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£ 1999 g BSE HEV] Abd AYFE Z-12 B4 HolE o)E3ste] AN £, 200~2000 m AT
ol Apehi RH3ISIh ANk Ak £FRES A0 R S AN 33 0] ol uhe
= AES BT Ak 2RSS AR TR B EXoA F33 2018 HolA] dgky, EFEAE ¥ 9

(A 0200 myS TIPS

of ulaiA] Ak ARgo] BB W& ke Hl‘”@r G4 200~2000 m Atelel]
8.15~0.83, S5 LEEX|o|A] 8.11~0.68, 25 EAlol|lA 5.29~0.73, ofnlE FX|oA 7.31~0.06 umol kg yr's
AT EE, 7% gl BRste] ALE JESH“’U A4 BEXIEE TH A 22E 3o a7k

wlgh 724 Qe v 29 o7k HOow, ohrlE EA= ASl TiE BX
M Ak 2RSS AR AR Bl
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The oxygen utilization rate (OUR) is one of the crucial parameters for ocean carbon cycling and climate mod-
els. However, parameterization of OUR in the East Sea (Sea of Japan) is yet to be established. We estimated
the basin-specific OURs in the East Sea and fitted them with exponential functions with depth by using pCFC-
12 age and apparent oxygen utilization (AOU) measured in summer 1999. The estimated OURs are higher in
the upper water column and decrease with depth, in general. The vertical distributions of the estimated OURs
in the Western and Eastern Japan Basins (WJB & EJB) are very similar. The OURs in the Ulleung Basin (UB)
varied greatly depending on whether the surface layer (0~200 m) data are included in the OUR estimate or not.
Apparently, weaker oxygen consumption occurs in the deep layer of Yamato Basin (YB). The ranges of the
OURs between 200 m and 2000 m at WJB, EJB, UB, and YB are 8.15~0.83, 8.11~0.68, 5.29~0.73, and
7.31~0.06 umol kg yr', respectively. Consideration of the wintertime surface water oxygen disequilibrium
condition in estimating the OUR will be necessary in the future study.
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2REHAOU S22} Yol7b BFolA 0 olgt 7T W(xS
a7t diZ19ke] FEE FASK Sle-s SvlEh), Ul Aka
ARE(Oxygen Utilization Rate; OURYE 2] ()@} o] &
& Slth(Jenkins, 1982).

AOU

OUR(pmol kg'yr ") = A

5

oj71oIM, AdOUS} Al SlFEd ARE 2o F4lo] b
FolAe] dlgre] Ry Ak 2% umol kg') FHR} 1o
(yr) Xol& vepdict.
At AREE ol AR 8L ol3lshet 7Y V)
BHoldME $a3 ZBE AlFditt 8 9, Ak ARE9
Ha

(remineralization ratey& F9E = QI 3 BE F2Z(biological
pump)sh U 7] AsHexport productionys 88 4+ AthA &,
2003; Jenkins and Goldman, 1985; Martin ef ol., 1987; Hahm and
Kim, 2008). b sHHO B = Ak AW&3) HT| Abh A5
o] AAZRE 2] JiE Yol (relative age)E 795107 3

Table 1. The OUR values estimated by previous studies in the East Sea

o 2 29 S Ak ATE 34 &7

% s8-8 ojalsl=t] o857 % SH}(Poole and Tomezak, 1999;
Kim et al., 2010). 91714 #i5=2] Al vol= 54 57t 5
g gog JA7sh oprlge] o] B ool AHT A
e 5t

Zajoll ] Ak AX ol A AT Ald 288 A &
< @37) wohe ARkl A slet 8k olsfsly] sl ot
WS} Az e JgEHN go] thEeld $vt. Gamo and
Horibe(1983) 52 1970 o} k] sfikzAtellA &gt WAL
AERR(C-14) AFRE o] €8] 44 2000 m ofeiollA] Ak A%
£& 0.4 umol kg' yr'2 FSH T Tsunogai e al(1993) &
Hit 2Rac) AAT A 2HE o)g3tol £4 1000 m oFfe]
A Ak 2FE 0.17 umol kg' yr'S AANSIAT, eHE w3
H]=3slchar 891t} Chen er al(1996) 52 1992 &3 %
A G55 ARE AFEE Y (mass-balance method)yS
o]&3to] AFA 7 residence time)°] AXFE 4 300~600 m
74 24 2000 m ool Ak ATEE 5.1 umol kg' yr'?h
1.13 pmol kg yr'® o] AABISITE. Chen ef al(1999) 5
ThA] A B H 2o AL SRR o)83te] B4 el

