5538 4 4 * B % o R Vol.38  No.4
2020 4F 10 A ADVANCES IN MARINE SCIENCE October, 2020

HEEEREMNEE «a TTRTUFERKE

S 1,2 S 1,2 N 1,2 %
RV IR BET
(L. EARVERH 55— REHIIE A IR 7785 266061
2. T B HE BRI HOR LS MRS K B3 )2 AT 9200 % LR 77 ) 266237

i E: AT EERRENEZFaFTARMNARAG TRENARLEERMLE. HREEFTMREERALAF
X, AIAZEAMNERR2NABEREFEZ R AAZTNETALMBE.ERXABTERETEZ « T Wik
GEEAFRG, AFMEFNEFTARGRBEASCLTERSELMER, E F Rk TR %R EN KR
FHEEHL-N, 2WERATREELERBEMEEA R R FEAMX A BRI . LEWH., KB ERXH
HREMT & X MARALE EMERATALERBARENTRF EFTTAFEENX, £FHEARE
HHARENARENEEXLALZTLENERN, REEAFLLER EHHAFERNERGEMER 2
B REHARNRBEAEGH G ZFaEFTTHNEEMX, XETFRMA B RER R . EEH N AETR
ATHREEBRERUENEERTALNKETE R« FTARMERANEZEA.
KER.FPEEERETRT ;T T AL

HE S ES P31 KR IR A NXEHS:1671-6647(2020)04-0649-13

doi: 10.3969/5.issn.1671-6647.2020.04.009

5] A#& X :LIAN Z, WANG X Y, WEI Z X. Features and driving mechanisms of the intra-seasonal variations of sea
surface chlorophyll @ in the South China Seal J]. Advances in Marine Science, 2020, 38(4): 649-661, # &, T #7
B, BEHN YEEELRENR R« FTNEMBERRE] #EMFIHE, 2020, 38(4): 649-661.

o ] g A 9 B N 25 2 TR LR R LS R E IRy KR K SRR R R Y] . AR IR E A
VAU b 22 90 2 7 I A IS T R PR R S A B LA RS . BAF N EA TR
41 325 J 390 00 A8 AL Rl 2B AR AL . R T 2 R VR R A R S 1 N N AR AR L e R O X
HEHERIZM SR o MET BRI R,

XTI 2R 3R o AT NARIRAN S, A Z R MR L, Bl R o & —Fhxl i R
KT IG RAF 18 7R 9 T LU 5] B 75 v ROBE 363 158 (1) 328 sl R A R i o R B A S0 A B T 3
) X B 5 8 U T PR 1 AR 1) A AR RN SRR . LU R B R R AR AR a T PN IR A R A ofE
AR L 2 T S P I DAY T2 25 Il 90 8 e 9 8O Ml W 90 A e BE SRR o T R M B U R i R Y
32— . T 30 a K, ¥ A R W B N B R T B O SRR IR R T A R
P <M #0123k J 28 W R R AT B A O 26 0, e oA of m VAR B IR T A ) R B AR L R 0 BT TR R
SN TT A Y b BERER S TT 2R 3R @ 2 R AT A 20 B R R A B A OC B 2 B, T F T N R AR L e 1 T
B GRS R 6 W) . 35 = MR o S TEISIRRAE 7 AH O v Ak 53 v ) e 1 1 T e e g T LA
PG HETIOR 5% [ PR 2 5 USRI 5

Y75 B H#3:2019-08-19
FEITE : E R E SRR g [ 30 i i D0 U 5 B B R B 5T KR T (2016 YFC1402304) 5 i e 40 2 PERHIF B JiT 56 A< A}
Al 55 9 T T9U9¢ 4 —— v ]V R W08 B X T AL I 4 R o FR 1 R AL B2 IR B 5T (2017 Q06) s Fl K AR FL = B & i H——
P B R 2249 N AR AR AR B H R R F 5 (41506037)
TEHE/ A RBA982-), B By EwFsY 0t 18 b, RN E REHRF T mF5E. E-mail: lianzhan@fio.org.cn
* BASEE AW (19700, B BT B T EENE R PSR F 5T, E-mail: weizx@fio.org.cn
(R i)



650 o R % o R 38 &

T ERERZEN R o FWNAENL, CAFZ 58 B E J7 6 A Bl T T H R B
Tang S FI£7 I 55 4507 23 53 g T2 3o SRS S U e O 0 00 X 5 3R @ A 2 T R A T J A T
T AR BRI RIZ SR o B NBALR B B A A 22 5. BB AR S5 R R T
A—E L5 . Lin FRN Chen S50 WE o — S6A 1] 53 87, WF 58 1 AS 7] ¥ DXOA [) S4F 52 i g 1 3 )28
ZRER a M NRANRE . AN [R) 23 N2 oA R T e 1k S A Y SR RIAL A A S . i e B K P g
iz IR IA7 X7 45 R AR AT RE XS R U R 2 AR R o B9 Z 0 R AL AR R T Ve e 2 A e A U A
Bl R g 2 B PO A v i 0 R o A WE IR . Yang S0 R TR AR VDR & BRI A0 Bk A 1
NPT LR BRZ M 283K o BT . Loise S50 45 70 B UY 17 o 6 J 01 4 3R )2 M 0 3R o 728 f 5 B8 T B 4
UT AR — 2 X HERIE N SRR o Y N AR SR IR AF 5 A B B

