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AP o] F AFIF AFo g FEF ojAstaAT AFATo) oW L vAEA, 2L g F ek
gago] 27)7h GuielAlel) gigt AEe] A= vk gt vld 28 B2 7R e T ol
B4 F7te ATt ] ofg7) whgeteAE Lotr] S35 AFAYe] dFo g gaef Fas 7
oete AEPZY] A7|E Y FARIEE AAA Fgsh TR E AU ARgsidlEd, Falel
A dojuil gl 5 2o e ZHAM sl £A §2:NR FAE 2R geol, A9 AA ABE
oz Qo) &8 EY2E BARSIIY. 1952978 20404704 2ARY 2 A3k, gl ez A A4t
3 A, @A 0016 Pg C yr’ AEE 3¢ WHE WL e Ao A= 3 Falo e A
T8 Wee o] FolEs v TUYSE Rl ke FAlolt vt 8 EI3SUF TYFLE #
YA GEZAAM T AEGAEL Faji7t o] Fola BN L9 EFCE HEge Zo] 7k
Aoz Rt olFA HH gl ot gxAl AV} solu g Aolnh. A 507t S gt & ) 4
HE o] & Aol 2T Fale] AF7I oSt FFE 0.025 Pg C AEE FAE

Recently efforts are underway to analyze the impacts of anthropogenic CO; on the global environments and
the amount of oceanic uptake increase. The East Sea is now viewed as a miniature ocean because its circulation
pattern is similar to the ocean conveyer belt. The biological pump of the East Sea is a vital component to under-
stand the carbon cycle quantitatively. In this paper, the biological pump is estimated utilizing the stoichiometric
ratio between carbon and phosphorus. A simple phosphate budget model is constructed based on the seawater
and dissolved oxygen box model that can simulate the recent structural change in deep water circulation of the
East Sea. A model run from year 1952 to 2040 shows the steadily intensifying biological pump. Currently it
exports about 0.016 Pg C yr™', which corresponds to 35% of the carbon introduced into the seawater by the air-
sea exchange. An increased oxygen supply to the central water mass as a result of from the transition in the
ventilation system might enhance the remineralization of sinking biogenic particles. This should strengthen the
upward nutrient flux into the surface layer. Consequently, the biological sequestration of anthropogenic carbon
is expected to increase with time. The estimated biological uptake of the anthropogenic carbon in the East Sea
since the Industrial Revolution is estimated as 0.025 Pg C.
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Fof Ao Ha FRo] AsPe Holg) dielz #=s)

A YA, Avk 708 B9t 24 AFEoA] Falle] vl

AFeutziz vEd S5 dirt 718 S-S YA HUe

(Gamo, 1999; Kim e al., 2001; Gamo et al., 2001). ] 7Fe-HA]
3] T He A2 A5 sgdM $2N) e S22 2

E S Aol QU L HiFe Seoked
Wels BEokE) ol W) SR Fale] Aol
eolE shpeld] SEia AuTel tehb FEEE el
O, AFNH §ELI} FOIET 0|9 W Polsle] F
FoA] BEL Aol Uehpy) AFE AL sk B4 7]

zro] Wl IS deFe SAEE o] A= AlF
tHKim et al., 1999). Zo]o] CFCs(Min et al., 1996), 594/
#l-E(Hahm and Kim, 2001) 2 SF«°], 2003)2] ﬁzgg 58 %
3 AEge] S FHE F AURN, Mgt sk Held
#H3l= Moving Boundary Box Model®]2}al O]%'”% 9l 12
AR o7 AAEACHKIm and Kim, 1996; Kang et al.,
2003b).

ABMA AT AHE Qoksha Fo ALA] F2AN W2
9 A3 A7 ERE Bol Sa) viEb R A35E B
Sod Fale] £8 Alzdel upebrx shastlel 3R ¥
Ag g REolA Rapil UM Falel FH0R 2 B
A nhpA BTk Sdelth, ojzte evale gl dojdt
Aoz sl HuAe) 455 T FY ALte) 2(Manabe

and Stouffer, 1993)2} W2 7rol sl Zoldh Wl T8 W
K] Wt thal -2l7F shtd Yot 7h ?z—ui o ==
orel sl uigt Baby EEAAS AATY 5 U HolEhs )

5 Budesin.

Aol ] AFet upel 7ol Fale U EFHsl (marginal sea) ©]
1

AT HFFE W] W, EFolAE DR AR7F b =
g 0|73 glolM] A o B Aze] A7 HeHKim

et al., 2001). T3+ F24]o0) L FIFP L Bl F24uk AR og

& dAste] A2RlE ols)slr]el Astt.
3 Al ’H%ﬂ ThH gl dele A7k 1004 Wz &
Hls] 1/10 v]gre]tk(Tsunogai et al., 1993, Kim and
Kim, 1996, Kumamoto et al., 1998). &3slel ol2jat A5 ¢

o T
FAAE v 29skE AN HE] BgE HA BAE
FsAol wone, B2 pUS uwATarld] Hylel EL

ANE 3%%1 Art.

