Tpurrepusie 3¢ dexTs B reocucremax (1822 mas 2026 r., Konmomua, Poccust)

MPOTHO3 3EMJIETPAAICEHUI: TUTIOBBIE ITIPOTHO3HBIE ITPU3HAKH,
PACHIMPEHUE HABOPA ITPU3HAKOB

M. B. Ponkun"*, A. A. JIooymun?, E. B. Jluneposckas’

! Hnemumym meopuu npoenosa 3emiempsceHutl u mamemamuyeckoi ceogusuxu Poccuiickoil akademuu nayx, Mockea,
Poccus

Unemumym gusuxu 3emau um. O. FO. [lImuoma Poccuiickoii akademuu nayk, Mockea, Poccust

*E-mail: rodkin@mitp.ru

[Tpobnema mporHo3a 3eMIIETPSICEHUI — aKkTyalbHas 3a7a4a Haykd. HaydHoe cooOmecTBo Mpomnuio myTh
OT HaJIeXK/Ibl HA CKOPOE TOJyYEHUE POrHO3a, Yepe3 Kak-0bl J0Ka3aTeIbCTBO HEBO3ZMOKHOCTH IIPOrHO3a, J10
JI0Ka3aTeJIbCTBA B PEAIbHOM BPEMEHM: JIyUIlIUE aJlTOPUTMBI IIPOrHO3a Pa0OTAIOT MHOTO JIy4Ille CIy4aiHOTro
yrazpiBaHusl (HO HE OTBEYAIOT MPAKTUYECKUM TpeOoBaHUsAM). [IpenaTcTBUSIME B TIOTY4YeHUHU YPPEKTHBHOTO
MIPOTHO3a TOJIAraloTCsl CHIIbHAsE H3MEHYMBOCTh CECMUYECKOTO PEKUMa, OTCYTCTBHE Pa3BUTON (hU3NIECKOI
MOJIENIM CEHCMUYECKOro Mpolecca U HEyYeT pa3iinyMsl Pa3HOITYOMHHBIX 3€MJIETPACEHUMN, HEJJOCTaTOUYHOE
pa3BUTHE METOJIOJIOTHH MPOrHO3a. [lo 3TMM BompocaM B TOCIIEHEE BpeMs ObUT TIOCTUTHYT OIPEIeIICHHBIN
mporpecc.

B pesynbpraTe ananmmza 0000mieHHONW okpecTHOCTH CHiIbHOTO 3emuterpsicernst (OOC3) ObuT AeTanbHO
ornucaH Ha0Op TUTIOBBIX MPOTHO3HBIX AHOMAJUH, Pa3IHYAIOIMXCS IJIs1 pa3HOTITYOUHHBIX 3eMiieTpsiceHuit [1].

Jia mupoBsix ISC-GEM u GCMT u permoHanbHbIX Katanoros semuerpsiceHuit Kamuarku u SAnonuu
OBUIO TMOKAa3aHO, YTO JJISl IOCTATOYHO TIOJIHBIX KaTaJOrOB BEPOSITHOCTH BBINEICHUS B (POPIIOKOBOM 30HE
1eeBbIX Mo+ 3eMIIeTpSICEeHUI OJTHOM 1 0oJiee THITOBOM MPOTHO3HOW aHOManu coctaBiisieT 6onee 80% (st
KaTaJjoroB ¢ ypoBHeM peructpauuu Mc = Mo —4).

[TpakTryeckast HIEHHOCTh TAKMX IMPOTHO30B, OJTHAKO, CYIIECTBEHHO CHUKAETCS OOJIBIIINM YUCIIOM JIOXKHBIX
TpeBor. OIHUM 13 BO3MOYKHBIX IIyTEH PELICHUSI MOKET ObITh YBEJIMUEHHE YUCIIa HE3aBUCUMBbIX IPOTHO3HBIX
npu3HaKkoB. Ho HaCKOJIbKO HaJ€KHbI TaKKE TPU3HAKU?

B kauectBe mnpumepa JOMOJHMUTEIBHOTO IPHU3HAKA PACCMOTPUM, BIOJHE TUIUYHBIN, Ciydail
ceiicMOMOHOC(EPHBIX aHOMaNuil. 3a celicMOMOHOC(hEpHbIE AHOMAIWK TNPUHUMAIOT BO3HHKHOBEHHE
MOBBIIICHHBIX WM MOHMKEHHBIX 3HAUYEHHUH IUIOTHOCTH HOHM3AaLUMU B IPOCTPAHCTBEHHO-BPEMEHHOM
OKPECTHOCTH 3eMIIeTpsiCeHHI. Teopusi MOKET CIIy)KUTh B UCCIIEJIOBAaHUM CEHCMOMOHOC(HEPHBIX 3(P(PEKTOB
Tume caabeiM opueHTHpoM. lloBeneHne noHOC(EpPhl OYEHb W3MEHUMBO;, MPU PA3HBIX COOBITHUSX MOTYT
HaOmromaTecsi camble pasHble dQdexTsl. [loaTomMy crieayer OrpaHUYMTBCS CIy4YasiMH CTATHCTUYECKUX
anomanuii. Ho u Toraa eanHoo0pas3ust pe3ysibTaTtoB HE HaOII0JaeTCsl.

