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OnepaTuBHBIN IPOTHO3 JIOKAJIBHBIX IlyHAMU
O JaHHBIM OMMOKaNIIMX K o4araM IiTyOOKOBOJHBIX CTaHIIMM,
coziep KalliM ITyMbI CEICMHYECKOTO TTPOUCXOXKICHUS
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Pe3rome. JlocToBepHBIH onepaTHBHBIN MPOTHO3 IyHaMHU Ha KypHIBCKHMX OCTPOBaxX NMPH BO3HUKHOBEHHUH
3emIteTpsiceHnii B paiione Kyprmro-KaMuarckoii BaauHbI MPEACTABISIET HAMOOIBIIYIO CIIOKHOCTE. [IporHO3
TPaJWIMOHHBIM MarHUTYIHBIM METOZIOM 3a4acTyI0 MPUBOIUT K JIOXKHBIM TpeBoraMm IfyHamu. Ha nmpumepax
coobITHii 2006, 2007 1 2020 rr. Ha Kypuibckux ocTpoBax, a Takxe coObitus 2018 . Ha Ansicke mokas3aHo,
YTO 10 JAHHBIM ONMKAWIIUX K OYary IyHaMH CTaHIIMA U3MEPEHUsl YPOBHS OKeaHa, BpeMeHa mpoodera Iy-
HaMH 70 KOTOPBIX cocTaBisioT 10—20 MuH, BO3MOXEH 3a0JIarOBPEMEHHBIA aeKBaTHBIN MPOTHO3 IIyHAMHU
BONM3M MoOepexuil, HECMOTPS Ha TO YTO 3alKCH TAaKWX CTAHLMN COAepXaT HIYMbl CEMCMHUYECKOTo Mpo-
ucxoxaeHus. Pacuetsr ¢popM myHamMu BOTU3U MOOEPEKBS MO JaHHBIM, COACPKAIIUM CEHCMUYECKUN LIyM,
MIOKAa3aJIM, YTO B PE3yNbTHPYIOMHKX (JOPMaxX BOJIH MPUCYTCTBYIOT BEICOKOYACTOTHBIE KoseOanus. OIHaKo 3Th
KoJieOaHus He TIPENATCTBYIOT OIIEHKE peabHON ()OPMBI BOJHEI U CTETIEHH OTTACHOCTH 0XKHIaeMOTO ITyHaAMH.
B ommume oT METOAOB MPOTHO3a, OCHOBAHHBIX HAa MarHUTYIHOM KPHUTEpHH, MPUMEHEHHBIH CIIOCO0 orre-
PaTUBHOTO MPOTHO3a IyHaMH TMO3BOJISIET pacCYUTaTh (popMy BOJHBI: aMIUIUTYIbI IEPBOH, MaKCUMaJIbHOM
BOJIH, BpEMEHA MX MPUX0/a B 3aJJaHHYIO TOUKY U MPEAIOIaraeMyro JUINTENbHOCTh IiyHaMH. [IpennoxeHHbIi
Croco0 MOXET CTaTh HHCTPYMEHTOM, KOTOPBIH ITO3BOJIUT MOBBICUTH KAY€CTBO ONIEPATHBHOTO MPEYTIPEKIe-
HUS O I[yHaMH, CyIIECTBEHHO YMEHBIIIHB KOJMIECTBO JIOKHBIX TPEBOT.

KuroueBble coBa: 1fyHaMu, MarHuTyJa 3eMJIETpsICEHHs, TpeBora nyHamu, OHekoTaH, Kypuibsckue octpo-
Ba, CeBepo-Kypuibck, crmoco0 omepaTuBHOTO MPOTHO3a I[yHAMU, 3a01aroBpeMeHHOCTh nporHo3a, DART,
LIYMbI CEHCMHYECKOTO IPOUCXOXKICHHUS

Short-term forecast of local tsunamis based on data containing
seismic noise from deep-ocean stations closest to the sources
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Abstract. Reliable short-term tsunami forecast on the Kuril Islands when earthquakes occur in the Kuril-
Kamchatka Trench is the most difficult. Forecasting by the traditional magnitude method often leads to
false tsunami alarms. Based on the examples of the events of 2006, 2007 and 2020 on the Kuril Islands,
as well as the event of 2018 in Alaska, it was shown that according to the data of the ocean level measuring
stations closest to the tsunami source (tsunami travel time is 10-20 minutes) it is possible to adequately
predict the tsunami near the coast. Calculations of tsunami waveforms near the coast from data contain-
ing seismic noise have shown that the resulting waveforms contain high-frequency oscillations. However,
these fluctuations do not interfere with the assessment of the real waveform and the danger of the expected
tsunami. In contrast to forecast methods based on the magnitude criterion, the applied method of short-term
tsunami forecast makes it possible to calculate the waveform: the amplitudes of the first, maximum waves,
their arrival time at a given point and the estimated duration of the tsunami. The proposed method can be-
come a tool that will improve the quality of operational tsunami warning, significantly reducing the number
of false tsunami alarms.

Keywords: tsunami, earthquake magnitude, tsunami alarm, Onekotan, Kuril Islands, Severo-Kurilsk, meth-
od of short-term tsunami forecast, forecast lead time, DART, seismic noise
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baaroapapHocTu M (pHAHCHpOBaHME

ABTOpLI 6naroz[apHLI PCUOCH3CHTAM 3a IMOJIC3HBIC 3aMCUAHUA U MPEAJIIOKCHHA, KOTOPBIC ObLIH YUYTCHBI IIpU

,uopa60TKe CTaTbH.

Paboma evinonnena 6 pamxax coczadanus UMIul” JIBO PAH Ne AAAA-A18-118012290123-8 «Hasoonenus
Ha MOPCKUX bepezax: MOHUMOPUHE, MOOETUPOSAHUE, NPOSHO3N.

BBenenune

Tpesora nynamm 25.03.2020 nmo Cesepo-
Kypunbsckomy paiiony (CaxamuHckas 0067acTh)
Obl1a oObsiBneHa B 14:00 (3mech u nanee yKasbl-
BaeTCsl CaXxaJMHCKOE BpEeMsi, pa3HHUIlA COCTAaBIIs-
eT +11 uc UTC u +8 4 ¢ MOCKOBCKMM BPEMEHEM )
HNudopmaninoHH0-00padaThIBAIONUM  IIEHTPOM
«¥Oxno-Caxanuack» CaxanuHckoro ¢uiauana
OUL[ EI'C PAH nHa ocHOBaHMM MarHuTyIHO-
ro Kputepus. 3eMIIETPSICEHUE MarHutynou 7.3
¢ snuueHTpoM B 220 kM BoctouyHee 0. OHeko-
TaH npousouuio B 13:49. Bno-
CIECTBUM MAarHuTyiaa yToOdY-
HeHa g0 7.5 (Search Tsunami
Events of the National Centers
for Environmental Information —
https://www.ngdc.noaa.gov/
hazel/view/hazards/tsunami/
event-search)'.

TUX00KEaHCKHI LIEHTP Mpe-
ynpexaenus o nyHamu (PTWC,
lTononymy) B 13:57 BBITyCTHI
OIOJIJIETEHb C MPEAYNpPeXICHU-
€M 00 OMacHBIX BOJIHAX IIyHa-
MU 7151 TOOEpEXbsl B Iperesiax
1000 kM OT »muUIIEHTpa 3emJie-
TpsiceHHUs. fIMOHCKOE MeTeopo-
jgoruyeckoe areHTcTBo (JMA)
B 14:16 Taxke mnpexynpeauno
0 BO3MOXHBIX Pa3pyIIUTEIbHBIX
BOJIHAX LiyHamH Ha Kypuiabckux
OCTpOBax € aMIUIMTyHoH 1-3 M,
0 ueM coobmano CaxanuHcKoe

ru/index.php/o-nas/strutura/tsentr-tsunami). Ilo-
JIOKEHHE AMUIEHTPA 3€MJIETPSCEHUS YKa3aHO Ha
puc. 1. DTo 1yHaMu 10 HAUMEHOBAHUIO OJIVKAM-
[IET0 OCTPOBa MOXKHO Ha3biBaTh OHEKOTaHCKHM
nyHamu 2020 r. mo aHajnoruyM ¢ HaMMEHOBAaHHUEM
Cumymmpckoe mynamu 2006 1.

B cuny HeOounbI110ii BBICOTHI BOJHBI, HE MPE-
CTaBJISIIONIEH oOmacHoCTH, Tpeora 25.03.2020
OKa3anach (PaKTHUECKH JIOKHOM.

IIpuxon nynamu B CeBepo-Kypuibck oxu-
nancs B 15:04. DBakyanusi HaceneHus B Oe3omac-
HyI0 30HY 3aBepuieHa kK 14:30. DBakyupoBaHO

Puc. 1. Cxema pacueTHoil oOnacTH. 3BE3M0YKH — SIMLEHTPHI 3€MIICTPSICEHUI

C yKazaHHeM roja, poMObl — nonoxkenue craHuuii cucreMsl DART, Tpeyromns-

YIPAaBICHUE IO THAPOMETEOPO-
JIOTUA U MOHUTOPHUHIY OKpYyXa-

tomeit cpenst (http://sakhugms. Ha — Xanacaxu.

HUK — TIOCT m3MepeHuil ypoBHs Mops «Bomomamaas» (V), SK — Ceepo-Ky-
punbck, K — Kypunbsck, B — Bypesectank, YK — FOxu0-Kypninsck, Ku — Kycupo,

! Tlonuele CBCIACHHUA 00 UCTOYHHKAX JaHHBIX CM. B KOHIIC CTAaTbH.
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okosio 400 yenoBek. ComacHO BU3yaJbHbIM Ha-
omroneHusM ¢ conku CurranpHasi B 1.2 KM I0KHEe
nopta CeBepo-Kypuibck, nepsasi BojiHa HpuUIlLia
yepes | 4 mocne Hauama semiueTpscenus. Ha ¢pone
IITOPMOBOTO BOJIHEHHUSI BBICOTA IIyHAaMHU OLIEHU-
Bajach B 50 cMm. Ha puc. 2 npencraBiieH CHUMOK
npuOpEeKHON aKBaTOPUH B MOMEHT IPHUXOAA 11y-
Hamu B pailon CeBepo-Kypunbcka. TpeBoxHBIN
pexxum coxpansuics 10 17:57 (noutu 4 1) (http://
sakhugms.ru/index.php/o-nas/strutura/tsentr-
tsunami).

IIpuBeneHHbIE ONMUCaHUA ACHCTBUN POCCHIA-
CKOM CITy>KOBI ITpelynpexaeHUs O LlyHaMH, a TaK-
e MEXITYHApOAHBIX CIYXO0 IIyHaMH, B 4acTHO-
CTH SIMOHCKOTO METEOpPOIOTUYECKOTO areHTCTBRa,
MO3BOJISIIOT OLICHUTh HENOCTATKHU JIEHCTBYIOLIUX
pernamMeHTOB MPOTrHO3a IIyHAMH.

AHAJIOTUYHBIE CHUTyalldd HMEJIH  MECTO
B 2006 u 2007 rr. (Cumymupckue myHamu 2006
u 2007 rr.). OOBSBIAIUCH TPEBOTH I[yHAMHU
[0 MarHUTYJHOMY KpUTEPUIO Ha MOOEpexbsIX
Bcex KypuibCcKuX OCTpPOBOB, MpOW3BEIEHA HBa-
Kyalusi HacelneHus: B 0ezonacHble MecTa. OnHaKo
IlyHaMU JJIs HACEJICHHBIX ITyHKTOB HE IMPE/ICTAaB-
JSUTA OTIAaCHOCTH. TpeBOTM OKa3aiHch (hakTHue-
CKH JIO)KHBIMH.

[Tpu cunBbHBIX LyHAMH OCTAHOBKA MPOU3BOI-
CTBa, 3BaKyallus IepCOHaja, HaCeJIeHUs U3 orac-

Puc. 2. ITogxox cepuu BonH ryHamu 25.03.2020 x o. [Tapamymup
(okoso 1.2 kM 1oxHee opra CeBepo-Kypunbck). @omo JI. Komenxko

(http://sakhugms.ru/index.php/o-nas/strutura/tsentr-tsunami)

HBIX 30H SBJISIOTCS onpaBAaHHbIMU. [Ipu ciabbix
e, KOrja aMIUINTyJa BOJH B HAcCEJEHHBIX IyH-
KkTax He npessimaeT 0.5 M, kak B coObrTusax 20006,
2007 u 2020 rr., 3T MEPONPUATHS COITPOBOXK 1A~
IOTCSl HEOIpaBJIAaHHBIM yIIEpOOM, CBS3aHHBIM
C OCTaHOBKOHM IMpPOW3BOACTBA, U3JIULIHUM CTpeEC-
coM 1 HaceneHus. K ToMy ke UIMTENbHOCTb
TPEBOXKHOTO PEXKHMMA 3a4aCTyI0 U3JIUIIHE BEJIHKA.
YacThle JIOKHBIE TPEBOTH MOPOXKIAIOT HEraTUB-
HOE€ K HHUM OTHOILIEHHuE, Henosepue. rnopupo-
BaHHME CUTHAJIOB TPEBOTU BO BPEMs CHIIbHEHINIETO
yHamu Toxoky 2011 r. B SImoHuu oT4actu nociy-
KHUJIO MPUYMHOMN OOJIBIIOTO KOJTMYECTBA KEPTB.
ComracHO COBPEMEHHBIM IPEACTABICHUAM,
CIIy>)KOBbl TIPEIYNpPEeXAECHUs O I[yHaMU JOJIKHBI
OOBSIBIATh HE TOJIBKO OOOCHOBAaHHbBIE OOUIME
TpeBoru, HO U AU PepeHIUPOBAHHBIE IO CTe-
MIEHU OMACHOCTH I KOHKPETHBIX YYaCTKOB I10-
Oepexuii. MmeanbHO TpeBora IyHAMHU JOJDKHA
OO0BSABIATHCS C pa3yMHOM 3a0J1arOBPEMEHHOCTHIO
TOJIBKO B T€X MyHKTaX, B KOTOPBIX IIyHaMH IpeJi-
CTaBJISICT peaJIbHYI0 OIACHOCTb, U CONTPOBOXKAATh-
csi uH(popMmanuei 0 BpEeMEHHU INPHUXOAa NEepBOiM
BOJIHBI, MAaKCUMAJIbHOW BOJIHBI, UX aMIUTUTYIAXx,
a Taoke 00 0XKM1aeMOM BPEMEHHU OKOHYAHHSA I1y-
Hamu (oTOo# TpeBoru nyHamu) [Korolev, 2011].
VIMEHHO 3TH XapaKTEpUCTUKH LlyHAMHU NEpeduc-
JIEHbI B OIPEJEJIEHUH MPOTHO3a IyHaMmu, c(hop-
MYJIPOBAaHHOM MeXIpaBUTEIbCTBEH-
HOM okeaHorpaduyeckoil kKomuccuei
(MOK) IOHECKO B 2013 r.? Ha oc-
HOBaHWUM MAarHUTYAHO-Teorpaduye-
CKOTO KpUTEpHUs TaKOW JeTaJIbHbIN
IIPOrHO3 HEBO3MOJKEH.
I'uppodusnueckue crnocoOsl mpo-
THO3MPOBAHMS IlyHaMHU HE OIUPAOTCS
Ha Mar"urtyny 3emierpsiceHus. Jlo-
CTOBEPHOM U1 OLICHKH CTEIeHHU orac-
HOCTH IIyHAMH SIBIISICTCSI MHPOPMAITUS
0 cOpMHUPOBABIIEMCS IlyHAMH, TIOTY-
yaeMasi B OKeaHe CTAHIMSIMU CUCTEMBbI
DART (Deep-ocean Assessment and
Reporting of Tsunamis — olieHka u me-
penaya JaHHBIX O I[yHAaMH B OKEaHE)
(http://nctr.pmel.noaa.gov/Dart).
OueBUIHO, YTO B CIIyYae JOKaIbHbIX
IyHaMHu (TIpU 3EMJIETPSICEHUSIX B paid-
oHe Kypuio-Kamuarckoil BHaauHbl)
OIIEPaTUBHOCTh, 3a0JIaTOBPEMEHHOCTh

