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Abstract

This report comprehensively describes the characteristics of decay processes of far-field tsunamis
observed along the Pacific coast of Japan and proposes an empirical method for forecasting them.

In Chapter 1, the decay processes of 21 far-field tsunamis as well as that of the 2011 Tohoku tsunami are
described by using tsunami data observed at 33 tide gauge stations on the Pacific coast of Japan. By
converting temporal changes of tsunami amplitudes into moving root mean square (MRMS) amplitudes,
the decay process is revealed to consist of an early part, in which the amplitude first increases and then
rapidly diminishes, and a later part, during which the amplitude shows slow exponential decay. The
exponential decay time evaluated by analyzing all tsunami events together is 50 hours, consistent with
past study results. The transition from the early to the later part of the decay process occurs at about 15
hours after the tsunami arrival time, based on when differences are no longer evident among groups of
events in the decay pattern of the early part of the decay process, or at about 18 hours, based on when
deviation from the exponential decay pattern of the later part is observed. Tsunami events are classified
into five groups by their behavior during the early part. Tsunami amplitude during the later part of the
decay process quantitatively correlates with seismic magnitude.

In Chapter 2, it is examined whether the dependence of the decay time on the tsunami wave period,
which has been pointed out by past studies, influences the present analysis of the decay process. For three
tsunami events with different seismic magnitude, 2009 Samoa (Mw 8.1), 2010 Chile (Mw 8.8), and 2011
Tohoku (Mw 9.1), the decay process in different period bands is investigated by using coastal tide gauge
data from Japan as well as offshore tsunami observation data from stations in the northwest Pacific.
Tsunamis caused by larger earthquakes contain longer period components than ones caused by smaller
earthquakes, and even in the coastal tide data from Japan, the shorter period component of tsunamis
decay faster. These finding are similar to those obtained by Rabinovich et al. (2013) for offshore data.
However, the tsunami amplification factors of coastal observations relative to offshore observations are 2—
3 times higher in the 6-60 minute period bands than in longer (60-180 minutes) or shorter (2—6 minutes)
period bands. Therefore, unlike in offshore observations, in coastal observations the decay process in
intermediate period bands tends to be the predominant decay process in the entire period band; as a
result, the dependence of the decay time on seismic magnitude is considered to be weaker in coastal
observations than in offshore observations. For most tsunami events, the decay time of the early part is
shorter than that of the later part, and the period dependence of the decay time is considered to be
absorbed into the transition from the early to the later part of decay process, thereby becoming
inconspicuous.

In Chapter 3, a method for forecasting the tsunami decay process is proposed based on the decay
process characteristics described in Chapter 1. The increase and relatively rapid decay during the early part
of the process and the exponential decay during the later part is expressed by the equation (3.1), which

includes three exponential functions. Parameters of the three exponential functions are estimated by the



least squares method for each of the five groups classified by the behavior during the early part. Because
the groups are related to the sea region where the tsunami source is located, equation (3.1) can be used
to forecast the temporal change of the basic MRMS amplitude as soon as the hypocenter of the relevant
earthquake is known. Various factors modify the basic MRMS amplitude. The seismic magnitude and the
travel time contribute to the amplification and reduction, respectively, of the tsunami amplitude. The site
factor is the ratio of the MRMS amplitude at an observation site to the average MRMS amplitude. Site
factors can be divided into two groups depending on the tsunami source location: one for sources off the
west coast of South America and the other for sources in the North and southwest Pacific. The crest factor
is the ratio of tsunami height to MRMS amplitude, and its statistical characteristics are generally similar
among major past tsunami events. Thus, to forecast a tsunami envelope curve for each observation site,
the basic MRMS amplitude is multiplied by travel time, magnitude, site, and crest factors. If a large value
is used for the crest factor, the observed tsunami height is unlikely to exceed its forecasted height, but the
time at which the tsunami is forecasted to fall below the specified criterion height may be overestimated.
To improve the accuracy of this forecasted time, the crest factor should be set to a smaller value. If the
crest factor is set to 2.6, the probability that the observed tsunami height exceeds the forecasted height is

less than 1% and forecasted time errors are within +12 hours.
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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

PLEDFIEIZ & > THZ 1 HEROEET — 2 2 A\, 64 7. KT 180 4 DRERIE T FFF
FHikE 1 SRR TRDZ, TOZEEHEHRDZ & & ARBE TIEBE, # - 1353201001245 -T
MRMS (Moving Root-Mean-Square) #RIBLIERNZ 1235,

AfEM CHEIN BT — & % [ U 72 D—& % Table 1.2 12, FDALE % Figure 1.2 IZR7 .,
MBI T — 2 D ETEENRD SN, BITICFERL 28 DITIERFITV TRY, Mw8.0 LA EDHIEIC
BB TIIREDRFIFT CEEMARD SN z—H, FICHEAAFEELZKEFEL T2 Mw80 RiENE

-4 -
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LT3 Z ENZWD, BEAEDIBEMER D AL & §HIHIEBORRE OB = > EHIR OEE & FAN
2ILMHB7D, RRETIIEFTERKIZERLZESLE UTEBEL -, BEE2EDSIXEROFEEN
RBOENDE DDE 1 FARARRD = DIZTTDFF 721 5 6 TIREIFEERF O HIWrASEE U VBRI SIZD
WTlk MRMS HRIEDIL S END 228832528 LT, INTOBHRBEISIZOWTEKELRER 2D T
AN 7z, TNTERBERBAZEEHIC L SIRIEZEAKRE S EEEFEROFRARY RNTIE 27>
T BB s R I U Ay o =,
‘R N »" 9‘

7 cce

130° 140°

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/
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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)

