FRILT ¢ |7
M@AWHE

%R+ B R AL BRI BOR B & i KRl 51 BY BT = 57 o E
MER, BHE TN, FRR, FBE, I, £ KL B K

ERE’

(1. "PEMWFERSE SRR, IR F5 266100, 2. Wil R2E Wb, @il Al 316021; 3. 11

KA KAEEYRFEFRPEH DL, INKR WA 264003)

WE: AFF LAFLERBERGERKHAIREHME, ALAHH 20195 12 A3 85202051 A
1 B AL AR BRI 4ANBFAG R ERTA, R EESA . Ao KR E 0448
KM, R AZEBEFRHOIR. RAFEAL TG, R L0 (1) SEFEHARE M,
WBAREF, THHWARRA], B2 0MMANAHEILA, BHNAME LT ELR, 2) TR#
ARG ZARROEAFAEFYaIE ., WEZREEFBGFARKELTRAEAOLE, ¥Rk
44 0.9~1.7 co/s; B FHAAZR@ANE, SLONERE EAA, HARZIRGRA LR FHER, R
B IBEFRGEARKEL T AKAAINNE, FHREYA 14~1Tc/s; B FHATUZEERA L,
520N ERF AKX, AEBKRZIRIRAGU R, FLFE T4 THERR, BoATAELEGH
BARER. REBREGEERYEAAESS, FPHAREAH 2530cm/s, B PFHYARELARAREHEL
M, R EEERGEADRIE, FHARENN 5699 cm/s, B FHAEPAEKLEALTGE
AL, M EABEKEERNEARS. FRARRA TR —F R LK F BAL GRS A K
1 % REAT = T AE R H B Auh) .

KR HEAY, AR, AR, LELE

FESES: P717 XHAFRIRED: A
DOI: 10.11759/hykx20200811003

A S A TR AR, SR R
KSR FERAK, 7 T Wl R AL
AN BB TS S 5 R, 3
KPR T (R VL 0P 3558 % PO
i R B REBCRER, MR AR
B VN K. 1980 K, BB T M
SRR RIS HAR S, SRR
KIRIF LB, LS A, 52 %
BEPE, KR BRSS9
P 4 R T LB 05 0 S K 7 2 0 R
BB SR R AV | WO R B A
Yo, TR BBUI TR THEB SR R ST
Wz, TR A 5k 3 A1 SR B B A .
AT I IS 716 1 5 28 5 040 72
B F: A1 R TR, W KA 50
AU BRI 11 | 5385 5 SN B TR 0 S, A
AR, I 5 IR TP S,
HEATRAEL . HEV AL PERR B AL 10 9504 et

X EHE: 1000-3096(2021)04-0001-12

=BT, R TR B A D R FE K R AL i 5
IR KR Z 18] KGHE B i, BIF5T 3 W — 8 1R Y 2
A5 PR AT JR PT LA = Vb T K s g 0B A L AR
BRI RNE, BEESEM 10 d EERTOR, S5 W
FHARERY, 398 1 B 7 SRR T8 IR UK ™ IR B 7 LR 14 76
A FZIG, VARG B2 X i py s e o 1
B HEEPE RO B 7 %R 3L, DT BIE S P 0 T
S K B I PR REAE Ry T fige DX SR S A AL,
7T A DA T 3 A S U P A B A T 58 L G PR A

Wik H 39 2020-08-11; & [0 H : 2020-09-25

BEWH: FHHRARPFELETE 41776012); F R E S 0F & R
(2019YFD0901305); #7 VL4 & A 0F & 11400 (2020C03012); = B N5
Bl A HLR F AR H (SKJC-KJ-2019K Y 03)

[Foundation: National Science Foundation of China, No. 41776012; National Key
Research & Development Program of China, No. 2019YFD0901305; Key Re-
search & Development Project of Zhejiang Province, No. 2020C03012; Major
Science and Technology Project of Sanya YZBSTC, No. SKJC-KJ-2019KY03]
fEH A $IB 1 (1998—), B, WIHLRILA, LB AE, FRETs
[a): Yy B 2%, E-mail: huluoyu@stu.ouc.edu.cn; X ¥ (1987—),
MAFVER, SCUR I, 32 % DA S U A A T 6 A T AN 05 1) R 1Y 22
55T, Wik 13708954171, E-mail:1222013@ouc.edu.cn