MR RZ 2R R o ZWFTEAS 5 3l 0 8 5 B0 45 T2 38 A R A0 0 A8 A0 B R A9 L [R5 0 . T 6
T TF] I B A [ ¥ XA 45 T B R MR )RR o IEF TN RERAA RS NTZ S NI AL W, #iE
i DX T v RUBE B AR R A5 A1 R U TR N M ) R 9 AR A AR T IR AR B SR
B A D, AN TR) 2R 95 KA 22 AR U . Xk SR W] R MR ¥ R 2 4 R o R NI G R B
FE IR — BRI 2R o =T NS AR PR R WL A 2 T e A A L 4R T RO JEE ) B,

FRATTH A 22 U 10 T JROUL I A0 %o i TR TR X R R M AR R o B N R AR AR AR AR B HL 32 4% 2R B T AR
TIE R MR JRIT oA 45 A R B Rl R JZ 20 8 o NN EFHR. BAEE R EEE
RIZMERER o B NBRAE X B2 05 55 0 B2 LRl PR

1 B ik

AT GlobColour )2 TR B4 K o WINEHE " 1E N EdE R . Hmb T 240 T EE
ARG P ORUE B s 7E 25 (] R[] 0% 7% 221, O AT DL S 2 Ml R IR i o g R S T e AR B A 4R
HIEHFHRKIAMN R o ZBAE, ZEIEEN S ME R E 2R, Ko PR R &k 1 km, A5
i 45 00 A7 SO i B 2 08 TR A0 5 SeaWIFS, MERIS, MODIS AQUA, VIIRS Al OLCI-A, A 8 E #&%
FURIE B 2 1997-09, HETTEHE Iy Mk 55 Wl b 8Os 475 78 S i 6 A7 58T . 76 A AIF 5% op FR AT 3 B A 208k o
19982017 4F (&l 1~10 ¥y R b it B . 1280 4 76 25 5] 5040 fl G v >R B 22 Ak 3 5 3k A 936 137 B 34 3k
(Simple Averaging) L EEF ¥ (Weighted Averaging) fl GSM R (GSM ModeD) %, W AFIEEE B9 4
— R FRATTIE T A EE S 2 3 45 B 1Y 25 (A S Ak . 2B RO R 3R BT R IR B (mg/m®) AR S H AR 3
B ZEAE S RIS DX R KR BT LRI AR BIE 5 B AT S

FATR By BT A B 0 I R AT w0 R R S M AR R o B AR, K2R B B R T OISST 44
At Vg T BB IR T AVISO Bdls 46 1 1 WU R HAGE 80 U5 T NCEP™ . WV iR & 2 R E T
SRR IR A R BIEE AT Argo), B IR BRI T ki s 4 (FRTFR WOA2013), FRAIT3EH
TR ER W R T 1 X 107° mol/L MR /R EFRILIRZ A E, IR E TR B M K)Z CEFRRIKD
TR,

TR AT 3 HUAY BIF 5T 9 X R U R B (105°~130°E, 0°~25°N) . Ry T 42 B N 28 1k, Bir A3 03 10
i [i) 7 371 3549 22 2ok s 30 90 0 L el o R TR 20~90 do X IR IS A B0 A o 254 e X N R BT N SR

2 R4S
MRS BT F G X R R E o MBS A ARES (FEER 3 A4 A5 A58

FH6 AT M BER 9 A 10 AR 11 A& Fh 12 11 AR 2 JHHFEFTNERRE, IFS5RZIR
JEE VB TAT fei L T THT DR 375 RO T ARG R A Y N AR AR R AT AR S A0 BT XA TR DS R P BE I 2R R o T R



439 O P ERMIERESRER o B NBLRIE KR 651

PR T ZL AR BB AT 18
2.1 EFPEURIE

Oy MR IR T I X R R MR R o BRI R IR T XA B . PHER R o IR EAAE R E R T
A, X FRIERIZM SR o B B (AL T R AL B R, A E XA TR iR A (& 1
LA 2 A8 H oWl i R4 T ME ),

R 25°
N " / N
20° { i 20°
18(Pypz.)
0.6
15° 15° 04
0.2
S 0
10° 15 10° 4555 -02
t > 04
-0.6
50 50 —08
p -1.0
] -1.2
L1l = -14

0° e / < 0° .
105°  110° 115° 120° 125° 130° E 105°  110° 115° 120° 125° 130° E
K1 mEmMELANEXRZHGE o BEERE(mg - m HXE R FHER
Fig.1 The climatological monthly mean of chlorophyll @ (mg * m™*)

in the South China Sea and adjacent seas in winter and summer

22 FTRHTLHEE
MERIZM LR o WRIRETNIRGREZELFA2 H .1 A2 A& (& 2),

18°

22°
18°
14° 14°
10° 10°

6° 6°

106° 110° 115° 118° 122° 126° E 106° 110° 115° 118° 122° 126° E

22° 22°

N[ N

18° 18° (18(Py 5.

