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Abstract: Marine carbon eycle is the mostly important part of the global carbon cycle, which is the key to controlling the changes of
the global climate. The oceans are a huge reservoir of carbon and have the capacity for absorbing and retaining CO, , which plays
an important role in regulating the levels of atmospheric CO, . The study of carbon transfer and carhon end-result in the ocean
would help us to forecast the concentrations of atmospheric CO, in the future, and also the changes of global climate. This paper
presents the main advances in research on the marine carbon cycle and biogeochemical processes, which include the air-sea CO,
exchange process, the carbon vertical and horizontal transfer in seawater, the carbon flux between seawater and sediment, the
input flux of the river and the marine carbon cycle model etc. The total inorganic carbon (TIC) is the main carbon species in
seawater, whose concentration is about 1.5 ~ 2.5 mmol/kg. The air-sea CO, flux is about 1.6 ~ 2.0GtC/a calculated from formula
and model. There is still some controversy over the exact figure and its future changes, especially if it involves considerable
uncertainty such as the function of air-sea CO, transfer coefficient which incorporates with many physical factors. The uptake
capacity for CO, varies significantly due to many factors: solubility of CO,, seawater partial pressure, carbonate system of mixed
layer, temperature, salinity and alkalinity. All of these are various in different seawater, which would act as carbon source or sink
of atmospheric CO,, along with the influence of seasenal and inter-annual variability. The vertical transfer of carbon in seawater is
mostly various and complex processes, but mainly depends on the biological pump. The atmospheric CO, is translated into
dissolved organic carhon ( DOC) and particulate organic carbon ( POC) by photosynthesis of phytoplankton and biology

- metabolism, which is pumped into the deep seawater by food chain processes, physical mixing, transport and gravitational
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settling. The primary production of global marine ranges from 36.5GtC/a to 103GtC/a, but the majority of which is recycled within
the euphotic zone supplying a standing stock of marine microorganisms. It is also estimated that for primary production about 4GtC/
a to 20GtC/a is exported to the deep ocean. The major pari of export production pumped into the deeper seawater column is also
remineralized during sinking; only 0.03% to 0.8% of primary production can be delivered to the sediment. The concentrations of
DOC and POC usually are very abundant in surface and subsurface of most oceans, and decrease with the depth of seawater,
however, they will keep a lower constant value in deep seawater, The contents of DOC in seawater range from 60umol/L C to
90pmol/L C in the surface, about 40umol/L C in the deep. The distributions of DOC and POC show a decreasing trend from the
inner shelf to the slope and to open sea because of the river inputs and higher primary productivity. The carbon benthic flux of
seawater-sediment interface is one of the important aspects of marine carbon cycle., The remineralization of POC in the sediment
and the diffusion of DOC across the sediment-water interface can increase the concentrations of DOC and DIC; enrich the dissolved
nutrients in deep seawater, The nutrient-enriched deep seawater also is taken to the surface by the adverse/diffusive upwelling and
recyeles in the euphotic zone by biological activities. Carbon derived from land also enters into the ocean via river as well as to
some extent via groundwater; the global natural transport flux from river to the ocean is about 0.8GtC/a. The marine carbon cycle
model has been built up to stimulate all kinds of physical, chemical and biological processes in the ocean. The model forecasts the
atmosphere conditions in the pre-industrial and the climate changes in the future, and also estimates the controlling functions of
increasing CO, concentrations into the ocean. The model includes a lot of styles such as BM, GCM and B-GCM etc, and develops
from one dimension to three dimensions. The three dimensional biological geochemistry model would be the important and efficient
tool for studying the marine carbon cycle. The latest development of determining DOC and POC, and the future for the direction of
marine carbon cycle is also summarized in the paper.
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FMEEELHRTHEELEAT(0.620.2)C, ¥ XEFTMEARMNEE LR THREBELEHEA1~3.5C, X
DBAT—RIAE ASAE, EERM AR S HEFRWAIFEERE,

