IIIO, U B TAKOM CJIy4ae MPOTHO3 CHUMa-
eTcs. 3aMeTuM, 4TO MapaMeTp Mepuoja TPEeBOTH
B metone LURR camblii HeonpeneneHHslii (y Hac
0 JBYX-TPEX JIET, Y KUTalCKUX YUYEHBIX elle
Oompine). B maHHOM citydae OIWH TIPOTHO3 OBLT
CHSIT, a IPYTOM uepe3 MecsI] OObsBIIEH.

O nocnencTBUsIX TAaKOM YacTOTHI MPOSIBIIE-
HUsl aHoMaiuil Ha ceBepe CaxannHa Mbl y3HaeM
yepe3 HECKOJIBKO JIET, a ceiiuac MHTEPECHO 00Cy-
TUTH TOTEHINAN CEeHCMOTEeHEPHUPYIOIINX 30H, KO-
TOpBIE MOMAJAOT B 30HY JACHCTBYIOIIETO Ha TEKY-
LUH IEPUOJ BPEMEHU IIPOrHO3a.

Bce mects pacueTHbIx obnactelt pacnonoxe-
HbI B npenenax Bocrouno-CaxanmHCkon paziom-
HOM 30HBI. BocTouHo-CaxannHckasi 30Ha HEOJHO-
poaHa 1o cTpoeHuto. B BocTouHOM NpHUOpexHON
30HE CEBEPHON YacTH OCTPOBA OHA Mpe/ICTaBlIeHa
[TuneryHCcKUM U ["apomMaiickum paznomamu. [Ipen-
nonaraercs [11], 9ro 1u1g nepBoro pasioma xapax-
TEpHBI IPEUMYILIECTBEHHO C/IBUIOBBIE (IIPaBOCTO-
POHHUE) CMEILEHHS], a JUIsI BTOPOTo — B30POCOBBIE.
3anmagnee cuctembl [lunmpTyHckoro m I'apomarii-
CKOTO Pa3JIOMOB MPOTITUBAETCS MPABOCIBUTOBBIM
Bepxue-IIunsryHckuii  pasnom  (Hedreropckuii
cericMopaspsiB 1995 1) ¢ MaKCUMaTbHOM TTOJTBHK-
xoii 8.1 m [12]. Bo3amorkHo, uto roskHee Hedrerop-
CKOTO aHAJIOTMYHBIA €My pa3jioM MPOTATHBAETCA
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B oceBoM uactu JlarmHckoro nomHsTHs. Pasznom
BIIOJIHE OTYETJIMBO BBIJEISIETCS HA KOCMUYECKUX
CHMMKaX pa3HOro paspeuieHus U B Tomorpadumu.
3anagHee Bepxue-ITwibryHckoro u JlarmHckoro
pa3ioMOB BBIJIENIEHbl HECKOJIBKO CYOMEpHIUO-
HaJIbHBIX Pa3pbIBOB, HO HUKAKHUX JIaHHBIX JJIS1 HUX,
KpOM€ BBIPDAKCHHOCTH Ha KOCMHUYECKHUX H300pa-
KEHUSAX cpeHero paspemienus, et [ 11]. OqHoakT-
HbIE CMelleHus o cauram, kpome Hedreropcko-
'O pa3jaoMa, HUTZE NPSMO HE U3MEPSITUCH. JlaHHbIe
1o [ InneryHCKOMY pas3iioMy, U3JI0KEHHBIE B CTAThE
[11], umeroT Xapakrep OLIEHOYHBIX, OCHOBAHHBIX
Ha psane nomymieHuil. CaMbIMM CEBEPHBIMH 3Jie-
MEHTaMH 30HBI SIBJISIFOTCSI AKTUBHBIE MPAaBOCIBU-
roBele XEUTOHCKUI U JIOHIpuiiCKUii (B MEHBIIEH
Mepe CIABUTOBBIN) pasioMmsl m-oBa lImuara. Xein-
TOHCKHW pa3jioM, IJIABHBIN U3 JIBYX, MPOTITUBAECT-
Csl Ha ceBep 0 JIMHUU TT0OEePEKbs U, CKOPEE BCEro,
NPOJIOJKAETCSl Jalee MO/ BOIOU B IPEIEINbI LIEIb-
¢a. Het sicHOCTH OTHOCHTENIFHO IO’KHOTO TPOIOII-
KEHUS pas3lioMa U €ro BO3MOXKHOIO COE€IWHEHHS
¢ [TunpryHckuM pasnomom. IIpencrasnsercs, 4ro
BO3MO)KEH BapUaHT IIPOCTPAHCTBEHHOW HE3aBUCH-
MOCTH 3TUX JABYX Pa3JIOMOB.

Kak ykazano B [7], UHCTpyMeHTaIbHbIE Ha-
OJIOfIeHUsl TOBOPAT HaM JIMIIbL O TPeX 3HAMEHa-
TEJIBHBIX COOBITHAX B 3TOM paiione (Bocrtou-
Ho-CaxanuHckoil 30He). Kpome Hedreropckoro
3eMJIETPSICEHHS] TaM MPOU30LLUIN 3eMIIETPSICEHUS
B 1935 r. Karanmmiickoe, M = 5.6; B 1964 . Ho-
rukckoe, M = 5.8, u B 1967 1. CeBepo-Caxanun-
ckoe, M = 5.5. Kak ormeuaercs B [12], HEcOOT-
BETCTBHE NaJIEOIaHHBIM TOBOPUT JIUIIb O MaJIOM
nepuone HaOMIOAEHHU, KOHEYHO, MOTEHIHAT
30HBI MHOTO BBIIIIE.

