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To | Annual mean: -0.0013 + 0.0005 /yr

1998 2002 2006 2010 2014 2018 2022

18 NPSAG THiBFBMEETH (Wakita et al,,
Biogeosciences 10, 7817-7827, 2013 =& (Z{ERX)

Sep. 2009

200 . 1000
(B CT i mEn

K19 Z=HDEW\ (BEEDEWV) L&D “BBEE"HIELRLEE
FLR# (Kimoto et al., Frontiers in Earth Science 11:1184671,
2023 = HET)

E17 BGC-Argo7A—hICKDh&HBE
N=K2fFE (NPSAG) DHEM TSV b
VEENENTOSEEHES (Fujiki et al,,
Journal of Oceanography 78, 63-72,
2022 %HET)

[HDW] OEMNFT, ZLOWRFTE. FE. BRRMN
ENRIREMUR EOBEBCEREZFIATHLET,
FBERICZ<ON - EROEBENAEE A>Tz, ZL
TRBREENTEIC, I OREIITAT-ORERIC
KARRINERN A e 2D, FAEBAL AT E Y HIER
LR2ICELTEKDAREBDZENTER, £HEE%
BOZORREPLCEZEDZMERICE [HH0] (FE
LTES, 220, BRI REFEOYERERFIRILE
BHEN22E, BEETHOEERANLRIINTZE
" ZBRHETB(CIEZE>TVEWL, NTTIZEITEREH
“BCRFZEOEFAEDE ST, AEDFEHIZLDK
SPZBRFEENMEMLTWDZENBELNITRS
&S, T ARRD | THD, WAWBIRAN/NRY
EOBRWCELBAERK2OKRIERZ20F %18
Ao 2025 F(CIFAb R EBFRIZHE (PICES) ol
FEEZYUVIY—ERE (POMA) MRS5S, LK
UBEITRKUEIC“EE#" AL £, L.
EYOBEFTENREND, "B ARHTB7=0IC
FHNDRBORRINEANDETH D, KEDOERE
M ALOHAXBATS. RUNFEREEDESTOC TOR RS
BRI EELLA S, SEEIBIBAZM [H5WL 1] 4
E%F A UTRIER O E IR 2R R EA & T F
TUWIZEIFJAMSTECOEMEE Z 5N,

B | KBAMROT —IRX—R L RTHICHIF 2L EEES
F—%+tv &) https://www.jamstec.go.jp/4dvep/
project15.html

BYEE KRB RTLRAREY Y —) DIR—LR—Y
(2025.12.2087) https://www.jamstec.go.jp/ess/j/

F2RE

BT R
HuBRIRIEERP

. WIRRES AT LHREY S —
WEER - AMBHES LT
TREWEE (¥ =7)

F1E IEREMEME | 1 EBEXRFEOEYHIRCZNERTIS

1t #7525 A

it B2 - RRRN - BHXA - BRE A
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FCHIC

it &

1998 8 A 18 H. RIFIZHEM LIS F HBREAZM [ &
SV FEBREZEBELRET SAAMRT—RICIZL
Fofehe, POHTR—) >V FIkA B TILREICA >
Too ZD1998 FEDILIRMELRE, 5] [£2025FF
TO28FET23EDIBEMmMBEBAEEML /= (K1),
JAMSTECH bR COE R R ERB L=DI(51990
FIZZHDIFEDBD, [HDW] ICEDIBATENTED LD
[CHBETIEIREREDKEPCHREEEOHEREMRTL
LT, WoDERTIHECEANEEREL W, =
N [H#6W] BEMMT 28T, BAT-5THEAIT
T, BB TREBICAINVT —FEFECANT, X
HEEDDZENTEDLS I T=, [HHW] 1TE>THE
WAEN TED LS >7=Z (3. JAMSTECD, %L
THRDOIBHAEDREIZE>TDBH TKRELR—EHT
HoEERA D,

AFETIE. THHWV] AERFEICRWICED D, MEE
ME)—RLUTEFERER. AFXA. BRERACEHIC,
ZD28EM2IEDMEICE DD BHEEERNFEDHD, F
FTHRENSIE, [HHOW] ERFEEFIFRCKLUTHABLIER
EHRBEL VRN O—BEAREREHDFEELF D
[CREEANREDBERE. RIOBDREBLOEEZR
T, HmWTEEN D, ICBERICHERT] R EEERE
DZEEBBOYIE - EYPHIRECZICBETIREEE

E1 (&5 i@
B (1998 ~2025% )
DR &9 B FEHEK
mEESH (2015~
2025%)

F1E IEREMEME | 2 b@EEHEN

LITHEBNT . BRERHD DI, ZEDOHMBEFEICET [H
LW EEEICEELEY [HHW] F=HK"ELT, it
BRGENED LS IZITONTEON, dbiBEN SR -7
CERUIIERERRL T, REBIZHEMN D, JLBATEIC
BT k4T L2288 ERM23MBEFEEHTRD
RBZEIZT B,

