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Abstract

The purpose of this study was to discuss the CO, variation in
and around the South China Sea (SCS), the largest marginal sea in
the world. The SCS and Sulu Sea (SS) in November and
December respectively, were a small CO, source to the atmosphere.
The West Philippine Sea (WPS) was a large CO, source to the
atmosphere in September. Due to strong upwelling and mixing in
the SCS, the excess CO, penetrated only to approximately 1000m
compared to 1200m in the WPS. Because the SCS subsurface
water flows to the SS through the 420 m-deep Mindoro Strait, the
excess CO; in the SS was found throughout the entire water column.

According to NOAA, 2002 was a weak-to-moderate strength
ENSO year and the second warmest since 1986. The Taiwan Strait
is the sole passage which connects the East and South China Seas,
but the CO, variation in the Taiwan Strait is unclear during the
ENSO year. We heady discuss the relation between the ENSO and
CO; variation in the Taiwan Strait. During the ENSO vyear, the
Penghu Channel mixed in more Kuroshio water but the upwelling
strength weakened.  During an ENSO event, the southwest
monsoon and surface circulation are weaker than normal, hence
there is less SCS water flowing to the Penghu Channel. Primary
productivity in the non-ENSO year (2001) was high so the fCO, was
low in the upwelling area in the Penghu Channel. The A

fCOy(sea-aiy Was about 15patm and 20patm in the non-ENSO year and



the ENSO year, respectively. The southern Taiwan Strait was a
source of CO, in summer.

The hydrology in the northern Taiwan Strait in summer was
comprised mainly of two different water masses. A salinity front
was found at between 25.67°N, 121.24°E and 25.87°N, 120.95°E in
the non-ENSO vyear and at between 25.67°N, 121.24°E and 25.77°N,
121.08°E in the ENSO year. There was coastal upwelling in the
western Taiwan Strait in the ENSO year. In the ENSO vyear, the
southward flowing China Coastal Current in winter (January to
March) was weaker than normal, which led to a higher percentage of
northward flowing water mass in summer. As a result, the summer
time salinity in the surface layer became higher so the vertical
density gradient became lower than a normal year. East of the front
was the Kuroshio and west of the front was the water mass that flew
through the Taiwan Strait. The Kuroshio is high in temperature and
salinity so the fCO,to the east of the front was higher than found
west of the front in the non-ENSO year. In the ENSO year, owing
to the coastal upwelling, the fCO, near the Chinese coast was higher
than east of the front. The northern Taiwan Strait had a A
fCO,(sea-air) of about 21patm and 16uatm in the non-ENSO and the
ENSO vyears, respectively, and it was still a source of CO, in

summer.
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F 41 St 6~ 17 ~21~22~23~34~36~ 38~ 40 g B L[ 300,
el Al Ak Ba B AIT S Stbl b2 b3~ 42
BB 3R ¥ e S DL okavR £ @ BT R T 2R en
AR EAFEF o7 BEFBHEY OR-1462 421(1996/09 »

AR 2-4)hlcdy c R RY 53R e 30 119.0°E 1 @ <+
e

L 7% 5 129.8°E » ¢ * Chen and Huang (1996)% # 2 & & /4
A I2°Ewy - &g &5 Ud 20 BEEFA RS BGRE

Koo ML LT 251;4';(;3’]( o A LT HFE TR H mﬁ{:ﬁ%if']
B s R W St.CM6 ~ CMIL ~ 15517 ~19~22~24 ~
25~27~31~108~109 sk =~ FHL(GE B A 7 4§ 2-5)° St. CM12 ~
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16 ~20~21 26103~ 106 o *4x 2 k< #cdp » s Lk % * o
% % (OR-1 508) ~ & &= % /% (OR-1462 2 OR-I 433)4p B #Hf (8
B8R 0o~ %% pH-NTA fo NTCO,) A | & p B & 4
(1998)% M £ £ (1997) -

Foak s cnficdi g p Gamo(1997) » -k < Rl zbPA-1( =3+ 8.8°N »
121.8°E » B]2-6) > 3 PR 5 1996/12 - d **Gamo(1997)¢
HEE TR Y R®CTAZpH #7u A2 P #7i¢ * c9TCO,
fCO,&_d CO, System:* & #2 ;¢ (Lewis and Wallace, 1998) » 41 *
TA-pHfe &8 AR ~ BRI EFT -

