R &5
EVIEWS

SEREATIFHERE T RHR

£g$1,2,3,4, :ﬁj)—‘—ﬁzl,Z,3,4, ;J: jF1,2,3,4,5

(1. PEBEGGEM T, IR F 266071; 2. hEBAR WHERRSEHELLRE, IR 55
266071; 3. W EBLABEHEEERBR AL, INR FH 2660715 4. 35 B e S HOR T E LR =
WP I AR AR RE SIS, IR T & 266003; 5. FERR2BE RS, JEET 100049)

HE: 6BRABTIHRIEGKERMARIAEFERK, L6 Fo L TAREKIzash, sFRE

EHER. RERATATEN A, MAHANEERALERBRITAT KREMR, LR, BEFuE
BANBHH B EZHARR, Mt & BRAT#H, 06 FEo R Am#e TAIREN. 6§51
FE)EN IR A BT H BT RIIDERKAFRELFALAARENAAEFRSFEAETEY
), Ak, FREZBEAOGESIRBRENOAREA TZOHEARALSFENL. BEISHRENR.
BB AF KA AR, KRN F LN, E§EBAOESZIAEETRERRAREN T, Kb
BAEED, MEQLREAFET, (25 L F misfife TAMH h RAE R, §RBT#—FEHEFH
7T A B .

KRR B BIA, NZIKAR, TALALE
RESZES: P722.6 ERARINAD: A

DOI: 10.11759/hykx20181019002

V5 B8 U 2 rh ) b e TR T 1 WV R U
W, EAFEWRKIEY, A miRmEREatY A
T IR U B R SR AR AN K R R BT B B KT
FURHEE, & 0 4 iz 0 A2 A ot 8 I 3T Vi 1) 7K S L A
Flie 7 r B A A 5 EERERDE Wik, &38R
TR 32 [ AR R N S, AT AT ILARAES Y ok
JRIO S A0 2RI R F AR R T R R A
gt T T BRI ) RS BT S TR TR A L
X3k, 124 M1k, 8B A R AT 3 R R A
FERED, W HARCRFE DRSS TGN, X HAR AL
v AN B

B Ry &S s MK B SR, mih. &
EIREL AR RRIE, RS AR AT 1Y AR X
DA B A8 3T Vi 3sf 1 AR 25 R B AF A B U B
AR g R R O TR R, H KR A7
AR RJZ KA E— AR B AR B KRS . B
JEJZKER 10~18° CHPEERT K, A A F M4 7 K
HRk&, BERIZKE 18~25 CHLmtal K, WA
FlFoRAFEREFKEER K, HIL, {58 IRARE
B AR AR 2 K i i 52 e, AT fE 43 kA8 7K
KR LR E RN S, BIER IR MINE K 2A
TR RRAE, AR 07 B 3 [l 23 52 e b (14 7K

X E %S 1000-3096(2020)05-0141-08

25 R Rk, 6V B8 I 1A 5 43 S AT g R R K
T T AMIR SR X A A VTR IR 2R o A 7 03 o B
B, RV X, 5V B8 U s i R R
S PR VT AR S B R AL B s — N Y. Dai
GRUBR TR W, A TR S 0 R R R i AR
MR R R, 5 7 R I A R AR Y A
b2 % 3% T Vg i AR AR K A B . FRAT
Sy AT IR AR SR . B A I TR 2D ke R
BB R 2 T O, AT Rk E] 32.5°N LA,
FOAT B MBS AR A Ak, Ik, BRSBTS R
AN AR AR Ak, VT T R AT I 3l A A ok
F14) LI FNATL R A 5 HL AT EE R S

Wk H - 2018-10-19; &[] H 1 2018-11-19

AT H: EHK A REF 4 (41706012); hE B A B G5 L I
(XDA11020301); %K FRFI =42 5141 R A A RBURFER S % 1)
TEFRREF ST 0T H PRI 5 A% (U 1406401)

[Foundation: National Natural Science Foundation of China, No. 41706012;
Strategic Priority Research Program of the Chinese Academy of Sciences,
No. XDA11020301; NSFC- Shandong Joint Fund for Marine Science
Research Centers, No. U1406401]

EZ R EHFA984-), B, iWFmMA, BIEUIR G, Ht,
BN B AT ST, IS 0532-82898537, E-mail: jfwang2013@
qdioaccen; T 3E, IEMEH, Hil: 0532-82898187, E-mail: yuf@qdio.
ac.cn