AEFAIRBOREE(CERA LT/ [H5\ ]
RERN

[HHW] HILRE R EIT 5721998 FEH 5 2025 F D
28 ML, BKEAEELHET D, LEBEORBRIER
BEAAETULREHE—RLUTED, TH#HW] (iR
BOZCDRGERATCELEEZADESD, hEBEH.
2002 D JAMSTECIZTESEL. [H#HW] T6[EL ZD
55201045, 202245, 2024 FITEEMFTEELTC Jb
BAEIZSILTWS, SB(2. BRERIZHFF kR
CCGS Louis S. St-Laurent, CCGS Sir Wilfrid Laurier,
KERKMUSCGC Healy &, BN DIKMTE SE
DOREIZEML, BKRACEEDREMRE, bilkiE
DEEEDHNIZLTE,

[HDHW] BB T, HE, BE, [SROKRLGER
AEEBLTWSA, FEAEESADI 2120 —-F
EAOREBRER (22) A&8IFfoNd, ZOHRERIL
T990FERKICEWESTA. BHEZIALNHAD,
2008 FEN SN G TME, BELEBERELTEN,

2025
2022
2019
2016
-2013

2010

2007

2004

2001

-1998

0% BASZRPEAIL ALV OEFLEELRD, &
£, LEOBKIERA LTIWED, ZNTEMAE
BIZES - WEICRESND, BEDEE - BRELE %
RAB=OICIE, BEE - LFTELEOHREBRICEZIHR
FEAN BN TH D, LBEIZEIT220FEBORERT!
BRI KEEAEHURED 4 DDORIPHREREA
(VR RZOR—YVT7EIE, JAMSTECD/N\A—
BEA. VYRXR—ILBERRFAOHFTBRE LS
R=7#—rREORBEA) D12LLTHALNTE
D, MEOREBEZ{CERA DB WERIENSTH
%, [HHW] BAESEOREPES (L. FHEI AL
FAHFRXASADETEHINTWSZH, ZZTlE. TN
FTOMBEIRDEDEAS, [HHW] AMEZ -IbiRiE
DEAD—i%E, REBREHEZFOIC, BALELWER
o

JAETIZ 1990 FEREEN D, HIEKEBILDFET,
REDBEKDODEIPERBROBAHRE SNTEH,
REFERIRE I SEKRDDZE LWERTH D, [H
HW ] OFAMYREHLS 2000 ERAEETIE. HFHTER
DILTICIFBEWZE KN ZD, BREE>TET L
MNTERVTKA [AHW] ORITEREILERFEEBICR
ESINTW =, 2D, BKERIREEHIC, 2002FH0H
2010 £, (Z(FEF. RILFFLHREZFHUKTIL
ZOBEREEAE LIS T\ o7, B & TILIREER
SMUT2002£E (3. hF T ARERBRRDRKM
CCGS Louis S. St-Laurent £ F v —I V5 (535
HEEW MAEBESETH L, BXICHEERIETTCE
H. —EDORKTIIENAWEWNEKIEEZMTT 5F%)
LB TRITNIEED L WEWEKDE>TW AN,
ZMD2EED 2004 FIZIEZFD LS BEVEKDEHITHE
D, BKMABWCEKEEIDRNS, EAEAEATITL
CEICBWCEZEBICERLTLS,

BB E KFEHEEDRSAR— VT EIEZKES50m D
RV T, KFEFEANSAEER KD KA B W8,
N—) V7 BETIEFEHISVOILEEOTRNAEEL
(Woodgate, 2018). KFH¥EREDKRE - ERE KN
FaAoFBIZRALTWS, ZOKXKFHERRKIIESHE
BNKEL EILIZEER - BIEDDE S KFHEKHIEHD
WoKE, ZICIIHEKRE - BEDDELZEREHFKIR
BIE%, FaUOFBCHTTBRIEATVNS, ZNHD
KiBIZ. HFFBRTIERUEKADLANIIAKDETORE -
WREIZEN D, ESKFHKDET. ESDEKRE
DAREDPLZZDBKFEE DM (ZD%RAD . KKIZRE
Db, EERFHEKORBEIIEREEDTEICE
Z95H5E. COBEOBEZMO—RICHE>TWS,
NA—BEAZ. FarF BRI LTE2RFHEKOEE
TR E(2M=D, BRI KRFEKDTREDS~IEIN
OBEAEZBLTERIBICIEN S8 (Itoh et al,,

BCW/BCC/BCE :
7/ R /R0 —
BEARER

B2 FauF8- hFYBRAOBFERE (L) £/\O—BES
RERDOEXR

2013). KREHKOEE#IRZDCIIRBELIZAATH S,
Fro\O—BEAL. BEEduERFZ8% (International
Arctic Science Committee : IASC) M&EET, HA - K
chFS-HE - BE - OVT7HSEYER AV
k Distributed Biological Observatory (DBO) #2010
FITEELISD2OEY DRy SRRy MNEED 1D TEH
N, BF. FKEOHAMP’VE—NIREZTIAE, BEE
HIZEEBEINTWS,

