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Verification of Information Regarding a Tsunami to Japan Caused
by the 1780 Urup Island Earthquake

Yutaka HAYASHI

Department of Seismology and Tsunami Research, Meteorological Research Institute,
1-1, Nagamine, Tsukuba, Ibaraki, 305-0052 Japan

Most widely used domestic and international historical tsunami catalogs and databases claim that the 1780 Urup
earthquake caused a tsunami on the east coast of Hokkaido. The logbook of the Russian ship St. Natalia, which
experienced the earthquake and tsunami on the east coast of Urup Island on June 29, 1780, is the most reliable
source of information on this event. This is because the logbook of St. Natalia is the only source that represents a
real-time documenting of the earthquake and tsunami. However, the logbook does not contain information on the
arrival and traces of the tsunami on Etorofu Island or to islands to the southwest. In addition, no mention of this
tsunami was found in the chronicles and genealogies of the Matsumae Domain, which officially declared the
territory, including Urup Island and Hokkaido as of 1780. On the other hand, some tsunami catalogs, published after
1950s, state that the tsunami negatively impacted the east coast of Hokkaido Island; these are following the Omori's
perception the tsunami in Urup built a momentum of starting trade between Russian and earlier residents in
Hokkaido Island under the isolationist policy. Apart from the accuracy of Omori's historical perception, the
explanation can easily be misunderstood as the target area having been directly impacted by the tsunami, rather than
indirectly. The tsunami catalog by lida, published in 1984 and frequently referred to in subsequent tsunami catalogs
and databases, is the primary English-written source that is impacted by this misunderstanding. Some of the catalogs
that are widely used today do not cite the original historical material; however, they have been directly influenced
by lida's misunderstanding and may use baseless data. Therefore, it is reasonable to conclude that the widely
published information regarding the tsunami caused by the 1780 Urup earthquake is incorrect. The only reliable
source about the 1780 Urup earthquake and tsunami is from a logbook of St. Natalia, which is based on direct
observation; therefore, the false information that has been cataloged should be corrected using information in the
logbook.

Keywords: Kuril Islands, east coast of Hokkaido Island, voyage logbook of the St. Natalia, historical tele-tsunami,
false tsunami.
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Fig. 1. Map of Urup Island and its surroundings. The
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numbers represent the islands, as recorded in the
logbook of the St. Natalia [Soloviev and Ferchev
(1961)].
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Table 1. Heights of tsunamis caused by the 1780 Urup earthquake. The values are based on published literature

B DA A

B (X 1) & 5 (a) SF617"| (b) ID84™ | (c) HTDP™ |(d) GHTD™ | (e) A7t
Island number (Fig. 1) and location This study

15: 7 A & (Ketoy Island) 2-10m | 10m 10m O 2-10m

16: > A /L[5 (Simushir Island) 2-10m | 10m 10m O 2-10m

17: F U " A 5 (Chirpoy Island) 2-10m | 10m 10m O 2-10m

18: /L 7'k (Urup Island) 10-12m | 12m 12m 10-12m East 11-13m
South 2m<
North -

19: JR$2EE (Iturup Island) - Im Im - -

Jt #F 18 # 5 (East coast of Hokkaido |- Im Im O -

Main Island)

O HEHYESAH (tsunami of unknown height)
- HEERBOFE2 L (no recorded tsunami)
*1 Soloviev and Ferchev (1961)

*2 “Preliminary catalog of tsunamis occurring in the Pacific Ocean” [lida et al. (1984)]
*3 “Historical tsunami database for the Pacific, 47 B.C. to present.” [Novosibirsk Tsunami Laboratory (2005)]
*4 “NGDC/WDS Global Historical Tsunami Database” [National Centers for Environmental Information (2017)]
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Table 2. Description of the 1780 Urup earthquake and tsunami based on logbook of the St. Natalia. This is a

Japanese translation of the part reprinted in Soloviev and Ferchev (1961).
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Table 3. No article pertaining to the 1780 Urup Earthquake was found in the chronicles and genealogies of the