1.3 MRMS IRIGDIEIIME & FHRAR1E

EBIEIE £ MRMS IRIBOREIZ DAL LT, 2010 F£F V) dEiibE OB ER DEH] % Figure 1.3
IR, 0B, RMETIILE. BICH D OZQWRY .. MRMS #RIE2RT & X IXRERIE 180 4D
MRMS #RIEZ FW 5, EIKEZERO—RIER ZHERICT 5720, D20 L D2DOBBAIRI LD
MRMS RIBZALIZ DWW TR - AT 5D TIdR <, BER I LD MRMS HRIE & B EF Z & 12F
U 7=-F MRMS #RIE (Average MRMS amplitude) DZEALIZDWTEENT - BEFT 5 Z 21275,
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TYENT—ZEAD Mw8.0 LLEDHIEIZ K B 9 FHIZ DWW T MRMS HRIBOEHI S FEE % 5HE
TBHHEIE BREFATNRTOT—X &AL 2, Mw8.0 RiEDHIEIZ L 27 8 EHIDFE, B
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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 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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Figure 2.1  Positions of stations of the Deep-ocean Assessment and Reporting of Tsunamis
(DART) network used in this study.
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Figure 2.2 Tsunami decay times in DART observations as a function of the wave period
for the 2010 Chile and 2011 Tohoku tsunami events.
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Figure 2.6 Temporal changes of tsunami variance and decay times of the 2011 Tohoku,
2010 Chile, and 2009 Samoa tsunami events estimated in various period bands. No
significant tsunami waves were observed in the 20-60 minute and 60-180 minute
period bands for the 2009 Samoa tsunami event.
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Figure 2.7 Temporal changes of average MRMS amplitudes of the 2011 Tohoku, 2010
Chile, and 2009 Samoa tsunami events estimated in various period bands. Gray lines
denote MRMS amplitudes observed by DART stations in the northwest Pacific,
multiplied by the indicated value. Black lines denote MRMS amplitudes observed by
tide gauge stations in Japan.
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Figure 2.9  (Top row) Spectral ratios of tsunami to background tidal levels, and (bottom
row) tsunami spectra for the 2011 Tohoku, 2010 Chile, and 2009 Samoa tsunami
events. Thick black and thin red lines denote results evaluated by using tide gauge
and DART observations, respectively.

-30 -



[Tt 5586 & 2022

BRENROGN, TDZELFigure 28 IIRL - 2 FRREDOHE - IR E AR MIVOETRZEDIT
257255, ZOBGRMN, BARAEIZE T 2 K2 HEe LIREORIELLZRL TV EEZS5ND,
ZD XD ITHARBE TIEME DI K FEFEFRESIC AN TR 6~60 72D RMEHOEE LA
2729 &V EREMER O R AR ORBIRESHENTENIZR U 6 2 L 6. InRISICH T 5= ER A
MEDHENDKEE LB L 2 —D2DERIIZ> TV EDNDLEEZI6ND,

24 HEER

HIE - BEOHENER S 3 DOBFEEHNCOWVT, HADREWRE, ROTHA O A EEEE
IIZERE XN /- DART 12 & B EREREI T — & 2 AW CREBIEE 2 L OBEEMER % #8X 7=, Rabinovich
et al. (2013)A3 DART 57— & IZDW TR U D LERRIZ, IREREIT — X IZDOWTEBENA I WHIE
IZEBERFICIEE Y RAMIOERSNE ENS., E DART 0 SIREREI N DERIEIEERILER 6~20
BV 20~60 D DHIEASE AL (B 60~180 %) - EALHE (B 2~642) IZHART 2~3
BAREV, ZOOLEDOBEREHIITEICEFY . TOBE INEREOSEIIHSER 2 E-> T,
2R e UTITMEBEDHBEANDRFERIIFHE2EDEEZ 515,

FBIETRULALDIL. B OBKEEHIZE WV TRERIEIC A THEAHAIOREEE I3H
728, 201 FERAGH A KFEFHX 2010 F£F Y FEIBED & S ITHENK I WHETE . BEAHE
&Y HT L BERERIIBHITIC AN TAI W, BRERERD/N S ZERERS DR OIRE
IZEDZESIIRFERBL LB IS R TVE, F/2, HIBEFOBFEI/NY WVIGEIREE D%
TR E < | BEAHAE Y S BEAEIER T 2 @ CERFIRENE RN LB DKEIZE TREL
TLED, TNoDZ e, BEREHRDEIMKFEL. BEAERE & RN DERS IR Y h
THMXZRWEDIZR->TWB eEZO6ND,

-31-



K[EMFZEAITHA S 5 86 B 2022

E3IEF BETA

3.1 [EUSHIC

ERRE R BRI TIIH 2NEEMCFEIL L5 L 35HAIL. THETICWS DM REIN
TWd, ZNS6IRWTNEE 1 ETHLBEEREORH. $40bb, BREENOEHERERE LB
AT2EDITR->TWB,

Mofjeld et al. (2000)i%. FEEBEHEIRE 2 AiiRIC. BEORS L U THEIKELED 2 FHEEN S 4 5
%% £ CORDEIFIRIBEOIEHERZ 2 KD, Z0D 3 EOIREN 57 D% 48 R DIBERER CHaK
MEHERET 2D L UTREFHETO FEERUZ, Holk, 67 AV BFEFED Crescent City,
BONT 1 50D Honolulu, Hilo TEBIX /- 1946 £T7 Y a— ¥ VEEBEREE, 1952 EHLF vV
AL, 1957 FETV a—Y v VEHISHE, 1960 F£F V., KU 1964 F£7 T AAMBIZ L 2ERK, W
AT AV AR, TV a—Y vy VIS NV EETERIYI Nz 1994 FAEERAHHEIZ L S
BRICDOWTFRIMEREZREE L 7,

PR - AZQROT)IE, 2001 FEARIV—IREXR 2006 FTFBFIEDOHEZFIZ L 2EFOHARRRIZH T 58
BIDOFRIAERD S, MRMS JRIBASER AAE % Z08% U 7218 10%LA_EIA U 72 BE S 6, SE@HIERIZ DWW T
PR AL, EHEE IOV TIEINSERETEETOED L UTHRETFH 2T FEE R, &
BB RDBERERIZOVTIIN 20 BT WS [EE B/,