204]7] kel A Witz 2o] 0.6°C 71 dsdrks dE7t
IPCC 2001d E A oA 2158 vk (Houghton et al., 2001)
Flegol olztslEth® rliss 2472l Aol A[Fslo]
AoIA ow gt GG shzAlell g Aol B8 W3E T ¢
SPelE AL s tAAkE Bagel MR QlE At vl
W olaksherae] uk BEE 7l HH 5T YoMt vEAE A
ARl Ao o] Rty EE of 7hed A4F FE-E
gleol AASIAL A& Aolzlz ol FaHAIT, 2 w3} <k
2 0}”5 —‘E%_M EH Jolut. 3H°k~ e = &3t A2 E
w2 grol A7) el sk
2 L% Agol vigg 57) Bk

& $ktH(Sarmiento er al., 2000).
Pt Bu Ee AYhy) T s nde sl @
2t o JUEELE FHE HolTt AAF T
91 Z(Fig. 1, Sarmiento and Gruber, 2002) # & Takahashi %
(2002)2 o] 91 W v SFFRS 9 22204 Pg C
yri=2 E =4 HA “‘i?}‘,‘\t}(Takahashl et al., 2002). 1316 &
x} o:]q. Esﬂ zl-o]_pﬂ 1:}_2 .z-l_u_ \;HﬁX% o= }}EU %lﬁg].
NS5 25 3 IEskA =9 1”301 AX g ghat AR 2}
o]Z HItKTsunogai e al., 1999). &g o] A3 58L& 714
Ap7t ol B g7 ZHmBe] o8 gz Pxut EA
ek ol B38ltH(Takahashi er al., 1999). 2&o] A|A3
ol BT BT HZolgd thE PEE lfHoew wiE
P o]tk Skt HE sy Rtk AE 5
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Fig. 1. Global Carbon Cycle. Arrows show
the fluxes (in Pg C yr'') beiween the
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atmosphere and its two primary sinks,
the land and the ocean, averaged over
the 1980s. Anthropogenic fluxes are in
black; natural fluxes in grey. The net
flux between reservoirs is balanced for
natural processes but not for the anthro-
pogenic fluxes. Within the boxes, grey
numbers give the preindustrial sizes of
the reservoirs and black numbers denote
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Intermediate &

Deep Waters
37,100 +100

Reservoir sizes iPgC
Fluxes and rates i®gClyr

Surface sediment 150

o - the changes resulting from hurian activ-
Surface Oceapt : glf’""e ities since preindustrial times. For the
lota land sink, the first red number is an

inferred terrestrial land sink whose ori-
gin is speculative; the second one is the
decrease due to deforestration. Numbers
are slight modifications of those pub-
lished by the Intergovernmental Panel
on Climate Change. NPP is net primary
production. (Sarmiento and Gruber, 2002).
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ot o]¥l s o] vitell= TElA FRAF HolrkEg 8 )
2ol Aoz R71ES AR $EA7e A Bt A9
g ol v R AFx 7 dEE FEsty Jrhe A
zto] el zeivt AE Pt AA Aol el A
ZE vt it} g £82 gi7leA HolAe WEY A7
2o Bla A 7] wjZ o)7)e] Wl Fzh vkgslA] g
o} wEha] Alsll 8742 7ol tigolA k. ol g A gt
o] AEFE7E Aol Aok g Een o 2 BAvE
21--o] 22 =% rkdel Giorgio and Duarte, 2002). T2 thA oAt
setart Jad Sl 2dsisEo] T Sl AR whg
& Z Al Rojof npgait) ogo] Falor 22 Ui =
kel viste] dapagate]l AR Eou, YA A EAS A
Eol] wo] Baslal AL, AEAE B gasdol A7k g%
o ogte] A g Fdg &7 W&ol (Liu er al., 2000) T4
o o]zt

