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Fig. 1 Sketch of the model grid (a), sketch of the Lingding Bay (b), changes in topographic erosion/siltation from 1998 to 2007 (c) and

changes in topographic erosion/siltation from 2007 to 2016 (d)
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Fig.2 Comparison of simulated and measured tide level values



MHEEd 4545

30
| o SME  — BEREME o SLUIME  — BERYEME o SMME  — BERIEME
f_‘“ ’ SS=0.94 Vi SS=0.86 V2uk $S=0.95 V3uk »
£ . '
,ﬁg . "} J °°:° °,,° . [ b
WYd ¥ J Y
o M — BIRIREYE o STMME — MERNE o M — BIRIFEE
400 SS=94 13k SS=0.91 V2uk SS=0.95 )
300
E 2000 b Taad 1L 1] | b
£ 100
0 L
o o M — BIREYE o STMME — MEEE o M — BIRIEIE
s 0.8 SS=0.85 Vauk SS=0.94 V53 SS=0.84 V6
Sool . ~ e | P 2 °° :
2 04( b 70 FPo "
Boaf b ] !
0 b [ | /L7 ! | ¥
o JME — BIREYE o SMH — BRI EAE o M — BIREUE
400 SS=0.84 Vauh SS:097 5%, SS=0.96 63
300 %)
= 200
2 ° S o fm
LT DR o
° o o o q » J
%8}5] 08H 08H 08H 08H 08H 08H 08H 08H 08H 08H 08H 08H 08H 08H
13H 14H 15H 16H 17H 13H 14H 15H 16H 17H 13H 14H 15H 16H 17H
H# H# H#
s o S — BRI o SMIME  — BERYEME o S — BRI
f_‘“ ’ SS=0.74 V7uk SS=0.93 V8 SS=0.75 Vouh
£
=
1= 0 i
. I b
o JME — BRI o STMME — MEEE o M — BIRIEYE
400 SS.84 ot Tk . V8 X SS=0.95 Vouk
300 i
EJ 200
£ 100
0
s o M — BIRREYE o SRMME — MERHAE o M — BIRIEYE
=~ 1 88=0.89 V10%; $SS=0.87 % V11 ° $8=0.76 V123
£10} o .
g?% 0.5
0 E , ¢ b i 0
o M — BRI o SMH — BRI o S — BRI
400 SS=0.99 V103§ SS=0.87 MIE3 SSG V123§
300 | | b
E 200 i
£ 100
88)5] 08H 08H 08H 08H O08H . O;F] : 08H 08H OSH 08H Oé 08H 08H 08H
13H 14H 15H 16H 17H 13H 14H 15H 16H 17H 13H 14H 15H 16H 17H
H H# H#
B3 WE(TEL ). W BE S SemE T
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0 O A ) 301 (25 h) BROP 38 S AR 3, TR U
A (2)o W TAAT VRN B A AR R, AUTE /N
BUR T 0.8 AARAS, RIAAT FI07 1 /N 10 70 J2 55

BRI E R e, R 5 1998 4
2007 41 2016 45 /N1 401 14 3 - S A i 3, TR R X L
SR



2 M AR AR S ERVTASAT R IR 5 M B R I 5 - LA /N g 91 31

_ L
T Ju
K, Up R BRBE AT (LA /s ); w 7 3 ] b L2
IR B4 38 3 (BN = m/s)s 2, A £ 43 54 2 /0N T A B 1sf
() RS [ 5 7 A 3 38 R A Tk 1) il 300, A F 52 38 L/

T 25 h
242 TEAT

VeI 3 > A W T (8] 1b), 3BT AT PE A IR
T TE [0 25 R R AE . Hod, A WETE 2 T AME AT 7, AR
AL T ERIL I A8 0 K B RO XN, P3R4 T AT
T o RV P A XS P, BB R R 7R /K A8 HLAR
TR B I RRIE . B TR B A AT T, RO
r I DX 58 b T e 7 X A 1) A I 5 4 A s )l
XF EE AW TR BT T A I 1 R U 45 A, At PTR L 4y
B N AMEAT 1 3 Ty S5 4 1 S [ . C W7 i == 2207 FA4%
ATVEEMUEVGRE N, 2P Tk is i £ 2 mE, H X
FL A3 AT 20 a SF PG 92 TR 2 ) B 375 235 440 1 B i

