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Fig. 1 Map of the summer survey
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CTD stations (red dot) and shipboard ADCP tracks (yellow line) of the August 2000 cruises in the South China Sea; the area south and north of 18°N was con-
ducted by R/V Xiang Yang Hong 14 and R/V Nan Ce 12, respectively; red circle marks the inter-calibration stations for the three CTDs onboard R/V Xiang
Yang Hong 14, and D indicates the Mindoro Strait
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Fig. 3 Distributions of surface geopotential anomaly (DH, 10 J/kg=1 dyn-m) (a), surface dynamic topography derived (MDT) from satel-
lite altimetry (b), and geopotential anomaly at 1 000 kPa (depth: 100 m) (c) and 2 000 kPa levels (depth: 200 m) (d)
in the South China Sea in August, 2000
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Fig. 4 Distributions of temperature (°C, left column), salinity (middle column), and density (kg/m?, right column) at surface, 1 000 kPa,
2000 kPa, 3 000 kPa, 4 000 kPa and 5 000 kPa levels
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SRR, LI 25 SR, A=A i 1 2R AL Y R
TE R R BL. B AR B 750 S U R 0 A 18 b B L
RS AT 1 T B R ORER T 2, SR TR A B
T 50 0 — =, AR 1 9 2 4 PG L M B Y R
JERG A SR, TR R4 sl ) e
R, RN R ARAE DX A SN 45 (5 2 % 4R, i 2 i
b, PRk, 2w i d O B B i R R
JiE R BR A5 B L B, IR 0 B A L i S B 4G

WA BT Sverdrup i iz iy F IR N i S A Sh iR
T8 R G R B 16 TE D) 4 12 U 3 1) B IR 32 B A2 I BR Y
rh RO B4 T S

100 m JZ #1200 m 2 S HRE M5 RIZA
FEATR], AR —va AL o B 55 4k, 32 BR300 il 4 h
1 SW—NE 3 [n] (14 P 4~ A &0 19 185 1 0 418 ) S
JHE IR 3 4548 (] 3c, B 3d). - Z ' NSAG Tt i %
th, KR iR AR | AR B, R KRR S A 1



63 Z=Sr A R E I K SCS FRARAE : 2000 4F 8 T IK TR

9

HEWBMENC(E 4, B 5). ME 3c fE 3d iR FFH
B, 7 bR SR it 2548 LA R ) S S A A
8 F% DT o = o 1 o S R A N P R (A N =
RV e R P AR SR VD I LAV 1 E R R AR AR SR
WA, Y R A AR R T B S i AR T L, AE
VUMK WVG i B, WRZA WM EEZ P REL R
F7,

4 e

4.1 NSAG HIEE4HE

A7 F v rg 2 B AR R AN ) NSAG J2: 7 iff 5 2 55
Wi W B RRAE . BAE 20 4D 60 4R, Wyrtki f# E
T B 2 v R 2 B A R AR A AR 2 04 s Ak A
Tia) 3 B FLAMIN fy 3 07, JEAS B R 8 ) m
SIFTRYSCRE, (HEF] 20 4D 90 4R AH LT NSAG
14 B 37 L0 D 3 SCHk o 3 4 Sk b, R OG0 AN A
4%, 41K B 1994 4F 9 A F1 1999 4F 7 H w10 I £
B BRI, 1998 4F 6 H 1T i 2 RS 56 B 2 i
W2 DL R AR SCHHE ) 2000 4F 8 AT, e
WL 45 5 (8] 3, Sk [1-2,19-20]) 7] 1, NSAG 764 ]
B 4200, KR 25 400 kn(£E 45 [] ] B 4 R
BE RS ), 3] R E AT 400 m, IR AR R,
HSZm ] 35 3T Tk (18 5d 2 &l 5F), NSAG A% 0 K
R e T 112°E BT, (R Ir Ak i 45 2 AN R, b ik
) LIRS