ool A dojut sle EZel AR sery 82 I AW
THES W2 FE S5y dexE o) Arle deaede
W2 FROR vt di%ke] FrT o]tk AFS A
HARY 0|52 T 7|E71E AL o5 Wi 7t AHE
ol & Haxhs o] EoHth(Volk and Hoffer, 1985; Sarmiento
et al., 1995), WA 7|A 28-S Zal wf7] F olusigtart 5%
g FrAdEo] ol A = (&sl=H2E: solubility pump)
IRe] B3 whgate] ©ihe AR FEAe] Hrlh Fehide
FEEAE etgs 4uZlE BEs A8 93 CaCoE 3
AS7% s, gl alvu HaE25E tA 522 &5
715 ek EE: carbonate pump). ZH ) EFNA Z)AIR
S B3] molE olikgtede §-35 Holx AEEEaEEe]
FPAAE AM FEL W S5 FEES SFoht v
glole] & A AWE HohAEHZ: biological pump). =
o £E e 9 3w @A ol E Sk sk
Z: dynamic pump), o] §ao] AR 3 ve ofjx $-g
7t @At he AEEEE AEEYIEY YA ke &
FZo A | thF(ocean interionE AEHE @4 ZH2E D
ol AEHEE A3saly] Asire A4t tig Azt
ol AlEe] G5 AT VX Z4F AES S
Holok it} 3lx|9F Fa 9] dxpAYatel] tigk 25w A - 7
o= uf A7 AololM o)F Fal Ao} et AF 2

o

R

]
&

— o

BE olgdte dFw AR 7] el | Ao AdeRt
o} =, 2
=

& gt 4 e W Figkel AEHZ g 4aEES 5
s7)ole 24 ot tivle] A$ AEHZE FA4Y u YEA
2 ol gdte] goz Aldtsle S Wol oSSt B s
o] gER/ A0 A-A HEAE o] &3l =ZFALE o) F
3k 9 (Lee, 2001), TYAE2] Ho|2EE o]88l YR 7|4

AR 573 W (Laws ef al., 2000), 9FA ALAETNLS T
& YR 7184 A4behe % (Louanchi and Najjar, 2000)%
o] Y7 AkS o] §3le] AR 1A ABHZE A ool &
gy, = AEEEE Fgsked o] 15NS o83 JAak 4
H(Dugdale and Goering, 1967), A7 2} 23 7] (sediment trap)
& o]&3h= "W (Eppley and Peterson, 1979), He 59 94% ©]

23h= R Jenkins, 1988)0] 24 it} old WYPEL AR
Eao] A-8%7|% SIIATH1ISN: Moon et al., 1998; Sediment
trap: Hong and Chen, 2002; He isotope: Hahm and Kim, 2001),
otF] Faf AWkg Helshs tlol S8 &

o] ArelME Balolr Bl w3k H7H o B sotsle|
23 229 AE P F7]9} AF) i) A &3
YA} et AR S TEsle] AEHE o% @A AE
BAR Bk}

AR g ARSI flsixE Fele] sl eFtely 7]
Z AN 2 71 V1RAR AT BAE ojn) @ Jlojok
AT, 71 A8 S Rol AANA s sl A1t oAl Al=
7 e DAGA A D A Ryl SEiaiat gt 2
e 718 AT AEE S8 BAlse 23] 45 Ao A
AL, o173 5 #5 ARE st selE Al B

oM olshahze) 719 2ol Bawi)

)jl

$X2Y - HHHHE MK 2y
(Moving-Boundary Box Model)

289 e

WEYZ| AL 5550l A e A BF ol & AAE /71E
& o|ujalH (Berger ef al., 1987) & AAAA 23712 &
o AY AFoBRE AASE f718 FE 4T B
HE /IR v o)F ¥ FNOR RFOE FUHE MEE D

A

s
Hake WEW7] BAE 33H7] 918 Redfield M2 d2] 2
Hae] WA 33} whgol| A A&7k 818 ] (Stoichiometic
ratio)s F-43Ith. ekl ol &sle] W] S 3
& w) 2 (phosphorusy& & ©]-8-8=H|(Tyrell 1999, Gruber and
Sarimento 2002), jFelA] e thE AT v B o of
F 3t e 2 £3817] w4l (Benitez-Nelson, 2000), W EU|
7] Q12+ (export phosphate) ZFAalA W2U7] Aigo = )
AR o] wiEolth, -7 HEWZI AR 48 3lof
RAE A e A A vl g
A= BAGHR 7 e, EEe