Marine Sciences / Vol. 45, No. 4 /2021 1



it

Fi 355 5 S0 O 5 A e A T B A SR, T k2D
P PR 22 T i AR R BRI P AR A T R 2k
K J& 1A LB o

NG A VAS RTINS S Wi | < S B Ay
BhiZ iy, KR RS B 1. 1EpF5E
B, s SR K iz sh i EEE A fE IR
By ZR ALV, MR | it B T el O U A, LT
LIV RTREA 1O e NN Y Ly ST % S S
VI . RS, TR AR R ARk
ARALHERAN [ Vi S it a2 SR AN [ o 914, FE L AR
LT, BV T 101 T PN N B A R 2 e U
TE AR 18 ZR AR 0 il Sk g, 303 05 ) WL 5
FEZCEATMY, WAL R AR A DU AT B A
WP A Ak BOR . A FINARE B AR AL AR

) H@ART/CLE

E—SCREONRRE T, BRI R . & 2L RE
T, WK AR BRSO A X AL, PR AR L AR
JCHE I, VUK A AR R R, DK Sl R K ) AR
By, e Sk AR R TR 1), AU R R
AT BIPYIIR, XU R A — R U AR
R B) ) R 2 BV 2 H e, ERER %
iz 1 2007 44 B R A TE A FORHTIE T IR LB AR
TR TARAE, AR L, L Sk LR SN Y B
AT REIT 5 om/s, i1 45 g A0 4 09T TR0 A% 0
T /NT 5 emyst o /i AK L ZR ] 2 v 45 3l 1 ML)
[ AT R T — @ 5T, AR 4240 6 B i DX sl i %
AT S T RIS W, 25 S 3 B AR B R 0 | il
LSk 3, oo Jr B b R R R B ) 105 R AR Ak

ESTE Ll

42°N

37°N[ <.
46.00: 0
41° 45 \\_
44 A
43'
40° 42
41
o 590" 1" 2" 3'"121°E
? . et () i 221 400
@j'ﬁ By
38°p ey 30,00
A E'/m/(/
370h | WA - A 28'
ey _\ 27
260 : LG _ 26| i =>
114° 116 __ — 118 120° 122° K 124°E 53'54’55'56'57’121"’E
- () BT \ (d) K7 58.00
38°N 375N
32,00
31 A
a0’k - JEGHE T 30'L_-A0
T & 25 B 29
e e aA 28"
20 gﬁﬁi 2757’58’59’ o 2'122,°E
Er (o) HRE PG 300
S 37°N
°t A 5.00 K
37 s | S0%
Ve S
RS 3 A
40' o
pe
30 12'10 3.0’ 12.2° 3.()' 123°E 030'31'3233'3435’122"’E
(b) 45 M REHCA L (B s pU iy 3600
K1 RS XS b A 5]

Fig. 1 Study area and survey stations
Hrar WFSE KA T IR S AR ALES, HOm i R &AL R0 b Bom 4 BUIA W I A0, BT L8 R RIS AL c—
£ RSB ELYS 10 m FRESMRHE, d R EE LR B W AL E, KIEEEE A ETOPO2(https:/www.ngdc.noaa.
gov/mgg/global/etopo2.html), =2k % & GSHHG(http: //www.soest.hawaii.edu/pwessel/gshhg/)

2 TWEHERL /2021 4F /25 45 45/ 56 4 3



it

H B XS L i i R AR T e T F & A5,
(AR e, DR EOAT L K™ g . i LIS
VS S AR, A DT A< B L R R UM B K
TERAEA Filt— BT 3Tt A SOR AL ZR
B ARACTR 4 Kb TR 0 75 2 228 B i T A
(acoustic Doppler current profiler, ADCP) WLl 4,
T R R K S AT b, LR e e T
WA . P BB ARAE, BIETHE R
Hi I X HE K SRR A8 5 0

1 ¥EAH*E

ASCR A I ARB RO I SREUR) 2019 4
12 AWkt SRR mE 1 s Wil

R BFRIBEERER

'M@Ammw

S LI, T IR B AR ACER S 1+ 3 km LA TS, 4
A VRO LT 0 1 T R AR, Rl TR B 28 T
WO 57 T B T T XIS PR ANiEE,  JBRTEE VU Y T R R £
TR I AR RO R AR T B VYR, SRR B
PR AL T R R o 1 TSRS O 7 AT 45
TEL WL 22 G 45 4 AL IR 50 ADCP, X484 /N iR 0L
W5 AN R, A2 RAEEEN 1 m. G R
FEERE ) F RS, RJZ R R R IS 1 m. A
SRR A8 WL I 2% 98 #5430 1) il £k T 1) 111X (conductivity-
temperature-depth, CTD)1[a] i HI7K R ¥ 48, 6 it
F AT BV B EAT A8 oA . Ao A
AR E BT, AR O 1 0 7K B AR
(1),