2 Intergovernmental Oceanographic Commission. 3rd ed. Tsunami Glossary. 2016. Paris, UNESCO. IOC Technical
Series, 85. (English, French, Spanish, Arabic, Chinese) (I0C/2008/TS/85 rev.2). URL: http://legacy.ioc-unesco.org/index.
php?option=com_oe&task=viewDocumentRecord&docID=10442 (accessed 6.11.2020)
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MIPOrHO3a 3aBUCUT OT OJIM30CTU CTAaHLUHU K o4ary
yHaMmH. J[aHHBIE TAKUX CTaHIMH MOTYT COIEp-
JKaTh HAJIO)KCHHBIE Ha MOJIE3HbIA CUTHAJ IIYyMBbI
CEHCMUYECKOTO TPOUCXOXKACHUS, OOYCIIOBIICH-
HbIE IPOXOKJICHUEM T10 THY OKE€aHa MOBEPXHOCT-
HBIX BOJH (paseeBckue BosHbI). [lockonbky nuc-
KPETHOCTh 3aluCell JaHHBIX CTAHIMK paBHa |
MHH, IIIyMOBasl COCTABIISIONIAs MOXET UMETh I1e-
puozbl 4 MUH U 00JIee, UYTO COTIOCTABUMO C Xapak-
TEPHBIMU TIEpUOIaMU IIyHaMH (OKoio 15 MuH).
[IpuMeHeHne Kkputepus pas3lieieHus IOJIE3HOTO
CUTHaja M 1yma, onucanHoro B [Hypucinamosna,
Hocos, 2016], B Takoil cuTyanuu, mo-BUANMOMY,
3aTPYAHUTENIBHO MM HEBO3MOXHO. JTO 00CTOS-
TEJIbCTBO MOXKET CTaTh MPEMSATCTBUEM IJIS MOJIY-
YEeHUsl aJIeKBaTHOIO MporHo3a. B ycnoBusax one-
PaTUBHOIO peXUMa TpeOyeTcsl 3a KOPOTKOE BpeMst
OLICHUTh CTEIEHb ONACHOCTH IyHaMH, HE 3aHU-
MasiCh IPOOIEMOI pa3IeNIeHUs] CUTHAJIOB.

eab padoThI M MOCTAHOBKA
YHMCJIEHHBIX IKCIIEPUMEHTOB

Lenpto paboOThI ABISIIOCH UCCIIEIOBAaHHE BO3-
MO>XXHOCTH OIEPAaTUBHOIO IMPOTHO3a JOKAJIBHBIX
IIyHAMU 110 JAHHBIM OJIIDKaWIIuX K o4aram CTaH-
LMHA KM3MEpEHHUs] YpOBHS OKEaHa, COJAEpIKaIluM
HEYCTpaHUMbIE IIyMbl CEHCMMUYECKOIO ITpOHC-
XOXK/ICHHUSI.

PaccMoTpensl Bce M3BECTHBIE COOBITHS B Ce-
BEPHOHM M CEBEPO-3allafHON JacTax Tuxoro oxe-
aHa, BO BpeMsl KOTOPBHIX JHOO TPOHM3BOAMIACH
peructpanysi, 1100 BO3MOXKHO BOCCTaHOBJICHUE
(pexoHCTpyKIHs) (POpPMBI ITyHAMHU BOTU3HU oYara.

MogaenupoBaics mpolecc OrnepaTuBHOIO Mpo-
rHo3upoBanus Onexkoranckoro (25.03.2020), Cu-
Mymupekux (15.11.2006 u 13.01.2007) uyHamuy,
BO3HUKIIUX B pallOHaX CEBEPHBIX U LIEHTPAIbHBIX
Kypunbsckux ocTpoBoB, U AJISICKHHCKOTO IlyHAMHU
(25.03.2018) ¢ smumenTpom BOMM3M 0. Kombsik
(Kagpsix). MogenupoBaHue OCyIIECTBISIIOCH IO
PEKOHCTPYUPOBAHHBIM JAHHBIM  BUPTYaJIbHBIX
CTAHUMU H3MEpPEHMs] YPOBHSI OKeaHa, B TOYKAX
HaxOXJICHHUsl paHee CYIIEeCTBOBABUICH CTaHIMU
DART 21402, nedictByromed cranuuu DART
21419, 6mmwxkaimmx k ogaram iryaamu 2020, 2006
u 2007 rr., a Taxke MO peajbHbIM JaHHBIM CTaH-
uun DART 46409 B 2018 . Kak peanbHble, Tak U
peKoHCTpyupoBaHHbIe naHHble cranuuii DART co-
JEprKaIy IIyMbl CECMUYECKOTO IPOUCXOXKICHNUS.

PacueTsl (peKOHCTpPYKIIMSA 3amucedl U pacdyeT
I[yHaMH) BBIOJHSIIUCH CIIOCOOOM OTIepaTuB-
HOTO MpPOrHO3a IyHaMH, ONHCAHHBIM B paboTe
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[Korolev, 2011]. Crmoco6 (skcmpecc-MeTon) 3a-
KJIIOYaeTcs B MOCTPOCHUU TepelaTouyHON (PyHK-
YU U1 KaKJIOro IyHKTa, IO3BOJISAIOLIEH IO
naHHbIM ctaHuuu DART paccuurtsiBath (hopmy
0XKUJAEMOro IlyHaMu BOIM3U 3Toro myHkra. [lo-
CTpOEHHUE NepeJaTOYHON (PYHKIIUU TPOU3BOTUTCS
cpasy mocJje Moixy4eHus: HHPOPMaILuU O KOOPIu-
HaTax JMMIEHTpPA 3E€MJIETPSACEHUs, BbI3BABLIETO
iryHaMu. OCHOBOM /17151 €€ MOCTPOEHUS SIBIISIOTCS
pe3yabTaThl pacuera BOJHOBBIX (OpM OT Mpo-
CTOTO aKCHUAJIbHO-CUMMETPUYHOTO HCTOYHHKA
C LIEHTPOM, COBIAJAIOIIUM C SIULEHTPOM 3EM-
JETPACEHHUS, B TOUKAaX PETUCTpalMK U MPOTHO3a.
JlaHHBIX O MarHuTYyzEe 3eMJIETPSACEHUs He Tpeldy-
ercs. [lpu ucnonp30BaHUM TEXHOJIOTHI OBICTPO-
ro pacueTa I[yHaMd MOCTPOEHHUE MEePeaaTOuHOM
(GyHKIUM MOXKET OBITh 3aBEPIICHO A0 MOMEHTa
Ipoxojia MEPBOIo MepUoja IyHaMHU 4Yepe3 TOUKY
peructpanuu. TexHomorus OBICTPOro pacuera
pacnpocTpaHeHHs LyHamMH TMpeAcTaBlieHa, Ha-
npumep, B [Lavrentiev et al., 2019].

B 4uCIEHHBIX SKCIIEPUMEHTAX OICHUBAIUCH
3a01aroBpeMEHHOCTh MPOTHO3a LIyHaMH (Bpemsl
MEX/y pPAcUeTHBIM BpEMEHEM IpHUXOja IlyHa-
MU — MEPBOr0 TPEOHS BOJHBI B 33JJAHHYIO TOUKY
¥ BPEMEHEM BBITIOTHEHUS MTPOTHO3a) U Ka4yeCTBO
IIPOrHO3a. 3a KPUTEPHUM KauecTBa MPOTrHO3a MpH-
HSITA BO3MOXKHOCTb OLIEHKU CTENEHU ONACHOCTH
0KUAEMOT0 IIyHaMU B 33JJaHHOM ITyHKTE, 10CTa-
TOYHO TOYHOM JJIsl IPUHATHUS peleHus: 00 0ObsIB-
JICHUH TPEBOTH.

B nanbHelieM B YMCIEHHBIX 3KCIEPUMEHTAX
pacyeT (popMbI IlyHAMU BOJIU3H MOOEPEKbsI HA3bI-
BAEeTCsl PETPOCIEKTUBHBIM MPOrHO30M, WU TPO-
THO30M.

Hynamu 25.03.2020 3apernctpupoBaHoO INy-
OOKOBOJHBIMU CTAHIMSIMH W3MEPEHUS YPOBHS
okeana DART 21415, 21416 u 21419 (puc. 1)
(https://ndbc.noaa.gov/dart.shtml). HeGoms1moe
I[yHaMHU 3apETUCTPUPOBAII IOCT U3MEPEHUS YPOB-
H1 Mops «Bomomamnas» (Kamuarka, Poccus)
(http://rtws.ru/sea-level/). Tlo maHHBIM CTaHIHIA
BO3MOYKHA aJIeKBAaTHAasl OLIEHKAa OINAaCHOCTH I1y-
HaMHU Ha 1moOepexbe ocTpoBoB. OMHAKO yaaeH-
HOCTh CTaHIUWU OT MOOEPEKbsi HE MOXKET 00e-
CHEYUTh HEOOXOIUMYIO0 3a0JaroBpeMEHHOCTb
NPOTHO3a W OOBSBICHUS TPEBOTH B PEATBbHBIX
YCIIOBUSIX.

[Tonoxxenne panee (YHKIIMOHHPOBABIIEH
poccuiickoit craniu DART 21402 sBnsiercs orn-
TUMaJbHBIM C TOYKH 3pEHUsl 3a0IarOBPEeMEHHO-
CTH IPOTHO3a LIyHaMH JJIsl T0OEPEXbsi CEBEPHBIX
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Kypunbsckux octpoBoB. OrnepaTuBHBIM HPOTHO3
IlyHAMH T10 €€ JAHHBIM MOT OBITh MTOJTyY€H PaHBIIIE,
yeM 110 gJaHHeIM cTaHuid DART 21416. B uucien-
HOM SKCIIEPUMEHTE BBOJUTCS BUPTyaJIbHAsl CTaH-
Ul B MECTE HAXOXKJCHHS paHee (YHKIIMOHUPO-
BaBlIel poccuiickoir cranuuu DART 21402.

Jns MmonmenupoBaHus Mpolecca onepaTuBHO-
ro MporHo3upoBaHusi OHEKOTAHCKOTO I[yHAMH
2020 r. BEIIOJTHEHA PEKOHCTPYKIUS POPMBI IyHa-
MU B Touke HaxoxaeHus crannmu DART 21402
mo (haKTUYECKOW 3amUCH «YUCTOTO» I[yHAMH
cranuuu DART 21416. «HuctoMy» 1ryHamu co-
OTBETCTBYET psAJ AaHHBIX OT 21 10 36 MUH OT Ha-
yana 3emiierpsicenust (puc. 3 a). Pexkoncrpyupo-
BaHHas (opMa «UHUCTOTO» ITyHAMH Ha CTAaHIMH
DART 21402 npusenena Ha puc. 3 0.

Jns aHanu3a BIUSIHUA CEMCMHUYECKOTO IIymMa
Ha BO3MOXKHOCTb M Ka4€CTBO MPOTHO3a IYHAMU
BBITIOJITHEHA PEKOHCTPYKIIMS BO3MOXHOTO Ceiic-
MHUYECKOTO IIymMa B 3amucsax craHuuun DART
21402 taxxe 1o JaHHBIM O yMe ctaniuu DART
21416. K paccuntanabsiM (popmam I[yHAMH JI0-
OaBJIGHbI IIyMOBBIE COCTABISAIOIIME 3aMUCEH
craguu DART 21416 gnutensHOCThIO 21 MUH
OT MOMEHTa Hawaja 3emuerpsicenus. I[Ipu pac-
YeTe 3TUX COCTABISIOIIMX YUYTEHO H3MEHEHHE
aMIUTMTY/AbI BOJIHBI Pasiest 3a cyeT numHapuye-
CKOHM pacxXxoMMOCTH C PACCTOSHHEM OT SIHIICH-
Tpa A0 TOYKH perucTpanuu. PekoHCTpyHnpoBaH-

Puc. 3. HMcxonHsle naHHBIE YHCIECHHOTO SKCIEPUMEHTA!
a — 3ammck cranmu DART 21416, 6 — pekoHCTpyHpOBaH-
Hast popMa «4UCTOTO» I[yHAaMH Ha BUPTYyaJIbHOW CTaHIUH
DART 21402, B — peKOHCTpyHpOBaHHasI 3allUCh C IIYMOM
Ha crauuuu DART 21402.
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Has 3anuch BUpTyanbHOU cranuuu DART 21402,
BKJIFOYAIOIIAsl ITYMOBYIO KOMIIOHEHTY, H300paske-
Ha Ha puc. 3 B.