Jnst BepupUKaMM PeaTbHOCTH CEHCMOMOHOC(HEPHBIX aHOMAIMK aKTyallbHO NPUMEHEHHE pPa3HBIX
CTaTHUCTUYECKHUX I0/IX0JI0B Ha BO3MOXHO 00J€e OAHOPOJHOM M Ka4ECTBEHHOM MAacCHBE JIJAHHBIX OOJIBIION
IIPOJOJDKUTENBHOCTU. B KauecTBe Takoro MaccuBa UCIOJIb3YIOTCS JAHHbBIE BEPTUKAIBHOIO 30HIUPOBAHUS IO
cranuuu Toxuo 3a 1957-2020 rr.

AHanu3 JaHHBIX IPOBOAMJICS METOJIOM HAJOXKEHMSI 3MOX M HOBBIM METOJOM BBISBIIEHUS CKPBITBIX
B3aMMOCBS3€H MEXTy IByMS psiiaMu JaHHbIX [lepBblii, cTaHAapTHBIN, OXO0/ TOKa3aJl TEHACHIIUIO Pa3BUTHS
MIOJIO)KUTEILHON aHOMAJIMM 332 HECKOJIBKO JIHEH J0 CEHCMHYECKOro COOBITHS M OTPHULIATEIbHOW — IOCIe
[2 u ap.]. Bropemm metonom [3, 4] BeIABISIOTCS (hOpMaIbHBIE CBSI3M MEXKIYy MOMEHTAMHU 3eMIICTPSICCHHUN
U XapaKTePUCTUKAaMHU JIaHHBIX BEPTHKAIBHOTO 30HAMpOBaHUs. Hambonee MHPOPMATHBHBIMU OKa3aJIMCh
oru0aroye BeNBIET-pa3iokKEeHHs Psiia YPOBHS J€TaIbHOCTH, OTBEYAIOLIET0 HHTEPBATy BPEMEHHU HECKOJIBKO
(2-5) nnueii. Bropoil Meron Tak ke IOKa3aj, YTO 3E€MJIETPSICEHUSM IPEALIECTBYIOT IOJO0XKHUTEIbHbIE
aHOMAJIMM B JAHHBIX BEPTUKAJIBLHOIO 30HAMPOBAHUS MOHOCHEPHI, U YTO 3EMIIETPSICEHUSI COITPOBOXKIAIOTCS
OTpHULATEIbHBIMY aHOMAJIMSAMU. XapaKTepHas JUIMTEIbHOCTh aHOMAJIUI U 3HaK aHOMaJIM{ MO pe3yJIbTaTam
JIBYX METOJIOB COBIIAJIH.

BrlmeckazanHoe ykaspIBaeT Ha JOCTOBEPHOCTH CEHCMOHMOHOC(HEPHBIX aHOMAJIMA M JOMYyCTUMOCTh
BKJTIOYCHUS MX (AaHATOTUYHO IPYTHX BepUPUIIMPOBAHHBIX (PH3MUECKUX MPEBECTHUKOB) B AJITOPUTM IIPOTHO3a
Ha ocHoBe TUNOBbIX OOC3 aHoMaMii.
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Earthquake forecasting is a pressing scientific challenge. The scientific community has evolved from hoping
for a quick forecast, through seemingly demonstrating the impossibility of forecasting, to real-time proof that
the best forecasting algorithms perform significantly better than random guessing (but fall short of practical
requirements). Obstacles to effective forecasting include the high variability of the seismic regime, the lack
of a developed physical model of the seismic process, the failure to account for the differences between
earthquakes at different depths, and the insufficien development of forecasting methodology. Some progress
has been made recently in these areas.

Analysis of the generalized vicinity of large earthquakes (GVLE) resulted in a detailed description of a
set of typical forecast anomalies that differ for earthquakes at different depths. For the global ISC-GEM and
GCMT earthquake catalogs and regional earthquake catalogs for Kamchatka and Japan, it was shown that
for sufficientl complete catalogs, the probability of identifying one or more typical forecast anomalies in the
foreshock zone of target Mo+ earthquakes is over 80% (for catalogs with a recording level of Mc = Mo — 4).

The practical value of such forecasts, however, is significantly reduced by the high number of false alarms.
One possible solution may be to increase the number of independent forecast features. But how reliable are
such features?

As an example of an additional feature, let>s consider the quite typical case of seismoionospheric anomalies.
To verify the reality of seismoionospheric anomalies, it is important to apply various statistical approaches to
the most homogeneous and high-quality long-term data set possible. Vertical sounding data from the Tokyo
station for 1957-2020 is used.

The data was analyzed using the epoch superposition method and the method for identifying hidden
relationships between data series. The first, standard approach showed a tendency for a positive anomaly
to develop several days before a seismic event and a negative one after. The second method identifies
relationships between earthquake timing and vertical sounding data characteristics. The most informative
results were obtained from the wavelet decomposition envelopes of a series at a detail level corresponding to
a time interval of several (3) days. The second method also showed that earthquakes are preceded by positive
anomalies in vertical ionospheric sounding data, and that earthquakes are accompanied by negative anomalies.
Both the characteristic duration of the anomalies and the sign of the anomalies were consistent across the two
methods.

This indicates the reliability of seismoionospheric anomalies and the admissibility of including them in the
forecast algorithm based on GVLE anomalies.
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