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II.

SUMMARY

Title

Understanding of fossil-fuel CO; distribution in the Southern Ocean

Purpose and Necessity of R&D

- To understanding spatial and temporal variability of CO; in the Southern Ocean

[L

(Northern Ross Sea) and diagnose the impact of climate change.

Contents and Extent of R&D

- To understand spatial and temporal changes in oceanic uptake of CO, based on time

sea surface variations in pCQOs in the Southern Ocean.

- To evaluate the factors affecting temporal variations in CO, absorption based on

IV.

comparison between past and new data collected in this study.- To contribute to
enhanced understanding of carbon mass balance (fluxes between boundaries) of the

study area.

R&D Results

Understanding of temporal variation in ocean CO, using past and new data
Determination of anthropogenic CO; using multiple linear regression Analysis

Evaluations of the effects of physical (e.g., sea ice) and biogeochemical environmental

changes on the seawater CO; system

Estimation of CO, exchange across the ocean-atmosphere boundary

Application Plans of R&D Results

Our result can be used as basic data for developing a model for the change in carbon
uptake in the Antarctic Ocean, and can contribute to improving predictability of ocean

models.



,—q] 1 ;é} /\1% ................................................................................................................ 6
A 2 A U] F] TP T FF e 7
A 3 A AFNEGE G L T e 8

A 1A @ 72 BEAR B 5P ojdstea] B¥ Y s} o] -8

A 2 A ZAF BEO o]A3FEFA T R Th e 14

A 3 A o]aaE A T4E HE YOl A Th o 22
A 4 AFLNTETE GHE D Q] 7] G I ceerrrnnnnossisnoiiininiiiiiiiiiiinii, 26
A5 A AT NI AT BB A B eeeeernree i 27
A6 A ATMABANA Z=Z T 5 TFBF7] L] Hereerrerrmerenieenieniene e 7
Al 7 A FF IR T e e 28



A AAAY ol F A FFOE F/H 7] F o MBB2E FHE o
e sha otk AW AT wEw dge HYHY olF trE WEE ol imuie
~30%% FEPom D FA e AT vkEw A7k e g kel ws) o g o)
F oluBEaE sk o Frdoln

g AAl A WHY oF 20%F ANt YA, AA AP Frsh A
2 719 olashee F5499 40%2 $EET Ak AW H G Frew gk
A5 719 olatattad o] Pasts AFE molu, oled AT WFHeIM A

(westerly wind) @] &= Q3 a5 A% 3
Ag A og o o]aslEls LTS P ERE AF&Us] JhEo] (EE AL 3§k
|

7] T olabstE A S

[COy"] < [HCO3 ] + [H'] « [COs*7] + [H'] (1)

et d st G pHZF WolAl = AR, A EY olF §Fe] pHE oF 0.1 %

a2k ZAow deA vt 7|FHse] #e AF 1P sd (IPCC: Intergovernmental Panel

on Climate Change)?] 1S92a ° business—as—usual’ AlYgl 2o W= 2100 &) %2

pH¥ 0.3~04 7AE Aoz oSF3intd g st A2 el el 2 - g4 <

T T, &4 24 (CaCOz) & 71 afFABEe vafjg 2ts o] Matadyd o] tiiE4 At
5)

g e 45 7R FEE e A= olF HolR sk AddA EARNA FF

1) Sabine, Christopher L., et al. "The oceanic sink for anthropogenic CO.." science 305.5682 (2004): 367—-371.

2) Khatiwala, Samar, F. Primeau, and T. Hall. "Reconstruction of the history of anthropogenic CO, concentrations in
the ocean." Nature 462.7271 (2009): 346—349.

3) Cai, Wei—Jun, et al. "Decrease in the CO. uptake capacity in an ice—free Arctic Ocean basin." Science 329.5991
(2010): 556—559.

4) Caldeira, K., and M. E. Wickett. "Oceanography: Anthropogenic Carbon and Ocean pH Nature. 425." (2003): 365.

5) Orr, James C., et al. "Anthropogenic ocean acidification over the twenty—first century and its impact on calcifying
organisms." Nature 437.7059 (2005): 681—686.