3 L5

30 TFTEAREZTHEFE

B4 25 T BR VLA AT 3 00 11 /0N i) 30 S [ 45 4 1)
RZW PR . DN, RZRWH A 549
P S 18] S AR — B0 (] 4a), AVE 5 100 o 3. 1998
AR, FZA T X IR AE TR AR VA RN
P X8, S A4 U 0.4 m/s. 7RI KB AL, AR
A 0.1 m/s, PEMEAL A B N 0.1 m/s, B TRAL,
I A 0 L VR AL AR 5 I RRAE 5 R Bl
PSS A —2 . 5 1998 4E A HE, 2007 4E A3 I i A
B — 3, (RAEVERY | 7R R R B K B AL, A U I
FE 155 0.05 m/s, B 43 ME U R AR 0.1 m/s(&l 4b). 5
2007 4FAH H, 2016 4F 78 H e X 38k 3% J2 A% 0 O 8 4
0.2 my/s, 16 )11 S KB &b, 43 i i 3 3 K 0.1 m/s. POl
PSAT FEBL, RIZ R E AL 0.2 m/s. PEAEAMS
TPHEBE, RZ AT HFERL 0.1 m/s(E 4c).

LS SRy AT /0N 0 0 S [ 4 3 1) O )2 W0 1 2 4%
W . BT, IR B A0 2 R 2 55 15
2, UL 220 W o AMEAT BB Ab 2 it LA ik
W7 1) Ay S AT, i 1 DAV [l ity 5 1] 7K R
A B I, A% U T ) A [ 96 o 1998 4, JiK J2 A Ui Uik
TR A R DX 3 A v R R )1 B K T AL, 4 T S A T
F1AE A 0.1 m/s, W25 PG R 90 21 b b i, 370 38 8 ¥
/N o FR R K TE SR RS AT AR T T
0.15 m/s, VR 45 AR A8 W B R TS ROl o A6 1] KB A,
ARVLTEHA 0.1 my/s, il Ry 1)i . 5 1998 4EAH L, 2007
AF A WA AR — 5, {ELAE VY R 0B K T8 AL A R

Ug udt, (2)

B K 0.05 m/s( ] 5b). 7E KIBEKIE AL, 43U i 4
K 0.1 m/s. [FIEF, 2007 4F 4% i 1 & PO A | o9 2 me 70
e X 0 Fe g 3, [E 1998 4R M9 K2 5 km., 5 2007 4F4H
L, 2016 FAax i & AE T 3 A8 Ak, FE VE R I S A i
P, AT K 0.1 my/s, XTI I AR —5 ., )1
BOKGE AL, AT EREAR T 0.1 m/s. 78 P IX R, K
JE AR UL I 1) AR AR 43 i) DA G R RO AR R ) b
AU K 0.1 mys(1&] Sc) o TRAE DX R )2 W1 | IS
JZ 1) Bl 0 4% 7 45 P 5 Wong 45 100 fib 5 {1 A5 401 245 SR A
—3,
32 ERRRHZTHEE

K6 25 T /N IH A BT S [R] 4F 03 19 2 ] 4% 3
1o 1998 4 A W I 7] 4% ¥t 37 s (] 6a R i3 ),
PO ME [ DL P 8 km Ry B, 0 A% O 0 AR /DN
AR ZE R Z AR W 7, )2 WA N 0.1 mv/s, IE)E
TN 0.03 m/s. FEHR SR MEAL, 32 A0 R 7, Y
9 0.15 m/s; TR Z ARV AR, AR UL R 0.05 my/s,
PR3 B BRI AR o AT IET A [ S A DU S AR ) 22
S (& 6a ¥ 5t &), o g 42 th BRAE A Wi b |
JZ2, VAP MEAR TR AR A 3R )2 A T ot T R I 0.2 my/ss
171 ek 2% 90 4 R TR AR M 10 G 2 X3, S B A
f O 1) R T 45 4, 55 1] 4 RTEL S BT 7R B9 4% 38 3 45 4
—%,

