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Abstract : [Objective] This study aims to further reveal the characteristics and formation mecha-
nisms of the upwelling and warm pool off the western coast of Hainan Island. [Methods] The
control model (control experiment)is firstly built,forced by the forcing of daily averaged wind

and heat flux,river discharges,tidal harmonics,as well as the lateral flux. And then three sensi-
tive experiments without tidal harmonics, heat flux or monsoon wind are constructed to analyze

R S 86
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the effects of these three forcing factors on the upwelling and warm pool off the western coast
of Hainan Island. [Results]The upwelling off the western coast of Hainan Island exists in sum-
mer and will disappear without the forcing of heat flux or tidal mixing,indicating the combined
dominant effect of heat flux and tidal mixing on this upwelling, whereas the southwesterly wind
plays the negative role. Additionally, there is a warm pool off the western coast of Hainan Is-
land in winter boreal,and the strength of warm pool is stronger in fall than that in winter. The
vertical mixing induced by northeasterly wind has the considerable effect as the latent heat flux
on the warm pool,and the events of ENSO also affect the strength of warm pool. [Conclusions]
The results of control model are consistent with the in situ results from project "908" and his-
torical observation, including the current field
and water mass validations, and new findings

s B H:2014-04-02
&2 B #:2014-06-02

EE R B 2L (1984-), 55, Dy BT 50 6%, 18 o, 2 2\ 83 ¥t

EINTRS YDt R

* JUUE H AR B2 I 4 F ORI H (2012GXNSFEA053001) F1 7 P

B2 BE AR 55 2230 H (13YJ22HY06) % ),

JEMFE 201458 A H21EF 4

about the formation mechanisms of the up-
welling and warm pool off the western coast of
Hainan Island are achieved based on the sensitive
experiments.

Key words: western coast of Hainan Island, up-
welling, warm pool, numerical model (POM),
sensitive experiements
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Table 1 Climatological monthly discharges of the major rivers in the model
H VY4 i
A Monthly discharge( X10%m?)
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1 2 3 4 5 6 7 8 9 10 11 12
BRIT - . . - i
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2925 Y
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Fig. 2 The trajectory of drift bottles between 1964 and 1969

333



| Guangxi

Pearl River r@

N 7 = 4 |
20°| }/’Q 3
Hainan |
| Q Island/ 2
18° ‘ » |
18 20 22 24 26 28 30 32

108° 112° 116° E
B3 BRI 2006 4F 7 F 20m 2K 4R
Fig. 3 The modeled temperature at 20 m level in July of 2006

3 EBEHELSRSWN

3.1 D E SST#HE

4(a) ~ (D) WML 2006 4E 4 H,7 A .10
ALK 2007 40 1 A WA R, K 4(b) H iy g &
VG 5 W 1 AT B0 B S IR <908 & T AY Wy i J52 —
J561, TR SST %4l K H F Remote Sensing Sys-
tem (REMSS) i 7 iy , Ho st 18] F1 23 8] 43 9 2R 43 51
1d f~9km, JLIFME A SST FH AL M A A&l 4 Fr
. TERZE 4a) ALERE KRS T 22~28°C 2 [A],
TS 11 VG b A K TR AN i e S K I A L R T
ERK TR AN SR, FEE (R 4b) %
ASIEEBTE KR A ¥ 5], 2 30°C , o AE Vg Fg 5 1 T
B ERBEAMEKAELE . 205 Lu 1, 4908” L1
SR, DA B B 2 R TR S B ) 1 1 T R
D& el A /i VA I W N DS I )
SST /R iZ XA ARIR K AE 7 A f 8 H AR,
FERKZE (] do) JEEA LB IS /KR 73 TR B3 41 1
oK 2°C 22 A7, e vp 8 1% W 350 0 e I A 8 1
VPG A7 A TR K T R 5 P R A s TR K S L Y
PEF Y 2 AH X R, A J RS P KR AE 4 2R
TR, 7RV LR & 18°C LU L T R 3 K I E