)
O

rlu

OUR (umol kg yr') Depth range Method References Remarks
0.40 > 2000 m C-14 Gamo and Horibe (1983)
0.17 > 1000 m *H-*Ra box model Tsunogai et al. (1993)
5.10 300-600 m mass balance Chen et al. (1996)
1.13 >2000 m
2.63 600 m 1-D advection- Chen ef al. (1999)
0.40 2000 m diffusion model
0.80 > 2000 m
2.90 200-600 m
1.10 600-1200 m
1.00 1200-1500 m CFCs-box model Min (1999)

0.80 1500-2500 m
0.60 2500-3500 m
9.16 200-400 m
4.71 400-600 m
3.15 600-800 m
1.92 800-1000 m CFCs-nonsteady-
1.48 1000-1200 m state box model Min et al. (2002)
1.41 1200-1600 m
1.08 1600-2000 m
0.90 2000-2500 m
0.93 2500-3000 m
0.94 3000-3500 m
2.00 200-1200 m 2 % (2003)
1.10 1200-2560 m box model Kang et al. (2004)
0.80 2500-3500 m
14.48 200-600 m
1.73 600-1500 m ‘H-*He and CFCs Jenkins (2008)
0.75 1500-2500 m box model
0.84 > 2500 m
6.6 00005 80%-0, sat
14 000061z 200-1600 m SH-He Halm and Kim (2008) 90%-0O; sat

29 e-O 00095z

100%-0; sat
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9] A AFES A AT AT FF0l 19504 ]
F2E S HoAvke /P& JNECE 4] 2000 m oFefofAlE
A AREo] 0.8 umol kg'! yr'E ©)A ATFRL} oRF P Fe
AABRL, 1D o)F-84F 228 o]8310] -3 600 m$e} 2000 m
oA Aba 29288 77} 2,63, 040 pumol kg' yr'E F43AT)
Min(1999)2 19968 353 CREAMS I ZAWIAM #E3 42
Aol §E T 71A(CFCs) AEE 7HAa AAE AR 2
¥ (steady state box modelyE ©]€31d 4241 200 m o}eel] 4
FIEE Hol= 3 AL ARES 2.9-0.6 umol kgt yr'E A
AFSKITE. Min ef al(2002) B2 3 200 m oFlel] 16702] $7¢
ZE PRI v AR 28 (non-steady state box model)
& FE31] A ARES 9.16~0.9 umol kgt yr'E oA} A
3tk 2 £(2003)3 Kang e al(2004) 5& 4% AT
(MBBM; Moving Boundary Box Model)& ©]&8ko] F94
(Central Water; 5= 200~1200 m), 2&4*(Deep Water; 54
1200~2500 m), A5<~(Bottom Water; 53] 2500~3500 m)ojA] 2}
& AREE 27} 20, 1.1, 0.8 pmol kg? yr'E A|A8I$ATE Hahm
and Kim(2008) 5 *H-He AHE.E ©]§310] A5 LRE-x]o]x]
EZ Aa ¥3}%(oxygen saturation) H3}e] WE Ak AT ES
F+2(200~1600 m°ll chet Al ez TP Jenkins(2008)=
°H, "He, 1%]3l CFCs Zt&Eg o83} o719 4# B8& 4
slo =4 200 m ofelo] S EXEE Hole FiE Atk ARE
< 14.48~0.74 umol kg yr'Z AAISIATE Table 19 Ak &%
o] et ojn] ExE AFES FSIRCE o)W ATEANME
Z39] B FF Ak 2SS ANk}t =R,
B} AlR-EQ 7 ER]oA 9] Aba ARS8 Hahm and Kim(2008)
9 A EEANA FHA] 2= deA A &St

