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Abstract

Geographically, two deep channels which are both located around 121.5°E could
lead deep water exchange (>2000 m) between Pacific Ocean and South China Sea
(SCS). The north one, named as D1, is located east of southern Taiwan, while the south
one, named as D2, is located east of Luzon Strait. The presented current observations
indicate the deep water continuously flow into the SCS through D2. The volume
transport through D2 was 1.08+0.32 Sv (1 Sv = 10° m’s™), while the transport through
D1 was negligible. By assuming volume conservation, the inflow transport was used to
estimate the residence time and vertical velocityson the 2000m isobaths. The estimated
residence time in the deep SCS (>2000m) 1s frc;m 31 to 58 years. The estimated vertical

velocity at 2000m is (1.10i0.32)><10'6'.m_§:;1__. _It-is closé to the sum of the mean Ekman

- _
g

pumping (1.30x10° ms™) and the mean ggq?s‘-[fophic vertical velocities (0.30x10° ms™)
which were calculated by using Quic'k. Scattero'm_c:eter (QSCAT) wind and Generalized
Digital Environmental Model (GDEM), réspéctively. The result indicates the deep
current at D2 could be a primary channel providing the cold water into SCS. Examined
the historical hydrography around SCS, the origination of SCS deep water could be
mainly mixed by the water mass of Circumpolar Deep Water (CDW) and the water
mass of Pacific Subarctic Intermediate Water (PSIW).

Heat flux through D2 channel was also calculated. It could be balanced for 40% of
net heat flux on sea surface. The result was implied that the upwelling at deep SCS as
well as intermediated depths could be important for maintaining strong stratification and

energetic internal motion in the SCS.

Key Words: South China Sea, deep water, volume transport, residence time, water mass,

heat flux, upwelling.
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2R &z ey B A e gk (Babuyan Channel)Arsamk - skt A @ kA4
A 400 N E o RIMEHAAREICER  EHARREFTRRER > RRTE
4500 %R @ dILmmBHE R  ARBT @IS FIRE AT
Fe R A RGN BIFEFREFHHOA 5000 5 ARR > BEedE
&L H A 4000 SRR > & E R KT FBRRIAN X RKE -

Z(2002) 5 A = e K > b F P 8 Kk @ R B A F K
(Automated Temperature Line Acquisition System, ATLAS) &4} H& R H &
BB /& (stratification)3R, 2 JEFPHEE > H NI A KR EHNES
(internal motion) & 4 ; ML F R FEITIE E » & HE A N & (internal wave)
& B ey & B (Alford, 2003; Duda 'et al., 2004; Ramp et al., 2004,
Yang et al., 2004; Fang, 2007)¢ /4 ;1;:7% @/frfﬁ%’a W e BRI R R
B A Bk ¥ 33% (Fu and Holt, 1982)#”"?9 /E:Adb“‘* B °T A8 & & A B KE
#  (overturning) 3, £ - 1&%:?_ /ﬁ 7J< P {a\ BB A2 @R 59 K o R
(Helfrich et al., 1986) - Kallberg et al., (2-&)0.5)%\7})?@;‘:})1‘] ¥ REFERRT S
(European Centre for Medium-Range Weather Forecasts, ECMWF)#ERA-40
(ECMWF Reanalysis. 40yrs)E#t35 > G g F 1B LA mFHRRE
(net heat flux) & —E44 - 3 b $RAB KGR ZTHFEGEF FIA > #
B AR E ~ BIRHOLE 0 AR R R SMER BRI ETAREANY
BT @FNIHERHEE > m EhETHNERRALF TR &KL
RABRIIMH R R REERG SRR ZIETAE (F,2002) 0 A4
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RuT%%@@ﬁ%%ﬁmvmf$ﬁﬁﬂ’m%%@ha234@%ﬁ’%
—RA WIS FERIETE 3300 AR 5 M D2 @K e HIGAE
A& DI @R RS EER (W 23— (b)) > HKE 2000 NR AT &2 @
%%%81ww6%ﬁ&ﬁo@%éﬁm%%#ﬁ’igﬁmﬁéﬁﬁ¢
MR EBRAEE R E 0 Sl K% 2000 /\KMTQ’J & Bk A LT 3
ﬁﬂ%%%ﬁﬁ&ﬁﬁ%"ﬁﬁéﬁd AFEN 23 )THRTh T

