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measurements of tide gauge response to tsunamis were conducted at five tide gauge

stations on the coast of Suruga bay, where small tsunamis were recorded from the Suruga bay

earthquake (M . ). At these stations, tide gauges are installed in wells connected to the outer sea

by narrow intake pipes. To make the measurements, water was poured into the well to measure the

outflow response through the intake pipe, and was then drained from the well to measure the inflow

response. The estimated tide gauge response, expressed as recovery times for a m di erence, was

to min at Tago and about min at Yaizu. At Uchiura and Shimizu-ko, the estimated recovery

times are less than min, which is much shorter than the tsunami periods. At Omaezaki station, we

could not measure the recovery because the tide gauge response was su cient to record the short

period component. The corrected tsunami waveforms from the Suruga bay earthquake are

slightly di erent from those recorded at Tago and Yaizu, but they are almost identical at the other

three stations.

: tsunami, tide gauge response, in situ measurements, the Suruga bay earthquake
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Location of tide gauge stations whose responsesFig. .

were measured in this study. Circles and squares

indicate the tide gauge stations operated by JMA

(Japan Meteorological Agency) and GSI (Geospatial

Information Authority of Japan), respectively. The

station codes and names are as follows. TGO : Tago,

UCR : Uchiura, SMZ : Shimizu-ko, YIZ : Yaizu, and

OME : Omaezaki. The star shows epicenter of the Fig. . Schematic diagrams of (a) typical tide gauge

Suruga bay earthquake, and gray dots show stations in Japan and (b) Yaizu tide gauge station.

the aftershocks within one day of the mainshock, Pressure gauges, a recorder, pump, and generator

located by JMA. Bathymetry of the Suruga Bay is (gray color in a) were set up temporarily for the

also shown by contours with m interval. measurements.

Fig. . Observed tsunami waveforms from the Suruga bay earthquake at the five tide gauge stations (see

Fig. for their locations).
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Table . Location and structure of tide gauge stations

Units of latitude and longitude are in degree (North and East, respectively), of

diameters and lengths are in cm. At Shimizu-ko, the diameter of intake pipe is

di erent for well side and outer sea side with a total length of , cm.
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Table . Time schedule of the measurements
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Fig. . Observed water levels in the wells (solid lines) and the outer sea (dotted lines) during the

measurement at (a) Tago, (b) Uchiura, (c) Shimizu-ko, (d) Yaizu, and (e) Omaezaki.
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o

o

Fig. . Comparison of observed water levels in the

wells by our measurements with those by GSI at (a)

Tago and (b) Yaizu.
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Fig. . Results of measurements at (a) Tago, (b) Uchiura, (c) Shimizu-ko, (d) Yaizu,

and (e) Omaezaki. The observed outer sea levels (dotted lines), the observed well levels

(dashed lines), and the calculated well levels (solid lines) using the estimated linear and

nonlinear coe cients and (see Table ) are shown. Because di erences of the water

levels between the outer sea and the well are insignificant at the outflow experiments of

Omaezaki, the linear and nonlinear coe cients were not estimated.
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Fig. . (continued)
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Fig. . (continued)

Fig. . The observed (solid lines) and corrected (dashed lines) tsunami waveforms

from the Suruga bay earthquake. The coe cients used for the corrections

are shown in Table . Time indicates the elapsed time (in minutes) from the

earthquake origin time. Enlarged waveforms of TGO and YIZ are shown in Fig. .
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inert.

inert.

inert.

The estimated coe cients with asterisks “*” were

Table . Estimated nonlinear and linear coe cients

W and G

Fig. . Enlarged waveforms of TGO and YIZ. Symbols

are the same as Fig. .

After the station code, the first character indi-

cates inflow (I) or outflow (O) experiments and

the numeral indicates the experiment number.

For example, “I- ” and “O- ” indicate the st in-

flow and nd outflow experiments, respectively.

used for the corrections of the tsunami wave-

forms. TASR is temporally-averaged squared-

residual between the observed and calculated

water levels of the measurements.

sgn

Runge-Kutta

Table

Fig.
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Fig. . Contours of the temporally-averaged squared residual (TASR) indicating

the resolution limit associated with the observation at YIZ. Trial combinations

of and (triangles) were used for the waveform corrections in Fig. .

Fig. . Comparison of corrected tsunami waveforms

using the estimated and (dashed line) and

those using the trial and in Fig. (gray thin

lines). They are almost identical. The observed

tsunami waveform is also shown by the solid line.
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inert.

Fig. . Calculated inertial oscillations (solid lines) using the estimated inertial coe cients

at (a) Uchiura and (b) Shimizu-ko. The observed outer sea levels (dotted lines) and

the observed well levels (dashed lines) are also shown.

W

,**3

++ $



� � � �
�

� �

���� ��	
 ���� ���� ���� ����� ���� �� ! " #$ �%&'

���� ���� ()�*+,-./ 0%12�3
456+78 9:;<=>?@ A�BCDEFGHI
JK.LEFMN

� � �

O �

�
O P Q
O O

R R

ST UV()W XYZ()W [\]^_`()W
a[bc defg3456+hijkl+mno
pbqrs tu3vwST �xy)z[\]{5y
)za[bc defg3456+hijkl|T
]a y)�*,-./}~�a[bchijkl+m
nopbqrs %EF+
�aCEG o
��rqrs �r����srq�

����

�

�

�

�
�

��

� � � � � � � � �

�

14

sponse of a linear tide-well system, ,

Okada, M. and A.R., Gusman, , In situ measurements

Fig. . Corrected (dashed lines) tsunami waveforms from the Suruga bay

earthquake by using the inertial e ect at Uchiura (a) and Shimizu-ko (b). The

original waveforms (solid lines) are also shown. Time indicates the elapsed time

(in minutes) from the earthquake origin time.
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