LG F R Y g A /é§ % R4+ ENTCO, (present)
% NTA® (preformed)4= 4 & * #2.57% #c¥p % & 5 OR-1 462 %2 OR-I
433 5 OR-I 433 %k % F& B 5 1995/10 » Bl S & = F
121.3°E-130.0°E » 21.3-22.8°N2_ ¥ (3b = 4c-§2-7) o 4* = T X @R
fo| @ 4258 B¢ * WOCE2: & 3 4 % T %40°N 1 24 > 180°W

& POLR| 4 crfic 35 (GBI S - % 4o B]2-8) » POl d p 2 R/V
Mirai, R/V Kaiyo Marus= 3 45 *+1999/9 % = #k & o

22~F % ik
Mok E R B AR Y LA iR SRR
2.5 Niskin$s -k #g » #df ¥ % 7 0k B HiB XK 5 CTD (R A
BREFRKR) EREIJ Y EAKLREER > BT AHFS
EETRCHESBR RS FEPERS 8L SFRE
2001) -

dr A chd A R AR EST §F VR AR AR
Wik B (TA) ~ %= 3 i B(TCO,) Pl =z > 2 ~ = 5 i B
(fCOYerR- B et 2 = F B~ AL 3 a0 S (IC/00) % F
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#% ;4 Redfield ratio 3+ 5 o

S ACRE ek R (TA) aip] 2
TA =R % * ;£ BRadiometer = & % cpHM 8474 4 % fis k&
& 0 W  5EPHC2401 962-01-182:1% &2 ph F B K cngh 38 4L
fcell » > F B ~ 2825401 TiEGFR T M4k B NPT A B
% Butler (1992) » F & & & chir 4] & & * Dicksoni 427 % § 7
PR AR IR > X BIRSEEZ AR 50.1% 0 B
=0.2%

TL

\

o

g(

4~a-k% - F i RR(TCO,)eip] =

TCO iRl T A * FRBLE ~FAFREFEZTHUI
ISOMMARE » 4 P FRUICS P4 Aeng iz = 5 B A 47
% fie & PG(Pneumatic Gas; % % # )~ CG(Carrier Gas; B %
# )~ HSG(Head Space Gas; 8 B % % )2 PCB A R %> ¥ B~ &
B 15+0.1 T iEFR % 0 ¥4 * Dickson and Goyet>t 1994 & % )
AT BF ¥ TSR e iRYR o BB SH endpd] 5 @ * Dickson¥k
EFHRZATNEOEER LRI > PR S EZ H R 2 T
B¥250.19% -

5+ ks § 1 RAR(TCO,)H §

APz o LR A RACO) T R A * (Lewis and
Wallace, 1998)i& = 1CO, System:* & 425% > ] * TCO,2 TA % fiz
LiE ~ W2 H & BPO,T, SiO) B B o 23 ¥ # (K1 ~ K2)eh
# % gk ¥ it * Mehrbach et al. (1973) = & 3% ip] T TA e Fi
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K £0.19% > TCOyer /g & 20.19% 12 p > eyt 48 5 fCO s e &
F)+4patm o

2-6~ A Z 2§ PRt ¥

d 3K BRI 5 5 600# (1 £ E ) 7 2P ERK
Gk A E B F PP 0 B kY g 00,8 % e
B tr PR Aed T L AP ek kgL o i * Chen and
Millero (1979)#& i # ¢t -k NTCO, B & (NTCO, measured) f| *
AOUa‘r"‘,%*P W A f2 s NTAa‘r“fﬁP\f&{tﬂ;** R 1N B SP FAL 2]
EONTCO, » FIAANE T 5 AX 1 X8 & F SONTCO, R 4 E
GE NTCO,’ preformed ;Lﬁ% doo V1) o BT ACKBE R
NTCO,E(* X 1 ¥2 &R F > HH A NTCO,’ present)ir “f o
NTCO,’ preformed > #F|4F g T 5 ANTCO,’ (Excess CO, » 3+ & 4o
2582) 0
NTCO,’(preformed) =NTCO,(measured)-0.5[NTA(measured)