NO— (BEFRMBOINET VT4 EFIENTWN
%) & PIRWAFEDI D SDMEREAWVISRTET S
AX1Y NDEID 1D THD, RIKEH. D [HHW] &
DAHTHOEEWE2002F9/D/N\O—4 T, FNET
THEREEMLEDF Y BKMCCGS Louis S. St-
Laurenth b, VT4 7V IR—RTBRELT, [HH0)]
[ZEDAATL, BENOR LT [HHW] (F, £TEXK
= ZDOALELWVWED, BEHIRIIEZSTWS, &H
SRR, EFE DB LI BEOMMMITD
BINT, BEAOZEDBRZND. BEBADMBDOA
AR IEEEL<R>TWS, LA, 2018&ED/N\O—iE
EADREREEREI’IROBBRRIHEERS LI
D, ABHFAIZELS70H. VXTI T1oTiThNnsz
11y hOREFEES(IC, WHIEAMUATEIE—ASM
Lz NO—BEAICEIT2RIRADEZE.FZ
T, Eh2DIEEANGRB(FEDRR T o1&
[ZESH, AHEHFT LN RD AL DIERE - 135
[CIERCREBH LTV, £ KE - AT T OHAREN S,
A ZR2DFHULWEERICEBEINTW IS, Z
DERFBIL[ZS)L] ERESNZIEE, ETERWVWE
WHETHD, zDOERLHERBEE(IRTFLERZHREL
TED, INETT T 03D KRIFERETICA ST,
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NO—BEATIF20FE2BZ5BRINEANT -5 %
BBHIET, RARIED DD - TES, FHENRONT
WBDT, CCTIIBEBKRAANEELZEZD2REEED
EENCDOWTRBNT S (H3), FIRDOKLS 2/ \O—BER
(FBRANRET2EK (EERFEHEK) OFERRET
HBN. EEXFHFKOBERE(L, RERBFHOKR
[2&R2T2000FEM B 2020F £ TIZT.5FI2EML, &5
2. RBRENEATHEDBKECEBRRITOERR
T DETICEDCHEIZE>TII80FERNS2020
ERFTIC2FBITEMLIZEEREBINT, NO—BE
AOREICITEMEREHL AL, BEXEOEMIE. EIC
ESKEHKDKEBERIZKDEDT, ZTOREZH L,
HREZONTWR—) VT BIROBREIXEDNDEE T
3K, FaIFBRATONEDEBKESNEELRRR
THDZEEHELNTH -7 (Itoh et al., submitted),
NO—BERHDORE LT TRTH SR EEAI R
BOBRBOBREICEBEBINTED., hH57BRAERT
[FT980FEREKRND 2010 FERKRETHI0EH THFE
KEDEEHEHIH 2 Z(CEIMLTWS (Timmermans et
al.,, 2018), F#=. BHHOEAB THI=ABDF 2o F
A= =2V RETIE [H#HW] ICTKBBEAICL>T,
1999 FEN B 2020 FE D20 FEE CHAEN 1.8 5 (TN
L=l EEBHDIH>7= (Muramatsu, Watanabe et
al, 2025), CD&KS I, KFEEALLRBEDERE(Z(S.
FEKE T (LI SNAUSEKERIC DB B (ZE DK
BENBEINTWS,

B&IC [HHW] LBRHEICH T 2B WERRTEUE
LW TNETIAEN—REITORRBN R E TN H
SV O—FEORIIFAMN EEINIZEDH D, [HH
W] (&, BRIMEROERELREDREIE-TED, 18

LEWERAINTE S, Fo. BFHRAUME LTIHEREX
MOKREST, BRIEICEERL, DLBRNBLTEEHRE
ZRITHZENTED, EBDA. INHIERELFKRS
M REBNTVWDDIE. TNoD/N\—RETERL, [H
LW FBEXADALXDEHCENDSSIZEFITR S
TW5, MRZIFCHETHEMBE, KEMTOBEZ
FIO7A RO b, RAGHEBERWT —7EEPH
WaETSBRKME. INoDALDOMBERKMALIC
(&, BAINEIER TSRV, KM [HAo0] OMT
FIREEIRIE. BKICKELERIND O, BELHNLD
SREEOHEEGCEKX - [R - KROFHBERRE
DITXEERDNERW, £z, BOZEOERDE
FBHEREE. BEDOBXRRICECT, METAL [H
DWW DINT A=YV RERARICKIES 21-H DB
BOEHZIT>CEZ. TNODIRTDADAD, [H
S fBERICEL RIESLSIEo7ER D,

INET, LEMEEZXZ N [H50] OMRE
[FUHETHEME. Ice Navigatord Duke Snider K.
BARBEBRESLOTIY - 7= - D/ VOB
BOBERICRCRHHLTND, Fo. MBREREXZT
Ny - T—=0 - VeV DFBLRBSA. WAE
ESA. BRNRBISAIZE, ZOBEBD URHEGEAZ
Vo EARIZ, RIBEEIC[HHV] OEBHARELZHED
B, [HOW] (L3N H D, [HDWL] OETEE
BOFRBLIONEBDEERTEEGLETDON. ATz
HEHFULIRDENT T, BDROFENICHL—RE-
Fe[HBW] (CEREH UL,