A f712 AR5 ghe SRS onE Wl

—_

S-(oxygen utilization rate: QUR) -85 Ab4 2371 AlZ47] vt
S0 o Ay Foe] Aol2H 7). of7jo) olaf ghie]
Redfield Bl & 38171 AEHZ fo| zapA @)



298 A - ER A g

X2 8: d5=-MBBM

ool uiA

H 504 |7 Tt FolR % Fe] Wk -g vhs)
of 3 Atole] AW 4lo] A7kl Wt Walshe B4 A
EA1717] $l8] =l o] Moving Boundary Box Model(®]&}:
MBBM)e| A EATHKang et al., 2003b). MBBME 7} S35
o] A7k miz} Wdhs BEE BRARE] fl8 A dHE e
A7 sAlgh v e o] A ¥ o). &, Bl WA, & =

=
75 A9 A DA A b dFe) bzt gl 3

=T
el A ek, o8] AE £ Zbhe] g Fujs Ak uet
W= E 3185 o] St

e o] e HZ A7 =(Kim et al., 1996) THE 7

olel] whek FZ4~(Surface Water), Z34=(Central Water: ©}&} CW),
212 (Deep Water: )3} DW), A&=(Bottom Water: ©]5} BW)
2 37 M Ao T2 RAckFig. 2). 3 Sl e

gl B3 AEo| AAY FHEA e ol Blde] &
e Hole @9 vy upEgh FE43(Warm Surface Water:
o]} SW)ok ofgtl o] slldshs 55 2F FFF (Cold Surface
Water: ©]8} SO)R F8lo] TEETHFig. 3).

TYFE 74 200 m ot Exshe SR &
1°C o|gto]z, se4lol] wet =20] Hd Jgrke 548 2
FYT AEFe] AAle G FiFo] Yehe Zol& Y
el Yol 884k E 800~1000 m Alololx %
HolzH) &&4e FY7E A= Qoo RE] 2F 1000 m

7HA A8 Z7v8lTkr) 1000 mE A VHARE 3438 So]Ec)
AETE Aol ZAojHE o) 28y s, E-e
O F7kee 538 AUt 455 9F 230 umol kg'e) £&
AAEEEE Ho| §8444 HaFo] EAse Yot 1w
T2, G, §E:240 Zolo] M2 Wiyt Ao glo] FUd =
$2 HAZE 59 3 S e ASp@w)k Aelsiact

- 7 - ol5H

olm] A9 F& AEEZNEH CWe DW 315 7ZAde] %
o)A =5 BWe| 7h4) 2go] 2a{R=d(Kim, 1996), 21 R-& 7t

dzre] ZgA el Hatehe Ao ARSI

7K

7} gl SAFGAE RAed A 7S T 2o

1) &8l A 4Dy, Do, D) E5A (Sl RE Ao},

2) ASE A7she dle] 22D, D, Dy Dy2 A9}
2z Akl w2t sk R, 71 g2 A SHAl FAETHD +D+Ds
=U =const.).

3) WSt 35A(S0)e] EUHL L3, EFLZ &5
ke EYAU)E 257937 Yoo og e ko mikd &
1204 &5}

4 AFFE fohs BH2D,) B A8 2759 1952
WRE] A¥oz 7He3TH(Fig. 2b, ¢).

1l

slie] BYRHA

195276 7} el shpel 317} A7kl wheh Wk 2
2 7 AR B3 e e Bese Fou BAHE, oSS
Bt 2 AgaoR gadd

1) FZF(SWe SC)
Ul(m® - yr")=D+DxD;
2) BYT(CW)
dVew ,
T
=-7.61X10"°%(t—1952)+1.18% 10"
3) A& (DW)
dt
4) AZF5(BW)
dVpw
dt

&)

yr")=D1+U3—U[

(2)
(n’)3 . yr_l):U3+D2_U2:-5. 14X 1012 (3)

(m - yrH)=Dy-Us=7.61 X 10"%(t-1952)-6.66:< 10'%(4)

