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Abstract — The oceans could absorb almost all the anthropogenic carbon dioxide the mankind has been pro-
ducing eventually, but in the nature the air-sea CO, exchange occurs very slowly and to lower the atmospheric
CO; concentration substantially CO, must be injected to the interior of the ocean directly. If we inject CO, col-
lected at the major CO, sources into the international waters in the Philippine Sea or east of Japan, we could
store the CO; in the oceans effectively for a few hundred years. When CO, is dissolved into the water, pH drops.
The creatures adapted to the deep oceans where environment is very stable could be affected by even a small
change in pH significantly. If, therefore, we are to inject CO, into the oceans, we must assess the effect of CO,
injection in the marine ecosystem beforehand. Only when the damage to the marine ecosystem is smaller than
the benefit from the CO, injection, CO, injection is effective.
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Fig. 1. Temperature change due to various global warming scenarios
(From IPCC 2001).
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Fig. 2. The total amount of CO; in the biosphere, atmosphere and
oceans.
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Fig. 3. A conceptual diagram of CO; cycle in the oceans.
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Fig. 4. A schematic of ocean co, sequestration (adopted from http:/
/enews.lbl.gov/Science-Articles/Archive/sea-carb-bish.html).
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Fig. 5. A map of the seven cities, which are Bombay, Jakarta, Tokyo, San
Francisco, New York, Rio de Janeiro, and Bay of Biscay from the left to the
right in the figure, chosen for ocean CO; sequestration numerical mod-
eling. (adopted from Aumont and Orr, 1999).

01’“ Shekas F9lof o8l vehhs A 2

e PR P F el g
170 4 5 7] ol pErsste] el AES) e CO,
AN 94 WA selsiolok eke] 5, 2006, €O A ol

v A ABLE 525 87183 So] i =49 7Fs2do] v

§ 7| W] o] BAw d9ko 7 5919 4 9Itk(Johnston and
Santillo, 2002). FU¥ CO} APYEHE A9l g slgiole)
Q3T COY A% 52 vool Ask=3x19 ao3tr 8o
ol dstetastslgo] Astd wel@E| P gAsE RS o) 4
3lo] ATsic).

2.3 CO, XM% 81 Ast

32H S FYA| 33t e o]akslekiE DIC(dissolved inorganic
carbon, FEF7I6A) HE|E FRAAA, ok o] g3 LAk
Azdel Tist 223 Q571 GOSACS OCMIPS] 5 5}o]) *@Q
SItHAumont and Orr, 1999). ©] AFeAM 77] thEA| @] AAe] 1t
T, P EAMO) R, MIIA AT, 57, A7HEE]L Hlo); Fig. 5)
=2 #29} 800 m, 1,500 m, 3,000 m Zol| 11del] 0.1 Pg-CS A
7] 2000478 1001 FF FUHE 7S ol akstekae] #ala) o]

& FARISIT o] 9 QIFT t7|2 WEske & opleleka
o] oF 2%l Bt 1 GW F] HES s Meksle
WA 507], 22 HATEAEA A 10070014 HjEss o) Aksler
29 3 FYsith o] BdE A & el ke A
oo g e A3 A9S 7231tk Matsumoto and Mignone
(2005)°l &J3k FAA 1 1,500 mol FUR COox= 52
T el mhet 3, 5227 ko = WA URITHFig. 6). ©] 3
Ao T FRYFSFL H5eo|7] el pIcY] %7t 7}
B2 AYE BEHoR oFsitt difo] e sauraow

r
J}L
)
~N
Y
Y

121

T

1000

T

E O AL SR SRS e e
120°€ 160° 160% 120W 8o o 20N 400N G0N
—— (.500 oms

LATITUDE

TATITUDE

LA

LATITUDE

]

T

T i
o 100°F 180w 60°W 805 PR P Ao oo
LONGITUDE LATITUDE

Fig. 6. Evolution of carbon injected near Tokyo at 1500 m (adopted
from Matsumoto and Mignone (2005)). Circulation is shown for the
North Pacific: (a) annually averaged horizontal velocity field at 1500 m; (b)
annually averaged overturning stream function in Sv (10° m’/s). In
(b), solid lines represent clockwise circulation, and dashed lines
indicate the opposite. Injected DIC is shown for the globe: horizon-
tal maps (c, e, g) show vertically integrated inventories and merid-
ional sections (d, f, and h) show zonally-averaged concentrations.
Panels (c) through (h) represent three time slices: year 2050 (c, d);
year 2130 (e, f); and year 2250 (g, h). Map contours are spaced 6 p
moles/m” apart. Section contour spacing is 3 umol/kg.
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Evolution of pH anomaly for 1500 m injection in the Medium-Mixing model
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Fig. 7. Evolution of the negative pH anomaly for the 1500 m injec-
tion at the site of injection (i.e., 37.8°N, 144.4°E)(adopted from Matsumoto
and Mignone (2005)).
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Fig. 8. A map of international water in the Pacific. The two red circles
represent the areas of possible CO; injection.
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ocean circulation model of 1° by 1° horizontal resolution.



