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Yasuhiro Umeda and Satoshi Itaba (2014) On well water and sea level changes witnessed before the 1946
Nankai earthquake on the Pacific coast of Shikoku, Japan, Bull. Geol. Surv. Japan, vol.65(11/12), p.129-
144, 6 figs, 2 tables.

Abstract: This study investigates the vertical crustal movement in the period approaching the 1946
Nankai earthquake. To obtain data for just before the main shock, we examined witness testimonies on
well water and sea level change that might relate to vertical crustal changes. The testimonies were taken
into consideration along with existing documents and local knowledge of the inhabitants of the Pacific
coast of Shikoku. The water in a few wells decreased or dried up about 1 week before the main shock.
Abnormal changes in sea level were witnessed several days before the main shock. From several hours
before the main shock, fishing boats returning to port could not dock at the port because the sea level
was too low. On the contrary, there were also testimonies of those who noticed no lowering of sea level.
The generation of a tsunami is proposed as the explanation of the abnormal changes of sea level and

conflicting testimonies.

Keywords: 1946 Nankai earthquake, witness testimony, well water, sea level change, Shikoku
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TSR 5 & b B F ORNL & i AKRLOZ(LIZEE
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IS VT, A & B 2 D A K 5 TT o 72
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1. FUBIC

ROFIHEO THNZE T 5728, UL DHiOMET
b B 1946 4B HHEHGE (LUF CIEARZE & E.5) Rl O Mg o
A REAROFEL S AN Z N HEETH 5. 1898
251953 4F- 2 TCOHIM D L FA®NE, MUEAEEL
FEEBO 13 0T TR 5T B (M - s 2011a). A

FERTOZEBENCB L QR 2 22, AR
FHFABME T LZE WIS GES &80, KK T &%
WO I EB RIS 2 77 A% S h (g - B
2011b), AFEERTE TO E B2 KD 5 N7z (M
H - 8%, 2013). HEE OKRRIZBEY 3 HY%GES % IUE
T 5MFET, AREEFOZIZET 5 HEEES 3K
DAL ST, WANOENE EIZDONTOIHES K%<
TFAET 2 I/ o572, K CTRBRCRE S hTnwsFE
257Dk 6, g0 L TEENCBRT 5 &

NBIFKREHEHANOEIZET 205405 Lt
12, KREZLOFRE R, 2L 7z IEMIZ DWW T OB & HL
DB EIT>72DT, ZTOMELWET 5.

FEA OO & DI [ EEHR B TS), IER21 4R
MR A WY | OKI&IR, 1948) TH D, MUKEDK
¥ele), BUEOWE LRGSR & 2 HARE T
3. [RIEH0E, U - WA R OB - S b
D3 6B > TN DA, ARG CTLEET2 M o [ AL (12
WHE A2, 1948) | & [HIZE K OB SEAR VN, 1948) | % S8
T 5. ZO2f (LU P TIEHR EIER) T, FULEE
2 6 JUMNIZE 2 KEPER - O VB RIS IZ B 1 5 JH,
e R ORI PE S BB R ORERE R A M X h T 3
AR IEAEREOBFEO1LHI0H2 6812 A TH
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5 1-ak AEFHOIFTARIZEET 5 HERES. /N (1948) 20 & Pk,
Table 1-a List of witness testimonies on well water before and after the main shock. Extracted from Komukai (1948).
&2 & A B W *E # xgo
B B8 (Tokushima P.)
B I5HET (Kaiyou T.)
HW-1 %Il (Asakawa) ERl, HFEMOKEIET HPKIFEREFTU M, 14 ALNICEIR 37
HW-2 | 5% (Tomoura) FignD APKUELE | i, BY AR 38

HW-3 SR (Shishikui) , HEKLIET

5H
T. 18RI SES-FHY
=R

JKGZEEIN, SBA, EHY. Thiold3E ~ BRI TEIALE 38

& %1% (Kochi P.)