[Iporno3 mynamu 2020 r. Ha Kypuiabckux
OCTpPOBaX BBHITIOJHEH MO PEKOHCTPYUPOBAHHOM
3anucu cranuuu DART 21402 piutenbHOCTHIO
28 MuH.

Hynamu 2006 u 2007 rT. 3aperucTpupoBa-
Hbl HECKOJBLKUMH cTaHuusMu cuctemMbl DART,
Oommkaiimeit k ouary siBisiercst ctanmust DART
21414. Cranuusa HaXOAUTCSl B pallOHE 3araJHbIX
AneyTcKux oCTpOBOB Ha fgoirote 178° B.1., ee 1o-
JIOKEHHE BBIXOIUT 32 PAMKHU CXEMBbI, H300pakeH-
HO Ha puc. 1. Bpems npobera myHamu 10 3Toi
CTaHIIMU TIPEBBIMIACT 2 4, YTO 3aBEAOMO HE 00e-
CTIICYMBAET 3a0JarOBPEeMEHHOCTh TPOTHO3a IIy-
Hamu Ha Kypuibckux octpoBax. OnTUMaIbHBIM
JUISL 10KHBIX U CEBEPHBIX KypuIbCKHX OCTPOBOB
C TOYKH 3pCHHsI 3a0IarOBPEMEHHOCTH TPOTHO32
IlyHaMH, BO3HHUKAIOIIUX B pailOHE IEHTPAIbHBIX
Kypunbsckux oCTpOBOB, SBJISETCA IOJOKEHUE
craniuun DART 21419, ycraHoBieHHON JUIIb
B 2009 r. Jlns pemeHus 3agadyu MOJECIUPOBAHUS
Mpoliecca ONEepaTUBHOIO Mporuo3upoBanus Cu-
Mympcekux 1yHamu 2006 u 2007 rT. BeIOIHEHA
PEKOHCTPYKIHS (DOPMBI IIyHAMHU B TOYKE HAXOXK-
neHus B Hactosiniee Bpemst cranuuu DART 21419
o (pakTuyeckum gaHHBIM cTaniiuu DART 21414.
K maHHBIM 0 IlyHaMH B 9TOW TOUYKE T0OABICHBI pe-
KOHCTPYUPOBAHHBIEC IIYMbI CEHCMHUYECKOTO MpO-
HCXOXKJICHUSI, 3apEerMCTPUPOBAHHBIC CTAHIMEN
DART 21414. Tlogpo6HO MOAeIMpOBaHUE MPO-
1ecca OInepaTUBHOTO mporHo3a CHUMYHIUPCKUX
ynamu 2006 u 2007 rr. onucano B padore [Ko-
poines, 2019].

Ha puc. 4 a, 6 nmpencraBieHbl UCXOTHBIC JTaH-
Hble, nonyueHHble ctanuuet DART 21414 B 2006
u 2007 rr. (https://ndbc.noaa.gov/dart.shtml), pe-
KOHCTPYHUPOBAHHbBIE (OPMBI IIyHAMHU («UUCTHIEN
IyHaMHu) BUpTyanbHOM crtanuuu DART 21419
(puc. 4 B, T), a TaK)kKe PEKOHCTPYUPOBAHHBIE 3a-
MMACA DTOM CTAHIMU C JI0OABICHHBIM IIIYMOM
(puc. 4 n, e).

UuCcleHHbId SKCIEPUMEHT IO MOJEIUPOBa-
HUIO TIpollecca ONEPATUBHOTO TMPOTHO3a IlyHa-
MU 3aKITIOYAJICS B pacdere (OpMBbI 0XKHIAEMOTO
LlyHaMHd B HACEJICHHbIX MyHKTax Kypuibckux
OCTPOBOB M 0. XOKKai10 0 PEKOHCTPYUPOBAH-
HBIM JaHHBIM O I[yHAMH BUPTYaJIbHOW CTAHIIMH
DART 21419.
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Puc. 4. VicxonHble naHHbIE YMCICHHOTO JKCIIEpUMeHTa: a, 0 — 3anuchk cranuun DART 21414; B, r — pekoHCTpyHpOBaH-
Hast dopMma «uucToro» yHamu Ha craHuuu DART 21419; 1, e — pekoHCTpyHpOBaHHAs 3allMCh C IIyMOM Ha CTaHIIMU

DART 21419.

AmsckuHckoe  3emuierpsicenne  23.01.2018
C OIUIEHTPOM B TOYKE C KOOPJAMHATAMH
56°02°46” c.m1., 149°04°23” 3.1. BOnmmu3u o. Ka-
nesik (anr. Kodiak) Be3Bano ciaboe IyHamw,
3apETUCTPUPOBAHHOE PSJOM CTAHIIMH CHCTEMBI
DART (https://ndbc.noaa.gov/dart.shtml), a Tax-
K€ MHOXKEeCTBOM OeperoBbeix mapeorpacdosn. Lly-
HaM{ HE TPUYMHIIO yiiepOa, HO COOBITHE Tpe-
JIOCTABJISIET XOPOIIYI0 BO3MOXKHOCTH TPOBEPHUTH
Ha (akTUYEeCKOM Marepuaie CIpaBeITUBOCTh
pa3IUYHBIX MOJENEH MPSMOTO pacuera M Orle-
pPaTUBHOTO TPOTHO3a IIYHAMH.
Ha puc. 5 n3o6paxena cxema
pacueTHoii 00nacTu.
bmmkaitimas kK ouary 1ryHaMu
craammsa DART 46409 maxomn-
J1aCh Ha pacCTOSTHUU OKOJI0 90 KM
OT SMUIIEHTPA IPU BPEMEHHU PO~
6era okono 10 muH. BBHIY 3TO-
TO JIaHHBIE CTAHIMM COZAEpkKar
3anuch Kak COOCTBEHHO IyHa-
MH, TaK U UIyM, 00yCIOBIECHHBIN
CEHCMUYECCKUMHU  TPHYMHAMU
(Bommnamu Panest), Hanmo>KeHHBIN
Ha mnone3nwrid curHan (https://
ndbc.noaa.gov/dart.shtml).
HcxonupiMu  TaHHBIMU IS
MPOrHO3a SBJISIACH 3aIUCh ITOU
CTaHIIUU, W3 KOTOPOH YHaJeHbI
TOJILKO TPUJIUBHBIE COCTABIISIIO-

Center for Tsunami Research: Kodiak (https://
nctr.pmel.noaa.gov/alaska20180123), B 3amucu
cranin DART 46409 coOcTBeHHO I[yHaMu OT-
BEYAIOT JAHHbIC HauYMHAs C 7-i MUHYTBHI 3alHCH
(puc. 6). [IpenmectBytomue KojaedaHus 00yCcIoB-
JIeHbI CEICMUYECKUM IIyMOM.

UucneHHbIN SKCIIEPUMEHT 3aKJIHOYAIICA B MO-
JEIMPOBAHUN TIPOIIecca ONEPaTUBHOTO MPOTHO-
supoBanusa IyHamu 23.01.2018 nnsa ceBepHOH
U CEBEpO-BOCTOYHOM wYacTted Tuxoro oxeaHa
no maHHeIM ctaHma DART 46409.

Puc. 5. Cxema pacuerHol oOnacTu. 3Be3mM0YKa — SMHIEHTP 3eMIICTPICEHUS,
poMmO — nonoxkenue cranimi cucteMbl DART, Kpy»oKk — HaceJleHHbIE TTYHKTBI:

mue. CornacHo oneHkaM NOAA Kod — Kagbsxk, Yak — SAxyrar, CC — Kpecent Cuth, PSL — [Topt Can Jlyuc.
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Puc. 6. Vcxomnas (uepHas JMHMS) 3alucCh CTaHIUH
DART 46409 na 23.01.2018 u BoccraHoBicHHas (op-
Ma myHamu (kpacHas nwmausA) (https://nctr.pmel.noaa.gov/
alaska20180123).

Pesyabrarsl

Onexomanckoe yynamu 2020 2.

Jlnist mocTpoeHus nepesaroyHol (GyHKIUH pe-
IIIEHa BCIIOMOTaTejbHas 3ajada pacdyera BOJIHO-
BbIX (DOPM B TOUKaX perucTpalyy lyHaMu U BOJIu-
31 3aJJaHHBIX HACEJICHHBIX ITYHKTOB OT KPyTOBOI'O
HAYaJIbHOTO BO3BBIIIEHUS CBOOOIHOW TMOBEpX-
HocTH auamerpoMm 100 kM u ammuurynoi 10 m
C LEHTPOM, COBIAJAIOIIUM C SMULEHTPOM 3EM-
nerpsiceHus. Pacuer BbINOMHsIICA B cpepruuecKUX
KOOpJIMHATaX C HCIIOJb30BaHUEM PpA3HOCTHOU
ceTku ¢ maroM 1 kM Ha mmpore 45°. PacuerHas
001aCcTh YUCIIEHHOTO 3KCIIEPUMEHTA MpeicTaBle-
Ha Ha puc. 1.

Pacuersl BONMM3M HaceleHHBIX MyHKTOB Ky-
PWIBCKUX OCTPOBOB, a TaKkke BOJIM3M IOCTA W3-
MepeHust ypoBHs Mops «Boponaanash BbImosHe-
Hbl B TOYKaxX, B KOTOPBIX INIyOMHBI BOJbI PaBHBI
10-20 M. DT BEIMYMHBI ONIPENETSAIOTCS BO3MOXK-
HOCTSIMM PA3HOCTHOM CETKH, a TaKXe TeM, 4YTO
Ha JTUX NIyOWHAX BOJHBI 3aBEIOMO SIBIISIOTCA
JIMHEWHBIMU.

Jlist cpaBHEHUs! pe3ylbTaToB pacyera ¢ (ak-
TUYECKHMHU JTAHHBIMH BBIIIOJHEH pacyeT (OpMBI
nyHamu Ha ctanmmu DART 21415 u y moGepe-
Kbst KamuaTku BOJIM3M TOCTa U3MEPEHUS YPOBHS
Mops «BogonagHas». PacueT BBINIOIHEH 1O J1aH-
HBIM 0 «4rcToM» IiyHamu ctanuuu DART 21402.
Pesynbrar npencrasineH Ha puc. 7.

PacuetHas u 3apeructpupoBaHHas (HOpMbI
BosHbl Ha crtaHuuu DART 21415 nocrarouHo
XOpOIIIO COOTBETCTBYIOT Jpyr npyry. KauectBo
pacyeToB CONOCTAaBUMO C MOJOOHBIMM pacueTa-
mu B (https://nctr.pmel.noaa.gov/kuril20200325).
AHaJOrM4HOe KaueCTBO COBIAJEHUS IOJIYyYEHO
B pacyeTrax I[yHaMH IO JeTaJbHONW MH(OpMAIIH
o 3emsierpsicenuu 25.03.2020 u HayanbHOMY CMe-
IIEHUIO YPOBHS OKEaHa, IPEJCTaBICHHBIX Ha caii-
te HayuHoro cosera o npoGiiemam IfyHaMH NpH
Otnenennn Hayk o 3emie PAH (http://ocean.phys.
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Puc. 7. Pesynbrarsl pacuera (GOPMbI IIyHAMH 110 JaHHBIM
0 «aructom» myHamu ctannui DART 21402 Bo Bpemst One-
KoTaHCKoro IryHamu 2020 .

msu.ru/tsunami-council/news/2020/04/200325-
namidance/).

Henuoxo cornacyrores pacuetHas popma BoJ-
HBI BOJIM3U MOCTa U3MEPEHHH ypoBHs Mops «Bo-
JI0TIaTHAs U 3alKCh, MOTYYCHHAs THM MOCTOM.
[Tpu HEoOxomuMMOCTH pacyeTHas (GopMa BOJIHBI
BIIOJIHE TIPUTOAHA TSI OI[EHKH OMACHOCTH ITyHa-
MU BOJTU3U ATOTO ITyHKTA.

Pacuer oxxmmaemoro IyHamu JUisl HacelleH-
HBIX IMyHKTOB KypHJIBCKHMX OCTPOBOB BBHITIOJTHEH
[0 PEKOHCTPYHPOBAHHBIM JAHHBIM C LIYMOM
u 6e3 myma BuptyansHoit ctaniiuu DART 21402
JUTUTEIBHOCTHIO 28 MHUH OT Hayajna 3emierpsce-
Husl. Pe3ynbraT pacuera npecTaBlieH Ha puc. 8.

PaccunranHbie MO JaHHBIM C IIyMOM M 0e3
mryma ¢opmsl yHamu it Kypunbcka u FOxHo-
Kypuiibcka mpakTuuecku He UCKaXEHBI U XOPOIIIO
COBIAJIAIOT APYT C IPYrOM.

dopma mynamu BOmm3u CeBepo-Kypuibcka,
paccuuTaHHas MO JAHHBIM C ITyMOM, COICPIKUT
BBICOKOYACTOTHbIE Kojebanus. Herpynno mo-
HATh, JaXKe MpPU HEOOJBIIOM OMBITE 3HAKOMCTBA
C 3aperUCTPUPOBAHHBIMH (QOpMaMH IyHAMH,
YTO BBHICOKOYACTOTHBIE OCHUJLISIIUU B PACUCTHOM
¢dbopMe He UMEIOT OTHOIICHUS K IlyHaMH. Peannb-
HYI0 ke (OopMy IIyHAMH U CTENECHb OMACHOCTH
BIIOJIHE MOXKHO OIICHHUTh, HECMOTPSI Ha HAIUYHE
3THX BBICOKOYACTOTHBIX BEIOpOCOB. PacueTHas 1o
TaHHBIM Oe3 mryMa popma IfyHaMu Takxke H300pa-
JK€Ha Ha puc. 8.