Tab.1 Main information of marine ranch observations
EREL5E TR N g Ning | PUNIIEFS V-2 7K R /m
AR B 22 PR AR R P A 2019.12.03—2020.01.01 TR 5.4
AL 6T 2% Ui 40 RV 2019.12.03—2020.01.01 TR 10.1
AT PG R T A B TR R O 2019.12.03—2020.01.01 R i 48
SRR B W RN O 2019.12.03—2020.01.01 TR 8.0

ARSCAR ] T RN AT Bh R : (1) o A R
e HL>(Buropean centre for medium-range weather fore-
cast, ECMWF)& i i) 10 m XU 5 (ERAS), T
5Ei% H RS A H S BRI E RUS, RUR geR
AFTEE S 2019 4F 12 H 3 H&E 202041 H 1 H, i}
153 HE30 1 h, 2SR5 BF3E 0.25° x 0.25°, XU
SRS B EHS 10 m KR EBOE, (2) HYCOM
(hybrid coordinate ocean model) -7 #1737 % Kk (https://
www.hycom.org/dataserver/gofs-3ptl/reanalysis), A T
WSS AL P E RO AR TR S L], ]
FR 2019 4F 12 H 3 HZE 2020 4F 1 A 1 H, 53
A 3 h, ZEEIIHERN 1/12° x 1/12°
2 ERELH
2.1 HFEEHH

Xof Fir e 7K 2 R o< B TR R AT S 1) 2y, O
XS GE R £ A i HEA T IR AT, 453 4 4b
TR W TR B 22 2 o B R DR, NIE] 2 R
[F]— W PR I 22 1 . 26 ) i A B — B i
R, P RO AR B R4 B X
AR B A R B A, AR 13, 174, 1/5. 1/6 d AT

AR = =t e AN 3 < I s e Y =R
FENH G IR . BRI ARG VERO . v
WEIFPER), w12 H R 4 H A
WG, E SR BURE 5 TR VE A0 e AL T A (5 5
2.2 BRHFAE

% MATLAB 1 T_TIDE Fi 540, % S 0 5 3 %
BHIEATE P, 58 M, S, 00 K £E
SIS A B SR 2), B 3 RN T 4 MBI
Y 2% 2 TR U % 1 RV O R A AT A R 2 R
B ) ¥ 3

R A 5L F = (1, +WK])/WM2 I W 3 O 2K A
KW, « Wy, « Wy, 209000 O Koo My A I
MR . TS LIRS FAEA 0.40~0.55, i
WA FIER B S5 A ERE W20, £2
TR R IE R B, R)ZE AN IERLE B W0
ARG TR R VG WS T PR O s ARG, FEN
1.21~1.31, AAIERE . Rk SRS F
R 0.45~0.65, WA T IEM - H 54 IE AL
e HZ ], RZWRERARIERE B, K
R ERL: B

Marine Sciences / Vol. 45, No. 4 / 2021 3



xR2
Tab. 2

WFGE/(m> s> Hz ™)

107}

it

S i)

- == S

'm@mARﬂaf

101!

107

1& 1&
H31% /Hz
(a) M B LI BT

Ll
- — —- i

% /Hz
(b) BRI

Ll
- — =

1 OO

1& 1&
I Hz
() BURF VU

1& 107"
Jii%/Hz
(d) R SRR

2 RO A

Fig. 2 Power spectral analysis of currents

e RS R R S e

Main tidal current harmonic constituents within marine ranches

T
Heb

KHl/(ecms™) S/ (cms™)

BAC) LA /(°)

M,

S, K, 0, M, S, Ky (o

M, S, Ky 0, M, S, K,

0,

W&
LR

1.81
1.41

0.56 0.56 0.27 —0.58 —0.01 —0.03 —0.08 307.83 315.11 328.29 269.19 131.49 143.95 131.96
0.37 0.44 0.34 -0.20 —0.09 0.17 —0.02 302.15 320.53 309.59 257.81 120.99 123.99 111.76

