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Fig. 1 Distribution of Wenzhou Bay and locations of tidal gauges
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Table 1 Characteristics of tidal wave at each station in 2019
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Fig. 2 Tidal level, tidal range and skewness at each station during February to March of 2019
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a. The tidal combination with the largest annual average f value of the station; b. the tidal combination with the second annual average f value of the station;

c. the third tidal combination with the third annual average f value of the station
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TPl | e v Sk L I 3k K R R L3 S ML /S, /MS,, K]
B 35 4 O /K /M, HL AR Ak 348 5 1T 5 3 1 M/
S,/MS,, 7 JE 111 3 (4 O /K /ML 2R UL, 7778 W 8 114 2 45 A8
b, KIS A G6EE 12 1. 69 HEHE
N EE G, 3-6 H L 912 H T 5 LA I A 14K
o LA, F AR bR 5 R I S A 2, (R AR
RAFAE 1A H BIER

&l 7 AR R BTG AEBIE S = WA G AR T
3 04 /K /My | R I 3 Mo /ML T 725 3l TR N
3 0 My/Ny/MN, | R 2 113 R Ko /ML /MK, 45 3 43 i
HEWBEMFAERFZFZT AL, RITHNG. S
i o IR S AL B S 2 A BIEAE 3 A L 10 H Ik BIIRE,
6 J BB (E; K11 5 7 46 My/M, BIE AR 1k
ARG AR S, ey vl | TR 3 Ak A M. /ML AE {E AR
oL, Z 1 M AR AR BN W] 0 5 e R Ll Kb L A3 A Y
BIEAE 4 H . 10 HIikBURME, 7 Hik w1

AL, RS M, SO — A58 M, 78 4 A4~ 03
LB 7 A B A FR AR AR N B R, ZE 1 ARk
/N, I ELAE BRI 5 A X 97 AN B Ve 1) BT R O, B
F I B R, HL TR R s o AR 43 A U A
e I ZE AR, TR AR 5 B N A KRR Y
DUk IR 35, TE AR 2R SRR X AN KRR 1Y) DTk
IUESTEN
42 FEHBEMERTK

&8 o e 5 i 5 3 M 3 AE AN R ARy 5 A4S B4y
) 6 9 R R BR P 9 BTk (E (&1 8al, &1 8bl)
Ko 5 BRI FRMEFE bA (18] 8a2, [K] 8b2), WiEE[A] 8al,
Pl 8b2 AJ A, 7E 1 A AF A o, X I Sl Ak 4 R X

B 77 A TE 5% W 9 1 = 43 0 R AR 15 O MM, ML/S,/
MS,. My/Ny/MN,, HXF ik P 3k 42b 3] 747 AS X B 7= A GE
Pt E I DTERBELE N, 53— 5T, 76 1984 4F-5 1990 4F,
Xof W 87 AN X R 1) 9 80 S O 1) 7 AR B R AR B
TEIALA N MUY/S/M,. 7E 1984 4 1 1990 4F- A S )
NI B H A B AR Ak, R 32 5 0 9 AN R
TR B W D, AU D /DN T TE 20004F BH K i
F M My/M/M,. My/MS,/2MS;, i 4380 55 14
FUE AR 2000 4F 2 w38 i, X 7% £ 5 00 9 A X
PR BTHR B2 2 W 3G . FR 5] 8b1, [ 8b2AT I, B 1 il
5 3 AT A 4 A A TR) L L DT R R Y O E A,
1 3 K 3 B0 B 5 0 s v 3l 1 1 87 R R R T R
SR N Y R T 5 ACEE AE 20062016 45 ]
T/, T AE 2016-2019 4 6] Fi A5 140 .

SRy k2 A B AR Y A A S P, AR SC LA
M3 2000-2019 4 oK HA ML AL 6 F K2 11 F N 43 ) %
M,/M,. M,/S,/MS,. M,/N,/MN, X} ¥ 7 A= % B v 66 H 53
Wk EEB LA K H W57 BE v A 5T X 4, SR il Mann-Kend-
all K3 6 Z (1 AT B A MR A VAR 06, 44 B & 1k
KFa=0.05. 4 Z>0 B, Ui A8 50 2 b I Z<0
Bf, 2 TR 95% 25 X [H] 1) N2 Z=+1.96,
K B8 Z%) T 26 3, M4l Mann-Kendall 28 75 £ 36 2 41
UF fZE LA 9,

28 3 T 0L, AR AE MM, 7E 6 F L 11 T i BTk
FE 5 A WA BE v A AR R BT B EE, JF B
6 I TR E & T 11 4 W iR MySy
MS,. My/N,/MN, B T B SO B o 3 158 B 7E T M
Sl 1 97 AN K R M 1 O 59 2 A7 B 0 R ML/M, TTRR