IN6 2 DOFREITFEEENE L DI L B 2 XA L TV, £D7=8. Mofield et al.
2000)D & S IZHERER 2 B » 5B SN - 48 BIZTS &, WEHOENVEREE2EEL TV
BN ENGKREFEFTORMEZBRIMET 2B TN H D, —H. M- 1ZHR0IND & 5 IZEFEREE
R AHEAER DN S BREAE ORI DIZH T TOHHE N 6B 5N EIZL 25E. FHINE L T 5EEOREER
HIEION U CTE ER IV EVEBERERZ AV I LIR30 56, REZTORBMNEL VR
RED/NX BRI ITE A TEE R DD, EFEAE WX ZRERIIICE S I EEREREMESE T 218D
RS QEFITN U TR E £ TORM 2 8/NHE§ & MENEELT 2B T hnid b,

Nyland and Huang (2014)i%, #IEAEDBEEENRIFBO TN IV EFE WS B 2 EE U -3k
EPHFEZREL 2, TOFETIHET, BHEEKER % Hibert Z#: L T 2 R OREETHE)
% i VBRI ORKMEIZE D LS ITREE T 2 LIT L) 8RR H 5, RIT. TOEHRIRD
BAMENS 2 RS & R/N_Fn il § S 8BS 2 RO T, ZRENS 6 REZETHET S, TL
T. THLBOREIZH SHUHKD SN-BEREHE & DERERTERET 5., BEREHIL
T AV AFBRERCT Y 2a— v VEISOFMEE RIS T DA G X EFERMEIC X S EIED
BHIT — & 2 AVTRD SNz, BEBORKEN S 6~25 BB DT — X IZIBHER* /N30
LU TE SN RERERIE 28.6~39.3 FEfHI T, FHIMEIX 318 Rl & 72 5 720 ZDFIRIC X IUTREE
HEDORHEZMEHIBEEZFERTY, KEFHOREELM EIEL I ENHFTE S, LML, EE
DERENCB I 2 BRAMEDFKEIREF> THSDFREICRZ L VI BBEIIERINT NS,

BB, INS5DOFEIROTNE ERMFED-DITEFEERDRCERECEETE 2785 ¢
5HDT, FHI1EICER U, e xIE HERE 40 BEZUBIZER ULBERE & IXEENE

-32 -



[Tt 5586 & 2022

25ZLI2EY ., BONZBERERDKR S I DEZEAEIEN S BTN DOBITRE R L L DB VHE
CTWAZLIZIFEFEREPMRETH D,

BIETIE, INETEEINTE BBV FHFEIIRONGFEIITAL, B1EIZEWTH
SMTUZBRBRICEWTERII N2 EEOE - BEEROREBzEE 2 T, o Es%E
BIZAND DRI EFEEE S FHIT 5720, B0 - BEEE % 82 BEE CET 2 FikIC
DWTRTRT S, TUT. ZOFEBEIIOWTHL S,

32 BEBEREOTFAFE

3.2 FRIEIN- BTEEDREEGEL

AETIEET, BERIEOZEMIZOWTRIAIZ I TR 1418 TRU A E TEA M -
BEBREE TX 272V ML BAEF CREAIT 5 2 & 2859 5, BEIEOIEHEKEIRE L IHAE O

25 25
20 A € 20 Group (B)
S S
0 0
2 15 - 2 15 -
= =
° °
S 10 S 10
£ £
2 57 2 57

0 0

25 25
20 A € 20
S S
0 0
2 15 - 2 15 -
= =
° °
S 10 S 10
£ £
2 57 2 57

0 0

0 12 24 36 48

25 Elapsed time from the arrival time [hours]
T 20 4 Group (E) Figure 3.1  Early part of tsunami decay
= processes in groups A-E. Thin lines
E 15 denote the MRMS amplitudes of
T individual tsunami events. Thick solid
N 10 o . - .
E lines denote fitting curves. Thick
§ 5 dashed lines denote decay curves
=2

evaluated from the later parts of the
0 T

' : ' tsunami decay processes.
0 12 24 36 48

Elapsed time from the arrival time [hours]

-33-



[Tt 5586 & 2022

Table 3.1 Estimated values of parameters in equation (3.1) for each group.

Parameter Group A  GroupB GroupC Group D GroupE

To (min) 19 124 1461 1015 m
A1 (cm) 391 22.1 189.9 10.9 4.0
T1 (min) 410 526 457 473 720
Az (cm) 18.0 18.0 18.0 18.0 18.0
T2 (min) 3000 3000 3000 3000 3000

Table 3.2 Values characterizing the model curves calculated by using
equation (3.1) with the parameter values listed in Table 3.1.

Group A GroupB GroupC GroupD GroupE

Maximum height (cm) 333 26.2 229 20.9 17.6

Appearance time of
maximum height (h)

Full width of half
maximum (h)

2.2 3.0 6.2 6.5 4.1

154 21.7 235 27.5 357

BN & BHIERIC RN TERWEEERE 2 R T 5720, RAD X574 3 DOIEEEN» S 2 2 EE &
BAT5,

t t ¢
AMRMS model = (1 - e_T_‘J) <A16’_T_1 + Aze_T_Z> 3.1

Z 2T, IR ELERD S ORBERETH L. RER T2 LV BEL T2 (BLEETS) L.
FVENTDEEL-BITE 2 (A,e7V) MWEEAIIHOEBEEESE (R11) 2&€F., 20
L, 142 HICTROMETRHETEX2ED LT 5, RFHEDOMEITE L bf:&?&%ﬁﬂ@%ﬂﬁﬁﬁmﬁm
14 EITRUAZE DI AFVFERE. KO=a—F=7 54k, U¢%@f(mw)
YU RIN—REE, ROZA—vYy—0v bEE, (OFBFIBALER, &O*j‘—'E TE#E. D)F VA

