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Secular trends and seasonal variations of partial pressure of carbon dioxide in the
surface sea water in the Australian secutor of the Southern Ocean
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Abstract: In order to elucidate the secular trends of oceanic CO, uptake in
the Indian sector of the Southern Ocean, pCO,, the partial pressure of CO, in
the ocean surface layer, has been measured since 1987 on board the icebreaker
Shirase. Meridional distributions of pCO, along 110°E in early December
clearly show steep changes at such fronts as the subtropical front, subantarctic
front, and polar front. Although pCO, of each zone shows interannual
variation, secular trend is detectable. For example, the estimated rate of
increase of pCO, in the permanent open ocean zone between the polar front
(around 53°S) and the northern edge of winter ice cover (63°S) is about 1.3
patm/y, which is slightly lower than the rate of increase of the atmospheric
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CO, concentration. From the results obtained by multi-ship observations with
4 research vessels in the Southern Ocean in summer, we found that the values
of pCO, off the coast of the Antarctic Continent (66°S) varied temporally by
100 gatm for 5 months. We also found that nDIC decreased with time from
December 2001 to March 2002 in the upper layer from 100 to 200 m due to
biological activity during summer.
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EWM R SN S, Takahashi er al (1997) 1%, %< QBN & > TH o hicKEEEF O
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FRVEIIREEEE L EEANER L T A BEWAERE2ES (Levitus ef al, 1993),
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Takahashi et al. (2002) TIZEZD SSIZ D CO, 7T v 7 ANHFI N T WMo 1203,
Takahashi et al (2009) Tl, &ZED SSIZ OYFK FIHFELET UKD pCO, M\ E %
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WY A LETOHER/T BLEND L, F D7 OIIFER 2 L - EREIOBHSRD 5B
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L7z,
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H, CO, 73#iatE L C LI-COR B LI-800 ZH W T W3, %72, [A—1FF—A+FY
Z | D pCO, DEFEIHILER 1X General Oceanics % Model-8050 T#H 2. DIC 13y TN
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52-59 &), Seasonal Sea Ice Zone (SSIZ: FifE 60 ELIFE) TARBIE N 5. FNENDOUFE
(BT TV L IAEZ R (4F) 1o L T—JGafAL, @FmnEs RV K2 Rl
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Fig. 1. Meridional distribution of xCO, along 110°E. Thick lines above the horizontal axis

divide the major water zones. Sub-Tropical Zone (STZ), Sub-Antarctic Zone (SAZ),
Permanent Open Ocean Zone (POOZ) and Seasonal Sea Ice Zone (SSIZ).
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Fig. 2. xCO, annual rate of increase in the Sub-Tropical Zone (STZ), Sub-Antarctic Zone
(SAZ), and Permanent Open Ocean Zone (POOZ) along 110°E.
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7z, T DX, WInb KRR D CO, IRE OHEMZEK 2.0 ppmv/yr L D /&<,
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DRERGTEERES 2. WL 72 CO, 13K T RILKFE (CO,), K (H,CO,), IR
A 4> (HCO,™), RERA A > (CO.%) W) 4THORMEYE L L THEL, Zhb
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Y, DIC b $H 1% 0T 2 & pCO, 13 10-15% #Eh13 2., $hbb, KA—MEROD
CO, 77 v 7 ADIE, HEYNEEDUWAROIER S ERRR R EHRIC L > T4 U % DIC D%
ftix, pCO, ICHIRL TIEb2DTH %,

pCO, DIFFZEALAK & V> 60 FELIE OFEfE 61 B, FEfit 64 2, B 66 B2 5\ TRRAI
7z nDIC (343 34.25 1ICHI&IE L 72 DIC) @, 500m X D _EEOEMEZE 5 1R,
WTNOBITIC B W T b nDIC IZRBEMI T bK<, BEL B2 I o0 TRBuHmL,
ZOBBBOR—E LR EVIMHEANRONS, ZOXI BomEIERShIERE L
TIE, $TRBEBCEMEFEICL > TnDIC SHESND Z L &, BEEIBHET L LD ITERE
VI3RS nDIC 2T 2 Z ERFET o5, S SICHFHMIIC RS &, FrcmiEol L
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Aurora Austlalis (2001/10/31-12/12)
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Fig. 3. Cruise tracks of the multi-ship observation.

FARE 64 FEIIFER B RS 2 R L TR D, KE» & EE T - T nDIC 258115 %
X, 100-200 m fHE CHEAER & 2. 20O & 5 2fAMEOHHIZ, RKETES Wiz GEDD
100-200 m fHETHESNTWE Z L ZREBLTW 3,

A 61 JE TIXSRTE AR ISR DNIZ L A E R oz nds, Rk 64 E L ik 66 BT
I, nDIC 2SFREFT TRV L EFIZE (L 2R L T %, £ETO nDIC ORI, FE
61 FETCIXH S umol/kg £ WO EBNIFEEZR L7z LT, FEiE 64 TIEH 40 gmol/
kg, FEKE 66 FETIXHYT 100 gmol/kg £\ 5 K& BEBEZR L, %BE TIXEED nDIC 28 1
AIZKREWAL, 2-3 Az TEIEL Tw3a, 20X 9 % nDIC 0Z1kix, pCO, L3
EHTHY, ZORENEL T AICHISA TRELIGE 77 > 7 b > ORBEIENE 2 5
% (Gomi et al, 2007, Yoshikawa et al., 2007).
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(a) Aurora Australis (2001/10/31-12/12) (b) KH-01-3 {2002/1/3-1/20})
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Fig. 4. Meridional distribution of pCO, along 140°E. (a) Aurora Australis (December), (b)
Hakuho-Maru (January), (c¢) Tangaroa (February), (d) Shirase (March). Vertical arrows
represent positions of the Sub-Tropical Front (STF), Sub-Antarctic Front (SAF) and
Polar Front (PF). Horizontal arrows are areas of the Polar Zone (PZ) and Seasonal
Sea Ice Zone (SSIZ).
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Fig. 5. Vertical distributions of nDIC above 500 m at (a) 61°S, (b) 64°S and (c) 66°S.
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