BREMER B A GAE VAR RBAR S, B COo, BRI A VL &Y% 2RI XA B P AW G, 18
HEAYEEELBMEERE, £2REN LIRS L E i E A 2 8 (IGBP) , H by A SCHE # it X
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BRER R (CO;™ ) X BR (H,CO,), —MRIE/K A TCO, 94 2 mmol/ke, LIBEM AR S EE MR BR WA A
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Mg R CO, BITE BB L4 1.6 ~ 2.3GtC/a HITEEIP (B2 1), % B Hadley, % R IPSL, 7 @ MPI 13 E GFDL
4 MR FE AT H 1980 ~ 1989 £ 5] AR UL CO, MEAFIHN 2.1.1.5.1.6.2.2, HETAMTERESZH
CEIER 2.061a"

BB TFEREREBUBEZESPEERF I T8 o, BARARRBH AKX M ARG -3, £ H
RRET , ARARTERIRETRTIZILFY HEE Co, HE(p(COo,) )& E M AR %EEHK
FEAT=ERFR G R, MET X3P . BFHANMGIT, BRAERRAT FARN S8R, AR K8 E
BBELURARMDEIROBEFEOBERBRE EREANOWEEEEXNEN.,

1.2 \HFRI COo, HXK X R 21 MR CO, #RRMEN
ﬁﬁﬂﬁm’:ﬁﬁ ﬂ&ﬂ&jﬁ‘"‘{ COZ E@ﬁﬁj} , ﬁ‘? D[ﬁ] %j( Table 1 Estimation of net flux of oceanic uptake of CO,
. ; e BR 3 B% M
t:{; COg B‘J“&islz{ﬁlo Z‘ﬂ?@##ﬂ‘@ﬁ%'ﬁﬁ#ﬁﬁ Model Net flux( GtC/a) Referrence
)ﬁ 3-5 & ﬁ{lﬁ F)I"}E R E@ ﬂﬁ ﬁf , E-E jg j( % ;P % iﬁ E@ COZ Eﬂ Box-diffusion model 2.32 Siegenthaler( 1987) “
. HIDA model 2.15 Siegenthaler( 1992) |5
Zﬂ%{ﬁéﬂ&ﬂ&‘{ﬁ,}y&*ﬁﬁjﬁ%ﬁ,?&‘#H&%Eﬁ(”ﬁ#ﬂ The Princeton Model =1.9 Sarmlentow( 1992) !
CO2 ﬂ/(] m E , »f_E_l %ﬁ ﬁ;q ﬁ ,ft m']‘ %* , %% m_t R ﬁ‘ ﬁ E ‘}@ Ocean general cycle model 1.58 Heimann( 1993 )

KO00m AR EHRBHATEEREFNIEH. XK

CO, AT S HXBHTERLE,C ELTHBA N 100G/a, (BEHZp KR CO, REMENRERK,
BEEXT KK CO, HRWABURKSESEFHERN G BERAEE LR TRSBRBRERLF K
BB T R AR Co, B AR AN B PN R A N BRI ESY, BRER
W CO, M 1h2ERE /) BR Y T8 % 0 B B 5 00 B8 1 9 38 T & (H,0 + CO, + CO;™ =2HCO; , CO, + B(OH); =
HCO; +B(OH),)"