HinkE, ~— @%\&@ﬁA%vVﬁ¥%\@79:—vvyﬂ%®5ﬁw—7KﬁHBMé
(Figures 116, 117), B2 HDNFGA—ZZEEL T, ThH6DTINV—FTLIFRY D 3 DDINT A
—& To. An TH&B/N_FHEE L -, FEROX % Figure 3112, N5 A —& % Table 311ZRT., &b
To. A T IZHEAEDE THIEAEBDEN - BREOFRECRAEDRBRRZ 2 H#HTE /NI A —2FT

HY. WINEBMTIIRREDOKR X I 0FHBRR & BMAERIZIIZR, I T, ThoD/NTA—
ABTREINDTTFINVHBROFMES Table 32 ILF 2D, BAERINV—TAPRE KX L,
f”—f@ﬁ%%&ﬁ“o%ﬁﬁ@Zﬁ@TML&@%%%&?W—f@ﬁ%%@<\7»—7®ﬁ
BHRWV, RAEOREBRILIIV—T(A). BKROE)D 2~4 KETH 2 DIz U(QKRTD)IEH 6 B
FERREN, WIFNE 1418 THEL 2 ZThThD T — 7®ﬁ@é;<§ﬁb1mé
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3.2.2 1 MRMS HRIGIC X T D EBIRC & D MRMS HRIEDLL
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FE% 3 BN S 72 BEORBOBGRETRYT, ZOFIRT LS, BEEH S & DFEH MRMS R
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R B RAREESNZ EIZT 5,
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Figure 3.2 Temporal changes of the MRMS amplitudes 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 3.3 Examples of relations between individual MRMS amplitudes recorded at (a)
Hachinohe (HC), (b) Omaezaki (OM), and (c) Naha (NH) tide gauge stations and
average MRMS amplitude of the 2010 Chile tsunami event. Oblique dotted lines
denote proportional lines.
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Figure 3.4  Relations between site factors of tsunami events: (a) 2010 Chile versus 2015
Chile, (b) 2010 Chile versus 2001 Peru, and (c) 2001 Peru versus 2007 Peru.
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Figure 3.5  Site factors evaluated for tsunami events with source regions in (a) South
America, (b) the southwest Pacific, (c) the North Pacific and their means.
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Figure 3.6 Relations between site factors for events with source regions in (a) South
America versus the southwest Pacific, (b) South America versus the North Pacific, and
(c) the southwest Pacific versus the North Pacific.
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Figure 3.7  Site factors of tide gauge stations along the Pacific coast of Japan evaluated
for events originating near the coast of South America and for events originating in
other source regions.
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(left panels) Histogram of the ratio of tsunami height to the MRMS amplitude
calculated by using a time window of 64 minutes. Thick lines denote the optimal
Rayleigh distribution, and thin lines denote the optimal Weibull distribution. (right
panels) Cumulative frequency distributions of the tsunami height to MRMS amplitude
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Figure 3.9  (left panels) Histograms of the ratio of tsunami height to the MRMS amplitude
calculated by using a time window of 180 minutes. Thick lines denote the optimal
Rayleigh distribution, and thin lines denote the optimal Weibull distribution. (right
panels) Cumulative frequency distributions of the tsunami height to MRMS amplitude
ratio.
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Table 3.3 Statistics of distribution for the ratio of tsunami height to the
MRMS amplitude calculated by using a time window of 64 minutes.

Earthquake Data distribution Rayleigh distr. Weibull distribution
Mw
& Tsunami max 999 990 6 999 990 m n 99.9 99.0

201 Tohoku 91 2.8 2.5 22 100 37 30 273 143 29 2.5
2010 Chile 88 27 26 22 09 36 29 250 137 30 2.5
2001 Peru 84 28 2.5 22 101 37 31 272 143 29 2.5
2006 Kuril 83 27 26 23 098 37 30 254 140 3.0 2.6
2015 Chile 83 28 26 23 094 35 29 231 134 31 2.6
2014 Chile 81 26 26 23 097 36 30 239 139 31 2.6
2009 Samoa 81 2.8 26 24 098 36 30 252 139 30 2.5
2007 Peru 8.0 31 27 23 093 35 28 230 132 31 2.6

Total 31 26 23 097 36 30 249 138 30 26

Table 3.4  Statistics of distribution for the ratio of tsunami height to the
MRMS amplitude calculated by using a time window of 180 minutes.

Earthquake Data distribution Rayleigh distr. Weibull distribution
Mw
& Tsunami max 999 990 6 999 990 m n 99.9 99.0

2011 Tohoku 9.1 3.1 2.7 25 097 36 30 231 138 32 2.7
2010 Chile 88 30 2.8 25 093 34 28 215 131 32 2.7
2001 Peru 84 30 28 24 097 36 30 233 138 32 2.7
2006 Kuril 83 32 30 25 095 35 29 225 135 32 2.7
2015 Chile 83 30 28 25 091 34 28 209 129 33 2.7
2014 Chile 81 30 29 25 094 35 28 210 133 33 2.8
2009 Samoa 81 3.2 30 26 095 35 29 229 134 31 2.6
2007 Peru 80 33 2.9 25 089 33 27 210 126 32 2.6

Total 33 29 25 084 35 29 220 133 32 27

1.0 1.0
0.8 64 min. MRMS 0.8 180 min. MRMS
0.6 0.6
0.4 1 0.4 1
0.2 0.2
0.0 T T T 0.0 T T T