H 2 =ule 7[s

55

tgo, ATt 4

NIESE

~A
il

gl
)
~
1o
o
oji

Jlo

nr
~n

N

stlom, uhebA

7335

A]

on
X
Jﬁmo
<
o)
M-

= Southern Ocean Carbon and Climate Observations

Z o] 2014 A
HHG A4 A2 BHSAE

O
T3 1178 7]

Ao

Fola, 2019

23

3L

and Modeling (SOCCOM)

o
T

Els

°]-&

[e)

L=NNeR
o =2

Argo float

=

o] Aol

-
1o

¥ AE)

k)

= "=l (53], HE

— SOCCOM o)A qj
2011 23y = Q]

sl

1992 9] & ZAbllM = FTEE

(S04P).

KN
=]

— Wukt Z1% (SAM; Southern Annular Mode) 2F

—_
10

o

1
—~
fife)

P
T

_EH

St S

)1\1_

A7 0.4 mol/m?9] o]

L —
R

iolm

=
-

7kl uk

=
o

4 (stability)

B

B/

s
[
)

13 ol 9}

S

=

il 3kl =

9

g Qo] ¢

oF

t}

TR

NI
o

ol
M
o

ha

X

|

XTI

A 3]

o

=
=

i

6) Khatiwala, Samar, F. Primeau, and T. Hall. "Reconstruction of the history of anthropogenic CO. concentrations in

Nature 462.7271 (2009): 346—349.

7) Brown, Michael S.,

the ocean."

"Enhanced oceanic CO, uptake along the rapidly changing West Antarctic Peninsula."

et al.

Nature Climate Change 9.9 (2019): 678—683.



H 3 & d7idsd g & 22t

A 1 3 7€ ASFAR 4SS T olitHEtal] X

5 w3} o]s)

iE olafialr] 913 2018 4€¥ = 33 (ANAOSD) E &3
Sq A2 Agstr 54 A4no nYS 99 VINDTA 3CE #Hgstol wjed 294 )

24 Ao, 20189 49 A7l pCOsE 366~480 patmoz, & £o WA
7RG (E D s (0557 S) pCOxz AfEelA AR o5 fhashs

Belth o]e# pCOY BE AL £ A% oz, YRR Foo] B A
e EF pC0E Rolx, DA% AL Ak e
SR, HEEE T dle) B3 0.t ¥ FEE Holv, MES

Bl
gAY o]gfd HE Hdclog= AETAQ J&gy, EEAQ Jgo 2
=Rakss

o
i
[-‘O
%
ks ]

O
O
no

N
=~

o O NS H
O rlo 2L o o

100

2 00
50 R*=0.49 S L

p-value=4.57e-29 N L
X ° ®

- ’.‘a 0;‘
. 0 & 2 °%

£ # » ey

3 ]
E : ° LN o
= ] B o
g oad

z ®s

=]
=]

-150
300 350 400 450 500

pCO,(patm)

O™ 220189 49 WG AskeAl dlarel A algro] FRA Al NCPeF pCOL8 ZdakvtA.



63° S~65° S a2 HlHAeA ol A gt Fete e w8, pCos2
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CO flux®l a8 #x 545 FAstr] ffaiA, AA 37k sigdor FEsti o,
ek Z2v 3 A 8H9%‘% F&ol wAsA Wek= e (43.7° S, 173.2° E~63.7° S,
156.6° W), F+ WA 9 F&o] vluwd dFT mAsf-okmAls| 3] (63.7° S,
156.6° W~66.0° S, 70.0° W), Ao 2= B pCO.9 WEAdo]l & Fawts FH o
ojth(1¥ 4).

A COy fluxe 27 4.1+£6.0 mmol mfr dfl, -0.1+4.8 mmol m 2 d"'&
g7 2 okstAl WEEAY AL st Al Zow gRlevt vk, H=Rk
Ht COy flux:= 30.7£35.6 mmol m™? d 12 AF3 k9 CO.7} ti7|= %
= A
AA7HA F=ae] COp fluxel #dd A4= F2 &, A5Hd AFHA . =24
oAl & sl el oJ5FH CO, fluxe -18~0.48 mmol m = d'2, F2 Fgss= e
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COE wdhe Zex ezt v, & AgeA F59 2Aas-okAla] afele] CO.
flux®= -10.6~18.5 mmol m™? d™'&, oJEH) vla] 7|2 WEHE CO.9 o] we Fo
2 Y. wpHHte g PNt FRS Y] A oAFH COp fluxe ¥WE ‘j’ﬂ&—-
44~3.6 mmol m™* d7'g, £ Oﬂﬁloﬂﬁ 3538 7}2H CO, flux (-54.1~121.7 mmol m~
1)3], Al zfo]E Hol=
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g'j{t
o g