-NTA® (preformed)]-0.78A0U..................... |

ANTCO, = NTCO,’ (present) - NTCO,’ (preformed)............... )

NTCO,’ (preformed): -k B3 ik i B 3% 8 a‘r",ﬁi o B0 B AR
PR E A R 2 B FLAT S A3 ENTCO, (8 e
he 1B o
NTCO,(measured) ~ NTA(measured) : NTCO, ~ NTA#p| & & o
NTA (preformed): 3% % K eANTA R 1 ¥ 12 k2§ % #7
K

1 NTA (preformed) % **NTA® (present) > % -k B3
P NTCO, i 4518 o R £ K eNTAp 1 ¥ 3

bl kizF R F] > LA KHTAR € £ 54
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F ¢ COGLR e B8 b kepipidr
Ao 7 € FIR L4 3 M B2 Z5(Chen and
Millero, 1979; Broecker et al., 1985) - # -k eANTA
ARER - BRPE  Brewer et al.(1983)4; &)
rsf}ﬁ KA KR BRAOFCHEPET 4 o
NTCO,’ (present): -k B4 ik # NTCO, 445 8 o
ANTCO,’ : Excess CO; e

d 32 FavRBg 7 adedn - 3 T“E%‘»\(NTCozo present)
2 4% B & (NTA® preformed) » #717 f2t 5 42 ¢ 4oie g § g
#FoARIAFE o d B RAE DR F PR E R LR
& &M B 7% (Chen and Millero, 1979) » F]pt ] * P s B % >
FOUEP SRR RD SIS B KL G SINTCO, (present) 2 NTA’
(preformed)¥f i eHE 3% JF5¢ o I B EFSN LT RE A P 2R
T & -k ANTCO,’ (present) 2 NTA(preformed) o 7 i o foiz it 5\
FEpElE o 2R rg A KA okaldr kT E oA E3 B
TR R R & R R R T K ¥ (Chen and Pytkowicz, 1979;
Chen etal., 1982, 1986) » 11 T i & 4.5 & ()& i ~ ()7 2§
4 2 (3)#ki% 4 NTCO,’ (present) 2 NTA® (preformed) 72+ & o

(1)% 7 NTCO,’ (present) 2 NTA’ (preformed) <73+ &

d R R B (Ao W2-3) 7 L E 2 d s A B AR 917.07°C (4
130-160m) ~ 8.99°C (400-600m) * 2.13°C (4 3000-4000m) % 4 B
BieE - 1707 C2+ 5 RXREBREL B d 208F kEkE
o EERAN, o mEHNI9CHT - BAME] E 0 2 ELd
A TEY Rk E B RRI N STEDRERE F 2 2.13C
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=+ s Rk BRR~ &> d NADWA; 2 > NADW ki 5 AABW

—_

Wwonm oS o KBBERE A afeed e iAok 8d ik z % kE

A aunt GIR & A = s “r1riExcess COefizt B F & @ * = Fd
BB AR50 o
- BAse S 2N SNk @A RS ENTCO, (present) ~ NTA'

A

(preformed) =it & o d >0 KRBk p3vd 2R g > TR Y § 2
?f"—}“’f / (OR-1 462% OR-I 433):%:# & 22 NTCO,2 NTA% = if iF:%
(Ao R2-9)F 1) > 2 A2 e

NTCO,’ (present) =2168 - 8.34 * =78 (£6)...evueeneeeeennn.... D383
NTA® (preformed) = 2281- 0.59 * =8 (£4) ooevvevviineennnn... 2544

o BAsds S ARV L 2R E W B4R BER ANTCO,’ (present)
NTA® (preformed) o d *t-K B k ik 5 A = T % ¥ 3 R SR T
WOCE(PO1#]5)NTCO, * NTA% (i iFi fF(4-FI2-10)1F 3] » =
A2 doT

NTCO,’ (present) = 2289- 16.24 * =8 (£14) ... &35
NTA (preformed) = 2391- 6.34 * =38 (£11) oooovvieniinnnnn.. 236

d *>WOCE(POLB] 4% )¢ 5 pF FF € 351999 » = /& (OR-1 508)+x & p
BF %1997 » B3R R BENTCOen&L & 72 % > 3.1997-19992 FF /&
K e TCO, %) # 4 7 2umol/kg » #714 NTCOZ0 (present) 2> 3% & 12 it
4o