0 1 2 3 4 0 1 2 3 4

Figure 3.10  Histogram of the ratio of tsunami height to the MRMS amplitude of all eight
events calculated by using a time window of (left) 64 or (right) 180 minutes. Thick
lines denote the optimal Rayleigh distribution, and thin lines denote the optimal
Weibull distribution.
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Figure 3.11  Flow chart of the procedure for forecasting tsunami end times.
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Figure 3.12  Comparison between the time required for observed tsunami amplitude of
the 1960 Chile tsunami event to decrease to criterion heights of (a) 100 cm, (b) 50 cm,
and (c) 20 cm and the forecasted time when the crest factor is set to 2.6, 2.9, or 3.2.
Solid and dashed lines denote the forecasted time error is zero and within £12 hours,
respectively.
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Figure 3.13  Comparison between the time required for observed tsunami amplitude of
the 2010 Chile tsunami event to decrease to criterion heights of (a) 50 cm and (b) 20
cm and the forecasted time when the crest factor is set to 2.6, 2.9, or 3.2. Solid and
dashed lines denote the forecasted time error is zero and within +12 hours,
respectively.
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Figure 3.14  Comparison between the time required for observed tsunami amplitudes of

the 2006 Kuril tsunami event to decrease to criterion height of 20 cm when the crest
factoris setto 2.6, 2.9, or 3.2. Solid and dashed lines denote the forecasted time error
is zero and within +12 hours, respectively.
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Figure 3.15  Mean difference between observed and forecasted time before the tsunami

height fell below the criterion height when the crest factor was set to 2.6, 2.9, or 3.2.
Criterion heights are 100, 50, and 20 cm for the 1960 Chile tsunami event, 50 and 20
cm for the 2010 Chile tsunami event, and 20 cm for the 2006 Kuril tsunami event.
Error bar indicates the standard deviation of the mean.
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Figure 3.16  Histograms of the maximum observed height after the forecasted time for
the tsunami height to fall below the criterion height when the crest factor is set to
2.6. The criterion heights (denoted by the thick vertical lines) are 50 and 20 cm for
the 2010 Chile tsunami event, and 20 cm for the 2006 Kuril tsunami event.
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REGMPTERTEAr S — &

Ny 7 7T 0y FREAGERONEEDRFE BRI KIE R R RIRTIEEE, 1978)

Development of Monitoring Techniques for Global Background Air Pollution. (MRI Special Research Group on Global
Atmospheric Pollution, 1978)

FEE KL O MERZE BN O M BIRBE DR ATAFSE (MR kI LBFSEES, 1979)

Investigation of Ground Movement and Geothermal State of Main Active Volcanoes in Japan. (Seismology and Volcanology
Research Division, 1979)

FUBATZE A T (i S NI ]G BII gkis sy (FEFREDD, BRAEZBD, FEEFR, ffid, 1979)

On the Meteorological Tower and Its Observational System at Tsukuba Science City. (T. Hanafusa, T. Fujitani, N. Banno,
and H. Uozu, 1979)

MRS H R B S 2 7 L OB (MR IIAFZEES, 1980)

Permanent Ocean— Bottom Seismograph Observation System. (Seismology and Volcanology Research Division, 1980)
AN 7 U KIR ] —400m  (3X1E 500m) & 1,000m #E— (1934—1943 £ KUY 1954—1980 4F)  (EPERFZEHET,
1981)

Horizontal Distribution of Temperature in 400m (or 500m) and 1,000m Depth in Sea South of Honshu, Japan and Western
—North Pacific Ocean from 1934 to 1943 and from 1954 to 1980. (Oceanographical Research Division, 1981)
FRJEE A o DR D728 2 K&y B USRS B S OB (=@ BEBFSEES,  1982)

Observations of the Atmospheric Constituents Related to the Stratospheric ozon Depletion and the Ultraviolet Radiation.
(Upper Atmosphere Physics Research Division, 1982)

83 BUsRERRt OBA%E  (MIERKILWFFEET, 1983)

Strong —Motion Seismograph Model 83 for the Japan Meteorological Agency Network. (Seismology and Volcanology
Research Division, 1983)

KREPIZIBT 2 ERH ORMMEHGITET D78 (WHEKSRATIEE, 1984)

The Study of Melting of Snowflakes in the Atmosphere. (Physical Meteorology Research Division, 1984)
ENRTIR I 7 31T 2 VIR EBLI (MR A LAJFFEEs - YBEIFFEES, 1984)

Bottom Pressure Observation South off Omaezaki, Central Honsyu. (Seismology and Volcanology Research Division and
Oceanographical Research Division, 1984)

AR OARRIEOREE (FHMFFEER, 1984)

Statistics on Cyclones around Japan. (Forecast Research Division, 1984)

JR R & RETE YL DRk BT 2058 OSSR ZEED, 1984)

Observations and Numerical Experiments on Local Circulation and Medium —Range Transport of Air Pollutions. (Applied
Meteorology Research Division, 1984)

KINTEB AR FIEIC R 2198 (MR LAFZEES, 1984)

Investigation on the Techniques for Volcanic Activity Surveillance. (Seismology and Volcanology Research Division, 1984)
KB RTREAKRIEERET /L — 1 (MRL- GCM— 1) (P#AFTEE, 1984)

A Description of the MRI Atmospheric General Circulation Model (The MRI + GCM— 1). (Forecast Research Division,
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BEOME DAL E BB T DHFJE— B 7916 DO —4— (HEWFIEES, 1985)

A Study on the Changes of the Three - Dimensional Structure and the Movement Speed of the Typhoon through its Life
Time. (Typhoon Research Division, 1985)

B IRHERLE 7L MRI & MRI— IT O R B ELBERFIE — RS R —  (IHEXIRATIEED,  1985)

An Intercomparison Study between the Wave Models MRI and MRI— I — A Compilation of Results — (Oceanographical
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HIFR P AN B9 2 FEBRAD R OV BEERHOAT 72 (R K LLBFERT,  1985)

Study on Earthquake Prediction by Geophysical Method. (Seismology and Volcanology Research Division, 1985)
JeEki B A SR RIRFE AN (PHRATZERS, 1986)

Maps of Monthly Mean Surface Temperature Anomalies over the Northern Hemisphere for 1891 —1981. (Forecast Research
Division, 1986)

B KRR DATSE (G ERITZEES, M RENTIER, TRAT7eEs, ik <BliRlT, 1986)

Studies of the Middle Atmosphere. (Upper Atmosphere Physics Research Division, Meteorological Satellite Research
Division, Forecast Research Division, MRI and the Magnetic Observatory, 1986)