(a) O, 210 20 2% 20 280 280 (b) (©)
I snen T T T 1 a UL SR ML ML B B AL B 12 T T
(pmot kg™ - 4 i H T T T ]
3d0s7 4008 zeomt 34072 34075 ]
r T T T 1 e A
8 00 92 04 08 08 1 500 g
e : T : : £ .
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500 P S
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£ g E
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Fig. 2. (a) Typical potential temperature (8), salinity (S), and dissolved oxygen (O,) profiles of the Japan Basin in 1996 and 6-S plot for
deep waters showing three water masses in deep waters: Central Water (CW), Deep Water (DW), and Bottom Water (BW). (b) Changes in the
depths of the boundaries between CW and DW, and DW and BW over time, estimated from the historical data. (c) Volume changes of water masses
over time, calculated from the linear relationship between depth and area of the East Sea (Kim ef al., 2002) and (b).
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Fig. 3. A schematic diagram of the moving-boundary box model for
the East Sea (SW: Surface Warm Water, SC: Surface Cold Water,
CW: Central Water, DW: Deep Water, BW: Bottom Water). Dy, D,
Ds, Uy, U,, and Us represent fluxes between boxes. Boundaries of
CW/DW and DW/BW have been moving with time according to the
changes in D, and D;.

& HellM o= AxolsL, AES T3l 2 e AA™ ol
wiste} sl4e A1 9] BA 4 (Kim ef al., 2002204 72+ FHEolth.
A FEAEE FE Ao 7k o] RujHsE & ARG
AEE Aol wE FAZE FAY WERYS 2Ae of

= =
o EZ:o] CFC-113 MEF4d e 22 o] gsto 7+ 4F

560 - °

1000

1500 —

2000 |-

Depth (m)

2500 -

3000 +

3500

g 3ef J

4000 [T SO YRS EUUN WS SN |

1932 4da (1934} T
1954 Russian .
1969 - Sudo (1986)

1979 : Gamo and Hosibe (1983) 7|
1996: CREAMS B

A&tA T (Broecker et al., 1986). o1& 3 712 Z2E 199630
=7 3E CFC-11 A& (Min et al., 1996)¢} 198730 &4 3 4=
T2 AFE(Watanabe er al., 1991) 717 2 Amst= FA)9) 2]
12348 TE3IEE D), Dy, Dy, Uy, Uy, UsE ARSI 74
el mae] ALt uhe tlE =R A A48 thET ltk(Kang
et al., 2003b).

EE4A X 2 AA-MBBM

:(I)L_tl
P
N
>
B
rr
=
N
©
N
>
3|
et
i

= 7t 248 B0l 5
o7  ERESE Foll A2 vitR 207t 45 WelA A
B9] &) 2ol7 ®r} 19343 Uda] 972 2202 Eajg
L2040 Frd het A AlEEe] $th(Uda, 1934; USSR
AOS, 1954; 1957; Gamo and Horibe, 1983; Sudo, 1986; Kim and
Kim, 1996; Kim ez al., 1999). oln] 1980dth Z¥ko] A Zpe
{EMNL 7447F B #1900 08(Gamo and Horibe, 1983), 2
ool wEH xE4e) 8FAL wr 19604 o|F #X7t
2} 20 pmol kg™ 71 ZAITHKIM ef al., 1999). L3 Aol
 F3olA Aot e AErel A E 73S TEEH
A T £ 4k T HelE oilele] oz 4l g
Holl Fale MEo] FAk HHo 2 npE Hojgt FHE
ATHChen er al., 1999; Gamo, 1999). &L} FslolA Lo}z
Je B Zol 7HgslAe ¢ 2 Aol AFae] 8044 74
ot ohjE} Sk AT 4e] walolth 1960 T Filol
B3 4 5 9 mof) EAEE S840 H A2 1990

o] 9F 1500 m7HA] s ckFig. 4). @Alole £& 44 F

3

fr

2

|

Fig. 4. Profiles of dissolved oxygen obtained
in the Japan Basin from the 1930s untit
1996, clearly reveal the structural change
in the East Sea.
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.
huy

Jt =l

S A= ol o7 2nle] AxE Jebdth Sl Aol

1996), HE2&El 23 & Friske BEE]] T3] LS
ARFgIT), of# SAHe Aol we AE4 5o wsle} TlEo| 4
ST G4 71z HgkE RoFe SAR AA Rt