Marine Sciences / Vol. 44, No. 5 /2020 141



R gk @
EVIEWS

ARG KRB T AR 2= KX, 72 52 1] 5 21
AR R, 7 5 252 B 4 P Pl 22 KU
2 XL B A B 8 5 40 25 7 A A 0 2R b T B O K
SCRFAE =15 AR A A 7 A E B o R AR T R B 2R A
TEJLSCH BRI AR AL SR 0 SHIBRR L B VS R
V) T ¥ AR BT B AR (P 1) RIS BR VLR IR T 5
PEARACRN &5 e e, 25 ol 0 o M B AR B 2, O
U KRS, A TR W] G 1 0 A A 17 17 53 32
REfE AR BRI AN, & 0 2 5 SN K
iy 2R T R 2R B — DB B AR .

34°N

33°

32°

31°

30°

29°
28°
27°
26°

250 4%
Vo4

119° 120° 121° 122° 123° 124° 125°

B 2R v el ot 3 s R
Schematic map of the major aspects of the shelf
current system in the East China Sea in winter

126° 127°E

Fig. 1

1650 1 & TS R 36 102 LA R R R AR,
bR TR ) Wiv i A, Su Al Pan®Y
BB AIEN R 28°N ML /rlFi 2, Hbh—3 k&
RTINS, BUTE 50 m SRR St MW i
AL s BA I 1 AMK R 4 -5 1 A db; 5 4h—
SONBVEBET RS, B S R B e SR S I
BHEFR SN, I AR . Zhu 55583 ADCP &2 4
L4 H 5 V5 2 378 T DA B K TR e 23 BA RV 1 Ak
X — LI 45 SRR 2 Vi P BB BB g st 19 29261
BUAE T 5 V5 BB I 1 W9 =4 vh B TS R ik U
FRAE . AR AR L], T SO TFRIEANS A

1 EFBRAERFENFHR

B VSRR AR IR — B DOk B — P, &
A WFTINN B IR KR A T & Sk i a
B ARACR T4 S 25 i T AR R R AR AL T AR
B, HEMEERMAMR, &5 A
WA AE AR R A A 20 Fi A RS — 0L R
EEZ, SRR, HENTERGET
KRB AFTER WL F2EH IR, EEE, A
TBRE K B AT AN, 15 RIRE S X
TCEHGE A R EED 223 HRA IR, fER
F, GUERIC R o I BIR R ZE K AR R
HRIFREALZNS 3 G e EUC T e E
B RIEA T, BEERMFESZFERFET A
VI, I B R4y AR ZE R BRI T A Mk, i
FEABHRIET IS RIEM 5 3,

H5RFEEBRANIEIMR, M TFELERIER
T FEAE S B G AFAE I o 322 T 1 LI A 400 45
FN R & 18 W AR L I ARLEAEMRDT0, Qiu 450
HET 1953—1984 AR MABAULE R, 2wk AR E
WERIZN Y, RO R SIS BRI AE A S
e AR ENA P EI; LA, Naimie 5P SRR 4
SERIK SRR RIS, RIZEA KRB ERRIAEL
F AR EITIE 552 . Kondo! Sy T < i [ g
KBRIRFE, NN EEBRRIELATRAENEZAR
FIRMGHEA, RN 50 m SHREMNEEARD LK
AL, R BIEBRAE S, BB ARILEEI ZA
2207 b D S R B VS B Y — 4. Hofth— s
IR B VSR AE A RATAE YD & 2332343790
MRIE LSS R Z TN & TS R T AE & TR ATAENY,
EEAE 270N BRI %2 A 00 AT — S b BT R 65 15 B 3
MRS, AN M AR B R85 . Chern 2104
i EAT ADCP. Liang 2542 4% % ADCP. Zhu
SRR FH ADCP JF RN, 43 5317 45 725 B 35T R i) 457
Wi DL KA T T AN BGAIE T 6 7 R i AE A& B SR A AE
(o A HALET T IA N & T B8 It 76 4 2230 KU ST
25 I JR R — A i (43441

ZE bR, Guan SV 5 08 O A9 17 S0 AF 5T it
TR ARG, I GBI BRI W AR A e . B2
315 B U 325 thy 15 A e K R 43 ¥ 2R LG B S K BT
HFEA ™), X FEERREZORA TEERILE
‘E‘ﬁﬁ‘}'i[g’ 11,43]O