Matsumae Domain, which was the subject of this literature survey.
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Table 4. Descriptions of the 1780 Urup earthquake and tsunami, as per Japanese historical records dating back to

the late 18th and early 19th centuries.
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Table 5. Descriptions of the 1780 Urup earthquake and tsunami. a per three historical sources included after a

revision of the Japanese historical earthquake source collection "Dai Nihon Jishin Shiryo."
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1950 FARLABEDFIITHI OHIZIE, 1780 F0 /by
T EHEICE ST, ALEEARERE DS O R RITHEH
I ASH %u‘_, HHNE, ATBIND R oT-2 &
ZRLLIZ SRS

I ALH T ORIl HE KRR B (1951)] 0 [
RO 3R | LD BERE D JFE 52 HiFE R OV 2
R23B0, BDNTH AL T O HE & ITBIfRAR
BHEN A2 G A TWD. ZOHIT 1780 HE/Ly 7 I
BICEDEEHHENTWA(FE 6a). LovL, A
(ZTRAEH T ISR D NI R Nk LI E XD
NAHEB AR L-32 ) 8V ST AR S 5720
IBEREFIcROT — 22 H 21X, 1780 szﬁ%
MR CHRALH T IZET &(Ebb@l PELTz ERRARRR
FTHRREMEDHY, MHbLWELIR IR > T 5.

F7, 1960 F-FVHIERRIEZ T TSN R/EG)T

Byt Ti, ToMHUER AR A2 [ AT (196 D]
1780 vy 7 BHIBEOI H 3B, £ DFLFHOM
(ZTAEEE R~ B R LT- ) &5 D (F 6b). 5IH X
BRU AMZ TAFR R HUEEERR | [ RAR(1919)] DD 8
D, B AT T NISEE S EhRD T Lo %
BRI BN DT LT D KR FE & O LR AT
B TRRBRENTZHLWE, BEAENLD. L, B
R PTICROT —&%l5 NI, AbiE R
WmBIEL e aR T T — 2LV E 5 2 X0
I, Zht, TR oREIl &8 KL% a8
(1951)] (& 6a) LFRIERIZ, DO LWEER THD. <
LITIE, 1960 AEF VIR EBE (T3 DS FH O %
a5 hit [Japan Meteorological Agency (LA T, IMA)
(1963)] D FEAT D EE, Likr(1961)D 5 DF% Y & it &
“Tsunami attacked also the eastern part of Hokkaido.”
LERERLTUVA (3R 6¢) .

B AR E R X, WP ORR[F73E
(1975), FHE3£(1996), FHE3% - f1(2013)]TH, 1780
Oy 7 GRS, AARICK 2805 R <‘:LTJ
ANMZE DTS, LoL, BIED B ARDFEIKIC
DHUEM E 2R T SR NI S TR 6T, if_,
ZOMBBEDHIRIEATIRE D B RN )V 7 % i
RN EMD, ZHTY, ZOMEEZ A RO EME
DORICEELT-HE RSP EER R THD.

ID84 TI¥, HICITLD HARLEDOER DA 50
701780 by T B HIEE O B AR ITC0D. H
W A3 AL E BAE (B Sk U 7= (“Tsunami hit the east
coast of Hokkaido.”)EFHHEIZFCL, 22, [EHHEDH
RNV EWI e i/ DT 27 (Definite Tsunami)D, 0D
it 5 L7 (55 6d) .

ID84 LARRIZHATS I, BUEIRSHI S TWDHT
LWAZaZZoWTIE 2 ISR RZEY TH .

§5. FHih

51 BARLuYTOREIOEEE

2T, 1780 -0 Ly 7 BHERIZOWT, UL
/7 BBV CHE ICE B U7 Y FH S A A

FE (3.1 i, & 2) &0, MmO TEBEENmW—KE
*Jm MFEET 5.

AARD RO DT, HIEECH Y RF sk L
SCHR S F D AF R 2 A2 T BE AR 00 SUOBHRE D O 1 A R
TERV(3.2 i, # 3). —J7, 1780 FEu Ly il
BND 6 RO TR CO RMEZFEL[REF
A da)l, HIFEND 19 T ORI R HOE



FEFIRIC AT T (i 70 & TR LB HIC K 5<E BEEOREBIMEOANERE TIded, IELW Rl
EZHNAMAB ] (R 40) 1395 (3.3 Hi). [MRE  THHZELOEMIFE/R->TND. 2D IS, 1780 4F
EARNCHTD, HIECHNERIZHTS Bifoniesiv Uy 7 BHIENGIT ORI Wibka$®%ﬂ
DO T DI A E L, RIS, oo T Ol I EDMMENRDOLNLEOD, AL HE

