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THE GENESISOF THE RADIAL TIDAL CURRENT OFF THE CENTRAL JIANGSU COAST

P. Yad?, Z.B. Wand?, C.K. Zhand, M. SU*3, Y.P. Chef, M.J.F. Stivé

Abstract

One of the characteristics of the radial sand rifigjd (RSRF) in the South Yellow Sea off the Jiangsast is the
distinctive radial tidal current field. Although ma studies have focused on the hydrodynamic enwiesnt around
radial sand ridges, the knowledge on the genestheofadial tidal current is still in a very basitage. This paper
attempts to explore the formation mechanism ofltiwal radial tidal current field by a schematizedgess-based
model. Two factors which are hypothesized to beaesible for the radial tidal current pattern angesstigated:
coastline shape, and the submarine topographyreudts show that the schematized model suffigreetpresents the
real pattern of the tidal wave propagation in treutB Yellow Sea. A preliminary description of therrhation

mechanism and main influence factors are obtaimenigh sensitive analysis.
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1. Introduction

In the central Jiangsu coast, there are a serigadidting sand bodies taken the city of Jianggasnig
center. These sand bodies are known as radial ridgel field (subsequently referred to as RSRF) tvhic
cover an area of 22470 krand are made up of 70 different sizes of sandesdyVang, 2003). These
ridges are considered to be very useful poteraiadl [resources in the future. So, it is very impurta
improve the understanding on its formation, maiatex® and evolution in both academic and practical
interest (Ren et al., 1986).

The processes around the RSRF area are very cemegliccovering the interaction between various
hydraulic forcing, sediment transport and biologidgnamics. Tidal currents are considered to play a
important role in the formation and the maintenanteéhe RSRF, while the effect of waves and other
hydrodynamic forces are relatively one order of nitagle less (Liu and Xia, 2004; Wang, 2003). Sosimo
studies have focused on the tidal dynamics andcctneesponding morphological change based on both
field observation and numerical modeling (Ren et¥86; Zhang and Zhang, 1996; Zhu, 1998; Zhul.et a
1998). Zhang et al. (1999) proposed a very classory on the dynamic mechanism of the RSRF area,
which can be summarized as “Tidal current-inducednftion--storm-induced change--tidal current-
induced recovery”.

According to field observations and numerical siatioins, an important tidal current features in the
RSRF area is: the tidal current will converge aiv@idje in the radial sand ridge field during flomad ebb
tide respectively. As the pattern of the tidal eutrfield is the same with the distribution of tlaglial sand
ridges, this phenomenon raises an academic comsialen the relationship between the radial tidal
current and the RSRF: the local special bathymieftyenced the tidal current field or the radiakrmnt
field shaped the local radial topography.

Researchers who hold the former opinion thoughttilal current field were first caused by the eddi
seabed topography, and then the formation of raxiedent field influenced the local seabed topogyap
and this feedback mechanism gradually formed tb@akaand ridges. The essence of this view is that
shape of ridges are decided by the initial seabpdgraphy which was formed by geological changes
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during Holocene transgression, and the effect efdlrrent field is to make the ridges distributimore
perfect (Li and Li, 1981; Wan and Zhang, 1985; Zn&ak91). Another view is that the special tidairent
pattern is not only independent of the local batétyy but also playing an crucial role in the fotioa of
radial sand ridge system (Wang, 2003; Yang, 198ang and Li, 1999; Zhu and Chang, 2001, 1997; Zhu
and Yan, 1998; Zhu et al., 1995). Song et al. (1298 Zhu and Chang (1997) successfully simulated t
radial current pattern under the conditions of fls seabed and a linear sloped topography using
numerical modeling. Additionally, the simulation Blleo-tidal current field in South Yellow Sea also
proved that this special current pattern existe@DAgkars ago and the pattern has been very stabkethe
Holocene transgression period (Zhu, 1998).