CO, BRXHP— M EELHEFRESE p(CO,)E.MEK p(CO)RNZE MY A ER R
TR R pH (HERZEEE M. BK p(CO,)KFKRK p(CO)H,BREEKXS CO, WIR, KZ, M
HRFCO, Wil HERFEREK p(CO)MEATLEMBEER N BE,TEH co, AERWRSIL,AF T
X1k JTEBREERIZIK p(CO, ) By LI 7E et (8] #0255 (8] & LA RA R, IBE A YK, Keeling L5238 T 1%
p (CO, ) B 5370 V&, A o T 3k (0 MR M A BE AR B B 10 45 B A 10E , B R TB V8 38 (10°N ~ 10°S) h KK CO, M EE
WX AURERFHER CBERERE 1.060a, HIEHEBRHE K 60%; Mt KIEEMBEREMNIXSKHEE
TCX, B R L E 45 5305 LA pg B ig iR M 0T ¥ 4, UK CO, 29°0 1.2GiC/a, &G VEIR WO B B 69 35% ;40°N
RAJEpdb X PR A B gt B Z i i 2 CO, WOSRIL Kb KR FHEM B F R L Z BRI, EEZAHR, K
BT S 3N KR CO, LK™ o AadiX BBFFAEST B, Keeling IR AN 15°8 ~ 50°8 22 [6] i) 9% i £ 4
1.1GtC/a, T 50°S AR 15 4800 2 W i 55 B 48 , B0 K AE 15°N UL HBIX , 3K 2.3GtC/a, Murata B B 5EIA
HEEERBLETERESR KK CO, P%E FR AL, Brostrom ™ L iHH 18 B 30°N LA i A T8 5 15 ) A
R N0.4GtCla0 i b, Thomas %" 3 3 4f — L6 S 7 R 48 X A B1F 55 41 478 B @ 3R R RE AR X 9% 00.4G1C/a,
EEDE L2 BARRERXBTCRNEEER, W XFIMERR T 5., GEN CO, KRR T XK. F
FERNBLRBHBERER X~ SEEREE FEBMEFRIERG ITRANEIAL,

2 BARPHRHIBHLHAR

WK PR R MK TR EREEBRBEHREIRY, AN SRR KP4, E LR w8k R

W CO, BYEE A1, 3t T 8 g 30 0 SR b B R AT RS A .

2.1 BARKHBRMELSKVER

2.1.1 POCEEERMAA CO, HABAURE HBEHAHABIBE -MEXNEYLFIR. BdR
SRR IR SR G KRN CO, BHAL N A & A A BURLA HLBK (POC) , X HUBKE 3 R V) B
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BEAEBERWSIPRREIY . SESIVHHER HRATZHEIEYNE T rESSTERENEE .
FH B ARERD AR SENRERREN R BEEYRNEERNROUAR T B 2H Y0
BTFHB, XEHAYE™ N LR TR SRERINIBLANROBEERB IR A EWE" (0
B 2), ShociE g8 b & A BRERES M VY B8 LA T B DUAR LA R R EHUBR A O L I B 1 F
BB UM ARBRER, LMW E—-HEYE.,

BRI EREBEEYBRE AL 36.5~103CVa WEN, XM F AL B HEFEHERIIALKH
CO,(7GtC/a) AR £ (B AE VA MK KEB S EENE N BB 8 MA W R AR EN B, E — /N
DULHERIE R R . POC B il 8 R 5k 3 BT M B 58 00 B A, S0 Mg RV R A 356 AR 1) Bk O & 5k
16 x 10°t/a, (B 2BREHH POC ERIER T4HER M3 C {7 4 ~ 20G/a Z ], Schlitzer ) R FHE BT C{H
7 11Gva(2000 4) , POC i E BAFEW B XA, SWRATF IERMM X, H 2 ERLMERN Ty
AEBRKRERES VYR BSREERWE W, EH RN KE X [EE KB K, 8 e AR B F
KEXE0.05 BT~ EFBREFTKENRK 0.8 I L, —MWA 0.10-0.30 Z 8], EX2PHHH
POC AR T BINE K, E THRABRTEH LIS PoC EHTLATIYR, ATE T RBKEERS
RB MR o MRV ORI R X 0% A %ok B, B R B B (238 DOoC) 2331k 10% F1 25%,
TR A R POC I i h @R 10% M 26% , BN LU KR EHESEER,C RUTTHE RAF 0.01
g/(m'-a)f 1 g/(m'-a)o 5340, fITHIBRMREEENRZH MK CHEA N (0.6£0.15)Gi/a, HKF POC 7 i
FREBEZRBFEEAEESMEEYY ARERNREMREZR KR £ 5 H 5 558, 5K 0
—HRFEHMEEHRIBERE.
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Fig.1 The vertical transfer and transform of carbon in marine

