EN By LAz

54 Ok ) R AE—RR

L o G- 2 S

EN A WiE 228 8%

EfARS4E A H 184 9 A 15 H

TG O SEALHLINEE 4 25585 1 THRE S

F 72 B, HAL KRR AP e (L ERAR) hERY AR I

5 L Em 3 H A Study of Air-Sea Carbon Dioxide Exchange in the Greenland Sea,

the Barents Sea and the Southern Ocean
() =T v Filg, NLrVilB L UmMKEICIBIU KA —iBERO -
WAL ik 228 B4 A BF5E)
&) B o EE W
o oE KR A AN M A (A /A
woEoE N A E(FR)

M ERZEER (F

it
!
it

Chapter 1 Introduction

Chapter 2 Sample Collection and Analytical Procedures

2.1 Measurement and calculation of pCO,* and estimation of air-sea CO, flux

2.1.1 Measurements of pCO-*" in the Greenland Sea and the Barents Sea

2.1.2 Measurements pCO.*" and pCO," in the Southern Ocean

2.1.3 Calculation of pCO. and air-sea CO, flux

2.2 Measurements of DIC and §'°C

2.2.1 Collection of seawater sample

2.2.2 DIC Analyses

2.2.3 Mass Spectrometer Analyses of ¢ *C

Chapter 3 Temporal and Spatial Variations of pCO,** and air-sea CO, Flux in the Greenland Sea and
the Barents Sea

3.1 Long-term trend of pCO;* and pCO,™

3.2 pCO*-SST relationships

3.3 Monthly pCO,*** maps

3.4 Seasonal variation of the air-sea CO, flux

3.5 Interannual variability of the CO, flux

Chapter 4 Temporal and Spatial Variations of Carbon System in the Southern Ocean

4.1 Variation of pCO,” measured on Umitaka-Maru cruise in 2003

4.1.1 Fronts and zones in the Southern Ocean

4.1.2 Latitudinal and longitudinal distributions of pCQO,™, SST and SSS



4.1.3 pCO,* -SST relationship

4.1.4 Spatial distributions of pCO.* and air-sea CO. flux

4.2 Variations of pCO,™ in the western Pacific sector in the summer of 2002

4.2.1 Aurora Australis cruise

4.2.2 Hakuho-maru (KH-01-3) cruise

4.2.3 JARE43 Tangaroa cruise

4.2.4 JARE43 Shirase cruise

4.2.5 Temporal and spatial variations of pCO,* and air-sea CO, flux

4.2.6 Comparison of the seasonal variations of pCO.s* and air-sea CO, flux in the Southern Ocean, the Greenland
Sea and the Barents Sea

4.3 Variations of DIC in the western Pacific Sector in summer

4.3.1 Spatial distribution of nDIC

4,3.2 Temporal variation of nDIC

4.4 Temporal variations of pCO,**, DIC and & "°C over 10 years

4.4.1 Variation of pCO,*

4.4.2 Variations of DIC and ¢ “C

Chapter 5 Summary

References

wmoX N A E B

ERORFWRREZBAST 59 2T, KE-HHEROCOLMEFEAT L 2 & RilET O FED I
BEEWASPICTAH I EERERRED V& D TH S, Takahashi et al. (19912 & B &, EHEDTO% D
WEHIIRR & R OCONTHAIREIGEL TB Y, —77, MAlEsomEEiEs, B 5ad,
HREBOCOSIE (pCO) HRALD LILW 2012, FELCODRIUEE 2> TWwh EEbNLTWVA,
T2 ) — 2T 2 RN L 2 R EB K RIS KD L LCTms T8 Y, o el s
N72COD L AR IZIE % S, KA & DT RMIM 1272 o THER & LD Il By T o ik
EUEE L 5T B (Broecker and Peng, 1982), D708, T OWHEIL R FIEROEE N L BRI & o T
WEELER T > Tnb, I/, EFFERBOBLE2HE2 505MWRKED, FRRCO.DWIUE & %
Z 5T A (Takahashi et al. 2002), L2 L, ZH4 5O ERIL, BREE ML (, B2 3L
72 AR D COMIN E DFFiEEA TV WO HIRTH 5,

FZTHRE LTI, IR EMIAIGERT DI TIT 272 7)) — > T ¥ Nl & /N L > ORIl i
B (96 2 MOBRENIZERZE DB ORRZMT L, KRAWERDOCOLIMRE OFHET) & F 4 285
WZDWTCEHI L 720 S HIZCOBNEDERBEREZF - TiEesERLTHITL, £8Ei7-7, 72
20024F (2 (E ALK & WRHLATFEAT, CSIROASE: | CHEME L 72 B AvE A E &+ 7 # — (140°-150°E) @ Multi-
shipBlill TH S ALY > TN DGH 21y, BEOTFEHRERFOEEN BEEAL] & WMFERo T v
— & —fin [Tangaroal (ZFEAGL, EFEAFEIIBIT D REERDEERZERICOW TR 21T 72, LTI
BonERTI LD 5,

