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Sensitivity Test of the Distribution of Indian Ocean Surface CO,
Partial Pressure on the Physical and Biochemical Processes
by a Two-Dimensional Ocean Carbon Cycle Model

PU Yifen

Institute o f Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029

Abstract Simulated results from a two-dimensional carbon cycle model of the Indian Ocean is used to analyze and
discuss distributions of partial pressure of carbon dioxide at surface water and its control factors, influences of ma-
rine biology on the CO. air-sea exchange, and impacts of changes in nutrients and ocean circulation, which is also
compared with GEOSECS observations. Ocean conditions related to partial pressure of carbon dioxide at surface wa-
ter are studied. Some key factors and their influences for determining sources and sinks of surface carbon dioxide are
further discussed. A few important conclusions are thus made that marine thermodynamics and ocean circulations
have key impact on the chemical processes of carbon dioxide at surface water and the influence of marine biology on
the CO, air-sea exchange is less important. In addition, several numerical experiments are carried out to study the
potential influences for changes in marine physical and chemical processes on atmospheric CO; by using the carbon
cycle model.

Key words ocean carbon cycle, Indian Ocean, biochemical process, physical and chemical factors
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Table 1 Stable state numerical experiment of the Indian Ocean-the atmosphere system

AR &M ST FA ik e £h e B 7. JA i S A A il = bl
REB &M ey W TA/ ¥ﬁ2¥fﬁfﬁﬂ£/ jfwﬁi ?lﬁoﬁi ﬁ}i“z?/ fwli o,/
mmol « m—? meq * m~?
brfEIBAT 2. 40 2400. 0 1. 89 2382. 30 2144. 61 33
TEE (GK=0) 1. 89 2386. 0 1. 89 2382. 24 2101. 75 49
EFRE I 4. 80 2414.0 3.77 2382. 34 2176.19 22
AN 2. 80 2406. 0 1.92 2380. 44 2145. 90 32
WFIRSE N 4.5 °C 2. 40 2400. 0 1. 89 2382. 30 2131. 06 36
MR 8.0 °C 2.40 2400.0 1.89 2382. 30 2132. 91 41

e GKIOpEaEAR R
T

I — 4R 8 BB BN R)Z poo, 2340
LA A 7 64T TOT5E, BORAHE 1 R i
HRZ peo, WA, QFEHEEE . hEEFIETE
WIVERAE . JFERFEER)Z 50 R peo, HRA P/C()2
AERT 22 0 AT BHE & 13 R E5E . X Tl
RIZH COAb il T PEmIE AN 1 2 iy
FERTIA T GREE) FEFEIR R B ) B 7 e &
PR, AP RAE TIREAL, XAEEies
Brewer (1986) LI Volk et al. (1988) MY 4E
w3

BE I 45 R R B, a0 R B AR A it
[T P R S W NN G S R (T RE o ) gt
HORERS KA CO MR RUBAE . BFFE K3
TERGAE AR+ UM FE Ff Y B 35 A AR
TR AL B AN AR, B SR 43 T
DG RS FR IR NV DA 5,
R I PRI A TR TR Y R

S 3LHk (References)

Base C F. 1982. Ocean chemistry and biology [M]. In: Carbon
Dioxide Review, Clark W C, Ed. Oxford: Clarendon Press,
1982, 187 - 211.

Brewer P G. 1986. What controls the variability of carbon dioxide
in the surface ocean? In: Dynamic Process in the Chemistry of the
Upper Ocean [M], Burton J D, et al. » Ed. New York: Plenum
Publishing Corp, 1986, 215 - 231.

Broecker W S, 1982. Ocean chemistry during glacial times [J],

Geochemica et Cosmochimica Acta, 46, 1689 - 1705.

Keeling C D. 1968. Carbon dioxide in surface ocean waters, 4 glob-
al distribution [J]. J. Geophys. Res., 73; 4543 —4553.

Levitus S. 1982. Climatological Atlas of the World Ocean [ M.
NOAA Professional Paper 13, Washington D. C. : Government
Printing Office, 177.

Maier-Reimer E, Hasselmann K. 1987. Transport and storage of
COzin the ocean-an inorganic ocean-circulation carbon cycle mod-
el, Climate Dyn. , 2: 63— 90.

Maier-Reimer E, Bacastow R. 1990. Modelling of geochemical
tracers in the oceans. In: Climate-ocean Interaction [ M ],
Schlesinger M E Ed. Dordrecht; Kluwer Academic Publishers,
233 —267.

Simpson J, Zirino A. 1980. Biological control of ph in the Perurian
coastal upwelling areas [J]. Deep-Sea Res. 27. 733.

Takahashi T, Broecker W, Bainbridge A. 1981. The alkalinity and
total carbon dioxide concentration in the world oceans. In: Car-
bon Cycle Modelling [M], Bolin B Ed. New York: John Wiley
&. Sons Inc, 271 - 286.

Takahashi T, Sutherland S, Sweeney C, et al. 2002. Global sea air
CO, flux based on climatological surface ocean pco, » and seasonal bio-
logical and temperature effects [J]. Deep-Sea Res. 1I, 1601 - 1622.

Volk T, Liu Z. 1988. Controls of CO; sources and sinks in the
earth-scale surface ocean: Temperature and nutrients []J]. Glob-
al Biogeochemical Cycles, 2: 73 - 89.

2%, EWIAL. 2000, EEBIGHE (D —MMasREEsh 2
W AAE R A i R 4l U Sy [T ] AR5
BEigE, 5 (2): 129 - 140. Pu Yifen, Wang Mingxing. 2000. An
ocean carbon cycle model part I; establishing of carbon model inclu-
ding an oceanic dynamic general circulation field, chemical, physical
and biological processes occurred in the ocean. Climatic and Environ-
mental Research (in Chinese), 5 (2): 129 - 140.

2%, EWIR. 2001 MEVERAGIA B (1D« X EQREVE R4S
ke (U], S S5HEENSE. 6 (1): 67-76. Pu Yifen, Wang
Mingxing. 2001. An ocean carbon cycle model. Part II: Simula-
tion analysis on the Indian Ocean. Climatic and Environmental

Research (in Chinese). 6 (1): 67 - 76.



