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1. Introduction

ABSTRACT

The lowest bow waters ussally orour dunmg spring tcdes in tide-dominsted coastal envi However, they
coubd also orcur duning neaps, rather than springs, at mare laedward satioes, and this phenomenos is known as
the revesal of e knwest kiw wianers (RELW). The RLLW greatiy depeesds oo subidal and daily ceetlincions (s the
water level, the evolutions of which along o chanmel are of considerable impontance in navigation safety and
Ireshwater intake. Observations colbected o am bnlacd bydrological smoom (Shdang) in the nenvorks of the East
River, Chim, show that the lewest lew wator level peevioushy oceurred dluring meaqs, bt pow seoars during.
springs. To elucdate the causes of this evolution, T_TIDE was used to extract constituents from water level
recards collecred over the past fifty vears ot five statbons in this river netwark system, inckuding astranomical
constituenis, overtides, amd forinightly tides, The resulls ssow thal the asremmmical constiluents were g
nificanily amgplified in the upstream stations, while the forimightly tide Mxf decreased slightly in the long term.
Fhysically, channel deepening caused by excessive sind excavamon has increased the water depeh and reduced
the effeciive diag in Che fricben s ol s nbomenium balasoe, The redised ciomal effect, relected by the
residual water level slope. is respoosible for the significant increase i the astronomical tidal amplitides.
However, they were not sroogly inflesnced by bong-temm variations in fver ranoff and sea-devel rise. The
aiiglidiadi s belwedn Ml aml 85 wirk wsed 16 apalves the spaticdeimparal oveliition of RLLW. This ik i
Shilong comtinuously decreased over time. amd the location where the ratio was | moved apstream, indicating
that the RLLW has traveled farther inland in recent decades. The svalaiion of the RLLW in the East River nerwnrk.
immplive that the tidal-domdnant 2one has enlorgsd o récent decades,

of the tidal mvers. Upstream of the boundary the lowest ko water le-
wels pocur during neap tides instead of spring tides, which is mgarded as

Several studies conducted on delias and estuaries revealed that
variations in tee elevation of water and vidal properties ane primarily
governed by alterations in the landward, seaward and  geometric
boundaries (Vellinga et al, 2034, Hoitink and Joy, M06) The water
level in estuaries [s affected by coastal processes, astronomical tides,
river fow, and other external forces, and their relstive importance
changes along the estuary (lay oo ol 20015, 20016) Water lewel varia-
tlons also play an Important role n the éstuarine environment. For
example, the impacts of subtidal water level variations, parlicalarly
fortnightly nscillations, an wetland inundation and navigation are not

negligihle (Buschiman €0 al, 2009 Hoitink asd day, 2006; Sossl and
FEodtink, 2013; Jay =i al., 2015} In this !Iur]:r. suiblishel vardations refer
o water level fluctuations over perinds significantly longer than one
day (Hairink snd Jay, 2006), fay et bl (2015) miggested that rubtidal

aseillationg should be constdered wisen defining the seaward boundary

thet reversal of the lowest low woters (RLLWE. Variatons in the lowest
Lo warer bevels affect tidal freshwarer wetlands {Bunn and Arthingion,
20 Wolanskl, 2007 and navigation chammels (fay et af, 2001},
Therefore, it 15 essential and practically important to better understand
the RLLW and it corresponding hydrological processes,

Previows studies have shown that subtidal nonlinear ascillations
larger than the daily tidal varladons are responsibie for the RLLW

