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Tab.2 Calibrated parameters derived from R_TIDE data-driven model and its model performance
P, P,
( )
R* 2.2 0.83 0.79 0.87 0.99 0.98 0.80 0.79 0.81 0.95 0.96
Ervs/m 2.2 0.17 0.14 0.14 0.16 0.17 0.17 0.15 0.15 0.17 0.22
0c/(x10*m’/s) 22 4.01 4.01 4.01 189 113 527 527 527 290 221
y 2.2 0.20 0.34 0.87 1.10 1.07 1.99 1.12 1.32 1.36 1.35
C Msf (Dy/14) 0.02 0.03 0.01 0.27 1.18 0.98 1.69 0.96 2.00 0.79
C, 0, Ky (D) 1.99 0.18 0.43 1.00 0.04 1.85 0.53 0.37 1.03 0.72
G M, S, (D») 1.70 1.05 0.95 0.93 0.82 1.13 1.16 1.19 1.25 1.09
Cy M; 2MK; (Ds) 0.76 1.67 1.44 1.73 1.11 1.04 0.65 0.39 0.75 0.94
Cs M, MS, S, (D) 0.08 0.01 0.02 1.90 1.11 0.03 0.02 0.02 1.99 1.88
Cs 2MKs 2SK;s (Ds) 0.76 0.69 0.58 1.09 1.10 0.78 0.31 0.41 0.52 1.01
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Tab.3 Seasonal and annual alterations in amplitude and its gradient of M, tidal constituent observed at each tidal gauging station
along the Modaomen estuary

n/m 0/(x10°m™)
P, 0.43 0.43 0.43 0.43 0.43 -10.74 -12.36 —-10.86 -8.81 -10.70
P, Sz 0.42 0.43 0.42 0.42 0.42 SZ-MK -5.99 -8.30 -5.47 -4.56 -6.08
d -0.01 -0.01 -0.01 0 -0.01 4.75 4.06 5.39 4.26 4.61
P, 0.31 0.28 0.31 0.33 0.31 -21.59 -28.16 -20.78 -17.20 -21.95
P, DLS 0.37 0.33 0.37 0.37 0.36 SZ-DLS -9.78 -17.14 -8.58 -6.40 —-10.49
d 0.06 0.05 0.06 0.06 0.05 11.81 11.03 12.20 10.80 11.46
P, 0.23 0.19 0.23 0.26 0.23 -16.26 -22.03 -15.55 —12.45 -16.59
P, zY 0.32 0.28 0.33 0.34 0.32 DLS-ZY -6.34 -8.59 -6.01 -5.52 -6.62
d 0.10 0.10 0.10 0.09 0.09 9.93 13.44 9.54 6.93 9.97
P, 0.12 0.07 0.12 0.17 0.12 -13.00 -19.32 -11.97 -7.98 -13.08
P, GZ 0.21 0.16 0.22 0.24 021 ZY-GZ -7.83 -11.41 -7.27 -6.45 -8.25
d 0.09 0.09 0.10 0.07 0.09 5.17 7.90 4.70 1.53 4.83
P, 0.07 0.03 0.06 0.10 0.07 -16.44 -22.82 -16.21 -9.72 -16.32
P, MK 0.18 0.12 0.19 0.22 0.18 GZ-MK —4.44 -9.11 -3.36 -1.89 -4.71
d 0.11 0.09 0.13 0.12 0.11 12.00 13.71 12.85 7.84 11.61
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Tab.4 Seasonal alterations in the minimum of daily averaged

M, tidal amplitude gradient (dy;) in SZ-MK sector and the
critical tidal amplitude (77,,) observed at SZ tidal gauging
station

O/ (x10°m™"y  py/m

- -1.41 0.43
-1.41 0.43
-1.41 0.43
—-1.40 0.43
-1.38 0.43
-1.39 0.43
—-1.38 0.43
-3.92 0.44
- -3.31 0.43
-3.33 0.43
-3.31 0.43
-3.07 0.43
-3.22 0.43
- -3.55 0.43
-3.54 0.43
-3.55 0.43
-3.51 0.43
-3.23 0.43
-3.23 0.43
-3.23 0.43