At present, the description of the tidal currenttgra which is suggested by many researchers és: th
radial tidal current field caused by the meet @& two tidal wave systems—rotating tidal wave system
the South Yellow Sea and the incident tidal wawamfrthe east China. However, the knowledge of the
radial flow pattern is limited to this view, and deep understandings are found in literatures.fabrs
which may influence the formation and maintenarfai® tidal current field is still not clear.
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Figure 1. The study area and the model domaintrighd the radial sand ridge field (left). Note: BBohai Sea;
NYS = North Yellow Sea; SYS = South Yellow Sea; E€Bast China Sea

On the other hand, some idealized analytical modedsproposed to obtain more deep insight on the
tidal dynamics in such shallow water zones like Haest China Sea, the North Sea etc. Compared kéth t
numerical solutions, the analytical solutions oe tHealized basin are very helpful to distinguible t
influence factors on the tidal dynamics. The classialytic solution for tidal waves in a rectanguasin
of uniform depth was first obtained by Taylor (192Zaylor considered that the tidal wave in a semi-
enclosed basin consists of a linear superpositfoimaident and reflected Kelvin waves and an iréni
number of Poincare waves. Kang (1984) first usegctangular basin with an opening at the head to
represent the South Yellow Sea and investigateéslgenmetry of the amphidromic system. He found the
asymmetry of amphidromic system arises primarilg ttua partial penetration of tidal energy throtigh
opening at the bay head. Ye and Chen (1987) exaime effect of the seabed topography on tidal
amphidromic system. He found that in the shallowtewaones, the shift of the amphidromic points is
mainly due to bottom friction, while in waters hagigreater average depths, the effect of the tapdyr
is becoming the main factor. The study of Jungle{2905) also shows the variations in depth, buotto
friction and the open heading in the boundary cihm$ all contribute to the determination of the
formation of amphidromic points as well as oveptterns of M tidal distribution. With the help of the
analytic method, the tidal dynamics and the cowedmg influence factors can be well investigated.
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However, this method used many unavoidable hypethasd is only applied in idealized condition.

Most numerical modeling are focusing on the tidealyics and the local morphological changes,
whereas the analytic solutions concentrate onitta wave dynamics under different influencing tast
However, very little are focusing on the formatimechanism of the radial tidal current. Therefore,axe
planning to combine the method of the analytic tohs and the numerical modeling, in order to sttiay
formation mechanism of the radial pattern of tlgalticurrent through analyzing the different inflaen
factors. In this study, we first develop a schepatiprocess-based model to analyze the tidal dysami
with the consideration of the analytical methodve3al experiments are carried out to test the teitgiof
the tidal currents under different conditions.

2. Modéd Setup

In the former analytical solutions of the tidal dymic pattern in the South Yellow Sea, the domaiftisn
simplified to be a regular tidal basin with uniformn linear water depth. In our numerical modeling
take advantage of the method used in analyticaletspcnd first simplify the domain of the Chinese
marginal sea to be a regular basin, but using nastaal bathymetry. The schematized 2D model is
developed based on Delft3D modeling system Ledgsat. €2004). Delft3D fully integrates the effeait
waves, tide and sediment with on line morphologigadiate in coastal, river and estuarine regionseHe
we only consider the tide neglecting the wavessetdiment, because the scale of the study aretts/ee
large and our aim is focusing more on the tidatenirpattern.

2.1. Model domain and boundary conditions

The schematized model domain covers the area ofattae Chinese marginal seas (Figure 1). The
irregular coastlines are changed to be straigleslibut following the trend of the coast and keephwey
main features. Through this simplification, the gieh shape of most of the Chinese coastline issoesd,

for example, the shape of Shandong Peninsula, ¥arRjiver Estuary and Hangzhou Bay etc. In addition,
the Bohai Sea has been idealized as a rectangagar, kand this simplification has little influenoa the
tidal wave pattern in the South Yellow Sea, becdhseincoming tidal energy to the Bohai Sea from th
Yellow Sea only account for 6.86% of that into tellow Sea from the East China Sea (Fang, 1979). As
the model is schematized to investigate differantdrs such as the shape of the coastline, wapeh d¢c.,

the shape of the model domain is not fixed in datitsi experiments.