% 6 1950 AEARLLRE D B ADICHNZ L b1 2 ALEEA R & I ORI OV TORMZ M & T 5 itk
EREfR U=, FRil(c) & ()i, BEDLL (RO EFE LT D D.
Table 6. Misleading (a-b) and mistranslated English (c-d) descriptions of the relationship between the island of
Hokkaido and the tsunami, found in Japanese literature since 1950s. Descriptions (¢) and (d) are

misinterpreted probably because of (a) or (b).
() [HAEHG O&FE] MLEE KRG E (W) (1951)]
T (F) Bk OFEICHD H K
RN
1780 4 15t H R VIR S 0 S84 &2 4
T (%) R OEICHDH KOHH
LIRS
AL G IZHR D 2 W ITREVPTR L2 B2 b oA Lok
(b) NEEOmMHEIC X DHEE O] [HF1961)] (B35 45 U BRI FHAEES [T 80k
SRS THH(196 ]I 4L ER)
fRT - %78 7.0 R SR AER GRAHED O b AARLDHIERZRS) &5 20
FLIRPAY
RS IOKER . ULy 7R M:7.0 HAARICET DEE OB @ 1
R KRB EED, YLy TRREY = Tl J?/EIEPO)E@‘Y ﬁ‘ﬁ ) 7%&iuu:ﬂ:ﬂfoj:ﬁ‘ 5
KIE4 NEH LT, dbiERF~b R L,
(c) "Tables of Tsunamis Caused by Earthquakes in the Pacific Region except Near Japan™ [Japan Meteorological
Agency (1963)]: The report of the tsunami of the Chilean Earthquake, 1960, Tech. Rep. JMA, no.26, 50-
58.
f& AT : Chapter 6 Table6.3 Table of tsunami caused by earthquakes in the Pacific region except near Japan
No.20
RIS
Epicenter or damaged region : Urup Is. M : 7.0 Intensity of tsunami in Japan : 1
Remarks : Earthquake was accompanied by big tsunami. Russian ship anchoring at eastern part of Urup
Is. was carried up to the mountain and 4 persons were reported to drowned. Tsunami attacked also the
eastern part of Hokkaido.
(d) ’Catalog of tsunamis in Japan and its neighboring countries” [lida(1984)]
f& T : "1. Tsunamis occurred or reported in and near Japan" No.114
FLIR NS :
Date (JST): 1780.6.29 An'ei 9.5.28
Earthquake: Epicenter 151.2° E45.3° NUrupls. M 7.5
Tsunami: m 3" Rating 47
Remarks:  Russian ship thrown up island. 12 deaths. 10-12m high at Urup. Tsunami hit the East coast of
Hokkaido.
f& AT : 3. Tsunamis occurred in the Pacific Ocean and affected Japan and its vicinity" No.5
RLIRPA :
Date (JST): 1780.6.29 An'ei 9.5.28
Earthquake: Epicenter 151.2° E45.3° N SE.offUrupls. M 7.5
Tsunami: m3"! Rating 4™
Remarks:  Russian ship thrown up island. 10-12m high at Urup. 12 deaths. Tsunami hit E. Hokkaido.

{£: *1  Imamura-lida scale. m=3: 10m tsunami height, heavy damage along coast for about 400km.

*2  Probability rating. Rating 4: definite tsunami (probability approximately 1.0).
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BNV, WIR[FHEE1996)1 AKX, fn& o A £+
EBEWMBIATELZ A ORERTELEENLT,
RoTBED B AANOHME LB D A fFIcEES
NTW5. BREFHEOF E1T <o i3, FERE
LT, B AR [FHEE(1996), FHEFE - h(2013)]
D B, FBELEBELRLEST-bD Lo TS,

HEaZIZidtk L R EARRONAH, 1780 F7
N7 BHELFOEEOIELWREA R I3 LI A4
JETIZ1780 % 6 A 29 HTHS. FHETI6 A 18 H)
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WFZERT (FR) (1983)iCUR S = FfE T2k
JUEENA OHIEE. A XUy 7 BHERERE D
HE, BIXIFICRT 5/ HE. [HAHEE
BRI [FHEE - h(2013)] 12815 1780 4
Uy 7T EHBEO HAAEEWIE, BoT—H
HAio B OBftE2AWoEL#ETE
5.