142 MEEERLF /2020 4F /55 44 4% /55 5 )



R gk @
EVIEWS

2 BRI f R B WA R

BB ISR R E A R R O R B H R &
MR e, BRI, AR Z 228 G IE R IR
TEERFRAE AP S0 BB PR 9 o 1l 003 R AT R,
TEB S TN BB 5T 5 L TR AR VORI AH S 7K
P43 BT 7 i WA G R BR 1), RIS k(e 14 4748
FLAER BE N 8 78 78 2 45 ik,

Fy 2 A% S O o TR - A M AR B T I O
A R RZKFNRIZ K, HhRZKMEE R 23~
29°C, $hEER 33.3~34.2, TMIRIZKMGIEE N 17~23°C,
BN 34.2~34.7, Su R BRI &
TS I AL U 2 7K %) T B R B A T R, TR R A (E
Hho19°C, EEREME A 34.4, FhE B FEAELTE
34.1~34.7; SRR LJZ /K B9 1R A B A =
2 S 23~29°C F133.3~34.2, TEAZEREFEAR, £h
JEEWE A 3K o 2 A TR PR R 28 1 vk A5
B IEBERK . BRI Z KRR R 2K B R R
HEAE 390k 27.1°CH1 33.82, 28.9°CHI 33.89, 15.8C
1 34.45 Qi SR FH B2 3 HT 7 15 2 v D A ) 7K
AT AT, 25 T AR 200 ) BRI SR (8

AN TR 3T O v R B0 B T R AR VB L A
WA P 2R E NN TEE RGBT L EK
ATLLENGA 31°N, SIS BEKZ K AT LLEE 32°N, i
Su AECHR I G FEKIER LIS 329N,
EUERE IR Z K AT LAEIGA 28°N, fE42F4E, TR
GomAl, BB LR KRR Z K A ]
PLIKE] 289N LAERBE N HE R AR i, (s ME LG
T I LA R SR A IR 2 BRAE K R 15 m LATR, I
%35 32°N. Zhou ZFMVi b LI AN AL (R AR 0L IE 52,
2016 455 K G5 W i Fr i 1 e Eh K il LARIGE 32°N,
B 7 IR ER I AT, A A LT TR ),
B AL SRR ST . Yuan 25 PO A 1 oA v
3 TH IR B RIOK A B, DO RIS IR TEA A
RENFILI R Yang 200 Pl BUESHI IR E R
TS AR B 4 S AR B [ WiV A TSR (A 1,
R E 7 3).

3 & BRRENZHLE R

N T RZGNR G B R R AR, =& 01T
J& T WA AL A 210 e v

AR BLEIBEZE . o, RAE S 15 AR AL 1) 2 AR
B E AR FT #0225 Vi T 4 ik DA AT (7
SHER AR N A SRR F 2R K, Hsueh 2527
H—AW R 290 E BRI T — SRR s
Wi i i 3 I TR, A Sk SR ER TR D IR B B A A
R NRBIRMEREEE, XA PSR AF g e T 283
WHar AR 2R BG4 TE B 6 T8 R U, (H R AR M B
fa] 2298 B 5 75 R 3 B 30T o LA BB I 43 32 o Guo 2517
38 3o B E AR SE T )P BRI (JEBAR Ji)7E 5
TS I s P A R PR B MR e, B
REMERRL, Yang UK TE G AR A0 B 22 1
S LR MR, 51 & BT AR AR -
i F 2R U R Bl 2R b F Z KUK, Ry R BT R o 5
¢ G IS I AR B ZALE], Chaol®7i it BEAR I 1
BB T R B AR AR, 21 2= XGE
Ekman 3% 5% ) 2380 07 7R g Bl 22 1) 2245 M AR T B
BIEIER . Yuan 0NN & V8 B AL 1 5 S S
Jit 4 3 R A 2R NUNE B R B0 R I v A A T R
. UEgh, WulPHH e — TR A T B A TS 1R
Tl AR AR EE ML . Huang 45053 T4k
Z ADCP WIMNBFFE T 27.5°N LARS 5 V5 0% i 19 2= 15 A8
b, ZEWAMEA DL K RAREAR A, A 615 1 i
()78 Ak 2 232 N3Gy, T 3 T g BRI 3R TR vy 25 5
i . Wang 2SS BT 17 b A0 TE I 45 725 I8 37 1)
Oy S Z A LR F] 300N FIT A9 IX, A AR L
Vg 3% 101 1y 25 5 SO0 M e 5 0 2 5 S 5 T IR T R
AR EZHLE] . Zhou %515 o H50 (AU X0 I AFF
FEIN R B T W2 T () AR [ 52 2] & T I i 1 PN 62
HEW S SSRGS I
B ARE, BHERON . K . Wk 22 AR
TS Ve 3 R R 15 S A b A 0 S I RS ) 5 VS R
AR BN AR AR FEE R E