HW-4 | &40 EF (Kochi C. Urado) 2BFIENS, FFRKBENT- JKEZIFEIR, REE 1 ERESC 41
HW-5 975+ 8T /N (Shimanto T. Omuro) 1:BRF, HEKEND KELIFERICEIR. BEIL2BMIFERHC 43
HW-6 | ST {£% (Kuroshio T. Saga) BT, S EOHFFKLIET ERIZERE, FRIE108 MK 44
HW-7 | %G+ TFH (Shimanto C. Shimoda) EFHET VEMEIHFAKENS | KEOKSH FHTERICET. BBX17 AR 44
HW-8 | L1&;&/KH % (Tosashimizu C. Nuno) AR, —HOHFFKEND KALIF1I5BIZFETEIB. BBLFEREERAIFERS 45

NnTn5,

£ 9 O DOOHKE, (MG IE PRITE 5 (P,
2009) | (AT CIEsCik2 LER) Th 0, SHELATT O
HAAR ZRERA M EDCFAERRERIC 30T, 20024FE0 5
20084 T, ABHORFEHL AR MO FAEL, Kl
SrFELHEDOTHA.

Ihb &7 20FITWE, AEFOHFKROZELR
B, F, WEOLE L ELIEITh 7 3RS A ALK
ENTWBH, AWETIE, o FETEENCR#H 4%
Elbh, HOZOKZ X H 2HEEHMITZS30
LT, BEICH T BT AR LG I 2 iARN
OZEALEERY EF 5. R OBEEIZEFEIZITbIZDT
Xik2 DFES BISIREHEER Y T TE FELHLITK
MAEDKRE IR L 7275 & #H15 72912, 2009
225 201212220 T, CHR2 ICECH S =Rl S & ICHE
oo THEIRD fEE1T- 72

2. HFDOKAICRIT ZELE LHRAE

2.1 XESRZE
FFKOFAIZBIS B SCRk 1 OB RN HZE ] Ol
Ml Ui, 1948) 12k 0, TS 51 5 iR REt -
TR R BN ORI 2 C, HR 723 H k0% L
WOHEHHMRH 5. FAEDOHFEICDNT, (A, 1948) 12
ﬂ#ﬁ@ﬁm < g e 1F 8 ALK IR TT O]
kol d b, AHTIRMNEREFRRREBE LT
m%%#Bmﬂ%%ﬁfﬁﬁgmﬁEWiT%WDiﬁ
2%, ZOMTHFAKICBET 202 H % D13 370
Thd. ZTDIBEREANIIFT DKM NS 72k
A XN TWBE DI, d 5. 8hFrDH &, K
RTDOKNZEAL R OAREBE DO FARORI AL, H1-a

FIZE L 72, KEWOZLE 2T E & AKNDIETTH
D, KA EFALUZEWS G ERn. B, I
FAIZBIT 350d 2% 5 370D 5 5, KEZELDDH >
7o 82 & 2EALT, % D29 71 iy & BALFIC/R L 72,

ARELME T U 72 8 22t [alkk, € DD HTF 29 1 i D
WTE, REBOKMENRED, BIHLZHIZSAE
MR Eh s, Z0Z e b Z2DOHFIZONT
&, REFTOKMIZE T 2B EHD, & 5V EHEIEH -
72D LEbh DA, KK TFORRA DL, KA
IR a2, Tk > 2R 77 - 72 L e &
N5, A (1948) 1%, AERTOH P ARKDIEZIZ DN K
HWEORBHANZENE LAk B S22 L E2RTED
ThH o> THIZHROZELTIZ AW ELLTED, Fik
R & ORI ERL T3,

SCHR2 TIIAREERT O RE IR & @O 1 1O FE I
G 75 & % i ,%%Wbﬁﬁmﬁ%#%#hfwé
A P 1, ﬁ%%%&ﬂ#%mﬂkﬁ%ﬁiff ES
VB 2 AW T A P RICH EELD AT h T
W5, ZOHDORENOIFAKIZBET BEEE 12171 %
W1bRIZEEO . PHOMENTONZDIZ, AE
FAEP P T VB TH D [ML ERNVZ] 0S5
ME 2. FH1-bEDONW3IIEB OGS 223, 228iT
WRZEADOH 7= 5HET, KBRLZAA»SHFD
REPET LT BT 2EERS 2R TEBA
EdHorz FAEDI B, NW2 ENW3IEE CHISETH D,
NW-4 13 HFARKDWD R 5726 LD T, Fig2tt
AT L, BEERLSEH1020 2, H1ICIEEAE
EWATRLZ. FROFEEICSTEITORM A
MU 7z &S Wi, .