T =Ty FilEB UL 2y il TER S 7 pCOseE, 200-350 atm D E B TR ZERIAYIZETH L 7,



I, REMOComIE (pCO™) LT, ZOMIEAER %8 U TCO.NOWILRTHH Z & &
R LTV B BUIE R & i L 728658, 5-60 2 B < $ T O TpCOo. & igHKiln (SST) DFIZIE
OB H Y, F5-6FIITHFEEIEEICL HCO.OMY AL - TH &R SN EEZ LD
BOMENHBENHEL LR o7,

- 5N/ pCOM E SSTO LR &, NCEP/NCARDSSTHEM 77— 7 2 FHAL T, 7= FiEBLU
INL 2D pCOMDIFZEM G 2 M L7z, MBS r) — 2T 0 FilpHIEopCo, 34 £ 11
R REZ & O, 6]t MEr & B2FMELe/R L7z, —Ji/NL il Tid23s ADA 7 — v
TREGEEHZRLI,

- HB S pCOMDIFZEM /3 A > 5, NCEP/NCARDEGET — ¥ Lk T~ BLPV=Z—F VAT
pCOS T — % % T, RE-BEMODCO. 7T v 0 A% HM Lz, FNULBET) -0 50 FilETIE
BAZR/ME3T oC m* yr'& & 0, ZZRARMET2 ¢C m* yr'e & o T, HH62 gC m* yr'& 2 5 72, *’)j,
WL 2 TR IR/IMEZS ¢C m* yr'% & D), ZITRKESS ¢C m* yr'e & o T, 46 ¢C m™ yr'T
%otolwﬁ%,fv—yﬁykﬁ~vau@wMW%Qwuﬁmmmewc%oto

- COMINBDFEET & FALBHOBEFIZOWTER 2T o7z, TOME, WKIROLEIL, COMUN

@*EJJ IR A RIZTL T B L OOFOMRIT/NE L, JAGEE A pCO.DZEHI LB ASCOM L
DY G 2 D EPIFCRECEN Do, —T, COMILEDF 4 E)L, HFHFECOMIN
B LTE 18%Th o7, T/, BUEDREZEGILKIGEIRESTEL (NAO Index) & IEDOMBEZRL,
KEHER OCOSEZE (A pCO.) LiiKIEDHAZIINAO Index & BLOMEAE R L 72, TDFEHE, CO.

”&Wi@ﬂﬁ LNAO Index & [EREDZEEI 2 /x L7z, S 617, COMNEDHE £ ZBENIE, KO ZEE)
, BOEDOEMNELZTH Y, pCOMDETHII X B ZHEH il‘t!EBCH’J/J‘iS\/‘$~7’P?”¢L§ﬂf:o
-Wh'«i@pco;““tk R ERICO S m D2 A 2 FR 5 728012, 20034 D 1-21 12 NéEEER 7 5

— (110°-140°E) é:T’ﬁﬁ‘[:fiT-‘Hi'lzﬁﬁ— (140°-150°E) 2BV TpCO DB 2 17 - 72, Bl &7z
pCODIEIZ KA L D b E IR EZIR L, Z2MY12340-365 1 atm TEB) L 72, £ 72pCO M IESSTIZHS
LTCEOHMEERL, FIT, 13561 7:pC0oESSTORMLR, B X U'NCEP/NCARDSSTHENT 7 —
YRFHALT, 1-2HOFEE 2 pCODZE MG % e Lize B S N/pCO DL/ 3G E, A
DF—A T THUT345 g atmPL T &K<, BEBKEA] T360 patm L& 2B & %, WALH Zgﬁ%d\
L7z STOLHIZLTHELNApCODZERSH &R T — 5 b, ﬂ e L7 fﬂﬂuk D COMLIN =

0.012 GtC month’ T B LFE &I/, ZORNEZHRESRICEET S5 £, 0.14 GtC month! q%?’
5o

+ 20014F-20024FF REFE D TUF R T 7 4 — THrbh 7”:Multi—ship§ﬁ‘?ﬁﬂ PO H 757 H MO pCO,DIEE
B2 biE, 200 atmd OLEE 2R L72, Zhid, CORERDERE L EBRKDEAIZ LY, iEEDIHE)

WEBE L/ EZ LGNS, 72, Sub Tropical Frontd V) ?BTE& FEREEM (45°S-48°S) T@pCO™ME,
Polar ZoneJ (53°S-53°S) O)pCO-/J}:JCL’\ df&wﬁﬁ»ml,f_o

- RE-EER OCOL T, pCO DL W T, Seasonal Sea Ice Zone(SSIZ) (62°SLLH)T36
gCm” yr' & & {, Polar Frontal Zone (50°S - 52° S) C‘(iH-‘/J\fﬁlZ eCm”yr'% & 1), Sub Tropical Front (47°S)
DAt TCHURKIE 36 gCm* yw'x &5 &) RBESMEIR L2, T 70l EOCOMILE DR 2210,
KL 7 ¥ — (140°E-150°E) TI12A 12 J f0.018 GtC yr'& & 1), 112 AfE0.055 GtC yr' T -
7oo EHIZ, TOL) BRINAEIRESIIZIAA>TWAS EMRET S L, 1IANL3IH £ TIZCOMIX
B130.68-20GICyr'DIFTEE) L2 L1l k 5