e 140 0.17
0.15

10° 10° 0.13
0.11

6° 6 0.09
0.07

2 90 0.05
0.03

106° 110° 115° 118° 122° 126°E 106° 110° 115° 118° 122° 126°E
K2 miERANEXRZHSRER o FEERE (mg « m™) U0 AR LR E
Fig.2 Intensity of intra-seasonal variation of chlorophyll ¢ (mg + m *) in the

South China Sea and adjacent seas in 4 seasons



652 o R % o R 38 &

KA IR U7 B 0 X SR A T 5 R 5 PG VA X, T R PR T SR AR R U A L O LR AT RO AR
362 KUAE I IX 35832 5 R I b T BEL$ 7 A AR 58 1) IRU37 JE BE . k 4 22 b PR 38 I [ 1 S B80AR 1 DX 7K 8l ' T 3
AR AR T EE S REKEES A LK EETNIRATRETSEE o TERE,
B FUBK 2 1) 2717 PR R %5 58 4 I 0 A1 R AIE LU B2 30T, — A5 Ry W b 19 R A i 8 i ) I R T S — VA
DX 2 P A8 b5 B g T PR

o E R VR RN AR ER o ZT N ARk T AR Akl K I ) R 9 AR Ak 22 [ A A O R AR R,
TN LG X AR 3 o ZE1 AR MR AR B SR B R K M XS S KRB M 4 R o BB IREAE# /N, X —
X RJAMRR o WAL ETE RSN, BEXIEEER o Z907 WML ER /NS T PR
P BTG BIE 5 0 X 1 R R T 2R R o AR AR AR H BB, X —FRAF FH 20 AR IE 22 (STDgyr ) MY S K A8
FEFRUE 2 (ST Dy ) BIAHRT FE 9] 22 8 (STDjyyy = STDswry / STDiy ) KR AR 2 24 STD e 8 K, 15 A 2235 14
Wy MEE, ROTWPFRLE S DR, A F I X STD . (88 & IE % R0 (B 3, 5/ME=>0.5), HEARR
FN STDyy AR/ NFHEZES  AKERTLAENE, EEKEILTFEAMEEE X STDyy >1. B 10°N Ff
TR 2 5 — DU XA X — i DXCE UL R AT R T U AR G R R R S R A L eR VBT TR A R U R R
EIRER AL SRR MK BRI X . iR e, KR XM RZRE « BT, X—
TLERAT I E R 90 d, HBIEMFZM 4 ER o BARIMEK TR AL, HIkT SR ET NS E o &
PR BL R X T 5 L A9 A R A

22°
N

18°
14°
10°

6°

20
106° 110° 114° 118° 122° 126° E 106° 110° 114° 118° 122° 126° E

106° 110° 114° 118° 122° 126° E 106° 110° 114° 118° 122° 126° E
&3 i SR S X R R SRR o ZE N AR LR S K AR b 5 B A L
Fig.3 Ratio between the intensity of intra-seasonal variation of chlorophyll @ and

low-frequency variation of chlorophyll a in the South China Sea and adjacent seas

23 FLRBEUNF ST
FRATTXE 5 ) v [ R T R R M AR o BT NRAL AN LIRS AL BEAT A0 BT BT IRIBHIX ISR o 2



439 B AF L E R R SRR o T R ACARAT SO 653

i V5 A\ S5 PR 2R i) S 3, FRATDKE o0 A A P 7R R M X KR 200 m 2. WFSE I XK MR U AR )
B KT TCALY R T PR AT 35 FH A T 5000 7 T DAL S b S I R R R AR o AR R
TR AT SRR o AR 0 25 N AR AR 5 22 IR i T s BE T T XU 37 R ARG A (R B AR A R AT T
AH AT, 45 BN [F] B 28 Z [ A A OC R A, 117 WL SCHR[29 ], A OGME I Al i 95 0 B 1% B2 A6 0 1) 76 14
4 v DL A X R .
2.3.1 REBEvHEa 5RERE

RIZMGER o« SRIZIREET NS (B O BoR, Wb KRB B4R o IR ZIRE
YA R O o B IR BE BRI 4 3R o BsR Wk B T . BFSE R WX 5K 3l ) A R AR A G

106° 110° 114° 118° 122° E 106° 110° 114° 118° 122° E

106°  110°  114°  118°  122° E 106°  110°  114°  118°  122° E
B4 p i SR i IR M AR R a WU ZE 4T AR AL 2 B 2 Y PN AR AR O R o A

Fig.4 Distribution of correlation coefficient between the intra-seasonal variation of chlorophyll a and

the SST in the South China Sea and adjacent seas in 4 seasons

ARJIT SRR, A8 R A AR 2 A i 3 R P AN RS B RV PR )2 AR A I L 32 DA AR A 5 4 B R
Wyt AR JZ T 2R 3R @ T i 00 TR N 3l 88 A0 3 SO OG . RIS 3R o RO VR & T 105 K1
TEIEE A B4 ) I P ¥ 2 J2 TR BE AR T VR A o 2 RS o B R T e A R YRS P Y T BRI P A R