NTCO,’ (present) = 2287- 16.24 * 8 (£14) .ooevvvvvnvee, NN

oz B oA 4 RN R FEAE B R & < & (NADW)
NTCO,"(present) ~ NTA (preformed) 2+ & o & < 31 * Chen et al.
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2040 T
_ y=2168-8.34x (+6)
2 2020 - R2=0.61 P=<0.0001 -
= [
=
& L
= 2000 - .
2 [
=
ﬁ -
e~
8 I |
= 1960 - -
= [ .
|940hjlljlld
18 19 20 21 22 23 24 25
Theta ("C)
2320 T T T[T T T r [T rrr [ rrrr [ rrrr [ rrerrporore
y=2281-0.59x (+4)
[ R2=0.02 P=0.56 |
2310 - -
= [ .
== 0
= . o
5_2300; 50 -
= o &°
‘. | & o 5
2290 - 6 o .
L O I:I
zzsﬂh ......... s a L oa u a g | PR P B ]
18 19 20 21 22 23 24 25
Theta ("C)

B] 2-9 ~ & 2“’!2{57;? pEE %] R~ EFE 2 NTCO, ~ NTA vs.
Theta R % 8]
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2320 [+
[ =2289-16.24x (+14) |
o 2280 - S &14) ;
= [ 5 © R“=0.91 P=<0.0001
S 2240 © ]
=2 i
= 2200 :
< :
22160 - -
{:I-" L
S' 2120 F :
! L
— _
7 2080 - -
2040 L]
0 5 10 15 20
Theta (°C)
2440 . .
y=2391-6.34x (+11)
2400 - RZ=0.79 P=<0.0001 -
E,
S 2360 - ]
E
=
- B )
< 2320
Fd
2280 - .
2240 e ]
0 5 10 15 20

Theta ("C)

@] 2-10 ~ WOCE (P01 Bl42)2. NTCO, ~ NTA vs. Theta B % [l
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(1986)1] * GEOSECS *50°S14 % 2. NTA 2 NTCO, ¥t = if {7t fF
e 4250 (T3 5 (e 2 788~ 9) o 2 ¥ d **Chen et al.(1986)*7
F e 58 5 1973-19740dcdy > @ % % (OR-1 508) 4k 1% pF /F 5
1997 » B3k 8 ENTCOihAL F 2 % 0 £.1973-19972 FF & -k e
TCO# 4x 7 ¥20pmol/kg > #71#NTCO,’ (present) £ i i F b}

BN Ao 3810

NTCO,’ (present) =2219- 11 * 8 (£16) .ooovvevneveneeann... 258
NTA (preformed) = 2384- 4.2% 1238 (£9) .oovevviineiiieeen, 2349
NTCO,’ (present) = 2239- 11 * 8 (£16) .oovvevvneveeeeenn., 23410

g b Asde @2 A28 (23834~ 27867~ 2349-10) ik -k B8
& b )5 3 ANTCO,” (present) 2 NTA(preformed) s > ,T&"?’ ™

& o N1% 225 & J1Excess CO; o

()5 Z=E A NTCO,’ (present) 2 NTA® (preformed) 172+ &

o FEER A AR H7.26C(5550-700m) 7 B & A& E~1.26
C(£3000-4000m) 7 B R &~ EUE o B R 4] BB K p
WAt R T KR AT NTCO,’ (present)% NTA® (preformed) i
#GN5261F R o e B d 3t N Sendidy 51999 0 & it’lé?i}‘? *
IR 5 1996 0 B 1996-1999 2. FF & -k e TCO, 3 4 7 5
dumol/kg » #714 & ZF ¥ 2 58 5¢ NTCO, (present) (£i2 i » 4o o> 38
110 @ it'lé’fi?{ A B R AR EMEL R PINADW » A7 A2 4 (B et
B@r bk N8% 9o (e £ d 3t 2 89 NTCO, (present) 2 NTA”
(preformed) h#icdy kiR 5 1973-1974 > @ & ZEEF & 51996 0 B
KR ENTCO A F 72 &% 0 1973-19962. FF /5 7R eATCO, 3 x
7 421umol/kg » #7142 388 NTCO,” (present) i it 4o 2 5812 -
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NTCO,’ (present) = 2285- 16.24 * 8 (£14)...veeeeeneeeeenn. AN
NTCO,’ (present) = 2240- 11 * 8 (£11) cooevvevnneneeenn, 2S5012