The model used the rectangular grid with a grice sif 3'x3’ approximately, under the spherical
coordinate. The bathymetry of the model is gendrdtg Delft3D-QUICKIN Module according to the
actual seabed topography. In the sensitivity expents, we will apply several different water deptibs
test the corresponding response of the tidal wadeflaw.

Open boundary conditions are prescribed by a lacgée China Sea model. 8 main tidal constituergs ar
specified along the open boundary of the schenthtizedel as the drive forcing for the water motion.

2.2. Model performance

The simulation period of the model is set to onenthowith a time step of 3 minutes considering for a
stable and accurate computation (Courant numbe))<Tldal dynamic pattern is shown by co-tidal ¢har
and tidal ellipse field of M constituent in the whole domain (Figure 2). Thephidromic point (AP)
which has a significant influence on the local ttigattern is simulated by this schematized modé&oA
along the central Jiangsu coastline and RSRF #teaamplitude is increased greatly, forming a zohe
large amplitude about 1.8m. This feature is sintitathe actual tidal characteristics of RSRF af&lsef et
al., 1992). The tidal ellipse field displays thiaé ttidal currents show a great potential movingveogent
and divergent towards one center (focal point efriddial current, referred to FP in the followinfgtlois
paper), which is the city of Jianggang in realitythe north of Jiangsu coast (area A in Figurett®,tidal
current is mostly the reciprocating flows. Howewauitside the Yangtze River Estuary and south ofatad
sand ridges (area B and C in Figure 2, respec)iviig tidal current ellipse type is rotary.

In order to assess the schematized model, we cemhpidie results with previous literatures and

1949



Coastal Dynamics 2013

observations (Table 1). Here we only listed thatmosof the AP and FP of the current field off tbentral
Jiangsu Coast. Table 1 shows that the amphidroysies as well as the tidal current field simulalbgd

the schematized model differ little from both tlesults of previous tidal wave models with real getiias

and the observation. The difference is mainly duéhe deviation between different calculation metho
So, our model has a good agreement with the previesults in the RSRF and South Yellow Sea, and has
the capacity to conduct numerical experiments. dessithe good agreements also show that the riesolut
of the coastline has less effect on the tidal dyngjmbecause even under the condition of the regula
coastline shape, the tidal dynamics is still haaignged.
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Figure 2. Co-tidal chart of Mconstituent (Left) and tidal ellipse field of,Monstituent focusing on the South Yellow
Sea (Right)

Table 1. Comparison between the results and thequestudies.

Models Position of AP Position of the FP
Schematized model (this paper) 121°45°E, 34°27'N 1°3Q@E, 32°30'N
Marine Atlas (Chen et al., 1992) (Observation) 12183 34°15°'N 121°12°E, 32°29°N
Fang (1986) (Chinese sea model) 121°40°E, 34°40'N -
Zhang (2005) (Chinese Sea model) 121°26°E, 34°34'N 21°06°E, 32°50°'N
Xing (2011) (South Yellow Sea model) 121°38E, BINB 121°00°E, 32°41'N

3. Sensitivity Experiment Results And Discussion

In order to get a more clear knowledge about tidatent along the Jiangsu coast, a series of axpets
based on this schematized model are designed amicted. Two factors which are hypothesized to be
responsible for the radial tidal current pattere a@mvestigated: the shape of the coastline, and the
submarine topography. The aim of these experinisritsanalyze the dominant factor which is respussi

for the formation and evolution of this radial fidaurrent. In this section, the effects of thesetdes are
described in detail.