2.1.2 DOCEHEEMAA OSLEERMAYRBIEZS™4E KB WIEMBA LK (DOC), 2 4 [F 65 &
5% ~50% , HEDTEBWREFBREIBNERRY, — 545 DOC #1575 40 8 19 7% W 5% 1L 2 40 8 BUBLHE A
BMALEYRY R EHAEA TR POC H K4 [ TS ;B8 —T4 DOC BN EEMN B KNE
HIRAERIEBH M DOCH B B2 1.2 ~ 10G1C/a. DOC EEAF MK B2, vk i B R A
HH LM UEE B BRI R, Sharp S 45175 8 K PR B AY DOC 4, 3 E B K 29 % 60
~ T0pmol/L C, K fH 4 35 ~ 40umol/L. Co 738 K PG DOC ¥ & , 7E 400m LA T 24858 H (46 + 7) pmol/L C, BE

FIRE b IR SRR B, R B R IE 97pmol/L C, %% L FHK i B T W AEE L E #4129 4 66pmol/L €', 7
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KREPNERHFREEREREET DOC K E £ 52 ~ 63pmol/L C Z 8] ,IBEZEF DOC R ERIFEERMTE, 5
2000m Ab 2K 42pmol/L C" o X 5 5 T A AT ALK OF 2 02 g el A B 9 8 4 — B, TR AT 0 03 T 3K
DOC ¥ B 7/ kv A B B0 AN, Ogawa 2100 By % B K EE 3R B DOC R (45 ~ 55pmol/L C) &
1% F HE W88 598 (60 ~ 90pmol/L C) ; Sardessai 25" BT 9% N i 24 H 0 YR V8 70 B iR 6 3 B9 DOC & FEE I6f U
RBEKET (25 ~ 200m) F 58 #44L 2075 (52 ~ 191pmol/L C), 500 ~ 800m 2 8] i 7~ B /)M E (41 ~ 57pmol/L
C), & B 7K (3500 ~ 5300m) #* DOC ¥ & T B {H AR AL AR /N (41 ~ 64pmol/L C) 6

2.1.3 MK FE#HE WAMEBMERBHKSSLR, KR NI BER . EREEEHAMNEETNE,
2R 14% ~30% BB LT AEAERX K, BEZBERR WRHIF R ETHR KRR A &
EEERASERNERLAMEXBIAFEXKEE SR, NITRESMNES Co, TN, BRNKIER
REEAMEY , SRFEEE S KENEIRREERELN 1~ 1.5Ca, BRMS I RB M AES T FEEMARE
4r 380 0.08tC/a F1 0.2GtC/a B RUGE B . R E 2% WM 1994 ~ 1996 4 7] Z 15 85 3K K FE 2R Wi 1 49 DOC A1
POC 7375 B, & BRTE P Bl B ML K TR B89 DOC ¥R BE A 25 7 ( > 85pumol/L) , fH7E Kuroshio b F+ I % A= 9 ifi 22
HALBeR(#5 65pmol/L) , ELIX i 4x 75 B BT i) B LR D, BB K PR B ENBRERA B FHH B AP ED,
POC I4r i MR R BRI 2 a4  BERBH A HE T EANRS T84 m B R REERKHE,
F1 POC BB 2% DOC §9 110,41 KK 2R DOC F1 POC 1 11 43 514 414GmolC/a #1 106GmolC/a'™ ,