& 72D O P K THW-2 ENW-2, NW-3 (3 $ﬁ)
BELUHW-7 ENW-12 GHZTHE) E, RICHF2E 52
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70 1-bFk AREFOHFAIZET 2 HEGES. Fdf (2009) 20 5 Hioke.
Table 1-b List of witness testimonies on well water before the main shock. Extracted from Nakamura (2009).
=5 W% AEHOHF KO KR w2
iy =] =
1 B2 (Tokushima P.)
NW-1 | SEI%ET B (Minami T. Yuki) BLLEET, 5SHAINSHFKOEEAH oI I1EHLV: 145
SBI5HT (Kaiyo T.)
NW-2 . HMTEADOHFEHTAISEA Tz 1L/ 136
##3# (Tomoura) N Z
NW-3 M618, AREDHFKNBEN-EEIZE: 137
S H1E (Kochi P.)
NW-4 | Z3=Ti7 ;EF0ET (Aki C. Seiwacyo) FHEKABENF-EESFELIFEL TGN 38
NW-5 | &% F&U (kochi C. Tanezaki) HED2, SAFIANLDEIRTROLELKSLENT 55
T {E™ (Tosa C.)
g . 2084 A, BKAKNEIZLES. KFEIMDODBEEDNDHFELEIC
NW-6 | T (NiD BTN, [\ B D H FEHEA T SR 60
NW-7 F21B028%EE, HPKIXZEZ o1z 1ERIZELV: 7
F{& ( Usa) — -
NW-8 [RETT, 208 220D 2385 [CHF KIFLAE M1z | LRELV= 75
ZBIE T (Susaki C.)
NW-9 58/ ™ (Uranouchi) 21 HO2BEE, FHF KA 78
NW-10 SEEMT (Hamamachi) M08 M®, HPRKMNE-z1LBEFFDESTMSELV: 85
NW-11| st{&BT E@MT (Nakatosa T. Kaminokae) L%\EE%?EI;%B#)E*(IEEO%' 2, SFELIBEELLY 94
NW-12 | m7%+7 T H (Shimanto C. Shimoda) HAFHERIIZEILO=YE =YL TLV= 110

B RO EEE LTIEBL TS, k2 Tk
FEHIC BT BHF WAL I PRGN TVB A, X
B CIRAEX OABHOIFFKOLRIEZH S & DD,
KERTOZ T E . ZD KD Aflr 5 ik e &3
TR SN 2D TIEEEZEITH D, DF0DH
HINhhr-o7HFEL<bbLEbNS.

2.2 MEMERYAE

MEFE A (2010) 1, /N A=A A EIZH B HF DK
fiid, fE» 7 LRI X > T NIRZIK T4 254
NdHBTEAER LT FRITHEDOTHEH - H35 (2011b)
13, MR ARSED 2 > TOWBAET, Lok E &t
FARDIE T &L OBIRARD 72, T AR & 5 TR
e TE, MEICLo THFKRDIKTERL 2L, T
HOBHBEDHEENTRETH S Z 05, MEID#HE
FARMOK FEREAFODIZT 572 205 BEM e
W & GEB RS IT Bl 0 2 2 Tl, KDk L ZD
KTREFE TR TICEL 22RO W T BRES S
ZLEMTELEDT, ZO200% L FIZHNT 5.

SEEE - MM

BMEEY B &G 201042 A4 A, HAefifE (B5)
ZOMh : [FARIZE 1-bEDONW-6DIFSHETH D, ik
2O0FHPNA RO ENTHII. il > 725E S O

B3P ToLsD.