3.1. The shape of coastline
The shape of coastline includes two parts: froneav\of small scale, it indicates the irregular geital
settings along the real coastline, such as estjdray, etc. Under such context, these settingafilence

the local tidal current patterns on either diraett@r magnitude of the flow velocity during tidalatgs,
because the shape of the closed boundary imposegtiens on the water motions and further infloen
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the local flow. While from the results of the sctaimed model simulation, it seems the responséafF t
dynamics in large scale to these irregular coastlis less obvious. On the other hand, from a lacgée
view, the Chinese marginal seas can be simplifeed karge tidal basin with only one open boundarhée
south (Figure 1). On this condition, the influenaklarge-scale change of the basin boundaries may
influence the tidal wave pattern, but the effectha$ kind of coastline shape on the tidal dynanmcstill
uncertain. Thus, in this section, we mainly focastite influence of the shape of the tidal basinnolawies
to the tidal dynamics based on the schematized imode

We carried out numerical experiments on the respafsthe tidal dynamics of different geometric
configurations. Three different land boundariesdidal basin are designed (Figure 3). Case 1 asatige
Chinese coastline to a straight line; case 2 isigpthe Bohai Sea and case 3 is omitting NorttoMeEea
to finally make the basin to a rectangular basin.
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Figure 4. Co-tidal charts of Mconstituent in the three cases (from left to righase 1, case 2 and case 3). Note: black
lines are co-phase lines and the background calquatches are the co-amplitude map.

The co-tidal charts of the Mconstituent for these 3 cases are shown in Figuasd the corresponding
tidal wave pattern can be displayed through thegeds. Compared with the original schematized rhode
(Figure 2), the tidal wave propagation pattern agec1 changes very little and basically the santhes
original one. For example, there are three amphidrgoints with little difference of theirs positis. The
amplitude in the RSRF area is a little less tham dhiginal model, because the incoming tidal energy
reduced due to the decrease of the open boundaasal. Compared with case 1, the co-phase Ifif&% o
30°, 60°, 90° in case 2 near the open boundamdbanged, that is to say, the incident tidal waatepn
is not influenced after closing the Bohai Sea. Batco-phase lines changed a lot in the northera. arhe
amphidromic points in North Yellow Sea and Soutlio¥e Sea are both shifting southward and the one in
the South Yellow Sea become more flat compared géatie 1. That is because Bohai Sea is closed én cas
2, there is no energy dissipating to the Bohai &®hthe tidal wave energy become larger in bothttNor
Yellow Sea and South Yellow Sea. This will stremgthihe reflected tidal wave resulting in the shgtof
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the amphidromic points southward. Furthermore,flieshape of the amphidromic system in the South
Yellow indicates that the superposition betweenahbanced reflected tidal wave and the incideral tid
wave become more complete. And the amplitude inR&8Ra turned to be smaller. In case 3, closing the
North Yellow Sea make the domain to be a completdangular basin, and the tidal wave has a typical
feature of a tidal system in the semi-enclosedarapilar basin. The position of the amphidromic pain

the South Yellow Sea shifted eastward close tocémer axis of the domain, which show a large afea
rotating tidal wave system. The co-phase lines tteaopen boundary gradually parallel to the ntatid
boundary which is different with the previous casemybe because the reflected tidal wave becomes
bigger and further influences the incident tidalveialn this case, the co-amplitude lines near thin&
Coast become basically parallel to the coastlirth \@irgest magnitude in the north corner. Thisueais

in accordance with the analytical solutions of sleei-enclosed rectangular basin. It should be nthtad
this large amplitude area is different with thenfier two cases, in which the shape of the area is an
enclosed half-circle (Figure 4).
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Figure 5. Tidal ellipse field of Mconstituent in the three cases (from left to righase 1, case 2 and case 3).

Figure 5 is the tidal ellipse fields which represtire tidal current patterns of these 3 casesabked,
the radiating pattern of the tidal current in th@R¥ area is kept, whereas in case 2, both the @mdj¢he
magnitude of the radial current field reduced imsistency with the flat amphidromic system. In case
the radial tidal current pattern appears againthadnagnitude of the tidal ellipse is bigger tharcase 1.
The response of the tidal current pattern to tlfilergint geometric configurations is inconsistenttmthe
tidal wave, because in Figure 4, the 90° co-phaseith the central Jiangsu coast is enclosed wimgiies
the water convergent in that area. In fact, acogrdo the rectangular tidal wave theory, the eretoso-
phase lines will exist in the distance of ¥4 wavgtarof the incident tidal wave to the north bouryd&o,
even there are no Bohai Sea and the North Yelloay 8 radial tidal current field still exist. Coarpd
with the tidal wave pattern, the tidal currentdsd sensitive to the change of geometric configuratf the
tidal basin.