Haunbonee npaBronogoOHbI OLIEHKH Ha OCHO-
BE MaKCHMaJIbHOM MarHutyabl M _ . OTaenbHbIe
Pa3JIoMbl TEHEPUPYIOT 3EMIIETPACEHUS TPUMEPHO
OJHOM (B mpezenax MOJIOBUHBI €IMHULIBI) MarHU-
TY/bl, U3BECTHBIE KaK XapaKTEPUCTHUECKHUE 3EM-
JeTpsiCeHus, ONM3KHE K HX M _ . OreHka M
MIPOBOAMUTCS MO JUTMHE Pa3jioMa WIH 110 BEIUYUHE
OZTHOAKTHOM MOJBMXKKH (C YUETOM CMEIICHUS UITH
0e3 Hero). B HacTosIee BpeMst MOXKHO 0oJiee WiTH
MeHee IOCTOBEPHO CYIUTh O JUIMHE TONbKO [1nib-
TYHCKOTO pa3jioMa, KOTOpasi COCTaBIsI€T PUMeEp-
HO 50 kM (cuMTas ero 3amajgHylo BETBb Ha ceBepe
BAOJb 3amagHoro nodepexps Topox). 'apomaii-
CKMM, XeHUTOHCKMU W JIOHIpHICKUI pa3IoMBI
MOTYT MPOTITUBATHCSI HA HEKOTOPOE HEM3BECTHOE
paccTOsHUE TMOJA BOMOH, T.€. JAOCTYNHBI TOJIBKO
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OT peTpocneKkTvBbI K CUCTEME pearibHOro BpeMeHu — MporHo3 3emnetpsiceHnii metogom LURR Ha CaxanuHe

MUHHUMAJIbHBIE OLIEHKH WX HBI (~21, 3740
1 ~30 KM COOTBETCTBEHHO). VcXo/s 13 BhIIETTPH-
BEJICHHBIX TPUOIU3UTEIBHBIX OIIEHOK, UCTIONb3YS
3aBucuMocTtu u3 [13], momyuaem st L ~ 50 km
(IMuneryHckui pasnom) — Mw = 7.1 (+0.23).
B nenom moxHO mpuHATe M paBHOW 7-7.2
st Beced Boctouno-Caxanuuckolt 30Hb1. C yue-
TOM BBIILIECKA3aHHOTO, MPOTHO3, KOTOPHIM Ha ce-
TOAHSAIIHUN J€Hb AEHCTBYET MO JAHHOM 30HE, MO
BEJIMYMHE XAPAKTEPUCTUUYECKOTO YPOBHS MOXET
MMETh BEPXHIOIO MIaHKy M = 7.2.

Kpome oOlLleHKM MarHutys XapakTepHUCTH-
YECKUX 3EMJICTPSICEHUN TI0JIE3HO BCIIOMHHUTH
ux TnoBTOpsieMocTh. Ha ocHoBe 0000mIeHMI
AM. Koxypuna no IlunpTyHCKOMY pa3ziomy
KOHCEpBaTHBHAsA OIleHKa KoieOmercst o 700 1o
2600 gmet, a gys ['apomaiickoro okosno 5000 ner.
Ho 370 o11eHK# nmocneqHuX cOOBITHI IO HECKOIIb-
KM KaHaBaM (TpaHIIEsM), a B IEJIOM IPHU Cer-
MEHTAIlMN U OOBEAMHCHHH CETMEHTOB CHCTEMa
[TuneryH-I"apomaiickoro pasioma AJIMHOM OKOJIO
600 KM MO3BOJISIET OIIEHUBATh NIEPUOJIBI IOBTOPSI-
emoctu okono 370 ner [12].

3aknroyeHue

[TonBoast uTOrM NEpBOro rojia IKCIEepUMEHTa
no ucnosub3zoBanuto Merona LURR mia cpenne-
CPOYHOTO TIPOTHO3a B pealbHOM BPEMEHH, CBe-
JeM MH(OPMALUIO B PE3yNBTHPYIOILYO TaOIuILy
(Tabm. 4). B Hell npoIeMOHCTPUPOBAHO, YTO Mapa-
METPHI 3asIBJICHHBIX U PEaIM30BAHHBIX TPOrHO30B
B OCHOBHOM COBIIQJIalOT (YYHUTHIBAsI PETPOCIEK-
TUBHBIA MPOTHO3 TI0 TEXHUYECKOMY TPOIYCKY).

LleneBbIMM COOBITHSIMM B MpPOTrHO3aX Ha-
IIETO HKCIIEPHUMEHTA SIBIAIOTCS 3€MJICTPSICECHHS

¢ M >5.0. C sauBaps 2019 r. no aexadbps 2022 1.
B 30HE OKCIEPUMEHTa TaKHX 3EeMIICTPSICEHHI
IIPOM30LLIO TPU: B ceBepHOH yacTu 0. CaxanuH,
B 23 kM BocTouHEe ¢. Ban u B 48 kM ceBepo-BoC-
touyHee c¢. ['opsune Kmroun (Hormukckuii paiton),
1oxHee 0. CaxanuH, Ha CeBEpO-3aIaJHON OKOHEY-
HOCTH 0. XOKKaijo (SInoHms) 1 B LIEHTpaIbHOM
yactu CaxanunHa, B MakapoBCKOM pailoHe.

Otu Tpu 3emnerpsicenus ¢ M > 5.0 cranu pe-
anu3anuaMu 171 30H nporHo3a Ne 1-3: 1Ba B one-
PaTUBHOM PEXHUME M OIHO B PETPOCIEKTHBHOM
(TeXHUYECKUH TIPOITYCK).