— -
g
Ay

Il M

mﬂ:fg&ﬂ;mﬁ$m$ﬂf£qumﬂwwﬁﬂ

by (A ! b, bottom (2-3)
= VU J;] J.zi)oo dzdx + Vi J.bl Lm dzdx

ER Py Vol B A@ERE (M) V AR (ms ) RYV, 81V o
FRELEFTHABREAAR TV ARGEEIM Y G LRk (ms') x Ai@E
HE (M) y 8z BAE (m)> R TFAE b #8b, ABELLERAER
WEHTE  d, BLEFRREAT HARERATRAREG T (m) A&

B B 2837 NR o s4rE D2 R A 2479 AR e

HEEMATELERBELOERZEMASF (B 22.6—(0) >
D2 & BT hE (A~12 A& A 1.08£032 Sv - HE o34 2007 4+
6~7 AR I~10 AM » eskBlMRBABENR BRI ML Dl @i

R EREHCRAE NN D2 BE 0 FHRE B~1 A)EL A
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-0.09+0.03 Sv > A~ Z i D1 @@ /R i ey g+ o) B tbA D2
BEROARE N —EER (order) A b AL T - DI BER A EHN
BN B E S MR U D2 BERYASHRAER BKEING S
Z0)EZIREA o

BEREZOERAFEZRTFE  THIRAANNRELAA L AR EFLK
2000 NREFGEGFFRE  URELRIAKGHGEN - Bi0d G
MIRE R B A TG E L & EEZN AR 2000 A RR 6 EKE T
MoRRETEABERaEmisAREN Gb& 2 EELE 26 E RE
105 B £ R4 122 E)F A AFERN 2000 R G BfA2w k> do
PR Bk AT B A B 0 HAROT A BE B 4afe AR b 1'X1" &) 4% E A
Bp T RAF %A @A 4 B 9.86x10" %mm B D2 BERGATHMGE
o0 B AR R BT AR B R AR 2000 AR A A T4
#(1.10£0.32)x10° ms™ - | ;?wv

42 %%%%ﬁ%ﬁ@ %% %%ﬁ ﬁﬁﬁﬁﬁmﬁQWOQR
DA ek A KB A AT b i R R T B R T R AT 0 SHE
ey Rk 1.38x10° L H QR > BEBERD2 BERGABMAL 0 BF
THELREKEINGBEEE 5 REMBRKAGCBELLE  H BB
WAz FEEILEHNII~58 FHEEM A B EAO D EELRE RS T
ﬁi o

AT N BRE ARG ALY (& 23)
Chen and Huang (1995)#| A K E R BE 69 8 2 P4 RE > AR A BHKRRIE
GER > EmFEEEEBEELKE 1350 ARUTHEKRFGHMLA S
40 SF 5 Ak (2000) 20 = 4 SAE AL K L6 A B R Fe g AL RRRE
FAagds 0 BEEZ AR 1500 AR AT ey BKiRgGema s 30 F
Qu et al. (2000)4¢ A KRB B A LT ELE S HEE BEEZKR

¥
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1500 »~ ROATF &K% G o E b7 30 4 ; Gong ef al. (1992)4#&k 4% 7k XAt
S BT ABRAME B RGRGABERERIEL > &8 RBEAKR
2000 ~ RATF B 3key MK Qo 44 40~115 4 Chao et al. (1996)#] A
=4 #E# X (Climatology-Driven Circulation Model)i& 4T & /% & & 32 A &Y
BAERE > FE Y BEEZKIE 2000 2R AT HHABGEHRA S
45~83 F BT AMREELFGIER LR G1~58 F)R Ll FE
MRS KR A3 0 B — B Rk Ri%ey D2 @8 A K-FF 2000 R
UTFZREBARINGEEZOEZRA -

2.4 B R meH

R AR R £ B8 %S i (Ekman pumping) o R i
(Geostrophic flow);5 #+ 7 K #2 _F &, /§7J<m:,\:, (Stommel, 1958) - A B X % 2 44

