203

— e
Report

ERREE [L o+ | 12k 2 KE8 L UEBEES O
CO, F3 E&HI

#R wn-hEEmE-BAAR-HLUEF-LAR  F-
BApIEZ-BK BB BHE-5HBFP

Measurements of the Partial Pressure of CO, in the Air and
Surface Sea Water on Board the Icebreaker SHIRASE

Gen HasHiDA!, Takakiyo NAKAzZAWAZ Shuhji Aoki?, Shohei MURAYAMAS3,
Takashi YAMANOUCHI!, Masayuki TANAKAZ, Akira SHIMIZU?,
Masahiko HAYvAsHI® and Kunimoto Iwai®

Abstract: With a newly developed automatic measurement system, the partial
pressure of CO, in the surface sea water and lower troposphere were continuously
monitored on board the icebreaker SHIRASE between Japan and Antarctica from
November 1987 to March 1992 as a part of the Japanese Antarctic Research
Expedition (JARE). The atmospheric CO, concentration was high in the mid-
northern hemisphere, decreased rapidly southward to a minimum in the mid-
southern hemisphere, and increased slightly in the Antarctic region. Water mass
differences in the western North Pacific and eastern Indian Ocean can be seen in
diagrams which consists of CO, partial pressure in surface sea water (pCO,) and
sea surface temperature (SST). These water masses are bordered at the boundaries
of major oceanic currents: the southern border of the Kuroshio Countercurrent
(28°N), the southern border of the Subtropical Countercurrent (20°N), the southern
border of the North Equatorial Current (6°N), the southern border of the Celebes
Sea, and the Lombok Strait. The relations between pCO, variations and hydro-
graphic conditions such as the effect of coastal water and upwelling are subject to
discussion in this report. Meridional distributions of pCO, and SST south of
35°S obtained in the southward cruise on 110°E in December, the northward cruise
on 150°E in March, and the cruise between Syowa Station (69°00'S, 39°35’E) and
Cape Town in January 1989 clearly show steep changes at the Subtropical
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Convergence, Subantarctic Front, and Polar Front. Even if pCO, within each
water mass distributed between the fronts varies to some extent, each water mass
can be distinguished from the other masses by the differences of average pCO, and
SST. Longitudinal distributions of pCO, and SST measured in the westward
track from 110°E to 20°E along 59°S to 61°S and the eastward track from 40°E to
150°E along 61°S to 65°S are scattered between 320 gatm and 360 gatm. However
it is clearly evident that the pCO, dips by 50 gatm between 80°E and 110°E.
Anticyclonic eddies which are already found in the region could drive coastal
water, which has less pCO, because of high productivity, northward. The partial
pressure difference between air and surface sea water (4pCO,) and CO, flux
across the air-sea boundary was calculated to estimate the CO, source/sink
strength of the ocean along the track. The region between the Subantarctic Front
and the Polar Front, and the region south of the Polar Front, which are regarded
as a data void region, are very weak CO, sources as well as very weak CO, sinks
and weak CO, sinks by 0 to —5 mol-m~2+yr~!, respectively.