The averaged tidal energy flux per unit width itcakated in order to find the deep reasons whiaksea
the changes of both tidal wave and current paiteigure 6). In case 1, the tidal energy flux isatelely
large on the side of Korean Peninsula, while onsiie of the China coast, the tidal energy is siohadl to
the Shandong Peninsula which cause the tidal weflected and dissipated. This pattern is consistetht
the reality. But when we closed the Bohai Seatited wave energy in the North Yellow Sea decreased
clearly. This shows that the dissipation effectsieengthened in the North Yellow Sea if no energy
penetrates into Bohai Sea. The tidal energy whickxpected to enter the Bohai Sea then enhance the
reflect tidal wave. This reinforced tidal wave niegtthe incident tidal wave is the main reason rapthe
decrease of the total tidal wave energy in the IN¥ellow Sea. Additionally, the tidal energy fluxiesthe
southern Shandong Peninsula (area A in Figure @)ramthern Jiangsu Coast (area B in Figure 6) are
increased in case 2 compared with case 1. Thigsadteh that the shifting of the amphidromic systam i
North Yellow Sea can enhance the tidal energy & alea off Jiangsu Coast, which enhance the local
reflected wave caused by Shandong Peninsula. Bhigxplain the tidal amphidromic system become flat
leading to small area of radial current field inF¥Sarea in case 2. Furthermore, compared with ¢the ¢
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tidal chart and tidal energy flux figure of the eds the results also imply that the amphydromgtesy in
the South Yellow Sea is not only depending on tizall tidal wave propagating schema and local geymet
but also has more or less relationship with ampimidc system in the North Yellow Sea. So, the stape
the geometric boundary could influence the radiatent pattern in RSRF through affecting the tidalve
propagating scheme. In case 3, the tidal energyiflunainly following the east and north boundamyd
an anti-clockwise circulation of the energy fluxthie Northern domain is clearly shown in Figurél'Bis
anti-clockwise circulation is consistent with theghidromic tidal wave system.
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Figure 6 Tidal energy flux per unit width (fromiéb right: case 1, case 2 and case 3).

In summary, the amphidromic system in the Soutlo¥elSea is sensitive to the north land boundaries,
while the radial current field is less sensitivadditionally, the amphidromic system in the Southlofe
Sea is not only caused by the reflected tidal wewe the Shandong Peninsula, but also controllethby
tidal wave system in the North Yellow Sea.

3.2. Submarine bathymetry in the surrounding seas

In the previous studies, the influence of the tapphy to the tidal current field is limited to tleeal area.

It is suggested that the tidal current field isdpdndent of the radial sand ridges because inoh@itcon of
flat bottom instead of radial sand ridges, theahtidal current field still exists. We think thersounding
seas bathymetry may have influence on the local tidrrent pattern although the local bathymetry ha
less effect.
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Figure 7. Bathymetry of the Chinese marginal sea  Figure 8. Sensitive cases on the influence ofaberal
water depth
Figure 7 is the bathymetry map of the Chinese maigseas. Through this map, we find that the
topography of the Chinese marginal seas showspalikte characteristic: the water depth become small
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from south to north and from center to both sidesthe junction area of the East China Sea andhSout
Yellow Sea, there is a lateral depth differencenshn the red box of Figure 7. The water depth ribar
Chinese coast is about 40m, while it is 90 m indhea close to Korean Peninsula. This differenciaen
lateral direction may influence the tidal wave mgation into the basin. Besides, the trend of thim&va
Trough has an angle with the basin. This angle milke the tidal wave travel much faster along the
Korean Peninsula than along the Chinese coasth&8ffects of the lateral water depth difference the
trend of the deep trough are investigated here.