T IR AE I T Y e AR 28 A3 A RRAE I 5T 33
al. IRk a2. I
20194 201948
20104 20104
20004F 20004
19904F 19904
19844 19844F
0 0.1 02 03 04 05 06 07 0 012 014 OI.() 0‘.8 lI.O l‘.2
B Blyx
£ My/M, B M,/S,/MS, BT Ma/No/MN, TMU,/S,/M, B ML/K,/MK, £1 M,/M,/M, B M,/MS,/2MS,
bl. ByE b2. JEu
20194F 20194
20164F 20164F
20104F 20104¢
20064F 20064
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0 0.2 0.4 0.6 0.8 1.0

B

Blyx

=1 M,/M, E1M,/S,/MS, E=IM,/N,/MN, 3 N,/L,/M, EIK,/M,/MK, FIM,/K,/MK, B3 0,/K,/M,

Pl 8 RN b 55 i A [ A 9 ) 000 2L 6 o 0 087 AN o k4 TR R T S X R R AR

Fig. 8 Contributions and weights to tidal duration asymmetry by primary combinations of tidal constituents at Wenzhou Station and Long-

wan Station of varied years
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Fig. 9 Test result of Mann-Kendall break of contribution to tidal duration asymmetry from the primary combinations of tidal constituents

denoted by £ and tidal skewness index (y) in typical months at Wenzhou Station from year 2000 to 2019
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Study on spatial-temporal distribution characteristics of tidal skewness in

the Wenzhou Bay

Feng Xi', Zhou Yuchen', Sun Fengming”, XuHuan®, Wen Shiwei', Sun Zhuang?, Liu Shijing®, Feng Weibing'

(1. College of Harbour, Coastal and Offshore Engineering, Hohai University, Nanjing 210098, China; 2. China Harbour Engineering Com-

pany Ltd., Beijing 100027, China; 3. Jiangsu Province Water Engineering Sci-tech Consulting Company Ltd., Nanjing 210003, China)

Abstract: The changes of shoreline caused by human activities affect the kinematic characteristics of tidal wave in

the propagation process. Based on the hourly tidal level data from five tidal stations in the Wenzhou Bay from 1984

to 2019, the temporal and spatial variation of tidal wave patterns in this area and deconstructed the contribution of


http://dx.doi.org/10.3969/j.issn.1009&#8722;640X.2013.05.009
http://dx.doi.org/10.3969/j.issn.1009&#8722;640X.2013.05.009
http://dx.doi.org/10.3969/j.issn.1009&#8722;640X.2013.05.009
http://dx.doi.org/10.11870/cjlyzyyhj201711014
http://dx.doi.org/10.11870/cjlyzyyhj201711014
http://dx.doi.org/10.11870/cjlyzyyhj201711014
http://dx.doi.org/10.11870/cjlyzyyhj201711014
http://dx.doi.org/10.1029/2011JC007270
http://dx.doi.org/10.1029/2011JC007270
http://dx.doi.org/10.1029/2004JC002455
http://dx.doi.org/10.1029/2019JC015150
http://dx.doi.org/10.1029/2019JC015150
http://dx.doi.org/10.1029/2019JC015150
http://dx.doi.org/10.1016/j.csr.2017.01.007
http://dx.doi.org/10.1016/j.rsma.2021.101918
http://dx.doi.org/10.1016/j.rsma.2021.101918

36 WPE2ER 44 %6

major tidal clusters to the tidal asymmetry is analyzed in this study . The results show that the tidal patterns in Ouji-
ang Estuary and Yueqing Bay, two semi-enclosed embayments of the Wenzhou Bay, are obviously different. The
tidal symmetry of Oujiang Estuary is flood-dominant tide and the tidal asymmetry increases continuously in the up-
stream direction, whilst tide is ebb-dominant in Yueqing Bay. Moreover, the tidal asymmetry shows distinct season-
al variation. The skewness (y) reaches maximum in June to July and December to January in the Wenzhou Bay. The
tidal asymmetry in this area is mainly controlled by the component groups such as M,/M,, M,/S,/MS, and
M,/N,/MN,. The skewness caused by nonlinear interactions from M,/S,/MS,, M,/N,/MN,, O,/K,/M, shows obvious
seasonal variation. Since 2000, the tidal asymmetry of Wenzhou Bay has been decreasing, which is related to the

frequent reclamation surrounding the Oujiang Estuary.

Key words: tidal skewness; Wenzhou Bay; tidal clusters; shoreline changes; seasonal variability; yearly variability; flood-

dry seasons
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