156.41
129.25

Hi %

7.78
6.96

4.12

2.04 637 424 098 030 0.16 0.43 307.85 350.36 190.94 133.73 20.58 16.12 14.71
1.83 5.84 3.64 097 0.37 0.36 0.21 304.50 351.86 194.07 130.23 20.81 23.01 19.02

0.92 328 2.01 071 0.29 0.38 -0.04 301.54 348.29 195.73 122.51 24.51 29.80 22.31

17.44
17.59

17.72

JaLitE
ik

1.56
1.51

0.73 1.01 1.00 -0.42 0.12 -0.11 0.12 138.34 146.10 185.39 122.83 177.22 172.13 26.17
0.53 1.10 0.80 —0.24 —0.07 0.03 0.05 313.10 304.86 179.34 119.83 4.15 2.14 22.47

29.86
5.01

12.13
11.63

7.11

3.62 4.11 2.83 -0.98 —-0.26 0.60 0.08 245.18 237.54 24.08 330.31 6.13 1593 21.25

3.18 3.21 2.48 -0.72 —-0.53 0.47 0.15 244.95 240.28 17.69 326.40 7.41 13.52 26.29

2.01 190 1.39 -0.14 -0.30 0.16 0.13 239.53 239.89 21.38 336.79 12.06 7.28 21.56

17.62
26.68

34.43

A B RIZ My 2381 TG 15 7 1) AR
HRECHT(8 4). X RN RIS . AHFEDKZBA
(v -V i A, A SRR R VY R VRV O R
O Ky Zri Az bl 5 I FEROAIRZE O 73iioh, S,
O Ky 5 M, A 58 S i f 22 2 AN 20°, 0
TR KT TT [ B R P T . ARG |

AR [52[55I
TR 53 T i e KA 1) B TR L3S T B e,
JRT AR RO 70 T W L B R I 7 ) TR R o
WAL ERS; U ISR RIS B IR oy
T A KR T 1) FERE B AR N R 2%, i A

PIARANIR], E U7 ) FETR BE 472 A AN TR o

TEFEERL ) 2021 4F /55 45 4 1 55 4 31



it

—=
20 cm/s

'M@Ammw

T F 2 f‘\”\‘V‘rwu‘*‘&’m‘}\\\'\\%‘*\‘fﬁ“\""jﬁ)1">‘\%"{"\r‘?"ﬁ"“"V‘**"‘ﬁyv“‘i‘“‘r)}‘i*\w"‘?\’\

R
ARV
A =
1 1 1 1 1 1
2019-12-03  2019-12-09  2019-12-15  2019-12-21  2019-12-27  2020-01-02
HW(*E-J1-H)

K3 IR R R R N R P 5)
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Abstract: To enrich the study of the hydrodynamic environment around the near-shore area of the Shandong Pen-
insula in winter, the structure of currents, such as the tidal and residual components, is investigated based on current
observations within four marine ranches from December 3, 2019 to January 1, 2020, employing the methods of
harmonic analysis, power spectra analysis, principal component analysis, and correlation analysis. Within four ma-
rine ranches, with the M, constituent that was significant and reciprocating, the directions of the maximum velocity
vector of the main tidal constituents were basically parallel to the shoreline. The characteristics and influence
mechanisms of the residual current varied with the area of marine ranches. The average current within the Anyuan
Marine Ranch was southeastward and shoreward, with a velocity range of 0.9—1.7 cm/s. The main component of the
daily mean current was the meridional current, which had a significant positive correlation with the wind in the
same direction. While the northerly wind was driving, the residual current accumulated towards the southwest bank
of the Anyuan Marine Ranch synchronously. The average current within the Yutai Marine Ranch was northward and
offshore, with a velocity of 1.4—1.7 cm/s. The main component of the daily mean current was the meridional current,
which had a significant negative correlation with the meridional wind. The daily average current showed that the
northerly wind forced the seawater to accumulate to the south bank of the Yutai Marine Ranch and produced down-
flow near the coast. In addition, the offshore current flowed northward below the sea surface. The average current
within the Xigang Marine Ranch was southeastward, with a velocity of 2.5-3.0 cm/s. The daily average current was
barotropic at both the surface and bottom layers. The average current within the Chudao Marine Ranch was north-
east, with a velocity of 5.6-9.9 cm/s. The daily average current was also northeast along the south bank of Sanggou
Bay, indicating that the seawater flowed counterclockwise in the bay. The research results provided a basis for the
further study of multi-scale temporal and spatial characteristics and influence mechanism of the dynamic environ-

ment in the near-shore area of the Shandong Peninsula.
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