2.2 AEWFENERBNEE KT

EYEREREEREN CO, WELIIMBA M T HBERE L AEFEA B R B K KB, AT FER
K p(CO,) MR RS CO, MIEKPT B HAEMESTEERWARL CO, MEEEWME/D, EMERET
RERFENE S CO, EEMNAA, UREFEBT CO, FHEEAEERTLWE SN X— HEBLRTEYRE
BARIH., SOFVEIERERERSESERERMEYENASERMNMN LHR RHE DR
AMESERNERET K ERSENSEMEMARNBREREZ, AERSEHR HENFS R,
HEHRFENFS M. RGBS EH-METRIEYMEA G RO RYRHERER R AT
B AR AT 0RS BRERy - T EENEMAGS BRGRRAMEEN— KA, HER
AEYWERINKERBKKS CO, FTRIMAN 16% .

MREEEREEIERFEEEXMF LN MEEYRENZHURERESFERER. 2HEXR
LB RENEREHAEYTEE , BWREF N HECRFEER Y 1/10 HFED Martin F3 A ST RER
Bk Fe FRB, IR Fe TR AR, U RSB S AP FE LR CO, MEILHATEM 1 ~ 2GiC/a. FFFRE LK
2t BB 4 T IR R B E AR T T RS 1930km Ab Y R U M 48, BE UG (1999 - 9)) ST I S HEAT 89 13d
RUBHEYBBNBRSBAREWEM EXEENARMERAREZ LA ZELET TRUZR, FE
o N 2R A M R A PR TR LA €O, MOHEE B . 2448 Mantin FOERIRBIERIC (A7 £ — L REEZ &b, B 6
B — e PR R E A T T G ERRE B LA R AR R R LR B B B IR 2 MR A&,

Wk, AR S ROAMEL TILMEESKRE co, FAKMEBE, FITUERTFRERATER, U
MRS B T Tl RHE 8 CO, s E — B AR AN E B8 EH L EA MR Co, NESRER,
DARE IR O R TS W X KRR RS ARG HTEY . B AR ERERREFYXBITRZ—
H 2332 B 55 % 8 B, Treguer™ $5 M 15 7K AP ik & B 0 38 46 W7 i 7 988 0 o R O A0 O A 98, DAL 0 20 3R 9 5
R Co, BN EXNTRB AR “EHGHEE" HREMGEIANNREFRFRAHEME™EH, B
o, EYMRBE A RERMIER, % 5 Schlitzer # £ TG M R HE R P WX B4R MY — 8, w1 H 5
B W@ E T 7 LoM B3 KK CO, WK 8 vk H# 40 vy JRH :

3 EAk-RRYERETOERHR
BEARYOELRBREFRBENRSICEEITRLTH 1.2x10° & Co, UHNRUTRNEAF
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7 , B F AR ME AR 60 LA R T DABR BR R AT A FERY CO, WA 5% 10%t. mITHREETBABTHAT L
K - LR T T 0 A AR R, 4 R, DR B BB (0 0. 1GeCa, T L 2 B R 70 VS 0 B 40 X 5 Bk R 0 DL 08
B4R 0.4GtC/a, HENR M EEREFFREMBENL, EEK-TEYREEFEEER I BRI
MY ERESSSRE, EIRY L2 KRERK A EMREY DOC.DIC HEFLKE , EMNELFARFEE
BRYFEHR . Ogrinc %" TE46 F fa G AR R O & & 8 3 1\ 7 DU Y A MLk B L B BT 55 B /R DIC
WRERTEETI RGN RS, B2 4040 ELNRAFMERRG , KR # 4 DIC 1K E & 8 FTm
WRBEER, 45 B 14, K45 DIC BRI 0C WEHER Y BT HMFE KT 0%, Accomero %™ 4 ‘
ST (Gulf of Lions) KRG & UURA -k FH M5 DUBRTREL &, A 0 7E A1 X BURE B9 POC A 50% R DL
R ,50% K EB/T L EREEBEN A 31%8 POC BB BRAERZIRY P ,69% HEHETIRY-K
REET T . Otto Z™ 4347 T BRI A B 75 38 141 % (Goban Spur) FLR Y 9 DOC BH K KA R RIEHF A E
B, MATES ST RGN F B E (— N EMBEL T HRANE, DR A 0 R)MBTR R, [
Bi/k DOC I EE A B AT LB /KHHE, R K DOC BIR , (R <P A 1T 7E Goban Spur ILFH H DOC Al
R 0.09~0.15mmol/(m’ *d) , 7E canyon B FEE R 0.05 ~0.16mmol/(m’ - d) ,