Fig. 2. The Urup earthquake of April, 1780, as
documented in “Shin-shu Nihon Jishin Shiryo”
Volume 3 (ed. by Seismological Research Institute
of the University of Tokyo. 1983). A is an entry for
the Urup Earthquake and Tsunami (unknown day
of April of An-ei 9 in Japanese calendar or C.E.
1780): B is an entry for a minor earthquake in Edo
(April 28, An-ei 9 in Japanese calendar, or May 31,
C.E. 1780). The date of the 1780 Urup earthquake
in “Nihon Higai Jishin Soran” [Usami et al.
(2013)] is presumed to be incorrect because the

date of B, one entry earlier. is copied.

5 H1EWH7E0[Milne(1912), 1 #F(1913), JbifEE
7 (#@) (1918a,b), K#R(1919)72 L 11T A #& (1899) ®
BhEWIMEbo7=b 0, 15 A 29 HORLEW[FE



#(1996), FHEZE 2013 ASND TR D —
DRTOE B OHFED B {12785 THE O DI 857
A (K 2) DEETH ST, WTNHIELLZR. 728,
1776-1786 F-OMEZRTHDORHIUL, fix EFENN
Ty T BRI A T2 TR LA i (PifR5e wrt )
AR L= D255,

531780 £V Ly 7 BB Ol K B AHE ALl To
£

1780 F0 /Ly SRR IC B35 Bk, [HY %

H ACHIEE sk IR ST B R & (FR) (1943))121%
FEEINTWDN, TR HAHE 5‘3*4.%2}\[%&%
B A& (Fm) (1904) I I T FRE I TR U,

TR AEAMESLRL, ZOMREBEFEEFITHEL
T-RATE SZE AN L TV SR 2 TR S B -
FATINED, WEHMEDFITICHANLD, I TED
HIFEYAREZ B Bﬁ?‘é%ﬂﬁﬁ@*ﬁ*%[mm
(1899)]73)55“‘%%{93.%%@ IHREESN TV, —E#E
21X, 1780 -7 /by 7 B HIEE N G T, L
L, jwk(1899) L, ZO—ERNHOLKHED B %A
MUT, MR AL E OG- B ARHE
%ﬂaﬁunﬁﬁéﬁ“‘?ﬁ%ﬂﬁﬁ HEL, 20

WCHWZ KHIEEOU AN, 1780 47V v
ﬂﬁ;ﬁ#&.iﬂ“@ D, \_ODJZOfoCZ”Eb‘SZbZQ. 7k, K
7% (1899) 1%, HIEED H fH & [HiE-> T 5 (5.2 i) .

SH1Z, Milne(1912) D i Fi g FE IR O o 2w 7%
i, BARDKMEIIRKHRDO K A ARME EE?H”
75 DIMEZTH - T L O LI E 2R, HifEY A

12, KAR(89N)DFEST-HIEIHAD AT (FEIFET 5
H )T, 1780 0 by 7 B HEA IR LT (38 7). &
BXi2iE, Milne(1912)LLRITD 1904 4R\ FIF TS 7= K
A AR SRk, 1780 oLy B RO Sk
TR SN TV, WO FERHS. 2T
Milne N KHENOZELT-DIL, Fkﬁﬁfﬂ;ﬁ&‘iﬂﬂ

7 Milne DR OYEMBE D ¥ 0 712BI1T 5 1780 FF )L 7 EHE
RSN AMHEEVWERIUELS SHEERTWS

TR, BIZIERAR (1899) (CHW=TF —Z T -
T, 2K B ARHE LB NN T EDO IR -
MAZZ T T =EE UL, SEMICHA TE5.

PLEMNG, 1780 4FE0 b7 B HUERIZBE 32 Sk
IR B ARME BN ERS T TR WRIRE, F
EWICEAIERIR N > T ATREME RN E 2 5N 5.