Ha ocHoBaHMU MOJIy4eHHOTO pacdyera MOXKET
OBITh clieTIaH BBIBOZI O TOM, uTo B CeBepo-Kypuib-
CKE MPUXOJ] MEPBOM BOJIHBI C aMIUIUTYA0H OKOJIO
15 cM oxxkuiaercs yepes 69 MuH roce Hayania 3eM-
netpsiceHusi. BusyanbHas OlleHKa BBICOTHI BOJHBI
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Puc. 8. Pesynmbrarhl peTpOCIEKTHBHOTO MOJAEINUPOBAHUS
Iporecca ONepaTuBHOTO MPOTrHO3MpoBaHus OHEKOTaHCKO-
ro myHamu 2020 T. IO peKOHCTPYHPOBAaHHEIM JaHHBIM 0€3
nryma u ¢ urymoM ctanuuu DART 21402 BOnw3u HacelIeH-
HBIX MyHKTOB Kypuibckux ocTpoBoB. BepruxamsHas uep-
Ta — MOMEHT BBIPa0OTKH IPOTHO3A.

50 cMm cnenana BOMM3M ype3a BOABI MU TIyOHHE
okono 1 M. Paccunrannas amruuryna 15 cMm mo-
JydeHa B TOYKE, T7e TIyOMHa Mops paBHa 17 M.
B coorBercTBUM ¢ M3BECTHBIM 3akoHOM [puHa,
COIVIACHO KOTOPOMY aMILTHTY/Ia BOJIHBI @, Ha [Ty~
Oune D, cBs3aHa C aMIUIMTYIOW @, Ha IIyOWHE
D, cootnomenuem a /a,~(D/D,)"", nepecuer am-
IIUTYABI 15 ¢M B TOUKYy, rue nryOuHa paBHa 1 M,
a BOJIHA OCTAETCs JMHEUHOM, NAET BEJIMYMHY aM-
IUTYAbI 0K010 30 cM.

Pacuetnas ¢opma BonmHbl Ans BypeBecTHHKa
TaK)XE€ COAEPMKUT BBICOKOYACTOTHBIE KOJIEOAHUS.
Kak um B cimydae ¢ pacdyeTHoil (opmMoil BOJIHBI
i Cesepo-Kypunbeka, X Halu4ue HE BIUSET
Ha OLIEHKY CTETEHU OMACHOCTH IIyHaMHU.

[IporHo3 yHamMu B MEPEUUCIECHHBIX MYHKTaX
[0 JaHHBIM O «YHCTOM)» IYHAMH JEHCTBYIOLIEH
craniuu DART 21416 u BupTyanbHOU CTaHLIMHU
DART 21402 npakTu4yecKu UICHTUYHBI.

3a01aroBpeMeHHOCTh IPOrHO3a OIpeaes-
eTCs CIEAYIOIIMM: MOJIydYeHUE JaHHBIX O KOOp-
JHAaTax »SIUIEHTpa 3€MIICTPSICEHUS — depes
11-15 muH nocne Havayia 3eMJICTPSICEHUS], BPEMSI
OT MOMEHTA MOXy4YeHHsI HHHOPMAILIUU O KOOPIIH-
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HaTax 3MULEHTPa, HEOOXOAUMOE AJIsl HOCTPOCHMUS
nepenaroyHoit pyukmuu, — 1o 15 mua. Cymmap-
HO MOMEHT BPEMEHM TOTOBHOCTHM K BBINOJIHE-
HUIO MPOTHO3a — yepe3 26—30 MUH mocje Havya-
na 3emierpsceHus. K 3ToMy MOMEHTY BpeMeHU
craniueit DART 21419 moxer ObITh monydeHa
uH(bOpMAIHS, MTO3BOJISIIONIAS UACHTU(PUITUPOBATD
LyHaMU (B YCJIOBHSIX SKCIIEPUMEHTA JJIA pacue-
TOB BBIOMpascs MepBbId mepuon BosHbl). [Ipo-
THO3 MOT OBITh JaH cpa3y IOCJE MPOXOXKIACHUS
MepBOTO Mepuoaa myHamu yepes cranuuo DART
21402, T.e. yepe3 28 MUH MOCIIE Ha4YaIa 3eMJIETPs-
CEeHMS. DTOT MOMEHT BPEMEHH OTMEUYEH Ha puUcC. 8
BEPTUKAIBLHON YEPTOM.

3a0maroBpeMeHHOCTh TPOTHO3a COCTABISAET
s Cesepo-Kypunbcka 41 mun, s Kypunbcka
65, st Bypesecthuka (Oyxra Kacarka) 71 mun u
s FOxxno-Kypunscka 116 MuH — 3TOTO BHOJIHE
JOCTATOYHO JJIsI IPUHATHUS PEIIeHUs: 00 00bsIBIIe-
HUU TPEBOTH. BBUly MajbIX aMIUTUTYH OXHUiae-
MBIX BOJIH B 9TUX HACEJICHHBIX MYHKTaX TPEBOTa
MOTJIa HE OOBSBIIATHCS.

K coxanenuto, n3-3a OTCyTCTBUSI HHCTPYMEH-
TaJbHBIX HAOIIONEHUN MOATBEPAUTH WM OMIpO-
BEPIrHYTb MPEJCTABICHHBIE PE3YJIbTaThl PACYETOB
HE MIPE/ICTABIIAECTCS BO3MOKHBIM.

Cumywupckue yynamu 2006 u 2007 z2z.

[Iporno3 nynamu 2006 u 2007 IT. BEINOIHEH
JU1si TyHKTOB Kypunbckux ocTpoBoB u 0. XOK-
kaiino [Kopones, 2019]. Ha puc. 9 nmpencraBieHs
pe3yasrarel nporuosa irynamu 2006 u 2007 rr. no
PEKOHCTPYHUPOBAHHBIM JAHHBIM C IIIYMOM BHUPTY-
anpHOU craHimu DART 21419 mauTenbHOCTBIO
32 1 35 MUH OT MOMEHTA HayaJia 3eMJIETPSICEHUS
U CPaBHEHUE C peallbHbIMU 3aIUCSIMU.

Pe3ynbrarel MporHo30B IyHaMu B XaHAacakKu
XOpOIIO COBMAAAT ¢ (hopMaMu 3aperucTpPUpO-
BaHHBIX ItyHamu. [y coOwrtust 2007 1. mporHo3
T10 IaHHBIM C IIYMOM OTJIMYAETCs OT MPOTHO3a M0
«YHUCTHIM» JTAaHHBIM HAJTMYHEM BBICOKOYACTOTHBIX
KoneOanuii mociie 180 MUH, HE UMEIOIIUX OTHO-
IIeHUs K IlyHaMu. Bripouem, Hanu4me Takux KO-
nebaHuii He MOXKET MOBIIUATH HAa MIPUHSITHE Pellie-
HUS 00 OOBSIBJICHUH TPEBOTH I[yHAMH.

Pacuernbie ¢opmbr mynamu B Kycupo s
000uX COOBITHH TOCTATOYHO XOPOIIIO COBMAIAIOT
¢ peasibHbIMU. [IpOTHO3BI, BBIMOJIHEHHBIE 110 JaH-
HBIM C IITYMOM U 0€3 IITyMa, MPaKTUIECKU He pa3-
JUYALOTCS.
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Puc. 9. Pe3ynprars! perpocnekTuBHOro nporxHosa iryHamu 2006 u 2007 IT. Mo peKOHCTPYHPOBAHHBIM JTaHHBIM C IIIyMOM
crannuu DART 21419 qmutensHOoCcThIO 32 MuH (ciieBa) u 35 mMuH (cripaBa).

Bonpeku omaceHusiM, mporHo3 s XaHaca-
k1 1 Kycupo 1o gaHHbIM, OCIIOKHEHHBIM LITYMOM
CEHCMUYECKOT0 MTPOUCXOXKICHHSI, BIOJIHE aJeKBa-
TeH. KauecTBo nporHo3a no3BossieT JOCTOBEPHO
OLIEHUTh OIIACHOCTh OKUJAEMOT0 LIyHAMH U IpU-
HATH pelieHrne 00 OOBSBICHHM TPEBOTH B ITHX
MYHKTaX.

Pe3ynprarel nporHosa A HaCEJIEHHBIX ITyH-
KTOB KypHJIbCKMX OCTPOBOB HE IIPUBEIECHBI BBUY
OTCYTCTBUS PETUCTPALMU LIyHAMHU B 3TUX TOUKaX
Y HEBO3MOXKHOCTH CPABHEHUS PACUETHBIX U (ak-
TH4eckux ¢popM yHamu. Tem He MeHee BO3MOXK-
HO OLICHUTb 3a0JIarOBPEMEHHOCTb MPOTHO3a IS
3TUX IIyHKTOB.

3a051aroBpeMEHHOCTh NPOrHO3a IO JIaHHBIM
cranuu DART 21419 (mepBblii nepuon 1yHa-
MH) JUIsl HAaCEeJIEHHBIX IYHKTOB COCTAaBISET JUIs

Xanacaku 45 mun, Kycupo — 50 mun, HOxHO-
Kypunscka — 1.5 4, bypeBectnuka (3an. Kacarka
o. Utypyn) — 34 muH, Kypunscka — okoso 20 MuH
u CeBepo-Kypunbscka — okono 1 4. Takas 3a0naro-
BPEMEHHOCTh MPOTHO3a JJIsl MYHKTOB CEBEPHBIX
U HOKHBIX KypUIIBCKHX OCTPOBOB 0OecrmednBacT
CBOEBPEMEHHYIO MMOJauyy TPEBOTH M 3BaKyallUIO
HaceJieHHsI B Oe30I1acHbIE MeCTa.

[TomoOHbIE pacyeThl MO AAHHBIM C ILIYMOM
cragimn DART 21419 BeINOMHEHBI TaKXe I
TOUYEK B OK€aHE, B KOTOPBHIX HAXOAWINCH CTAaHIIUU
cucteMbl DART. Pacuersl BeInoHEHBI B Chepu-
YECKUX KOOpAMHATaX Ha Pa3HOCTHOM CETKE ¢ IIa-
roM 3.83 x 3.83 kM Ha mmpore 40° c.u1. Ctanuus
DART 21413 naxomutcs B 700 MOPCKHUX MUJISAX
K 10ro-BocToky ot Tokuo, cranuuu DART 46402,
46408 u 46413 pacnonoxkeHsl BIOJIb AJEYTCKUX

Puc. 10. Pesynsrars! perpocnekTHBHOr0 nporyHosa nyHamu 2006 u 2007 IT. 10 peKOHCTPYHUPOBAHHBIM JaHHBIM C IIIyMOM
craniuu DART 21419 B mecTax HaxoxxaeHus crannuii cucreMsl DART B okeane.

TEOCUCTEMbI NEPEXOAHBIX 30H 455

2020, 4 (4): 447-473

GEOSYSTEMS OF TRANSITION ZONES
2020, 4 (4): 447-473



ONEPATUBHBINA NMPOrHO3 JIOKAJIbHbLIX LYHAMM 1O JAHHBIM BIVXXANLUNX K OYATAM IN1YEOKOBOAHbLIX CTAHLMH

octpoBoB. Ha puc. 10 mpuBeneHsl pe3ynabTarsl
pacyeToB.

B co6pitun 2006 r. Hanuyue NIryMOB B UCXOI-
HbIX naHHbIX (Ha ctaniuu DART 21419) He Bnu-
sIeT Ha Ka4eCTBO MPOTHO3a.

Jns Cumymmpcekoro myHamu 2007 r. Hanuaue
ITYMOB B MCXOJHBIX JaHHBIX BUPTYaJIbHOM CTaH-
uuu DART 21419 npuBoAUT K MOSBICHUIO IIIyMOB
B PE3yNBTUPYIOMIUX (OopMax BOJIH HA CTaHIUSIX
DART 46413, 46408 u 21413. OnmHako UX HaIU-
yne, kak u B coobituu 2020 1. (mporuo3 ans Ce-
Bepo-Kypunbcka u BypeBecTHHKa), HE BBI3BIBAET
TPYAHOCTEM C OLIEHKOH (hOpMBI COOCTBEHHO ITyHa-
MH U CTENIEHU €T0 OMacHOCTH. PacueTHbie hopMbl
BOJTH I10 JAHHBIM 0€3 IIyMa TOH e CTaHIIUH MpaK-
TUYECKH COBIAJAIOT C 3aPETUCTPUPOBAHHBIMU.

Anackunckoe uynamu 2018 2.

B uuncneHHBIX 3KCHEpUMEHTax ISl MOCTPO-
€HHUs TepeJaTouHor (PYHKIIMM HMCIOJIb30BaJICS
BCIIOMOTATEIbHBIM UCTOYHUK C LIEHTPOM, COBIIA-
JAIOIIMM C SMHIICHTPOM 3eMJIETPSICEHUS, Aruame-
TPOM 75 KM ¥ ¢ MAKCUMAJIbHON aMIUTATYION 8 M.
[TpumeHnsuch chepruyeckue KOOpAUHATHI Ha pa3-
HOCTHOM ceTke ¢ marom 3.83 X 3.83 kM Ha mHpo-
Te 40° c.i. CxeMa pacueTHO# 00JacTu IpeacTaB-
JIeHa Ha puc. 4.

[IporHO3 BBIMOJMHEH TIO JJaHHBIM CTAHIIUH
DART 46409 nnutenbHOCTBHIO 16 MHUH OT Havyaia
3eMJICTPSICCHHSI, BKITFOUAOIIUM 3aIlliCH KaK CO0-

CTBEHHO I[yHaMH, TaK M CEHCMHUYECKOro IIyma
(puc. 5). PesynbraThl MporHo3a B TOYKAX pPETH-
cTtpauuu cranuusMu cuctembl DART B oxeane
npencraBieHsl Ha puc. 11. J{ns cpaBHenus ¢ op-
MO peasibHOTO IlyHaAMH UCTIOIh30BAIUCH TaHHBIE
cranmmii cuctembl DART (https://ndbc.noaa.gov/
dart.shtml).

HecmoTtps Ha umMeromuecs BEIOPOCHI, MOTyye-
HO JIOCTAaTOYHO XOpOILEee COOTBETCTBHUE pacyerT-
HBIX U (pakTHueckux (opm. Pesynsrarel pacyera
MO3BOJISIFOT OIICHUTH CTETEHb OMAaCHOCTH IyHa-
mu. KauecTBO MporHo3a COOTBETCTBYET Kauy€CTBY
pacueroB, npexacraBneHHbIX B (https://nctr.pmel.
noaa.gov/alaska20180123).