TR L B R R 5 Y PR PRI K R ALY, TR BRI B AR & B R KR g 0 0 B R VBRI
HWOIRNERFEZ—. 0K %, TUBE R I )it BR Ak 5% 13 F2 455 11 3 32 AV A 490 300 1) 8 45
B AN H . Meybeck™ #R4E A [R] IR 38 7S [RI V] 37t (0 B oy o 2805 80 7 gk o 3k VT 9 160 8 P O AL (3R 2) L B TR At
M — 545 o T R A BB RIS R AR 244 x 10°va, IR AT HLBK R 199 x 10°t/a, UL A HLER N 180 x 10°
t/a, 7t B BRI 45% .37% 18% , Hedges 21 % 1+ 2007 I 0 A 18 7 (9 DOC 24 0.25 x 10" gC/a, POC 2
39 0.15x 10" gC/a, Schafer™ ¥EXT Gironde ] I X 18 # 4T 10a(1990 ~ 1999 £ ) M J5 78 Bl K F-15 POC iE & B
9.88 x 10° mol/a,

4 BWEBERPHBEXNFR B2 MM (10°a)

E?ﬁﬁﬁ}“{ ,’(}é WA 5T =20 ﬁﬁiﬁ?@#xﬂ- IE%E@%H%’ Table 2 Summary of global transpert of atmospheric carbon
KHIAS, €O, B i 5 1 B, T A 1 R K kS o AU System o e
CO, MR E , it — AWM AR MBRMAMITEEL, @rmsrmA CO,  549~600 550~610 550~ 610
— . . . " . The river input TN 35.6 4.5 51.0
IR R AT 5 8 LRI AT CO, WS I I AR, T ’ A
M EEEEX RS CO, B W RIEESSSMA  ANREEHA pIC -0 -0 -0

The anthropogenic input TOC <20 40 > 80
FERER, B 20 42 70 FR LR AN IFHEE L K FF ™ <3 3 6
BHEKBEAER., EHRBEH TA—%3 =4 P <0.3 0.3 0.6

TR, GER AR (BM) FHE R (GCM) g%
WAL I WA AL (B-GCM) U B S A RSP R R LR 25,

AR R AT T T B b B R LA A LA (D BULH ) AR A MM B SR Z kR R R
B B TR BE 5 R A AR AT B T R, AR A R Y B AL (BD) (B SRR (0D) L B A HLE (MB) FI
R R IR B AR AL (HILD-A) . BEEERA " CHETSHL, WEE THEAY IR REES
REFETHRGAER,EMB A SHBEEYENE, MBD M D ERERHEAHAY RN S L
BRI S A — VR MR TR BOR ¥, MB #1 HILD-A W BEA Ry SR A RRY 8, 5 4 MB A5 "
RRh-TRAREh i T R T A T,

B IR R K R A3 HAEW D S B 55 5, BRI T A Bk RS, Yot v v K T R A o R st
PR, B MR R S E L SN BRESET SR, BT ERE AR
NFERAFHOERLBERLE R EQ, TUEBE, SMhEE L, AR Befret. B
A WX KA CO, R GCM B4 3 b BB R L AR O R A B R R

BREEYLEAREXEASE ALY SRS ERTERS, TEHEEIRRER BRI 2R
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A R R BERET SIS RS LS, ORI RS ¥ P IS R A WAL R, B0 Feth TR
EHMAMT (D) LUK ER R R A EL B AR, RO T RAHENS: Q SRR EIT S
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