551998 AFAH L, 2007 4 75 4 S 4 W DX Il i 2 1)
AR, )2 V0 A ) PR AR — B (K 6b)., PEAE Y
] 5 e D A8 A ) T T 4% 9L DA TR B R 0.04 /s i 5
TR ME A G\ T 1] VY I B A, Bl R R LK
H A XY m A A — . 5 20074 M H,
2016 4F PG i b B VG 1 A 8 km &b Sh S, TN R 2 AT
] PG, A 0.1 m/s, HPZ A4S VG, A 0.03 mys,
T ISR B P 32 45 4 5 2 00 9 22 ARG J2 4% Jak 1] 7, %
JEULE S 0.15 m/s, IKZHE N 0.03 m/s, 1EPYHE 574
WEAZ A TR 18— A i %) T st A AR I 45

P 7 SR/ INER ST BT TEDAS () 4F 473 9 3 1) R U i 3 o
1998 4 ) A% i & Wik /s (18] 7a), 76 75 W 55 V5 1l 28 5t
X3, RIZRTM AR, FE A 0.1 m/s, JiE )2 4 i 17 74,
T A 0.03 m/s, BT & IR G5 M . FE P AE S
W L AAAERZ AT VE | PR 2 AU 1) 2R ) 3 B
G AL, Hoh RIZ W N 0.1 s, JIE )27 75 R N It
R 0.01 mys, JIEZFE P RE LR R 0.1 m/s. ARAEAF
TENCJZ W VG . )2 1) 7% BB 1) PR 45 4, 3R I8 )23 T
0.1 m/se FEGAI L, (SO i A 52 LAk Sy 1]
Bili A U, LA R 43 DX 3389 A 1) YA A U e K ) il 2%
DL AR R R TR 2 SR R ) T A T A T AR VO A



32 WA 45 %
x/km x/km
5 5207_60 7?0 8(I)O 810 7_60 79|O 8(|)0 810
M ANEIE R R AN R R R 2
‘ — 20164E4KT A 20074:—19984F: A
> 20074EA R
2510 —> 19984EKWE N 02 N F
2 500
2490 A
£
=
2 480
2470 1
2 460
2 450 -
2 520 1 1 1 1
INEIEERR B % /NP R B %
20164E-20074 20164E—19984% A
2510 R 02 Nt
01 5,
o £
2500 —0.1 g i
-0.2 &
2 490 A
£
=<
2 480 A
2470 A
2 460 A
2450 -
B4 /N S R (R 2D
Fig. 4 Tidal average residual current during neap tide (surface layer)
5 RN Z R 3R 2 KA DI A 22 TR, US55 v e B A B 254 1) 2K i

2007 4F- B W RS 17 AR I 4 5 1998 4R A — 3,
VU ME 55 PG R RS FEAL | PR 5 e Ag Al 1Y Ak s B
T SE W 1) R RS, U A PN ) ] i % I O SEA T G 0
R R 0.1 m/s. 2016 4F, P4 Mt 5 POl 52 FLAb B % | S
JE VG A R (RZ T 0.1 mvs, JR)Z R
0.01 m/s), J G s 4+ B4 Ui 45 44 VG A% 22 U e DX s, o

B, 22 1 ) 4% U U T R 20%, DI 42 R 50%.
JR R 4 IR 245 0 S B Ak < SRR R B R 25 4, [ )
P2 AR R 30%.

&8 25 T /N A C W AT S [ 48 003 19 3 ) 2% O
WY, 2007 4F C W I 2 [0] 4% i 3 s S PR P P
AR 1) A PR 30 205 400 (&1 8a), He v 3R 2 A% U 190 1A, 37 ik



2

e A5 - N3G B X BRIT A AT PEAR IR TR A1 AL BT 72 - LA HE 22/ 1N i) 4 41 33

x/km

7550 79I0 890 810

7?0 890 810

7
2520 -
/I T4 R

. — 2016454
= 200744
—> 19984 Ai N

—= 25 cm/s

2510 By

2500 ==

2490 +

y/km

2480

2470

2460 7

2450

AN R
20074E—19984F

2520 L L
NP 2 i 2
20164E-20074F

0.2
0.1

-0

/(') 2

0.1
-02%

y/km

s /MBI U 3 A 0 O R

Fig. 5 Tidal average residual current during neap tide (bottom layer)