24°CLEH
22°
a,
d
30
19°
28
126
16°
2}3 © @ 124
L
- 22
19°
20
6 ., 18
105° 108°  E111°105° 108°  EI111°

Bl 4 deHRE N TR SST MRy 41
Fig. 4 The seasonal distribution of remote sensing SST
in Beibu Gulf

334

3.2 LEHRHHE

“908” L1 2006 4£ 7 A 15 H~8 A 7 HAEW
5 VG 0 YR R UL 25 R SR L I A A A ) e
FHAY SRR G 5) e Lu 2R B TR A
BTG . AR SCBLLSE R 5 <9087 L T i A A AL (n &
6). B 6KRHT 4 DBUE I EE R, 55 LR
(6a Fl 6e) ,JCIHN Y 5836 (6b A1 6f) , JGHH 583 (6¢
Fl 6g) JCZE MG E (6d Fl 6h), H & 6e 5 6h
F9 1E (B0 43 9 4 3R 3 ) 3B (] b (TR ), [ B 2] o
e 1] 3 A JEU IR KU OK 1000 15 )5 B9 SECSR . il 52
5N fE~108.2° E KA S5 iR & C s M4 (A 6a).
5585 5 14 ) A ] S B AE G L (JE] 6e) . TG94 SR8
B 32 Ak 1 25 TR 26 1) R SR L 6b) | [] B 2 ] 2R B AR
S 66 BE T AR S R R L 1B TR A R
ZETPRAEREN, S Lo &8s —58, THGE
B IEN N i L < A ST 1 = o N o T A
(F 6c;56g) 3 i PR o B 25 $GH A B 1 1R BR )2 T B
S TR Tl N () o A S s A R LT W ) O
PG SRR A 2 R L B — AR T, La PV
S50 I AS— R ik 5 R AT PG e USRS
Ko JIAMUMERE VG R L TR AR 32 V8 g 2R KUY S,
FE TG 28 KSR A0 B 32 1 T I 00 0 BE A5 3 0 9 L B oK 1)
FAEEEE N 7.3X10 "m e s HEANE] 8. 6X10 7

1" | (Tl NN
b‘

T34 J55 150

' ]

o 335 34

152 153

S

'|.'r|||'|'|||||||r ol oy

i L L 0 " L L
i X odh &h BN O i 4 oy A

WM Crinenncel k)
&5 “908”WLIM iy 2006 4F K Z= ¥ B VE 17 iR 5 R
W T
Fig. 5
the western coast of Hainan Island in summer of 2006 from

The cross sections of temperature and salinity off

project “908”
Guangxi Sciences, Vol. 21 No. 4, August 2014



-0.1
107 107.5108 107 107.5108 107 107.5108 107107.5108 E
K6 18.9° N Wi i /K i (a~d) FIE 1) 3 B (e ~h)
il

Fig. 6 The distribution of temperature (a~d) and verti-

cal velocity (e~h) along the section 18. 9°N
me+s ' (F 6e;6h),MHE FFARITIEFAEIEERE, U
A VG R 2 O iz TR AR
3.3 EEith#iE