Ry 7T =L =2 L D5 RO GREEEMIER - wRWFZER - THRITZER - IS RBTEHE - T
WFFERD, 1986)

Studies on Meteorological and Sea Surface Phenomena by Doppler Radar. (Meteorological Satellite Research Division,
Typhoon Research Division, Forecast Research Division, Applied Meteorology Research Division, and Oceanographical
Research Division, 1986)

KRG FEFTTE KA RIEERE 7 /L (MR- GCM— 1) 2 &2 125 Ofy (FHATZESR, 1986)

Mean Statistics of the Tropospheric MRI + GCM — I based on 12 —year Integration. (Forecast Research Division, 1986)
FHHR PR IR 1983—1986 (@ ERAFSEHS, 1987)

Multi — Directional Cosmic Ray Meson Intensity 1983 —1986. (Upper Atmosphere Physics Research Division, 1987)

I RGE R TOE DY | B OWEKIERE T — 2 (28D UK TEB) O T IZBE 9~ 2 P78 (U K ILFFEES, 1987)
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Study on Analysis of Volcanic Eruptions based on Eruption Cloud Image Data obtained by the Geostationary Meteorological
satellite (GMS). (Seismology and Volcanology Research Division, 1987)

A= 7 WK (R S 1, DUE(RT, 1988)

Marine Climatological Atlas of the sea of Okhotsk. (Y. Shinohara and N. Shikama, 1988)
WEERIEERE 7 L % AW T2 B DG ) BF T 2 KRR OIS B R GRIERFIEET, 1989)

Response Experiment of Pacific Ocean to Anomalous Wind Stress with Ocean General Circulation Model.
(Oceanographical Research Division, 1989)
RIS DR ZE R ORI A0 (EERTIEED, 1989)

Seasonal Mean Distribution of Sea Properties in the Pacific. (Oceanographical Research Division, 1989)
HBATKRROT — & _—2  (HE K LHFFEES, 1990)

Database of Earthquake Precursors. (Seismology and Volcanology Research Division, 1990)

T H T R DR DMK S 2T AORE (B EBFZEE, 1991)

Characteristics of Precipitation Systems During the Baiu Season in the Okinawa Area. (Typhoon Research Division, 1991)
RGHTIERT « FHRATIER THAZE S ERKIEE T v (811 ocBl - AR, 1991)

Description of a Nonhydrostatic Model Developed at the Forecast Research Department of the MRI. (M. Ikawa and K. Saito,
1991)
EDHIHEBRRIZET 2 EHNME (KEIFIEE - WHEKEITEE - IS ASRITIER - [EMHEE - B 27 20
FEEl - B EWEFEER, 1992)

A Synthetic Study on Cloud — Radiation Processes. (Climate Research Department, Physical Meteorology Research
Department, Applied Meteorology Research Department, Meteorological Satellite and Observation System Research
Department, and Typhoon Research Department, 1992)

KA EWTE - 1R & DT L F—ZHBRRICET 2098 (= LIEE - @RER - B 2 - ILRZFR, 1992)
Studies of Energy Exchange Processes between the Ocean— Ground Surface and Atmosphere. (M. Mikami, M. Endoh, H.
Niino, and K. Yamazaki, 1992)

WK B o HBUHEE D b 72 AR O ZREHER — 30 4R 0 A K BEEEHZ B S <BERt— (BKIlZE+, 1993)

Seasonal Transition in Japan, as Revealed by Appearance Frequency of Precipitating-Days. — Statistics of Daily
Precipitation Data During 30 Years — (T. Akiyama, 1993)

B FRHER P AN B9 2 BUIAOATSE (MR ILIRFZEES, 1994)

Observational Study on the Prediction of Disastrous Intraplate Earthquakes. (Seismology and Volcanology Research
Department, 1994)

RGBS X D HleBlll] (RRMTE - Bl 27 LWFZEES, 1994)

Intercomparisons of Meteorological Observation Instruments. (Meteorological Satellite and Observation System Research
Department, 1994)
WRSERR LI O B RS T 7 L L /T O 7 Mk~ A (AR B, 1995)

The Long—Range Transport Model of Sulfur Oxides and Its Application to the East Asian Region. (Applied Meteorology
Research Department, 1995)

VA RTuT 7 AT —IC L DRBEOBIAIEONIZE (KEHE - BT 2T LAFFEER, 1995)

Studies on Wind Profiler Techniques for the Measurements of Winds. (Meteorological Satellite and Observation System
Research Department, 1995)

BeK - BT BE O N T HERZFE D oA iE R OV OHIERLFRORTSE (BRI AT SEES,  1996)

Geochemical Studies and Analytical Methods of Anthropogenic Radionuclides in Fallout Samples. (Geochemical Research
Department, 1996)

R EMEEOHERALARIRTTE (1995 42K TN 1996 4F)  (MIER(LZAHFIEHRE, 1998)

Geochemical Study of the Atmosphere and Ocean in 1995 and 1996. (Geochemical Research Department, 1998)
FhiE 2 ROoTHERIE R (SATEE, 1999)

Vertically 2-dmensional Nonlinear Problem (H. Kanehisa, 1999)

BB T MEATONTE (FHBFFEES, 2000)

Study on the Objective Forecasting Techniques (Forecast Research Department, 2000)

e B BRHIB I 31T 2 S5 0 5y & BRI BE 9~ 2058 (MUER K ILARFZEHE,  2000)

Study on Stress Field and Forecast of Seismic Activity in the Kanto Region (Seismology and Volcanology Research
Department, 2000)

TR T RIS L DA DA RIRIR L O B EE /3 AT ds L OV 0 (kiR 38 & /K W D A2 R IR O B M R SR
FINZARLEORIE CHOHHES - 5)IASE « FAEFHH,  2000)