BSR4 AT BT e Oy 1 TR R T R

&

1 3 1 e (& 6a 2 K] 6d) 7] LAF F, 1998 4F 6 H |
1999 4F 7 H 1 2000 4F- 8 H NSAG #% .0 X # 7 11.5°N
B3, 15 1994 4E 9 H HI7E 9.5°N iz, 5 Ik 1 W5 4> &
BE L 5 AR R, FEAG IR B R S R A B A R
W AN . XF b 2 4F H -3 3) ) HE (151 6e % 5] 6h)
AL, SRS 5, NSAG 1 J3 2 LL W8 I 391 [v) 55
B2 OUHZ 6 A), M H AU SO B ab 45 52 1) 2= 745
WA 4ilE (6-8 H 7E 10.0°N, 9 H 7£ 9.5°N), iX
Ui B, NSAG 58 B FN A7 B 3047 76 W 8 A 41 Bk 22 5+,
TERR AR A T AR T R 2, AT TRIR AR E
42 REIEELEL

R % i Wl 2 i VEE 5 7 e /K S 48 )
FLIE 20 42 60 4EAC, Wyrtkit” 8 45 H I35 4 1 K 3K H
U, JF AR A A AR BT ORI D, FE T R R KU
(6-9 J ) FRAT % vl e 32 122 U DA 1 ¥ U A 9 A6, 17T
AR KR (12 H 2R4E 3 H) WA R . I 4F
K, T TR AE ST — B BE ¥ A [R] A8 4 o T A AR 9
e, RER I I e 32 Pt H 32 57 . Qu A Song™ i
Tok 3 SR T R RIS R D (W o A e B, AR TE 1 HF
S (0 A A B 9K B i Vg B D5 ARV (4 s T, LT ik
2y 2.4x10° m¥/s, KL RARIK WK Z A . 2008
AR5, PHIEX T H 78 B AR I 1 W5 i T 435 15 4>
H ) ADCP Wl 37 V& b, TESEAN B 42 B, BROAR 8% 1 e 1)
A ER R VI 1] R AR, T I ) )
TG 4 AR EEA VR X E 11 A mdbii
AFE, XA . EEREZEWZEM, LT

110° 115°E 110°

B 6 25 UCULINIYIa] (ad) FOAR IS AR S (9 H 34 (e—h) LA w8 2 71 38 JgfE T 3 1) 38 (B3 m)
Fig. 6 Monthly surface dynamic topography (unit: m) derived from satellite altimetry for each observational period (a—d) and the

corresponding climatological month (e—h)



10

MHEEdy 4345

B, YIS KRBT 200 m &,

AU YT 6], <[] BH 1 1475 78 R H0 1% 1 iz A ) 11
HME 1A ADCP E it W i, 141 7 #0081 Wi 1A
H 0 JE 309 0 £k 1 (&L 7a) B4 I 500000, A7 3801 ik 1
14 SF- 35 A i i) T (Pl 7b) . HL 4 SR 0, SO0 0 30 1)
K T3 AR T 25 BT U 0 113/ A i VB, (LY VA e
S T R A 5L 3 R o T 1) R T A R AR TE b
RAZIK (L 60m) 3] 210 m X 8], i 5 i KA H BAE
KZ5100 m ZAL, bR 25 m WE S )2 MR . i
SRR LR IE FIRAZ, B RIZWHY
10 em/s; )2 H I & A 7E 200 m AR 2K, Jf- bl
IR 3%, e R S em/s,

K SCUI 7R 32 FF bR b, A BoR, TE
1 000 kPa( 3T 100 m) 2, ¥ X Al () 7K SCHRAE R B
DA RV TR R A0 0 e Uk AR L AR BE K 7 (18] 3a).
KT VR B AR B R0 B R Y R e R R, O P
F 115°E M. el A R LK IR it 25°C, £
JEAR T 34.2, B /NT 22,5 kg/m?, BRI K
BRI, KRR SR A IR AR, il 5 8 A £
AR X I A X L (& 7¢) W LLE B, e i R
o v 1 ) T T 2 P 28 S K BUH BRAE 100 m BiFIE, FEAS

118° 120°E
15° 0
N
100
13° g
= 200
®
RS
300
11°
400

—~10

SLATE, IR0 1 2k BEAI T pe VK IR 205 F g i . [
I, FaR IR L ARER | R B KR B Rk O R Y
0, SR XL 3 ] 55 A VA 104 Rk ) T 2 AT E 4
A AN