ITo pacueram nmapamerpa LURR ¢ 2019 no
2022 r. Obu10 OOHApYXKEeHO 25 aHoMaiuii, KOTo-
pbI€ 110 BPEMEHU U MIPOCTPAHCTBY OBLIU CTPYyI-
MUPOBAHBI B YeThIpe 30HBI (U3 9, 4, 3 u 6 pac-
YeTHBIX o0OyiacTeit) mporHosa. Ha 3acemanmsix
Caxanunckoro ¢unuana Poccuiickoro skcnept-
HOT'O COBETA I10 YPE3BbIYaHBIM CUTYALIUSIM JJIS
TpeX 30H ObLIM MPUHSTHI MPOTHO3BI, MO KOTO-
PBIM OIpeaeseHbl BCe He0OX0AUMble aTpUOYThI
3eMJIETPSACEHUN — BpeMsi, MECTO U dHEpreTuye-
ckuil nokaszarenb. [lo 1ByM 3apeructpupoBaH-
HBIM 30HaM, a TakXke 30He, rae 3auKCUpoBaH
TEXHUUYECKHUH MPOIYCK, UMEEM YCIEIIHYIO pea-
JU3aluIo NporHo30B. 1o yerBepToil 30HE Mpo-
rHO3 NpuHAT B 2022 T. U ABISETCS NEHCTBYIO-
UM Ha MOMEHT MyOJIUKaIMu CTaThbU, IO HEMY
OCYILECTBIAETCS MOHUTOPHUHI. O pa3BUTUU CO-
OBITUI B JaHHOUM 30HE COOOIIUM B CIICAYIONICH
MyONUKAIUK 110 UTOTaM HEMPEPBIBHOTO OTepa-
TUBHOTO aHanu3a ceicmuyHoctu CaxainHa me-
TOJOM CPEIHECPOYHOr0 MPOrHO3a 3eMIIeTpsce-
uun LURR.

Taonauna 4. CBomHas TabIuIa MPOrHO30B 332 BPeMs IKCIIEPUMEHTa Mo JaHHbIM 3a 2019-2022 rr.

IIpor- (o Ljpenetei $0z egprscen Odunmansueii | Jlata peanusaium; Ilepuon
pacuet- WJIM J]aTa Havaja .
HO3, | 06- . = R cTaryc MarHUTY/IA; TPEBOTH
Ne acTel Tl R p— JIOKYMEHTa KOOPIMHATHI JIO0 peaT3aIim
| 9 51.5°-54.5°|141.5°-144.5°|  28.11.2020 YTBepxeH, 05.02.2022; 15 mec.
CHSAT M, =5.3;
52.47°N, 143.53°E
2 4 45°-47.5° | 140.5°-144° 08.04.2020 VYTBepxKIcH, 10.08.2022; 26 mec.
CHAT M,=5.2;
45.06° N, 142.04°E
3 3 46.5°—49° | 141°-143.5° 26.01.2022 Texuuueckuii 05.02.2022; 10 nHew
MPOIYCK M, =5;
48.54°N, 142.48°E
4 6 51.5°-54.5°| 141°-144° 15.03.2022— YTBepxIeH, Henpumennmo | Hempumennmo
28.08.2022 JieiicTByeT
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From retrospective to real-time system —
LURR earthquake prediction on Sakhalin (2019-2022)

Aleksander S. Zakupin™®, Natalya V. Kostyleva', Dmitry V. Kostylev'*
*E-mail: a.zakupin@imgg.ru
Unstitute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia
2Sakhalin Branch, Geophysical Survey, Russian Academy of Sciences, Yuzhno-Sakhalinsk, Russia

Abstract. The results of an experiment on the implementation of operational analysis of Sakhalin seismicity by the LURR
method of medium-term earthquake prediction are presented. Monitoring began in 2022 on the basis of the LURR param-
eter calculations based on 2019-2021 seismic data. The island territory is divided into 36 calculated areas, which evenly
cover it in increments of 0.5 degree in latitude and longitude. Prediction zones for this period are constructed, including
those calculated areas in which anomalies of the LURR parameter have been detected. During 2022, information about new
anomalies and prediction zones was added quarterly. The main objective of the experiment is to test the work with data in
quasi-real time mode and to check the quality of solving the procedural issues related to prediction from the approval stage
to the completion one. In the period of 2019-2022, 25 anomalies of the prediction parameter were detected. In the retrospec-
tive database (from 2019 to 2021), two prediction zones were identified in 2020 (consisting of 9 and 4 calculation areas,
respectively). Two more prediction zones were formed in 2022 (3 and 6 calculation areas). Predictions with the definition
of time, place and strength were approved for three prediction zones at the meetings of the Sakhalin Branch of the Russian
Expert Council on Emergency Situations (SB REC). During 2022, two out of three predictions were recognized as realized.
In the fourth zone, the prediction was realized, but an earthquake with the required parameters has occurred after the defini-
tion of the zone within a quarter, i.e. both the prediction zone and its implementation were simultaneously recorded, already
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after the fact (data processing is carried out once a quarter). In this case, the forecast is not recognized as either a missed
goal or realized in real time (retrospectively, this is a successful forecast), but it is procedurally defined as a technical omis-
sion. As of the beginning of 2023, there is one active prediction zone in the north of the island. The experiment continues.
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Introduction