(. 7b) ;

( 7o -
( 7d)
- ( 7e) ,
1962~1977 )
0.49, 0.28 m; 1977~1999
, 0.59~1.70 m
1.13 m ( , 2011);
1960 6.25 1999 4.73
( )

34.15x10° m® (Liu et al, 2019) 5 -
1964 1977 1999 2016
0~2 2~5 5~10 >10 m
1964~1977 ,
1977~1999

, 0~2 m s

> >

3.78x10° m®*  0.90x10° m?> 1999~2016

> 5 m >
1.06x10° m’, 2.93x10° m?
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m 1964 1977 1999 2016 1964 1977 1999 2016
0~2 533.35 370.06 173.80 166.41 110.73 100.44 23.49 18.04
2~5 263.13 136.56 155.28 161.83 113.68 80.91 25.80 22.60
5~10 32.60 13.87 88.23 104.85 33.14 10.86 29.13 30.30
10 0.94 0.63 9.41 16.20 0.75 0.56 2.10 3.86
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THE VARIATION OF THE RELATIONSHIP BETWEEN TIDAL AMPLITUDE
GRADIENT AND UPSTREAM AND DOWNSTREAM DYNAMIC BOUNDARY
CONDITIONS IN MODAOMEN ESTUARY, ZHUJIANG (PEARL) RIVER

LIBo"*** YANG Hao"***, OU Su-Ying"***, CAIHua-Yang"?***
LIU Feng"***  YANG Qing-Shu"***

(1. Institute of Estuarine and Coastal Research, School of Ocean Engineering and Technology, Sun Yat-sen University, Guangzhou
510275, China; 2. State and Local Joint Engineering Laboratory of Estuarine Hydraulic Technology, Guangzhou 510275, China;
3. Guangdong Provincial Engineering Research Center of Coasts, Islands and Reefs, Guangzhou 510275, China; 4. Southern Laboratory
of Ocean Science and Engineering (Zhuhat), Zhuhai 519000, China)

Abstract Recent strong human activities have become a considerable driving force of estuarine evolution.
Understanding the evolution and mechanism of tidal wave propagation in an estuary shall have important significance for
estuarine governance and human impact assessment. Taking Modaomen estuary of the Zhujiang (Pearl) River as an
example, the stepwise evolution characteristics of river-tide dynamics were studied. A data-driven R_Tide model was used
to explore the variation law of the relationship between tidal wave amplitude gradient and upstream and downstream
dynamic boundary (i.e. upstream river flow and portal tidal amplitude). The results show that under the influence of strong
human activities, the M2 tidal amplitude of each tidal gauging station increases significantly (except for Sanzao station),
and has seasonal differences and periodic changes. The average increase along Denglongshan-Makou sector is about
0.07 m, and the average increase of tidal wave amplitude gradient along river channel is about 4.61x10"%/m. Relationship
between the amplitude gradient of tidal wave and the threshold of upstream and downstream dynamic boundary shows that
the threshold effect occurs in Ganzhu-Makou sector mainly. Under the impact of strong human activities, the amplitude
gradient threshold of tidal wave increases, the corresponding river discharge increases, while the corresponding tidal
amplitude remains largely unchanged. Before the amplitude threshold, the amplitude attenuation effect of spring tide is
greater than that of neap tide due to the river-bed bottom friction. After exceeding the amplitude threshold, the geometric
convergence becomes the main factor affecting the variation of tidal wave amplitude gradient, and the amplitude
attenuation effect of spring tide is less than that of neap tide. The change of the threshold is mainly related to the coupling
effect of multi-factors such as river discharge, geometry, and friction. When the geometric convergence and river-bed
bottom friction is balanced, the threshold effect appears between the tidal wave amplitude gradient and the upstream and
downstream dynamic boundary. Understand such a phenomenon will provide a crucial theoretical support for practical
applications such as disaster prevention and mitigation as well as water resources management in general.

Key words estuarine river-tide dynamics; R_TIDE data-driven model; intensive human interventions; residual

water level gradient; threshold effect



