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Tidal wave propagation dynamics in Lingdingyang Bay-Humen outlet-tidal channel
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Abstract: The Lingdingyang Bay-Humen outlet-tidal channel of the Pearl River is a typical geomorphic structure in the

networks-bay system of the Pearl River Estuary. Tidal wave propagation in the channel is significantly influenced by the
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channel convergence in the estuary, the conversion effect at Humen outlet, the divergence of the tidal channel, and the riverbed
friction. Thus, the spatio-temporal variation of the tidal regime is rather complex. Based on the daily high and low tidal levels
from gauging stations along thetidal channel from 1990 to 2016, tidal amplitude gradient and wave celerity of different tidal
constituents are computed using harmonic constants (i.e., tidal amplitude and phase of different tidal constituents) extracted
from a standard harmonic analysis, and tidal wave propagation characteristics are investigated. The results show that the
annual increase in amplitude and wave celerity gradients of the diurnal constituents (the amplitude gradients of K; and O,
being 9% and 18%, respectively; both wave celerity being 1.4%) in Lingdingyang Bay were larger than those of the
semi-diurnal tides (the amplitude gradients of M, and S, being 3% and 6%, respectively; both the wave celerity being 1%).
The tidal waves changed abruptly due to the substantial variation in morphology. The change-points of the tidal wave celerity
in Lingdingyang Bay and tidal channel were in 2009 and 2000, respectively. The relationship between wave celerity and tidal
amplitude gradient changed considerably after the abrupt change.

Key words: tide-dominated estuar; harmonic analysis; wave celerity; amplitude gradient; abrupt change
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Fig. 2 Temporal variation in amplitude and phase for the main tidal constituents (M,, S,, K;, O;) in CW, SSW and HP gauge

stations
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Tab. 2 Statistics of tidal amplitude and phase during 1990-2016

M, 0.57 0.02 0.60 0.52 0.08 0.69 0.03 0.77 0.66 0.11 0.71 0.03 0.78 0.66 0.12
K, 0.42 0.01 0.44 0.41 0.03 0.43 0.01 0.45 0.42 0.03 0.41 0.01 0.43 0.39 0.04
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S, 0.22 0.01 0.24 0.21 0.03 0.25 0.01 0.28 0.24 0.04 0.25 0.01 0.27 0.23 0.04
M, —61 2 =55 —66 11 -1 5 8 -10 18 26 6 36 17 19
K, -53 1 =50 -56 6 -23 4 -19 -30 11 -7 4 -1 -13 12
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Tab.3 MK trend test results of tidal amplitude and phase for the main tidal constituents at different gauge stations

/em Z V4 /< VA V4
M, -0.10 -1.67 0.09 -0.04 —-0.42 0.68
K, -0.04 -1.79 0.07 -0.03 -0.88 0.38
0, -0.03 -0.92 0.36 -0.05 -2.25 0.02
S, -0.04 -2.21 0.03 -0.10 -1.50 0.13
M, 0.21 2.67 <0.01 -0.64 -6.59 <0.01
K, 0.07 3.17 <0.01 —0.44 -5.71 <0.01
0, 0.08 3.04 <0.01 —-0.42 -5.96 <0.01
S, 0.11 4.25 <0.01 -0.72 —6.63 <0.01
M, 0.28 5.09 <0.01 -0.78 —6.67 <0.01
K, 0.05 1.58 0.11 —-0.48 —-6.21 <0.01
0, 0.05 1.67 0.09 -0.51 -6.00 <0.01
S 0.12 5.38 <0.01 -0.79 -6.71 <0.01
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Fig. 3 Variation of tidal amplitude gradient and wave celerity at different sections
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Tab. 4 MK trend test results of tidal amplitude gradient and wave celerity for the main tidal constituents at different

sections
/(x107*m™) Z p /(ms™) Z p
M, 8.46 5.59 <0.01 0.09 5.09 <0.01
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0, -0.81 -0.38 0.71 0.02 2.04 0.04
S, 2.10 0.63 0.53 0.02 1.63 0.10
M, 6.83 5.55 <0.01 0.07 5.71 <0.01
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S, 8.28 4.96 <0.01 0.06 5.13 <0.01
0.01
, M, 4 M,
( 0.03m's™') 2000 (
4b) 2008 ( 4d)
( 4a 4o,
, z 2.65  3.43,
. K 248  3.09
0, ( 0lms') M z 2.58 3 2.58,
S; 0.08m's™) ; , 2000
Ky Oy 2008 2008
9%  18%,
1.4%) M, S,
0 o,
3% 6%, ) 2005 2005
1.1%  1%)
K, O, M, ’
. 5 ,2005 M, K, O,
N (Cai et al, 2018),
S, & 2005 159 131
, K; O,
’ 5 2005 2 (K, 211 O, 193 ),
’ M, S, e 2005 36 (M,
6<0), K, O 3.18 S, 593 )
-6.14x10°m™"  —8.10x10°m", ,
; 5 > B
: 4
3.3
4.1