o Ak WE E5 pCO; W3 ¢

(1) Ho]AZ (SOCCOM) &4 7154 g
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ZALE £33 53 J/}_Z_X}E(underway 2COy 9 BlaE AastArt. R 2 AA R 4
o SOCCOM Azt dFsiefels] 5 2213 A5F & ggon, 23 Ag2s Ans
A3 5719 SOCCOM #A55 &g 7}%}\% AGe oate] AbgaTH(1e 5).
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= 707 F"Eu(E 1). o]¥3 Ao]i= SOCCOM Az et #AZAE 7F Al/F7HA Q1 Aol
oAl 7]Qlsk Ao F A8 7F A7HA Aol 3~18Y, O E 9~181km9 zPo]E 7HA
I QT olel gk Al/FREAQl Afol= -] Wskel A Al Aol glom, ol wt F #
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b pCOy AFolo] FQo Ajlo] B3 = WS AT 2o JTFS AAs 7] 23l
T Hd (2.5 O AFEste] AAE normalized pCO»(npCO5) e HIWE X
Pt 1 A3 npCO298 AFo]+= 10~28 patmO® HAsF o, F7rAl o7 A|d
3H Bl Gl AU Z npCO, Aol 5 Kol Zo=z &yl kA%, npCO.2
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Table 1. 2018 4€¥9 d% #5259 SOCCOM AR&] Al/F3H4 Apo] 2 npCO, o]

. Underway SOCCOM
Underway SOCCOM Distance
ST ADate npCOsq npCOs
Date Date (km)

(patm) (patm)
1 03/27 04/09 +13 8.9 216 201
2 04/01 04/04 +3 145.4 433 415
3 04/02 04/18 +16 181.4 460 488
4 04/04 04/22 +18 122.1 451 433
5 04/06 04/03 -3 60.8 408 418

(2) A7t & 5 pCO, W3
AlZbe] W2 %5 pCO, AsH7] 2

o|AFol A E ALLEle] Al7to]| wE Wk /‘;}7@’8}93\1:}, ok 2018
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——1W 440 480
B 5904184
- 5904185 o= =
W 5905075 420 g— 460
: —— 5905009 - — =
& 5905635 |\ 3] = -— R B E - e
; T 4 ® ] = T 440 u
2 4007 E a
o Q' 2
© 420 g
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o
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Aol wet pCOL7F F7beks e BAAIRE 729 JF& AAg npCO,9 49 Be 4
Aol A Alzko] Aol whel gho] Frlets RS IJAFUH(IH 6). THISFH 7S s}
o] pCO»9} npCO,2 WEHFS A4s Ax 242 -0.4~1.3 patm d7!, 0.1~1.8 pgatm d7!

= gelEglon, npCoE F7HA71= &/le g 23 DIC S77F 3lh
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2. 71EBSAEE 8 75 oA EEAH ol

7b Z2&E-ol2Als 5 DIC #¥ A Bl

The Clivar & Carbon Hydrographic Data Office (CCHDO)A #| &%= A=
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g~ (DIC) B2E skt

140°W 100w

99 8. mas) B solRE olEAl #99] £% DIC I AL
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19923 201849 67° S 9 #1999 DICY 4 #¥ S 17 8 =253
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o opmal ool o AL FAZA ABE 719 COt TFE A5t B4R AL 2
FAT. Azl wE BE kel A% EIeAE FRg Z/7 QAW ofEal Hele

}J]l [e] [e)
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Row, A7te] wE DIC W3lel CFC—

Aol QY CO, A3 AFoAi= 20009 o]Fo ty] HE7F HAista

CFC—12 thal SFsE &8-3F3ith.

A 2 A 2A3 S5 olatwis F4Y d

AGASZALE Tl F 464709 = A57F E5FHAoH, 59 ¢ Ag5s I
3 ¥ A8+ VINDTA 3CE &85t &
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AT Al ARG pH S w3 E8sto] X3St
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(1) B23 Frei A=Y £X d%

g2l A€ sl A52 TA, DIC, pH, siw® AA B Z242F 2332£15
pmol - kg, 2219£39 pgmol - kg !, 8.043%£0.092% At} AhF oz k-1
7] CO, w3, =2 93, e FaFS Wol ¥= 200m o|fellA g o]=9 FIHEEE
T E Zol7t & RO 7 Hlth Section A9 ColA &= Section Bl H|3}¢] SESI=S
S TASE 2 DICE Holes Zlo® Fl¥glon, Section BE ESl =
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TOTAL ALKALINITY [umol kg-1]
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2300 ——— e o 2
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Izm
im0 !
b 2045 E
&
&
20 O
1
2098
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s 76. 7855
o