9 AAES A 4, &5, oFIE i #AE TR
F ol 15 7P  dEEAE ARe FRE UrolA &
EE SPIE ) 53], AR dREA A Sl Ue
ol AlFEE FA15T B40] Yolual(Kim ef al., 1991a; Seung
and Kim, 1993; Kim et al., 2001; Talley et al., 2003; Min and
Warner, 2005; Kim ef al., 2008), 5 &AM 1949 &
97T e 2o® FHol B8 ZtH(Kim and Kim, 1999).
YREA A ghold FAISTES dutFos £5-779 of
UkE BX2 £ 02 o)l FsiA Ha, AAF 2 A AE
9] 3k 3P o)Fsh= Ao LA TKSenjyu, 1999; Yoon
and Kawamura, 2002; Senjyu ef al., 2005). ]} 2°] s+ &
Y]l BEAEo] EAERE EES 5AE /] wlie) Ak &
242 shte] thEAQ) go® AAS] Buhe ZF EAEe &
g Ut gtk B3, ofd AellME B30 AE U A
HH gwEe] I7] W] BF dY(surface layer)S YEL SR
AlQIskar 4 200 m(EE 300 m) OJ8llA] Atk AREE 37
3lith ST, B3 990 4F AP AFEEY T, F
3 G dinhdR{rt 25 9kE ool @8k 971 W
Bo], oA dvl A% A7 Akh ARE WEo] #x]
ot Al o] asirky wasolch 2HiA, B3l
AEEDHA T, AL Hgel % 4T, o]d AT
] ok 4 HQ(Table 1) 5-& FHH 0 yasld], 25
ANEE 4 300 m7HA £AECE 100 m (HH 0 R AASHA

M, 3R e £ S0 $AE B Fe} Qoht wEsks
£ AvE s, 7 BRo S B A5 34 dH9 37
& ARG P5E ANSTA B} o] B4E 5 A A
38t BY T3] Fo3 A4 847 5 9L Aol

Mz AUy

19999 AAFd FAb AAHA F3 AGel oist suRAP
CREAMS [[ZET73E T3l -e)m]s TF2= o|Fo] Fo}
(Fig. 1). CREAMS II= 53§ aj9E A2 F3] A golA 3)
% ABE 5INPT, 193090 Uda(1934) o] T 2= Falofx]
o]Foi7 7 & TR SUERAISITE CREAMS 11 T2 73S
3 B3 AT <8 digt olsie] F7HAE ©l, 2004; Kim
et al., 2002; Talley et al., 2003; Kim ef al., 2004; Min and Warner,
2005; Postlethwaite ef al., 2005; Talley ef al., 2006) 225t olujz}
A sz g ] Azt 4 8 F UTHKim er
al., 2001; Kang et al., 2003), o] B8 geixe F7iE A
£ 0]8-31%3 T (http://sam.ucsd.edu), 1999 SIS Ho B=d &5
Abas)t £ TR AEE ARSI Boh A48 CREAMS
I 252 41 g R82] T4 &% 22 Talley ef al.(2004) 5
oA Bl & 4 i}

AN ATE FY Y
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200 m(E=300 m) ©J3tel, T3 FAHY] 1] BEXE FE
3o Ak AREE I & dToME 25 Y 2
?%_ (o3

H3le e 2R

o
1
U W Y AR ARgo] drf

* 17 June - 21 Jul. 1998
0 22 July - 11 Aug. 18998

latitude (-N)

34 ] 1 ...S
27 129 131 133 135 137 138 W1 143

longitude {E)

Fig. 1. The study area map showing the summer 1999 CREAMS II
stations and topography of the East Sea (Sea of Japan). The East Sea
consists of three major basins; Japan Basin (JB), Ulleung Basin
(UB), and Yamato Basin (YB). We divide the JB into Western
(WJB) and Eastern Japan Basin (EJB) along 135°E north of the sub-
polar front (40°N) for data analysis. Yamato Rise (YR) and four
straits — Korea Strait (KS), Tsugaru Strait (TS), Soya Strait (SS), and
Tatar Strait (TtS) are also shown on the map.