IR IR AR IKARTERZ AL 2, 7F 2 000 kPa
JE N A SR UL, BB 3R 2 R R AN AE Akl
A AK AR B 505 33 Tk 1 BT 17T 4% 37 1) 20 A 45 SR —
B, F W] 22 RAR I U 092 T A B I A SRR T AR
A AE R R JZ (50~200 m), 7£ 100 m B 3T f 0 3%«
T ] AR A )2 R R R A TE SOm AR LR
G2, F )2 FIAE 200 m LR . B, 2 RARI%
VU ) 7 [F0) 52 480 114) 2 L 405 A0 B2 L I T 1) B A2 2, A
AN A6 T 384 ml AN RS AS

5 %5t

2N EREIE, 2000 4F 8 H w1 2 i i [H] 25 4
() CTD F1 i 2k ADCP W £4 48 o £ 75 LA 42 &1, 35 2
IEH TAEKY. ArAr i, % 2 100 1) pig Vg Vi 1 3 )
TE 25 7 3 e T P bR, K SCORTR M KR LA SW—
NE JE [n] 14165 A 2 by S5 e BAS [ ARRAIE

Vi 2l 2 R e T 32 2 R B RO N IR AR A, PR

HE
32|.8 33|.2 33|.6 34%.0 34|.4 34|.8
i /(cm-s™) g/ C

=5 0 5 10 15 5 10 15 20 25 30

T T T 1 0 T T L
- 1)) e ———
o 200
= < 300
- 400 F

Pl 7 RIS R 1151 100 m )2 185 BE 43 A1 (AL kg/m’), CTD M35 (IR ). B4 ADCP IR (£0£8) (a); 5% ADCP il
LT YA T, B € (3 20) 2 SE(NE) 434 (b); a &l b CTD b Vi 3 (2140 ) FOFh B (i 20 ) R BR B2 1l 1k, LR h
WOA13 Z 1°F-¥11H (9.5°N, 120.5°E) (c)
Fig. 7 Distribution of density on the 100 m level off the Mindoro Strait plotted with CTD stations (grey dots) and shipboard ADCP tracks

used (red line) (a); vertical profiles of SW (pink) and NE (blue) current components averaged along the ADCP tracks (b); vertical profiles of

temperature (red) and salinity (blue) of CTD stations in subfigure a, and for the one degree mean at (9.5°N, 120.5°E) from WOA13
(thick lines) (c)



6

i

S TS B R R ) K SC S FRGRRRAE : 2000 4F 8 F LI TR

11

ELARZY R 400 km 14 P9 A FH 40 14 U I 4 R I A i
AR T L B, HAZ /R 2 i (R R IE .
Z, A R R B e AN 0 R U R IR OGS o
K, % T T A e S TR AR o LS o A i
VT 1 m/s, T H R JEARAE T 400 m, F4 08 4 £ H Y
Wi AT IR AT oK o 3B IR AT s, NSAG HG 1 F- 2447
B AE 10.0°N, 111°E B, 5 4 R & A 1 8137 00 #1
], NSAG Hy O B A B B . Hrh.o &M
X FeE AE 112°8 BF I, w0 4 B 3077 76 B 2 1) 25 5%,
FEALDE BIA PRI, ERH NSAG K H b M 44 bl (1 25
WA TE 035 B AR PR AR AL

T 3 £ 7 b v B R B &2 rh RUBE RE, AR 2R
WL RUBE VA /R I8 DA R VG e 2R KBRSl T R IR
Pk T BERRAE, AR BB 0 R R B SR A i . R AR

S

(4 471 58 38 FN U (9 52 i F] B R B BU & PR A2 T R
JE B il ) 2B

SLIIE 52, 2 T AR 1 7K 2 R AR I T e 1 AP
o AH & B LAAE B HUAS TR), S0 I 30 i) 8 345 Vi ke
LM 3 RE K, FIRG R FIT )2 B0 ) oR Ak, i
A TR & AR AE 60~200 m )2, HLR R
KAEZI 10 ero/s, HYERFEZ) 100 m AL . 1% A TG 1
AR SR ARER R T, VR B R S A
5V R e PN T R, JF ] PE IR AR 115°E, AN 3o 5
AR BR )2 BT, 78 30 28 22 A1 200 m )2 B0 - 155500
X —ZE R, FE— 8 B A1 BRI VI 1) 7K 38
CIE=W N L e

NSAG 4 s 28 A4 1 5 ik v 7K 32 46 1) 22 BRRAE
S AR — R L )

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]
[14]

[15]

