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Tab.1 Water areas enclosed by different depth of eigenvalues
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26%

(m) (km?) (%)

1965 <0 265.38 51.53
[0, 2) 55.65 10.81

@, 5] 76.48 14.85

>5 117.49 22.81

1988 <0 220.27 47.24
[0, 2) 54.88 11.77

@, 5] 74.54 15.99

>5 116.60 25.01

2005 <0 196.99 48.08
[0, 2) 48.78 11.90

2, 5] 66.67 16.27

>5 97.30 23.75

2013 <0 164.68 44.09
[0, 2) 48.69 13.03

@, 5] 61.88 16.57

>5 98.29 26.31
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Tab.2 Change value of water areas enclosed by different

depth of eigenvalue

> 59

(m)  (km?) (km®a™) (%)

1965— <0 —45.12 -1.96 ~17.00
1988 [0,2)  -0.76 -0.03 -1.37
(2,51  -1.94 -0.08 -2.54

>5 -0.89 —0.04 -0.75

1988— <0 2328 -1.37 ~10.57
2005 [0,2)  -6.11 -0.36 -11.13
2,51 -7.87 ~0.46 -10.56

>5 -19.30 ~1.14 ~16.55

2005— <0 323 —4.04 -16.40
2013 [0,2)  -0.09 -0.01 -0.18
2,51 479 —0.60 -7.18

>5 0.97 0.12 1.00
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Tab.3 Change of reclamation area of the Yueqing Bay in different periods

(km?) (km*a™) (%) (%a™) (%)
1965—1988 —48.71 -2.12 -9.46 —0.41 34.43
1988—2005 -56.55 -3.33 -12.13 -0.71 39.97
2005—2013 -36.21 —-4.53 -8.84 -1.10 25.60
1965—2013 —141.47 -2.95 -27.47 -0.57 100.00
50 w1 w2
48.33 km?, 34.08%; W3 w4
36.32 km?, W5 ;
25.61% 6
43.52 km’, ;
30.68%,  1965—1988 £15 cm , 5%
86.83% 1988—2013
, 10% ,
50 . 10% , C3
141 km®> 1988 : w2 C 5 6
1988—2005 ’ ’
7%; 2005 ’

>

3 REEHMEER .
3.0 AR H K

45 km, 125 km

28°107

20 m

. ] : j%ﬁ(:\/ Lo

100 m ; . /M“ Ll A

1 000 m | min 28700 g A @— W
m - 0_Alokm

32 AR 121°00 121°06' 121°12' 121°18'E

4
( 4) Fig.4 Observation stations of the model

80 /2017 /41 / 8



e IRkE REPOATS

350¢ i L 1607 A s
200l (— B - S ol — B+ S
2501 P 120

<200 S £ 100

i = 80

& 150 =~

B 60
100+ 40
50+
20
12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00
I} 2/ T [NEAVE et il
5 C3
Fig.5 Verification of tidal direction and flow speed in the C3 location
4001
— BHME - SME
200
g
L2
& of
=200

L P . . . L . L . L
2009-02-09 2009-02-10 2009-02-11 2009-02-12 2009-02-13 2009-02-14 2009-02-15 2009-02-16 2009-02-17 2009-02-18
4 A-

6 W4
Fig.6  Verification of tidal level in the W4 location

4 JRIETE N EREE A
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Tab.4 tide volume of the Yueqing Bay at different years
’ (x10°m?)
, ’ 4 1965 5.36 5.51 5.43
3.52 3.54 3.53
) 8.78 9.01 8.90
- - ( 4) s 17.6 18.06 17.86
5.48 5.59 5.54
4.2 TR B IE R AT 3.54 3.56 3.55
, 8.66 8.90 8.78
17.69 18.05 17.87
, 2005 426 4.52 439
4 5 3.40 3.07 3.24
1) 50 3.16x10% m’, 8.80 9.26 9.03
17.69% 1965—1988 0.01x 108m’, 16.46 16.85 16.66
1988—2005 1.21x10° m’, 2005—2013 2013 4.27 453 4.40
1.96x108 m® 0.06% 3.23 3.08 3.16
6.79% 11.75% 7.02 7.26 7.14
9.46% 12.13% 8.8% : 14.52 14.88 14.70
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in different periods
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Tab.5 Variation of the tide volume of the Yueqing Bay

