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Yasuhiro Umeda, Satoshi Itaba and Yoshinobu Hoso (2016) The sea level observation at Susaki Bay in
Kochi Prefecture —To validate the sea level changes before the 1946 Nankai earthquake—. Bull. Geol. Surv.
Japan, vol.67 (1), p.11-25, 14 figs, 7 tables.

Abstract: In the coastal areas of the Pacific Ocean of Shikoku, some sea level changes have been
witnessed from a few days before the 1946 Nankai earthquake. Just before the main shock, sea level
lowering of 2—3 m has been witnessed at Susaki Bay in Kochi Prefecture. It is considered that the small
tsunami had generated in the open ocean. To assume the generation of the tsunami, it is necessary to
some extent quantitative information about the period and amplitude. In order to obtain the amplification
and predominant period of tsunami in the bay, the observation of sea level changes was carried out at 7
points in Susaki Bay, for 15 months from November 2010. The tsunami of the 2011 off the Pacific coast
of Tohoku earthquake was recorded at the open ocean by the other agencies or institutes. By comparison
of the tsunami double amplitude, it is found that the tsunami amplitude at the sea depth of 100 m in Tosa
Bay and of 1,500-2,300 m near the Nankai Trough is amplified by maximum 8.6 and 21 times in Susaki
Bay, respectively. A predominant long period of 50 and 85 minutes was observed. This period is estimated
to be resonance period in the open ocean than Susaki Bay. Observation results support the hypothesis that
the small tsunami had occurred.

Keywords: 1946 Nankai earthquake, sea level change, witness testimony, Susaki Bay, 2011 tsunami
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Fig. 1 Observation points in Susaki Bay. Numeral with a circle and a square indicates the observation number and water
depth, respectively. White triangle indicates the Susaki tide station of Ministry of Land, Infrastructure, Transport
and Tourism Shikoku Regional Development Bureau. Color map of the background is taken from 1:25,000 of

gradient tints image (2015) of Japan Map Center.
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Left: Side view of the installation of the water level meter.
Right: Photograph of installation at observation point No.7 (Oma).
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Fig. 3 Waveform of tsunami in Susaki Bay caused by the 2011 off the Pacific coast of Tohoku earthquake.
Numeral with a circle corresponds to the observation number in Fig. 1.
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Mar. 11 2011 Mar. 12 Time (h) Mar. 13 at Susaki Bay.
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Table 1 1st half amplitude of tsunami at each observation point and amplitude ratio for No.1 (Awa). The water depth at
each point is shown in the 2nd line.
Obs. point No. 1 2 3 4 5 6 7
Water Depth (m) 1.3 1.9 2.7 22 20 3.0 1.1
Half Amp. (m) 1.1 1.45 1.55 1.57 1.77 1.78 —
Amp. Ratio 1 1.3 1.4 1.4 1.6 1.6 —
Minatomachi ¥
|1.0
o
0
! I
H5IX No.l(Zfl) 2 1.0 & L7z, SEINRTOREOIRMEILA RO R X EBIE TR L7z KEEHEOBITE 1RO ik

IFD I & IRARBERIEDOIL TS 5. HiROE@RHKIZ HAMIX & > % — (2015) D 1:25,000 BRI % 4 .

Fig.5  When the amplitude at No.1 (Awa) is 1.0, the amplitude ratio of the tsunami at each observation point is indicated by the height of
the bar with numeral. Light and deep blue bar corresponds to the 1st half and the maximum double amplitude ratio, respectively.
Color map of the background is taken from 1:25,000 of gradient tints image (2015) of Japan Map Center.
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F2dk 3DOMIME (F3XIDa, b, ¢) DA MO HBAHRNE CHALIZ A — L),
Table 2 Tsunami double amplitudes (unit is meters) of each observation point at three periods (a, b, ¢ in Fig. 3).

Obs. point No. 1 2 3 4 5 6 7
(a) Mar.11 22—23 1.72 227 245 2.48 3.34 3.29 —
(b) Mar.12 09—10 0.86 1.17 1.29 1.34 1.61 1.61 1.87
(c) Mar.12 23—00 0.54 0.78 0.91 0.92 1.01 1.03 1.2

H3FE BN No.1 (ZA) DiRIEA 1.0 & L 2K KBNS ORIEL & 2 O 0k

Table 3 When the amplitude at No.1 (Awa) is 1.0, the amplitude ratio and average ratio at each observation point.

Obs. point No. 1 2 3 4 5 6 7
(a) Mar.11 22—23 1.0 1.3 1.4 1.4 1.9 1.9 —
(b) Mar.12 09—10 1.0 1.4 1.5 1.6 1.9 1.9 2.2
(c) Mar.12 23—00 1.0 1.4 1.7 1.7 1.9 1.9 2.2
Average Ratio 1.0 1.4 1.5 1.6 1.9 1.9 2.2
2.0
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'g o o ) o e B R O K & AR IRIE & OBfR. e AR
503 L] o B3O (b) & () DIRMEIZHHIE LT 3.
o Fig.6  The relations between the water depth of each
0.4 observation point and tsunami double amplitude. Closed
' 05 1.0 15 20 25 3.0 35 and open circle corresponds to the amplitude in (b) and

Water Depth (m)
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(c) in Fig. 3.
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Fig. 7 Tsunami observation points off Shikoku. Numerals indicate the sea depth. Base map is quoted from Japan
Coast Gard Hydrographic and Oceanographic Department (2013).
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Fig. 8 = Waveforms of tsunami caused by the 2011 off the Pacific coast of Tohoku earthquake at MPG1 and
MPG2. Base figure is quoted from the Japan Agency for Marine-Earth Science and Technology
Research and Development Center for Earthquake (2011). Zero on time axis indicates that of earthquake
occurrence (14:46).