(3)#A% 2 NTCO,® (present) 2 NTA' (preform) =3+ &

Foak o i BT (BI2-11) /62 0k 3 iR K483 5 4 K
BB L A L T KR HRIERAR A K S s A RIS
A20mr P ea it ik c LR B ERAABREFR DL T
BI(B2-12)7 @ 4ra % 2120-160m= % F - X & BREES & &
e BB R A BRGE 0 9200m o zrwmm Aok A BN A
BMAEIES BE M AT ED kA BoRBEA ot GRS A
X s A7 ERAR B Excess CO,efizt 8 @ * & BAzdsiE > 258 » & -
B A4 4258 20 & 7% (OR-I 5084%)% BA N A R EiFk 5
NTCO, % NTA# = if (it fF (4 BI2-13) @ 5] > * 425547
NTCO,’ (present) =2301 — 14.28 * i+ 38 (£14) coeovvenvennn.... 23413
NTA’ (preformed) = 2535- 10.65 * 8 (£5) covvvvevevnnere. 25514

$ o BAshs S 42N S W R R ) @F R SINTCO, (present) ~ NTA”
(preformed) szt & o d St KRB KRB G A~ TEP KoK e b FRAk
% R PE 221996 > #7 1M NTCO,” (present) i@ * 2 3811 ~ NTA’

(preformed)R] i * = 5613+ 5 -

27+ &2+ WA 131 5] (IC/IOC) et ¥

o R PR R R A f Y eC0s2 > B & ek
J%Ii}u{ﬁﬁiﬁ;ﬂ ¥ &% ~ B 7% fZ(Inorganic Carbon, IC)£ 3 % &
(Organic Carbon,0C) &4 % o 4o % it Fvig IC ~ OC i -k @ gt
Foo #d om0 R TR -
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P 1171
< R2=0.88 P=0.0006
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=
<
1
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- O
z
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2400 . . .
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b
LT
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=
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NTA vs. Theta & % 8]

24



[C/OCt3t 5 ¢ * % -k B thdzde i@ & #2578 (ENTCO, (present)
2 NTA (preformed) 2+ & > & & Chen et al. (1982)#73% ) chi #%
BB 3 A blens A2V RE R > 2 AR AT
IC/OC=[0.16038*( ANTCO,+X)+ANTAJ/[2*(ANTCO»+X)-ANTA]
IC:& s che f3 8
OC:7 s enm 2 g
ANTCO,: NTCO,(measured)- NTCO,® (present)
ANTA: NTA (measured)- NTA (preformed)
X : NTCO,’ (present) - NTA (preformed)

2.8 ~ 4% 4 Redfield Ratios7+ &

Feik s ok L% AR ESB420m Y b es R ~ A5 & (Nozaki et
al., 1999) o d /3K 3 i FE B R oo B ergF o AT B FRAR
A B TCO > TAT R4 B 5 3 /% B5iE4202 © 2 b j5 97
o ek o F A LI F AR B 420maE B~ B A R OG0 =
26.0) 0 £ 45 1w 5 -R0p=26.0c77k 5 Bem 5 Gp=26.0k iy &
B ~TCO,~ TAZ #icdy § = FrAd 3 R 45 1B o #-FRA% % P $84000m
SRR SR AR G R
B~ TCO, ~ TAGH E 44 2-1) > fEd AY %3 - ATCO, - ATA

© S8 ¥ 2+ & d1Redfield ratio e

A

\\\xr
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% 2-1~ it 4 %8~ AOU~ TA ~ TC ~ OC 73+ &

