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Abstract

"Ocean acidification” is one of the most important and popular topics
today. Our present knowledge from time-series studies has largely focused
in the open ocean rather than in the marginal seas. In this study, a total of
43 cruises from September 1999 to September 2012 with measurements of
the hydrological and carbon chemical parameters in surface seawater have
been conducted to better understand the ocean acidification at SEATS
(SouthEast Asian Time-series Study, SEATS) site in the northern South
China Sea (SCS). A comparison of results from this station with those from
the HOT (Hawaii Ocean Time-series) and BATS (Bermuda Atlantic
Time-series Study) time series stations was thoroughly delineated.

Results shows that rate of the pH decrease between September 1999 to
September 2012 was 0.0018 yr* at the SEATS site, and the normalized
dissolved inorganic carbon concentration (nDIC) has increased at a rate of
1.3 ~ 1.4 umol kg™ yr. Such results show that surface seawater at the
SEATS station is acidifying in line with other oceanic region.

As compared to HOT (-0.0007 yr™) and BATS (-0.0036 yr™), surface
seawater pH at SEATS station declines at a rate of -0.0018 yr™. It has been
suggested that the acidification rate of the surface seawater is latitudinally
related, as seawater at the high latitude regions absorb more carbon dioxide
than those of the lower latitudes. However, our observed results show that
the acidification rate at the SEATS station is faster than the HOT station,
presumably due to the increasing mixed layer depth at the SEATS became
deeper (approximately 1.6m yr™) during the study period. Comparing our

results with those from the HOT and BATS stations, it appears that the
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SEATS station locates in a subtropical region where the mixed layer is
relatively shallow. When the mixed layer becomes deeper, more higher DIC,
TA but low pH sub-surface water reaches to the surface, causing surface
seawater to be more acidic. From 2004 to 2008, the mixed layer depth was
deeper than those of the other years and so is salinity. However, these were
not observed at the other two stations. In other words, the deeper the mixed

layer at the SEATS site, more acidic of seawater at the SEATS is.

Key words: ocean acidification, pH, SEATS station, carbon dioxide, south
china sea
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forrEm A > BTG FEMAB o F o a s AT ARk

RN ER |0 EER AR bl §OEER A OB R R

EfedR ] BHTUR s hd e AT B B S b P L E Aok

LR R RUERARBEEOAERITRE (S B8] 0] %
X)) PRk s ] B IRAER 0 ¥ F 302 53R % (Chen and Huang,
1996 ; L B 1.11) - K,ér‘ pr2 ¢tk s d ek E R A F D 0T 5 g
7o s A k(6 100~600m)d T SRR A A A KRR R4 o @
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B A RR 2 KRR R FIR B R B WGEE 2200m R 0 s ke

g 23 o

SUGSBERGEEEYSEEER

SSESENREERRRE3EEE

vy v " "
100°E LO0E 120° 100'E 110°E 120°E 100°E 1I0'E 1B0'E

B 1.10 = /& & & /& -R-KE ? T 2% i Bl(Liang et al., 2000)
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Salinity

WPS
SCS

Potential temp. (D)

—
Ln
L Y B

Ln
LI T B B O

-

>

1.3.3 & % ehf 123}

¢

AR EERENLTRATZIAT AT s e TEF S AHET
PR E gk (FR0 19915 3% 0 1995) 0 Bt A R R A E K2 AR o
PN LINERE XEF A4S Bd e s T o i FR
I pe A PR EFR BT > AN TR R ERAAR
FoadaZh(B 1l12) A1 F R FF> 117 3 37 > T5h#
HiEOmlsec; T e ER EFA6Y 287 > Tk X5 6misec K
AFRPRE T aERR oM 47 258290093100 RIEFR E&

=pF #p (Liang et al., 2000 » Hu et al., 2000) -
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"/{//("E’

- - .

100°E 110°E 120°E 100°E 110°E §20°E 100°E 110°E 120°E

100°E 110°E 120°E 100°E L10°E 120°E 100°E 110°E 120°E

20°N

100°E 110°E 120°E 100°E 110°E 120°E 100°E t10°E 120°E

Dec.

~

/
/
y
7
;.3

— NN

100°E 110°E 120°E 100°E 110°E 120°E 100°E 110°E 120°E

B 1123 /3% h ki % b » T 5% i B (Houghton et al., 2001 )
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dte BN EREEF L R gL R RIS
Flite A A d R A ERX TR ZHHI(B LIS 4 F@od LA TR
BT 5 h R FA78 25880 5 hT il b o e isd 3RS
g4 EETE L A AR R ek 4 AR endRE o )G A A - g
SR TR VE BT B A fal e L AR IR U ST NS LR I - S
E P E R B S % enF § %55 enBkon % s (Huetal., 2000) - § % B

CRaERBEAREY o i BRI E Y T A RAPE o

100°E 110°E 120°E

20°N

0°!

100°E 10°E 120°E

113 a3 * Z2 54k BB FREFEFLA L2

B A E F A -kindr 2z 3w ;5 Tseng et al., 2007)
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A A TR A KL T DR A R B A @ i A e
T AFIOENGHTY o FPE R ME 13 ER S RERIRY 4003
HoQNFE T AR ELPER RO E BER 2R

4 % 245 SEATS ]2k 1999~2012 # 2 pH~DIC * TA % 4iiceps
R 781 ABS » B B W A E P 2 PR R SR s RIS % AP (Ao
HOT ~BATS i®l=t) > k15 pH % & T 5% “DIC ik £ 2 § Fak % o F]pb
A g $f SEATS R & -k v SBcE Feish ot o SRR R 2 %
L Ag% 22 HOT v BATS & i BLip|PF I B A cnpd [ B 7|2k 38 (70 41

(1988 #~% £ ) » #Fdid & & Bplebpe i@ 5 3 o 2 Rt 7] o
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ARG R B <R~
3 1% SEATS iplzk*t 1999~2012 & > £ 43 i #k (L % 2.1)
ATl 2 R R BdpE T34 0 B 2010 & ORI-944C #it 1 2012 #

ORI-1010 st 3 & ¥ it (7§ S @ -

2.1~ P2 E

MEF 2R * 45 £k B (Rosette Sampler) > #5210 o = e
Niskin £ K #5387 48 & o § Wdé $% K E (Rosette) ™ 2 & 7p TR AR & & K
His > wg 2 7 P @ Bk e KT 350mL 452 ¢ #Lagag? o T4 »
¥ 02mL & fog L& > UL RIRY 2 i PR &2 FF o
Bfe £ o dt o g (Parafilm) R 3tic F w %R FEFT AT o RAFFF ATEH
2 F A B AR PR KIS Y 4R B F &R (Conductivity
-Temperature-Depth Pressure, CTD)2~{# -CTD Jn 3 £ 41| * 8 & #F £-0| £
BESCETRFSPEETRUCEIAR RS FHPERS S35

4 E R (%] > 2001) -

% 2.1 SEATS Pl =k ff # #ex

& p ¥y S

1999 09/17 - 09/22 OR3 - CR561
11/22 - 11/26 OR3 - CR585

2000 01/16 - 01/19 OR3 - CR600
03/12 - 03/17 OR3 - CR607

20



# i p 2 A LR
2000 05/22 - 05/27 OR3 - CR629
07/24 - 07/28 OR3 - CR644
10/16 - 10/20 OR3 - CR657
2001 02/27 - 03/04 OR3 - CR682
06/26 - 07/01 OR3 - CR716
2002 03/19 - 04/02 OR1 - CR639
09/02 - 09/06 OR1 - CR656
11/9 - 11/15 OR1 - CR664
2003 01/18 - 01/24 OR1 - CR673
03/03 - 03/08 OR1 - CR674
08/05 - 08/10 OR1 - CR690
10/02 - 10/07 OR1 - CR696
12/15 - 12/20 OR1 - CR705
2004 03/10 - 03/18 OR1 - CR711
05/03 - 05/08 OR1 - CR717
08/03 - 08/08 OR1 - CR726
11/05 - 11/11 OR1 - CR736
2005 01/20 - 01/24 OR1 - CR743
07/26 — 08/01 FRI
11/07 — 11/15 OR1 - CR333