HWEFEMERE 2016 F H67H H1H

West off Muroto Cape

V1

0.5
0.4
0.3
0.2
0.1

-0.1
-0.2
-0.3

Sea Level (m)

-0.4

-0.5

12 14 16

18

59X
Fig. 9

20

Time (h

TN H5 0 % 2011 AFHLALHTT AR s 12 & 2 W, HEX)

Waveform of tsunami caused by the 2011 off the Pacific coast of Tohoku earthquake at the west off

Mar.11-12, 2011

V2

Na

3
00

o A

22 02 04

)
FH (2013) 12 &k 5.

Muroto Cape. Base figure is quoted from Terada (2013).
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Table 4 Tsunami amplitudes at three observation points of the

open ocean.
1st. Half Amp.| Max.Amp.p—p
(m) (m)
W off Muroto Cape 0.33 0.69
MGP2 0.15 0.30
MGP1 0.14 0.28
Minatomachi Susaki C. v Mar.11, 2011
<l
—
=
g
© I~
[«5)
n
A
16 17 18 19 20 21 22 23 00
Time (h)

10X PRI 351 % 2011 SR HUAL I 7 R Pt E ic &k %
HIE. TTOF Y 2L F — & (10 738) i3 kI
FAREBMIER A & Pt < h 7=,

Waveform of tsunami caused by the 2011 off the Pacific
coast of Tohoku earthquake at Minatomachi. Original
digital data (10 minutes sampling) were provided by
Kochi Prefecture Civil Engineering Department River
Division.

Fig. 10
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Table 5 The ratios of 1st half amplitudes (2nd line) at seven points in Susaki Bay to 1st half amplitudes (in
parentheses of 5th from 3rd lines of the left column) of tsunami at three points of the open ocean.

Obs.point No. 1 2 3 4 5 6 7

Susaki Half Amp. (m) 1.1 1.45 1.55 1.57 1.77 1.78 —

W off Muroto Cape (0.33 m)| 3.3 44 4.7 4.8 54 54 —
MGP2 (0.15 m) 7.3 9.7 10 11 12 12 —
MGP1 (0.14 m) 7.9 10 11 11 13 13 —

ALK 2011 AL 5 RSE PR ER I X 2 AR O 1 IR O iR, B, K@, FHEOME & B,
FHEUYE A, MPG2, MPG1 DOHkilE & HEFENOZBIHEOZ & Db, RO @BhXIZ
HAHX] £ % — (2015) O 1:25,000 B 2R 205 4 {0 T

Fig. 11

Ratio of 1st half amplitude of tsunami caused by the 2011 off the Pacific coast of Tohoku earthquake.

Height of the bar of white, light blue and deep blue attached numeral indicates the ratio of 1st half
amplitude at each point in Susaki Bay against that of west off Muroto Cape, MPG2 and MPGI,
respectively. Color map of the background is taken from 1:25,000 of gradient tints image (2015) of Japan

Map Center.
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MPG2, MPGI1 Dz AHEIRNE & EHRHENO SBHlE Oz Db, o @REIKIT AR & v 4 —
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Fig. 12 Ratio of maximum double amplitude of tsunami caused by the 2011 off the Pacific coast of Tohoku earthquake.
Height of the bar of white, light blue and deep blue attached numeral indicates the ratio of maximum double
amplitude at each point in Susaki Bay against that of west off Muroto Cape, MPG2 and MPG1, respectively. Color
map of the background is taken from 1:25,000 of gradient tints image (2015) of Japan Map Center.
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Table 6 The ratios of assumed maximum double amplitudes (3rd line) at seven points in Susaki Bay to observed
maximum double amplitudes (in parentheses of 6th from 4th lines of the left column) of tsunami at three

points of the open ocean.

Obs.point No. 1 2 3 4 5 6 7
Susaki Ratio 0.53 0.74 0.79 0.84 1.00 1.00 1.16
M. Amp.p—p (m) 2.68 3.77 4.02 4.28 5.09 5.09 5.90
W off Muroto Cape (0.69 m)| 3.9 55 5.8 6.2 74 74 8.6
MGP2 (0.30 m) 8.9 13 13 14 17 17 20
MGP1 (0.28 m) 10 13 14 15 18 18 21
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(C) Stable weather (Nov.20 - 21, 2010)
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Fig. 13 (a), (b) and (c) is the sea level at the time of tsunami, stormy and stable weather, respectively. Sea level change (left)
and Spectrum (right).
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MPG1
Max. Amp. = 0.053 m

Water Height (m)

Time (h)
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A:Wg (2 H 27 H 0613443 (UTC), 15H§34%F (JST))
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Waveform at MPG1 of tsunami caused by the 2010 Chili
earthquake. Base figure is quoted from the Japan Agency

Fig. 14

for Marine-Earth Science and Technology Research and
Development Center for Earthquake (2010). Zero on
time axis indicates that of earthquake occurrence (06:34
UTC, 15:34 JST). A thin horizontal line in the middle is
drawn by authors.
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Table 7 Tsunami amplitude at each point by 2010 Chili earthquake. Ratio-1 and Ratio-2 shows the amplitude ratio at
each point against to that of off Muroto (MPG-1) and west off Kochi, respectively.
) Water 1st wave Max. wave
Observation
depth (m) Amp. (m) | Ratio—1 | Ratio—2 |Amp.p—p (m)| Ratio—1 | Ratio—2
off Muroto (MPG1) 2308 0.032 1.0 — 0.094 1.0 —
West off Kochi 309 0.139 43 1.0 0.339 3.6 1.0
Kamikawaguchi 279 0.272 8.5 20 1.105 11.8 3.3
Susaki — 0.402 12.6 29 2.248 239 6.6
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