Coulometric Precise Analysis of Total Inorganic Carbon in Seawater and Measurements of Radiocarbon for the Carbon
Dioxide in the Atmosphere and for the Total Inorganic Carbon in Seawater (I.Masao, H.Y.Inoue and H.Matsueda, 2000)
KRGMTIEFT BT HaR — IR e 7 v Gt - IiglEe - kP A= - EIEHH L, 2001)
Documentation of the Meteorological Research Institute / Numerical Prediction Division Unified Nonhydrostatic Model
(Kazuo Saito, Teruyuki Kato, Hisaki Eito and Chiashi Muroi, 2001)

RERBI AT O 7 vn 7w J—R AAOREERNE L REHTEFT 7 vn 7 v A v Jy—R A FRERET 20
filesr (Rphbes - I+ LG5 )INASE, 2004)

Precise measurements of atmospheric and oceanic chlorofluorocarbons and MRI chlorofluorocarbons calibration scale
(Takayuki Tokieda and Hisayuki Y. Inoue, 2004)
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Documentation of "PLOTPS": Outputting Tools for PostScript Code (Teruyuki Kato, 2004)

RGBT R OVREEFTIC I (T 2 i bRk E ORFBINCAE A S I HET 2 DR r— v & & O EMED BT
(CBET 2 RA - PSR (RSN - ZHE— A - PEREEF - SPEALE - 8 A - PR - 3R 28 - A
&I ARARFNZ  RILFHME - HHHER] - S EFES - 1A 36 - R THW - SkEER - fil 52, 2004)
Re-evaluation for scale and stability of CO:2 standard gases used as long-term observations at the Japan Meteorological
Agency and the Meteorological Research Institute (Hidekazu Matsueda, Kazuto Suda, Sakiko Nishioka, Toshirou Hirano,
Yousuke, Sawa, Kazuhiro Tuboi, Tsutumi, Hitomi Kamiya, Kazuhiro Nemoto, Hideki Nagai, Masashi Yoshida, Sonoki
Iwano, Osamu Yamamoto, Hideaki Morishita, Kamata, Akira Wada, 2004)
RIS AEMFEDOFEM R ET U > 71T & D AR A OHEE RS 17 LI BT 20158 (MU I LRTSEES,  2005)

A Study to Improve Accuracy of Forecasting the Tokai Earthquake by Modeling the Generation Processes (Seismology and
Volcanology Research Department, 2005)
R[GAFZEAT L HEEE7 0 (MRLCOM) fifgan (MEFERFZEHED, 2005)

Meteorological Research Institute Community Ocean Model (MRI.COM) Manual (Oceanographical Research Department,
2005)

A AR T E ORI KR & N IR O /TREMICET 20178 (B KITIER - THATFEES, 2005)

Study of Precipitation Mechanisms in Snow Clouds over the Sea of Japan and Feasibility of Their Modification by Seeding
(Physical Meteorology Research Department, Forecast Research Department, 2005)
2004 £F AR _ERER RO L BREYS (B EBFSERS, 2006)

Summary of Landfalling Typhoons in Japan, 2004 (Typhoon Research Department, 2006)

AR E VAR BREE HE D 2003 AR [EBRIL RSB (FILER, 2006)

2003 Intercomparison Exercise for Reference Material for Nutrients in Seawater in a Seawater Matrix (Michio Aoyama,
2006)

REB LMK ORMER 7 v bR (SF) OMEFIED R AL & SFe FEHENT 2 DRI ZEMEOFAN (R
Z. AT R 5. R, 2007)

Highly developed precise analysis of atmospheric and oceanic sulfur hexafluoride (SF¢) and evaluation of SF¢ standard gas
stability (Takayuki Tokieda, Masao Ishii, Shu Saito and Takashi Midorikawa, 2007)

HIBRIRIEIC & 25 BT DRUBRZEAGIC T 20178 BB KRR R, B - G KERHIZEES, 2008)

Study of Climate Change over Tohoku District due to Global Warming (Sendai District Meteorological Observatory,
Atmospheric Environment and Applied Meteorology Research Department, 2008)

KOUTEENFEAL 5 OB JERTIE (MR A (LATF 7235, 2008)

Studies on Evaluation Method of Volcanic Activity (Seismology and Volcanology Research Department, 2008)
AARIZI T DIEMERGEES K OH 2 7 o 3Bl X 2 KREFET AT KT K2 8Ke ORET AT L OGRS
LUV 1995 A5 2006 FEORERK (FILIER, BHER, BEKC, ILHEBEA, BEEE T, $H %, Hartmut
Sartorius, Clemens Schlosser, Wolfgang Weiss, 2008)

Establishment of a cold charcoal trap-gas chromatography-gas counting system for 8Kr measurements in Japan and results
from 1995 to 2006 (Michio Aoyama, Kenji Fujii, Katsumi Hirose, Yasuhito Igarashi, Keisuke Isogai, Wataru Nitta,
Hartmut Sartorius, Clemens Schlosser, Wolfgang Weiss, 2008)

EMRRIC L2 4 B OWHFHBLUIGE ROl (hEpeth, Ald %, MWEE1T, 2008)

Comparison of Data from Four Current Meters Obtained by Long-Term Deep-Sea Moorings (Toshiya Nakano, Hiroshi
Ishizaki and Nobuyuki Shikama, 2008)

CMIP3 ¥~ VFET AT U3 U T AR A LBk O KR « KoM OHEE OKE 3, BSTARE, 174
AkEE, A B, 2008)

Estimation of the Future Distribution of Sea Surface Temperature and Sea Ice Using the CMIP3 Multi-model Ensemble
Mean (Ryo Mizuta, Yukimasa Adachi, Seiji Yukimoto and Shoji Kusunoki, 2008)

PRt D 7 v —¥ b & I T2 o0 G R 1 B B o AT S B K DK O &S EE pHr IE Gk 75, AFHEDS, #k
N5,k (E)ID A5, 2008)

Precise Spectrophotometric Measurement of Seawater pHt with an Automated Apparatus using a Flow Cell in a Closed
Circuit (Shu Saito, Masao Ishii, Takashi Midorikawa and Hisayuki Y. Inoue, 2008)