030 | 058 | 0.36

043 | 047 0475v

1.42 | 093 | 3.09

i

210 | 314 | 114 | 160 | 204 | 304 | 302 | 284 | 705 | 208 2.64TW

0 Y ! "

VT i ~

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Year

B3 NO—BEAZEELILEELFFEBRICAIRE (L) BE@XE (T)
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[HHW] FVE—F—HROHTES

EffE#HESRORE
BEHXA

R EOE A IERREE L UICIEEBNGRW.1994F 78
MH8AICHNI T KEE AT Y DRFEFEBRFTE DK
R 2 (USCGC Polar Sea& CCGS Louis S. St-Laurent)
MRE (IR BEDEWEKZEI DA S, EAEEER
TlIOImEHERTELR (1994 Arctic Ocean Section:
1994 AQOS) %EfTUT=, UREDEKISIREELERDEE
FEL, KERKMALAY Y I HBO I EICRDRINIC
Bz, £ THOEBRER] THoT=e ZDM4ER
(1998F7~9A) IZ TH#BHW] (FHDIbiEE (=1
BELUOF27F8E) OBRAEERTHZEIIR5, [H5
W] (3K BEAEE D UEICKFEE QAR E O BRI
SXKEBAEROE LISEET (H4), TFLOWRE] &
MENBICHEISLWEIEE - SREEOE RN PIEETH D,
LHL. YROEERAERT -V THo (TR
DETEEKDOEEZHRAEL LODEEREBEDK
B - #EFRRE ] ORI, ZOBEREBETRED
(12— BRE O KRTIRORENFE 45, IbiRE
FRRIBICIENDBRIBICISEKDFEET 570, AR
DZITICIFRK M DEBREEEH RN B ERT R TH->
Too COESHBEREEELT 1998FED [H5\] bl
BUMBORIICIE. RF2H(C"Exchange Processes
Between the Arctic Shelves and Basins” &L 7= [E &
D—023yv SHYAMSTEC £ CIERICTREIN
AKI7—023v7ICIE 1994 AOSORKRIAFZE (3&
USCGC Polar SeaDEFEIAFRE) THH. LBEBEHTRD
FE—ANHETHDKnut AagaardsA (7Y hVKRE) B
B, tiREES—ERREEERICE Y 2ERER
NiThini F£7. 1994 AOSHCCGS Louis S. St-
Laurent CEEAERE %5 H7-Eddy Carmack=A (H
FEERIEMARR) ER—T4—NBEHTTELEBD
KERIRIZDWTCHRE T o120 KT—02 3V T TEH
N AR EREI RO [H50] OEBEEESRICD
BTV T=DEE BN,

[HBW] (FLF KD HF 5 FKM CCGS Louis S. St-
Laurent*>CCGS Sir Wilfrid Laurier&E#LD>D, K
FEAIGCREOERIRA S HF T ERICH T TOE A%
7oTED. 20024, 20044, 2008 FEIZ(FHFFTED
# A #F 3£ Joint Western Arctic Climate Studies
(JWACS) mbelc T#hW] tBfiEA RSNz,
DE, biBE CTILRB L ORZENBINAEIGHAE WS
FETRAZLIIAD, FIOBORBILEETLDD2H>
Too COREOHART—IILEIO [ETEBKOEEE
AR S L 2ItiRE] Mo HEKEADOZE L WIiRE]
ANVTRLL 50 ] OMERREREBKERLDEL

B4 [HoW]EAICED?SEKE (2016 FL@EMEH 5)

A |

WHF S BERBISETEN o7z, ZTOHER. BEXKELD
—RAE UL TRBAREERRKDODENDONEEZIESZL
HBAS A A >7= (Shimada et al,, 2006), Z7=. 2008
F(ZTbN= [&HHW] OILEfEIE. 2007 F£505 2008
FOHEAOERMEE (International Polar Year : IPY)
D—REULTEREIN, IRUTHIZIENZYHOTE
BFECRIETDENTE ., WP EBEREYHOTER
DT =LBUER. BXKBOCEELCRERR
BOHhFFBRATIELRE>TWADII/LT, vhHA7
BRTIHRAA>TWBIENBELNITRD, ERERER
DIGEDENE RSN (Nishino et al., 2013), [
SV TEEINZRBEZIILHETIIL—FVT—%
[2DOWTUE, BEBRAZEMC T 2BARNENSRE
HiEEERT, 20/ 2N\TO—EEJWACS DiE
MEHEIZEFEESIMN, Nishino et al. (2013) BREDHFA
WROBRIF THROEREE | NELXFBALBREELE
2%,

JWACS (FEITEEYE - 2RO\ ROV S 71—
BN RO TH-1=H 2010EH D KFEFHLEED
EYEREDERAEE (EWRY RRRY ) (CERTY
TIAREREVAIE Distributed Biological Observatory
(DBO) 7AY U MW MAFE 57=.DBO TILKE - hF 5 -
BA - &EF - FE - QY706 HE (BREFFE-O>7
HZER<ANE) OMMEIEBDEY R Y MRy b & H
2RDBEAT D, [HDW] [FEYRY RRRYADTD
THBTSAAMNK—TIHR (F27FBEE) (CKICE
BEYTTEBLTEZ, "= TEIR=) >V 7Eh
ORILAATLEERBIEDKNEZDEY TSI b
TIL—L%&5|ERIL. EYRY RRARY b EEZZTWSZ
eRHILNTW A, ZOZEHEIEHED A>TV
hotze ZZ T, JAMSTEC(EDBO TOEEERAIZINA
T, R—TIRHICHRBREFRE LEYRY ARy D=
HE L E AN, ZORR. R—T I TILBEISEE
BB DR INTERINIREBENUOEY TS
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VO TIL—LESIFRIL. YRy RRRy M e
LTWBZENDH 7= (Nishino et al.,, 2016, E5),