CEMEENIC K A KEDpCOMDIRT I, 7 — T Y Nl vy ‘Z-FT‘U)TL(:T LT, BT
THY, FRFEEMNPEVC ERHL 2 E R o7, TSR OAEIZ L Y EREDWEAEW



By, 7)o l“‘{-ﬁ-’?/\“l/‘/‘y‘%ﬁl DLREINTVLELARELTWVD, JHIZLEY, BAE
DFHM 7 ApCOlE, BEED T ) — 2T ¥ RS L ¥ Vili0) A pCONAKIRETH 575, HITEAE
DOFHLEER L, TEH/ZYDCO, 7T v 7 AL LTET )~ T » FilE/ L » ‘y-(-w:m%ﬂﬁﬁf%
27,

< 20024E1 B ST M- BBALIHECIE, 20014E11-12A 04 — a0 o4 — A b7 ) AL L LERL T, &
WOSEE L OB 12 BT, MR EWITENIC & o TR PAFEEKES (DIC) DT AR S,
(R zHET 52 L) ::tf:, FAREAAE A 566 12 B\ CUE IS 200m LR T, M#E61E LR T 13100m
LT, Ao 5k L 2 DICOBENASETRIEAR 2 0 U TR S v/,

TR BIT A, pCO™ EDIC, & LTDICORKNDLEMMMEL (67°C) 22V TEH ML > FEH
b0l 10FEROT— 5 trL*Lxl,f_o Z DRGSR, SSIZ% i\ 70538 T pCO DI NZEI1L1.5-2.2 1
atm yr' ChH B T EVWHL N E L o7, TIUEKEAMDCO, l“”][]+ ldpatm yr' & dk&v, —F,
SSIZTiE, DICOIHNEAL.2 mol kg' yr' THLENHE L o7z, DR L, DICE pCODHEH
THHTAHEICL T, SSIzmpco SOYENIENE2.6 ¢ atm yriTd b EFFETE . LA L, 6°CO%
T3, KU CIIEZ AFEATE L h ol UL, MR ODICOBEINERA$T T AAKIEIZ L 5
THBLLEEZTLIL T Hh (lOfFF'EJ B LE004 %) THLENLREEEZOLNL, COFEN,PS, ©
KEZBUT 5 NARBECOMIINDOMAD /2612, 4%b RIPN 2 EECO.BHPLETHH EER b,



RUBBORRENES

BEEER L RROIBETH Y, EEERROMEIZ & » TREABEMOCOM E e ety 24
WEETDH L. HEE—RBE, M0 2Bl o Rei&ic, 7)) -7 NNV VB LU
FREEIZ B 2 RAEHCOSROET & T OBFRE M L7z AROFREDTO L 28 gah
%

(1) 7)) =3Iy Fig&NL >y UEClE, pCOMHpCOME I <, BRI %@ L Tl TR
EloTWAHEEIR LT £/, pCOLSSTOMBE B2 6 Ko, SSTEHERNT 7 — & ZFIH L il
ﬁwﬂm@ﬂnﬁ%ﬁﬁt FNEEICRZBEROCO. 7T v 7 A% MM LI 2 A, EdLVIEHEI
oM, ZRKAE S 2 AFEZE LT R L, ERCOMINEE0.05 GIC yr' L BfEd 572, CO.7 T v r
Z@%Hfmﬁhﬁb fﬁﬁﬂ I L CEIERIE O BTN S O, R E ApCON R E AR H b,

ABEENZE o TR E BUESEEE 2 ), pCODBEII/NEWEEZH S 2L, (2) BEFO
%%ﬁ%xFﬁ VEER A Y 7 7 — TldpCOApCOS" & D H IR FE 2 B L, W8 T o CoMY
§MMMGwmmm_#mLtoﬁf®ﬁ FICEE Y 7 8 —TIHERIEEIZ & o TpCO DR & L)
52 ER, RAMFERCOA = ZpCOMDEIT L o THREMIZHREHATICO RESE LB L
RE LA, 512, %%ﬂiviifépcoz&IHC@lW?%Uhﬁwiﬁﬁ\,pCOfWﬁEMMVCOﬁi N
EVWEEH LML, (3) BRETOEYIFEIZ L 2pCODIKTIL, 71— T2 Niff - N
FIZWNTRINTH Y s Ea 2 /I L, 2OERE L TR 2 & 2 £ im0l
m%ﬁ@ttoit,ﬁfﬁ@é»®$wmgmni T =5y N N Ly BOHOAEIRETH
L, EUL1ISEMW 0, #HERELTHERKENDCO. 7T Y ZAMWT ) =0T K- /N > 7 ilgED#74E
EloTwAHRERL ML,

LLbEo®ERE, FEE—ERAEY L THIRIEE) © 17 ) 720 L E RS EOMNIERE ) L e A L Tw
BT ERNLTWA, LcnoT, W - oM EilL (%) oFiHmce LTagL
BO D,