21



RN P i LR
2005 12/23 - 12/31 ORI - CR780
2006 06/30 - 07/07 FR1 - 950630
08/06 - 08/09 ORIII-1168
10/18 - 10/24 OR1-812
2007 01/12 - 01/19 OR1-821
01/23-01/27 ORIII1-1203
05/31-06/06 ORIII-1226
07/28-08/03 ORIII-1239
10/21-10/30 ORI-845
2008 05/28 - 06/06 OR1-866
12/18 - 12/24 OR1-887
2009 1/4-5 Xia-|
7/21-25 ORI-907
8/11-12 Xia-Il
2010 10/12-17 ORI-944
12/07-11 ORI-950
2011 12/19 - 12/29 ORI-988
2012 8/24 - 9/4 ORI - 1010
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22~ 3
221~ paigiE(pH )2 Bl 2

ATy 2 ek BB * A5 PHM-240 # @ fhwk ki (7] £ o
¥R~ 58 (25°C) 2 #5 % T > 4] *  2-amino-2-hydroxymethyl-1,3
-propanediol (Tris buffer, pH: 8.0893) 4= 2-aminopyridine (AMP buffer,
pH: 6.7866) 8.3 thrip i » 17 5 R B 2 e p o B B2 4r 4] At
* Andrew G. Dickson #3298 2k % #7 SoeriB B A R (* 32 F LR
T2 RKr)iTi R nik®rpHEI A * ¢ oanDIC 2 TA 12 CO;
system (Lewis and Wallace, 1998)z*+ & #7118 4 o 2- B iE42? > #7% pH &
3% % Total scale (Diskson, 1993) o § 5k chiE 42 7 L - Bl & 8 % 25°C
ERERERGLI0 448 FRAERPH BT~ &7 270 E

IR IREAFRE = A BH T39E - F

IR
\F
g
fu
[
1y
)
114
AR
&
i
N
w}
/\a
A

PR NS

B4 2+0.003 pH H =2 p o

222 %38 &R (DIC)2 ipl 2
AFy DIC = > 2 £ B 6T £ F %2 (coulometric titration)
kit 7(DOE, 1994) » ] % > * £ 5d 2 MR ) < FA 2 R B R
% % #% SOMMA % ¥i(Single Operator Multiparameter Metabolic
Analyzer) » #5fie UIC 2 @ #7 & ch 53+ B (Model 5011)i& 7 ] T_o &
BRSKEAET A LA A HI D F AR SR IBCEEH P 0 R
Rt I Bz f A R REREDT TEF P (9 22ml) - £ BT
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BE N hyRoRiE 2 F CRE P Y o AL ¥ 40 10% BEpLE (7

& oo A -RBEARL T 2 pH ]t 2 BF > Ak Y B 1T(COY) 2 B
e i 1342+ (HCO) 2 714 % 5 s P (H,COq) 2t P 3§ F Wil AN
eI AL 2 F e § 4Bk o HE K i 2 BAL ) o A AR
Mz §F VR F R SERAEE A 8 2 F PREGBTE

® i B4oie {7 DIC 5 £ cip %o

$y

SFPREGYEFAMAE - BT I B ITHBI LT
R e R U
1 %% "RGE > TR > §BKEBARY T7 20 fBiw
(ethanolamine)  J& 2 = 33 f& (hydroxylcarbamic acid):

CO,+ HO(CH,),NH,—~HO(CH,),NHCOO +H"

2. Med®ip i ) chpkdgdn o A (thymolphthalin) » ¢ & & e 4 (3
SO R) B NES SR LR g (52§ )
T E g RIppgEI RO AE > KB BRATR)F AR 2T

&

+
Age—>Ag +e
PFIE T R(A T R)E A R TR
H,0+e™—"/,Hyq+OH"

3. KTEF 4 X OH S v % T §ril 483 % fvke s § (L piis o

>

BOHBS > FREARFYRI AR § 2§ CRBLREI RE

AR B RS kAR R DR ME PIF R B E T

-

PHE A § AT g

24



=H
=k
|
W
T
o3
-n‘__\=\;
&

Ronid = F P RAIT R AR S T
BEI T Fd B E LT TR o I TR R
Aokd AREABRAESRHRERES ERHREEV AT A 2
R PR EBRIRTPIEARY ZREEBEEL B2

s A_JGOFS 4 T ek 4472 2 -

223 AqRiF TR R (TAZ BRI

AFT Y A Kokk &P 2 (Titration Alkalinity, TA)-2 #k * 2 i iF <2
(Gran titration)/B| & o & i jF 2_% sid p # 3% F TR (AS-ALK2, Apollo
Sci Tech Inc.) ~ f& 4 % (Orion 3-Star, Thermo electron corporation) ~ f #&

% 1#&(Orion 81-02, Thermo electron corporation) 2 ¥ & 4F |78 2_jF T_H

R EATES o HPIE 2 WP 4T 1 d podF RSB 8 (18
i) 4 k4 o B AR (25C)EE 5+ 2 feik 2 (0.IN)2 B

ETF A LEARY CEF AR TERE S R e dipH P E
R i o pH B0 5 44 T RBIR Y 2 P ERT 2%
TR AR TR E e £ B & pH uﬁ%ﬁ%} = 3.0~38 % »E 1 pH £ 2.98
WU E R O o K F %02 (Gran titration) 71 * 5 & pH & e
(EMF; Electromotive Force)¥t e vk & 4r » k2. B 42 8 » &2 ¢

=5 i 2 B % (8 2.1) > 2 Gran function 8 /3 -k & &2 TA Jk & (Gran,

1952) » 4% g = 2 il k¢ TA EH HFAEA K 620001 2 p o

GF=(V+18)/18*10™"
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V:HC 3 45 2 ¥ 4
TA= Vo *[HCI]/18

Veqiif T8 BT T B2 Hf4

Gran Titration Plot

250 40
0] @]
200 - o 0 0 9 ° o +35
o© .
150 - © 5 +30 (9
‘E 100 - 7% 5
~ 50 D 120 ©
LL c
= . T
T : OEMF(mv)| T 15 W
C
-50 - . o GF +10 ©
A not used
-100 A e 15 ©
N
150 . . . . . 0
0 0.5 1 15 2 25 3

V(HCI, mL) added

@] 2.1 Gran titration jF =_% 2L Z_&_F Bl(®p Appllo SciTech Inc.

Instruction manual)

224 Hok¥ = § VRARICO)LIE

Aoke Z F it g A B eniE & 41 * Lewis and Wallace (1998)+#7:& =
2. F L p s 5eqR N (CO, system) k2t 5 o 254250 ER R A
B8 28DIC-TA~pH - -fCOy)*® ehiz2B %8> M2 FR ~HAR
fof % BFALSIO  POS) » T £WH 6 A AR E Sl (§ £
BEAR B Y AAREF R R TRE) A7y 3 DICE TAR
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SRR T3 Y B R AL f2 4 ¥ Bk * Mehrbach et al., (1973) 2 Dickson
and Millero (1987) £ #712 372 k14rk22 & - 295 (Lee et al., 2000; Lueker
et al., 2000)F7 7 3% % ¢t ¥ #U DICZ TA X B fCO,pF » 5 & * efE

B e -

2.25 # F 2 i £(CO,flux)2 #+ 38

AT ARG L2 D N e

F = Kka X s X(AfCO,)

F:iag iz R g
Kay © = & 1B # 48 % 4% 3 & (air-sea gas transfer rate) » ¥ = % m day™
(Wanninkhof and McGillis, 1999 )
S:Z F “EF Rt a kY a3 2 & (solubility of CO, gas) » 1+ # &
R R (K) #7225 @4 H = % moles atm™ m™(Weiss, 1974) -
AfCO; @ % 71 3 -k 82 % 5 fCO,2. & e A 18 (fCOyseq) - FCO2atmy) > H 15
patm o 5% ¢ fCOyen % 77 % K FCOL 1 » FCOxtm % 7 ~ # FCOL 1 FCOxen)
P E Aot T o @ fCOm Rl A d NOAA%E =k o i 2 Mauna LoajLip| =t
(19.54 °N; 15558 °W ) # % 5 pCO, (http://esrl.noaa.gov/gmd/ccgg/
trends/) » 4o "f K7 F BB Bt 21 17 (Guggenheim, 1967; Levelt-
Sengersetal., 1971) -

