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Natural oscillations in Tokyo Bay excited by tsunami and amplification of
sea surface fluctuation due to their superposition

Ai Ociso” and Yujiro Kitape? *

Abstract: In this study, we investigated the natural oscillation in the complex topography of To-
kyo Bay and the amplification mechanism due to their superposition through numerical experi-
ments. First, an experiment was conducted in which waves were applied that simulated the
tsunami caused by the Tohoku Pacific Coast Earthquake in March 2011, and the formation of
natural oscillation in Tokyo Bay and its vibration form were investigated. Natural oscillations
throughout the bay were excited with periods of 333 minutes, 111 minutes, and 73 minutes. Peri-
ods of 333 minutes and 111 minutes are vibrations of the entire Tokyo Bay with mainly along
bay velocity components, which are the first and second modes of natural oscillation, respective-
ly. It was found that the periods of 73 minutes is the third mode which have vibrations of the
along bay velocity component from the bay mouth to offshore Kawasaki and the east-west veloc-
ity oscillation near the bay head. In actual measurements of tsunamis in Harumi, Tokyo Port,
etc., it was observed that the amplitude gradually amplified from the first wave to the third
wave, and then attenuated. The observed amplitude variation was explained by the "beat" that
is due to the superposition of the local natural oscillation and the third mode of the entire bay.
Next, we investigated the characteristics of the natural oscillations that form within Tokyo Bay
in response to tsunamis of various periods that propagate from outside Tokyo Bay. As a result, it
is indicated that the amplitude of each natural oscillation period included in the periodic compo-
nent of the incident wave determines the amplitude of each natural oscillation period formed in
the bay and finally determines the amplitude of the composed wave.
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(a) Bottom topography and the epicenter of the Tohoku Pacific Coast

Earthquake. Dashed line indicates the study area. (b) Bottom topography in

and around Tokyo Bay.
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KP: Kurihama
YK: Yokosuka
TP: Tokyo
FFP: Funabashi
KFP: Kisaradu
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Fig. 2 Distribution of tsunami run-up height in Tokyo Bay due to of
the Tohoku Pacific Coast Earthquake. From Sasaki et al. (2012)

with partially changed.
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Fig. 3 Temporal variations in sea level fluctuations observed at
Mera, Harumi, Chiba Lighthouse, Yokohama, and Yokosuka
during the tsunami spread. The sea surface fluctuations at
Fura and Harumi are taken from the Japan Meteorological
Agency (2011), and the fluctuations at Chiba Lighthouse, Yo-
kohama, and Yokosuka are plotted every 30 seconds observed
by the Japan Coast Guard.
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Fig.4 (a) Topography of Tokyo Bay used in the numerical experiment. Topogra-
phy A is the actual, and Topography B is the imaginal topography with the har-
bor removed and the shore smoothed. Numbers on the bottom contour lines are in
meter. (b) Time series of sea level displacement observed at Miyake Island when
the tsunami spread. Wave shape applied at the eastern boundary in a reproduc-
tion experiment (sin wave with a period of 50 minutes). However, in the experi-

ment, the amplitude was set to 10 cm.
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(a) Distribution of maximum sea level displacement obtained by the model. (b) Power

spectrum of sea level displacement from Al to A4. (c) Power spectrum of sea level displace-

ment at C1 and C2.
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Table 1. Comparison of observed and calculated values. Ratio of maximum dis-
placement and first wave arrival time at each location relative to Mera.

Ratio of Max displacement  First wave Arrival time (min.)
Station observed model observed model
Chiba Lig. 0.54 0.81 70 97
Tokyo Harumi 0.87 0.92 76 78
Yokohama 0.90 0.59 46 49
Yokosuka 0.79 0.58 30 36
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Fig. 7 Temporal variations in sea level displacement obtained from experi-
ments and observations. (a) Harumi, (b) Chiba Lighthouse. The observed
sea surface fluctuation at each station shown in Fig. 3 are represented the
same time axis as the model results.
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Fig. 8 Distribution of amplitude and isophase line of each periodic component. Color bars indicate amplitude

of sea level displacement in cm. The unit of numerical values on the isophase line is degrees.
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Phb ST, SRS SrNTBY, MR
BLTWARTERTIEICOVWTIE, 5ETHE
8By b

4. BHDSIERT ZEFEOEEERICK L THiE
SNBEFIREDIFHE

4.1 EBRFHEOFREICDONT
BHNDRFT 2 OIEIRICB T, BO»D[E
HFIRBOBEREDLEPEETH L Z LIRS NI
A, HVEDPSWRT AWK L, HEHEN TIEHE



IS X Y bk SN B BB O AIRE) & T OEQE DI X BAKRMLEH O HEIE 23

Forced time length

0.12 .
—— © 15min
0.10 ®@ —— @ 30min
' —— ® 60min
0.08 4 —— ® 110min
- —— ® 200min
‘E:’ 0.06 —— ® 300min
—— @ 500min
0.04 7 —— ® 1000min
0.02
0.00 - T T T T T T T T T
0 100 200 300 400 500 600 700 800 900
(a) Time(min)
1016 Period(min) 333 111 90 70 60 50 30 15 10 5
1014 4
1012 4
T 101
Q.
%
&~
g
S
=
2 1084
c
9]
a
—
9]
& 106
S 10°
Forced time length
1044 — ® 15min
—— @ 30min
—— @ 60min
—— @ 110min
1024 —— ©® 200min
—— ® 300min
—— @ 500min
—_— 1000min
10° T T T
1073 1072 1071
(b) Frequency(cpm)

Fig. 10  (a) Temporal variation of Gaussian type wave of each forced time length given at the
boundary. While experiments were performed totally 15 cases, changing the duration of the input
wave from 15 min to 1000 min, only 8 cases are shown for clarity. (b) Frequency characteristics
of the Gaussian wave given at the model boundary are indicated by power spectrum. Only 8 cases
are shown for clarity.
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Fig. 11 The amplitude of surface displacement for each nat-

ural oscillation at off Chiba and Harumi (Tokyo) of all ex-
periments. (a) 333, 111 and 73minutes periodic compo-
nent, (b) 73, 62.5 and 56.5 minutes. Dashed line and
number with circle indicate forced time length as shown

in Fig. 10.
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Fig. 12 (a) Distribution of amplitude and phase for the 73minute period component for Topography A (Left
panel), and for the 73minute period (Middle Panel) and 62.5minute period (Right panel) for Topography B.
(b) Power spectrum of sea level displacement at C1 for experiments with Topography A and B.

B E N5, & TOMAMDZEALIZE BT ATIEIEHENVITH D EDRGD b, 72771, Hi
DHEL MR EZR LTS, I B TlX, EE2S B THLERENS 3OHDOHE & 4 A M TIE
20OHE LB SIHP O ET, T2 %2k VAHDZEALR A SN D, —#%IZ, AGHk & a0



IS X Y bk SN B BB O AIRE) & T OEQE DI X BAKRMLEH O HEIE 27

Table 2. Variance (cm?) obtained by integrating
energy spectrum from 50 to 90 minutes pe-
riodic component at the monitoring point
Al, A2, A3 and A4 along the bay axis.

Topography A Topography B
Al 25 x 10° 6.2 x 10°
A2 0.8 x 10° 36 x 10°
A3 1.7 x 10° 50 x 10°
A4 4.2 % 10° 6.7 x 10°
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