AT AR B B ozl AR )& ) 123

&= Co,
B A S QAR Heke o]gsitid AR 9o} Dy
B ZA Fal(Fig. 8)°1 COZ FAMZ = Qlu} BARE CO= 3
2 ot 207 witel] F X9 #F s o FARE
€09 ©15AZE 293 <= 9t} Fig 901] 2,000 m FoA S

Bt A% e dEAY S B 55

B A
fLS
—L
.

Hpo] A7 UERISIT. 29 20 AIHE] B9 405 Aol
AR $80) EAJ510] R DA AL BEE B20] 9

AlsHAl vehdth mebd dE o £ Fal) 2,000 m ol AR
COx== Matsumoto and Mignone(2005) 5°] HojE A A5
o] B35 Wt 5EFOR olFsi HAud Aot Ay 2
A Faloll FUE Con= ©] dGoll Y= HhalA W 380 9o
& WA ], o] 9o FH 55 EAMES w2 Jeks
5 ue} AR o|Fd § Hug) P FEow o5l B
73 1605 F-2oA Axg 722 dubrg o584l Helet of
AT, AN 54 2050l 40 Alolo] YES wlet E= B
%f‘k‘?—‘rﬂ FEOT YEALE W o5 AL R0)7] mjito] g
T Ade mEE o HElE 1Y Row Qe Bege

i

o ALY SUBLAN A 5] A QLR i
Sl E Z7RPA slo] e weleli o AojAA B

QU] A Ege] B AP aah ke AL 7
o, BelR 2He] 715k QR o) Faie AuTh A &
80] Wb 7Rso] glont o e o

m?L'TE

o]

348 B
ko] F41%(1,000~3,000 myll COS AA HARBIC 2 coZ
T B a7t g850= AYAA ZHL—%% HEE A 5
UEH AFEEE 0] Qe Hof| BARe 2 AT S22
dolMe 1 E&E B7RPI7F L3R, AR BAPL o]
& A5, BAM covt 353 Satel o) ml- FaeA
A7) el 588 423 Frlsp)e o ojE e Aow &
24 §It} (Matsumoto and Mignone, 2005).

AE EFAEE FIE 319 O E3P) miEo, Qlo)
e AlG FUEE TR o) EE310] Axpatgo] vt
< dieel] ES FFe] A S SA ti7) olatsler

AASRE WS AFE I Sl SSEZN ARG o
@9 YA ] ®A F 20%013) Tlo] ARE Flelely] wiol
CO, AP AEE o83k A 20} &4 fg&ol}.

AR COx= pHE F1AA7)7] Wi sl geiAel] 93¢e &
T Jed 2 @Et ARl 7k ASE A Ak 2L 9
3 pHAZH= A4 7l o)k wshur) 84 77 vepdo) W
7} ulg- A Asfel 283 AEEL g2 Hplx 2 Oﬂf‘f}—
TS Q) e, CO, AR AlslE T ofof 23t i
B sl gt AeiAl] v £40) Co, BAle) ©
3 o5} 2 ALoul CO, BAPT EEAY Aot} HrE
4 7Iek=de] BY)e) ogt sk WKel] #E FAgekl ¢

F

o

L 00"

AgekelM= €08 AAAEE 20079 28
COATZ AR oFF SX38HAL Qlo],
SFF710l oA sE o o & Aot

3% 44101 3,000 m ©)dRl de] EAfsht, kel £7]
7} 1001 ©J3= w9~ Fot AR CO,Y AEEo] HWig- wol
FaE 0] 83 CO, FAkR= o ZA|A o]50] Gict. shA|uk A
kS o] g3t ot 1% Jiﬂ} AFEEC] & Flo=E

109 72 883k,
o] Feke] MHE CO, 3

Bk ST Bl COZ BARE & 9t
Ab AL
B 2S UAR A AT B A SR B

AT PR ATALA <O, 7SR
B AR IR A0S oh FgEgint.
A=

[1]1 73744, 2006, 71438 U18-& gt olalslets sk
£, €588 83 A NICE, 24(5), 424-432.
2ot

o7

(2101784, oltel, Axt=, AT, o|FH, v+, A,

2006, Il = CO, L F7P) UL E L ok
Aol WX gk e} AR I, Sl Feks)X,

9(4), 243-252.