Wanninkhof and McGillis (1999)#7i& = % § 2 41k 5 (Ky):t &

V)

=[1.09 ul0av - 0.333 u*10av + 0.078 u*10av ] x (Sc/660) °°
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Sc = 2073.1-125.62 x T + 3.6276 x T20.043219 x T*(T in °C) -
Upgay © 3% T 6 F10mz T35k ¢ » B = imsect» @ * k& & & )Pk
2.8 T 3ap i o

Sc : Schmidt number % - 8 & & #c(Wanninkhof, 1992) -

T: 28R > 7"15 m_)iﬁ‘}lg"}z‘l"&CTD7 ’?‘?Fi’.%fff'_?;oco

226 Aok - § AR % 2L G%Co0)2 B2

It E R RR AN FEOLE > TREFA R T
FrE tHdF Ry €30 «:é?w‘iﬂﬁ hfe g e it e (3%
2006) - m fEE I mF Ty AaE 2 AT L R iR A LT g S ahn
2 AR AR FIYE R F FIeREARLREE O AP
T A F 2 R ind e B 54k F 00 B 52 ik (gas isotope ratio
mass spectrometer - GAS-IRMS » [§] 2.2) « & 2 /% -k §Cpjc 2. A 39 >
A5 DICEERZ pinkedsitad <% fha? DIC chisg ¥
- 2D Bzl i deredaE FHE LAk F(R 2.3)
DIC ¥ # S fjutdc™ t FALBEZFF+ B Th R F L (R

B 5-197°C)% % D o> £ #BRchiz kel Chur FE 2 sl ¥

=

FIEHS o 4o 0 2 B2 BE%eEARA F BFLY 0 MF BFIR IS AL S

GHPM R L E BT BASEE A F A 40ml Sk LR RE
B R o SRR R R R G 1B 6 2N G R o )
PEFPHEEF) AR KRR R o T8 BA kY R > i
AL RRREF AT Gt BARAL S 2 - F ThER o pLiEART B
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0 RE RIS R AR F R 2 R FO ke 2 0 & (R
B 5-OTC)¥A 58 - § b pk PR e B 2k F f RT R R
LS 0 5B 5!? TAAZ 2 F "R IPESRBELRY IES

RERMeRavkgjed Bich FB(RE* H )

METRREA GRS AFHEEY o RGE MR BT AW ) A

(- a0 S bl

SF MRF MBI 2 VI e dost - K
Aok B R R F BT F RSN R
P UEFHREFR 2R e d A o A8 Coic WK 2 AR
* SEATS iF-k 2 #ichp 22 SEATS iplxk 2002~2011 & 2 ik #cdp otk

B 2 7£3%5(-0.2140.04%0) » @ AT F 2 %% e 4k 5 -0.21%0 0 H M AT R I

#1 £+0.04%04 P o

' lllllllllllllllllllllllllllllll :F--.--------.r__—___
= 1
INLET SYSTEM : . ION SOURCE o ANALYZER :
.................................. "
: b
E ST : Beam focussing : I
: FLOWINLET ] : : |
: lon accelerator ’ |
:| Hcnos ' ' I
. Elemental ) i -
E aalyist Re’g;‘g"“ . lonizing filament : |
E Ly
.} --------------------------------- E ] Gas inflow : “'" h
. T
1
E : ------------ m,‘fzv m-1
. H m:’z, m
: m/z, m+1
B = DETECTION
. %rar‘!ge
E Reference
H gas

Bl 2.2 FApk i v B ¥ kipd RBI(F * - 2006)
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(A) vacuum pump

(B) diffusion pump

(C) dry ice colder

(D) liquid N; trap

(E) sample reaction tube

V4 ® VIOQ‘Q

\& V8 53 VY Vil

V6 & V7T

E I I
- H

B
e R

(F) electrical stirrer (V1-V15) cc
(G) sample gas trap (G1~G4 ) el
(H) H;0 wap

(1) cold finger

(J ) sample collect tube

B 23 & 2% ks> B(k o 2003)

30



AP % F CRLF A2 8°C £ VG OPTIMA fE 2 =% 1t &
Pk ke ER e P Y A 88C 2 1 iF R & (working
standard) %¥_% & OZTECH = @ SYS-929C fr =2 - Em 44 5 %8 > H
e =% 4 NBS19 éip| & A %] % -3.65%0% -15.82%0 (vs. PDB) - §°C
PTE AN T o rpE 2 e F B 0 per mil (%o) % T

513CD|(;(%0):[(Rsample/Rstandard) '1]*1000
H ;\l = R % 13C/12C IE’ ; Rsample & Rstandard for ‘;7'] i %" *’% %fr?

B 2L PR o B fs2 A7 % 1 PDB RSB A B

SHEERLT -
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A R
A= 4% 1999 & 3 2012 # SEATS ip|=k % -k 5m #7ip| ¥ 2.8 & ~
@A ~TA~DIC -~ pH - §"Cpc ~ Qc ~ Qa~ fCO, 2 CO, flux % iz
PR B 7% ABS 4R 3T 13 & A L 1Y 2 ko gt vh s A g HOT
2 BATS Plabef? 7 S %27 v o 2Pl = 2 BREECEF T F

2. B e

B1SEATS fleb & “ k=2 B2 FRE S| L F
311 RBFH

B 3.1 5 SEATS plzk 1999 & 3 2012 & £ 43 endex #1ip| {5 2 8
% B)(T-Sdiagram) > B2 5 5S4 - d B¥ L » & -KE R 4> 23.36~
29.79°C2 R 5 m A KA R 13 325~347 2. F o d [FR A H iTg J
AER G 18~19C2 B s - BARES £(~34.63  04=245 5 KiEH
150m rw) » 5 37 #7F = 4 -k (subtropical subsurface water) s 55 o 5§ %
ERVER > AER S 8~9C2 B b- BRI ©(~344 > 5,=26.8
RF 6 350m )0 B oA S T E R K oK (NPIW) 2 55 (Nitani, 1972; Chou
etal., 2005) - @ 400m 12 - R EEF FR R A bR 0 BRI AL
FRH Ao B3] 2200m T o e AR KE D O EER A RE
d B R A 2200m s e~ s s @ A 0 R R - &R(Gong et al,
1992) » @ B A& A5 2 B e 5 (~34.62) -

3R KT AL PIERT T BEF BRI T Uy
CEEFADBRES Btk Bl 3 EF s e A N REE IR
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Ex AT s REDRPEE] B B A B SR
kA2
Salinity
32 33 34 35
35 [ IU:=I18 T | T T T T ! T T T | T ]
30 ¢ G=20 7
oI 3
— 25 F 2
E : ¥ .
= [ o/~22 ]
= - 1o 1999yr
5 20 - 1 ¢ 2000yr
E‘ . 2001 yr
o B ] 2002 yr
= 15 o~ 4 e 2003y
= - 1o 2004yr
5 r 1o 2005y
E 10 £ J o 2006yt
B 1@ 2007yr
L - 2008 yr
5L 1 o 2009yr
- 4 @ 2010yr
i 1o 2011yr
- | M1
0 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 @ bOIh}r

@] 3.1 SEATS pl=k 1999 & 1 2012 & 2_;§ % [B](T-S diagram)

d SEATS ik 2 -k 5m g R PR A 7| B)(B] 3.2a)7 115 &)

ka8

WP EHE RSP BRERPESI L o F F A

23.3~26.9C2 ¥ » § £ 4 43 29.4~305C 2 » d % 3 T8 B R -

AR I AEARRER 2 FHERIEAR G EE L2 4B ek

RO MR 2RO G AT B2 Ao

BERRGPERASF L o HgRS K 4 33~347 2 (R 3.2b)
=

“ﬂ(\_ _%,}

It IS L R R

3N

Fim 3 > T HEP A2 &%

2004 & % 2008 £FF > MAEM A G L H# E > F IR (S >337)
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Hiw #ip* 930 E 337 0T B3 2 g ahfaf § 2% 32 st