Liu Yonggang, Yuan Yaochu, Su Jilan, et al. Circulation in the South China Sea in summer of 1998[J]. Chinese Science Bulletin, 2000,
45(18): 1648—1655.
VF&H, 2357, S0/IMN, 5. 19984 5 2 2 U A 111 J B T AR 1 22 IR R IE [J]. PRy ¥ 2741, 2001, 20(1): 44-51.
Xu Jindian, Li Li, Guo Xiaogang, et al. Multi-eddy features of South China Sea circulation around onset of summer monsoon in 1998[J].
Journal of Tropical Oceanography, 2001, 20(1): 44-51.
e H I, S8/, 257, 19984F & ZE BRI IRAE K SCRMIE S BRI )], 1224, 2002, 24(S1): 142-153.
Wu Risheng, Guo Xiaogang, Li Li. Winter hydrographic condition and circulation of the South China Sea in 1998[J]. Acta Oceanologica
Sinica 2002, 24(S1): 142—-153.

SR, 207, /KL 200045 5 2 R[] FHAL 147
2001.
Xu Jindian, Li Li, Guo Xiaogang. CTD data processing and correction for the 2000 summer cruise of R/V Xiangyanghong 14[R]. Xia-

AT CTDER Ab BRANKIEBOARIRE [R]. 1] IR 5 = 1 TR ST,

men: Third Institute of Oceanography, State Oceanic Administration, 2001.

FORWI, X RI, ANz, 4. 200048 5 2= R MR I I B0 0 B THEL D). HEE#41, 2004, 26(1): 1-13.

Yuan Yaochu, Liu Yonggang, Lou Ruyun, et al. Calculation of circulation in the South China Sea during the summer of 2000 by the
modified inverse method[J]. Acta Oceanologica Sinica, 2004, 26(1): 1-13.

Wang Huiqun, Yuan Yaochu, Guan Weibing, et al. Circulation in the South China Sea during summer 2000 as obtained from observa-
tions and a generalized topography-following ocean model[J]. Journal of Geophysical Research: Atmospheres, 2004, 109(C7): C07007.
Xiao Xianjun, Wang Dongxiao, Xu Jianjun. The assimilation experiment in the southwestern South China Sea in summer 2000[J].
Chinese Science Bulletin, 2006, 51(S2): 31-37.

Li Li, Wu Risheng. Comment on “Circulation in the South China Sea during summer 2000 as obtained from observations and a general-
ized topography-following ocean model” by H. Wang et al[J]. Journal of Geophysical Research: Oceans, 2006, 111(C3): C03007.

Wang Huiqun, Yuan Yaochu, Guan Weibing, et al. Reply to comment by L. Li and R. Wu on “Circulation in the South China Sea during
summer 2000 as obtained from observations and a generalized topography-following ocean model”[J]. Journal of Geophysical Research:
Atmospheres, 2006, 111(C3): C03008.

JEAR, TARIE, 52 H T, 45, 20004F L Z et . | AR I b P 10328 B S MO 4347 3], KEFRE, 2005, 29(3): 438444

Zhuang Wei, Wang Dongxiao, Wu Risheng, et al. Coastal upwelling off eastern Fujian-Guangdong detected by remote sensing[J].
Chinese Journal of Atmospheric Sciences, 2005, 29(3): 438—444.

Gan Jianping, Cheung A, Guo Xiaogang, et al. Intensified upwelling over a widened shelf in the northeastern South China Sea[J]. Journ-
al of Geophysical Research: Oceans, 2009, 114(C9): C09019.

Yuan Yaochu, Zhao Jinping, Wang Huiqun, et al. Current measurements and spectral analyses in the upper 450 m and deep layers of the
northeastern South China Sea[J]. Science in China Series D: Earth Sciences, 2002, 45(11): 1008—1026.

Joyce T M. On in situ “calibration” of shipboard ADCPs[J]. Journal of Atmospheric and Oceanic Technology, 1989, 6(1): 169—172.

Li Li. Summer upwelling system over the northern continental shelf of the South China Sea—a physical description[C]//Proceedings of
the Symposium on the Physical and Chemical Oceanography of the China Seas. Beijing: China Ocean Press, 1993: 58—68.