Li MRS EAS TR SST & MR & 76 i+
TEAERE M, LR BHREE 0.5~1. 0°C, EEAFAET 10
ARRE 1, a8 5A ST BLEE R — 2, aniE
7 H () ~ (D4 Al 2006 4F 10 A L11 AL 12
H UL 2007 4F 1 H B BE/r g5 8 . WK 7 T IR
R VG R M 10 AR 11 AR iR, 7E 12
ARk 1 A BEW 5. 364 2 Ak, R Li
SEVOT A B g R W ARG R R D R R
b A BB S BVEE XU F7 Ry 42 3 7 2 0 b AR SR A7
e, B8 24 2006 4F 10 H L R )2 KR AE A [F] 52
5 rp A A A I B, Ho Ca) ~ (D) a0 AR 3 s T S
TGI8, JC PG i aE DL R G KR, R 8 T
DL W7 (L 8b) e 18 b 1) 52 W 28 /0N i TG 44 it
5 A L 8c) B Tth 5 J3E Ok 55 45 22, 16 W 0 AGE o 0
R b A9 52 i 5 K, TG 2 XU 3 s R Sl 3 AR T 2k (]
8d) . U B AR b 2 L5 | 114 3 1) YR G S B b 2 1 G
B, RIS E R ERIER TIRG RZL,
B35 R 5 P4 2 110 25 XA it 3t 2t T 1 FH R XU 0 55 L A
1117 5 BT ) YR A5 0855 () B e v ol R R IR T
W BRI, S L FUY%E R 8 5%
K I PWP (A5 R Bl = B i 3 A oG, T g
5 ENSO FAH 1, H 2007~2008 4F 4 La Ni-
na F R, PR IR G 2 XU A 3 i, 32 08 JAGE Y
AR R A A 2 A U BE A TR R AR 4 R AR
2006 4F 10 H F 11 H B2 it i 3R )2 7 2 2 Lk 2007
AR A IR R S 1°C 25 A (R it X BAR % TL A SST
LA KR 53 A1 B . A T 108, 5°~109° E. DL &
JEAE 201458 A H21 5544

18.5°~19° N By XD |

2; (a) (b)
32
19 30
- 28
o 26
(©)
H f 24
r -
i 22
19° 3
20
16° 18
105° 108° E111°105° 108° E111°
Bl 7 des 3R 2 KR o A
Fig. 7 The distribution of surface temperature in Beibu
Gulf
22°
N (b)
32
19 30
&
; 28
2y 2
(©) ;
N 24
22
1o .
20
16° : 18
105° 108° E 111°105° 108 E 111°

B8 dL#R 2006 4F 10 H 2 207K R 510

Fig. 8 The distribution of surface temperature in Beibu

Gulf in October,2006
4 B

ST TR SST. b7 i B 52 B iy 22 AR 4k
FEAE L B 2R 0 B d ey L A TR I R AR TS VS AL A R
Y K AEAE . IR E 76 B 2 00 e 0 VG R A7 A6 B R 1Y
IR X, T AE 42 A7, 0 Bk 2 06 1 I 04 5 U 7 7 18
X,

W SR EFHRAAET 20m EUTF . L
T 52 PG 5 R A L R s =z L AR —Ran
T, bR G, v R R KGR AR AL TS 2 UPE
b, de A e b 3 1A B BE N 7.3 X 10 Pm o+ s VB F]
8.6X10 °"m = s ',

T B 5 VG R AR 44 F AR R I Tt 45 o L Bk 2R S B
8, RACZE G Y 2 IR A 5 ARG R B Tt A A
VR TG ZE KAE F B B2 i 3 AT 2k . ENSO 5
Xof 1 b F 568 B A — RE 2, 2007 ~2008 41 La Nina
FEFE 2006 4E 10 A .11 A B W0 £ 2 R

335



e 2007 4E R IR | 1°C 2,
5% UK -

(1]

[2]

(3]

(4]

(5]

(6]

[7]

(8]

[9]

[10]

336

Xia H Y.Li S H,Shi M C. Three-D numerical simula-
tion of wind-driven current and density current in Beibu
Gulf[J]. Acta Oceanologica Sincia, 2001, 20 (4) ; 455 -
472.

AL LRI PR S AL 1 23 A (D], 75 & . b =g
FER 44,2005,

Zu T T. Analysis of the current and its mechanism in
Beibu Gulf [ D]. Qingdao: Ocean University of China,
2005.