AR IE, ACEPE S ek e LT ES W 2248,
MAFI214E8 HICEB L7205, AZREE & i 4 5
AT WMPINEZ L TCuzo Tl kHoH A% H1
[\ M > Tz, AEORTH (12 420 H) & i ki
HoANE R 72 7208 (16 5 171 E),
WHIFAECTF (2K ONW-6 (D)DK A 7% 70 > 7=
O—FORIZEEE T THEETE, BREFy TV EH
NI B0, ZOLxEFEL Laros7z. HOKEILS
m~2miib3. BVTRIIRY, HEDOHZ (E2KD
NW-6 2) & 7256, R0 AKIZAELS KoTwW HE
DOHFDOAKBEIZI mT, 20 HOF(7HEE) 1213 AKIZHD
Tz B B2 ONW-6 3) DHFAE, 19HIZ
HTHTTRE, ST (KIZDH 7)) 28, ORI
NTCnEEBWE BWEZAGNSEWEZAEES
ZGFHEARI) OHF K G BORNIZ G -2 7 5 7.
W, EEOFNIRKT, ZO1Z 513 E T200 m
EEDWES 572 HiEIZHED FEhic &k 3) gz
EAE R ST B XBARBD) WES &Lh o720,
AL HEERCHAWR I N, MERI N HERD
FETHIEHIXIL 1.5 ~ 1.6 mOHARIL T & B 72,

U5 IT 40T (55 1-b2&& ONW-3) O RO I L= D
W, X2 TR DRES 7228, FED O L DIk
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Fig. 1~ Map showing the distribution of surveyed wells. (D) and (®) are wells where decreased water was reported by
Nakamura (2009) and Komukai (1948), respectively. (@) indicates wells with no reports of decreased water as per

Komukai (1948).
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TR I NS,
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Eémwaa%m 201041 H24 H, &AL+ 70T
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TR e N e B HE LRI B L TR RO Tk
‘fa&' s NS - o DELAHEE Rt v R (O, O,
o N L e wwad N B3 £42I1 (@ RFIKERL.
oF EO= TR T NWAR) T FRIHIE, F2ROFZ TGS T
A | Hashida ; %. UIS-TIE ARG & 2 B & HU D F A i
o) T k(Eywm! N (K321 HIZHR) . HERIE b
P : NS-41,42,43 Fig. 2 Map showing the points where well water has
0 1 km decreased and abnormal sea levels were witnessed
N at Nii and Usa harbors. For the symbols O, O,
NS-40 Al B, sce the captions for Tables 2-a and 2-b.
(®) is same as in Fig. 1. Letters with numbers
correspond to entries in Tables 1-a, 1-b, 2-a,
s ) Tosa C.Usa T and 2-b. UIS-1 is the hearing survey point from
N N Umeda and Itaba (see text §3.2.1). The map is
"/ / - R TR IE (BFE-LWeb) A (25000)
based on GSI maps.
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0 N A
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EIX R, B &R, REEAKD 1946 12 H Ol KE
Fig. 3 Precipitation at Tokushima, Murotomisaki, Kochi and Tosashimizu in December 1946.
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B BN E WS T FE 7.
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HFETH 2 MEMIEA, 2010). 72K B (F
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DDA HEX NI, FnEZATEAZED1E
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8) 75 R EIZ Lo, R h g o (HW-
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5 2-a% KREFTOW KNI 2 HEAES. HIEIEA (1948) A 5 ok, ARRA ORI H £ TOER (12 H 20
H 178 % ) 2 AT, ZHDBERZER E TEAMNTRY. koA &M, O) ik
PLOMT, ~FHEMA (K) &R (Q) RO, B 572 Z L &R
Table 2-a List of witness testimonies related to the sea level before the main shock. Extracted from Matsuzaki, et al. (1948).
Squares and circles denote daytime (before 17:00 December 20) and nighttime (from 17:00 December 20 to
just before the main shock) observations, respectively. Open squares and circles ([], O) and half black squares
and circles (W,®) denote witness reports of sea level lowering and abnormal sea levels, respectively.
&2 & AEMOBKE RUEE O K R &ﬁffﬁgﬁgg'g%
58 (Tokushima P.)
HS-1 | ZIKET tHTF% (Mugi T. Tebajima) BHEARLAASHOFHDSSTMBEBLCL: | 2o | & |
@5 ET (Kaiyou T.)
HS-2 #;8 (Tomoura) 4, SHEINSRD NN DKIELLHFES L= 21 O
Hs-3 SRIE (Shishikui) 20H D21BEAS22BFEEF D F BN G ETITHWNEDY F TH-f= 21 (V]
=412 (Kochi P.)
Hs-4 | Z¥ET Bf (Toyo T. Kannoura) 12ANB&YISBETY T CKREVBERAHOTAEMERLE o1 21 [N
HS-6 | ZAWT RF(Susaki C. Awa) FRIRATORFLE, FAEIL\ oA f=CANMBL 32 O
HS-7 | SEAET E)IIA (Kuroshio T. Kamikawaguchi) R AN e B LIPS R TR AREETRELTY | g | g
HS-8 t1£5EKH % (Tosashimizu C. Nuno) 208 DR (24858) BEDEE TIESINEVRTETEN S LV 19 (@)