654

¥

R

a FEARAIIR B

[F) 5% W 2 3 AN T Y . ) Argo B8R 5 2 (i EIR &
BWE (6 WAE T X —

IR A

22°

18°

14°

10°

106°

22°

18°

14°

10°

6°

106°

R, & F BRI GRS

110°

114°

El 5

118°

122° E
M A IR JR R T 0 A6 (Argo B

M4 R a

22°

18°

14°

10°

6°

20 L
106°

110°

114°

118°

Fig.5 Distribution of the mixed layer depth (data of Argo) in the

110°

114°

118°

122° E

22°

18°

14°

10°

6°

20
106°

110°

South China Sea and adjacent seas in summer and winter

114°

South China Sea and adjacent seas in summer and winter

118°
& 6 R A TR E SR ERZ R S T 2 i (WOA 2013 #dli)
Fig.6 Distribution of the nutricline depth (data of WOA 2013) in the

FHR G . WA R W AR R A R AR W A E R N
LR o FIRJZIR AT R L AFAE ARG,
T bR ARV e LA VG U IX B K, O HL A ZR AN XOF 3 AH G R A M B 35 s THE =, X 5 2 Jrim gt
JZIERE (K 5 MET WOA 2013 A VEE K2
EEEE%%?EW@EE’JMFV@E%ﬁT
FHRERRZRE ARG FRREG BT RS FECE R NIRRT RZRE R4 E o
T3 — 7 1 AR B AR A R,
TR B R O

A7 2 P AL B2 i 24 3k 31 f KA ﬂfi‘% a Fl

122° E

122° E

— B AT
FNAE Wﬂféﬁ—i@g{ﬁf“ﬁ*ﬁaﬁzrfﬁﬁ



439 O P ERMIERESRER o B NBLRIE KR 655

SRR G R FVE FR 3R ZE R OC R IF A RE R ¥ R IR B F 4 R o BBy 2R, ERE7E
FER TR A 2R AR T R R 2R AR AR M 3R o RN J2 IR BE 09 408 X6 {8 /a5 A0 OG, iX WoR A
HEREREIMNSE o 2840, ERETIFRBER T RRZEED TR R LR HE, Jmmi
WA T R RN AT AR L R B, REZM SR o« R RENT S, BEEE
FRMMAEBAT R FEERBREMRERE o« MAHEXERARE. B SRR SHE R &R E R
A T 7K i A AT DX, LR O i IR A R BUW R 2R R4 R o ZRIBITIRR,

2.3.2 REWGFaEOHE

HRIZRBE AR B RIZH SR o AT & AR R N R MM ER (KD, FhEaA

Do A% DX 35l (] P 4, S A DGR S8 B 95 00 B FEAR B0 X 3. Wi A R BN B K TR # .

22° 22°

18° 18°
14° 14°
10° 10°

6° 6°

920

106° 110° 114° 118° 122° E

22° 22°

18° 18°
14° 14°
10° 10°

6° 6°

106° 110° 114° 118° 122° E 106° 110° 114° 118° 122° E
K7 g R JH X RZ G o MR NS R E R AR R B
Fig.7 Distribution of the correlation coefficient between the intra-seasonal variation

of chlorophyll a and the SSH in the South China Sea and adjacent seas in 4 seasons



656 o R % o R 38 &

S W Y 1A g B2 2T N R A0 A BRL 3R (8 3 L O 55 ) AR 22, T 3k 26 5y ) R R v HL e S B0 K AR B 4R
B MELLER Bl E 2 KRR 26 &S SR Y B 0K AT AC e BERIR )2 4R o B9 FETT N B A G
M5 RZEMEER o BAEFR TR ROBE s e A1 i S 3000 1 1 42 4k HOR R 2= iy A2 e rh iy
— 43 o DRI B A T 2R T N A 5 R Z ISR o BAHR AR AR A DG HEAS o

A AG R E X S EE @ YR MR B 2 MR B AE T S S O U B E R AE I SR RS ]
SER AR T, SR TR S R OIE R — 2, IR R E R e, ER B AR MV R i 4
Fili 22 b DX A AE 1 AN B 0T T AR AL S S R o AR IE A DG Y IX, UM OC R B KA AT 36 0.5, BkR %
ARFE DXBOE A DA AL I . W e S R Z MR o BIIE MG — G HE LU TR 3 ) B8 HEAT i
B 52 —BUWR 78R E IR AR OC 70 b AH DGR X AN A7 FE TR At 28 R o 240 K R BT i o X
— R ik,

FATHE AT Re A 2w 03 AL 6 X — R0 A4 . BRA X — 1 XA 7R B0 B TR Bl 2R 0 & L 1
L7 1) A 1 il S i B R o VY T e B Y 728 Ak 5 T T ) R 5 A O RIS S K A K I 1 5 R XA 5 IXC
RIZM R o WG, IR BRI, v 4 2 00 U5 o 5= Bl 2 09 L5 8 3R W A I K ik &