HREEE > T4 1B QSCAT q’é‘} fﬁiﬁ 55kF (Quick Scatterometer)zt & K

HoEREHRRREIHER l_ﬁw‘%‘r;t-ﬁg_%ii.; é‘?;% (National Aeronautics and
Space Administration, NASA)Pf4 £ %ﬁ%%zéﬁﬂﬁaﬁ‘iéﬂ,iﬁ%*% R e [E
BEH 0 BT 2R ey E B 0.25°%0.25° BHANE SR SE L
10 AR ZBHZ RG> ARRAER BN BERBEAA S5 F B8R -
B3~ 8P URRFH > £wdE - KARAER LB - FHYESGE
o EREREAG 1999 7 A 19 BE2008 =7 A 18 B > #£3+9 F4&)
BEF o GEERSLE R A b4 3.125 E EJb4k 23.875 0 R4 101125 EE
R4 121.875 & o

AAETYRRAERGEH A REEEHBMOESE G BRESE K
2 AR 0 BAA R LRI E L ey EE S (wind stress) o KA AR BE
A eyt & & 0 3] A Kowalik and Murty (1993)prig i eyst E AKX 0 HEE A
astE R 241 )TEFwT

L2t 84x84 4B B A EEAL o
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= p,CWw

v’ = p,CWw
W= w + wﬁ
EXF o

(2.4.1)
U rRREAGCEGOZREABREEAZRES (kgm''s?)
Pa ”%ﬁ&(@mﬁﬁV‘m
4

w1

7N

Btz Ak (ms))

)_

w, 5K & E AR
HiH

& 2 Rk
Co B F@LE 10 2R &2 EIEMAHK

(drag coefficient) » &#F % 3% Fi Trenberth et al. (1989)FF #2 & &4 14 23t & 7 &,
AK (242 X) T

Co =(0.49+0.065W.)x10°  for ¥ >10 ms’

C,=1.14x10" A for| 3<W <10 ms
1.56 =

Co (o 62+ j x107 || Zifon| W <3/ms

G R RS

(2.4.2)
(wind stress curl) °

AR R E N R E

Aok EE A 6 BUE ) B 0 T A A ey BUE ) R
Cushman-Roisin (1994)fr 42 a9t B X > HJEJE /1 5%
(2.4.3 R)T & T do

“EF @ 0 3 A
g3t B 2 R
8Ty B az'x _ Ti)jrl,j _Ti)il,_l' _ Ti)fjJrl _Ti)fjfl (2 4 3)
ox oy 20 24y .
ot ot
:E‘_ _
xoF ( ox Oy

J Bp A BB A1k (Nm™) > KRBT RHEM ¥ 2 £ 5%
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(central difference) 3+ & - B 2| £ RN 8 > RBE AN E R AT £ o %
(forward difference) 2 1% % 7% (backward difference)3t & ; Ax #2 Ay R] 5 3]
KA AR L o 4B B ] 4 BE B 9142 R ) 4R RS BE ] 69 3E B (m) -

WA ZHEREFET @ THBITE B LB B 69 BUE /5
EdH HIFLEOXAEZTHERE SHEFTEEIA
Cushman-Roisin (1994)fr42 h a3t E X 244 X)) & T4 F

- (aﬂ_afJ (2.4.4)
pof\ Ox Oy

P B AL Bk s ) pa B BRE . (kgm®) S R BFR S
# (Coriolis parameter) > B4L4 s H"ré}%&ﬂ— TS N Y R L
il ey - ﬂiﬁiﬁ"rﬁ/ﬂ'ﬂ@mi‘\ﬁ’\ 2000 2~ R & BRATE £ 8-FH X
%, B 3% E A % 1.30x10° ms!
ﬁ%%%m%%hx%%ﬁfﬁ%@é%mﬁﬁﬂ%%%i
SR IREAEX
F.1%EF 314 B4 (Generalized Digital Environment Model, GDEM)3t & K
F AEHBEAD AR T KR LN E A 0.25°%025° B — A %F
Flgindfe] Loy g ) KRB AKRSURRA BEHR > Sl e as %
BERGEE BN BE - BE > QAT ER - KFEAERYG TR EE
A 325 BEELGE 24 F 0 R4 10125 BEE R4E 122 B 0 &3t

(Naval Research Laboratory, NRL)AT % & 2 B # 3t B 2308

84x84 1B F H B AL ©

#A GDEM %8B/ ~ BEARBERHR » THEL THERM - &
EEHENME F4E (Geopotential anomaly) AR E M B HEGTE
77 @ > 5] A Pond and Pickard (1983)ff R he4st H AKX > AP EAME KA
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it EF X Q45 X)THETwTF :