AWANRTW B A, EEIZA (2005) 1 1854 4F- 0 % B U
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. BKME(LICBET HFES EFRE

3.1 XEBREZE

SCHR 1 D (I IE A, 1948) 1213, Bl FE O —
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ARV L T 2-aRicE L O 72, RO E X
W22 5 PR L 2-bRIC L=, WiE TIECHN DR
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WEOZEICBE L TiE, 5 0WER &% E TIZHE
WIS ORBN R 5. REREORHNA S HiH (20
H) DA J5 17 B & TOWH 2 IR TIE, W3 s
L TRENTWER, MiHYFLUEOME D% 1%
W S IME L 215N, TAabBIRS Wz RISk 5
WARICBET BHEN L. ZDRYIFE 457200
=T33 5Z kel AB12H20HE21HDHA
I ZNZTN264 274 THY, SCHRT OFTEIRIZIE 21
H 00§ 5 04 W22 A < A B, Wi T HIZ &2 - 72
ERARHIERT OWE NG IH T 5.
20HA17E E TORMBOGES &, ZhlIEO®R
Mozhe 2XAT 2720, H2-ak, H2-bEDF24

IZBWTCHTERMNAN Z, H%ECEEMT 22, 0L
DOFES TR T DRES 2 & B 35E 3w 7 1AM
ENTWE. AN T LT ET 305 13AH X,
Hmu L ERD L5728 THEDIFBED TRL

Wl X, F2-bEDNS-1 DB, HDOADIHEH

, WK DOZALERD o7 — A2 Th 5. [
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Fo-bk  AEFIOUWAKMIZET S HEAES. 2009 » 5488 AL, O, N, @) i35 2-ak L[,
U (W) & AL (@) IR ARRLDZEALD 2 5 Tz hr, ISR e - 72556
Table 2-b  List of witness testimonies related to the sea level before the main shock. Extracted from Nakamura
(2009). The symbols ([, O, N, ®) are the same as in Table 2-a. Black squares (l) and circles (@)
denote no changes and no notice of the sea level, respectively.
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Distribution map of daytime sea level witness points (before 17:00 December 20). For the symbols [J, K, B, see the captions for
Tables 2-a and 2-b. Points with solid and dotted underlines were from reference 1 (Komukai, 1948; Matsuzaki et al., 1948) and in
both references 1 and 2 (Nakamura, 2009), respectively. Other points were from reference 2. * (NS-39) is not plotted because its

offshore location is not specific.
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Distribution of points where the sea level was witnessed at night (from 17:00 December 20 to just before the main shock). For the
symbols O, ©, @, see the captions for Tables 2-a and 2-b. Points with solid and dotted underlines are from reference 1 and from
both references 1 and 2, respectively. Other points are from reference 2. Reports of two points (% ) , offshore from Kannoura (HS-4,
NS-13, NS-14) and from Ashizuri-misaki (NS-61), are not plotted because their locations were not specific.
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Fig.5 Handwriting trace diagram of tide records from
Tosashimizu (from fig 20 in Matsuzaki et al. (1948)).
The vertical and horizontal axes represent meters and
hours, respectively. The left-most vertical line indicates
00:00 December 21. The inserted statement reads
“Arrival time of the tsunami was unknown because
the clock stopped” . The original figure is quoted with

the permission of the 5th Regional Coast Guard Head

Quarters Hydrographic and Oceanographic Department.

REOHBRTH L Z L eFWT 5L, REFRAITEWZ
I MEARNZEIZB 4 5 BB L T 5.