Wu D X,Wang Y,Lin X P,et al. On the mechanism of
the cyclonic circulation in Gulf of Tonkin in the summer
[J 1. Journal Research, 2008, 113;
C09029. doi:10. 1029/2007JC004208.
HEMZEFHBFSGHADAE. DB EI R
LR A R E A (R]. dbat B R A2 1964,

Oceanic Comprehensive Survey Office of Ocean Group

of Geophysical

of State Science and Technology Commission. China-Vi-
etnam Joint Beibu Gulf comprehensive survey report
[R]. Beijing: State Science and Technology Commission,
1964.
AR X & 05, Mg R G 5 R S [1]. i
#2.1993,10(2) :13-17.
Yu M G, Liu J F. South China Sea circulation system
and situation[ ] ]. Marine Forecasts,1993,10(2):13-17.
EIEA. ACHRIE e K A Z) J1- R AL A SR [D]. 5 5
i R, 1998,
Wang D R. Study of the dynamic-thermodynamic me-
chanic of Beibu Gulf cool water masses[ D]. Qingdao: O-
cean University of China,1998.
IhUESE B TR B R A 6 I B, XA AR ER R i
i = AR R, M S 1R, 2001,32(5) :561-568.
Sun H L,Huang W M, Zhao J S. Three-dimensional nu-
merical simulation of tide-induced, wind-driven and ther-
mohaline residual currents in Beibu Gulf[ J ]. Oceanolo-
gia ET Limnologia,2001,32(5):561-568.
X RS, TR G 8 B O i A 2D 2R [T ], ¥ Ve A
W, 1980,1:9-15.
Liu F S,Yu T C. Preliminary study on the oceanic circu-
lation in Beibu Gulf[J]. Transactions of Oceanology and
Limnology,1980,1:9-15.
Manh D V, Yanagi T. A study on the residual flow in
the Gulf of Tonkin[]J]. Journal of Oceanography,2000,
56:59-68.

FEAF B SO AR XU PR B A S L) ). B

MY ,1983,2,207-215.

Guo Z X,Wang W Z. A numerical study of wind-driven

[11]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

[20]

(21]

circulation in Beibu Gulf[J]. Tropic Oceanology,1983,
2:207-215.

T B SRR SO, BRI IE 45, B 2 58 VIR e R AE B
BLA 2> (). T 24412, 2003, 25 . 1-8.

Yang S Y.,Bao X W,Chen C S,et al. Analysis on the
characteristics and mechanism of current system in
west coast of Guangdong Province in summer[]J]. Acta
Oceanologica Sincia,2003,25:1-8.

Shi M C,Chen C S,Xu Q,et al. The role of Qiongzhou
Strait in the seasonal variation of the South China Sea
circulation [ J ]. Journal of Physical Oceanography,
2002,32:103-121.

B BRide , 2 B BT 2R BRI AT 2 B i K Gl
b B T e kA G AR K ke AE [ . U I R
2006,1.1-7.

Yang S Y,Chen B,Li P L,et al. A study on the charac-
teristics of water transport from the South China Sea to
Beibu Gulf via Qiongzhou Strait in summer in terms of
temperature and salinity data[J]. Transactions of Oce-
anology and Limnology,2006,1:1-7.

Gao J S,Xue H J,Chai F,et al. Modeling the circulation
in the Gulf of Tonkin,South China Sea[]J]. Ocean Dy-
namics,2013,63(8):979-993.

Gao ] S,Shi M C,Chen B, et al. Responses of the circu-
lation and water mass in Beibu Gulf to the seasonal
forcing regimes[J]. Acta Oceanologica Sinicia,2014,33
(7):1-11.

Gao J S, Chen B, Shi M C. Summer circulation struc-
ture and formation mechanism in Beibu Gulf[J]. Sci-
ence China-Earth Science,2014.DOI:10. 1007/s11430-
014-4916-2.

T PR S BRI . A BV A 2 AR B A4 AE B 3R Sl AL 1 43 B
(1.7 PRR,2014,21(1) 1 64-72.

Gao J S,Chen B. Analysis of the tidal current spectrum
and study of residual current in northern Beibu Gulf
[J]. Guangxi Sciences,2014,21(1) :64-72.

Lu X G,Qiao F L, Wang G S, et al. Upwelling off the
west coast of Hainan Island in summer: its detection
and mechanisms [ J]. Geophysical Research Letters,
2008,35:1.02604. doi:10. 1029/2007G1.032440.