Os r,p~ s, 0,p (2~4.5)

FX Py D BpAE AL (m's?) a RHAE (specific volume) » B FE (p)#y
BE o Bmtmke S TP »RREAEE - BERRSN 0 RULEHRE
B35 psu~BE 0 EXARREERAOEZFME ' p HRS (db) KHARLERD
Fo TR e 45 B R AR 2000, 2 BB A2 4 R 6 KRR - HE4E 200 AR

SHE—R o S RORETTRAS200. 2 Ry pipe RIS AIRKRSREL T

=

CES VT e |22

ﬁﬁ%%ﬁﬁ&%ﬁﬁ#@ﬂﬁﬁ%%ﬁﬁ%%ﬁ~éﬁ&%éﬁ&&
B F R E R RS M st Rt E B R AR R %
3] A Pond and Pickard (1983)f7 4% i #93t B AR - 3t B 72X 24.6 X)T
S G

10
W&WQ—Zﬂ&%—ADJ (2.4.6)

HF Vi~ 1, Bl R&ELSRELE - ThERR X &E & RE &6 R
#H (ms') f AFKEH (5 AD > ADy A& B S EQREE DL
EAERABA ENMERE (msT) L AEBMAEEEGREERZE
A A B4 ] ey BEAE (M) > M AEB B3 R8s AIFDUE A AT £ 0k AR £ 5
MG -
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mEXAFE R &M FRENERRE > ARE
rigid-lid assumption » AR 3X & IR A K ey 48 HHRER S K &80 - BRE
SHE MR R BRI L e T o T KA — A e R
LR EEWAMEABRRE  THABMBANES K 247
KRB GG TR 248 XA EAE  ARFR T R UEREI
WERREALT AR f MBATEROVEMGHE > BT BREA
REMHTAX 249 X)TRTLTF

16
_(fo""ﬂOY)V:_;a_l;
fa (2.4.7)
~1"op
+H fof Doy = ==—
( & ) POQ)’
W TP NG N (2.4.8)
ox 8y 82#-
i)
w7 Wb, = B (2.4.9)

NG (L25.57)

HEbu ~v SLw pAREEREZLRE® ~ &K@ 6308 iR B R0
M BRRE (ms) o fi BAKREH (s fo HF RS BPE4E K w81
(m's") s AR P RAEHEREE R G3% > Jb 325 EEAHKS
BB EEEE ) AEBERSEEEMMERE (M) p, ABKEE
&@ﬂ,pm%@ﬁ«m’%&%ﬁ@ﬁmmﬁzmogﬂﬂ&%%m%
R B 200 ARFHE—R B ERELAERE RN SR LT
Higde o R EHN & BKIE 2000 ARUTEBAELN Y BFRE
# % 0.30x10° ms™ o

B AEREERER AR QSCAT B Eft A X n S ERE

(1.30x10° ms™) » Ao b &g £4% F 345 GDEM =t B ey sk A8 Bk B
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(0.30x10° ms)ay iRk 4a s > £k b diflaNAE 2000 2 RK 8B AKR
@ (9.86x10" PH ARG TRIFLGHeREL S 1.58Sv > kB

RERSFE L2 D2 @R ARE (1.08£0.32 Sv)fatt > R EEsmaE
2] — AT 4784 B 14 0 BT X5 B 40 3 DA BB B AT A R B 3 A
KR 2000 2~ R HKIB A0 EEMSB] > EMIEREAKE D2 @BHEIRA

WAL DB A SEK -
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Mooring D1

2980 M
v
&8
Wire 10 m
RCMS (SN) q
2096 M
SBE39 (SN . '
zﬂg_ _‘t.[l: ) Wire 50 m
s
Wire 200 m
&
Wire 200 m
RCMS (SN) EI
2551 M
SBE39 (SN .
2552 I\IL ) Wi
&
Wire 200 m
s
Wire 200 m
&
Chain lm
Release x 1
SN: []
2069 M
Chain 10m

Anchor 0.73 tons "