Since 2015, the employees of the Institute
of Marine Geology and Geophysics of the FEB
RAS (IMGG FEB RAS) have obtained interest-
ing results in the field of medium-term earthquake
prediction on Sakhalin using the LURR method
(load-unload response ratio). Methods for apply-
ing the LURR algorithm have been developed,
which are characterized by the versatility in the
choice of processing parameters, which provides
the possibility of repeating the obtained results
and impossibility of their «fitting». Indeed, in the
works of Chinese scientists [1] who had first pro-
posed the LURR method, the calculation param-
eters changed for each prediction (this makes an
operational prediction impossible). In the case of
our calculations, these parameters have fixed val-
ues. Thus, the range of magnitudes in the working
sample (from 3.3 to 5.0), the size of the sliding
window (360 days) and the shift (30 days), the
type and size of the calculation area (circle-ellipse
with a radius of 1°) were determined. Very con-
vincing results [2, 3] were obtained for different
parts of Sakhalin Island using the above parame-
ters in the LURR calculations. 15 prediction zones
(which are the calculated areas with anomalies of
the LURR parameter) were identified in Sakhalin
for the period from 1997 to 2019 by means of the
developed approach in the latest large retrospec-
tive study [4], in 11 of which then (within a period
not exceeding 2 years) earthquakes occurred with
magnitudes >5.0. 16 earthquakes out of 19 with
M > 5.0 (as it occurred in Sakhalin from 1997 to
2019) fell into the identified prediction zones. The
statistics on strong earthquakes (Neftegorsk 1995,
Uglegorsk 2000, Nevelsk 2007, Uanga 2010,
Onor 2016) is especially convincing in terms of
predictions. It is noteworthy, that some predic-
tions were made in real time. The predictions for
two earthquakes (Onor 2016, Krylon 2017) were
considered at the meetings of the Sakhalin Branch
of the Russian Expert Council on Emergency
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Situations (SB REC, protocol no. 3 of 11.05.2016
and protocol no. 2 of 16.03.2017). Both predic-
tions were considered realized.

The obtained results showed the readiness of
seismologists of IMGG FEB RAS and Sakhalin
Branch of the Federal Research Center «United
Geophysical Survey of RAS» (SB FRC UGS
RAS) to move on to the next stage of the work —
detection of anomalies in prediction parameter in
real time in the mode of continuous calculation
with sufficient discretization. In fact, there are not
many examples of this kind of experiment in the
open access. One of these in Russian practice is
a long-term experiment in real time with the M8
and MSc methods [5]. According to the author
[5], the data of the world network were processed
every 6 months. The results were published on
the internal website of the Institute of Earthquake
Prediction Theory and Mathematical Geophysics
of the Russian Academy of Sciences. At the same
time, even with the relatively modest statistics of
target earthquakes (17 earthquakes with magni-
tudes > 8.0) from 1992 to 2010, there are no data
on all earthquakes in the work [5], only examples
are given. Judging by the final results of this ex-
periment presented in the «Natural hazards» jour-
nal [6], which, in fact, had already been published
in Russia two years earlier [5], the Chile (2010)
and Tohoku (2011) earthquakes were the last in a
chain of successful predictions. The experiment is
known to be ongoing.

The LURR real-time earthquake prediction
experiment for the Island of Sakhalin was started
in 2022. The main objective of the experiment
is to test the work with data in a quasi-real-time
mode and to check the quality of solving the pro-
cedural issues related to prediction from the ap-
proval stage to the completion one. This article
presents the results of the first year (prediction
statistics) and discusses the aspects that will im-
prove the quality of work in subsequent periods
of the study.
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Experiment methodology

The experiment involves the acquisition and
analysis of data in an operational (quarterly up-
date, delay no more than a month from the current
time) mode.

The project is primarily focused on the medi-
um-term assessments that the LURR method pro-
vides, in fact. According to earlier data [4], more
than 85% of cases of successful predictions had a
waiting period between 0.5 and 2 years. Rare cases
give shorter or longer time frames [4], so quarterly
updates should be sufficient to prevent omissions.

The LURR method uses the operational cata-
log from the database of the «Yuzhno-Sakhalinsk»
Regional Data Processing Centre (RDPC) to ana-
lyze the seismicity of Sakhalin. Each event is pro-
cessed by a group of stations to clarify coordinates
and magnitudes. After additional data processing,
a new catalog is created, which contains the events
that meet the criteria of the working sample. The
resulting catalog is converted into the format re-
quired for calculating the LURR parameter.

The methodology for the LURR parameter
calculation, including the principles of calculated
areas identifying, detection of anomalies and de-
termination of prediction zones, is fully consistent
with those tested in the large-scale seismic survey
of Sakhalin in the period of 1997-2019 [4]. Recall
that the basis for calculating LURR is the square
root of seismic energy (Benioff deformation). The
main principles of the methodology are the fol-
lowing: sufficiently dense coverage of the terri-
tory by the calculated areas (these are circles with
a radius of one degree, which are located at 0.5%
thus, the island is divided into 36 areas); fixed pa-
rameters of mathematical processing (sliding win-
dow of 360 days); working sample of earthquakes
within the magnitude range from 3.3 to 5); waiting
period of 2 years. All these values have been test-
ed by numerous experimental studies and proved
to be valid [2—4]. The principles of identifying
anomalies have also been determined, in particu-
lar, one of the main parameters — is a threshold
(equal to 3), when exceeding, the parameter goes
into the area of anomalous values.

For the experiment to which this work is de-
voted, the catalog is updated with new seismic
events on a quarterly basis, and the parameter
LURR is again calculated in each of the 36 calcu-
lated areas with a starting point in 2019.

GEOPHYSICS. SEISMOLOGY

The choice of 2019 as the starting point of
the experiment is based on the fact that the latest
calculations for Sakhalin were completed before
2019 [4], and it is a sufficient backstory of 2 years
or more in order to have enough accumulated data.
If anomalies are detected, they are added into the
database and prediction zone is recorded (geo-
metrically it is a set of calculated areas). If there
is a simultaneous (with a duration of maximum
6 months) concentration of anomalies in the adja-
cent areas, the larger prediction zones are formed.