KT e T T L L A B A L B A A B A T A S

32 r
30
28
26

24 |

9y | —0— SEATS5m
——— y=6E-05x+27.113 R?=0.0012 (0.0219/yr) p=0.830
PR RN SRS R SR ISR S T S SN T NN SRR N T T

Potential temperature (OC)

20 PP B e o b by 1

BSp—T—— T T T T T T T T T T T T T T T T T T T T

—o— SEATS5m b ]

350 F ——— y=3E-05x+33.751 R?=0.0065 (0.0195/yr) p=0.620 (b) ]

345 F E

2 ]

S 340F 7
[3+]
[7p]

335 |

330 |

3251990 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
@B 3.2 SEATS /p| = 1999 # T 2012 # 4 -k 2_(a) Potential temperature %

(b)Salinity p=R 5 7| @]

3.1.25mTA -~ DIC 2 §°Cpic 2 R A 5| % 1

B33@) s TApEF A 7Bl > i BRI E N > TA R F 7
49 4+ 2166~2276umol kgt 2 B o d AR (B 3.2 b) 11 2 TA ihpE
BB e g d AR E - X B2 M (R=092
p<0.0001: B 3.4)> i & § ¥ & SEATS iplsb B #r4|8 B 86 1% % b
P gpd] TART R ihd RS p)(F 8 ~ "8 a 2 0k x X)) 8 TA

BER R B E > & HOT 2 BATS Blsb 3 % 00 eha 4
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(Winnetal., 1994 ; Batesetal., 1996) - % 3{\7’“,4]2 FE R ZHTA
R A R-TA G d BRERE ¥ R nTA (NTA=TA*35/S)
ABFRERSTE(RI34a) 2 g I et HEF i
2280~2320pumol kg™ 2 F¥ > - R A TA | o d E %1 k5
NTA “§ % P o] £ F 48 Ao 4e PR % o A gug F 5 0.99umol

kghyrte - i@ g T B G TA SR LT Y A

v id 2 TA ez (Bate et al., 1996) » 4 @ B FLAT R f2FF > B

o5
E >

A fE. ¥
i dl CO” v i3 2 TA 3 4 (TA=2[CO; [+[CO5*1+[B(OH),T+[OH]
+...-[H7]) -

B BEDICHRM ARG 3BFE > AT

i

(D)ER A KERERMAPFHE S ZT) FAFERRE > <5 7 A
ZF PRI AKY EREE c R ER O A KEA 0 EARR
PR A F 2 F PR 2R KY kAR K > & DIC A &g
FERAZRLF AR o

(224 F* 1A F TR LY 4 k? 2DIC; F 2> (7o
i£* pF € f%DIC -

(B)LE R & 1E* 1 d 3P DICHA i ZATFA LN » oy 45 iF
fo4eip (et F) 0 RUFABDICER a-R g v RER Y » 3
SR ERCYDICERDAF o F 20 R Fd 3a KR IE P AT
Fl R EAE DICH K2 B r R E K P o

4 SEATS 5m DIC " p5 & & i Bl & 5 (1 3.3b)» % - B =~ G4

% 1860~1957umol kgt 2. FF > T AR H L ABF L TA S > 2 F &
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CPBE BRI A B R Mg o #4-DIC 44 % B £ 2% i+ (nDIC=DIC*35/S)
67 2 nDIC ch% 4% % 2RI % > 1 ERPI:
1948~2007umol kgt 2. B » fe 2 AT LG 4 HcE S o daipl 4
FlaG L2 o d 3 ERF P EARE A R 8K IFRRGY
(%) 16~20m) » o > kK& 4p % cfE %0 )t DIC JE R g eh=t 4k 7
AL AR T AR G R B g o Ra At 2 ERE
AN TR R ERREFIVEN 0 BB L kF DIC avE ok d
I &k Bt ¥ AT %K DIC B et f o fh 2o b 2r A G s iy
MBaceh- § itpiEr 3 %-k? 5 @& DIC (0.73umol kgt yr’)2 nDIC
(L.3umol kgt yr) % 4 i & 1 A chigd o

AR R ¢ R PO 1k 99%)PC( 1k 1%) 2 MC(% 1-<<0.001%)
233 -PC e kg on UC LasPEE > H
L P KL 5730 £ o A FEWRUEI BB TP chs § oL A S
PCo s en PCE I A F P g dx F ¢ BCa bR -
Kortzinger et al. (2003)f5 5t~ # = § 1 A AERF B H 40 » 8°C € 4riv &

(W 35)cd WY TEHEA N EFAF L5 F CRER A

AT P EREAEL A G o F PR AR G RE A A G
S F MMRRAREERTH o S 13 R ESPC e M R T 4 5
§ VB~ Bs Y o Yutakaetal. (2011) 578 £ ehy ¢ 0 IR
8Cpic 2 DIC e it > 243 KNOT plebd 02 F| 4 5 = §F L pl » i
LR EE S /ﬁrf&,um%,gooa;}ﬂ CREF N F Z F CRUH 4o
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8°Cpic § i 7T ¥ 3L % (-0.019/yr) » H % it 484 4o DIC % IR f 48
2B o gt oh > B HOT 2 BATS iBlsb+ BB FI8%Cpic 1 I 1iE # %
MOIR 0 A Pk 12 -0.025/yr chiE Z 3F T % (Bate et al., 2002 ;
Gruber et al., 2002) -

SEATS i#]=k 5m 8" Cpic ch% it § 1% 4 >+ 0.48~0.82 2 ¥ (R 3.3
) "EX SR s + ML 3% > 2 {o DIC 3L f 4p M 2 B
(R 33b) - 2 & £ FA85Cpic s %7 ehdB A F FAEFR LR -
Flpt et FpE S d AR & K iR > € R A ki M8 Cpic ek F 3
RPN o i ERE K P ndCpc BB o e Al
F oo A F A5 D F gk & i 17 SEATS iplskis -k Cpic
HOT % BATS ipl=h " & § i& & T "% % » 3 & & 7 5-0.029 per

mil -
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2400 T T T T T T T T T T T T T )
2360 | —O— SEATS 5mnTA

[ ———  y=2.7E-03x+2293.6 R2=0.1885 (0.9855/yr) p=0.014 (@) 1
= 2820 F 13
=< 2080 F 1>®
o [ =)
E 2240 F 13
3 ; 13
=~ 2200 F 1<
< [ x
F 2160 F 1é

I —o— SEATS5mTA ]

2120 b — —— y=8E-04x+2211.8 R*=0.0019 (0.292/yr) p=0555 ]

2080 PRI R NI I ST T U RS ST RS RS ST NI S NI SR S |

2080 T T T T T T T T T T T T T 1]

2000 | —©— SEATSSMmDIC (b) 1
- ——— y=3.6E-03x+1971.5 R’=0.1484 (1.314/yr) p=0.005 1 5
S 2000 F A o 19
= 10
S 1960 [ 1=
d E
= 1920 12
Q 15
O 1880 F 13

1840 L —©°— SEATS5mDIC

——— y=2E-03x+1901.3 R%=0.0093 (0.73/yr) p=0.791
1800 b e
U o o L T L B L AL L L L A A L L A A
—O— SEATS 5m (C)
——— y=-8E-05x+0.7536 R?=0.4147 (-0.029/yr) p<0.0001

08 |

0.7 |

813CD|C (per mil)

05 F

04 ..I...I...I...I...I...I...I...I...I...I...I...I...I...I:
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

] 3.3 SEATS ;p| 3k 1999 &£ % 2012 # 4 -k 2_(a) TA £ nTA - (b) DIC

2 nDIC 2 (c) 8"°Cpic FF 7 B 51 ]