3.2.1Lateral difference of the water depth

First we designed several experiments to exploeeldteral depth influence. The model domain was
divided into 2 parts (Figure 8). And in part 1, falifferent water depths are applied and in path@,depth

is set to uniform, 80m. So, from case 4 to caghéer|ateral differences of the water differencé5sn, 30m,
15m, and Om respectively. Through this method, ae find under which difference the special tidal
current pattern will exist.

Figure 9 shows the co-tidal charts of Bbnstituent. The amphidromic systems in these éases are
basically the same, while shifted to the centethefbasin compared to the original model. Thisue tb
the applied uniform depth in the most area of tbeain and the friction effects are decreased. The ¢
phase lines near open boundary suggest that tbening tidal wave propagate fastest when there are n
lateral water depth in case 7, while smaller irecasvhen the difference is 45m. And in the middi¢he
domain, the co-phase lines of the four cases as&dily the same, which indicate that the tidal vav
pattern is relatively same in all cases. For thelande in RSRF region, only case 4 and case 5 gheve
have large amplitude area, around 1.6m, which ispthat the flow have the tendency to convergent to
this place. That is to say, under the lateral diffiee of the water depth of either 45m or 30m, tithel
wave pattern might be similar to the reality.

Figure 10 displays the tidal ellipse field in tlouf cases. It can be seen that in case 4, in dzevanere
the water depth in part one is 35m, the tidal airedlipticities are large and have a tendency towa
China coast, which is in a good agreement withréta tidal current field. But in the near shore eothe
magnitude of the tidal current is relatively smdlhat is because the water depth in local arealdhma
very shallow in reality, while in the model simutat it is set to a uniform value 35m. And in casdhe
tidal ellipse field is not very obvious tending tams to the RSRF zone nor in the cases 6 and 7. The
pattern of the tidal current corresponding to ttaltwave pattern is analyzed according to theida-map.
So, the lateral depth difference is at least adéut, the radial current could be generated in RSRE. In
fact, the depth in the Chinese marginal seas ctgfysshis condition, which means the depth diffese
indeed influence the tidal current pattern.
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Figure 9. Co-tidal charts of Mconstituent (from left to right, and top to bottorase 4,case 5, case 6 and case 7).
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Figure 10. Tidal ellipse field of Mconstituent in case 4 to case 7, from left totragid top to bottom, respectively.

3.2.10kinawa Trough

In order to explore the effect of the deep troughrrthe open boundary, we carried out another axpat.

In case 8, the uniform water depth is applied & Hast China Sea leaving the other zones unchanged
(Figure 11). This method can neglect the influeotéhe deep Okinawa but considering the laterakliep
difference in the conjunction area of the East @l8ea and the Yellow Sea.
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The results are shown as the form of the co-tithaits and tidal current ellipse field in FigurelI®ia
Figure 13, respectively. From Figure 12, it carsben that in the southern domain, the co-phass e
parallel to the open boundary when there are np tteegh. The tidal wave propagates as the santerpat
in both sides. And in the area of RSRF, the aniditis relatively large as well. Another importaintdfng
is that in the area of Yangtze Estuary, a deges@ratphidromic point can be distinguished. Ang &lso
noted that the distance between the amphidromict ploithe South Yellow Sea and this degenerated one
should be corresponded to half of wavelength eftidlal wave, which depend on the water depth of the
South Yellow Sea. In figure 13, the radial tidakremt field can be found, but with a relatively dima
magnitude and range. So, this phenomenon confitmbypothesis about the lateral depth differengene
under the condition of the same tidal wave in tsides. On the other hand, the magnitude and raindpe o
field may be influenced by the presence of the @kim Trough.