The obtained data for 36 calculated areas
are stored on a special service of the SB REC
in the form of a demonstration of the identified
anomalies and the hazard zones formed by them
on Sakhalin Island. When such zones are defined,
they are monitored and the reports are submitted
to the REC meetings every 3 months during the
entire set alarm period (2 years). If a seismic event
with a magnitude of M > 5 occurs in the predic-
tion zone during the alarm period, the prediction
is removed and considered realized. The alarm
period ends and monitoring of the zone stops.
The experiment has begun in 2022 and is con-
ducted together by IMGG FEB RAS and SB FRC
UGS RAS within the framework of the Sakhalin
Branch of the Russian Expert Council on Emer-
gency Situations (SB REC).

Results

According to the results of data processing
for the period from 2019 to 2022 on the territory
of Sakhalin Island and adjacent waters, we iden-
tified four zones with medium-term earthquake
prediction.

The first information after the catalog data
processing from 2019 to 2021 was submitted
to the SB REC with a request for medium-term
prediction of an earthquake with a magnitude
of M > 5.0 (£0.1) for two zones: in the northern
(9 calculated areas) and the southern (4 calculated
areas) parts of Sakhalin Island and adjacent waters
or territories (Fig. 1 and 2). Geometrically, predic-
tion zones were determined by the boundaries of
the calculated areas that make up the prediction
zones: 1) 51.5-54° N, 141-144° E; 2) 45-47.5° N,
141-144° E.

Taking into account the fact that anomalies in
the calculated regions completed in 2021 in both
prediction zones (LURR parameter changed to the
background level), the alarm period was set un-
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til the end of 2023 (protocol no.1 of the SB REC
from 25.01.2022). The decision of the Council
was as follows: announce prediction of earth-
quakes with M > 5.0 for the northern and southern
parts of Sakhalin Island (in the given coordinates)
and approve their action from February 1, 2022,
to December 31, 2023.

Prediction no. 1. The first of the predictions
has realized on 05.02.2022 at 21:18:52 UTC
(06.02.2022 at 08:18:52 Sakhalin time). 23 km
east of the village of Val and 48 km northeast
of the village of Goryachiye Kluchi (Nogliksky
District) an earthquake with M, = 5.3 occurred.
The coordinates of the epicenter are 52.47° N and
143.53° E, depth 22 km. Parameters of the earth-
quake according to the results of processing by
Russian and international seismological centers
are given in the Table 1.

The predicted intensity according to the accel-
erometers in Nogliki and Okha was 4 points, and it
was also 4 points according to the questionnaires
in Okha, the urban-type settlement of Nogliki, the
villages of Tungor, Nekrasovka, Moscalvo, and Val
(the survey was carried out among employees of
the administrations of villages, schools, communi-
cation departments, shops). Over the next two days,
there were 20 aftershocks with M, from 2.1 to 3.6.
Information about the epicenter of the earthquake
and its aftershocks is presented on the map (Fig. 1).

The earthquake has occurred on the eastern
shelf of Northern Sakhalin. Structurally, the shelf
is a system of sub-meridional alternating uplifts
and depressions. The depressions are almost com-
pletely compensated with sedimentation. Accord-
ing to the seismic studies, the following structural
elements are identified in the west-east direction:
Piltun Depression, Odoptinsk Uplift and East
Odoptinsk Uplift. East Sakhalin Trough and its
starved part Deryugin Closed Bathyal Depres-
sion are located seaward [7]. Odoptinsk and East
Odoptinsk uplifts are separated with a very nar-
row trough. These two structures are combined
into a single uplift, which is bounded on the west-
ern side by the West Odoptinsk Fault, to which
the Piltun Depression adjoins. From the east, this
uplift is bounded by the East Sakhalin Fault adja-
cent to the East Sakhalin Trough [7]. The seismic-
ity of the East Sakhalin fault system is represented
by the following earthquakes: at the boundary of
the Deryugin Depression (M = 5.5) 1944, Okha-
Piltun 1932, 1939, 1942 and 1953 (M = 5.0-5.5)
[8], as well as the June 12, 2005 Mw 5.6 Piltun
earthquake.

On the totality of features, the prediction
was recognized as realized, and the monitor-
ing of the zone within the specified coordinates
was stopped (protocol no. 2 of the SB REC from
15.04.2022).

Fig. 1. Map of prediction zone no.1, indicating the date of alarm period beginning, epicenter location (marked with an asterisk) and earth-
quake date (Sakhalin time) — prediction realization (a) and map of aftershocks of the 05.02.2022 earthquake (M, = 5.3) (b).
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Prediction no. 2. By the second prediction in
the south of Sakhalin (4 calculated areas with the
LURR anomalies, Fig. 2) in August 2022, the data
testified to its implementation in the north of Hok-
kaido Island have been obtained.

An earthquake with M, = 5.2 occurred on
August 10, 2022, at 15:52:59 UTC in the north-
westmost tip of Hokkaido Island (Japan). The epi-
center was located in close proximity to the village
of Nakagawa (Kamikawa District, Hokkaido Cir-
cuit). The earthquake parameters according to the
results of processing of Russian and international
seismological centers are given in the Table 2.

By means of various processing software, it
was found that the discrepancies in determining
the parameters of the hypocenter and energy as-
sessments of the earthquake on August 10, 2022,
by different seismological agencies are minimal.
The data from the regional network of seismic
stations of the Sakhalin Branch of FRC UGS
RAS, stations of the Institute of Volcanology
and Seismology of Hokkaido University and
stations of the FEB RAS were used in determin-

ing the earthquake parameters. As of August 20,
2022, 43 aftershocks with magnitudes from 1.0
to 4.5 were registered by the network of stations
(Fig. 2).