N T B — I FATTIHA T 1998—2017 E RS2 H L1 A A 2 ) AU P X 00 1 2R i IR
i | IR B RN R o SRR T N AL (B 8) . WFST AN RS IR AT A — L 7 T N Y AR
DX i 4 B R N, AT BB AR R 2 R o Bk, 2R, HN ZH B IEAMSC, % 2
RO 2 5 T3 o ik vk B 55 00 T R B A AR OGP O RIARE (3 TRV B 2R R R S R Z M R o
JoT i Y B i ROAH G R AT 42230 0.6, T Ui s 5  OR m B IR W) B K R AR LR B — R LB T EL I Rl 4R
VR A A5 R I, T 3 R AN AR O 1 R AR T X AV VR TR A L AT AR R 2 E R B A B2 K A B
TRARZHGER o R,

2.3.3 REGFaB5HEBRY

T T R R 43 v XU T N3 KNS R B M4 R o Z275 NARAR S AR G (1 9) ., BT b 1 48 TR A X Jk [] ]
4, AR T 95 20 BAR EER IR X B, RIS I3 K AR D Z= 25 N T AR th R 2 iH 4 R a M XTI
R . DR PR 2 KU B K )RR A R $E MR IR R R E R Y A S AR R

SR YA BV E LN T . BIEIGBR i AR T R A M R o R, SRIA 3 bflsh. 1) H &
1 1 B 2R A X370 B NI 4 3R a0 22 NS AR A DG PEBAAIR . X Fe 2= (N R AR B AR A, R I 3K — i IX.
RIZMGER o T NAIAEF 55 (B 2) X 15 5 X3 B A SRR A W35 . 2) & 2% B SR e v 0 767 [X
Wk FE R4 R o 2205 R ARAR G PR B AR T A5 IX . & X —ifg XK B2 IR A 0R A1, B X7 3K
A0 IEE RHEARCE SF IR B TR A 22 L, R R T GO R AR X SR o B
WAL EEE R . Ve R R AE R R e bl B EEAEH . D TE AR M i %I X, A 2
TR KN JZ MR R o =07 NS AL AR OR AR AR AR G T . 35 3 2 U ORI T o B Y A G A A
i s A5 RBEAR — 0, i — RS T PRI R JZ M S R o VR B 2R N AR A N IO & B R X
kR AN S S iU
2.3.4 REHEFa HEBRARE

HEA T I U T PGE B RJZ MR o TEFT N ERAS S IE AR OC (& 10D, #RGH S 1 TE T 0] Ry 9 VE I K
FETBCAEL . BRI Y 0 VI R A P A 388 S I 2R X B R JE R o I, X — R H k&
F a RN KN AR A OC R A — B0, Y XU ) 38 K, 25 S B0l 1 o AR i s g ok, 1P
24 XN 7 38 R, 2 2 0 VA T A R R N BE OR TR A B R, AT XA SR E M AR R o T NE R . X
— 5 WL R Bh i R AW ST I O PR AR 2 o AR AL R R S A R L A R AR



439 B AF L E R R SRR o T R ACARAT SO

0.20 ~
. 0.10 g
i 0.051 - ~ —~/ A 0
IE 01 7/\5 AW o2 A S0 £
1'%-0.05—\ / \ : / .
o] i 4 /t ] 02+
020 @199 1999 ()1999—20004F (¢)2000—200148 %
“128 1A 2H 38 128 18 2H 38 128 1A 2H 3H
~ 02 E
P e N 115
\\_0 %
_gég
1 (e)2002—2003 48 (£)2003—2004 4% ' %:D
“128 1A 2H 35 128 1A 2H 35 128 1A 2H 35

| my2005—2006 4
128 1A 2H 38 128 1A 28 38 128 1A 28 38

i ] s \
A T\ 78\
{ AN
gy 4 !

lao2008—20094

128 18 2H 38 128 1A 2H 38 128 18 28 3H
0.20
0.10 <
g " ~ 02 &
ﬁ 0.05-/1'\ 7 Y 4 F L0.1 éb
HE T N o o
}E 04 W \,// L0 ®
& _0.05 --0.1%
-0.10/ ] =024
020/ 201020114 (0)2012—20134 =
“128 1A 2H 38 128 1A 2H 38 128 1A 28 38
0.20 "
105 /o e N 7} 0.1 %0
2\ VA A\ o
oo N AN S
1 _0.05/ ~ - ] L—0.1 &
~0.10 A ] I 02 %
00 201320144 (@)2014—201548 (1)2015—201648 %
128 1A 2H 38 128 1A 2H 38 128 1A 28 38
¢ 0.20 ¢
£ 08 o
g 010 ~ 02 £ 06
B 0057 SN AN fol 5 [0
N O <70 02 &
‘I}g 0 \"\“\”‘“—"""{L W\'-O % 0 §
%005 01 [02 2
e G5 T
~0.10 r-02 1 _8'3 E
0.20] 201620174 | g -084
128 18 2R 3R

t
B8 &Zx12 A1 A2 )R 2R g 11 G b 751 P9 D30T 49 00 1 T sy 38 Ol Rt 400
RIZ MG o FUim Ik BE (0 M 200 AT Bl 42 T it 2 (L 60 il 400 Bifi i ) A2 4k
Fig.8 Intraseasonal variations of the regionally averaged sea surface height (blue lines), the chlorophyll a
concentration (green lines) . and the current along shelfs (red lines) in the winters