, 2.2



Vol. 40, No. 4 / Jul., 2021

;b

, 2009),

HIE

WA gk

4.0

35

3.0

25

MARIEBESRE/(<10°m ™)

2.0

1.5

20004T

9.0

85

8.0

7.5

M, L& /(m-s™)

7.0

20084F

| 1
| 0
|

6.5
1990

(a

1995

b)

2000
E

2005

(c

2010 2015

d) MK

-1
1990

Zyo17=2.58

1995

2000 2005

4y

2010

2015

0.01

Fig. 4 MK tests for tidal amplitude gradient (a, b) and wave celerity (c, d) of M, tide along the channel. The black dashed
vertical line indicates the abrupt year for the tidal regime shift for the whole estuary

™

M, — — —K,

W
T

41

E
IS
x
g
#
]
%
E
=
~

FEAR 22 (H (m-s™")

(

)

(a)

4

(b)
(2005

2005

)

Fig. 5 Temporal difference of tidal amplitude gradient (a) and wave celerity (b) between two sections. The black dashed
vertical line indicates the year of the abrupt difference in tidal amplitude gradient (or wave velocity) between the two sections



RS5 2005 FHI. fFARE X ER () #) R R 08 16 S AR 1B R E R T EE

Tab.5 Averaged difference of tidal amplitude gradient and wave celerity between two sections before and after 2005

(x107°m™) /(ms™)
2005 2005 2005 2005
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Tab. 6 Alterations in tidal amplitude gradient and wave celerity at different sections before and after the abrupt
change year

S/(x107°m™) 3.09 420 0.58 0.33 4.54 4.79 2.43 3.68

Ve ¢/(ms™) 7.49 8.86 0.43 0.30 8.31 9.25 6.82 8.41
8/(x10°m™) 0.29 0.77 0.37 0.28 0.84 1.04 -0.35 0.27

f c/(ms™) 7.59 9.43 0.44 0.48 8.44 10.03 7.01 8.66
S/(x107°m™) -0.13 0.56 0.54 0.32 0.58 0.98 ~1.06 0.10

o ¢/(ms™) 7.24 8.99 0.45 0.46 8.21 9.64 6.57 8.33
S, 8/(x10°m™) 1.55 3.07 0.69 0.69 2.44 3.98 0.35 2.04
¢/(ms™) 7.31 8.58 0.39 0.44 7.98 9.22 6.80 8.00
S/(x107°m™) 0.36 1.19 0.42 0.60 1.08 2.11 -0.26 0.16

Ve c/(ms™ 6.69 7.33 0.15 0.42 6.93 8.11 6.46 6.37
%, 8/(x10°m™) ~1.93 -1.67 0.33 0.62 ~1.44 -0.76 —2.48 -2.81
¢/(ms™) 5.86 6.41 0.20 0.48 6.06 7.41 5.52 5.76

o 8/(x10°m™) -2.30 -1.90 0.37 0.78 -1.60 -0.77 -2.90 -3.35
c/(ms™) 5.30 5.97 0.19 0.51 5.55 7.19 5.03 5.17

S5 S/(x107°m™) -1.52 —0.61 0.33 0.82 -1.07 0.71 2.12 ~1.83
¢/(ms™) 6.79 7.21 0.20 0.45 7.13 8.21 6.47 6.32
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Tab. 7 Topographic variation of Lingdingyang Bay and tidal channel

/(x10°m*) /(x10°m?) /m /m
1996 5434.22 1077.75 5.04 24.19 23.52
2016 6100.34 966.82 6.31 24.57 18.71
1996 1912.85 179.61 10.65 24.35 5.34
2016 1888.34 174.50 10.82 25.91 5.22
1996 2016 ,
; 5.04m 6.31m, )
0.48m, ( , ,
Jb/h, b ) 23.52 18.71
, 1996 2016 , 4.2
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1.56m, 3 Savenije  (2005)
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