Table 2. The comparison of correlation coefficients of curve fitting
between the Wyrtki(1962)’s exponential function and the Martin et
al. (1987)’s normalized power function forms in the East Sea

Wyrtki (1962) Martin et al. (1987)
Basin fz) = foe™ S2) = fioo(2/100)*
mean r* £ sd mean 1° £ sd
wiB 0.93+0.05 0.85+0.07
EIB 0.97+0.04 0.88+0.13
UB 0.70+0.19 0.74+0.20
YB 0.90+0.10 0.91+0.16

SRS AuRy] 8, 23N AEA, £ 100 mol
A AFA, 74 200 mollA AF7EA], 4 300 moliA A7t
A, Z V19 AR AEEA SHSAE sk, ARE A
100 m, 200 m, 300 m, 400 m, 500 m 3 TFHEE FEF &,
| 2A 5 (least square methody o|-g3to 2 799 =4 3¢
W Abh ARSS ARV ARk AR Ze.12 B4 Uold
BAZNE 2 ER oA ARSI A ARES Tl wE
7 TR WHO R, Wyrtki(1962)2] A58 (exponential
function; f(z)=fye®?) FENS} Martin er al(1987) S0] AA3E 3
100 mellA Zgrste ® 8 (normalized power function; fZ)=fis(z/
100y%) 5ol g olgrt. A (coefficient of determination,
RY)E AHESI] F 28-S vl 43 ZAols Wyrtki(1962)
9] X8k FEl7F Martin er ol.(1987) 59 A1t3le =g §
BE} Abh AFES FH e SRR Zdshe o A
B 3ole} Waled T (Table 2), 2313 Wyrtki(1962)= 54151 AL
A 2580 AFA AN AFES FHE FAT v,
Martin et al.(1987) 5-& H3E 7 YA 47 (sediment trap)
g BES g, £4, AXCHN) A58 Redficld
ratioS ©)€3lo] ZFHA 07 Ak ARE-S A3 v HEhE
Hd FHE AR 9 2 AFES THE,
Wyrtki(1962)9] A58 FHIE o] g3lo] T3] itk £2E&S
T4l e AR BESH BE AR MATLAB™ X
2 FelA AFER= “curve fitting toolbox"S WA o]FoIHT},
EE EEoA Aba EIEE 100% ok S sigict A7k
ARE 7H FHRZE 19999 TE5F TH-12 94 (pCFC-12)
AEE o]LSR I (Min and Warner, 2005), E2ZQ] EAL 11
Halo] YR BAZ o}FHA(40N) BEZ0 2 AT [35°EE 4
o2 MR} TH B FX 2 FRIATHFig. 1). Sl Ak
A ARES TR ol AXtssith

OUR(umol kg yr') = —240U

= = AO]"-[0]}
ApCFC12 age

ApCFC12 age

21 (@94, [0 &3 FET2] BAl o U719 Fd
Bl 304 FEolth(Weiss, 1970). [0 £A4F & AA
F50]3, pCFC12 ages Z#2-12 £<4) 2J3M ArtE B3
oA 719 BEE o8 F A% ] Yolg veRdch &
SOl Db 2 2TER Y AsiA BFoMEE o
g Zlol7kA] Eel/akerARl EAo] dAd £ AR
s} B3RS ol Yukgo® 8 Aka T PP 2L B
22 ol o8 #xs} H1, ZTe2-12 BROE AR &

@

~—

Ak ARE 4 89

F Yol 0 o)7] Wizel, 2 F o1& & ot a8, Za
£-12 e g At s Yot 0 Brk & 2E WSSt
= ARE 7R AL 2RSS Y35 oA Ak ARE
& FHPEAS BAFE @A A B ol 2k

(1) BRI Abs 29 S AXRIH100% 53 71H8).