(during December to the following February)

Sl dedad
OCOOLO ok
oo

BHE FE/ (m - s

COoOO
OOOO kR :o
oo o

IBEFE/ (m + s

SO0
OOOO kR :
oo o

BHEFE/ (m - s

SO0
OOOLO ok
oo

BHEFE/ (m - s

COoOO
OOOO kR o:
oo

IBEFE/ (m + s

Ll o000
OOOLO ok
TSN

BE R/ (m - s



38 &

R

B

.

3

658

SUOSEIS {; UT SBOS ﬁheomﬁwum pue eog vury) yimog
QY] UT X1TJ 189y 90BJINS BIS 9] pue ¥ =%£QO‘~OEO Jo uorjerea
TRPUOSBIS—BIUT 91f] U9oM19(] TUITITJJO00 UOTIR[ILI00 9] JO UOTNJLTST(] Oﬁ.mﬂ A
YLOREE I N G b S TR I
ENGEN e hlv - Z2E XTI 011

SUOSBIS {; Ul SBIS HEQON.DUN pue Bag eulyy) YINnog a1 ur QT.D:&ME
puIm goepms BaS 9] pue —.—%&QOHOEO JO uoreLIRA TRUOSRasS—RI UL

QY| UgaMa(] JUSTDIJJo00 UOTR[2LION S} JO UonnqLusi(| m.wH Xl

LI ) i b Sl BT (1
T skl © S RE XT3 T o3

d .33l oSTT SHIT OTT 90T oSTT ST 01T Ke'0] S C Q< § o8TT HIT SOTT 90T oSTT Rat 01T 901
g0- . _ _ i =z 80- : s s : N4
L0~ L0~
90— 90~
[ g0-
70— 9 §0- o9
e0- €0~
. Z0-
z0- !
T0- oOHA 0- o0T
d 0
T0[ M.m
Z0 oFT o oFT
g0 €0
. 70
¥0 )
mO ow.m 90 oS8T
90 70
-l
g0} Y %
¥R | 3 °
d .22l oSTT JIT OTT 90T oSTT ST OTT 90T o STT SHIT 011 90T 81T Bt OTT 901
T b 2 06 < — a < s
9 9
0T 0T
oFT oFT

o8I

066

o81

0GG




439 B AF L E R R SRR o T R ACARAT SO 659

4zt B

A GlobColour T i BRI  FRATTIESE T Rt R IR 4R R o 07 NRMRAAAE B35 A0 =0 AR AR . AR
Vi AR U A7 A 46 i 555 (A R AT 4 7 R TR AR 95 50 58 DX 2 T L 0 32 2 U2 g ¥R 7

(PSR TEAE STV N St 2 G 47 e R S P SO IR T S o N RN B R 2
DX B SRR S L AR DG R B 0 T 5 . R 1 T I O S UM G R O N & R 1 R IH 2
— o BRI PO FR)Z MR JE I 28 R o BRI AT ARG R R X S ROBE IR e L b T O el
T Y8 5 o 25 Sl g VR ROR A — B, SR FE MR B T DR R IR A S AR o T N G TEAR
5, X R R R S R S EORIE SR o T AR RMERNRZ —, ZRSEFNR .0
TE 55 86 21 N IR 9 A 2R 3R o X AR AR AR SCPEAN R o FL pl 9 AR R 320 Ak Dy — 91 b JHL T TR #85 B R 28 3R a
TEZETT I B IR AN OG o T 48 U I 3R R4 A0 T B S BOX — LRI IR 2 — o HE— 25 5 10 i R0 07 7 3
(AR ST A L UE S 13X — 4 . BI04 2 g T A 08 I B 1) B O G i L T BE R o P T TR 2 SRR R
Bl ZRK B AR DX A 2000 DX 4 3R @ 08 L I 8] B P9 BT e . XU A AT O A 4 R S AL
ZEVE— B0 RIVEEPE Bl 7 U R R AR B ORI U V00 M Rl I R R L SO0 SRR M SRR o Y N AR B
TR

8 3 W5 73 A B ATTIA S A T TG R R T v 0V DX Vi R IR S R AR SF IR AT RE S AR R o
T NIRRT AR R SR AN BR TR I 1 2 A Il 2R A R I () o ) B Rl 29 UK g
is QLA RE X 2R 3R o = PN AR AR B AR R i A5 92 10 DX THT AR B RRE I DR /N5 A R @ X B B OE A
Ko HRTAER A W BERATE XS T R 1 X R R M 4R 3R o 715 A2 Al 19 2 1 WL 1) fr) i — 25 AR oA

2 % 3k (References) :

[1] GAO R, ZHOU F X. Monsoonal characteristics revealed by intraseasonal variability of sea surface temperature (SST) in the South China
Sea (SCS)[J]. Geophysical Research Letters, 2002, 29(8): 631-634.