s

DISSOLVED INORGANIC CARBONI imol kg-1]
‘‘‘‘‘

=
:
g 5 8 3 8 8 8 § &8 8 §F % 8 g8 8§

= _‘?‘7] 2 (%), DH,in situ
f.L_(O}) ColorbarJ ‘j*%h TA9] 7é‘—r 2330~2360 umol/kg, DICS A-¢
2100~2275 umol/kg, pHS A 7.9~8.42 EFY.

Section DA E %Z TAS DICE LOL oAl HAAFF FAdhe AEFS BTk
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Z=(Cold deep water) 8] ¢eFo =z ZAFHE o]E4d =2 13 QAL EO]‘C 3l

o7 oy
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129 119% E1 204 F<F &3] dirle 2% dH=E Trxlﬂcﬂv}(zﬂ 16). o] 7]zt
EZ s g9 oo Qe v £33 TAS9 DIC7F delkolA] a1, koA Holz

15
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(1) AFZIA F4 A9 Frai JAAEY £ @3

AE71A F3 s gelA EAE sl 59 TA, DIC, pH i, &8 AA B 7h7t
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2. = A3 3AEA (Multiple Linear Regression) < @83 @717+ 977149 CO2
HEF AHA

HE 10d1Ee] Q121719 COL8 F%e F43517] fstel, Als 4o g5d =2
d AeE FEst. oA 884 (Multiple Linear Regression; MLR) S 33}7]
A&l DICE S¢H¥s=E AAsty, (1), SO, HR7] AaAH|=(A0U),
Silicate (Si), Phosphate(P)E F&5HFE A48t 443 = e A57F g9 370
o] A (A~C) oA 3=k 13).

7} MRL& 43 20119 223 DIC 934 &%
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=gk (2 1 & 13H24).
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7t. TASH DIC @ZA#SAEE 43 25 pCo X &<l
Gl e AE oA 23 pCO,Y Aok (1d 29). ATl
Al ET pCOE W= 151~469 patmo® FRIEGow, 7 v gk ZAd oA &
A ATh ZAdF A WFe 2T pCOE Hol= olf+ 1% A5 E kel 7] wE
o= FdAT(A 28 Fa). FUIE, FHAAE R 2A ER7A olF FAERE u
pCO2 F7to]l FRsH Yelvs S &eld 4= i) olgjst A Jd= &3 o3t
Ao, 7} e wet sl &5, A o3t AorE FHHAT

Hm
ke
o Mu S
_EL -{N'

¢

1 500

450

400

350

300

250

200

Ocean Data View

150
180°E 150°W 120°W 90°W 60°W

% 29, A7) %5 pCO, w3

. 2% pCOo; ARE &8 5“7]—3]1"]: g wdE 3

UA FAE ETF pCOy ARE &t A7 ti7l-sF CO, ndFE +4
SR (29 30). 1 A} ?i:rLéﬁgﬂJ 129 o71-a%F pCO, WEHS -177~33 mmol
m 2 d'o WIS A, HE -11£25 mmol m™2 d &, th7]19 CO.E FFdt:= &Y

o7 FEFHAUY. 53] #H di7|-sl CO, S5 HQ ZAd oA Hd -30£35
mmol m™? d7'9 F5E&E BT, o]gdt 58S APA T oA AAE 1¥9~3¥ 7]

S
&k H COx E54¢ —4 mmol m™2 d7lol vla] Ho 7v] H& koot AW, AU
3 AFoA AAE HIHAZH(—132 mmol m 2 d Dol HlajE FE S BTt ZA |
Al pCOze ARl T2 el &gk A3 BE Do o3 Ao= I35 7|FHs)
of o]t o] =9 WglFYE oS5t fiAE AEHAQ I ZUH P o] eq-drh

Air-sea CO, flux mmotm-2d-1

25

Ocean Data View

180°E 150°W 120°W 90°wW 60°W

a7 30. A e sjk-ti7] CO, &¢

[>
S
Fl

10) DeJong, Hans B., and Robert B. Dunbar. "Air-sea CO, exchange in the Ross Sea, Antarctica." Journal of
Geophysical Research: Oceans 122.10 (2017): 8167—-8181.
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