[Haitink une Jay, 2018 Jay ef al. 2011, 2016). Subtidal surface var-
ations coubd resch the point where the divrnal and semidiumal tdes
are extinct (Gedin amd Marines, 1994], thus, they even greatly infle-

ence the imland water levels, The fortnightly tde Msd, one of the key
constituents of subtidal tides, is forced in shallow water by river-ide
interactioms in analytical oneadimensional models (Leflond, 1979;
Bubnlks smd Jay, 2008), Buschman o @l (2009 demonstrated that
river-tide bneractions are the madn Bctor inducing fornightly subridal
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Variations in the water level of tfide-influenced delras are stronghy related ro the evolution of tides as
the tdal waves propagate upiiver. However, the impacts of ndal species on these warer level vari-
ations are nol well understoad, partsculady in delta channel networks, Therefore, a ene-dimensional
hydrodynamics model of the Pearl River Delta channel nerworks was established to mvestigate the
ipacts of different tidal species on the disrrbution of the water bevel Spatial destributions of the
amplitede of four main tidal species (the diumal (D), semidiormal {0y quanterdiumal [Dy)L and
Tartnilghitly (D 44} tidal species) were extracted using the continuous wavelet transform method. The
results reveal that the divmal and serddivenal tdal species dominate the Ductuation in the water level
near the mver outlets, but are significantly attenuated in the wpstream direction. The quarterdiurnal
ndal species strengthens in shalbow wiaters and then decays farther upriver. However, the formeghtly
tidal species growd upriver, Thete is & strong resemblance between the distribution patternd of the
water bevel and that of the amplitude of the farmightly tidal species in the Pearl River Delta channel
networks. Moreover, i the upstream channels, dominant fortnightly ndes lead o the ooourrence of
Iowess Baws water levels on neap tides rather than tse expected Spring tides. The results of this study
have significant impkications for the iovestigation of hydrodynamic processes and the management of
navigation safety in delta channel networks.

0 2030 Elsevier BV AL rights reserved.

1. Introduction

2005; Cal et al, 2018 ) When tidal waves propagale into estuanes,
nonlinear interactions between the tide and the river discharge

Deltas are landforms that deliver nutients, water. and sedi-
ments from upstream rivers to coastal eceans via chanmel path-
ways: they are co-influenced by river flows, tdes, and waves
{Canestrelli et al, 2000; Tejedor er al,, 2014} Among these Factors,
tides play an important role in the variation of the water level in
tide-influenced deltas [Galle and Yingon, 2005%; Buschman et al.,
201 However, tides in delta channel networks do not respond
simply to astronomical forcing, and they are influenced by nonlin-
ear interactions between the seawater and the river flow, channel
geometry, and bottom [Mction {LeBlond, 1978, 1979; Aubrey and
Speer, 18985; Goding 1985; Parker, 1991; Jay, 1991 Wong et al,
2089 As a consequence, the variability of tides is intrinsically
complex and contributes to modulation of the water level,

http://ghxy.hhu.edu.cn/2020/0316/c5653a202204/page.htm

cause shallow water tides (eg, Mg, M5, M5 whose freguencies
are differences and sums of the tides directly induced by astro-
nomical forcing, Studies have indicated that the distortion and
damping of tides can best be represented by modulation of the
timing and amplirudes of ridal constiteents at specific frequencies
(Godin and Martmnez, 1994, Sassi and Holtink, 2073; Zhang et al.,
2018 A group of tidal constituents with similar frequencies is
denoted as a tidal species (Buschman et al, 2009; Hoitink ot al,
2003; Hoitink and Jay, 2006; Jay, 1891; Jay and Flinchem, 1997;
Sasl er al, 20020 (Table 1) Multipbe tidad species exist in coastal
regions and play a significant role in variations in the water level
[Hodtink and Jay, 2016

Mumerous ressarchers have considered the impace of tidal

Page 4 of 5

2020/11/21



fFORAME S Jse P ZL B T A [ B AU Tl Journal of Hydrology &3 e K1 1823

Copyright © 2013 All Rights Reserved. IiEXFBOEFSITE LSRR
ik FEAEHEEXFARE1S  HY%%: 210098 email: ghxy@hhu.edu.cn

http://ghxy.hhu.edu.cn/2020/0316/c5653a202204/page.htm

Rk

oM

Page 5 of 5

BT

B e |

2020/11/21