According to the identification of the epi-
center by various agencies, the earthquake has
occurred at the boundary of the prediction zone
(Fig. 2) at a latitude of about 45° N. Since there
are no calculated areas outside Sakhalin Island
below 45° N according to the terms of the experi-
ment, the 10.08.2022 earthquake does not reach
the prediction zone and its epicenter is about
13 km away from the zone boundary. Taking into
account the fact, that the calculated prediction
zone can be continued south of Sakhalin, and the
deviation of the epicenter from the zone bound-
ary relative to the linear size of the prediction
zone (275 km) is less than 5%, the prediction can
be considered realized. But we decided to calcu-
late the parameter LURR in the fifth area, addi-
tional to our four, with a center located in 44° N
and 142° E (Fig. 3). The catalog we use does not
cover the area below 45° N, so the data from the

Table 1. Parameters of the earthquake on February 5, 2022, with the epicenter in the Nogliksky District

Data source Eﬁ?l(:cfert E‘il,e CEE;S?::ES Dellzrtr}ll h, Magnitude
hemins” | oo N | 15,E Mw | mb | M
“Yuzhno-Sakhalinsk” RDPC | 21:18:52.0 52.47 143.53 22 - - 53
AS SB FRC UGS RAS 21:18:52.0 52.61 143.36 20 - 5.7 -
EMSC 21:18:51.8 52.57 143.29 17 52 - -
GEOFON 21:18:52.1 52.55 143.34 15 53 - -
USGS 21:18:52.0 52.59 143.28 10 52 - -

Note. Mw — Kanamori magnitude, mb —body wave magnitude, M, —local magnitude. “Yuzhno-Sakhalinsk” RDPC —“Yuzhno-Sakhalinsk™
Regional Data Processing Centre; AS SB FRC UGS RAS — Alert Service SB FRC, Obninsk, Russia; EMSC — European seismological
centre (http://www.emsc-csem.org/Earthquake/earthquake.php?id=324605); GEOFON — Helmholtz Centre Potsdam (http://geofon.gfz-
potsdam.de/eqinfo/form.php); USGS — United States Geological Survey (https://earthquake.usgs.gov/).

Table 2. Parameters of the earthquake on August 10, 2022, with the epicenter at the northwestmost tip

of Hokkaido Island (Japan)

Data source Eﬁ?licfg tt?,e cgg;fi?r?;fés Dellz;frlll h, il
hemins | o" N | A%E Mw | mb | M
“Yuzhno-Sakhalinsk” RDPC | 15:52:59 44.86 142.04 11 - - 5.2
AS SB FRC UGS RAS 15:52:59 45.06 142.04 10 - 5.1 -
EMSC 15:52:59 45.03 142.07 10 5.1 - -
GEOFON 15:53:04 44.98 141.99 42 - 4.9 -
IMA 15:51:00 44.90 142.06 10 - - 5.1

Note. IMA — Japan Meteorological Agency (https://www.jma.go.jp/jma/en/menu.html)/. See the Table 1 for other acronyms.
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Fig. 2. Map of the zone of the prediction no. 2 with indication of date of the alarm period beginning, epicenter (shown with an asterisk)
and the earthquake date (Sakhalin time) — the prediction realization (a) and the map of the aftershocks of the August 10, 2022 (M, = 5.2)

earthquake (b).

catalogs of the United States Geological Survey
(USGS) (https://earthquakeusgs.gov/) have been
used for the calculation.

According to the results of the checking cal-
culation from 2016 to 2022, the LURR anomaly is
detected in this region in July 2020 (Fig. 3). This
indicates the unity of all 5 areas for the formed
prediction zone (by 4 Sakhalin areas the anoma-
lies have appeared in April 2020). Thus, the zone
initially formed in the southern part of Sakhalin
Island in April 2020, then was expanded farther
south and covered the northernmost tip of Hok-
kaido Island. This calculation is a pure check-up,
and there will be no increase in the number of cal-
culated areas in the future to cover Hokkaido Is-
land. The reason for this is that the US Geological

Survey catalogs used are not fully applicable for
LURR calculations because they contain earth-
quake information starting at a magnitude of 4.0,
but we use a sample starting at M = 3.3. But just
in this case, the calculation has probative value.

The 10.08.2022 earthquake has probably oc-
curred at the joint of the tectonic structures. On
the western side of the epicenter there are the
Moneron and the Rebun-Kobato zones, which
together extend a little north of Moneron Island.
The central part of Hokkaido Island is formed by
the formations of the Kamuikotan zone and the
adjacent Susunay one, which is its northern con-
tinuation [8].

This earthquake had a much higher level of
macroseismic manifestations than the seismic

Fig. 3. Additional calculation area on Hokkaido Island (left) and calculation of the LURR parameter here in the period from 2016 to 2022

according to the USGS data.
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event of February 5, 2022, due to the significant
development of the northern part of Hokkaido Is-
land (compared to the north of Sakhalin Island).
According to the Japanese Meteorological Agen-
cy (JMA) (https://www.data.jma.go.jp/svd/eqdb/
data/shindo/#20220811005300), earthquake in-
tensity in the village of Nakagawa scored 5+ on
the JMA scale (JMA. Tables explaining the IMA
Seismic Intensity Scale, http://ww.j.jma.go.jp/
jma/en/Activities/inttable.html), which corre-
sponds to 6 [9] on the MSK-64 scale and charac-
terizes strong earthquakes. In other localities of
the northern Hokkaido, particularly in Soya and
Rumoi districts, the intensity was 3-4 scores on
the JMA scale. On the territory of the Sakhalin
Region, due to the significant distance of the near-
est settlements from the earthquake source, this
seismic event was not felt. According to the in-
strumental data from the records of the seismic
station in Nevelsk closest to the source (200 km
from the epicenter), the intensity was 1 point on
the MSK-64 scale.