[IporHO3 BHINMONHEH TaKXKe IS HEKOTOPBIX
MYHKTOB CEBEPO-BOCTOUHOI yacTu Tuxoro okea-
Ha. Pe3ynbrarel npeacraBneHsl Ha puc. 12. [lan-
HbIe MapeorpadoB IS CpaBHEHUS B3STH U3 Sea
Level Station Monitoring Facility (http://www.
ioc-sealevelmonitoring.org/list.php?showall=a&
output=general&order=location&dir=asc). Bnu-
SHAE CEHCMHYECKOTO IIymMa B 3allUCH CTaHLIUU
DART 46409 na paccuntanubie (GOpMBbI LlyHAMH
HE MPOSIBIIAETCA.

BBuay rpy6octu pasHOCTHOM CeTKM pacyeT-
HbIE€ TOYKH HaXOIUJIUCh Ha IOCTATOYHO OOJIBIIOM
yVAQJIEHUH OT PETHCTPUPYIONIMX Mapeorpados
(ot 3 mo 15 km). HecmoTpsi Ha 3HAYUTENIBHBIC
PacxXoXJIeHUS B MECTOMOJOXKEHHUSIX pPacueTHBIX
TOYEK W MapeorpadoB, IOIYYEHO HEIUIOXO0e

Puc. 11. Pesynbrarsl nporsosa nyHamu no gaHHbiM cTaHnuud DART 46409 B Toukax perucTpanuyl CTaHLUSMU CUCTEMBI

DART B okeane.
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Puc. 12. Pe3ynbrarsl IporHo3a IyyHamu o JaHHbiM cTaHiud DART 46409 BOIM3M HACEIICHHBIX TYHKTOB.

COOTBETCTBUE TOJOBHBIX YacTel pPaCcUETHHIX
1 (haKTHYECKUX BOJHOBBIX (POpM.

Paccunrannbie (GOpMBI IIyHAMHU TIO3BOJISIOT
OIICHUTH CTETMEHb OMACHOCTHU IIyHaMU B HACEJICH-
HBIX MyHKTaX. Ka4ecTBO pacyeToB COMOCTaBUMO
¢ momoOoHeiMH pacuetamu B (https://nctr.pmel.
noaa.gov/alaska20180123).

AHAJIOTUYHBIH 110 Ka4eCTBY MIPOTHO3 MOJTyYCH
TaKKe 10 JAHHBIM JAPYTUX OJMMDKAWIINX K o4ary
craniuii DART — 49403 u 46410. IIporao3 BbI-
TIOJTHSIICS TIO JAHHBIM O «YHUCTOMY ITyHAMH, TIOJTY-
YEHHBIM dTHMH CTAHIIUSMHU.

Oo6cy:xknenne

JeiicTBus citykObl IpeaynpexIeHus o I[yHa-
mu B CaxanuHckoit o6mactu 25.03.2020 B pamkax
JIECTBYIOLIETO pEIrJlaMEHTa B YCJIOBHUSAX OTCYT-
CTBUSI Kakoh-1in00 mHpopMaImu 00 0KUIaeMOM
IlyHAMH SBIISIIOTCA ONpaBaaHHbIMU. Tem Oonee
YTO MEXAYHApOAHbIH THXOOKEaHCKUW UEHTpP
npenynpexnaenus o nyHamu (PTWC, T'onomymy)
1 SIMOHCKOE METEOPOIIOTHYECKOE areHTCTBO CO-
OOLIMIINA O BO3MOXKHBIX Pa3pyLIMTENbHBIX BOJTHAX
IryHaMu Ha KypriibcKHX OCTpOBax ¢ aMILIUTYI0M
1-3 M. OnHako, BBUY Majod aMIUTUTY/bI LyHa-
MU, 00BSIBJICHHAs TPEBOI'a OKa3aiach JIOXKHOM IO
MIPOTHO3aM KaK CaXaJMHCKOU, TaK U 3apyOeKHbBIX
cityx0. HeobocHOBaHHBIM SIBIISIETCS M IPOJJICHHUE
TPEBOTM I[yHAMH YK€ IOCJIE MPUXOJa MEPBBIX
BOJIH MaJoW amMIuMTyxabl. M caxammHCKkas Cityx-
0a myHamu, 1 THUXOOKEaHCKHH IIEHTP JACHCTBOBA-
JI1 Ha OCHOBaHUM MarHUTYAHO-Te€OorpapuuecKkoro

MeTofla, pa3pabOTaHHOTO B CEpPEeIUHE MPOILIOTO
BEKa, KOTOPHI C KOPPEKTUPOBKAMU B HACTOS-
1iee BpeMs BISIETCS OCHOBHBIM CIIOCOOOM Mpe/I-
YOpEXKACHUs O I[yHaMU. B cuily cTaructudecko-
ro XapakTepa MarHuTyIHOTO crocoda CiryKObl
IlyHaMH ¢ MoMeHTa co3jganus 1o 2009 r. mona-
71 OOJIBIIIOE KOMMYECTBO JOXKHBIX TpeBor (75 %
OT OOIIIero Yncia), Mpu 3TOM MPOITYCTUB HEKOTO-
poe konmuuecTBo IyHamu [Gusiakov, 2011]. Tpe-
BOTa OOBSBIISIIACH HA TTOOEPEXKBIX OOJIBIIION MPO-
TSOKEHHOCTH 0e3 mHpopMamuu 00 O0XHAACMBIX
BBICOTAX BOJIH.

B CHIA runpodwmsmueckuit cmocod SIFT
(Short-term inundation forecasting for tsunamis —
KpPaTKOCPOYHBIN MPOTHO3 3aTOIUICHUS OT IIyHa-
MH) TI0 HH(QOPMAILIMU O IlyHAMH B OKeaHe (cucre-
Ma DART) naet 3a6maroBpeMeHHY0 YUCICHHYIO
OIICHKY aMIUIMTYIbI, BpEMEHHU TpolOera, JAPYrux
croiictB myHamu  (https://nctr.pmel.noaa.gov/
tsunami-forecast.html; [Titov, 2009; Wei et al,
2003]). Pacuerbl BBINONHSIOTCA AJI CEBEpO-3a-
nagHoro nodepexnsi CLIA, moGepexbs Amscku
1 AneyTckux ocTpoBoB. Jlist ceBepo-3amana Tuxo-
ro OKeaHa, BKJtodas mooepexxbsi Kamuarku u Ky-
PWIBCKUX OCTPOBOB, THXOOKEAaHCKUH LIEHTP Mpe-
YIPEKACHUS O I[yHaMH JaeT IMPOTHO3 Ha OCHOBE
MarHUTYTHOTO KPUTEPHSI.

SInoHCKOE METEeOPOIOrHYecKoe areHTCTBO,
OTBETCTBEHHOE 3a MPOTHO3 IIyHAMU Ha CEBEPO-
3amane Tuxoro okeaHa, JEMCTBYeT B COOTBET-
CTBHH C HOBBIM periamenTom’. [Ipu BbipaboTKe
MPOTHO3a UCTIONIb3yeTcs 0a3a JaHHBIX O BHICOTAX

3 UNESCO/IOC. 2019. Users’ guide for the Northwest Pacific Tsunami Advisory Center (NWPTAC): Enhanced Products
for the Pacific Tsunami Warning System. IOC Technical Series, 142. URL: https://unesdoc.unesco.org/ark:/48223/pf00003
665467posInSet=1&queryld=d1288da0-390e-47b1-8a51-a529b04abf93 (accessed 6.11.2020)
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IlyHaMU B OOJIBIIOM KOJMYECTBE TOYEK B OKea-
He. B wactHocTH, mist KypuiabCkux OCTpPOBOB
OJTHA M3 TOUYEK HAXOAUTCS B HECKOJIBKUX KUJIOME-
Tpax K ceBepy ot o. [lapamymup, npyras — B He-
CKOJIBKUX KHUJIOMETpaxX K BOCTOKY OT CEBEpHOM
OKOHEYHOCTH 0. Ypyn. ba3a naHHBIX OCHOBaHa
Ha pe3yJbrarax MpelBapUTelbHbIX PACu€TOB BbI-
COT LIyHaMH OT CeMICMHYECKHX UCTOYHUKOB C Hau-
0osiee BEPOSTHBIM MEXaHHU3MOM 3E€MIICTPSICEHUS
Y pa3nu4HbIMU Marautyaamu (8.5, 8.0, 7.5 u 7.0),
a TaKKe Pa3IMYHBIMHU [TTyOMHAMH THUIOLIEHTPOB
(0, 20, 40, ..., 100 xm). McTOYHUKH TOCTATOYHO
IUIOTHO TOKPBIBAIOT 00JAaCTH BEPOSITHBIX I[yHa-
MUTEHHBIX 3emiieTpsiceHuid. [IpubmmxeHHo ore-
HUBAIOTCS MaKCHUMaJIbHbI€ aMIUIUTY/Abl BOJH Ha
HEKOTOPOM PACCTOSIHUH OT MOOEpeXbsi U BOJIU3H
Oepera Ha yOuMHaX 1 M B COOTBETCTBUU C U3BECT-
HBIM 3aKOHOM ['prHa BHE 3aBUCUMOCTH OT aMILIHU-
Tynbl HaOerarouleil BomHbl. [Ipu 3TOM mpuHsTHE
petieHus o0 OOBSBICHUHM TPEBOTH LyHAMH BO3-
Jaraercs Ha peruoHaybHble IeHTphl. [lomoOHbII
noxxox npemnarancs eme B 1996 r. [Whitmore,
Sokolowski, 1996] B Havyane pa3BUTHS CHUCTEMBI
ruapodu3nIecKkux HaoOmofaeHu. Briociaenctsum
OT TaKOIo MOJXO0Ja, KaK HEMepCHeKTUBHOTO, OT-
Ka3aJIMCh B MOJB3Y TUAPOGU3NYECKOro Crocooa,
OCHOBAaHHOTO Ha JJAHHBIX O C(POPMHUPOBABIIEMCS
IyHaMHu B OTKpBITOM okeane [Titov, 2009; Wei et
al, 2003].

Bce tpu npornosa mynamu 25.03.2020, ocHo-
BaHHbIE Ha MAarHUTYJAHOM KPHUTEPHUH, a MPOTHO3
JMA, 1o cyTH, Takxe OnupaeTcsa Ha OLICHKY Mar-
HUTY/IbI, OKa3anuch Hed(D(HEKTUBHBIMU: MIPH TIPO-
rHo3upyemMbix 1-3 M (akTuyeckas BbICOTa cOCTa-
BIIa o0koJ1o 0.5 m.

[IporHo3 HY OAHOM W3 MEPEUUCICHHBIX BBILIE
CIIy>)k0 HEe OTBEYaeT ONpeAeNCHUI0 MPOrHo3a IIy-
namu, ganaromy MOK FOHECKO?*, u3z-3a orcyrt-
CTBUS JACTaNbHOM MHGOpPMAIMK 00 OXHUIAEMOM
LyHAMH: HE ONpEJeNsieTcs HU CTPYKTypa BOJIHBI,
HU JJTUTEIBHOCTH TPEBOTH.

B ominume ot ceiicMOI0rHyecKux MeETOJOB,
ONMUPAIOUINXCS Ha HMHPOPMALMIO O MAarHUTy-
e 3eMJIETPSACEHHUs, THAPO(PU3UYECKUE CIOCO-
Obl MpOrHO3a ILyHaMH, UCHOJB3YIOIINUE JTaHHBIC
o chopMupoBaBIIEMCSl LlyHaMH B OKeaHe, CIIO-
coOHBI 3a0JarOBpEMEHHO JaBaTh HH(OpMaIHIO
00 0XHJ1aeMOM I[yHaMH B COOTBETCTBHUH C OIIpe-
neneaneM MOK IOHECKO.

OnuH 13 Takux croco0oB, COco0 onepaTuB-
HOTO TPOTHO3a IIyHaMH, TPeOyroumi cencMmo-
JIOTUYECKYI0 MH(OPMAIUIO TOJIBKO O BPEMEHHU
Hayaja M KOOpAMHATax 3MULEHTPA 3eMIIeTpsce-
HUS1, MOXET JJaBaTh 3a0J1arOBpEMEHHbIN a/1eKBaT-
HBIM ITPOTHO3. Jlae IpU HAJIMYHUM B UCXOJHBIX
JAHHBIX IIYMOB CEHCMHUYECKOTO IMPOUCXOXKIE-
HUs pacueTHas Gopma IyHaMHU MO3BOJISET Olle-
HUBaTh CTENEHb OMACHOCTH, JIOCTATOYHYIO IS
OPUHATUS penieHuss 00 OOBSABICHUU TPEBOTH
yHamu. [IpucyTcTBHE BBICOKOYACTOTHBIX KOJ€E-
OaHuil B pacueTHOU (OpME 0KUTAEMOTO IIyHAMHU
HE BJIUSIET Ha aJIEKBAaTHOCTh OILEHKHU OMACHOCTH.
Pacuer BOMHOBBIX (JOpPM BBITIONHSJICS B TOYKAX,
rae niyounsl Boawl paBHbl 10-20 M, Ha pac-
CTOSIHUAX OT OeperoBoil ueptsl 1.5-3 kM. Pac-
YETHBIE aAMIUIUTYIbl CIY>KaT OPUEHTUPOM ISt
OPUHATUS pelieHuss 00 OObBSABICHUU TPEBOTH
ciyx0oi mpenynpexaeHus o myHamu. Crenyer
HAIIOMHHTB, YTO B pab0Te MPUMEHSIETCS CIOC00,
T.€. IEMCTBYIOLME AJITOPUTMBI PACUETOB, HO HE
MPOrpaMMHBINA KOMIIJIEKC, TOTOBBIN K MPUMEHE-
HUIO B TIpakTH4eckoi pabore. [Ipu peanuzanun
crnocoba B MPOrpaMMHOM KOMIIJIEKCE BO3MOXKEH
JMaTbHEHIINI pacyeT IyHaMHU BIUIOTh 10 Oepero-
BOH UepThl, €CJIU MO3BOJISAIOT YCIOBUS ONIEpaTUB-
HOTO peXHMa, a TaAKXKE MOXKET M JOJKHA OBITH
IpUMEHEHa (QWIBTPANHS OT BBICOKOYACTOTHBIX
BBIOPOCOB, YUTEH NPUIUBHON PEXKUM.