5.4 B ARIZEEDBIZELZL T HIRHL

ID84 1%, BEfF D27 VL THRELTZH D
THD, 1780 Fo 7 BHIFEIC OV T, bl
HRICHEE N BIEL- LR LTS, Zo5EilR 2,
T DHEEN T — 4 ~_—A(GHTD <> HTDP) C, ZDHh
BIZED AR TOHEBE DML/ -7, LAL, 1D84
I, BRI DT — 22kt 25 HSCERIZZRL TR0,
T HA T BRI ANIR L TWOD03, 2D 3Lk
AROHIZ, DI E R R A o7 SRR LT
IMA(1963) (4%, 2 6c) BEEN TR, Fo, £
DREFROJFIK 727 Db LW ELalk (4 B, 2 6a,b)
NHLNBEERKGEISHBEA (1961) B 5 L
TR, 19 AL LARTIZ BN L7 v sk (3.3 i,
FHHLLEHE (G4 H, £ HBBRL W2, 2o
F91Z, ID84 DF —HDIRMUT M FEA Z a7 T21T 00

TiE, E<HEA IR,

—J7, ID84 |2 Lo CimEES /e “Preliminary
Catalog of Tsunamis Occurring in the Pacific Ocean”
[lida et al. (1967a)]? 3CEkY AN Tida et al. (1967b)]iZ
I, "IMA(1961)" B HEFED CHEREL TEITHN TN,
Ilda et al. (1967a, b)lE, fLOIEH (1537 FFDAF =

RO ) TH QG TT B A S D SR
[JMA(1963)] ZUMNFEIEL 72V EE 2 IMA(1961)” L

THESIALEBI RSN o TND
[Hayashi(2021)] INHDOZEND, ID84 I, EERIC

I IMA(1963) 2 B LTZIZH b h T, 2o T
@Uxh Lo T L HEE TED.

(ZBI9 5 A TiE, HADICH

Table 7. In the catalog of destructive earthquakes by Milne, an item on the 1780 Urup Island earthquake states that

it occurred in May, a date that is in line with the error found in Japanese literature.

“A catalogue of destructive earthquakes, A.D. 7 to A.D. 1899” [Milne(1912)]
FLIR N
1780 May Japan, Chishima or Kurile Islands 1 O.

TE II X, HUEOME OFLEE ) PR

X, BICEROEEZE DA = ¥ LT, JFLD
Mllnei OHEDEIZDOWTEL L TV,

%

P Omori ZH5 LTV 5 L35

MOHE CRFICEHFICOWVWTELEZEEL H
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FROHEE D E LW ENIZES T, 1ID84 73 1780
Ty 7 B R CALRE R~ HY, £ D
FHEE D m W EIR 7 ARLE, IMA(1963) D7 uﬁtc

2D, e FEWTHD. ELWIRILIZY
FEONTWRW, Lo T, {1@0373511:7%37“*‘~5'
~N—2%, 1D84 NELLT-ALIE ~DHE B & D
RE RIS COIIE, 2O BRERE TH DLW
BECTHDID, R THD03 5] HSCERE RL TR
VINZREDL T, BT — X ORAE, &<,

551780 Vo7 BHIRRIC LD M COER

v B8 (R 2)10kde, vy BRETE )X
VT SR COHEDOmSIL, 5~6 h—
=2 (1 =Y =2r=2.133m) TH5. ELHFLAELT
Im EALIZHDOIUE 11~13m 725 (3 le). SF61 &
GHTD O /L7 EOHE OES 10~12m (F 1a,d)
IR ESLEEDIE N LA 0, 1ID84 & HTDP @ 12m
(# 1b,0) 1% 10~12m DBEDfe RAER DO LRI D
HDT, TNBICARERIZR 22 1T7200.

TV 7 BN TR DEIE S FT UM DWW T, fift
W B 5T B o AL L /T O BLHIFH A O 5 Fd
IRARBIVTND (F2) . ZNHDFEFEROE HEE IF B
LEZ 55, GHTD & HTDP OF — X _X— A |21
Ty T IGITRT LT 2O O FE I EREES I
TELT (3 le,d), EEREE /M OERNEIZS
NTLESTWA.