2 Aol FEsl, a5 ] BF £F A0 2EE A
st Wslsla Qe Sl Ak 2] REAHA-MBBMYE 39
519tk AkA-MBBMS| Ao} AA) gEg oy §2 4k A8

£ vaste] 7t S BYH TE A AL T W

—

c

A
A 283 AE 859 A3s
(oxygen utilization rate: OUR)YE ZA|Z] F2E o]0z it}
(Fig. 5). sl 4 282 l4--MBBMS TI0i2 283193},
EZA FHEEE &5 A gl 7% £€ 2Dy, Dy, Dy)
o] ¥ sl §24a0 F3 TR THEYT B2 WsY
o] S8R TEE 98 340, 2 5°Ce] T3} ¥ NAEC
(normal atmospheric equilibrium concentration)® 714 3%
BEE AZ Aol 27] 8EME BEE 1952 A2F
AFE 018813 (USSR A0S, 1954), BW= 245.7 pmol kg™, DW
£ 250 umol kg, CW+= 2883 umol kg'' 02 273819
OURZZ WATE BT F REAPM ASZE 7P & 2}

&
&
= WE T SN FAE AEITH

pud

ol
Fr

2go| 3=
gl A e LR ofF e FulE SA s

Y - olgel - 44 - o5y

Fig. 6. A schematic diagram of the phosphate embedded seawater
moving-boundary box model for the East Sea: export production
and subsequent remineralization at depth are illustrated as curly
arrows. KSP represents the input of phosphate through the Korea
Strait, which is around 1.3-5.3x10'° moles yr' and TSP denotes the
output through the Tsugaru and Soya Strait, which is estimated from
the mass balance calculation. U,P, U,P, U;P, D|P, D;P a1d DsP are
the upward and downward phosphate fluxes. RPcw, RPdw and
RPbw are the regenerated flux in each box estimated from OUR and
the O,/P ratio and F which is the sum of RPcw, RPdw and RPbw
stands for the particle flux from the surface.

F=2 7ko) FHPh(ahnke, 1992). B3} Aol E Aol §A
i ARG HEslrlol] folsit), 919 FAe st
A BARE f - 2Ushe A3 A8 o3 FF - 58 =AUt
7t YA A7 dheolel] of ¥ QTS g0 FE
o2 £25E 9loz ro] QI.MBBMS AT

)l YT st A 22 e FRS T 7K A2E 7}

Az, shies BEoM 2 Az Avske sl 48 24 0)
= Fola, & DP, DP, DiPel, vz A2e 4531 B2
et F2ol= A, & UP UP, U,PE H71% Fo|t(Fig. 6).
WAL Bajjoll $ubwle A F713 A8 (remineralization) 0.2 25
HE 9o AERF 3 yrAERA] o]AL A= £7)
E gakso] 4 $&0A 48 FU|ERE uE AL 9udith
EZoM FAsle 4R EFR2E)e 2 3R WA A3
¥ <14HA(RPcw, RPdw, RPbw)2] $o.2 A28l th(Fig. 6).
71

oA s B8 /1] el Bl BAHER Eile I3t
Soth 7P, £F 1o fEdl Toshke Y AEe
= Yo} Fel= ul e &
I A2 ez Qe ddE Jed = Ui EL S8
a7t 0] 23 Tsugaru®} Soya S H-2 53 UZFHNof, 2001).
A digslPoz Sojox AKSPYS 1.3-53X 10" moles P yr!
(Chang et al., 2001) = L&A 2™ Tsugarue}t Soya 3§
< 5 Wi UTSPyl tisiM = 39| o] s &
Aghths 71 sloll "HFE S Mgl
A} b} FddEe A 714G U EEERE I preformed
nutrient)x} AE713+E U (remineralized nutrient) 232 E-2)5)
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Table 1. Values used for the initialization of the phosphate-moving
boundary box model of the East Sea.

Parameter CW DW BW

OUR(pmolkg“yr") 20 1.1 08
Phosphategiesp(umol 17) 1.2 1.5 1.7

Sources

This study
USSR AOS (1954)

% 138 Redfield et al., (1963)
PO (umol kg™) 1.2 This study
0, (umol kg™ 320 Saturated at T=5°C, S=34
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Fig. 7. The variation of fluxes between boxes, calculated from
MBBM with time.
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Fig. 8. The best-fit line and observed values of dissolved oxygen
with time by MBBM. The oxygen utilization rates of CW, DW, and
BW are obtained to be 2.0, 1.1, 0.8 umol kg 'yr', respectively.
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Fig. 11. Simulation results of the secular change of phosphate in deep water masses of the East Sea.
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Fig. 12. Simulation results of the secular change of export produc-
tion in terms of phosphate (F) and carbon (=138xF) in the East Sea.
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