BE: EBEORZHO CO, BEHEEGEE >~ A 7 4B L OKREBES
D CO, /T HEREGEH > 2 7 A 25% L, HA-BEHEMOM2EEL Ty
2B L o¥ IZBE L T, FEMROBERN I 1987 D 29 K EitEr
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CO, BEIFALFERPIEE TF <, AL WA ED LB & E Tlv
ZEYD, X OIEBICHEPWEMCENT 2BESM 2 RT. REEETOD
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2k D, BMOEMEED T OIE pCO, L 5> REROKREZER L T
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Fig. I.  Cruise tracks of SHIRASE.
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Dy 7 TODTFFo, NDIRAELFHRERT LA RN LTI v 7 KEEINT»5, NDIR Ol
B )LIZIZL 7 7V AH A (# 330 ppmv) SSERF I0mL e min™! THIRANT W5, FEgHHE
=W, EEEOBRS % BEHICEIH L T NDIR OFE £V IC 3RDIEHRE S X (%) 340
ppmv, #J 350 ppmv, #7360 ppmv) &ERBIERERAICEAT 5, 30 7 EAHATREFES R 1 [H]
EEEA A IEOESINT —F —uh—IZEER I NS, BHEY AL, HERARGETIC 8 2 AL
WEDBENLELTWS I L, 5 HERBRICHEBEREN 2L E2HERL TV, 471
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E% 300mL-min " ICFHEEL T3, —7, AR, F 1 EAIENICED S OFE RS
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KESETFCROBRLESDH S, £7, EFRESRTEA I-FCEEETREL, 3512
BEERE~ 7 %7 A (Mg (ClO,),) Wi->TEE-60CCEEE CTRIBEN S, E#ETARY
BT[N D 74 1iE CO, DFERFIBBE ZE LRV LD, ARERRD X7 > v AE
SR ONT 7o R TEE L, SO BERICbERY — Vv ERV, DLETHRAIESEIY R
TAEROBE R, ERNC CREBFOFEN A2 RIE T 5 2 LI &> THRET LR, 32
DHIE 12 BV TRZDFHIE X —0.03 ppmy, EHERZE 1 023 ppmv Th - 72, EEOBEITIX
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¥y 7 HRICEBUKL T, SIEFEBRANOZER L EMI YL, ZOBRBIAT 77 LhR AT
£ o THBEHIETANORALC - R E2ERLTE Y, SMTcEL TIZ NDIR #3022 RS ¥
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Fig. 2. Meridional distribution of atmospheric CO, concentration measured on board the
SHIRASE between Japan and Antarctica.
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FABREIDAENE (MARLAND and RoTTY, 1984) OFEL £z oD, Tihbb, TN
AT b ACEERPE B I E R AR T 3.5-40 ppmy IBE S ICK > TV 3 (TANAKA  ef
al., 1987; CoNwAY er al., 1988), JLERAEERE D> S FRESIC D T T OHBRIIK & 2B E AR
12, BEKHREO CO, BEDEBVWR KL TW, $4bb, JLERPBERLEZET X —
DREH LICHED 797 KEKHORE*# {210 TE D, JLEREEE I F O FEESHE
DOFERHLZIT T 5, KEKEIIEE FEYNC L 5 CO, HRCBINIREDO R E * E#HZ )
31, EEEREDIER ICK & {, #EFEESEIZ 2 OFEINE »iz O FEEHIZELIRIE
DHEHVNE kB, Lizds- T, ZEHIHNC CO, BENE K 2 2 RXEREL 2 2B, &
MEOBEZN LD D12 DL 51255 (NAKAZAWA et al., 1992), 5N 225 10°S 2 i) T,
2-3 ppmv FRE®D CO, BEDHAMNROND. IO &S RFREROBAIZ, BE{Thh 8
AFERICHIENTE Y (KEELING er al., 1984; KoMaYR et al., 1985; TANAKA et al., 1987;
CONWAY et al., 1988), TIZ¥EEED S KRAND CO, HEMNFEREFEz o T &7z, EE, 43
DRI RN D ApCO, DIBENFIC L 5 &, KIHFD CO, BEDBAINR SN 2 BERIT
ApCO, PSIEDE% & 2 & —HL TB D, HL2 OEHID S b¥gEL S D CO, K SH
D CO, BEBAKDERFEREZZ 5N D,
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728, T OBERNIFEAEEERE (SPCZ) (RasMmussoN and CARPENTER, 1982) M3 L Tu»
bE%EZo5N5, KEELNG et al. (1984), KoMHYR et al. (1985), TANAKA et al. (1987) i3,
JEFEROERE B 2BEELTKT 2 2-6 Hic, SPCZ REHIRE (ITCZ) *E &
L7z CO, BED ESGRBEMERVWELTVS, M2I2RI0 k> nRERKIIR S
v, ZOFERAIZE, 11-12 BOWEREEE CBIT D CO, BEEI/NI WD, IHE TR
DRRDEBEEDVHFREN T TIHIENEN WO TH B,

K2 wrdhd CO, BEOEESANILT LOBER LIRSV DR, IOSHNER
FUNOFEOREDEMOME AR T2 »5ThH3, Thbb, CO, BEDEMEI (5 —
BEZEUTIE R L, BEEINERY ELTLL TWw 30, BER UREICHE U CERIL
THEREZORTAHATH, LR L oA Y — DD ELIERANS Z L
BRSO THS, £72, ZONED CO, BEDBESMITII/NS R R 7 — LV ORHFANZE
gy Roh, FICACERPRE THETH 5. — M2 25-30°N 3RAE & SR OBERICHz
D, MREABE L KRET 2B TH D (NEWELL et al., 1972). Lo & I3 2 AR
BREVDT, E-ERED2VIFERL EDRKEBILIC L 0 RHEAIZBESABER SN
T, =7, B3 o dbERFHREE L RIREORMOELEAIRTHRD 15208, CO, 8
BEORRIZENZILFERIE SR TIE 4 v, BB AL RIS EREYE S EEIR
Pied, ANEEHL/NE WD, ZR% CO, BEARSE LD TNI VLI ERF OB L
oTWnwa,