2300
©  SEATSS5m o
S [ y=59.888x+195.18 ©o > ]
< 00 R=0.92 p<0.0001 >
O//
E e
< 2200 - ofheo’ o _
L o Q
/O/
2150 L " " " " 1 " " " " 1 " " " " 1 " " " " 1 " " " "
325 33.0 33.5 34.0 34.5 35.0
Salinity

B 3.4 SEATS Bzt TA - Salinity 4p B 12§
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6.2

[ Year 1006
5.4 T y X
— r x%
£ ¥
O 66 W\\W
o [ X TRy
2 . * Xx 6" order polynomial fit
= 6.8 1 \é\;)g poiyn
@) i % %,
@ a0
O
‘t‘_) L
w  g24
0 C
) : Year 1993
£ a4d
2 [
£ 781  ©Atmosphere (Cape Grim) )\{‘Q%
< A Firn (Law Dome, DE0B-2) ia_‘éii\
78 1 x lce (Law Dome, DE08=2 and DSS) 7Y
_8.0 : L1 L I L1 L I 1l 1l I L 11 I L 11 I L 11 I [ T I [ T I L1 L
270 280 290 300 310 320 330 340 350 360

Atmospheric CO, [ppmv]
B 35 Hi4S # - F A7 ER T A -K5°C ch% it (Kortzinger et

al., 2003)

3.1.35mM pHeas. 2 PHcar 2- FF B B 51 8 v

TR AAE BT Rl B R - o ek Ak
B H $TH 4v 0 ¥ GBS B R B ehd ji & ¥o(Doney, 2006) o A AT g SR
1999~2012 # pH @& e 5 7| B > M E A 0 fE @ A s KER I HI R o
d 3% PHieas T 2003 & A B 4oi 79 R £ (B 3.6a) #72 i& * Lewis
and Wallace (1998)#74% 41 5 CO, system s& 173" 3 « i ~ i & ~ B A -
DIC ~ TA fo¥ % % % 4#icw 42 1999~2003 # pHcy hficdp (#71F 2 pH
F AR R L 25C i ™) o &5 g » SEATS /=t 0~200m = pHey
fo PHumess. 57740 B 12 247 (R*=0.98 > B 3.7) > &1 pH et & @4 F Bl e
MERIT Z VLA ERIEE 6 pFF A R 2(HOT ~ BATS B
HE)NE ot i Flt AT F 3900 pHe el RiE T3 o
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4§36 ()7 Lo pH @it o A0 804-812 2 S F
Rl ps P ME R AR DR R E R DM LM (R 32
a.)’ m’ff’nDIC_J_é*ElF5§7 Fﬁg 1‘A(ﬂ33b) ,Li\%ﬁ‘#&/? E;,’/\)/z;i;

/4 }\/_w_)iﬁ&”{« SF‘ g‘/%ﬁgp}iﬁf{% ’ I}‘ILL‘//\ )\/4 }\‘:; 7 % ILE}iﬁ{; ’

A~ —

24k DIC > a pHETHS « F2 » REFERRE > 743
AR B NRRY iz bt o 18 F5 K DIC #2i% > pH B
Bood KL kG > SEATS plebd 3 R4 F ¢ 4 5 2 F iR 4
2B XA REESR BRI K L F E XK 00018 B H
oo Tt B R T Ar o N MR B % SEATS R sk A R B et X

L S P RS - W R T
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8-20-"I"'I"'I'"I'"I"'I"'I"'I"'I"'I"'I"'I"'
I —O— SEATS 5m

. [ ——— y=-8E-06x+8.1027 R?=0.0689 (-0.0029/yr) p=0.234 @ |
15 | .

8.10 |

pH (measured)

8.05 |

8.00 L
8.14 [

812 F
8.10 |

8.08 |

pH (calculated)

8.06 |

8.04 f —o— SEATS5m .

I ——— y=-5E-06x+8.0969 R’=0.0998 (-0.0018/yr) p=0.056 ]

802 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

B 3.6 SEATS ip|+k 1999 # % 2012 # % -k 2 (a) PHuness. * (b) pHea P& 7 5

71 B8]

oo
(N

T T T I T T T I T T T I

- o 2-200m
y =0.9927x + 0.048
[ R°= 0.98 p<0.0001

oo
o
T

pH (calculated)
\
O\

~
~

7.8 8.0 8.2
pH (measured)

~
SN
~
D

® 3.7 pHea, '1:‘7' PHmeas. 2 4P EREN)
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3.1.45m Qa §=Qc 2. pF & B 5| % i
Qa fvQc % 7 KHM? 7 2 2 R F b foiz R > A F ¢ Ad AR
feties > BEE(HET 6 AV JRE (R 2 R )T RS A R AT
Bk A - A RBER TR - Ba T o FS R ERS
fAF 5 3R A7 e L3 5mok R ¢ Qa chliciE Qe (K] 3.8a~Db) -
d  SEATS 5m Qc frQa hpF i 5 71 B i\g » Qa iR A
322~380% + @ Qc & 1t §5 4 4 5 491~568% - ¥ T MiE e fo ik i o
BESFSORgL L o Qa 2QC A 2B EfrRRM A F T 2
EEE S A frR iR D R M S R E SR B E R
ARE AR o d BT 0 F NQa frQe %1 ABE S T 2 pH i An e (]
3.6b)> B ia-k pH B2 8 MEFFQcfrQatrfr § Keni & 75 »
F 1% A& BATS Bl =k 7~ ¥ BB T o #% 138 % (Lomas and Bate, 2004) -
o B2 R0a Qe B R H T R iEA e R AgrG EE T2 AR
o Jap)E R KR BEL T Arid & o 1945 Feely et al. (2009)# 1 > 4o % A
Lo VR XA R 0 B3] 2100 E o A ok EQa frQc

3§ e o
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480 F o SEATSS5m
460 | ——— y=-TE-04x+532.61 R’=0.0023 (-0.2555/yr) p=0.39 ]
" PR IR S [N SR S U S U NS S T [ N S S N S R T PR PR PR PR PR

320 —o— SEATSS5M ]
[ ——— y=-3E-04x+352.07 R’=0.0007 (-0.1095/yr) p=0.492 :
300 PRI (SR SR SR ST SR S ISR SR SN NN SN A [ TR S TR T T [N SN SR SR AN SR SRR TN NN S S NN SR TR S T T (NS SR S N S |
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

] 3.8 SEATS pl=k 1999 & 1 2012 # % -k 2.Qa % QC B+ & 7| [§]

315 - § “BAF L (COflux)id £ 2 BT A 7 %1

CO, flux =] » A BFERHA L - F (RS Tehag 4 o Fpt o
CO,flux "gpFfF 2 2 1v » AR R 7 ¥ RIFFeiJE2 - o ek &
B4 4 SEATS B2t CO flux 2. PR F R 7| B 1V i (7 4 47483t > & 8-
# 7 32 SEATS pl=bif 13 & kA3 iF~ 4 - % i“sen “Jp” BRI
“m” 9

®13.9 (a) 5 SEATSBI b 1775 -RfCO,2 + § fCO,erpr fFF B 71| [§] o o 3%
AL ARHRIE A F 2 F PROLSR S FIY 5§ PP
Mauna Loa Observatory = * T =g p| 7 4L (Keeling and Whorf, 2004) » -
Bk g REEATE od BE BT O fCOEE ot 5 1 d £ X1

ERER TEE RN L N E SRR LT TN L T
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] 4 +339.4~413.4patm2. & o fCOeq % 1 % 7 § % T R 08 2

o A G AL TR LB RLITR X R F L E B BICOen Ik R

A it el

(DR R - F bR b kY 3 2R ¢ EFE R M Aem B> (Weiss
etal.,1974) » FIUfCO ML R A B A H X S F LB RS 1M €
fCO,r - ( Takahashi etal., 1993 ) -

(22 4 (F% 1 4 F i3k foivh & fL3is k7 2 DIC »DICsHuRE ~ § i
= fCO, &' 1 o

RB)ia-kZe R & E* 1 d 25 kP DICahAs # I g FFREN - &3
Aok LB EH AP JURINZ FDICER GR -k g~ R E K P
WAL kP DICER A F > ia g fCO, $+ o

