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Figure 1.1 Epicenter locations of the earthquakes that generated the tsunamis analyzed
in this report. The numerals correspond to the earthquake numbers in Table 1.1.
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Table 1.1 Earthquakes that generated the tsunamis analyzed in this report.
(a) Earthquakes before 1996, recorded in analog. The moment magnitude (Mw) of
earthquake No. 2 is from Johnson et al. (1994), and the others are from Kanamori

(1977).
No. Origin time (GMT) Hypocentral region Mw
1 1952/11/ 4 16:58  Kamchatka Peninsula 9.0
2 1957/ 3/ 9 14:23  Aleutian Islands 8.6
3 1960/ 5/22 19:11 Chile 9.5
4 1964/ 3/28 3:36  Alaska 9.2
5 1965/ 2/ 4 5:01 Aleutian Islands 8.7

(b) Earthquakes since 1997, recorded digitally. The moment magnitudes are from the
Global CMT catalog (Dziewonski et al., 1981; Ekstrém et al., 2012).

No. Origin time (GMT) Hypocentral region Muw
6 1997/ 4/21 12:02  Santa Cruz Islands 7.7
7 1998/ 7/17 8:49 Near N Coast of Papua 7.0
8  1999/11/26 13:21 Vanuatu Islands 7.4
9 2001/ 6/23 20:33  Near Coast of Peru 8.4

10 2002/ 9/ 8 18:44 Near N Coast of Papua 7.6
11 2003/11/17 6:43  Rat Islands, Aleutian Islands 7.7
12 2006/11/15 11:14  Kuril Islands 8.3
13 2007/ 1/13 4:23  East of Kuril Islands 8.1
14 2007/ 8/15 23:40  Near Coast of Peru 8.0
1b 2009/ 1/ 3 19:43 Irian Jaya Region, Indonesia 7.7
16 2009/ 9/29 17:48 Samoa Islands Region 8.1
17 2010/ 2/27 6:34  Near Coast of Central Chile 8.8
18 2011/ 3/11 5:46  Near East Coast of Honshu 9.1
19  2012/10/28 3:04  Queen Charlotte Islands 7.8
20 2013/ 2/ 6 1:12  Santa Cruz Islands 7.9
21 2014/ 4/ 1 23:46  Near Coast of Northern Chile 8.1
22 2015/ 9/16 22:54  Near Coast of Central Chile 8.3
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Figure 1.2 The 33 tide gauge stations along the Pacific coast of Japan at which the data
used in this report were obtained. The names corresponding to the station
abbreviations are given in Table 1.2.
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Table 1.2 Tide gauge stations used in this report. Numerals correspond to the earthquake
numbers in Tables 1.1. Check marks indicate that data recorded by the corresponding station
for that earthquake were used. Underlined check marks denote the data from the southwest
Pacific events used in averaging.

No. |1 | 2| 3|4 |56 |6 |7 |89 1011 [12[13[14]15][16]17]18]19] 20|21 |22
HN |Hanasaki Vilvi|ivi|iviv|iv]|v|v vV vV v
KR [Kushiro v v vV vV v
HK |Hakodate Vivi|iv]|v]|v v v v v |V
SH | Shimokita Vv vl vV vV
HC |Hachinohe S|V VN e v
MY |Miyako v v v Va4 vV | v vV
OF |Ofunato vV S|V V| v v v
AY | Ayukawa v S0 vi|iv|lvl|lvliviv|iviv]|v]v v | Slvi|iv|v
ON |Onahama v vvi|iv]|v | v VN e V| v vV
CS |Choshi v v S ilvi|iv|v]|v|v]|v |lvi|v
MR |Mera Sl S lvi|iv|iv|iv|lv|lv|iv]| Vv |V
MJ |Miyakejima v Slvi|ivi|iv|iv| v iviiv]|iv]|v v
CC [Chichijima ra VA A A A VA Ve A R A VA A
G9 |lrozaki A A A A A A S vl v|v]|v]|v v
UC [Uchiura e awaraws v A A A v v
OM [ Omaezak i SNVl vV ViV v v |v]iv]|v]v]|Vv
|4 [Akabane A A A v
TB |[Toba v SNVl L LY
OW [Owase S v\ vl viiv|viiv|iviv|iviv|iviv|iviv|iv]|v
KN [ Kumano Slviivilviiviiviiviiviiv|iv]|v
UR |Uragami S vl vl v ivl|lviviviviv|iv]|v]|v v
KS [Kushimoto vl v || v ]|V Slvilivllv|v v
SR [Shirahama S vl |\ vl |V 0 vl |V
GB |Gobo Siivi|ivi|iv|iviiv]|iviiv]|iviiv]|v
AW | Awayuki Siiviviviviviviiv|iv|iv]|v
MU |Muroto VA AR AR N A R VA VA VA B A A VAN VA BV VA e
KC [Kochi A A v Siiviviiviiviivi|v v
TS |[Tosashimizu Sl v v Vi iviliv|ivlv|viv|iviv|l ]|V
AB | Aburatsu v | v v i vi|v|v|v]|v]|v|v]|v
TJ |Tanegashima v v |V v ]|v]|v |V
09 |Amami v/ Sl vlviivi v iviiv|iv|iv]v
NH |Naha v | v S|V | v V| v
[S | Ishigaki v | v | v Slvi|lv|iv|iviviiv v v/