Ny BGRORD =5 (FIRAE, YAV IVE,
T B ITOWT, #iifE A ESICI X B LA D5 R b
LT, B IEhST- RNy P BIRE TRV EN)
FoERk (32 2) BV, SF61 1T DRIREL T, £ 2~
10m EFELTWA(F 1a). FIRO 2m (3R KT 57
DITHAR RSB OmSELTE 2 -b 0 TH
ST, ZYRHEENRTS W2 5. — 5T, HTDP 132
B = BIZOWT, Wb 2~10m DIRDOI B K
ED 10m OHEFLLTIY (3 1c), TV K7eFE
i CdHs.

ULy T IO OWT, HiiEAFETIEN9 FH
E20 FH O GREFE UL R EERE) TKA ESL
T=EIMIL, T2 ITIFLEI N2 -T2 1 EL TN D
(& 2). BFZUT SR~ FLAMFEISEROE 5
IZB W TIAHTE S AR LR L TR EDR B S,
AESDZDOESIE, P LOBRENOIFROTRAL
EFFONDA OO BUREAFLEL TS, RIETIX
TERIEML DRI T LV =T U RTEAS . IR B LA
PHIZDOWT, Dl bb TR E R 8% &

ETEE W EN R ST R TIE M L% 25
DINHIRTHD. 5.4 B CTlk~7-m0, bifEE #E~
DOEIE N H-T-L95 GHTD 7oL Ditikix, 5
IZRATEHTHY, HTDP @TRTE%T@/i/ﬁ@mé%
IR THD.

Minoura et al. (1994)1%, N5 KRB (F4RE) ©
A HEREY) 13 JB DO 1787 FE DS (21°Pb)
FERNEHEEST-EE 1780 FEU Ly BHEE %
L, 1~3m O@EGE M FEmafeE Lz, L, #ik
HiJ5 D B ARWEEIR O CIXER 2 O MR N <3
LCELEIENMLN TR BIAIE, ERELZES
(2019)], HRED OFERMEIZHHEE TR R DHDTD, 4
é*fﬁ%ffms‘ 1780 4Ew7 L7 B HIEE| :ﬁéﬁk@ﬂél Wiz

X, B ORENSHDH. ZOFHIWIZIE, 4 &/EZ
75>4t1ﬂi3_ ZETRATEENHITRA A [(Eaﬂ(wss)] %
SRR EREELLRELE LN, E-T,
Minoura et al.(1994)73xf bt L7 e 2 1780 A0 /1
o 7 B HURIZ LD DS AN O T AL B 7 I B 2
LTZRELZ &9 5 2 0%, SCRFC&E7R0.

YL EoigimEb &, 1780 7Ly 7 B HIFEIZ LD
B TOEEOESELT, BEAE OB Z2R T
AR SCCRMI L= 2 4 7213 1le DEBVTHS.

5.6 1780 U Vv BB DK
1780 Ly 7 B HIE O HE T AL, GHTD
[NCEIQ2017)] ClE~7 =F =2—R (LLF, M) 7.5,
HTDP[NTL(2005)] CiZ M8.2, [ A A#E i ]
[FAEF-(2013)]TlE M7.0 7oL, B r izt~
KRERERNGDD. ZNHDOHZ0y TIIHERBED
HEERMUITREN TRV, BFEH 22815
B O/mSOT —2 D% T AR KFEmH D0
IFEEARNLCTH S (5.5 1) 2D, I, B OB SH
DR O S HEE SN O ThHIVX, HED
HBOIRILE Kb, MR, ZhbDHZn7 TIEM
DIEZHIBRZ2 VUL Rl S V2 e b7z,
1780 £ /Lo 7 B HEIZOW T, # le lORLTZ
T IR Sy AR A T R I O T VA D
0T, HUBORBAZF R T & THL), Zhlzon
TIX, RSO G THY, [FROFEELT-0.

5.7 BARIZKRMOLEHPIFIET D FREM:

1780 /Ly 7 B HUERENE DOFE A E, ULy
B e RO IEE TR QWO ATEICED
SEHZIE, BRPICRESIN TWAIET OFERFER
R, ZOME - HEEIZOWTORRENEAD
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MHIRMoT2 (3R 3) . e EIHENIE, HIER)S 6 %D
RS D PRI R R %, TR BRIV C, by
TG THE R Do TR A R OIR THHIZH D
SIURLT- (Fda). 20, “EFOFIAIZESTOH
HETHY, [EE RIS LZ 1790 4F (BB
) R L CHEVIDIE — DG RIZ ST Z e Z R L
TW5.