Thus, both prediction zones, from which the
project started, were removed from monitoring in
2022 with satisfactory realization performance in-
dicators.

However, the year did not pass without the
appearance of new anomalies, which, as a result,
formed two new prediction zones (Fig. 4, 5).

Prediction no. 3. Unfortunately, one of the
predictions, the third in succession, is qualified

as «technical omission». As already mentioned
in the methodological section, quarterly updates
should have been sufficient to prevent omissions.
However, in the first months of the experiment,
such a case has occurred. At the end of January
2022, the anomalies have appeared in three cal-
culated zones (Fig. 4), which were recorded after
data processing in April 2022 (with the update of
data for the first quarter). Then it was found out
that the prediction zone formed of these three cal-
culated areas was «worked out» on February 9,
i.e. two weeks after the appearance of anomalies.
The earthquake with M, = 5.0 has occurred on
February 8, 2022, at 22:29:00.7 UTC (09.02.2022,
09:29:00.7 Sakhalin time) 21 km southwest of
the village of Porechye, Makarovsky District and
32 km northeast of the village of Krasnogorsk
(Tomarinsky District). The coordinates of the epi-
center are 48.54° N and 142.48° E, depth 13.7 km.
Earthquake parameters are given in Table 3.
Earthquake intensity in the Vostochnoye
village, Makarovsky District is estimated at
5 points, in the village of Krasnogorsk, Tomarin-
sky District at 4-5 points, in the city of Makarov at
4 points, in the village of Porechye, Makarovsky
District, in the city of Tomari, the Ilyinskoye vil-
lage, Tomarinsky District, the city of Uglegorsk,
the village of Krasnopolye, Uglegorsky Dis-
trict — at 3-4 points, in the urban-type settlement
of Shakhtyorsk, Uglegorsky District — at 3 points
according to the questionaries. The calculated

Fig. 4. Map of the zone of the prediction no. 3 with indication of date of the alarm period beginning, epicenter (shown with an asterisk)
and the earthquake date (Sakhalin time) — the prediction realization (a) and the map of the aftershocks of the February 9, 2022 (M, = 5.0)

carthquake (b).
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Table3. Parameters of the February 8, 2022 earthquake with an epicenter southwest of the village
of Porechye, Makarovsky District, Sakhalin Region

Data source T;léllllfr:clél’ ttil,e CEE;S?S;ES Delf()gll h, Magnitude
h:min:s N | A%E Mw | mb | M,
“Yuzhno-Sakhalinsk” RDPC | 22:29:00.7 48.54 142.48 13.7 - - 5.0
AS SB FRC UGS RAS 22:29:03.0 48.52 142.42 10 - 5.0 -
EMSC 22:29:02.6 48.52 142.44 10 5.0 - -
GEOFON 22:29:03.7 48.48 142.47 10 - 4.8 -
USGS 22:29:02.0 48.51 142.37 10 4.9 - -

Note. See Table 1 for the acronyms.

intensity according to the data of accelerometers
was 2.5 points in the city of Uglegorsk, the vil-
lage of Ilyinskoye — 3.3 points, in the city of Do-
linsk —2.6 points, in the city of Holmsk — 1.5 points;
and by the data of velocimeters it was 2.9 points in
the city of Uglegorsk, in the village of Krasnopo-
lye — 4.0 points, at the Cape of Hokui, Uglegorsky
District — 2.3 points.

The February 8, 2022 earthquake is confined
to the areas of intersection of the Central Sakha-
lin (Tym-Poronai) Fault with diagonal faults of
the West Sakhalin one. And although the Central
Sakhalin Fault is inferior in seismic activity to the
West Sakhalin Fault, such earthquakes as the 1923
M = 5.2 Tomarinskoye and the 1957 M =4.9 Leo-
nidovskoye can be noted [10].

Prediction no. 4. The pre-
diction for the fourth zone has
been officially approved and
is actual as of January 2023.
It has been compiled accord-
ing to the data of 2—4 quar-
ters of 2022. In the first stage,
from March to May 2022, the
LURR anomaly was singly
found in 3 calculated areas in
the north of the island (Fig. 5).
Then, three months later, the
anomalies have recurred in
the original three areas, the
new ones have first appeared
in the neighbouring three new
areas. Thus, the prediction
zone has been formed from
March to August 2022 and is
represented by 6 anomalies in
6 calculated areas. SB REC
announced the mid-term pre-
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diction of a seismic event with a magnitude of
M > 5.0 (£0.1) (protocol no. 3 from 14.10.2022)
till the May 2024 for the northern part of Sakhalin
Island within the boundaries of 52.0 to 54.5 N,
141.5 to 144° E, i.e. practically within the same
boundaries that the prediction zone no. 1.

The situation when anomalies are detected
again in the area, where only less than 2 years
ago they have been already detected, is non-
trivial. Technically, if the earthquake in Febru-
ary 2022 did not occur (Fig. 1), the prediction in
the territory could be prolonged, and, in general,
this practice is not new for SB REC when work-
ing with other methods (long-term predictions).
But it has occurred, and then the prediction is

Fig. 5. Map of the zone of the registered prediction no. 4.
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removed. Note that the alarm period parameter
in the LURR methodology is the most uncertain
(we have up to two or three years, and the Chi-
nese scientists have even more). In this case, one
prediction was removed, and the other was an-
nounced a month later.

We will learn about the consequences
of such frequency of anomaly occurrence in the
north of Sakhalin in a few years, but now it is in-
teresting to discuss the potential of seismic gen-
erating zones that fall in the zone of the current
prediction period.