4 BER—SFRHREFE

g5 TR, /AN 5 S W U A RAAE R TR LA A
RALEI AT TIWRA RS, KR ECEZRETH
TEWE L W, T 5V BRI U RD 65 T B I I R Ay
S ATET R A AR AR D AR R — A R 4R

V8 B2 AT LAAR BT 11 AN Il Hoke PR AN
NAZHLEIFF R TR g 20 4 %00 Zha %2210 5
ADCP SR 5 78 B8 i AE 4 20T LUK 2 AR 2]
KA F14b BifiJe Zhou 25115 b XL 4R (B A 81 2% PR

Marine Sciences / Vol. 44, No. 5 /2020 143



R gk @
EVIEWS

2006 4FH Z= G DAL 1 m 2K AT AR BT
F Ak, JF 42 0 Ix 32 2002 i T 85 Rl e DL MG i 65 18 v
U2 P T R A 4 AF S T B0 . Lian 26U 00
DR B K A 3 B r s 3R T RIL A A AR B &
T R TR, N SIS M R X FEkA T
PR 2K . Wang ZEPOIR FHELR PR AR S UE I &
TR K /DA LIRS 30°N BT T UL s
AR R AR 22 AR R, A TR E
BV BRI ) 43 3] DLAR BT iR 8, (32
T 6 T I AL I S ) S T DL B g AR 18 728 AR R AR
AR LA B = R GERTIAIR
FATE 1L/ HT 2009—2015 4F 55 4 5 2 R &
B T2 T IS 2 AR BT DA b X I A 7R 2=
AR K SE AL, 2014 4E7E 6 V5 BRI 1A 143
AR LA R TR (A 2)FE S Z I E] T ALY &
TBREILSY . 2014 4F 2% ADCP MINZ5 R BoR(E 3),
JRZBEERACm oy £, I HFAERIRNEN
W, XM Q2014 47 A 10—13 H, 2014 4F 8
A 7—10 H)RZ W mm . Hr DH3(E 3c,
122°50.684'E, 28°54.826'N)LAJL i A 32, M 8 A4
FM S, XATRE R T HEERA RIS, Wh
e 8 HZJa BB IRNLIn &0 3Kt A& 2 T8
B 5 W AR SN, B0k O B 25 5 T R U ) R 41

32°F

31°

30° F

29° &

28°

121° 122° 123° 124°E

B2 BRI R SORTRCRAL: m) A bRl (oA
Fig. 2 Topography near the inshore branch of the Taiwan
Warm Current

e BA=MI: Wkrui DH1, DH2, DH3

160 180 200 220 240 260
KAE/d
Bl 3 2014 AR5 R BRI )Z AU K B )22 4k
Fig. 3 Time series of bottom residual current and salinity in
2014

VE:a: DHI ¥4; b: DH2 uh; c: DH3 #h; fisk: JKERARE

S, A OB F i AL A ES . DH2(JE 3b,
122°56.882'E, 31°01.450'N) AL )i R &, {H /2R W)
Ui PR AR S, SX AT RER K D DH2 b T A o
AR 5 VB W AL ) 5 0 SE RO X, IR & 2% 31
i 2520 . DHI(FE 3a, 122°56.149'E, 31°59.803'N)
AR R AL RS, (A2 DH4 SR, HiR
LG ik 3, X AT RESE B DHI S T 65 V5 1
L )3 ST L T AR R, X v A
Wi LR E AR B S, X n] RS 32 3
3V R UL 1) 2 43 S U A AR Bl R