. FRA% 4 P Frik 5 Ak A K
H
B e e 4000m B 4e g
5 #c
(% 7% 0p=26.0) i@ (4000m & 400m)
NO,+NO; (LM) 23.4 28.6 52
PO, (uM) 1.69 2.21 0.52
Si0, (UM) 38 97 59
AOU (umol/kg) 152 220 68
TA (umol/kg) 2298 2349 51
TC (umol/kg) 2166 2240 74
OC (umol/kg) 1017 1066 49

F:0C=TC-0.5TA
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A ) Z‘P/Q 3 fLEH\%TL

l“ﬁ,“\m/;, i

S=ZF ~ @&
R

\N Ty
>~ \m
kTR ""“},
Iy 75’3}

(\x

A % = 3 i“m(Anthropogenic COy))&dp p 1 £ 2 &1Lk > F]
iR BB EHRE A ZEERT AL EE - F 1 B (Excess
COy) o d COMEE F»alf % > #T R ez § BRI T &
F e R E IR L e gl s ek L SRR RV AR (€ R T

mo b B RN RN F R RO S A zfgi,ﬁgfgﬁ

- Jé;t?sﬁé;:gé BEEE S F PR - WA DRT A
Pooodm s R Y - BB E - F Bl B (Chen, 1993;
Takahashi et al., 1997; Rayner et al., 1999; Ishii et al., 2001) » #7112
FHAEFEFEE - F RO E T AL & e B
RIR s B - § AT A I RTRA MBS AT R0
P31 B P A RTCO iR b 1 B (9 & 2 & [ 4K
fCO e v & > w 42Excess CO, 7 £ E o 8 * o> 3V 7 K F
Ml @ f ol LR FRIEF 5 EDER > A7 *?'? R
DRARFIE 2 Bt BB OT AL vt o BT

£ 173 H (40 WOCE~JGOFS%*)> = < Fgre R

TSR TR S R AR R AT Peid JE T -

A A ¢~ *H - Chlorofluocarbons (CFCs) % i g 3 7

fRiGEFIA S FEEn A EA2 DAL ABFEY NTEHFRE T

“C ~°H - CFCs% if g & férgq‘a‘rfim" 7

Bl B FALRCY  Ap g T o B R T AL 5 (Chen,

1993) » #riu A2 B & i¢ * gL @ HF 4 > & Chen and Millero
(1979)e7 ;% it 7 Excess CO, 5973+ & o

\

N~
p3

E+
e

3

T-E‘@
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oAt TR AR R s B § ek % (Chen et al., 2004) >
P om e R AL A B w - B~ F CO ik (source) &
(sink) & ¢ ¥ % G F 0 - HIWE § F T i € F 5 biological
pump# Bfe % F P CO, 0 2§ - 3 g» F o F R R 4
A ERRTBELE R FES A Y DCO, T B frik
@ A5 A F COR( 2 1997) 0 #5117 3 i 5 i ot 15 T
L oE R o;i—‘F'f » F AR TR E 0 Edow 4R S BRI E
RSP AESL A R e R T A gy 4 3R g Excess
COnF# > @ e d Ml e » it > B K2 RBE2LT
Woofe - F g A o~ Excess COnT e i 3 o o #700 A 2
R g FRAR R B ARIT NG R R A s AR BT k=
.—ka_— IV o FE R FRAR R KR e (8 B (3B BRAR R D

v - £ 2 N \ig s o O N L~z T .\é—; =22 A 22 -\
A3 itpAe i TR Ekfraias o _:32,?:_/%(,4 Tl g% o
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31~ EixE 2k~ BEMR
% /% (South China Sea ; fj #SCS)# ## %360*10 km’ » #* 1§ i
sAFANRE L AP > LA RERE RBRE ST E P g

=N

;+ BEEARE NedBApd e L a S 0P § Ris R RS 4P
PlETEFER o AR R P B enillE o 5 B X PSR R R
FoRBF RN FETERTHBEBFENFTRLLAPM o blde
éﬁﬁ%&ﬁﬁﬁ&%ﬁﬁﬁﬁwiﬁ%’ﬁﬁﬁﬁﬁ
2200m(f > 2001 ; » 2003) > F N G *ﬂé??i';f &R R R
koo AR g A rﬂ/%/é] k2 & K -k (Nitani, 1972 ; Liu and Liu,
1988) o o BI3-17 g Plm a1 d 22§ A kg BT 2L i3
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