[2] MAO J Y, CHAN J C. Intraseasonal variability of the South China Sea summer monsoon[]]. Journal of Climate, 2005, 18(7):
2388-2402.

[3] ZHUANG W, XIE SP, WANG D X, et al. Intraseasonal variability in sea surface height over the South China Sea[ J]. Journal of Geo-
physical Research: Oceans, 2010, 115(C4) . 1-14.

[4] TANG S, LIU F, CHEN C. Seasonal and intraseasonal variability of surface chlorophyll a concentration in the South China Sea[ J]. A-
quatic Ecosystem Health & Management, 2014, 17(3); 242-251.

[5] MCGILLICUDDY D J. ANDERSON L A, BATES N R, et al. Eddy/wind interactions stimulate extraordinary mid-ocean plankton
blooms[J]. Science, 2007, 316(5): 1021-1026.

[6] CHE B, XIONG T. Impact of South China Sea dispute on fishery and countermeasures[ ] ]. Research of Agricultural Modernization,
2009, 30(4) :414-418. Zxk . REVE. F g4 g of i [ m ¥ 3 ol Ay 52 i AN S L0, AR BUAUEBESE . 2009, 30(4): 414-418.

[7] LIZF, LU S J. Discusstion of current conditions of fishery industry in the South China Sea and cooperations with Association of South-
east Asian Nations[]J]. Marine and Fishery Industry, 2013, 236(12) :42-45. 24t . BEA. BV =W IOR X S K E R B E R S F
PUBI R LI ], WP 5l . 2013, 236(12) : 42-45.

[8] JISJ,ZHOU W F, CHENG T F, et al. On the forecast and analysis of fishing grounds in the open South China Sea[ J]. Fishery Informa-
tion & Strategy, 2015, 30(2); 98-105. 4HHEE, Mk, BH &, 4. 5 EING 37 WA 0 07 B A9 R 0D . ol (5 B 55 s, 2015,
30(2): 98-105.

[9] SHIX Y, LIH M, HAN X R, et al. Influence of typical mesoscale oceanographical process on the distribution of nutrients and dissolved
oxygen in the northern part of South China Sea in summer[J]. Acta Scientiae Circumstantiae, 2014, 34(3): 695-703. f1 B, 2=y Ik,
TR, SF. B TR AL AR R e B B xR R RO A S A AR AR B e )], BRI AL AR, 2014, 34(3): 695703,

[10] XIU P, CHAI F. Modeled biogeochemical responses to mesoscale eddies in the South China Seal ]J]. Journal of Geophysical Research:



660 ERE S S 38 4
Oceans, 2011, 116(C10) . 1-16.

[11] GUO M, CHAI F, XIU P, et al. Impacts of mesoscale eddies in the South China Sea on biogeochemical cycles[ J]. Ocean Dynamics,
2015, 65(8): 1335-1352.

[12] LINJ, CAOW X, WANG G F, et al. Satellite-observed variability of phytoplankton size classes associated with a cold eddy in the South
China Sea[J]. Marine Pollution Bulletin, 2014, 83(1): 190-197.

[13] CHEN G X, XIU P, CHAI F. Physical and biological controls on the summer chlorophyll bloom to the east of Vietnam[]]. Journal of
Oceanography, 2014, 70(3) . 323-328.

[14] HUANG B Q, HU J, XU H Z. et al. Phytoplankton community at warm eddies in the northern South China Sea in winter 2003/2004
[J]. Deep Sea Research Part 1I; Topical Studies in Oceanography, 2010, 57(10): 1792-1798.

[15] LIJM, QIY Q. JING ZY, et al. Enhancement of eddy-Ekman pumping inside anticyclonic eddies with wind-parallel extension: Satel-
lite observations and numerical studies in the South China Sea[ ]J]. Journal of Marine Systems, 2014, 132 (4). 150-161.

[16] LIUF F, TANG S L, CHEN C Q. Impact of nonlinear mesoscale eddy on phytoplankton distribution in the northern South China Sea
[J]. Journal of Marine Systems, 2013, 123(8); 33-40.

[17] HE QY. ZHAN H G, CAI S Q. et al. Eddy effects on surface chlorophyll in the northern South China Sea: mechanism investigation
and temporal variability analysis[J]. Deep Sea Research Part I;Oceanographic Research Papers, 2016, 112 (6): 25-36.

[18] LENG X Y, YANG Y, SUN J, et al. Mesoscale physical processes on the effects of distribution of nutrients and chlorophyll a in the
western South China Sea in summer[ ]J]. Haiyang Xuebao, 2016, 38(4): 66-75. ¥ W= A7 BH . #0455 55 75 g 76 VG 35 v R 8 Wy B4 5 A o
BIRER R LR R o SN ATRRAE A SE IR LT ] 5 P74, 2016, 38(4): 66-75.