Gan Jianping, Li Li, Wang Dongxiao, et al. Interaction of a river plume with coastal upwelling in the northeastern South China Sea[J].


http://dx.doi.org/10.1007/BF02898979
http://dx.doi.org/10.1007/s11434&#8722;006&#8722;9031&#8722;4
http://dx.doi.org/10.1007/BF02911239
http://dx.doi.org/10.1175/1520&#8722;0426(1989)006&lt;0169:OISOSA&gt;2.0.CO;2

12 WPE2ER 4346

Continental Shelf Research, 2009, 29(4): 728—740.

[16] Liu Qinyu, Yang Haijun, Liu Zhengyu. Seasonal features of the Sverdrup circulation in the South China Sea[J]. Progress in Natural Sci-
ence, 2001, 11(3): 202-206.

[17] Wyrtki K. Physical oceanography of the Southeast Asian waters[C]/NAGA Report Volume 2, Scientific Results of Marine Investiga-
tions of the South China Sea and the Gulf of Thailand. La Jolla California: Scripps Institution of Oceanography, 1961.

(18] Byl BRFs, PRALE . BEHE /K- ER R [Cl/Hh PRI 2 2K SUR G A S R I(1980) iR 3CAE. dbat: Bhaa it 1982:
137-145.
Xu Xizhen, Qiu Zhang, Chen Huichang. The general descriptions of the horizontal circulation in the South China Sea[C]//Proceedings of
the 1980 Symposium on Hydrometeorology of the Chinese Society of Oceanology and Limnology. Beijing: Science Press, 1982:
137-145.

[19] Fang Wendong, Guo Zhongxin, Huang Yuting. Observational study of the circulation in the southern South China Sea[J]. Chinese Sci-
ence Bulletin, 1998, 43(11): 898—905.

[20] Fang Wendong, Fang Guohong, Shi Ping, et al. Seasonal structures of upper layer circulation in the southern South China Sea from in situ
observations[J]. Journal of Geophysical Research: Oceans, 2002, 107(C11): 3202.

[21] Qu Tangdong, Song Y T, Yamagata T. An introduction to the South China Sea throughflow: its dynamics, variability, and application for
climate[J]. Dynamics of Atmospheres and Oceans, 2009, 47(1/3): 3—14.

[22] Qu Tangdong, Song Y T. Mindoro Strait and Sibutu Passage transports estimated from satellite data[J]. Geophysical Research Letters,
2009, 36(9): L09601.

[23] Sprintall J, Gordon A L, Flament P, et al. Observations of exchange between the South China Sea and the Sulu Sea[J]. Journal of Geo-
physical Research: Oceans, 2012, 117(C5): C05036.

Hydrography and circulation of the South China Sea in deep summer:
The August 2000 cruises revisited

LiLi', XuJindian'

(1. Laboratory of Marine Dynamics, Third Institute of Oceanography, Ministry of Natural Resources, Xiamen 361005, China)

Abstract: Funded by the National Key Basic Research Development Program, a multi-vessel oceanography survey
was conducted synoptically in the South China Sea (SCS) in August 2000, which appeared to be the unique, avail-
able synoptic survey that covered the entire SCS basin in deep summer. A number of difficulties were encountered
during the survey that affected the quality of observation, even though they were resolved underway. Although
some related research works were previously published, no carefully quality control of the data and a comprehens-
ive analyses had ever appeared before. In this work, the original CTD and shipboard ADCP data were carefully cal-
ibrated in the first place, and the hydrography and circulation features were then analyzed and discussed to leave a
record of the cruises as complete as possible. The results indicate that, in deep summer, the basin shows different
physical characteristics on both sides of its SW—NE oriented axis of the basin. The circulation is generally anticyc-
lonic southeast of the axis, in which the Nansha anticyclonic gyre (NSAG) is especially powerful; the area northw-
est of the axis, in contrast, appears to be dominated by mesoscale features of different categories, where no obvious
structure of large scale circulation is found. The analyses confirm that the scales of the NSAG are over 400 km hori-
zontally and nearly 1 000 m vertically, with a maximal swirling speed close to 1 m/s, which appears to be the most
remarkable circulation feature of the SCS. Moreover, its position and strength are subject to significant interannual
variation. In the Mindoro Strait, the exchange flow showes a sandwich structure during the observation period. This
is different from our previous understanding and suggests that the strait exchange may have different modes vary-

ing with the forcing condition.

Key words: South China Sea; summer circulation; Nansha anticyclonic gyre; Mindoro Strait
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