Q)i F LH®* > F- AL F -3 bpz "R OB ARP 22
FURFME T S~ F 0 AT @A A RICOy ™ E M o F 2> F- /4

BARAF o F bRz RO AFY o F LMok

d SEATS| 2k ehfCOpeq2- P B 7] 7 L H 14 AR % 2208 & (R13.2
b)ersg (L ARF 1T T I 9 F] P da R R RV A AdpHle A RkE P £ K
B E & T o

HFCOpin % 1+ + 7 145 M1 > 19994# 97 fCO,uin ¥ 5 350patm »
2011#9% & 2 3 % 408patm » fCOypnik & + = 2 ARF 2L ¥ P AT o d 2
R e AL A R REE AL A R 2§ PR B i 2 fCO e
FofCOiniE & + = o fCOyunet < i& & + %) 5 1.9uatm yr > @ fCOjseq)
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B §_2 2.0patm yrt g 5 CHE Se o

Bl 3.9(b) = SEATS P|=t s0AFCO, crpF F & 71| [B] » AfCO, 1% % % K
Aok(B 5 BMYE L F - § LA RGL E o 7 4 RAFCO, v fCO, e
PAE-RIBCBENRAT T AR ENRAEY T4 3 4R
# % 3 LK o T d BT M SEATS leb AL EM AL 5 - §

MR URT 0 A FRIE R 5 S FERFARERS F TR

P

25

Ctﬁ e}

B 3.9(c) 5 SEATS |zt CO, flux ehp ¥ & 7| B » 2+ & CO, flux e
32 P Ae 25 F HE B P —— T R A1 LRl g F 2
TopErEa i@ oa “—E=7 PR N L LR EEATRE p L5
Baordtgm o d AR T A p Lok T fﬂt‘*éi‘—g
Fl 8 T3ap ity CO, flux £ - d BF L > CO, flux ensg it &2
ACO AB% dp e » B2 R AR B pEa kA 5 - §F LAARLE A > fed 3
AEELMAER 2R OM/sec)iE T 2 T h b i (6m/sec)® 0 # F
PR F A F e HE R E B & o SEATS Bkt
1999~2012 & CO, flux % i § 4 »+-12~109C m’ yr* 2 /¥ » @ %1
5 0.6146.249C m*yrt o i 2 4§ L 1 & 0 F)p i 13 £ B SEATS

Bl G X F = § Cpeh- B33 R

P TR L R F PR 4 AT G oreg o AR
Roger Revelle #% ) z_ 32 #5351 SEATS /p| =k 2 Revelle Factor (1] 3.9
d) - Revelle Factor i & % £ F-Kfsdc A 5 = i*glenac 4 0 Revelle

Factor «rficig 4% ~ P » X & gL RAES T = § L peni 4 A%4 5 F 2 0 ¥
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EAR] B Tay 4 A%4TF o

Revelle Factor 3+ & ;4 40T
Revelle Factor = (A[pCO;] /A[DIC]) / ([pCO,)J/ [DIC])

Boanja-KeandiciE+ 943 8~15 2 (1) 3.10) > & BIT™ 2 AP A3
W R ¥ ¥ Revelle Factor #ici g+ > B B E i > @ SEATS |2k
e < 5 4 8.85~9.8 2. F o ,T*ﬁ-"“ L mﬁ%i* P F LB E D
A2 484 > N mad 1999 #4273 2012 E He oo § i p e 4 iR

AR 33 o
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460 —

440
420

fCO5 (natm)

340
320 L

2,1
CO, flux (gC m™= yr™) AfCO; (sea-air) (Hatm)
o

Revelle factor
[{e]
N

400 |
380
360 |

L —@— fCO, 4ir) y=5.3E-03x+353.82 R'=0.94 (1.935/yr) p<0.001
I Q

- — o SEATS5mfCO, y=5.5E-03x+362.3 R’=0.1243 (2.008/yr) p=0.075 @ 1

—o— COj flux (monthly averaged wind speed)
—@— CO, flux (average wind speed over sampling period )

- —o— SEATSS5m
——— y=2E-05x+9.1749 R?=0.0279 (0.0073/yr) p=0.003

] 3.9 SEATS |k 1999 & 3 2012 # 4 -k 2 (a)fCOpen 2 * # TCO, ~

:..I...I...I...I...I...I...I...I...I...
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

PR BRI AR B |
2009 2010 2011 2012

(b) AfCO, ~ (c) CO, flux % (d) Revelle Factor p# F & 51| B]

47



60°E 120°E  180° 120°W  B0°W 0°

s B |
8 9 10 11 12 13 14 15 16
Revelle Factor

B 3.10 Revelle Factor -k - 4 # B](Sabine, 2004)

3.2 SEATS iplzb g2 HOT 2 BATS Rlzb2 v &

& A% 54531 SEATS ~ HOT 2 BATS jp|=b3t 1999~2012 & » £ -k
BR @A ~TA-DIC-pH 2 fCO, 2 i 48% - 1 & p h¥4F T &
PR RET > = BRIxEARE L e R > 1 E F3Fd 5 2 BRe
it XA R F2 Bipqsd4] - v ¢ PR EFBHRLT B EELEA
7 F B plsbelicdh > A B D SEATS (A ) ~HOT () ~BATS(0O) -
NI ¥ R3S < F/ PARD- S IR N A S A E  Ea
HOT p|=L2~p http://hahana.soest.hawaii.edu/hot/hot_jgofs.html (B~ % -k
e bottle data) ~ BATS /| =k PP~ g http://bats.bios.edu/index.html (B~ %

-k & bottle data) -

48



B2LEREFE R &

= BoplEb At AL B A W] 5 ¢ SEATS (116°E, 18°N) ~ HOT (158°W,
22°45°N) ~ BATS (31°50°N, 64°10°'W) - ¢ B # 3.11(a)¥ F* &5 1 » d *°
RIS FRZ B B(FRS A REARAM FRAM A RERR) &
BRIt E M R g SEATS plsk 5 &8 »HOT ipl=k= @ > BATS
Bl R o AE St b > 7] BATS =R E FAEF % > #T1LE
GERARCRAPE AR ERF R AL EFEORIIERF - HY R
FrulE_ > SEATS Blab b iy B M0 HOT iplab 0 v F & 5 1L FriR
HOT ipl=k ~ » 3Rl £_F] 5 SEATS #fkuiig 5 /8 3 ¢ £ 31 % b 2 chl
Fot Zp d 2 AN Fh ok BEAREREMRTY €54
BEORACIEH dedg o g AR E K it o Bt £ R R R E R T
FoRS ARER O ARERS > FL R IEY PR LK S o £
KGR L 5 (6 1B SEATS iBlzkehZ & 8 it vt HOT Bk < o e E Mg 1+ o
SEATS ip| =k # ¥ 3 40 0.0022°C ' BATS ip| =& # > 0.024°C > @ HOT
Rk & 3 40 0.0033°C

B 311(b) s BRGFEFAEZB > d BI7 L Axt = BRziE
Az E&EBHom BATS pleber® B &% (4 36.0 4 36.9 2 ) »

=% H_HOT il (/i ** 34.4 - 35.6 2 F) » SEATS R &_& (4 *+ 33
o347 2 B ) o d 3R G EBBHBAE P 5 T EF (B 3.12; >
1994), 7]t v gLk 1] BATS iplxkcn® & P &gt SEATS 2 HOT Blab 3 o
A Jp 4 3t % T ¥ SEATS 2 HOT B =k » SEATS B+t % & 4t HOT
Rl BAEM - Fd N EEF A RA KA g% P EAE AN EY
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¥ (%] 3.13 > Wong et al., 2007) » 4c + %

Rk X R

~ 2

- LHPEAE 2 b E

Ba s A B B AR Tt B¢ T RR T

SEATS ik 8 B §_h i€ 5 -

Potential temperature (°C)

Salinity

£ —O0— BATS (-0.024/3r)

L B B e LI R B S s S B B

—00— HOT (0.033/y1)
—/— SEATS (0.022/yr)