KERHIZEB T2 CO, BEOEIMERIZE 2 1S5 TH B85, IR LIZED, 20X
BEOEHMOME 2R TWAICTERLVD, TN SBEORERIMFELELLEL I iR
REETH 5. FEERPRE LR IBE OFHECRIES BN {, BEORE2—t%
REBRL TARHIEEI b /NS W2 Epd, ZOREOT—5 2RV TCERLTHE 25 A7z, 40°S
DIEEIZ 81 % CO, EEEDOEREINERIZ 1.0-23 ppmy yr! OBRETEILL TH Y, 4FEMDOFY
X 18 ppmy yr ! TH 2, ZOMHEIZ, [E] UKHHICHERIE M OEGE R 515 o hiz{E 1.5 ppmv
yrt ERIE—ET 5,

4. FEREEEDDO CO, FEDSAR L EE

B4 & FEAIEM & TOfiEH Bl S 1 REEBETF D CO, 57E (pCO,) DEFEEIA%
B4 aRs. B 1987 S 191 - TD SERD 4 7 — FHIREN TS, 1989 FFi3%E
BEUWHEL I ORAlEZ2>Tnw3, HIEITRLIZARKF BT CO, DEEIC L 2E1L
B 5-10ppmv THo12H3, T I TR LI pCO, DIFEEIZ L 5713 80-100 gatm (=ppmv) Z
LbBLIUHI0FEOKREL Lo T3, pCO, IFALEERPREE L SF Iy - THEML, RERT
ITHAEZD, MERERECIHEEL bR L, FRE TR/ ELD, ZhLETR
BOoMmL, mEARERE CIIREER & IZIZFRUMEEZRLTWS, 20L& 2FHE 2 2R
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L7z 4 BIOBERERICIHEL TASNS, 35S I DWW TR S &, EEEHhLE L TEE
FE 1z - T pCO, ST AEFEBHES L TH D, KEMLIE ) LK 510 L - REEKER
FE (SST) DB L L LT Ww 3, —#%iZ pCO, i3 SST & EME S REER (3CO,) D

T B, TOBERICBITAERIZ pCO, 3 3CO, LD b SST DFEREZIT T
WBEIEETHLTWVS, ZOBE#HO pCO, #FEL < B 5 &, 6N LUtEs L 18 9-35S O
DILLERHTHE & e DITEE, 6N 26 9°S BIZ AR L ZEBE W, [LS5¥ JIT 6N fHEs» S
LURABBICZAD, FSTu Y R7EEE@EEL TA > FEANERIT S, LIz >T, 6N 2S5
oS I3 REHDE R Z TP T ORNETH Y, NEL IR STERICL>Twa, —7, 358
LA TIE SST BEBE AL - TEL B3I b b 5T, pCo, 338z, L bAERIC
BEHIL T 5, fOMIERID 5 12, 36-38°S 1261 % pCO, DEFA L BMUDOBER & IR %
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Fig. 4. Meridional distribution of pCO, measured on board the SHIRASE between Japan and
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PIZINTW S (FEH, 1994). ZOBHRREESEICT % &, 35S LIETIE 2CO, 3 pCo, i
M HEREZTWB I LN RBENS, UEDZ L 6EETIE, 1) 6N LELOTEZRILA
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FI2b ITNABEERER L LTz pCO, S3FDEVHED SN b0, HBIROENIZ L ZEEN
RBEOERAFEZIALS AL TRONIBRTHLEFE 26505,

B613SST & pCO, D T-PY¥ AT 77 L TH%, 20N F1ED SST I T 547 27.0C D
HARAER & LT, ILREER & RV RO KBEOEARIC XA X 5., £72, SST 2327.0°C
PUTF T, 240°C 23512 % ORI T pCO, DIBEZLENE L > TB Y, Tk 28N i fiL
B9 5 HE & OB & A X OBBIR OB T ST KBROE N Z KBLL T
ZbDEEZ NS, pCO, DIBERENFICEHT S &, SSTH 240C LUT, T4bb 28N LA
b TIRREZALEHNY 10 gatm °C* TH 5 DI L, SST 23 24.0-27.0C, T4 H 20-28N T
i 3 gatm °C' & SST ADKFEMEIZ X bHTHL, LrbFERIVESDENIREY, £10
patm °C~! OBEZ/EERIE pCO, H3 300 gatm 2BV T 3.3% CH AL L, TCO, &7 VA
VE (TA) B—EDHEDREEAIK 42% ‘C IR0V, 202 X3 28N BULDAKRT
13 XCO, £ TADNZIT—ETH LI EREKRL T3, —77, 20-28N OEH TIZbic e -
T SST 23 27.0C 5 240°C NABUTIE T 3 523, pCO, DA IEEL 10 patm FBETH D, Z
D& BAmERBT20I121F Y CO, ILICE D - TR L TWR T 572w, oM
EROIZERIC L 5 &, YCO, DBESMIIETLEFRI 20N UL TIIC AL - TREML
MERLTEY (FBH, 1994), [L5E ] TEHEIZ 172 20-28'N @ pCO, & SST D534 SH#E
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