K coxanenuto, B Poccun runpodusudeckas
HOACHUCTEMA CITY>KOBI MPEenyNpeKIeHUs O I[yHa-
MU HE BBITIOJIHAET MPOTHO3 IO TUAPOU3HUECKIM
nanHbiM. Poccus siBnsieTcst efBa JId HE €IUH-
CTBEHHOM cTpaHol Oaccelina Tuxoro okeaHa, He
UMeroIel TTyOOKOBOAHBIX CTaHLUN H3MEpEeHHs
YPOBHSI OKE€aHa, I03BOJIAIOIIUX OCYILIECTBIISTh
oTepaTUBHBIA MPOTHO3 IyHamu. Hazpena HeoO-
XOIUMOCTh pa3pabOTKU POCCUUCKUX TITyOOKO-
BOJIHBIX CTAHLMW U3MEPEHUSI YPOBHS OKE€aHa IS
paHHETo U TOCTOBEPHOTO OOHAPYKEHUS U Omepa-
TUBHOTO MPOTHO32 IyHAMU".

bonee toro, Ha Kypunbckux ocTpoBax, Hau-
Oosiee TMOJBEPKEHHBIX BO3ACHCTBHIO I[yHaMH,
OTCYTCTBYET PEryJsIpHasi pErUCTpaLsi MOPCKOTO
BonHeHusi. Ha puc. 13 uzobpaxena cxema pas-
MELIEHUsI AaBTOMAaTHMYECKUX IOCTOB H3MEPEHHUS
ypoBHS Mopsi Poccuiickoli CiyObl mpeaynpek-
neHus o iyHamu. [locTel ycTaHOBIEHBI U paboTa-
10T B Kamuarckom, Xabapockom u [Iprumopckom
Kpasix, HO OTCYTCTBYIOT Ha Kypunax.

* http://legacy.ioc-unesco.org/index.php?option=com_oe&task=viewDocumentRecord&docID=10442
5 Pemenne VII Beepoccuiickoit HayuHo-TexHIUUECKOM KoHMepeHImu «[Ipo6ieMbl KOMIIIEKCHOTO T€0(H3UIECKOTO MOHHUTO-
punra [laneuero Boctoka Poccuny. 2019. URL: http://emsd.ru/conf20191ib/pdf/solution.pdf (naTa odpamenus: 6.11.2020)
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Puc. 13. IlynkTs! n3MepeHus ypoBHs Mops Ha JlansHeM BocToke (OTMEUYeHBI TPEeyroIbHUKAaMH )
(http://rtws.ru/sea-level/).

BriBoabI

BrimonHeHo MonenupoBaHHE IMpoliecca ore-
paTuBHOrO IporHo3upoBanus IyHamu 20006,
2007, 2018 u 2020 rr. Mo JaHHBIM OJIMKAHIINX
K oyaram CTaHIIMM, COJEpKallluM HEyCTpaHUMBbIE
IIYMbl CEMCMUYECKOTO MPOUCXOXKaAeHus. [ms 1y-
Hamu 2018 1. MopenupoBaHuE MPOBOIMIOCH IO
(haKTHYECKMM JaHHBIM HAXOJUBIIEHCS B HEIO-
CpeNCTBEHHOM OMM30CcTH K ouary craniuu DART
46409. 3anmcu coaepikaiu IIyMbl, 00yCIIOBJICH-
HbIe TIpoxoxaeHueM BoiH Panes. [{ns coObrThii
2006, 2007 u 2020 rr. momoOHbIe JaHHBIE OTCYT-
CTBYIOT, IO3TOMY BBINIOJIHEHA PEKOHCTPYKIHUS 3a-
nucei OIKalIIuX K oyaraM BUPTYyaJIbHBIX CTaH-
IMA W3MEpPEHUs] YPOBHS OKeaHa, BKIIIOYAIOLIUX
ceficMMYeCcKue UIyMBl, 110 JaHHBIM OoJiee yaaneH-
HBIX OT ouaroB ctanmmii DART.

Hannume HEeycTpaHUMOTO IIymMa B JIaHHBIX
OMM3KHUX K oyary CTaHIMM IPUBOAMUT K MOSBIeE-
HUIO B pe3yJbTaTax pacuyeToB BHICOKOYACTOTHBIX
KoJIeOaHWH, HAIOXKEHHBIX Ha (POpMYy COOCTBEHHO
myHamu. HecmoTpst Ha 3T0, BO3MOXKHA aJIeKBaT-
Hasi oleHka Gopmbl IyHamu. KagecTBo pacyera
JIOCTaTOYHO MJis 3a0JIarOBPEMEHHOTO MPUHSATHS
petieHust 00 0OBSBICHUN TPEBOTH B TOM ITyHKTE,
B KOTOPOM LlyHaMH IIPEJICTABIISIET PEAJIbHYIO0 YTpO-
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3y. Pe3ynbprar nogHOCTBIO COOTBETCTBYET OIpeie-
nenuto nporxHosa nynamu MOK FOHECKO.

Pesynprarel pacyeToB XOpOLIO COBMAJAIOT
C JIaHHBIMHM PErucTpaluy IyHaMu HTpUOPEKHBI-
MU MapeorpadaMu U cTaHIusIMHu cucteMbl DART
B okeaHe. KadyecTBO MporHos3a, BBINOIHIEMOTO
NPEIOKEHHBIM CIIOCOOOM ONEpPaTUBHOTO IPO-
IHO3a LlyHaMH, COIIOCTaBUMO C Kay€CTBOM pacue-
ToB runpoduzndeckum cnocodoom SIFT (CLLA).

Bonpeku mnpennonoxxeHuto, 4YTo HEyCTpaHU-
MBI CEMCMHYECKHI IIyM B 3allUCH IIyHaMH Ha
OMKHUX K OYary CTaHIMSX MOXKET MPErnsTCTBO-
BaTh IIOJyYEHHUIO aJIeKBaTHOTO IIPOrHO3a, OIle-
PaTUBHBIN MPOTHO3 JIOKAJIbHBIX I[yHAMHU BIIOJHE
BO3MOYKEH, HECMOTPSI Ha BBICOKOUACTOTHBIE KO-
neOaHusI, HAJIOKEHHbIE Ha (HOpMY OXKHIIAEMOTO
I[yHaMH.

[IpennoxkeHHbIl cnoco® omepaTUBHOIO MpPO-
THO3a I[yHaMHU TpPU peau3allid €ro B €IWHOM
IIPOrPaMMHOM KOMILJIEKCE MOXET CIIY)KMTh HH-
CTPYMEHTOM, KOTOPBII [MO3BOJIUT IIOBBICUTH Kade-
CTBO OIEPATUBHOTO NPEAYNPEXKICHUSA O LIyHAMH,
CYLIECTBEHHO YMEHbBIIUB KOJUYECTBO JIOKHBIX
TPEBOT I[yHaMHU.
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Short-term forecast of local tsunamis based on data containing
seismic noise from deep-ocean stations closest to the sources
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Abstract. Reliable short-term tsunami forecast on the Kuril Islands when earthquakes occur in the Kuril-
Kamchatka Trench is the most difficult. Forecasting by the traditional magnitude method often leads to false
tsunami alarms. Based on the examples of the events of 2006, 2007, and 2020 on the Kuril Islands, as well
as the event of 2018 in Alaska, it was shown that according to the data of the ocean level measuring sta-
tions closest to the tsunami source (tsunami travel time is 10-20 minutes) it is possible to adequately predict
the tsunami off the coast. Calculations of tsunami waveforms near the coast by the data containing seismic
noise has shown that the resulting waveforms contain high-frequency oscillations. However, these fluctua-
tions do not interfere with the assessment of the real waveform and the danger of the expected tsunami.
In contrast to forecast methods based on the magnitude criterion, the applied method of short-term tsunami
forecast makes it possible to calculate the waveform: the amplitudes of the first and maximum waves, their
arrival time at a given point and the expected duration of the tsunami. The proposed method can become
a tool that will improve the quality of short-term tsunami warning, significantly reducing the number of false
tsunami alarms.
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Introduction

The tsunami alarm on 25.03.2020 for the
Severo-Kurilsk district (Sakhalin region) was an-
nounced at 14:00 (hereinafter Sakhalin time is in-
dicated, the difference is 11 hours ahead of UTC

Center United Geophysical Survey RAS on the ba-
sis of the magnitude criterion. An earthquake with
a magnitude of 7.3 with an epicenter 220 km east
of Onekotan Island occurred at 13:49. The mag-
nitude was subsequently clarified to 7.5 (Search

and 8 hours ahead of Moscow time) by the “Yuzh-
no-Sakhalinsk™ Informational Processing Center
of the Sakhalin branch of the Federal Research

Tsunami Events of the National Centers for Envi-
ronmental Information — https://www.ngdc.noaa.
gov/hazel/view/hazards/tsunami/event-search)'.

! Full information about the data sources see in the end of the article.

Translation of the article published in the present issue of the Journal: Kopones }O.I1., Koponer I1.1O. OnepatuBHBI MPOTHO3 JIO-
KaJIBHBIX I[yHaMH 10 JaHHBIM ONIMDKAHIINX K 04araM IIyOOKOBOZHBIX CTAaHIMH, COAEPIKAIINM IIYMbI CEHCMUYECKOTO IIPOHCXOKACHHUSI.

Translation by G.S. Kachesova.
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At 13:57, the Pacific Tsunami Warning Cent-
er (PTWC, Honolulu) issued a tsunami warn-
ing bulletin for the coastal zone within 1000 km
of the earthquake epicenter. At 14:16, the Japan
Meteorological Agency (JMA) has also warned
of possible devastating tsunami waves in the Kuril
Islands with an amplitude of 1-3
m, as reported by the Sakhalin De-
partment of Hydrometeorology and
Environmental Monitoring (http://
sakhugms.ru/index.php/o-nas/
strutura/tsentr-tsunami). The loca-
tion of the earthquake epicenter is
shown in Figure 1. By the name of
the nearest island, this tsunami can
be called the 2020 Onekotan tsu-
nami by analogy with the name of
the 2006 Simushir tsunami.

Due to the low height of the
wave, which is not dangerous, the
alarm on 25.03.2020 turned out to
be actually false.

The arrival of the tsunami in
Severo-Kurilsk was expected at
15:04. Evacuation of the popula-
tion to the safe zone was completed
by 14:30. About 400 people were
evacuated. According to visual ob-
servations from the Signalnaya hill
1.2 km south of the Severo-Kuril-
sk port, the first wave has arrived
1 hour after the earthquake begin-
ning. Against the background of the
storm waves, the tsunami height
was estimated at 50 cm. Figure 2
shows a snapshot of the coastal wa-
ters when the tsunami has arrived
at the vicinity of Severo-Kurilsk.
The alarm mode was maintai-
ned until 17:57 (almost 4 hours)
(http://sakhugms.ru/index.php/o-
nas/strutura/tsentr-tsunami).

The above descriptions of the
actions of the Russian tsunami
warning service, as well as inter-
national tsunami services, in par-
ticular the Japan Meteorological
Agency, allow us to assess the
shortcomings of the current tsu-
nami forecasting regulations.

Similar situations took place in
2006 and 2007 (Simushir tsunamis
0f 2006 and 2007). Tsunami alarms
were announced by the magnitude
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criterion on the coasts of all the Kuril Islands, and
the population was evacuated to safe places. How-
ever, these tsunamis had posed no danger to human
settlements. The alarms were actually false.

In the case of strong tsunamis, the stop
of manufacture and evacuation of personnel and

Figure 1. The scheme of the area of simulation. Asterisks — the earthquakes
epicenters, diamonds — the DART stations location, triangle — the “Vodopad-
naya” sea level measuring station (V), SK — Severo-Kurilsk, K — Kurilsk,
B — Burevestnik, YK — Yuzhno-Kurilsk, Ku — Kushiro, Ha — Hanasaki.

Figure 2. Arrival of a series of tsunami at Paramushir Island on 25.03.2020
(about 1.2 km south of the Severo-Kurilsk port). Photo by L. Kotenko
(http://sakhugms.ru/index.php/o-nas/strutura/tsentr-tsunami)
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population from hazardous areas are justified.
For weak tsunamis, when the wave amplitude
in settlements does not exceed 0.5 m, as for the
events of 2006, 2007, and 2020, these actions
are accompanied by unjustified damage associ-
ated with a stop of manufacture, an unnecessary
stress for the population. In addition, the dura-
tion of the alarm mode is often too long. Frequent
false alarms arise a negative attitude towards them
and distrust. Ignoring the alarms during the worst
2011 Tohoku, Japan tsunami was partly responsi-
ble for numerous casualties.

According to the modern concepts, tsunami
warning services should announce not only well-
grounded general alarms, but also differentiated
by the hazard degree for specific areas of the
coast. Ideally, a tsunami alarm should be an-
nounced with a reasonable lead time only at those
points where the tsunami poses a real danger, and
be accompanied with information about the ar-
rival time of the first wave, the maximum wave,
and their amplitudes, as well as the expected time
of the end of the tsunami (tsunami alarm clearing)
[Korolev, 2011]. It is these characteristics of a tsu-
nami that are listed in the definition of a tsunami
forecast formulated by the Intergovernmental
Oceanographic Commission (IOC) of UNESCO
in 20132. Such a detailed forecast is impossible on
the basis of the magnitude-geographical criterion.

Hydrophysical methods of tsunami forecast-
ing do not lean upon earthquake magnitude. In-
formation about the formed tsunami obtained
in the ocean by DART stations (Deep-ocean As-
sessment and Reporting of Tsunamis) is reliable
for assessing the degree of tsunami hazard. (http://
nctr.pmel.noaa.gov/Dart).

Obviously, in the case of local tsunamis (dur-
ing the earthquakes in the Kuril-Kamchatka de-
pression), the timeliness and lead time of the
forecast depend on the proximity of the stations
to the tsunami source. The data from such sta-
tions may contain seismic noises superimposed
on the desired signal due to the passage of surface
waves (Rayleigh waves) along the ocean floor.
Since the discreteness of the records of these sta-
tions is 1 min, the noise component can have peri-
ods of 4 min or more, which is comparable to the
characteristic periods of a tsunami (about 15 min).
The application of the criterion for useful signal
and noise separation, described in [Nurislamova,

Nosov, 2016], appears to be difficult or impossi-
ble. This circumstance can become an obstacle to
obtaining an adequate forecast. Under operational
conditions, it is required to assess the degree of
tsunami hazard in a short time without dealing
with the problem of signal separation.