. BMTIVINEIE BETIL-LORETIE
B, MEBICRKRICRDZEAREBREATIRAR
(Kitamura et al., 2017), EHIZ, F—TBEATDE
BYODETIIZBILRFREEC D0, BETEMENL
HETT D EEREIESHT- (Yamamoto-Kawai et al,,
2016)o REEDILS I LDBRERFOEME LUORYEE
WUEEDERODEERRNDBECDOFEN BRSNS,
FaoFBEWMICERTIEEN TSIV ML BEYC
BAEEILBEDECRZ7=0, KRR THOMN G /=8)
7o b DEMHEHBESORKOEBEMALE
DEEEEEHRTIEEIOND (Tsujii et al,, 2021),
BEFABORBEIIRERDEFBICRME RN SO, C
NOo—EDOMRISEFDREZICEAHZEEZF T
<, 4K - BENAAEICBWIEEETH D, BE.
DBO TIEKEDIAFREZFLNI. TIANFGERENEE
&, HERDERMNEDBONBLRIZMEARE
SELIELTVS, TOLSBED AT DBOIZRS7-
&3 REQIBIBOMEEMRITRDHHNTHED,
[MOEREE - EHNFEE | HNEADDOH D,

DBO (F R # A ED BB EEEH A TH A, b
Bz R e U EBRE SR Synoptic Arctic
Survey (SAS) MHERH 2015 ENDRERSNHEDT=. 3

* BEEEOEN

(BFTIL—L)
& e “eud

m—JBES

5 KR—THBEATOMET)IL—LOERXR (Nishino et al,,
2016)

hRieiEdE

6 IRYTFRETEERRL - BECLLEKNF17FiEE
F TEIENTL %X (Nishino et al., 2023)

F1E IEREMEME | 2 b@EEHEN

BD7—023yv P EERERTORENIDI—T1 VT
HER, TOUVAIVRTSUN2018F IR LT
SASOEMIE, bBESIR TOEFYEZINLEIEDRE
R, RECLPERRECEMEDOWNZCEHEBRIE(CDE
TR, BEEYDOEENCERERRDELREEZRELH
[CTBENTELHMAENBREUNT vty b ERT S
CEIZHB, ZDI=HIZ, INETIBTIIITHONTS
B EHMMIC S 2R DABOERESRIZE
WY BEEIEONTZ, ZOEFENETICEINDIZE
200D ETH D, EZAH, FHEOAAFVAILAY
MRICZEL-FELEZIT, Z<DSASHENFRIESN
T2 ZDEOHH, [HHW] EBERIKM Araon, LT
D+ KM CCGS Louis S. St-Laurent 72 (3 h B %
RS HENTE =, LHL, [HBW] [2DWTE %
DEMB LOBRAGTTEN _E=&0. MBEEROIS%
BEBANEANTA /0Oy~ CEKIZEDAKEERNATILR
BICAET ZICIEMEDAM) ODABENFINI-OHNH
MOLITHEHRITH Tz NOH—EDFHEIOF I
JLRIZET 28T BEEMARELLTHISISEDN
FADHE(ILSkg &R (SIFUNTY RTIROEELD
'), HMBEAANEET14BROEMEHIRN %R
(F541. EEETOBRMT16AREHIELDE A>T
LDUEWIE, ZOFOMBNSASOEEIZERIN
fet=8. T#5HW ], Araon, CCGS Louis S. St-Laurent
D3MTEHR AL TESITEDL WEEZ D/ —F 28
BAETSZENTER, ZDH. 2021ENBH2022£(C
NI TEKRD SASHBEERBIND LSRN ([HHW]
(3 34F&E R CSASHBEZEM). bEmESIRIZKISAS
7OV MDERICIE, ERH2020FEMNDH2022FFT
DHBEEZELT,

ZEOSASTOT TV M TlEH>7=H 2020FD [H
SL ] SASHTETIE. FRIbEREREFRIDONEIZAE
IE5F20FBEBT. INEFTHALLIEDRWIIER
MR - BECHPEALTBKOENDERZT
(Nishino et al., 2023), [&5WL] ELAraon & CCGS
Louis S. St-LaurentD 7 — % =& U TR L= R,
B EO B TS BEBRRDBICED, InE
TIURNYTRAEETUIARONGEA > EERL - B
{EDEATSBAKDBRBEHOF 20 FBEETEEINTL
BENBHLN ST (H6), FavFERIZILEEN
BORTRLEEERL - BN EATHDZZED,
5, SBROBIEREOEMEERRNDEENRIIN
%, ABER(T., EENBETORERTCBEYS [FhR
B ERGAEAERERE] TERD EIFoN. B
BEDEELRFRAE - ERZTHOER IOV S LDE
STEIDIERICH=D. EEEE (BEHRL - BIELICK
DBEERRDENINS ZBIK) DORBEICHRIITON
Too SNUIDWTUE, BAROIMBIEMAFTME SO o b

(Arctic Challenge for Sustainability 11 : ArCS I1) @
Z1—RALY—THRBEROLRINDET (HREE) D
RIhBIlE UTRA SN, Fiz [HhRItimsEaHQE R
ERIEHE] NOERDEBME WS R R CEBREMRE
EHZETHI (Nishino et al., 2025) #AFR U1,