212 : 45 DI BBE 0 EE 2096 1 2551 NRE A RCMs #Hikik » 2K
2097 #1 2552 R E % SBE39 BEt » RE 2969 NR KR BB F EEKIE

(Release) °
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Mooring D2

2750 M
4
Wire 10m
RCMS (SN)
2112 M
SEACAT CTD (SN)
2113 M
Ropedfi m
o
Wire 10 m
RCMS (SN) q
2599 M
SBE39 (SN) .
2600 M et
Ropellis m
Release x 1
SN []
2727 M
Chaip 1¢m

Anchor 0.75 tons "

213 : 45 D2 BB B 0 7EE 2112 #1 2599 NR & A RCMs #Hiktk > EE
2113 #2 2600 ~R & & SBE39 BmAE > RE 2727 »RE AR T EEKIA

(Release) °
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(a) Temperature
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Lon: 121° 26.958° E
(@

Lat: 22° 24, 540° N

PROGRESSIVE VECTOR DIAGRAM

Station: D1U (b) Lon: 121° 26,958 E
Depth: 2714 M

Lat: 22° 24.540' N

PROGRESSIVE VECTOR DIAGRAM
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(c) Lon: 121° 40.771° E
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PROGRESSIVE VECTOR DIAGRAM
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EEE N

RAT—F P BBHREAETH > FaRAANGENFGRE (Kt
2000 ~R)HEAERALS & Rk Rige) D2 BERIEAN > MNLRE
KR BHIES 0 #R3E Emery Q00D)H N 2HEE T A KB EHE R
(k 3.1)> AXFHFEFHFRAK (500~1500 ~R) > £&EZd KTFFa Lz
¥ J& 7k (Pacific Subarctic Intermediate Water, PSIW) ~ Aot ¥ & 7k (California
Intermediate Water, CIW) ~ & # & K F ¥ F & Kk (Eastern South Pacific
Intermediate Water, ESPIW) » LA & dg#%& F & /K (Antarctic Intermediate Water,
AATW)w # K B T8, 5 2% SME R ARa(1500 2~ R~ JE & )ay 34y » Al &
PAEEARIE & 7K (Circumpolar DeepWater, CDW))‘%E%AQEI » B LR &
73R Ak AR AR BRI E AR K AT -

%38 B A & % OF 5% P06 i BH O AR 8 CTD (Conductivity
Temperature, Depth)sk X #B1E A :’ vl & ;‘ﬁyj(z;‘ﬁ;!gﬁ; (T-S diagram) >
H AT B P R A SR A - S R AR E B A B = A
HR A B — 35~ BRI =95 ~ JBHT = 35) 0L SeaBird 4 8] # i 64978 B R &
FrERTs EREREREGERARGS  RHd ek laess &8
BEAGLAGR -G ERERE B~ BE B E UEAMRTARIREMR
AF R A AL & iR B CTD AR K7 2000 »~ RAF & EERAR &
HARSBR A B 5 A 4o [ 3.1.1 Piow > — & 3] 531 28R EH -

AMABAERFE R BB BB RET £RENIFIRE SRR
BERE NN 1.2~2.8 C2 M - BERE A N7 34.58~34.7 psu Z F] > 4o
3.1.2—(a)Ai~ s ey MARHE T RIR KB F BN EARRE K (RE
BEANH0.1~2 C2 R - BEKE N 34.62~34.73 psu 2 [i) » 57
WG ARIR G KOy B b K EL @R R 0 RIRE S KREKR
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FEaiEFRK CREKER N S~12 CzH . A 33.8~34.3

psu Z AR GARFR R KM Y 2R — g tkes itk (B 3.1.2—(b)) >

SR RN 3R R A K 8 FROR T AE A b Sb AR K B TR T R,
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#1D2D FrERIBBEZ T 2.077 CBEE » Tses HEEEHERITZ
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HE NaEERBaELRPKRRGBERME (wBBETH LT
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T-S diagram
(a) SCS below 2000 m
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30 2T AKE 68 B AR -