Aim of the work
and numerical experiments set up

This work aimed to study the possibility of
short-term (operational) forecast of local tsunamis
based on the the data of ocean level measurement
stations closest to the sources, containing una-
voidable noise of seismic origin.

We considered all known events in the north-
ern and northwestern parts of the Pacific Ocean,
during which either the registration was made or
the restoration (reconstruction) of the tsunami
waveform near the source is possible.

The process of short-term forecasting of
the Onekotan (25.03.2020), Simushir (15.11.2006
and 13.01.2007) tsunamis, which occurred
in the regions of the northern and central Kuril
Islands, and the Alaska tsunami (25.03.2018) with
an epicenter near the Kodiak Island, was simulat-
ed. The simulation was carried out using the re-
constructed data from virtual stations of ocean
level measurement, at the locations of the previ-
ously existing DART 21402 station, the operat-
ing DART 21419 station, closest to the tsunami
foci of 2020, 2006 and 2007, as well as the real
data from the DART 46409 station in 2018. Both
the real and reconstructed data from the DART
stations contained noise of seismic origin.

Computations (reconstruction of records and
calculation of tsunamis) were carried out using
the method of short-term tsunami forecast de-
scribed in [Korolev, 2011]. This method (express
method) consists in constructing a transfer func-
tion for each point, which allows calculating the
waveform of the expected tsunami near this point
using the DART station data. The transfer func-
tion is constructed immediately after receiving
information about the coordinates of the epicenter
of the earthquake that caused the tsunami. The ba-
sis for its construction is the results of waveforms
calculation from a simple axially symmetric source
with a center, coinciding with the earthquake epi-
center, at the points of registration and forecast.

2 Intergovernmental Oceanographic Commission. 3rd ed. Tsunami Glossary. 2016. Paris, UNESCO. IOC Technical Se-
ries, 85. (English, French, Spanish, Arabic, Chinese) (IOC/2008/TS/85 rev.2). URL: http://legacy.ioc-unesco.org/index.
php?option=com_oe&task=viewDocumentRecord&docID=10442 (accessed 6.11.2020)
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No earthquake magnitude data is required. When
using the technologies for rapid tsunami calcula-
tion, the construction of a transfer function may
be completed prior the moment the first tsuna-
mi period passes through the registration point.
For example, the technology for rapid calculation
of tsunami propagation is presented in [Lavren-
tiev et al., 2019].

In numerical experiments, the lead time of the
tsunami forecast (the time between the estimated
arrival time of the tsunami (first wave crest) at a
given point and the time of the forecast execution)
and the forecast quality were estimated. The pos-
sibility of assessing the hazard degree of the ex-
pected tsunami at a given point, which is suffi-
ciently accurate to make a decision on the alert,
is taken as the criterion of the forecast quality.

Further in numerical experiments, the calcu-
lation of the tsunami waveform near the coast is
called retrospective forecast, or forecast.

Tsunami on 25.03.2020 was registered by the
DART 21415, 21416, and 21419 deep-sea stations
of ocean level measurement (Figure 1) (https://
ndbc.noaa.gov/dart.shtml). A small tsunami was
recorded by the “Vodopadnaya” sea level measur-
ing station (post) (Kamchatka, Russia) (http://rtws.
ru/sea-level/). According to the data of the DART
stations, an adequate assessment of the tsunami
hazard on the coast of the islands is possible. How-
ever, the remoteness of the stations from the coast
cannot provide the necessary lead time for forecast-
ing and announcing the alarm in real conditions.

The position of the previously functioning
Russian DART 21402 station is optimal with re-
gard to lead time of the tsunami forecast for the
coast of the northern Kuril Islands. The short-term
forecast of the tsunami by the data of this station
could be obtained earlier than by the data of the
DART 21416. In the numerical experiment, a vir-
tual station is introduced at the location of the pre-
viously functioning Russian DART 21402 station.

To simulate the process of short-term forecast-
ing of the 2020 Onekotan tsunami, the tsunami
waveform was reconstructed at the location of the
DART 21402 station based on the actual record
of the “pure” tsunami from the DART 21416
station. A “pure” tsunami corresponds to a series
of data from 21 to 36 minutes from the earthquake
origin time (Figure 3 a). The reconstructed wave-
form of the “pure” tsunami at the DART 21402
is shown in Figure 3 b.

To analyze the influence of seismic noise on
the possibility and quality of tsunami forecast, we
reconstructed the possible seismic noise in the re-
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cords of the DART 21402 station also by the data
on noise of the DART 21416 station. The noise
components of the records of the DART 21416
station with a duration of 21 min from the earth-
quake origin time were added to the calculated
tsunami waveforms. When calculating these com-
ponents, the change in the amplitude of the Ray-
leigh wave due to the cylindrical divergence with
the distance from the epicenter to the registration
point was taken into account. The reconstructed
record of the DART 21402 virtual station, includ-
ing the noise component, is shown in Figure 3 c.

The 2020 tsunami forecast for the Kuril Is-
lands was made based on the reconstructed record
of the DART 21402 station with a duration of
28 minutes.

Tsunamis of 2006 and 2007 have been record-
ed by several stations of the DART system, the
DART 21414 station is the closest to the focus. The
station is located in the western Aleutian Islands
at a longitude of 178° E, its location is beyond the
scope of the diagram shown in Figure 1. Tsunami
travel time to this station exceeds 2 hours, that
necessarily does not provide the lead time of the
tsunami forecast on the Kuril Islands. The position
of the DART 21419 station installed only in 2009
is optimal for the southern and northern Kuril Is-
lands with regard to the lead time of forecast of
tsunamis occurring in the area of the central Kuril
Islands. To solve the problem of simulation of the
process of operational forecast of the 2006 and

Figure 3. Initial data of the numerical experiment on 2020
Onekotan tsunami forecasting: a — record of the DART
21416 station, b — reconstructed waveform of a “pure” tsu-
nami at the DART 21402 station, ¢ — reconstructed record
with noise at the DART 21402 virtual station.
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Figure 4. Initial data of the numerical experiment on 2006 and 2007 Simushir tsunamis forecasting: a, b — record of the
DART 21414 station; ¢, d — reconstructed waveform of “pure” tsunami at the DART 21419 station; e, f — reconstructed

record with noise at the DART 21419 station.

2007 Simushir tsunamis, the tsunami waveform
was reconstructed at the current location of the
DART 21419 using the actual data of the DART
21414. The reconstructed noises of seismic origin
recorded by the DART 21414 station were added
to the tsunami data at this point. A detailed simu-
lation of the process of short-term forecast of the
Simushir tsunamis in 2006 and 2007 is described
in [Korolev, 2019].

Figure 4 a, b show the initial data
obtained by the DART 21414 sta-
tion in 2006 and 2007 (https://ndbc.
noaa.gov/dart.shtml), reconstructed
tsunami waveforms (“pure” tsuna-
mis) of the DART 21419 virtual sta-
tion (Figure 4 c, d), as well as the
reconstructed records of this station
with added noise (Figure 4 e, f).

A numerical experiment on sim-
ulation of the process of short-term
tsunami forecast consisted in calcu-
lating the waveform of the expected
tsunami in the human settlements
of the Kuril Islands and Hokkaido
Island using the reconstructed tsu-
nami data from the DART 21419
virtual station.

Alaskaearthquakeon23.01.2018
with an epicenter at the point with
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coordinates of 56°02°46” N, 149°04°23” W near
Kodiak Island caused a weak tsunami recorded
by a number of the DART stations (https://ndbc.
noaa.gov/dart.shtml), as well as by many coastal
tide gauges. The tsunami did not cause any dam-
age, but the event provides a good opportunity to
test the validity of various models of direct calcu-
lation and short-term tsunami forecast using the
factual material.

Figure 5. The scheme of the area of simulation. The asterisk is the epicenter
of the earthquake, the diamonds are the positions of the DART stations, the
circles are the settlements: Kod — Kodiak, Yak — Yakutat, CC — Crescent City,
PSL — Port San-Luis.
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Figure 6. Initial (black line) record of the DART 46409
station in 2018.01.23 and reconstructed tsunami waveform
(red line) (https://nctr.pmel.noaa.gov/alaska20180123).

Figure 5 shows the scheme of area of simula-
tion.

The DART 46409 station closest to the tsu-
nami source was located at a distance of about
90 km from the epicenter with a travel time of
about 10 min. Therefore, the data of this station
contain a record of both the tsunami as such and
the noise caused by seismic reasons (Rayleigh
waves) superimposed on the useful signal (https://
ndbc.noaa.gov/dart.shtml).

The initial data for the forecast was the record
of this station, from which only the tidal com-
ponents were removed. According to the NOAA
Center for Tsunami Research: Kodiak (https://
nctr.pmel.noaa.gov/alaska20180123), in the re-
cord of the DART 46409 station, the tsunami it-
self corresponds to the data starting from the 7th
minute of the record (Figure 6). The preceding os-
cillations are conditioned by seismic noise.

The numerical experiment consisted in simu-
lation of the process of short-term forecast of the
tsunami on 23.01.2018 for the northern and north-
eastern parts of the Pacific Ocean using the data
from the DART 464009 station.

Results

2020 Onekotan tsunami

To construct the transfer function, we solved
the support task of waveforms calculating at the
points of tsunami registration and near the given
settlements from the circular initial elevation of
the free surface with a diameter of 100 km and an
amplitude of 10 m with a center coinciding with
the earthquake epicenter. The calculation was car-
ried out in spherical coordinates using a difference
grid with a step of 1 km at a latitude of 45°. The
calculated area of the numerical experiment is
shown in Figure 1.

Calculations near the settlements of the Kuril
Islands, as well as near the “Vodopadnaya” sea
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level measuring station, were performed at the
points where the water depths are 10-20 m. These
values are determined by the capabilities of the
difference grid, as well as by the fact that waves at
these depths are obviously linear.

To compare the calculation results with the ac-
tual data, the tsunami waveform was calculated at
the DART 21415 station and off the coast of Kam-
chatka near the “Vodopadnaya” sea level measur-
ing station. The calculation was carried out by the
data on the “pure” tsunami of the DART 21402
station. The results are shown in Figure 7.

The calculated and recorded waveforms at the
DART 21415 station conform to each other well
enough. The quality of the calculations is com-
parable with the similar calculations in (https://
nctr.pmel.noaa.gov/kuril20200325). A similar
quality of coincidence was obtained in tsunami
calculations based on detailed information about
the earthquake of 25.03.2020 and the initial shift
of the ocean level presented on the website of
the Scientific Council on Tsunami Problems at
the Department of Earth Sciences of the Russian
Academy of Sciences (http://ocean.phys.msu.ru/
tsunami- council / news / 2020/04/200325-namid-
ance /).

The calculated waveform near the “Vodopad-
naya” sea level measuring station and the record
obtained by this station agree well. If necessary,
the calculated waveform is quite suitable for as-
sessing the tsunami hazard near this point.

The calculation of the expected tsunami for the
settlements of the Kuril Islands was carried out
on the basis of reconstructed noisy and noise-free
data from the DART 21402 virtual station with a

Figure 7. The results of the tsunami waveform calculation
using the data on the «pure» tsunami by the DART 214 02
station during the 2020 Onekotan tsunami.
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Figure 8. Results of the retrospective short-term fore-
cast of the 2020 Onekotan tsunami according to the re-
constructed noisy and noise-free data from the DART
21402 station. The vertical bar is the moment of forecast.

duration of 28 minutes from the earthquake origin
time. The calculation result is shown in Figure 8.

The tsunami waveforms for Kurilsk and Yuzh-
no-Kurilsk, calculated using the noisy and noise-
free data, are practically not distorted and coincide
well with each other.

The tsunami waveform near Severo-Kurilsk
calculated from noisy data contains high-frequen-
cy oscillations. Even having a little experience of
acquaintance with the registered tsunami wave-
forms, it is easy to understand, that high-frequen-
cy oscillations in the calculated waveform are not
related to tsunamis. The actual waveform of the
tsunami and the hazard degree can be assessed
well despite the presence of these high-frequency
emissions. The tsunami waveform calculated by
the noise-free data is also shown in Figure 8.

Based on the obtained calculation, we can
conclude that in Severo-Kurilsk the arrival of the
first wave with an amplitude of about 15 cm is
expected 69 minutes from the earthquake origin
time. A visual assessment of the wave height of 50
cm was made near the water’s edge at a depth of
about 1 m. The calculated amplitude of 15 cm was
obtained at the point where the sea depth is 17 m.
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In accordance with the well-known Green’s law,
under which the wave amplitude a, at the depth
D, is related to the amplitude a, at the depth D
by the ratio a /a, = (D/D,)", recalculation of the
15 cm amplitude to the point, where the depth is
I m and the wave remains linear, gives an ampli-
tude of about 30 cm.

The calculated waveform for the Burevestnik
also contains high-frequency oscillations. As in
the case of the calculated waveform for Severo-
Kurilsk, their presence does not affect the assess-
ment of the tsunami hazard.

The tsunami forecast for the listed points by
the data on the “pure” tsunami of the DART 21416
operating station and the DART 21402 virtual sta-
tion are practically identical.

The forecast lead time is determined by the
following: the data on the coordinates of an earth-
quake epicenter should be obtained 11-15 minutes
from the earthquake origin time, the time from the
moment of receiving information on the epicenter
coordinates, which is necessary to construct the
transfer function, is up to 15 minutes. In total, the
time of readiness for forecast execution is 2630
minutes from the earthquake origin time. By this
moment, the DART 21419 station can receive in-
formation that makes it possible to identify the
tsunami (under the experimental conditions, the
first wave period was selected for calculations).
The forecast could be given immediately after
the passage of the first tsunami period through
the DART 21402 station, i.e. 28 minutes from the
earthquake origin time. This time point is marked
in Figure 8 with a vertical bar.

The forecast lead time is 41 minutes for Seve-
ro-Kurilsk, 65 — for Kurilsk, 71 minutes — for Bu-
revestnik (Kasatka Bay), and 116 minutes — for
Yuzhno-Kurilsk. This is enough to make a deci-
sion to declare an alarm. Due to the small ampli-
tudes of the expected waves in these settlements,
the alarm could not be announced.