RESAS TR, FEDT—vZ=HaLItiELETD
T—YBITEEHTVD, TNERKFIC, 20304FE(C2
EBDSAS (SAS I1) ZXES HETEZHR>THED. N
[Z[AIFTJAMSTECH SASOEHEBEHEH TS, bl
BEBOT—5h 613, SASEREF (2020~2022 %)
([CdbtEZ R 7RI ) =S5y RICED > THERT
TN (BEWTR) AHCRKERIANSTRLTWSIE
HRMD, BB THBIABBDK (KK) NREFEAN
RETHIRENEDLZHAREELNHD, KEFDT—V
SV RHIEIRIREDHSDRBADTEERENDIZATHI.
LD DRKDFREREIEDECIL, REKDIZHA
ZNICEDRAENDRER - RBEEICHEZRIFIND
LMW, SAS I TIE, CORNEELHART—TD1
DIRBEEZIDND, RE. KEFEDY)—V IV R
TIEF /=4 DBO (Baffin Bay/Davis Strait-DBO) #'E
FAEN&LS5ELTWS, SASIITIE, Z0&5BR7AYT
IheBAL, BEXRFFE D [KFERDERE
] NTELRUVDEEIELTVS, [#50L] [$2025F0
MBEREIGRKRT N, ZDOIvavid [H#oWII]
(SBIEMD . ZNUCEDBEARDSAS IHIIKELEBT S
CENHIRE NS,

RRIC. [HADW] ORMNOREICEDF TRALE
HEFEODBATEMZRAKILESS>A4, itk - &l
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Steven J. Manganini

Emeritus Research Scholar,
Woods Hole Oceanographic Institution

WOODS HOLE Steven ]. Manganini, Emeritus Research Scholar
OCEANOGRAPHIC s A
INSTITUTION

To: Dr. Makio Honda
March 29, 2025
JAMSTEC, Yokosuka, Japan are i

Subject: RV Mirai Retirement letter

Dear Dr. Honda,

I thank you for inviting me to write this letter about my cruise participation on the
RV Mirai, as she will be retiring soon. I am greatly honored to share my very productive,
and pleasant experiences on the RV Mirai during my time as Research Specialist at the
Woods Hole Oceanographic Institution.

As you probably recall, it was an exciting time during those past cruises as new
discoveries in the deep ocean were being made with the use of newly developed time-series
equipment. The late Dr. Susumu Honjo was a pioneer in this innovative research with the
development of Time-Series Sediment Traps (shown in photo) to collect settling particles
on an annual basis in the deep ocean, significantly contributing to our understanding of
biogeochemical process. We also realized that these time-series data needed to be
integrated within the global ocean requiring simultaneous deployments in all oceans. To
achieve this goal, collaboration with our institution and JAMSTEC was necessary and the RV
Mirai was an important factor in achieving this goal. The RV Mirai had the equipment and
personnel to be successful!

I participated on (2) RV Mirai cruises, where we deployed and recovered several
time-series equipment at several stations in the North Pacific. The RV Mirai was the perfect
ship to successfully accommodate our research. Precise locations as well as depths were
needed along with specialized deck deployment and recovery equipment and personnel and
the Mirai had everything we needed. In addition, the preparation of the highly sensitive
electronic profiler, large volume pumps, and geochemical sediment traps needed dedicated
laboratories requiring a range of top quality specialized equipment and personnel, which
the Mirai always had on board. All our projects were very successful and we honor and
congratulate the RV Mirai, and the Officers, Crew and Scientists who sailed on her during
her extraordinary career and now retirement. Thank you RV Mirai!

Working on the deck of the
RV Mirai, Dr. Makio Honda
with colleague, and myself
are preparing time-series
sediment traps from
JAMSTEC and the Woods
Hole Oceanographic
Institution for deployment in
the North Pacific.

Wi nd memories,

—— s
Steven |. Manganini
Emeritus Research Scholar, WHOI

Our Ocean. Our Planet. Our Future. whoi.edu
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Mirai Retirement 2025

David (Duke) Snider

Ice Pilot
Martech Polar Consulting Ltd.

It is with a great deal of sadness that | write this
short remembrance of more than 20 years working
closely with the teams ashore and onboard RV Mirai
in support of the ship’s tremendous research activities
in Polar waters, both Arctic and Antarctic. The ship
and the people involved have become part of my life
over these years, as friends, almost family and a home
away from home for so long. It is sad to see this grand
ship retire this year, in 2025.

My relationship with the ship and the people
began in 2002, as an Ice Navigator onboard for the
Arctic JWACS voyage, with Captain Masaharu
Akamine and Chief Scientist Dr Koji Shimada. What
an exciting way to begin my association with RV Mirai
as this cruise worked in a joint multi-ship research
project in the Canadian Basin that also included CCGS
Louis S. St. Laurent and CCGS Sir Wilfrid Laurier.
Onboard Mirai was an international team of
researchers from Japan, Canada and United States.
The crew of RV Mirai welcomed me into their “home”
onboard with open arms on that first voyage. Many of
the faces onboard were well known to me, having
sailed together on previous Arctic research voyages
on Canadian Coast Guard vessels. Back then [ still
had red hair though my beard was already turning “
Arctic blonde”. Since that first voyage, | have sailed
onboard for almost all Mirai’s Polar voyages, and every

Commemorative
photo of the MR24-
WY 06C cruise

cruise since 2013.