AT 53T 2009—2015 4F 1B | AR v K TH I A
GORE, AR KB E TS W U 0] 7 43 SCAE AN [F] 2=y
AR B AR R B B AN TR), F Ol A A 2 4
S(E 4), GIEBERIN RS SCAEEW NRE: 1. 55
W Ui [] 2 20 SCAFAE AR TRDE RS, 43 SR 2 1) 0 (el g )
A&, TERILHAAMK R A m L, ikl 4a. &
4b. & Ad)FIEERE ] B (R 1] AL AN EE ) Ad, anfEl
4ec); 2. BB BRI AR 4 B IR VT AN K R W45 1)
P EWAFFEZE S, J3 o b B R (R 5 AR e 75 vy )
TRV AR 0 25 0 B T S DR A AR ); 3L 5 VS R U 1) e 4
AT BEAETEAE AL, AT 31.5°N(& 4b. K 4d)—
32.5°N(l 4a. [ 4c). 1AM 2 HTA SR
(A B RS TSR, AR T & S IR
T J5 43 S Sl ORI R B G AR R, BRI, P X s AR 4L
FRIE S Z TEAIBFSY o A DRI 2L (R R, 78 AR AT
o RO B o F2, 25 B E B TR A T O 5 T R
Tt (4 I RN 3 AR AR AR B2 AR AR AL o

144 WEEERLY /2020 4F /45 44 35 145 5 1



H:
2k

i
R EVIEWS

33°N f

32°F

31°

30° F

124°

125°E

320 F

31°F

30° F

29°
121° 122° 123° 124°

Kl 4

125°E

33°N

32° F

31° F

30° F

32°

31° F

30° F

29°

121°

A

122°

123° 124° 125°E

B WL ] 7 7 SCA AR IR IZ R A i =45 A Al

Fig. 4 The seasonal variation of intrusion path of TWCIB
a: 2009 4F 5 J1; b: 2015 4F 8 J1; ¢: 2011 4F 10 J15d: 2015 4F 12 J35 @ = DA, @04 BB R S0, RE

PR R ARk AR R

S ik

(1]

(2]

(3]

(4]

BERYE, R K v T A I U AR T A I TR 4
BV MR N R]. Ut ERB R
U PELR A A TN 2, 1964

Guan Bingxian, Chen Shangji. The current systems in
the near-sea area of China Seas[R]. Technical Report,
Beijing: Institute of Oceanology, 1964.

ERYE. PEARMIEEAFYXERM]. F5: F
I P R 2 Y A, 2002

Guan Bingxian. Winter Counter-wind Current off the
Southeastern China Coast[M]. Qingdao: China Ocean
University Press, 2002.

Fang G, Zhao B, Zhu Y. Water volume transport through
the Taiwan Strait and the continental shelf of the East
China Sea measured with current meters[J]. Elsevier
oceanography series, 1991, 54: 345-358.

Guan B, Fang G. Winter counter-wind currents off the
southeastern China coast: A review[J]. Journal of
oceanography, 2006, 62(1): 1-24.

Marine Sciences / Vol. 44, No. 5/ 2020

(5]

(6]

(7]

(8]

(9]

Chen C. Chemical and physical fronts in the Bohai,
Yellow and East China seas[J]. Journal of Marine Sys-
tems, 2009, 78(3): 394-410.

Su Y, Weng X. Water masses in China seas, in Oceano-
logy of China Seas[M]. Netherlands: Kluwer Academic,
1994: 3-16.

Fpfe, AL KT HEBREKMIFR. hEE
PER 224 FARFRE IR, 1989, 19(1): 159-168.

Weng Xuechuan, Wang Congmin. A study on Taiwan
Warm Current water[J]. Journal of Ocean University of
Qingdao, 1989, 19(1): 159-168.

Liu K, Tang T, Gong G, et al. Cross-shelf and along-
shelf nutrient fluxes derived from flow fields and che-
mical hydrography observed in the southern East China
Sea off northern Taiwan[J]. Continental Shelf Research,
2000, 20: 493-523.

Ichikawa H, Beardsley R. The current system in the
Yellow and East China Seas[J]. Journal of oceanogra-
phy, 2002, 58(1): 77-92.

[10] Yang D, Yin B, Liu Z, et al. Numerical study of the

145



[12]

[13]

[16]

[17]

146

HRLZIR
R EVIEWS

ocean circulation on the East China Sea shelf and a
Kuroshio bottom branch northeast of Taiwan in sum-
mer[J]. Journal of Geophysical Research: Oceans (1978—
2012), 2011, 116: C05015.

Lian E, Yang S, Wu H, et al. Kuroshio subsurface water
feeds the wintertime Taiwan Warm Current on the inner
East China Sea shelf[J]. Journal of Geophysical Research:
Oceans, 2016, 121(7): 4790-4803.