Unfortunately, due to the lack of instrumental
observations, it is not possible to confirm or refute
the presented calculation results.

2006 and 2007 Simushir tsunamis

Forecast of tsunamis 2006 and 2007 was ex-
ecuted for the points of the Kuril Islands and Hok-
kaido Island [Korolev, 2019]. Figure 9 shows the
results of the 2006 and 2007 tsunamis forecast ac-
cording to the reconstructed noisy data from the
DART 21419 virtual station with a duration of 32
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Figure 9. Results of the retrospective forecast of the tsunamis of 2006 and 2007 according to the reconstructed noisy data
by the DART 21419 station with duration of 32 min (left) and 35 min (right).

and 35 minutes from the earthquake origin time
and comparison with the real records.

The results of the tsunami forecasts in Hana-
saki coincide well with the waveforms of the re-
corded tsunamis. For the event of 2007, the fore-
cast based on noisy data differs from the forecast
based on “pure” data by the presence of high-fre-
quency oscillations after 180 minutes that are not
related to the tsunami. However, the presence of
such oscillations cannot affect the decision to de-
clare the tsunami alarm.

The calculated waveforms of the tsunami at
Kushiro for both events conform well to the real

ones. The forecasts made by the noisy and noise-
free data are almost the same.

Contrary to the fears, the forecast for Hana-
saki and Kushiro based on the data complicated
with noise of seismic origin is quite adequate.
The quality of the forecast makes it possible to
reliably assess the hazard of the expected tsunami
and make a decision to announce an alarm at these
points.

The forecast results for the settlements of the
Kuril Islands are not presented due to the absence
of tsunami registration at these points and the im-
possibility of comparing the calculated and actual

Figure 10. Results of the retrospective forecast of the tsunami 2006 and 2007 based on the reconstructed noisy data by the
DART 21419 station at the locations of DART stations system in the ocean.

FEOCUCTEMBI MEPEXOQHbIX 30H
2020, 4 (4): 447-473

468

GEOSYSTEMS OF TRANSITION ZONES
2020, 4 (4): 447-473



GEOPHYSICS, SEISMOLOGY

TEO®U3UKA, CEHCMONOruns

tsunami waveforms. Nevertheless, it is possible to
assess the forecast lead time for these points.

The forecast lead time calculated according
to the data of the DART 21419 station (the first
tsunami period) for the settlements is 45 min for
Hanasaki, 50 min — for Kushiro, 1.5 hours — for
Yuzhno-Kurilsk, 34 min — for Burevestnik (Ka-
satka Bay, Iturup Island), about 20 min — for Kuri-
Isk, and about 1 hour — for Severo-Kurilsk. Such
a forecast lead time for points in the northern and
southern Kuril Islands ensures timely alarm and
evacuation of the population to safe places.

Similar calculations based on the noisy data
from the DART 21419 station were also performed
for the points in the ocean where the DART sta-
tions were located. The calculations were per-
formed in spherical coordinates on a difference
grid with a step of 3.83 x 3.83 km at a latitude
0of' 40° N. The DART 21413 station is 700 nautical
miles southeast of Tokyo and the DART 46402,
46408 and 46413 are located along the Aleutian
Islands. Figure 10 shows the calculation results.

In the case of event of 2006, the presence of
noise in the initial data (at the DART 21419) does
not affect the forecast quality.

For the 2007 Simushir tsunami, the presence
of noise in the initial data of the DART 21419 vir-
tual station leads to the appearance of noise in the
resulting waveforms at the DART stations 46413,
46408, and 21413. However, their presence, as

in the event of 2020 (forecast for Severo-Kurilsk
and Burevestnik) does not cause the difficulties in
assessing the waveform of the tsunami itself and
its hazard degree. The calculated waveforms from
the noise-free data of the same station practically
coincide with the recorded ones.

2018 Alaska tsunami

In numerical experiments, an auxiliary source
with a center coinciding with the earthquake epi-
center, 75 km in diameter and with a maximum
amplitude of 8§ m was used to construct the trans-
fer function. Spherical coordinates were used on
a difference grid with a step of 3.83 x 3.83 km at
a latitude of 40 ° N. The diagram of the area of
simulation is shown in Figure 4.

The forecast was made using the data of the
DART 46409 station with a duration of 16 min
from the earthquake origin time, including re-
cords of both the tsunami itself and seismic noise
(Figure 5). The forecast results at the points of
registration by the DART stations in the ocean
are shown in Figure 11. We used the data from
the DART stations for comparison with the
waveform of a real tsunami (https://ndbc.noaa.
gov/dart.shtml).

Despite the existing emissions, we obtained
a good enough agreement between the calculated
and real waveforms. The calculation results al-
low us to assess the degree of tsunami hazard.

Figure 11. Results of the 2018 Alaska tsunami forecast based on the data from the DART 464009 station at registration points

by the DART stations in the ocean.
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Figure 12. Results of the 2018 Alaska tsunami forecast based on the data from the DART 46409 station near populated areas.

The quality of the forecast corresponds to the
quality of the calculations presented in (https://
nctr.pmel.noaa.gov/alaska20180123).

The forecast was also made for some points
near the coast in the northeastern part of the Pa-
cific Ocean. The results are shown in Figure 12.
Tide gauge data are taken for comparison from
the Sea Level Station Monitoring Facility (http://
www.ioc-sealevelmonitoring.org/list.php?showa
ll=a&output=general&order=location&dir=asc).
The influence of seismic noise in the record of the
DART 46409 station on the calculated tsunami
waveforms does not appear.

Due to the roughness of the difference grid,
the calculated points were located at a sufficiently
large distance from the registering tide gauges
(from 3 to 15 km). Despite significant discrepan-
cies in the locations of the calculated points and
tide gauges, a good enough correspondence of the
head parts of the calculated and actual waveforms
was obtained.

The calculated tsunami waveforms allow us to
assess the degree of tsunami hazard in populated
areas. The quality of the calculations is compa-
rable to similar calculations in (https://nctr.pmel.
noaa.gov/alaska20180123).

A forecast of a similar quality was also ob-
tained by the data of other DART stations clos-
est to the source — 49403 and 46410. The forecast
was carried out using the data on the “pure” tsu-
nami received by these stations.

Discussion

The actions of the tsunami warning service
in the Sakhalin Region on 25.03.2020 within the
framework of the current regulations in the ab-
sence of any information about the expected tsu-
nami are justified. Moreover, the International Pa-
cific Tsunami Warning Center (PTWC, Honolulu)
and the Japan Meteorological Agency reported
about possible destructive tsunami waves in the
Kuril Islands with an amplitude of 1-3 m. How-
ever, due to the small amplitude of the tsunami,
the announced alarm appeared to be false by the
forecast of both the Sakhalin service, and the for-
eign ones. The prolongation of the tsunami alarm
after the arrival of the first low-amplitude waves
was also groundless. Both the Sakhalin Tsunami
Service and the Pacific Center have operated on
the basis of the magnitude-geographic method de-
veloped in the middle of the last century, which,
with some adjustments, is currently the main
method of tsunami warning. Due to the statistical
nature of the magnitude method, the tsunami ser-
vice, since the moment of its creation until 2009,
raise a large number (75% of the total number of
alarms) of false alarms, while missing some tsu-
nami [Gusiakov, 2011]. The alarm was announced
on long coasts without information about the ex-
pected wave heights.

In the United States, the hydrophysical SIFT
method (Short-term inundation forecasting for
tsunamis) based on information about tsunami in

SUNESCO/IOC. 2019. Users’ guide for the Northwest Pacific Tsunami Advisory Center (NWPTAC): Enhanced Products
for the Pacific Tsunami Warning System. IOC Technical Series, 142. URL: https://unesdoc.unesco.org/ark:/48223/pf00003
665467posinSet=1&queryld=d1288da0-390e-47b1-8a51-a529b04abf93 (accessed 6.11.2020)
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the ocean (DART system) provides an advance
numerical estimate of the amplitude, travel time,
and other properties of tsunami (https://nctr.pmel.
noaa.gov/tsunami-forecast.html; [Titov, 2009;
Wei et al, 2003]). Calculations are performed for
the US West Coast, the coast of Alaska and the
Aleutian Islands. For the Pacific Northwest, in-
cluding the coast of Kamchatka and the Kuril Is-
lands, the Pacific Tsunami Warning Center makes
a forecast based on the magnitude criterion.

Japan Meteorological Agency in charge of
tsunami forecast for the Pacific Northwest, acting
under new regulation®’. The database of tsunami
heights at a large number of points in the ocean is
used when forecasting. In particular, for the Kuril
Islands, one of the points is located some kilom-
eters north of the Paramushir Island, the other is
a few kilometers east of the northern tip of Urup
Island. The database is based on the results of
preliminary calculations of tsunami heights from
seismic sources with the most probable earth-
quake mechanism and various magnitudes (8.5,
8.0, 7.5 and 7.0), as well as different hypocenter
depths (0, 20, 40, ..., 100 km). The sources cover
areas of probable tsunamigenic earthquakes rather
densely. The maximum wave amplitudes are es-
timated approximately at a certain distance from
the coast and near the shore at depths of 1 m in
accordance with the well-known Green’s law, re-
gardless of the incoming wave amplitude. In this
case, the decision to declare a tsunami alarm is
assigned to the regional centers. A similar ap-
proach was proposed as early as 1996 [ Whitmore,
Sokolowski, 1996] at the beginning of the devel-
opment of the hydrophysical observation system.
Subsequently, this approach, as unpromising, was
abandoned in favor of the hydrophysical method
based on the data on the formed tsunami in the
open ocean [Titov, 2009; Wei et al, 2003].

All three forecasts of the tsunami on
25.03.2020, based on the magnitude criterion, and
the JMA forecast, in fact, also relies on an esti-
mate of a magnitude, appeared to be ineffective:
with the forecasted height of 1-3 m, the actual one
was about 0.5 m.

The forecast by any of the above services does
not meet the definition of a tsunami forecast given
by the UNESCO IOC* due to the lack of detailed

information about the expected tsunami: neither
the wave structure nor the duration of the alarm
are determined.

In contrast to seismological methods based on
information on the earthquake magnitude, hydro-
physical methods for tsunami forecast using the
data on the formed tsunami in the ocean are able
to provide information about the expected tsuna-
mi in advance in accordance with the UNESCO
IOC definition.

One of these methods, the method for short-
term tsunami forecasting, that requires seismo-
logical information only about the origin time
and coordinates of the earthquake epicenter, can
provide an adequate early forecast. Even if the
initial data contains the noise of seismic origin,
the calculated tsunami waveform makes it possi-
ble to assess the hazard degree sufficient to make
a decision to declare a tsunami alarm. The pres-
ence of high-frequency oscillations in the cal-
culated waveform of the expected tsunami does
not affect the adequacy of the hazard assessment.
The calculation of waveforms was carried out at
the points where the water depths are 10-20 m,
at distances from the coastline of 1.5-3 km. The
calculated amplitudes serve as a guideline for tak-
ing a decision on alarm by the tsunami warning
service. It is recalled that the work uses the meth-
od, i.e. operating calculation algorithms, but not
a software suite ready for use in practical work.
When realizing the method in the software suite,
it is possible to further calculate the tsunami up to
the coastline, if the operating conditions allow it,
and filtering from high-frequency emissions can
and should be applied, the tidal regime should be
taken into account.

Unfortunately, the hydrophysical subsystem
of the tsunami warning service in Russia does not
perform the forecast based on hydrophysical data.
Russia is almost the only country in the Pacific
Ocean basin that does not have deep-ocean level
measuring stations allowing an short-term tsuna-
mi forecast. There is a need to develop Russian
deep-ocean level measuring stations for early and
reliable detection and short-term forecasting of
tsunamis’.

Moreover, there is no regular registration of
sea disturbance on the Kuril Islands, which are

“ http://legacy.ioc-unesco.org/index.php?option=com_oe&task=viewDocumentRecord&docID=10442
5 [Solution of VII All-Russian scientific and technical conference “Problems of complex geophysical monitoring in the Rus-
sian Far East”. 2019]. URL: http://emsd.ru/conf20191ib/pdf/solution.pdf (accessed 6.11.2020). (In Russ.).
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Figure 13. Sea level measurement posts in the Far East (marked with triangles) (http://rtws.ru/sea-level/).

most vulnerable to tsunami’s impact. Figure 13
shows the layout of automatic posts for sea level
measurement of the Russian Tsunami Warning
Service. Posts have been installed and operate in
the Kamchatka, Khabarovsk and Primorye, but
they are absent in the Kuriles.

Conclusions

We carried out the simulation of the process of
short-term forecast of the tsunami of 2006, 2007,
2018 and 2020 according to the data of the sta-
tions closest to the sources, containing unavoid-
able noise of seismic origin. For the tsunami of
2018, simulation was performed using actual data
from the DART 46409 station located in the im-
mediate vicinity of the source. The records con-
tained noise conditioned by the passage of Ray-
leigh waves. There are no such data for events
2006, 2007 and 2020; therefore, the records of the
virtual ocean level measuring stations closest to
the sources, including seismic noise, were recon-
structed from the data of the DART stations more
remote from the sources.

The presence of unavoidable noise in the data
of stations close to the source leads to the appear-
ance of high-frequency oscillations superimposed
on the waveform of the tsunami itself, in the re-
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sults of calculations. Despite this, an adequate
assessment of the tsunami waveform is possible.
The quality of the calculation is sufficient for
making an early decision to announce an alarm at
the point where the tsunami poses a real hazard.
The result is fully consistent with tsunami forecast
definition by the UNESCO IOC.

The calculation results correspond well with
the data of tsunami registration by the coastal tide
gauges and the DART stations in the ocean. The
quality of the forecast performed by the proposed
method of short-term tsunami forecast is compa-
rable to the quality of calculations using the SIFT
method.

Contrary to the assumption that unavoidable
seismic noise in a tsunami record at the stations
close to the source may prevent from obtaining an
adequate forecast, an operational forecast of local
tsunamis is quite possible, despite high-frequency
oscillations superimposed on the waveform of the
expected tsunami.

The proposed method of short-term tsunami
forecast, implemented within a single software
package, can serve as a tool that will improve
the quality of short-term tsunami warning, sig-
nificantly reducing the number of false tsunami
alarms.
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