My role through the years has been two-fold.
On one hand to serve the Captain of the ship, keeping
the ship safe from ice beyond the ship’s capabilities,
while on the other hand working with the Chief
Scientist to plan observations that are safe, but take
advantage of Mirai’s capabilities and ice conditions
and maximize the research potential of the ship.

With climate change we have seen many
changes over the more than twenty years of Arctic
and Antarctic research. Amongst the changes, while
consistently visiting many observation points
continuously over the years, Mirai’s research has
amassed vital knowledge of trends and changes and
made exciting and sometimes shocking new
discoveries. In the first years, we were extremely
excited to make a furthest north voyage in the region
of 74°N, at the time considered exceptional. Now,
Mirai routinely voyages well north of that as the Polar
pack continues to reduce annual extent.

| have made many very good friends sailing
onboard RV Mirai while proudly doing my part to
both keep the ship safe and expand our global
scientific knowledge of the Polar Regions. As | began
writing this, | felt sad. As | close this, | feel great
HAPPINESS and pride in being part of such an
incredible international research program.

Captain Duke Snider and
- Little Diomede Island
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Mirai: [lluminating the Ocean’s Carbon Cycle for a Changing World

Christopher Sabine
Professor of Oceanography and
Interim Vice Provost for Research,
University of Hawai‘i at Manoa

The left figure shows the cruise tracks
of the cruises used to evaluate the
distribution of anthropogenic CO: in
the Pacific. The bottom figure shows
the column inventory of anthropogenic

CO:; in the Pacific (Sabine et al., 2002,
doi: 10.1029/2001GB001639)

N

The Japan Agency for Marine-Earth Science and
Technology’s (JAMSTEC) research vessel R/V Mirai
has played a key role in delivering high-quality
physical and chemical oceanographic measurements
to the global scientific community for nearly 30 years.
Since its commissioning in 1997, Mirai has been a
workhorse for deep-sea exploration and data
collection, significantly contributing to our
understanding of the ocean’s complex processes,
particularly concerning carbon cycling.

One of Mirai's most crucial contributions for the
carbon community lies in its participation in
international programs like the Global Ocean Ship-
based Hydrographic Investigations Program (GO-SHIP)
and its predecessor the Repeat Hydrography Program.
These programs aim to establish a global baseline of
oceanographic properties and track their changes over
time. Mirai maintained several critical repeat
oceanographic transects in the Pacific, Indian and
Southern Ocean, consistently providing precise
measurements of temperature, salinity, dissolved
oxygen, nutrients, and carbon-related parameters like
dissolved inorganic carbon (DIC), total alkalinity (TA),
and pH.

These carbon measurements are vital for
understanding the ocean’s role in the global carbon
cycle and in particular the accumulation of
anthropogenic carbon, not just in the surface waters,
but also deeper in the water column. The ocean acts
as a massive carbon sink, absorbing a significant
portion of atmospheric carbon dioxide (CO2).
However, increased anthropogenic CO2 emissions are
leading to ocean acidification, with potentially severe
consequences for marine ecosystems. Mirai’s data
helps scientists monitor these changes, assess the
ocean’s capacity to absorb CO2, and model future
scenarios.

The data collected by Mirai is not only
instrumental in understanding the ocean’s current
state but also in building comprehensive datasets like

F3E BRRESHFR | =SRESRA
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Anthropogenic CO; Column Inventory (mol m2)

the Global Ocean Data Analysis Project (GLODAP).
GLODAP synthesizes oceanographic data from various
sources to create a global, internally consistent
dataset of ocean chemistry. Mirai’s high-quality
measurements are crucial for ensuring the accuracy
and reliability of GLODAP, which is used by
researchers worldwide for various applications,
including climate modeling and ocean acidification
studies.

Furthermore, Mirai’s capabilities extend beyond
standard hydrographic measurements. It is equipped
with advanced instrumentation for studying various
aspects of ocean biogeochemistry, including trace
metal distributions, particle fluxes, and microbial
processes. This comprehensive approach allows
scientists to gain a holistic understanding of the ocean’s
intricate workings and the interplay between physical,
chemical, and biological factors. As an ice-hardened
ship it was also instrumental in providing
measurements in high-latitude waters.

In summary, Mirai has had an illustrious career
as a critical platform for gathering essential
oceanographic data, particularly regarding carbon and
its related properties. Its participation in international
programs and contributions to global datasets like
GLODAP highlight its significance in advancing our
understanding of the ocean and its role in the global
climate system. The data it has provided is vital for
informing policy decisions and developing strategies
to mitigate the impacts of climate change and ocean
acidification.
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R/V Mirai and Her Very Important Contributions to Ocean Climate Studies

Fadli Syamsudin

Senior Scientist,
National Agency for Research and Innovation, Indonesia

It was back on my first journey together our
Indonesian team with R/V Kaiyo in 1996 steaming to
western tropical Pacific waters under WCRP’s “World
Ocean Circulation Experiment (WOCE)”. Japan was
involved in this multi-national program and facilitated
Indonesia to join. After this program, JAMSTEC
continually invited Indonesian team for R/V Mirai to
conduct CTD and many other physical,
biogeochemical and meteorological sensors as well as
current meter moorings in those regions under
program “Tropical Ocean Climate Studies (TOCS)”
starting in 1999 and ensuring my participation and
our colleagues from the National Agency for Research
and Innovation (BRIN), formerly known as the
Agency for the Assessment and Application of
Technology (BPPT). Joining the TOCS with R/V Mirai
yearly ended in 2007 but followed by the MEXT
program where we keep maintaining TRITON buoys
in the Indonesian waters and its adjacent.