WX OZEM A& "5 L, EATOMFED b 5 FH]
ETL, BRI X D PO B%AGE T, WARNZ D H -
72V IREE IR A, 2 R O Pl T K O B
R, B (1948) IZTFEHZDB LS, HSKIZTh
I L7z, ZoidkE BB, KEO 4D i
ORNIZRBEOZAIZEED Sh s\, BRI XL O g0 &4
KRETIEHMTE S &S R ARENOENIE L2 572D T
FauhrtBbhs.

ZOMOMIKTIX, WAKRNZE LD D &2 LAEEEL
TWBEZAEL T H 5. HEEMEELTTIX, 20
H@&#6$ 2 AT E TSR MK T L2z 8 WS GRS
DA & WéAbﬁf7ﬁ%5ﬁmbﬁ NS-4 ~ NS-
11). LA L, SKIED 5 H4 5 2 km¥FiEh 72 i cid 6
(552-b#, NS-12 ~ NS-17) DFES X THIN O B
Ghot, BIVEEAMNIPEI ST B, KL2DIHES
OBEH» 5 RTEEHIESEVWEEDNRSE A, 2km 25T
L2 TR NS 72 D OIE THIK S 5 5L LS
B, 727G R G A TR ORISR 5720
(NS-11, NS-13), Z{bL 72D L7z Z & (NS-14) id H# X

— 140 —



WA R 2 AT D FF AR Je QN AR D22 AL (K - Hedss)

|

15 o3h
1.25m
1.0
05 0.41m
ooh
0
0 6 12 18 0
12/20 12121
N3,

Miig 4 5 TRk 5 5F 513 HES (NS-18, NS-19) & =
HE(NS-20 ~NS-22) Té b 5. F/z, WUCHETHKTS
AERH L. WAEFEORH £ TOZET, 31 (NS-41
~ NS-43) (ZWIDZALIZ KA 29, 11 (NS-40) (344
BTzt a5 T3, 27 ZOHEATINThE
RED H 1 T,m%i%h@,%%iﬂ?@f%é z
DEHICHET 2L, 2DRE>THW5Y
i&é#ﬂ%%fnéi&@é@é LMy & = $
éﬁ%%%@&U#5§&é%ﬁ-&ot@#ébh&
VR (NS-25, NS-26) % Hl (NS-48 ~ NS-50) DFES
2, (BEEAS TS 0BLIIEAHTH 508, 20D
B Bk 5> A CoOMmmc HE L 20»E Lk,

3.3.2 BREEEDOKZZIIONT

PEDAEE KMIO WA OKYE, hl) & HEL 220k
W (h2) 235y U, 2 OIRERTORIGHN (h3) 2 5K
MOETE M) B TE 5, SEhHFEE TR 2
D & XRR2 DONS-41IZ KX KO T T23 ~4m
BB FREOKED, 21 HORFIZHE L 22KFIZiZ 1.5 mL
MNP S72]ZI 706, h1=3 ~4m, h2=1.5mT, (hl-
h2) = 1.5 ~ 2.5 mA KEI O F W2 6 DK N & %5 5.
SV 35 1 B KU % W L AR 2 T i PRI 8658 0 )
WHER (5 L RRIT WS MR, 2014) 2 W CEHRL,
1946412 H20 HOME 2 521 H 12 £ TA B XA L
72, TR EEFEIZ 15 km&E D EEN TV B2, KimT
O TIE, MHT TORIAM OEWIZHEL 5 5 &
I 5. FEBTOHBERGNL21 HORET, ZDOIRORX
W IEh3 =041 m CGE6IX) TH 5. KU OFEHEm I1Z
KENO PR 5 THliai & M THWBDT, fEs DK
Tz EH U ET 5 L, LK N5 (h1-h2) =15
~ 2.5 miZh3=0.41 m%& M Z 7253 A%, H¥EEE S COWgKAL
DETHE M) THD, h=hl-h2+h3=191~291m &% 3.
SR TR A [ P T 8 1.5 ~ 2 mO KBS
b BIUFEE 2, 21 HI3RFICEM L Twiz] &b 25 (i,

Nankai eq. 04:19

ol ZHIRIZ B 5 19465 12 120 HOE A 5
[B H 21 H 121 & T O K7 (e 5
B, Bl 7 — #1330 LRGN R
(2014) 5511
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