A 0.3 m/s, K ZE AU B, S A 015 m/is. 5
2007 A Eb, 2016 4 P4 A PN 9N 1] 4% P00 10 45 4 S A

— B B A R B AR A, 32 ) YA A Rk 5
22%, JiC )2 ] Bl A% T 38 5 24% (5] 8b).
4 g

HRFE WS RIS N R, AW
Xof 2y h A 7 B 0 2 IR AT A CED B R BT

233 (3) M), T 1A I T BOHL ) 17 B 5
du T - d
o —gVn -—j Vpdz fv D - Vyu+ Z( )

ot
EEﬁEﬁ\———v———/ﬂﬁﬁ ﬁmm
BEBRE S

(3)
L, w S RTTH; n HAKAL; p 1 p, 53 501 g 7K A2
JEE AP B K AR 8 2 5 f D A RO JE 5 K, g A [i) 28 i
AR BRI/ YE . TSRk,



34

f
o o o
- N

/(m-s™")

I B e

|
)
S
1
s
o
S
S
&
I
o o
o=

/(m-s™")

—-18
20 —

22 = . 20164
—24 — T T T

Y1) PR

| |
S o
N —

0 5 10 15

T
20 25 30 35

7 i B ke
L6 A W I /)N I 1013~ 24 3 1] B0
Fig. 6 Tidally averaged residual current during neap tide along Profile A
T 5 PR 2 G 1) P08 3t B, Ay e b T ) B 0 DR T8 1 ), O A (L 68 ) 7% A 3L T 1) B PR i 1) 0, 670 £ (Ol €8 ) 05 A it T ) DA 1

The background image represents the longitudinal circulation flow velocity, which is in the north-south direction (vertical cross-section direction), positive value

(red) indicates that the residual current direction is from inland to sea, and negative value (blue) indicates that the residual current direction is from sea to land
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Human effects on the residual circulations in the Lingding Bay, Zhujiang
River Estuary: a case study of neap tides during flood season

Mei Jinya"?, Chen Yongping"?, ChuNanyang®, SuMin?, LiuPei*, Yao Peng"*’

(1. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China; 2. College
of Harbor Coastal and Offshore Engineering, Hohai University, Nanjing 210098, China; 3. Zhuhai UM Science & Technology Research In-
stitute, Zhuhai 519031, China; 4. The Pearl River Hydraulic Research Institute, Guangzhou 510611, China; 5. State Key Laboratory of
Coastal and Office Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Over the past 20 years, the morphology of the Lingding Bay in the Zhujiang River Estuary has under-
gone anomalous changes, which is far beyond natural processes due to the influence of high intensity human activit-
ies. Hence, the resulted estuarine dynamics have inevitably influenced as well as the material transport processes. In
this study, a three-dimensional model has been setup to explore the changes of residual circulation pattern in the
Lingding Bay over the past 20 years and their potential impacts. The results show that the bottom residual flow
along the East and West channels is turned towards the Middle Shoal area, which promotes the sedimentation there.
The lateral residual circulation in the Middle Shoal depicts a layered structure of the surface to the west and the bot-
tom to the east, mainly driven by the non-linear advection term. The large-scale sand mining in the Middle Shoal
has resulted in the eastward shift of the residual circulation structure and the enhancement of the surface and bot-
tom residual currents, which can accelerate the exchange of material between the surface and bottom layers. A lon-
gitudinal residual circulation structure exists in the West Channel with the surface layer seaward and the bottom lay-
er landward, driven mainly by barotropic and baroclinic pressure gradient forces. Due to the effect of dredging
depth, both the landward baroclinic pressure gradient force and the non-linear convection term are enhanced, the
seaward-direction surface residual flow reduces by 22%, while the landward-direction bottom residual flow in-
creases by 24%, which will weaken the exchange capacity of the water body in the western trough during the neap
tide period, i.e. slow down the material export, resulting in the siltation of the western trough and the weakening of
the water environment. This study can provide implications for understanding of estuarine residual circulation as

well as material transport under anthropogenic disturbance.

Key words: longitudinal residual circulation; lateral residual circulation; human activities; Lingding Bay; three-dimension-

al numerical model
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