Amplitude [cm]

KRMFEFT BT IS 55 86 75 2022

100 100
CS
0 1 0 1 WWI‘M”‘M i ey TR
—~100 T T T T -100 T T T T

—100 T T T T —100 T T T T
100 100
G9
0 -pempe A
—100 T T T T —100 T T T T
100 100
uc
|
—~100 T T T T -100 T T T T
100 100
OF oM
0 i i v 0 A KT e i ol i
—MWWM J MNH{‘ it
—100 T T T T —100 T T T T
100 100
14
° B
—~100 T T T T -100 T T T T
100 0 24 48 72 96 120

Time [hours]

0 24 48 72 96 120
Time [hours]

Figure 1.3  Tidal changes observed at each of the 33 tide gauge stations (thin lines) during
the Chile (Maule) earthquake tsunami in February 2010 and their MRMS amplitudes,
obtained by using a time window of 180 minutes (thick lines).
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Figure 1.3 (Continued)
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Figure 1.4 Temporal changes of the MRMS amplitude of the 2010 Chile tsunami event.
Thin lines denote the MRMS amplitudes at each of the 33 tide gauge stations, and
the thick line denotes their average.
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Figure 1.6 Temporal changes of (a) average and (b) normalized MRMS amplitudes of the
tsunami events with source regions near the coast of South America.
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Figure 1.7 Relations between the MRMS amplitudes of pairs of tsunami events with source

regions near the coast of South America. Black curves denote time periods during
which the decay processes are significantly correlated. The numerals denote the
elapsed time (hours) from the initial tsunami arrival time of the start and end of the
significant period. Oblique dashed lines denote proportional lines evaluated by using
data during the significant period. The asterisk in (a) indicates that the MRMS
amplitude are the average of data from six tide stations.
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Figure 1.8 Temporal changes of (a) average and (b) normalized MRMS amplitudes of the
tsunami events with source regions in the North Pacific.
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Figure 1.9  Relations between the MRMS amplitudes of pairs of tsunami events with source
regions in the North Pacific. Black curves denote time periods during which the decay
processes are significantly correlated. The numerals denote the elapsed time (hours)
from the initial tsunami arrival time of the start and end of the significant period.
Oblique dashed lines denote proportional lines evaluated by using data during the
significant period.
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Figure 111 Temporal changes of (a) average and (b) normalized MRMS amplitudes of the
tsunami events with source regions in the southwest Pacific.
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Figure 112 Temporal changes of the average (a)

MRMS amplitudes of the (a) 1997 Santa Cruz
and (b) 1998 Vanuatu tsunami events. Solid
lines denote the average MRMS of data that
clearly recorded the tsunami, and dotted
lines denote the average MRMS of other
data.
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Figure 113 Relations between average MRMS amplitudes of pairs of tsunami events with

source regions in the South Pacific. Black curves denote time periods during which
the decay processes are significantly correlated. The numerals denote the elapsed
time (hours) from the initial tsunami arrival time of the start and end of the significant
period. Oblique dashed lines denote proportional lines evaluated by using data
during the significant period.
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Figure 114 Examples of normalized MRMS amplitudes (solid lines) of temporal tsunami
records for the 1960 Chile, 1998 Papua, 2009 Samoa, 2010 Chile, and 2011 Tohoku
tsunami events and background tidal levels before the tsunami arrival (horizontal
dotted lines). Vertical dashed lines denote the estimated time that the significant
tsunami records end for the 1998 Papua, 2009 Samoa, and 2010 Chile tsunami events.
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Figure 115  Temporal changes of normalized MRMS amplitudes of significant tsunami
records for 19 tsunami events.
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Figure 117 Division of 19 tsunami events into groups A-E based on the characteristics of
the early part of the tsunami decay process.
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Figure 118  Epicenter locations of 18 earthquakes that generated tsunamis belonging to
groups A-E classified according to the early phase tsunami decay pattern. Epicenters
of events excluded from the analysis are labeled with the letter "n".
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Figure 1.20  Relations between the relative seismic factor, defined by the root of seismic
energy relative to those of the 2010 Chile earthquake, and the relative tsunami
amplitude. The relative tsunami amplitude is evaluated (a) by setting the initial
tsunami arrival time to the initial time or (b) by setting the earthquake origin time to
the initial time. Open circles and open squares denote tsunami events in the
northwest and northeast Pacific, respectively. Numerals correspond to the
earthquake numbers in Table 1.1. Gray oblique dashed line denotes proportional line
evaluated from all data except in the northeast Pacific.
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