All six calculated areas are located within the
East Sakhalin fault zone. The East Sakhalin zone
is not homogeneous in structure. In the eastern
coastal zone of the northern part of the island, it
is represented by the Piltun and Garomai faults. It
is assumed [11], that the first fault is characterized
primarily by dextral strike-slip displacements and
the second fault is characterized by thrust ones. To
the west of the Piltun and Garomai faults, the dex-
tral strike-slip Upper Piltun Fault (1995 Neftegorsk
seismic rupture) extends with a maximum move-
ment of 8.1 m [12]. It is possible that a similar fault
extends south of Neftegorsk in the axial part of the
Daginsky Uplift. The fault is quite distinctly dis-
tinguished in space images of different resolutions
and in topography. Several sub-meridional breaks
have been identified to the west of the Upper Piltun
and Daginsky faults, but there is no data for them
except for the clearness on the space images of me-
dium resolution [11]. The nonrecurrent displace-
ments on the strike-slips, except for the Neftegorsk
Fault, were not directly measured anywhere. Data
on the Piltun Fault presented in the article [11], are
estimative and based on a number of assumptions.
The northernmost elements of the zone are the ac-
tive dextral Kheyton and Longri (less strike-slip)
faults of Schmidt Peninsula. The Kheyton Fault,
the main of these two, extends north to the coast-
line and most likely continues underwater into the
shelf. The southern continuation of the fault and its
possible connection to the Piltun Fault are unclear.
It seems that the spatial independence of these two
faults is possible.

As it is indicated in [7], instrumental obser-
vations tell us only about three significant events
in this area (East Sakhalin zone). In addition to
the Neftegorsk earthquake, the following events
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occurred there: the 1935 M = 5.6 Katangli earth-
quake; the 1964 M = 5.8 Nogliki earthquake, and
the 1967 M = 5.5 North Sakhalin one. As noted in
[12], the mismatch with the palacodata indicates
only a small period of observation, and the poten-
tial of the zone is much higher, of course.

The most reliable estimates are based on
the M maximum magnitude. Individual faults
generate earthquakes of approximately the same
(within half a unit) magnitude close to their M_
known as characteristic earthquakes. The M_
is estimated by the length of the fault or the size
of the nonrecurrent movement (with or without
displacement). At present, only the length of the
Piltun Fault, which is approximately 50 km (in-
cluding its western branch in the north along the
west coast of Torokh), is more or less reliable.
The Garomai, Kheyton, and Longri faults can
extend over some unknown distance under wa-
ter, i.e. only minimal estimates of their length are
available (~21, 37-40 and ~30 km respectively).
Based on the above approximate estimates, and
using the dependencies from [13], we obtain
Mw __ =7.1(£0.23) for L ~ 50 km (Piltun Fault).
In general, it is possible to accept M__ equal to
7-7.2 for the entire East Sakhalin zone. In view
of the above, the prediction, which is currently
actual for this zone, can have an upper threshold
M = 7.2 by the size of the characteristic level.

It is useful to recall the recurrence of char-
acteristic earthquakes in addition to assessing
their magnitudes. On the basis of the gener-
alizations by A.l. Kozhurin on the Piltun Fault,
the conservative estimate ranges from 700 to
2 600 years, and it is about 5 000 years for the
Garomai one. But these are estimates of recent
events by several trenches, and, in general, with
segmentation and consolidation of segments,
the Piltun-Garomai fault system with a length of
about 600 km allows estimating the recurrence
intervals of about 370 years [12].

Conclusion

Summing up the results of the first year of the
experiment on the use of the LURR method for
medium-term real-time prediction, we tabulate the
information into the final table (Table 4). It demon-
strates that the parameters of the declared and real-
ized predictions are mainly the same (including the
retrospective prediction on a technical omission).

GEOSYSTEMS OF TRANSITION ZONES, 2023, 7(1)



From retrospective to real-time system — LURR earthquake prediction on Sakhalin

Table 4. Summary table of predictions for the period of the experiment according to the data of 2019-2022

Predic- Il oe Zongjueundanics Period or date Realization date; | Alarm period
g of cal- L Document o g
tion, culated of the prediction official status magnitude; prior
no. arcas N E zone formation coordinates the realization
1 9 51.5°-54.5°|141.5°-144.5°|  28.11.2020 Approved, 05.02.2022; 15 mos.
removed M, =5.3;
52.47°N,143.53°E
2 4 45°-47.5° | 140.5°-144° 08.04.2020 Approved, 10.08.2022; 26 mos.
removed M, =5.2;
45.06° N, 142.04°E
3 3 46.5°-49° | 141°-143.5° 26.01.2022 Technical 05.02.2022; 10 days
omission M, =5;
48.54°N, 142.48°E
4 6 51.5°-54.5°| 141°-144° 15.03.2022— Approved, Not applicable Not applicable
28.08.2022 actual
The target events in our experimental predic- References

tions are earthquakes with M > 5.0. Three such
earthquakes have occurred in the experimental
zone from January 2019 to December 2022: in the
northern part of Sakhalin Island, 23 km east of the
village of Val and 48 km northeast of the village of
Goryachiye Kluchi (Nogliksky District), south of
Sakhalin Island, on the northwestmost tip of Hok-
kaido Island (Japan) and in the Central Sakhalin,
in Makarovsky District.

These three earthquakes with M > 5.0 be-
came the realizations for the prediction zones
no. 1-3: two in on-line mode and one retrospec-
tively (technical omission).

25 anomalies were detected from 2019 to
2022 by the LURR parameter calculation, which
were grouped by time and space into four predic-
tion zones (from 9, 4, 3 and 6 calculated areas). At
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the fourth zone has been approved in 2022, and it is
valid at the time of article publication, the monitor-
ing is going on. We will report on the development
of events in this zone in the next publication based
on the results of continuous operational analysis
of seismicity of Sakhalin Island using the LURR
medium-term earthquake prediction method.
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