[19] YANG D. YE H . WANG G. Impacts of internal waves on chlorophyll a distribution in the northern portion of the South China Seal J].
Chinese Journal of Oceanology and Limnology, 2010, 28(5): 1095-1101.

[20] LOISEL H. VANTREPOTTE V, OUILLON S, et al. Assessment and analysis of the chlorophyll-a concentration variability over the
Vietnamese coastal waters from the MERIS ocean color sensor (2002—2012)[]J]. Remote Sensing of Environment, 2017, 190(3):
217-232.

[21] HEQY., ZHAN H G, CAI S Q. et al. A new assessment of mesoscale eddies in the South China Sea: surface features, three-Dimen-
sional structures, and thermohaline transports[ J]. Journal of Geophysical Research: Oceans, 2018, 123(7): 4906-4929.

[22] YU L, XIONG X J, GUO Y L, et al. Analysis of the path and axis features of the Kuroshio at the depth of 15 m based on drifting buoy
data[J]. Advances in Marine Science, 2014, 32(3): 316-323. FJb. RES 7, SRAL R . %5, AR HE 0077 bR 7R 2238 15 m J2 3 i A i
FRAERI AT L) ). RS2 e, 2014, 32(3): 316-323.

[23] MARITORENA S, D'ANDON O H F, MANGIN A, et al. Merged satellite ocean color data products using a bio-optical model: charac-
teristics. benefits and issues[J]. Remote Sensing of Environment, 2010, 114(8): 1791-1804.

[24] REYNOLDS R W, SMITH T M, LIU C, et al. Daily high-resolution-blended analyses for sea surface temperature[ J]. Journal of Cli-
mate, 2007, 20(11): 5473-5496.

[25] Copernicus Marine Environment Monitoring Service. SSALTO/DUACS MSLA and (M) ADT near-real time and delayed time products
[DB/OL]. [2020-03-127. https: / www.aviso.alltimetry.fr/. Brussels, Belgium.

[26] KALNARY E, KANAMITSU M, KISTLER R. et al. The NCEP/NCAR 40-year reanalysis project[ J]. Bulletin of the American Mete-
orological Society, 1996, 77(3): 437-471.

[27] HOLTE]J, TALLEY L D, GILSON J, et al. An Argo mixed layer climatology and database[ J]. Geophysical Research Letter, 2017, 44
(5): 5618-5626.

[28] National Oceanic and Atmospheric Administration. World Ocean Altas 2013 DB/OL7. [2020-03-127. https: // www.nodc. noaa. gov/
OC5/woal3/.

[29]7 WANG] Y. FANG G H, WANG Y G. Trends and interannual variability of the South China Sea surface winds, surface height and sur-

face temperature in the recent decade[ J]. Advances in Marine Science, 2017, 35(2): 159-175. FAF%2, Jy Fl ik, F kW, B %06 18 X3 .
15 J3E 3 R J3E 37 30T 4R 0 8 AL A R AR BR AR U REAE LT ). W VE R SRR R, 2017, 35(2) ¢ 159-175.



439 B AF L E R R SRR o T R ACARAT SO 661

Features and Driving Mechanisms of the Intra-seasonal
Variation of Sea Surface Chlorophyll a in the South China Sea

LIAN Zhan'?, WANG Xin-yi'?, WEI Ze-xun'"?
(1. First Institute of Oceanography . MNR, Qingdao 266061, China;
2. Laboratory for Regional Oceanography and Numerical Modeling , Pilot National Laboratory for
Marine Science and Technology (Qingdao), Qingdao 266237, China)

Abstract: The study of intra-seasonal variation of sea surface chlorophyll a in the South China Sea (SCS) is
helpful to promote the understanding of regional oceanic characteristics and the forecasting of fish activity
information. Based on satellite data, this study analyzes the intra-seasonal variation in different seasons in
the SCS. and finds that the magnitude of intra-seasonal variation of sea surface chlorophyll a is the highest
in winter. In winter and spring, the regions with strong intra-seasonal variation are located to the north-
west of the Luzon Island. In summer and fall, the regions with strong variation are shifted to the vicinity of
the Philippine Islands. Correlation analysis shows that there is a tight relation between the intra-seasonal
variation of sea surface temperature and the sea surface chlorophyll a . which is negative, and more signifi-
cant in winter than in summer. In most regions, the correlation between the intra-seasonal variation of sea
surface height and the sea surface chlorophyll a is not significant, but in the south-eastern rim of the SCS
basin the correlation is positive. The above-mentioned features are likely caused by the anticlockwise basin
scale circulation in winter. Analysis also shows that, except for the south-eastern rim of the SCS, the area
to the south-east of the Hainan Island, and that to the west of the Luzon Island, magnitude of wind stress
and sea surface heat flux are positively correlated with the sea surface chlorophyll a intra-seasonal time
scale. Our study indicates that non-local factors and ocean dynamical adjustments might play an important
role in the intra-seasonal variation of sea surface chlorophyll a in the region to the west of Luzon Island and
in the south-eastern rim of the SCS basin.
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