(x10°m’) (%) (%)
1965— 0.10 1.91 0.08
1988 0.02 0.54 0.02
-0.11 -1.26 -0.05
0.01 0.06 0.01
1988— -1.14 -20.62 -1.21
2005 -0.32 -8.92 -0.52
0.25 2.80 0.16
-1.21 -6.79 -0.40
2005— 0.01 0.14 0.02
2013 -0.08 -2.37 -0.30
-1.89 -20.91 -2.61
-1.96 —11.75 -1.47
1965— -1.03 -18.99 -0.40
2013 -0.37 -10.59 -0.22
-1.75 -19.72 -0.41
-3.16 -17.69 -0.37
2) 50 ,
1965 5.43x%
10 m® 2013 4.40x10% m®, 19.00%
1988—2005 1.14x10%m’,
0.1x10%m’ ,
1999—2001
1965 3.53x10°m’ 2013 3.16x10° m?,
10.59%,  1988—2005
50 85%,
2005
1965—2013 1.75x 10°m?, 2013
1965 19.72%,
2005—2013 8
1.89x10% m®,  1988—2005
0.25x10° m’
82 /2017
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( 6
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23.40%,
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, 1965—1988
48.5% 2005 53.50%,
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Tab.6 The ratio of tide to tidal volume in different waters

(%) (%) (%)
1965 30.41 19.78 49.81
1988 30.98 19.88 49.15
2005 26.38 19.42 54.20
2013 29.93 21.49 48.58
4)
, 7 -
1965 40.24%
2013 40.99%
40.24% 40.99%
5)
, 8 1965—1988
37 km?, 76%,
, 1988~
2005 ,
, 41 km?,
73%,
67% ,
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, 89%,
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Tab.7 The tidal fluxes in the east and west of the Maoyan Island
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(x10% m?)
(%)
1965 2.76 2.34 2.55 2.59 3.17 2.88 40.24
1988 2.94 2.50 2.72 2.54 3.09 2.82 40.49
2005 1.90 1.69 1.79 2.37 2.84 2.60 40.79
2013 1.91 1.70 1.80 2.36 2.83 2.60 40.99
*8 ARZXEERERSHHELTIUITLL
Tab.8 Comparison of reclamation area and tide variation in different area
(km?) (%) (x10° m*) (%)
1965—1988 37.03 76.01 0.11 44.16
1.77 3.64 0.02 8.18
9.91 20.35 —0.11 —47.66
1988—2005 40.59 72.92 ~1.14 —67.00
4.56 8.20 -0.32 ~18.59
10.51 18.88 0.25 14.41
2005—2013 0.46 1.27 0.01 0.32
3.43 9.42 —0.08 -3.89
32.50 89.31 -1.89 —95.79
50 s
3.16x10° m’ .
5 i
2013 1965 17.69%
, 50
1988
1) 50
’ ’ 3.16x10°m’, 17.69%
2005—2013
0.06x10* m’/a 1.96x10* m’/a
) 1.89x10° m’, 2)
50 1.75x10° m’, i
) 1988—2005 20.62%,
2.37% , 0.14% 2%, 2005—2013
, — — , 1988—2005
8.92% 2.5%
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Analysis of evolution of tidal prism of the Yueqing Bay

WANG Cheng-chao’ 2, PAN Guo-fu', XU Xue-feng', CHEN Pei-xiong’

(1. Key Laboratory of Engineering Oceanography, Second Institute of Oceanography, State Oceanic
Administration, Hangzhou 310012, China; 2. Zhoushan Port Administration, Zhoushan 316000, China)
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Key words: the Yueqing Bay; water area; tidal prism; evolution analysis

Abstract: In this study, we investigated the historical change conditions along the Yueqing coastline and the dif-
ferent characteristic water depths around the area. Based on the topographical data of different periods and satellite
remote sensing image data since 1965, we accurately calculated the evolution characteristics of different water areas
over these 50 years. Also, using actual measured topographical and hydrological data, we developed a
two-dimensional tidal mathematical model of the Yueqing Bay to analyze the evolutionary changes in the tidal
volume. The results reveal that: (1) The tidal volume in the Yueqing Bay has decreased by 3.16 x 10* m® over the
past 50 years. Compared with the tidal volume in 1965, the tidal volume of 2013 shows it to have decreased by
17.69%. The average annual decline rate has changed from 0.06 x 10°m*/a to the current 1.96 x 10°m*/a. (2) En-
closing and reclamation processes in different areas have shown some impact on the reduction of the sea water area,
but the tidal volume impact is significant. The inner enclosing impact has been small whereas the outer enclosing
impact has obviously diminished from inside the bay to the inner bay. The second phase of the Xuanmen Bay has
had a great impact on changes in the Yueqing Bay’s tidal status, and has greatly affected the tidal volumes in all
bays in the area. As demonstrated in this study, it is possible to provide quantitative reference data for the ecological
environment protection of the bay and to forecast the development trend of the gulf by exploring the mutual re-

sponses of the change in the tidal volume and the reclamation activity in the Yueqing Bay.
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