AOU(umol kg") = [0l ~[O:] €

@) AFY ZGe-12 B4E ARl oln] d#R Alzke] |
g W ERlp o715 Zele-12 BUtERe) vaE )
g o] 8 AAFFHPCFC-12100 age)-

CFC-12,,

PEFC= 124000 = EFc 12, 7,5)
eqg\4

@
(3) pCFC-12 age > 0 20L W3k ARE ZF #AERE T
w3t
@ Zt BAER oA a9 A2 RS F, 1) B50A
AZA E88F A 2) 100 mollA] AZRR) TEE A
3) 74 200 molM AS7EA] T8 F-9, 4 T4 300 melA A

WJB EJB
180 180
.;; 50| RE = BIG314 0 . 200m 150 | RE = 0.73768
= 420 120

[+
g w 9 Lo
5 0 60 .
30 OUR= 8.0976 30 OUR= 6.1226
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00— T
- - 0.82873 - 0.
o 190 150
-‘_; 120 120
g 0 2
3 60 60
= N e QUR = 7.2764 30 OUR= 5.8923
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) OUR fumol kg lyr'h QUR (umol kg hyr'h

Fig. 2. An example step in estimating the OUR functions in the East
Sea for the 0 m~bottom range with 200 m depth interval case: (a)
Estimate of OURs by applying linear least square method to the
AOU and pCFC12 age data for individual basin data (WJB: Western
Japan Basin, EIB: Eastern Japan Basin, UB: Ulleung Basin, YB: Yamato
Basin) in the depth of 0~200 m, (b) curve fitted OURs (pmol kg
yr') vs. depth (m) in exponential functional form, f(z) = a-e"%
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Table 3. The OURs estimated in the exponential form as functions of depth at each basin of the East Sea, based on four different depth range cases

Az) = ae”

basin  depth range (m) depth interval (m) a ' b I mean a sda mean b sdb
100 9.722 -0.00111 0.87
200 9.757 -0.00119 0.94

0~3500 300 9.924 -0.00126 0.96 9.776 0.145  -0.00120 6.12x10°
400 9.905 -0.00125 0.97
500 9.571 -0.00122 0.98
100 10.680 -0.00122 0.88
200 10.810 -0.00129 0.94

100~3500 300 10.440 -0.00123 0.95 10.512 0368 -0.00127  7.15x10°%
400 10.730 -0.00139 0.97
500 9.902 -0.00123 0.96
WiB 100 10.980 -0.00126 0.84
200 11.090 -0.00134 0.93

200~3500 300 10.960 -0.00136 0.96 10.768 0.335 -0.00130 5.24x10°
400 10.410 -0.00129 0.95
500 10.400 -0.00124 0.95
100 10.850 -0.00124 0.79
200 10.920 -0.00130 0.89

300~3500 300 11.220 -0.00139 0.93 11.000 0377 -0.00132 8.47x10°
400 16.510 -0.00123 0.95
500 11.500 -0.00142 0.98
100 8.342 -0.00103 0.83
200 8.406 -0.00109 0.91

0~3700 300 8.812 -0.00117 0.97 8.836 0.472  -0.00117 1.17x10*
400 9.383 -0.00131 0.99
500 9.237 -0.00126 1.00
100 10.950 -0.00133 0.97
200 10.880 -0.00136 0.99

100~3700 300 10.910 -0.00141 0.99 10826  0.147 -0.00139  4.99x10°
400 10.580 -0.00141 0.99
EIB 500 10.810 -0.00146 1.00
100 12.190 -0.00146 0.98
200 11.690 -0.00147 0.98

200~3700 300 10.940 -0.00143 0.99 11.422 0.538 -0.00147 3.83x10°
400 10.910 -0.00145 0.99
500 11.380 -0.00153 0.99
100 12.280 -0.00147 0.97
200 11.630 -0.00143 0.98