Li J X,Wang G H, Xie S,et al. A winter warm pool
southwest of Hainan Island due to the orographic wind
wake [J]. Journal of Geophysical Research,2012,117:
C08036,doi:10.10129/2012JC008189.

Blumberg A F,Mellor G L. A description of a three-di-
mensional coastal ocean circulation model, in three-di-
mensional coastal ocean models[ M]. 4th ed. Washing-
ton,D C :Heaps N,AGU,1987.1-16.

Mellor G L, T Yamada T. Development of a turbulence

Guangxi Sciences, Vol. 21 No. 4, August 2014



[22]

[23]

[24]

[25]

[26]

[27]

(28]

I E A

closure model for geophysical fluid problems[]]. Rev
Geophys Space Phys,1982,20:851-875.

Zhang H M, Bates ] ], Reynolds R W. Assessment of
composite global sampling: Sea surface wind speed[J].
Geophysical Research Letters,2006,33:1.17714.

Yu L,Jin X, Weller R A. Multidecade global flux data-
sets from the objectively analyzed air-sea fluxes (OAF-
lux) project: Latent and sensible heat fluxes, ocean e-
vaporation,and related surface meteorological variables
[R]. Woods Hole Oceanographic Institution, OAFlux
Project Technical Report,2008.:1-64.

Xue H J,Chai F,Pettigrew N R, et al. Kuroshio intru-
sion and the circulation in the South China Seal]].
Journal of Geophysical Research,2004,109:C02017.
Xue H J,Chai F. Coupled physical-biological model for
the pearl riverestuary: A phosphate limited subtropical
ecosystem [ C]//MLSpaulding. In proceedings of the
7th International Conference on Estuarine and Coastal
Modeling. Vancouver: ASCE,2002:913-928.

Wong I A,Chen J C,Xue H J,et al. A model study of
the circulation in the Pearl River Estuary (PRE) and
its adjacent coastal waters:1. Simulations and compari-
son with observations[J]. Journal of Geophysical Re-
search,2003,108.:C5,3156.

van Maren D S, Hoekstra P. Seasonal variation of hy-
drodynamics and sediment dynamics in a shallow sub-
tropical estuary:the Ba Lat River, Vietnam[ ] ]. Estuar-
ine, Coast and Shelf Science,2004:60:529-540.

Zu T T.Gan J P.Erofeeva S Y. Numerical study of the
tide and tidal dynamics in the South China Sea[ ] ].

2014 -8 A #2145 % 44

[29]

[30]

[31]

[32]

[33]

Deep-Sea Res 1,2008,55:137-154.

Flather R A. A tidal model of the northwest European
continental shelf[ J]. Memories de la Societe Royale des
Sciences de Liege,1976,6(10) :141-164.

e 2, ol ar. H E G K SCIML e a8 T R
#t,2005

SuJ L, Yuan Y L. Hydrography of China seas[ M ].
Beijing: China Ocean Press,2005.

PR BB B B IR L A AU ER S AR AR X B TR R4
Zo I AR 1 T2 A R LU B LC. AL BRI i VR A a8
SCEE 5 1 U T T L RRAE L 2009 85-86.

Chen Z Z,HuJ Y,Sun Z Y,et al. Sectional features of
temperature and salinity in Beibu Gulf during July-Au-
gust,2006 [ CJ. The proceedings of the researches on
the ocean science in the Gulf of Tonkin-Partl. Beijing:
China Ocean Press,2009:85-86.

BE . P B R T R R 2R AL R 2L A A [T, 1
PEIE R ,1991,10(6) :1-6.

Yan T Z. Features and classification of coastal up-
welling off China[ J]. Marine Science Bulletin,1991,10
(6):1-6.

AR ST, BRI R LA R E A
MW [T, 1 74, 1998,20(6) : 109-116.

Guo F.Shi M C, Xia Z W. Two-dimension diagnose
model to calculate upwelling off shore of the east coast
of Hainan Island[ J]. Acta Oceanologica Sinica,1998,20
(6):109-116.

GULSH T B

337