The last cruise | joined with R/V Mirai was
during 2017 — 2019 where JAMSTEC initiated very
important international campaign in studying
Madden-Julian Oscillation (MJO) participated by US,
Australia, UK, China, and Southeast Asian countries,
such as Malaysia, Singapore, and many others not to
mention. This is really big and important program,
especially for Indonesia, where the western Sumatera
water became the station of R/V Mirai conducting
oceanographic and meteorological experiments to
capture the nature of MJO development. Following by
this experiment, R/V Mirai made a port call in Jakarta
and open her facilities to the public at Tanjung Priok
Port, so many Indonesian students and researchers
gathered into the rooms and asked for many
instruments installed. The Indonesian government
was really appreciated with this opportunity.

Our cruises have put fundamental sciences and
milestones to understand the role of these regions on
climate in the near future so that many countries
could take benefit by making better preparation for

. i
Giving a word during the sayonara party at the end of the
cruise expedition.

the mitigating programs. This is R/V Mirai endeavour
mentioning that our Indonesia Maritime Continent
plays important role in distributing MJO energy from
Indian to Pacific Oceans before traveling the whole
equatorial region. The R/V Mirai has given in
countless contributions to the scientific communities,
and JAMSTEC will be remembered by this important
footstep in climate studies.

In the personal perspectives, there are so many
nice and spectacular memories that | will share some
moments here but most importantly the R/V Mirai
has trained me as a sea going scientist in physical
oceanography and has given rigorous knowledge of
how important our Maritime Continent and especially
our Indonesian waters in improving the global climate
models. To see the sunrise and especially sunset in
the horizon of equatorial regions was always giving
different stories from day by day. Waking up in the
early morning to make a downcast CTD was a hard
task, but this was actually a very interesting moment
to see the physical properties and small benthic are
still “active and awake” in the dark deep ocean. The
rest time together with the crews and other members
was also a never forget memory. Many unforgettable
memories that | could write in this very short space,
but | wanted to mention over whole of so many
experiences, | personally really respect with the
strong leadership given by the Chief Scientist and the
Captain for every cruise | attended. The crews were
professional to conduct the operational works to
make success our expeditions.

Just as a final word, | am really in debt with
many chances given by JAMSTEC through our
Indonesian participations, and R/V Mirai has given
many unforgettable memories. | believe the R/V Mirai
has been bringing us to more understandable and
predictable future climate changes as her duty
accomplished together with her name JAMSTEC has
given as “Mirai”.
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Observations taken from the R/V Mirai reveal
the importance of small vertical scale flow features

Kelvin Richards

University of Hawai‘i

| have fond memories of my time on the Mirai in
both taking observations and the lifestyle onboard.
My first cruise was MR07-07 leaving Auckland, New
Zealand in late 2007. Two days into the cruise and we
celebrated the New Year. | am very much indebted to
Yuji Kashino, the Chief Scientist, in allowing me to
participate and to bring along an instrument to
measure the ocean currents at high vertical resolution
(a high frequency LADCP). This allowed me to follow
up on observations | had taken in the Western
Equatorial Pacific in the 1980s and 90s that showed
the presence of small vertical scale features in
temperature and salinity.

The Mirai proved to be an ideal platform to take
the observations in terms of its frequent trips to the
region to maintain the TRITON mooring array and
the assistance of the officers, crew and technicians in
deploying instruments. The measurements showed

Deployment of the LADCP (orange
cylinder) on the CTD frame portside)

F3E BRESHFR | KXKBEEEERASRN

that the small-scale features in temperature and
salinity were associated with strong vertical shear in
the currents. On subsequent cruises we had the use of
a microstructure instrument that showed the strong
shears produced turbulence. Being able to take
measurements on a number of cruises showed how
the strength of the small-scale features and associated
turbulent mixing varied in time and ocean state.

The measurements from the Mirai prompted the
development of theory for why such flow features are
present. Accounting for their presence in numerical
models of the ocean and coupled ocean/atmosphere
demonstrated their importance in shaping the ocean
thermocline and the state of the ocean. That in turn
affects coupled phenomena such as El Nifio/La Nifa.

| very much enjoyed my time on the Mirai and
feel fortunate in having had the opportunity. As well
as work, there is the social factor. The good food.
Socializing after a hard day’s work. Watching the
catching of tuna and mahi mahi attracted by the
TRITON moorings. And being invited by the crew to
sample the freshly caught fish. Watching the sunset,
and the occasional green flash.

Thank you, Mirai.

Sunset during the MR08-03 cruise (the author is found at the foot of A-frame
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