F —0— BATS (0.001/y1)
—O— HOT (0.0015/yr)
—/A— SEATS (0.0195/yr)

| I T T A S S T B | 1 1 | 1 | 1 1 | 1

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

] 3.11 SEATS -~ HOT % BATS ip|#t % -k 2_(a) Potential temperature %

(b) Salinity p* & £ 71 &
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3

America

P, E. (P-E) (mm)

Month

F313 3 idike 2102 B)F4E - (P4 £2 P-E)EitkE

(Wong et al., 2007)
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322 IV F 3P RAFBPIL R

Bl 3.14(a) ~ (D)~ & % TA 2 nTA chpE T B 7Bl > £ B B chpE T A
SIRI(H 311 b) > 12 TAhpEF A SR L7 g 0> = Biplek TA o
AR RIARS AR & da ke > S92 425p] SEATS ~ HOT 2 BATS 37
yrd) TA i ahi & en%]3 §_% & (Bate et al,, 1996b ; Millero et al.,
1998 ; Chou et al., 2005) ] % =3 % & F i BATS Bl=b B R £ F > ¥F
vfe 8 TA ek B B+ (9 43 2366~2408 umol kg o it & T ¥ en
HOT iplzk =t 2 (5§ 4 »t 2270~2340 pmol kg™) » @ =38 % /% ¢ SEATS
Blebd 2 EE LB Fpw AR TA JEA & M(H 4> 2166~2276
umol kg) o #-= Biplsben TA S8 BB (5(5 nTA) » | nTA
g AR R E R G T > BATS Bl eh TA R R # B R & oD
2366~2408 umol kg™ *# % 2264~2307 umol kg™ > HOT plztd 2270~
2340 umol kg™ & & 2293~2318 umol kg™t > @ SEATS =t gl 2 d
2166~2276pumol kg™ & 5 2280~2320pumol kg™ o ¢t ¢t = iRl sk nTA
T EPREEEMERL

4313 F &P 2P oDIC §XFIER ~ 24 0%% 2 -3 Ririt
2 B8 d Bl314(C)" ¥ A oDICER [ #5]ikA L 1 BATS (4
i %+ 2005~2093 umol kg™)> HOT (4 4 * 1948~2014 pmol kg™)>
SEATS (4 4 *+ 1860~1957 umol kg™t)o =+ $ 8 4 & e BATS Bk d »t
BoRR R Bt S A R F R LB Rfe Y g, T

i & BATS |zt DIC ek & 9 &g+t HOT 2 SEATS Bk 3 » 2 % & 5

AR B Ag o SEAEE N S(B 314 d)s = BiRlsENDIC B
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FIF SR o geE R R kg o BATS itlsh DIC 5 4r i 5 &

B-( 2.4 umol kg™t yr?) » # = §_SEATS il #:( 1.3 umol kgt yr?) » &
B er s HOT jpl=:(4 1.0 umol kg™ yr') - +2 3% Bate et al. (2002) %2 Gruber
and Sarmiento (2002)% & ¢ 45 4} > i & nDIC & & F 2 g Ed 3t 4 F
S F B F AR R oRNBE oo TP 0 JB) Y L E SR 0 BATS
Rl T EOTl S eh A 5 2 F (R0 Flpt nDIC B 4 i 5 B o fudF
Wl g 0t M R o0 SEATS Bk e 5 frit HOT sk o B>

P oo R B-A e 8GR eiEs o
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2500

2400

2300

2200

TA (pmol/kg)

2100

2000
2340

2320

2300

nTA (umol/kg)

2280

2260 &

2200

2100

2000

DIC (pmol/kg)

1900

1800
2020

2000

1980

1960

nDIC (pmol/kg)

1940

1920

B 3.

—O— BATS (0.096/yr)
—— HOT (0.876/yr)
—/A— SEATS (0.292/y7)

LI B S B B L BB

L e e e 5L N s B O S B B B B B B E B S By S B Sy EO B B N S S B NN B B Sy S B B B B B H HE S HE

i N oaooos T ow v oo ¥ e owoe W w0 os s T ow o oo f v e o s oo 0w s 0§ o v o @ @ esed s oo f 5 o u

NN R A T A T A L A R A L L A N N L L B
—O— BATS (0.024/yr) (b)

—— HOT (0.7665/yr)
—/A— SEATS (0.9855/yr)

L e

LU B B S S AL E e B SO S B B B B S S S B S By A S B S B S B S S B N S B S B B B S S B B B S

—O— BATS (2.232/y1)

[ —o— HOT (1.35/y) (c)
L —A— SEATS (0.73/y1) o)
L 202 St
[ g e ‘.'l‘ o “." (:'(. '.(. ;: o0 o "... u."f.. & ] 3 o FO
0

L ‘.". X ...° G & c‘r.. %o : o O3 : & Qy
L o 2 O T © in| (0] 7] ™ g L'.."n.l
I i L s b P o A e Ly e L v T v =

{7 L] O I!--I_I“ 0] .LI-
r AWNAm mTAVN A A A
L A ‘ = A\
= AA A AN DL JAVA \ > A £x 2 o
FA A AL £ A A AL ATA A
. A X A 5 i

1 1 1 | 1 1 1 1 1 1 1 1 |

L . S B B S B R B B B B EE e S By I S B Sy B B B N S S B N B Sy B B B B B B B B S

—O— BATS (2.088/yr)
—0— HOT (1.241/y7)
—A— SEATS (1.314/yr)

LU S S B e S B B B B B B B B e

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

14 SEATS ~ HOT 2 BATS it 4 -k 2 (@)TA ~ (b)nTA ~ (c)DIC 2

(d)nDIC P ¥ & 71 ]
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B 3.15 5 fCOenpF & A 5B > 2315 F & ¢ §:pif > fCO, ¢
LIIRER~2F0F® B3R B{ol®* 2 35 A EY o
bz BRI F IR fCO N M 2R R NPT T IR MT 3
PAT T g Bt X EE B LB RAeie® 3| fCO, + P %
e HiE® 2 28 & @& fCO, " Mehi®® [ A% X pF> Bl A 4 18% ¢
#= fCOp» e H iT* 7 2 20 R ¥ fCO 3 4v 2. (8% » i ¥ L F| 4 1%
TR FE 0 (% >2004) Flp gz BA RS FF AR oA
BATS plebd 2 2R B FRF F O HERNEF SR YT UV L
fCO,ch% & Lg% 4p 5 P &g » ¥ 1 = [F] 5 327.3~458.1 uatm > SEATS
Plebot 2> # 8 1 g5 ] 40 330.4~413.6 patm 2 ¥ 0 @ HOT =k 8 1
#o Rl B 0 A2 321.3~390.8 patm o o & B 7‘?1 » BATS gk + =
i# 3 Bop(4) 2.4 patm yrt) - SEATS ipl#k=x 2 (%9 2.0 patm yr'') » HOT i

b B (9 1.6 patm yr?) -

S00"I"'I"'I"'I"'I"'I"'I'"I"'I"'I"'I"'I"'I"'I
—O0— BATS (2.4/y1)
[ —O— HOT (1.6/3)
450 b —A— SEATS (2.0/1) ]
— L »
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= 400 —
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©)
@) L
=
350 F -
300- 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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] 3.15 SEATS ~ HOT % BATS i|:t 4 -k 2 fCO, P¥ ¥ & 7| Bl
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SRR R A AR A LR iR > Feely etal. (2000)F] * 4

NEE A BRSO BT Rk R fCO, FiRT o pH el # S dicen

AN
|a;

SiE(d 30)c d IR T A d S0 B FA K B S s §

bR FIPHRECE S TRERER YRR REE R oo

2 3l EHAEIFFARADBE AT FER fCO, fFmT pH -

Carbonate ~ Qc ~ Qa =% i = (Feely et al., 2009)

Carbonate
. fco, \ A % 9% 9
Location patm pH ApH fon 1 Carbonate Change Qo AQ, Change Q. Aq, Change
pmol kg