— 77, TRBIYERENICREE T2 1780 FF T Ly 7 s il
BOEICERT 0L 1795 F£FTOHRF (3
4b) 1%, 1799 4F (B —4F) ([ZhE £ 57T O ELEEHE
TRBAARTICAAE LR AL L2 DO THA). $HE
TOWRFHIZBNT, 237 ADRATEEZ N ST
JFAEREDERERZ G2 LTI %, EERBURN - #%
IR ETS LIE 2 C, BN OOV T

DT RN ENT=DTEEEBEZ DD HIRTH
%. TR RL ) E B S MRS, F72, R RE
HOFEZBEL T, B THRBEE T L-ZsE
Z D% DOBRAEDIERINEN FIRETS o T- BRI L
TW5. (-, el 18 bl RO IbyEEA BT,
1780 FFE0 V7 s B IZ BE 3D 50D 1 7K ) 3 F
BN FAELZATREM XS E T&Rwn. 72721, 4k
HHEAR B nb o T- HE Z B3 2Re8k Ch -7 Al HE
ML, TRBERE NGRS e o T WY D,
E 210N,

§6. A&

1780 7 /b7 B HUEEDS, ALHEE AR B ~D 1% H
N 8 R oY A Y By et 5 U e e O A A Ao

1780 £ /Ly 7 B HUEIC DWW T, HRICEEBL
UM EENZ Lo T OMTE B SENFEEL
[Soloviev and Ferchev (1961)], {5 #H C& 51 #1315
DIDHDY, PRI LA OEPE I HOWTIEFE AE T
W31 Hi, & 2). RIRE O E, ’@ﬂﬁ%’(‘
A A BRI E L2 L2 R 30k SRy &
WUl 3.2 fi, &3). — 5T, _@/i{ﬁfﬁ{lﬁﬁﬂ?
ROBEE T OALEE TCORFIEENIC G 2 -8
DWTIHR R EFERE[RKAHR(1919)] (F 5a) 2
1950 FEARLLREDO SCERMILEE XS H (W) (1951),
BAR1961)] (3% 6a,b) 125 S . 207, #ik
EI’J T BN, JLEEARR AN EH I

DL Z T VORRB AR E T VIRILICH
71_}:75>+l L7z (4 7). SBIZ, EERICIRFLI-ZL
DIRR & A5 10 5 RR T A Fe L 72 SCHR [IMA(1963),
lida(1984)] (& 6¢c, )b H DO o7 (4 F). Lizhio
T, 1780 4F /L oy MR CALHEE A B | T HE 32

ELZEWIOE#IT
Y THD (5.4 ).

fﬁff”<IW%T%'J?H%MTD%%&D&“H , i
i D 5 B % 52 1 7= SCHR [Tida(1984)] & AR HILIZ 261 %
Dy, ARBULSCHERZ RS TUCRR T — X A EHE - W HERIC
FHALTWDED[#] 21X, NCEI(2017), NTL(2005),
e - (2013), P£31(1998)] 23EV. ZDOLH7eR
DI NERICEVER N LT — X2 H ST,
1780 4E7 /L7 IR DR~ 7= B BN 4 0N
RENTWDBLIRDHY, K2 al PHEELT-HIE
DFFEDOHE ERIY KON TWDIEENRHS (5.6

i) .

1780 b7 B iR & Z O O AR
DNWTE, EHEERICESE ST 2T S5O H
SELELNDEWNTITEHE — D CEAIER T
&5 (5.1 8i) . Wil B35 (£ 2) DAITIESHEL DR
SO0AT (5.5 8, 3 le) EHUER - B IRID, HiEE: -
A G A R TOIVLENDD. AR GEICE S
NRWEHIL, 2 TERILEL TR SR, i&%@
28 H RIS R 77200,

filZs, BAROCEROMEV S ERE A Tab
D& 2 A0 H L TSN DO HE T — 2 _R— A H

IR SN E LT, 1586 HE~L—hHiEIC
£ HARASOBERE AR 1(2018)]X°, 1537 FAF¥T
2D M FEIZ KD 14 EE I [Hayashi(2021)] 38 5. SCHR
HOREVTA U AR - (BEE OfF ®oMhE I
ELPFRSN TOLTE RSN D L, SiEDRES
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