Kondo M. Oceanographic investigations of fishing
grounds in the East China Sea and the Yellow Sea, 1:
Characteristics of the mean temperature and salinity
distributions measured at 50m and near the bottom[J].
Bulletin of the Seikai Regional Fisheries Research
Laboratory, 1985, 62: 19-55.

Yang D, Yin B, Liu Z, et al. Numerical study on the
pattern and origins of Kuroshio branches in the bottom
water of southern East China Sea in summer[J]. Journal
of Geophysical Research: Oceans (1978-2012), 2012,
117: C02014.

Qi J, Yin B, Zhang Q, et al. Analysis of seasonal variation
of water masses in East China Sea[J], Chinese Journal
of Oceanology and Limnology, 2014, 32: 958-971.

Qi J, Yin B, Zhang Q, et al. Seasonal variation of the
Taiwan Warm Current Water and its underlying mecha-
nism[J]. Chinese Journal of Oceanology and Limnology,
2017, 35(5): 1045-1060.

B EAE, XAESE. B AR AL R R 3R )2 K AR AR i bl
BT AL HAERD]. PR, 2015, 39(7): 118-
123.

Zhao Ruixiang, Liu Zhiliang. The seasonal variability
of the Kuroshio surface water intrusion onto the East
China Sea continental shelf derived from Argos drifter
data[J]. Marine Science, 2015, 39(7): 118-123.

A, XE5E. B ARICER R R)Z K AR
AL FRAL[I]. SR, 2014, 36(1): 20-27.

Zhao Ruixiang, Liu Zhiliang. The seasonal variation of
the Kuroshio subsurface intrusion northeast of TaiWan[J].
Acta Oceanologica Sinica(in Chinese), 2014, 36(1): 20-
27.

Qiao F, Yang Y, Li X, et al. Coastal upwelling in the
East China Sea in winter[J]. Journal of Geophysical
Research Atmospheres, 2006, 111(C11): 2209-2223.
Wei H, He Y, Li Q, et al. Summer hypoxia adjacent to
the Changjiang Estuary[J]. Journal of Marine Systems,
2007, 67(3): 292-303.

W TR . R T Bl 28 R AR B 2 28 ) o 8 ASE DL F
FED]. dtmt: b E R B 5T A B (8 VE BF ST ),
2011.

Yang Dezhou. Numerical study on the Kuroshio intru-
sion on the East China Sea shelf and its influence on

the biological process [D]. Beijing: Graduate University

[21]

[22]

[27]

[28]

[31]

[32]

Cir

of Chinese Academy of Sciences (Institute of Oceano-
logy, Chinese Academy of Sciences), 2011.

Dai X, Lu D, Guan W, et al. The Correlation between
Prorocentrum donghaiense Blooms and the Taiwan
Warm Current in the East China Sea - Evidence for the
“Pelagic Seed Bank” Hypothesis[J]. Plos One, 2013,
8(5): e64188.

BE, R, KDy, WK VR AR AL
MFHSR T[], HEES T, 2016, 47(3): 564-571.
Zhao Liang, Li Xia, Zhang Fang. On Relationship be-
tween inter-annual variation in water temperature re-
gime and Nemopilema Nomurai abundance in the Yel-
low Sea[J]. Oceanologia et Limnologia Sinica, 2016,
47(3): 564-571.

Zhu J, Chen C, Ding P, et al. Does the Taiwan warm
current exist in winter?[J]. Geophysical Research Let-
ters, 2004, 31: L12302.

Su J, Pan Y. On the shelf circulation north of Taiwan[J].
Acta Oceanologica Sinica, 1987, 6(Supplement 1): 1-
20.

Liang X, Su J. A two-layer model for the summer cir-
culation in the East China Sea[J]. Acta Oceanologica
Sinica, 1994, 13(3): 325-344.

Zhu J, Qi D, Xiao C. Simulated circulations off the
Changjiang (Yangtze) River mouth in spring and au-
tumn[J]. Chinese Journal of Oceanology and Limnology,
2004, 22(3): 286-291.

Guan, B. Major Features of the Shallow Water Hydro-
graphy in the East China Sea and Huanghai Sea[J].
Advances in Marine Science, 1984, 39(4): 1-13.

Uda M. The results of simultaneous oceanographical
investigations in the Japan Sea and its adjacent waters
in May and June 1932[J]. Imp Fish Exp Sta, 1934, 5:
57-190 (in Japanese).

EDAL, AR, THEH%. NH T-S &R & & T
T K B9 B AL 0]. T S EIE, 1964, 6(1):
1-22.