At last, we combine the effect of these two facinsl conduct a new case. In case 9, we apply a new
bathymetry to the model simulation, which is to @giifiy the topography of the whole domain to a sli&p-
one based on the two influence factors (Figure Wajform water depth is applied in each coloredchas.
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Figure 14. Step-like bathymetry in Figure 15. Co-tidal chart of M Figure 16. Tidal ellipse field of
case 9 constituent in case 9 M, constituent of case 9

The new bathymetry includes the two factors, whiglecting the small scale variations on the sela be
Figure 15 is the co-tidal chart calculated with tieev bathymetry. It can be seen that the tidal waatern
in case 9 has a reasonable agreement with thenakigiodel. The position of the amphidromic point is
121°30°E, 34°24°N, is slightly different than inetloriginal model which gives the position 121°45°E,
34°27°'N. And the co-phase lines and the area ofafyee amplitude in RSRF are both consistent with t
reality. The tidal wave pattern calculated withsthilealized bathymetry is still representing thesiba
characteristics of the actual tidal wave pattereakivhile, the tidal ellipse field (Figure 16) alstmows a
large area of radiating features in the centrahgBa Coast with a relatively large magnitude. $o, i
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summary, the surrounding seas water depth is inghepdrtant on the existence of the radial curresitf
The lateral depth difference affect the existerfcéhe radial current field and the distributiontbé trough
influence the range and the magnitude of the ctfreld.

4, Conclusion

In this paper, a schematized numerical model ildped to investigate the influence factors and the
formation mechanism of the radial tidal currentdia the central Jiangsu Coast. The schematizedemo
combining the method of numerical simulations amftlence factors analysis with reference to ancdyti
solutions can provide sufficient information abdhé tidal dynamic mechanism on the whole Chinese
marginal sea. The effect of different shapes of ghereline and surrounding sea topography are then
examined in detail in numerical experiments.

Firstly, the geological settings along the land rmtary, or irregular coastlines of China, have less
influence on both tidal wave pattern and tidal entrfield. For the geometric configuration of thesim,
we considered three different basin shape and theesponding effects. For example, the shape of
southern China coastline is not the elongatiorhefdiangsu coastline but turning toward west (g
This breakpoint on the Yangtze Estuary may cawk® turrent flow around the area (diffraction afali
wave) and this may influence the formation of thdial tidal current. But according to results o$ed,,
these features of the coastline have no relatidgh thie radial current pattern in RSRF area. Further
results suggest that the shape of the north boyrtdare a significant influence on the tidal wavétgra,
while relatively small impact on the tidal currdigld. Besides, we find that the amphydromic systam
the South Yellow Sea is not only generated becafifige refection effect of Shandong Peninsula,abs
influenced by the tidal wave system in the Northoie Sea.

For the influence of the topography, it has beemalestrate that the lateral water depth and thealtoén
the Okinawa Trough indeed has considerable inflaemcthe tidal dynamics according to the resulthef
numerical experiments. The trend of the Okinawaighocause the tidal wave propagates faster oridbe s
of Korean Peninsula than that along the China Cdds lateral difference of the tidal wave propagat
will be further amplified by the lateral water diemifference. This lateral difference of the tidehve
propagation can increase the lateral effect of Blméincare waves, shown in Figure 16 as the large
ellipticities area. According to this mechanisme tfidal current in southern (affected by the Paiaca
waves) and northern (controlled by the amphidrosygtem) RSRF area will come together in RSRF area
and converge to one radiating flow and finally ealiformation of the radial current pattern.

Finally, the roles of the geometric shoreline shapea water depth of the basin mainly manifestettivin
aspects: influence the wavelength and limit theppgating pattern of the incoming tidal wave. Andrth
further influence on the tidal current patternhie RSRF area. That is to say, if the incoming twiave is
defined, the position of the AP as well as the &Fixed in a basin with specified geometric shapd a
submarine topography. In fact, according to Yu &)9¢he shelves of Yellow Sea and East China Sea we
exposed as a part of land during the period ofQaiaternary. After that period, the global tempaeatise
and the glaciers start melting which caused thdeses rise again. Then, the ocean started to paarthis
area and gradually submerged the lower contineshiglves. In other words, the topography of Yellea S
and East China Sea has been exposed out of waterédatively long period. After the sea-levekrishe
interaction between tide and the Shelf bathymedysed the change of sediment transportation anuefbr
the present topography. So, the pattern of thatadirent in RSRF area is the inevitable resutheftidal
wave propagation over this particular topography g@@ometric shape of the shoreline.
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