Temperaura-salinity characteristics of the word's waler masses

Layer Alantic Ccean Indan Ceean Pacific Ccean
Upper waters Atflantic Subarctic Upper Water Bangal Bay Watar (BBW) Pacific Subarctic Upper Water
(0500 m) (ASUW) (0.0-4.07C, (26.0-28°C, 28.0-35.0%) (PSUW) (3.0-15.0°C,
34.0-35.0%) Arabian Sea Water (ASW) 32.6-33.6%)
Wastem Morth Atlantic Central (24.0-30.0°C, 35.5-36.8%x) Westarn North Pacific Central
Water (WNACW) (7.0-200°C,  Indian Equatorial Water (|EW) Water (WNPCW) (10.0-22.07C,
35.0-36.7%) (B.0-23.0°C, 34.6-35.0%) 34.2-35.2%)
Eastemn North Atlantic Central Indonesian Upper Water (ILW) Eastern Morth Pacific Central
‘Water (ENACW) (8.0-18.0°C, (B.0=23.07C, 34.4-35.0%.) Water (ENPCW) (12.0-20.07C,
35.2-36.7%w) South Indian Cantral Water 34.2-35.0%a)
South Atlantic Central Water (SICW) (B.0=25.0°C, 34.6— Eastern Morth Pacific Transition
(SACW) (5.0-18.0°C, 35.8%) Water (ENPTW) (11.0-20.07C,
34.3-35.8%) 33.8-34.3%)
Pacific Equatorial Water (FEW)
(7.0=23.0°C, 34.5-356.0%.)
Western South Pacific Central
Water (WSPCW) (6.0-22.0°C,
34.5-35.8%4)
Eastern South Pacific Central
Water (ESPCW) (B.0-24.0"C,
34.4-36.4%)
Eastern South Pacific Transition
Water (ESPTW) (14.0-20.0°C,
34.6-35.2%.)
Inermediate waters  Weastem Atlantic Subarctic Anmarctic Imermadiate Water Pacific Subarctic Inermadiae
(500-1500m) Intermediate Wataer (WASIW) (AAIW) (2-10°C, 33.8-34.8%) Water (PSIW) (5.0-12.0°C,
(3.0-9.0°C, 34.0-35.1%) Indonesian Intermadiate Water 33.8-34.3%)
Eastem Atlantic Subarctic (W) [3.5-5.5"C, 34.5— California Intermediate Water
Intermediate Water (EASIW) 34.7%a) (CIW) (10.0-120°C,
(3.0-9.0°C, 34.4-35.3%) Red Sea-Persian Gulf 33.9-34.4%)
Artarctic Intermadiate Water Intermadiate Water (RSPGIW) Eastern South Pacific Intermediate
(AAIW) (2-67C, 33.8-34.8%.) (5-147C, 34.8-354%.) Water (ESPIW) (10.0-12.0°C,
Mediteranean Water (MW) 34.0-34.4%)
(26=11.0°C, 35.0-36.2%u) Antarctic Intermediate Water
Arctic Intermediate Water (AIW) (AAIW) (2<10°C, 33.8-34.5%)
[—1.5-3.0°C, 34.7-34.9%)
Daep and abyssal Naorth Atlantic Deep Water Circumpolar Deep Water (CDW) Circumpolar Deap Watar (CDW)
walers (NADW) (1.5-4.0°C, (1.0-2.0°C, 34.62-34.73%) (0.4-20°C, 34.62-34.73%.)
{1500 m-bottom) 34.8<35.0%.)

Antarctc Bottom W ater (AABW)
(—0.9-1.7C, 34.64-34.72%)

Arctic Bottom Water (ABW)
(-1.81 —105°C, 34.88-
34.94%)

Clreumpolar Surface Watars

Subantarctic Surface Water
(SASW) (3.2-15.0°C,
34.0-35.5%)

Antarctic Suface Water (AASW)
{—1.0-1.0°C, 34.0-34.8%)

A &#E A  Emery, W. J. (2001), Water types and water masses, Encyclopedia of

Ocean Sciences, 6, pp.3182.
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KGR 4% 30 £ Quetal (2006)45 A7k R Tk 93 3 ARA 0 A&
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Gong et al. (1992)4k K XALE T @ Y5 T AR B & Rk o) R R E
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40~115 $£ ; Chao et al. (1996)#| A = 3@ X BT HEEB B AGIE
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45~83 F B LA E FREBARAATFE R 31~58 F)ka A8
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R 2000 2R 69 kR @ B (9.86x 1000 B H AR » T kA3 B A
EXNAH 158 Sy BB A AL D2 AERGFHRE
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