North 387 | 8.040 068 147 2.34

Atlantic | 560 |7.803]-015| 712 256 .265 1.08 030 | 265 | 172 | -062 | -265

>SN | g4p | 7727 ]-031| 400 460 484 076 071 | 484 | 121 | 113 | -484

North 387 | 8.032 9023 1.40 224

Pacific | 560 |7.885|-015| 678 245 265 1.03 037 | 265 | 165 | -050 | -265

>50°N | g40 [7719]-031| 475 448 485 072 068 | -485 | 115 | -1.00 | -485
387 | 8055 2375 3.85 581

Tropical

Ao | 560 |7923|-013| 1875 500 210 3.04 081 | 210 | 450 | <122 | 210
840 7772 |-028| 1406 070 408 228 157 | 408 | 344 | 237 | -408
387 | 8.035 2344 381 571

Tropical

pacee | 560 | 7.005 |-013| 1859 485 207 10 079 | 207 | 453 | -118 | -207
840 |7755|-028| 1300 045 -403 228 154 | -403 | 341 | -230 | -403

- 387 | 8052 1603 250 402

Tu:::cr 560 |7.013]-014] 1204 309 236 198 061 | 236 | 307 | -005 | -236
840 |7756|-030| 030 753 445 1.44 A5 | 445 | 223 | 170 | -445
387 | 8.038 1345 2.06 3.24

Subpolar

paree | 560 | 7.896 | 014 | 1013 332 247 155 051 | 247 | 244 | -080 | -247
80 [7736|-030| 725 620 461 1.1 005 | 461 | 175 | -140 | -46.1

HE R R PR A AR (4 32 T R E]E
SEATS iplsb 2 ¢b » % jplsbpe (v chig S foir & & 1 ¢ @ SEATS(116°E,
18°N) ~ HOT(158°W, 22°45°N) ~ BATS(31°50°N, 64°10°W) ~ ESTOC(29.10
°N, 15.30°N) - Is-ts(68°N, 12.67°W) » & %3 ¥ F chfik it & & B 0 M8

-~

B R o B0 b R Ists Blabf it @ Sk B4
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SEATS ~ HOT ~ BATS % ESTOC | #b crapk it i# 5 fdziT (% 3.2 #icdy 5!
* A Dore et al., 2009 ; Bates, 2007 ; Santana- Casiano et al., 2007 ;
Olafsson et al., 2009) -

Tl A 320 BR L BRER R AR E FOPER R B
e o F)pt A FE T KRB ELR] e fR enPE R = B T (1999~2012) > SEATS ~

HOT 2 BATS ip|zkcrfz it fi-iwed B 3.16 ¥ 5 11 SEATS-HOT 2 BATS

I

Bleb3t 1999~2012 & pH SERF A cnsg (AR 2 Hps it g F o H ¢ > BATS
RlEpH B4R A3 797-8.09 2 F » HE S TRY M 5 2
% & 4+ jic(Bate, 2001) > ¥ % it % fi i i# F R = & 2 5-(-0.0036/yr) - 4]
Hd W R RARER XA L F PR ERS TR F
#o- o @ HOT ipl=k pH & 45 & 4 »> 8.05~8.11 2. & » SEATS =k R £

A 8.04~8.12 2. B o d F & i F v R T| SEATS Bk en® & 51t
W HOT pleb < » ¥ @ HEE g & 5 HOT plabend 22+ Jaip|Ed
WSEATS Rleb v FRh F % > XX Pl TR x# > + FZL P LM
ER2EP AR LA FRE S LA FR B TR 4§ RE KBk
THEAL I RERERER ST TUAM TR R

FhF -
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#0382 LRl F Sl i 5

unit SEATS HOT BATS E
(1999-2012) (1988-2002) (1983-2005) (19
PH cateu) unit yr* -0.0018 -0.0017 -0.0017 -(
fCOZ(sea) or
patm yr! 2.0 2.5 1.8
pCOZ(sea)
DIC umol kg™ yr* 2.3 2.64 1.27+
nDIC umol kg™ yr* 1.2 1.22 0.8
TA umol kg™t yr? 1.6 1.3 0.58
nTA umol kg™ yr* 0.18 -0.32 0.06
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B 3.17 5 SEATS R & k7 E hpE i B 7 Bl > it &R &K D
FR G CERERFE I0M 2 R R AR £ 05°C 1 pF2 E A (Levitus,
1982) o iE A B BAR AT A okenR R o AR R AR OETLE pr IR &
RehiFR - BT RBANECPE  REEARR BT RMALIRE
Ed PR > R EREUF o 0 AR L KR Y - B R FER
P d B A ELPFR PPE TR A A R LR
W H s MR RSP EE o

d BV L0 A& 2004~2008 EFF  H A FiRL K auER > H W A
FEERERF oRFASLFTE? FREANEFRN CBRS L H T
£/ % (B 3.2b) > = E_HOT 2 BATS sk e B ERPN X127 B AR
B R 4 o R LK~ L 4o R(SEATS Blsb el & KRR T iaF & 4
Hi4c 1.6m) > & #duRiz F DIC-TA 2 M pH eh=x &k F 1 &k #
RS RPN ERPH EF M it @ S Ao

¥ % % SEATS ~ HOT 2 BATS = i /' A 7Rl 3k f 1999~2012 =
cp e MR 0 SRR MG S AW G 0 SEATS=-0.0018/yr
HOT=-0.0007/yr ~ BATS=-0.0036/yr (%] 3.16) - d &% ¥ #m » H+ ¥
REBL B2 EFI o B Ed B GETFR R T - HATR o
d 3 AFT Y L SEATS Rlabehpd [ ¢ & 5 4 0 F]P - Bo% 1999~2012
e S/ SRR

d 30 SEATS 3034 b %o B 1V (8% 24372 5 21k 2-RR &
Flut R & K € ¥ (HOT pl=ki & &7 & v i 150m 5 BATS ipl=kiR &
& ¥ £ 300m - Bate and Peters, 2007; Winn et al., 1994) - F]p- 42 /B ti%
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BN RS kR 2 B 3 & SEATS =k enfit it i & 1t

HOT |zt - F] o

pH (calculated)

Pressure (db)

8.14
8.12 F

8.10

8.08 F
8.06 F

8.04
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8.00

7.98 F
7.96 ¢

0-.‘.............................. -
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—— SEATS (-0.0018/yr)
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@] 3.16 SEATS ~ HOT 2 BATS Bzt 4 -k 2. pH FFF B 71| ]

LI L S S S S S S S S S S S S S S S S S B S S S S S S S S S S S S S S S S S S SN S S S B S S S S |

—Oo— mixed-layer depth
y=4.3E-03x+34.344 R*=0.0587 (1.57/yr)

L I 1 L 1 1 1 L 1 1 L L I,
2012

2011
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B8
Fp 1451999 & 9 7 1 2012 £ 9 1 R £ 43 a2 i B F AL
L gz B8 SR BoRdE ot i SEATS Bl sk £ 0K g 1L et
o ¥ e HOT 2 BATS & B 2 4 A& MR B P b o i 0 3
WP EARB G PR AT F o B S AT
(- )SEATS | k& 13 # £ -k ehpg it %
SFP D FOEENTARY S ABKDICEHH spHET M o
& SEATS ip| =t nDIC & & 2 1.3umol kg™ éhig iz & + 2@ pH B &
v & #E-0.0018 crpH B =T 0B EE o hifskia b Rkt e o
> 2 3 §7Coic 12 2 COp fluX 3R = f = F 1B » B e -
8"°Cpic L #5# & 7 *5 0.0029 per mil> * 4= DIC % 3§ 4p B 2_ B % - CO,
flux eh~ o] > (N AR EH A L - F CReTa 4 o B E R L
o RN ABELAF oF e ZEAKEE LT B BN A
AELAF CF VB R o SEATS Blsb AT ERAPRI A F - F
Bk *EPE R FFE MR ARERE § Tk iy o 5d
B % @4 SEATS pleb# # 2 02 24 £ 4 & #(0.6146.24gC m’

[13

YY) G A F o F faeh— B3 RT e pteb o d A KR E B
*Qa % QCikEETIE o
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