Mao Hanli, Ren Yunwu, Wan Guoming. A Preliminary
Investigation on the application of using T-S Diagrams
for a quantitative analysis of the water mass in the
shallow water area[J]. Oceanologia et Limnologia Sinica,
1964, 6(1): 1-22.

Hur H, Jacobs G, Teague W. Monthly Variations of Water
Masses in the Yellow and East China Seas[J]. Journal
of Oceanography, 1999, 55(2): 171-184.

Li G, Han X, Yue S, et al. Monthly variations of water
masses in the East China Seas[J]. Continental Shelf
Research, 2006, 26(16): 1954-1970.

Guan B, Mao H. A note on circulation of the East China
Sea[J]. Chinese Journal of Oceanology and Limnology,
1982, 1(1): 5-16.

TEPERLF 12020 4F / 4F 44 45 1 45 5 3]



[33]

[36]

[37]

[39]

[40]

[41]

[45]

HRLZIR
R EVIEWS

Guo X, Hukuda H, Miyazawa Y, et al. A triply nested
ocean model for simulating the Kuroshio-Roles of
horizontal resolution on JEBAR[J]. Journal of Physical
Oceanography, 2003, 33(1): 146-169.

Beardsley R, Limeburner R, Yu H, et al. Discharge of
the Changjiang (Yangtze River) into the East China sea[J].
Continental Shelf Research, 1985, 4(1): 57-76.

Qiu B, Imasato N. A numerical study on the formation
of the Kuroshio Counter Current and the Kuroshio
Branch Current in the East China Sea[J]. Continental
Shelf Research, 1990, 10(2): 165-184.

Naimie C, Blain C, Lynch D. Seasonal mean circulation
in the Yellow Sea—a model-generated climatology[J].
Continental Shelf Research, 2001, 21: 667-695.

Chen C, Beardsley R, Limeburner R, et al. Comparison
of winter and summer hydrographic observations in the
Yellow and East China Seas and adjacent Kuroshio
during 1986[J]. Continental Shelf Research, 1994, 14(7):
909-929.

MREE, AL, SR B RMER . BJRSSINR
SIHT[I]. R, 2002, 24(2): 9-19.

Lin Kui, Tang Yuxiang, Guo Binghuo. An analysis on
observational surface and upper layer current in the
Huanghai Sea and the East China Sea[J]. Acta Oceano-
logica Sinica (in Chinese), 2002, 24(2): 9-19.

Zhu J, Hu D, Xiao C. Observed residual currents off the
Changjiang (Yangtze) River mouth in wintertime of
1959 and 1982[J]. Chinese Journal of Oceanology and
Limnology, 2004, 22(3): 244-249.

Chern C, Wang J. On the Kuroshio branch current north
of Taiwan[J]. Acta Oceanogr Taiwan, 1990, 25: 55-64.
Chern C, Wang J. On the water masses at northern off-
shore area of Taiwan[J]. Acta Oceanogr Taiwan, 1989,
22: 14-32.

Liang W, Tang T, Yang Y, et al. Upper-ocean currents
around Taiwan[J]. Deep Sea Research Part II: Topical
Studies in Oceanography, 2003, 50(6): 1085-1105.
Isobe A. Recent advances in ocean-circulation research
on the Yellow Sea and East China Sea shelves[J]. Journal
of oceanography, 2008, 64(4): 569-584.

HUT, T SEBRKFKITHIRKAE 32N Wik
APN Wi b B o A S AR AR, R R e A T,
2010, 50: 11-22.

Bai H, Wang F. Distributions and variations of the
Taiwan Warm Current water and Changjiang diluted
water along 32 N and PN sections[J]. Studia Marina
Sinica, 2010, 50: 11-22.

Guan B. Patterns and structures of the currents in
Bohai, Huanghai and East China Seas, in Oceanology
of China Seas[M]. Netherlands: Kluwer Academic,
1994, 17: 26.

Marine Sciences / Vol. 44, No. 5/ 2020

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[54]

[56]

[57]

Cir

S, ENEL S BREUK BTN, R,
1985, 9(1): 7-10.

Weng Xuechuan, Wang Congmin. A Study on Taiwan
Warm Current Water.[J]. Marine Sciences, 1985, 9(1):
7-10.

WL, ®ApT, WK, 55 BRI K HE SRR
Lt a5 gy R I], KA, 2001, 25(3): 209-
214.