300~3700 300 11.500 -0.00146 0.99 11.636 0374  -0.00147  4.15x10°
400 11.360 -0.00147 0.98
500 11.410 -0.00154 0.98
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Table 3. (Continued)
Mz2) = ae”
basin  depth range (m) depth interval (m) a b 1 mean a sda mean b sdb
100 7222 -0.00119 0.62
200 7.592 -0.00131 0.81
0~2500 300 8.233 -0.00152 0.79 7954 0521 -0.00138  1.36x10*
400 8.422 -0.00149 0.83
500 8.303 -0.00140 0.84
100 8.543 -0.00145 0.61
200 8.753 -0.00149 0.73
100~2500 300 9.094 -0.00155 0.80 9.077  0.439 -0.00155 8.42x10°
400 9.377 -0.00164 0.85
UB 500 9.616 -0.00163 0.97
100 5.625 -0.00090 0.43
200 5915 -0.00101 0.64
200~2500 300 5.167 -0.00079 0.61 5674 0548 -0.00093 1.46x10"
400 5.185 -0.00080 0.62
500 6.477 -0.00113 0.96
100 3.946 -0.00058 0.27
200 4.055 -0.00065 0.57
300~2500 300 3.585 -0.00054 0.39 3665 0321 -0.00055 7.32x10°
400 3.372 -0.00045 0.91
500 3.366 -0.00052 0.64
100 7.111 -0.00162 0.56
200 7757 -0.00190 0.89
0~2900 300 9.875 -0.00241 0.97 98766  2.585 -0.00237 6.21x10"*
400 11.17 -0.00279 0.95
500 13.47 -0.00313 0.95
100 1532 -0.00320 0.93
200 16.51 -0.00345 0.97
100~2900 300 16.15 -0.00339 0.96 17336 1991 -0.00342  2.44x10*
400 20.24 -0.00382 0.95
VB 500 18.46 -0.00324 0.97
100 16.08 -0.00331 0.86
200 13.51 -0.00297 0.90
200~2900 300 17.72 -0.00347 0.88 14552 2397 -0.00292 5.23x10*
400 13.92 -0.00271 0.92
500 11.53 -0.00215 0.94
100 8.193 -0.00210 0.69
200 11.91 -0.00282 0.86
300~2900 300 8.21 -0.00211 0.84 8477 2153 -0.00213  4.52x10"
400 8.142 -0.00208 0.96
500 5.93 -0.00155 0.99
A F2AE AXtel A2 st 285 eapt Ad vbs AX Well weh drhg £ A5 A (variability) 7HAEX] Qe
ol glou, AF T 4 Ag(eurve fitting)olle o B2 2 HoZ Awugitt S HRH o] A ARE FME0]
FE OEY F Uv RO AUt W 4 Eo® Ak & Bk FAZAE A (WIB: 01000 m, EJB: 0~900 m, UB:
BEE ARk A, 4 4 88 A5 A8 HAAF 0-900 m, YB: 0~500 m), 7] Akh ARE FHS0] $Y3H=
AR ¥ B ARE EFHE S e b, Ao wWhE X £ARE ASRE SRR TE-513131(WIB: 1000~3500 m,
T g A Agolls AL ARE olgsor sk whdo] dth. BIB: 900~3700 m, UB: 900~2500, YB: 500~2900 m), AtA 4
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A ARE FE Table 49} Fig. 401 YeERiTh £3% G4
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- this study (#JB, 0-3500 m}
Lo mm— this study (EJB, 6-3700 m}
L e this study {UB, 0-2500 m)
© 0 jeeethis study (Y8, 02800 m)
- Gamo and Horibe [1983]
Tsunogai et al, [1893]
Chen et al. {1966]
Chen et al. {1999)
Min [1889]
Min et al. [2002)
2 £ (2003) & Kang et al. [2004]
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Fig. 4. The averaged OUR distributions for individual basins in the
Fast Sea as functions of depth (m). The literature values are also
shown for comparison. The depths above 200 m and below 2000 m
shaded in the OUR estimates are not trustworthy due to seasonal
variability in the upper layer, and due to potential bias for the lim-
itation of available data and tracer age estimates in deeper water.
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Table 4. The average OURs and the estimates of net oxygen demand integrated from 200 m to 2000 m depths at individual basins of the East Sea

basi Az) = ae” JOUR

asin - - 2 il
mean a {(umol kg™ yr'') sd mean b (m™) sd (mol Oy m™ yr'')

WIB 10.514 0.531 -0.00127 4.91x10° 5.77

EJB 10.680 1.276 -0.00138 1.43x10* 5.38

UB 6.592 2411 -0.00110 4.53%10™ 4.15

YB 12.560 4.109 -0.00271 5.77x10* 2.68
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