[3] Wiwe, 44, AT, B, 8418, 2005, “CO, YA
et HlaAT, st dAE T L:é‘lXL 8(3), 111-115.

[4] Auerbach, D. I, Caulfield, J. A., Adams E. E. and Herzog, H.
J. 1997, “Impacts of ocean CO, disposal on marine life: 1. A
toxicological assessment integrating constant-concentration lab-
oratory assay data with variable-concentration field exposure”,
Environ. Modeling Assessment, 2, 333-343.

[5] Aumont, O. and J. Orr, 1999, “Injection-HOWTO”. Internal
OCMIP Report, LSCE/CEA Saclay, Gif-sur-Yvette, 17 pp.

[6] Aumont, O., J. Orr, A. Yool, K. Plattner, F. Joos, E. Maier-Rainer,
M.-F. Weirig, R. Schiitzer, K. Caldeira, M. E. Wickett and R.
Matear, 2001, “Efficiency of purposeful CO; injection in the
deep ocean: Comparison of seven ocean models”, In IGBP:
Open Science Conference 2001, Amsterdam.

[71 Cline, W. R., 1992, “Global Warming: the Economic Stakes”,
Institute for Internations Economics, Washington DC, 103pp.

[8] Drange, H., G Alendal and O. M. Johannssen, 2001, “Ocean
release of fossil fuel CO,: A case study”, Geophys. Res. Lett,
28, 2637-2640.

[9] Intergovernmental Panel on Climate Change (IPCC), 2001, “Cli-
mate Chagne 2001: The Scientific bases”, Cambridge Univer-
sity Press, Cambridge, UK. 944pp.

[107 Intergovernmental Panel on Climate Change (IPCC), 2005, “TPCC
Special Report on Carbon dioxide Capture and Storage”,
bridge University Press, New York, 431 pp.

[11] Johnston, P. and D. Santillo, 2002, “Carbon Capture and Seques-

Cam-



124 WSt - 243 - Katsumi Matsumoto - 01784 - 734 - 3213k

tration: Potential Environmental Impacts”, In Intergovernmental
Panel on Climate Change (IPCC), Working Group III: Mitiga-
tion of Climate Change, Workshop on Carbon Dioxide Capture
and Storage Proceedings, 95-110, 178pp.

[12] Kem, R. D., 2007, “Global warming is changing the world”,
Sicence, 316, 188-190.

[13] Knutzen, J. 1981, “Effects of decreased pH on marine organ-
isms”, Mar. Pollut. Bull., 12, 25-29.

[14] Marchetti, C., 1977, “On geoengineering and the CO, problem”,
Climate Change, 1, 59-68.

[15] Matsumoto, K and B. Mignone, 2005, “Model simulation of
carbon sequestration in the North-west Pacific by direct infec-
tion”, J. of Oceanography, 61, 747-760.

[16] Orr, J. C., O. Aumont, A. Yool, K. Plattner, F. Joos, E. Maier-
Reimer, M.-F. Weirig, R. Schlitzer, K. Caldeira, M. Wickett, and
R. Matear, 2001, “Ocean CO, sequestration efficiency from 3-
D ocean model comparison, in Greenhouse Gas Control Tech-
nologies”, Proceedings of the 5th Inter. Conf. on Green-house
Gas Control Technologies, edited by D. Williams, B. Durie, P.

McMullan, C. Paulson, and A. Smith, CSIRO, Collingwood,
Australia, 469-474.

[17] Orr, J.C., Fabry, V. J., Aumont, O. A., 2005, “Anthropogenic
ocean acidification over the twenty-first century and its impact
on calcifying organisms”, Science, 437, 681-686.

[18] Seibel, B. A. and P. J. Walsh, 2001, Potential impacts of CO,
injection on deep-sea biota, Science, 294, 319-320.

[19] Shirayama, Y., H. Kurihara, H. Thornton, To. Yamamoto, M.
Ohta, K. Okita and S. Shimode, 2004, “Impacts on ocean life in
a high-CO, world”, In Program of the Symposium on the Ocean
in a High-CO, World, The Scientific Committee on Oceanic
Research, Paris.

[20] Watson, A. J., C. S. Law, K. A. Van Scoy, F. J. Millero, W. Yao,
GE. Friederich, M. 1. Liddicoat, R. H. Wanninkhof, R. T. Bar-
ber, and K. H. Coale, 1994. “Minimal effect of iron fertilization
on sea-surface carbon dioxide concentrations™, Nature, 371, 143-145.

20063 129 12 QoA
20079 59 79 SAE A