SR E AL A E D 2006 FEBRICF B SRY (FIUER,J. Barwell-Clarke, S. Becker, M. Blum, Braga
E.S., S. C. Coverly, E. Czobik, I. Dahll6f, M. Dai, G. O Donnell, C. Engelke, Gwo-Ching Gong, Gi-Hoon Hong, D. J. Hydes,
Ming-Ming Jin, %5V5)A¥E, R. Kerouel, JEAZR T, M. Knockaert, N. Kress, K. A. Krogslund, FEAF1EJE, S. Leterme,
Yarong Li, H{HER, BE 2, T. Moutin, /7l &=, KFFEMH, G. Nausch, A. Nybakk, M. K. Ngirchechol, /5[5,
J. van Ooijen, KM FA, J. Pan, C. Payne, O. Pierre-Duplessix, M. Pujo-Pay, T. Raabe, 75k i, s —ES, C.
Schmidt, M. Schuett, T. M. Shammon, J. Sun, T. Tanhua, L. White, E.M.S. Woodward, P. Worsfold, P. Yeats, 5#4F %%, A.
Youénou, Jia-Zhong Zhang, 2008)

2006 Inter-laboratory Comparison Study for Reference Material for Nutrients in Seawater (M. Aoyama, J. Barwell-Clarke,
S. Becker, M. Blum, Braga E. S., S. C. Coverly, E. Czobik, I. Dahlléf, M. H. Dai, G. O. Donnell, C. Engelke, G. C. Gong,
Gi-Hoon Hong, D. J. Hydes, M. M. Jin, H. Kasai, R. Kerouel, Y. Kiyomono, M. Knockaert, N. Kress, K. A. Krogslund, M.
Kumagai, S. Leterme, Yarong Li, S. Masuda, T. Miyao, T. Moutin, A. Murata, N. Nagai, G. Nausch, M. K. Ngirchechol, A.
Nybakk, H. Ogawa, J. van Ooijen, H. Ota, J. M. Pan, C. Payne, O. Pierre-Duplessix, M. Pujo-Pay, T. Raabe, K. Saito, K.
Sato, C. Schmidt, M. Schuett, T. M. Shammon, J. Sun, T. Tanhua, L. White, E.M.S. Woodward, P. Worsfold, P. Yeats, T.
Yoshimura, A. Youénou, J. Z. Zhang, 2008)

KRG AWREE T V(MRLCOM)ER 3 R GLEHEY, AR, AII—0F, PR, hEpies, L



[BRWFSEFTHAN RS 25 86 5 2022

TR, ZHERSE, Al (KGATFRFNEETFEE) | 2010)

Reference manual for the Meteorological Research Institute Community Ocean Model (MRL.COM) Version 3 (Hiroyuki
Tsujino, Tatsuo Motoi, Ichiro Ishikawa, Mikitoshi Hirabara, Hideyuki Nakano, Goro Yamanaka, Tamaki Yasuda, and Hiroshi
Ishizaki (Oceanographic Research Department), 2010)

S E B AR A HE D 2008 4EEFRHLFEBRME (F 1IL1E K, Carol Anstey, Janet Barwell-Clarke, Frangois

Baurand, Susan Becker, Marguerite Blum, Stephen C. Coverly, Edward Czobik, Florence D’ amico, Ingela Dahlléf, Minhan
Dai, Judy Dobson, Magali Duval, Clemens Engelke, Gwo-Ching Gong, Olivier Grosso, VL& &1, - Fiiag, 4 M=,
David J. Hydes, % ViJA1E, Roger Kerouel, Marc Knockaert, Nurit Kress, Katherine A. Krogslund, BE4IEYE, Sophie C.
Leterme, Claire Mahaffey, M, Pascal Morin, Thierry Moutin, Dominique Munaron, #f [ & 2%, Giinther Nausch, />
JII#5 5, Jan van Ooijen, Jianming Pan, Georges Paradis, Chris Payne, Olivier Pierre-Duplessix, Gary Prove, Patrick
Raimbault, Malcolm Rose, 75—, 7TBk7=PH, 1% —BF, Cristopher Schmidt, Monika Schiitt, Theresa M. Shammon,
Solveig Olafsdottir, Jun Sun, Toste Tanhua, Sieglinde Weigelt-Krenz, Linda White, E. Malcolm. S. Woodward, Paul
Worsfold, 75F1%%, Agnés Youénou, Jia-Zhong Zhang, 2010)
2008 Inter-laboratory Comparison Study of a Reference Material for Nutrients in Seawater (7 [LI7& %, Carol Anstey, Janet
Barwell-Clarke, Frangois Baurand, Susan Becker, Marguerite Blum, Stephen C. Coverly, Edward Czobik, Florence D’
amico, Ingela Dahllf, Minhan Dai, Judy Dobson, Magali Duval, Clemens Engelke, Gwo-Ching Gong, Olivier Grosso, -
(g sl, e 1AL, & HEkE=, David J. Hydes, & PG/, Roger Kerouel, Marc Knockaert, Nurit Kress, Katherine A.
Krogslund, REA*1EY6, Sophie C. Leterme, Claire Mahaffey, Y H ¥J, Pascal Morin, Thierry Moutin, Dominique Munaron,
A1 & 2, Giinther Nausch, /]N)I175 5, Jan van Ooijen, Jianming Pan, Georges Paradis, Chris Payne, Olivier Pierre-
Duplessix, Gary Prove, Patrick Raimbault, Malcolm Rose, 7R — i, 720, 1% & —BR, Cristopher Schmidt,
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2011)

W7 7 kDR G K ERSER AL AT (FRRFRE, BEML, MWET, WL, B, A, L,

JIBHR R, RS, K AHE, Nurjanna Joko Trilaksono, #7515, WA, Le Duc, Kieu Thi Xin, #f#fE,

Krushna Chandra Gouda, 2011)
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