Yang Hong, Zhang Shouyu, Dai Xiaojie, et al. Charac-
ters of water masses and it influence on mackerel scad
fishery in the East China Sea in the summer[J]. Journal
of Fisheries of China, 2001, 25(3): 209-214.

Zhang J, Liu S, Ren J, et al. Nutrient gradients from the
eutrophic Changjiang (Yangtze River) Estuary to the
oligotrophic Kuroshio waters and re-evaluation of bud-
gets for the East China Sea Shelf[J]. Progress in Ocea-
nography, 2007, 74(4): 449-478.

Zhou F, Xue H, Huang D, et al. Cross-shelf exchange in
the shelf of the East China Sea[J]. Journal of Geophysical
Research Oceans, 2015, 120(3): 1545-1572.

Yuan D, Zhu J, Li C. Cross-shelf circulation in the
Yellow and East China Seas indicated by MODIS satel-
lite observations[J]. Journal of Marine Systems, 2008,
70(1): 134-149.

Yuan D, Hsueh Y. Dynamics of the cross-shelf circula-
tion in the Yellow and East China Seas in winter[J].
Deep Sea Research Part II: Topical Studies in Oceano-
graphy, 2010, 57(19): 1745-1761.

Hsueh Y, Wang J, Chern C. The intrusion of the Kuro-
shio across the continental shelf northeast of Taiwan[J].
Journal of Geophysical Research Atmospheres, 1992,
971(C9): 14323-14330.

Guo X, Miyazawa Y, Yamagata T. The Kuroshio on-
shore intrusion along the shelf break of the East China
Sea: the origin of the Tsushima Warm Current[J]. Journal
of Physical Oceanography, 2006, 36(12): 2205-2231.
Wu H. Cross-shelf penetrating fronts: A response of
buoyant coastal water to ambient pycnocline undula-
tion[J]. Journal of Geophysical Research Oceans, 2015,
120(7): 5101-5119.

Huang D, Zeng D, Ni X, et al. Alongshore and cross-
shore circulations and their response to winter monsoon
in the western East China Sea[J]. Deep Sea Research Part
II Topical Studies in Oceanography, 2015, 124: 6-18.
Wang J, Oey Y. Seasonal Exchanges of the Kuroshio
and Shelf Waters and Their Impacts on the Shelf Currents
of the East China Sea[J]. Journal of Physical Oceanog-
raphy, 2016, 46(5): 1615-1632.

Chao S. Circulation of the East China Sea, a numerical
study[J]. Journal of the Oceanographical Society of
Japan, 1990, 46(6): 273-295.

147



Fosn
R EVIEWS @
Progress in studies of the characteristics and mechanisms of
variations in the Taiwan Warm Current

WANG Jian-feng" %34, S| Guang-cheng™?** YU Fei"23%%4?°

(1. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China; 2. Key Laboratory of
Ocean Circulation and Waves, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China;
3. Center for Ocean Mega-Science, Chinese Academy of Sciences, Qingdao 266071, China; 4. Laboratory for
Ocean Dynamics and Climate, Pilot National Laboratory for Marine Science and Technology (Qingdao),
Qingdao 266003, China; 5. University of Chinese Academy of Sciences, Beijing 100049, China)

Received: Oct. 19, 2018
Key words: Taiwan Warm Current; intrusion path; variation mechanisms

Abstract: Carrying warm and saline water, the Taiwan Warm Current (TWC) intrudes onto the continental shelf of
the East China Sea (ECS), with its inshore branch arriving at the mouth of the Changjiang river. The TWC plays a
significant role in the hydrographic structure and circulation of the ECS. Substantial study has been conducted re-
garding the TWC’s source, hydrographic structure, and intrusion mechanisms. However, few studies focus on the
path and front of the TWC because of the lack of observational data. As reported in recent studies, variations in the
position of the north end and intrusion path of the TWC may influence the hypoxia and phytoplankton blooms oc-
curring at the Changjiang river mouth. Therefore, study on the variations in the path and front of TWC has
physical and ecological significance. In our analyses of observed hydrographic and current data, we obtained pre-
liminary findings regarding the seasonal and synoptic variations in the path and front of the TWC. In particular, we
found that the front may undergo a meridional shift such that the path makes a zonal swing. However, details re-
garding the characteristics and mechanisms of these variations are still unclear. Further investigation is needed to
improve our understanding of variations in the TWC, which can also facilitate studies of the mechanisms of relevant

ecological disasters.
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