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Mechanism and simulation of tidal current limit in typical inflow tributaries of the lower Yangtze River under
coupling effect of runoff and tide//Li Yiping'”, Han Qingyun'”>, Cheng Yue'”, Ling Zhen'”, Dai Yan'’, Wang
Yaning'**, Zhu Xiuquan®( 1. College of Environment, Hohai University; 2. State Key Laboratory of Water Cycle and Water
Security, China Institute of Water Resources and Hydropower Research; 3. China Water Huaihe Planning and Design
Research Co. , Lid. )

Abstract: In order to study the upstream distance of water backflow into the river channel, clarify the main control
mechanism and dynamic laws of the tidal current limit, taking the Shiqi River, a typical tributary of the Nanjing section of
the lower Yangtze River, as an example, 302 sets of runoff and tidal range conditions were simulated, and the variation
range of tidal current limit in relatively dry years was quantified. The influence of runoff-tidal coupling on the tidal current
limit was explored. The results show that the variation range of tidal current limit in the study area is from O to 7. 64 km,
and runoff is the dominant factor controlling the displacement of the tidal current limit. For every 1 m /s increase in
runoff, the tidal current limit can be moved down by nearly 3.9 km, while the tidal range needs to be increased by more
than 7 times to generate corresponding displacement in the tidal current limit. Affected by the downstream straight river
regime, the confluence area of main and tributary rivers is the core stable zone of the tidal current limit. This terrain can
effectively reduce the resistance caused by shallow shoals and bifurcations, allowing the tidal current limit to maintain a
stable distribution with a high proportion (66% ~75%) at both high and low top water levels. The distance from the tidal
current limit to the estuary shows a stepped and non-linear upward migration with the increase of tidal-runoff ratio, which is
different from the logarithmic change of the main stream. The tidal current limit in main stream of the Yangtze River is less
sensitive to runoff due to its larger runoff and stronger tidal dynamics, with a variation range of 0. 86 times that of tributaries.
Key words: tidal river; tidal current limit; runoff; tidal range; hydrodynamic model; the Shiqi River; the lower Yangtze
River
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.24 .

BB 15, 4km, ARl LA 8@ TN, 2 ]
A ZE R, BAT U2 B R R R R Ry
fE, ZAEEERIR A 15, 4°C , ZAE LYK E N
1004. 57 mm , [ 7K 12 4F PN 43 BE AR ¥ 47, 4F R A8 4k
B,

2 MIRAE

2.1 KEhHIRBGE

PP A T BT 9] 0 7 PR S5 5 A 7 7 Ay
ST XK Bl A R L T — R I R fE
Wiz SR, DLk 7 R AL S AR I O AR OR
FHZS R 22 k- T B oK i, BB R IR T
F ek A % 9 HXCAR-3400 75 iA ¥ & 115 PRC-921
R EK A, W LT L2 (L5 L6 i T il
T, L3 LA A BTS20, KA M1 A i F A1 fit o]
WG, AR ) S R, A
Wi % #5413 52 A 5 min [ 310 s — R BUE, LA
FHHE BN K RN A, A 85 BsF ) P B 38 3, 5 1 2
It 22 O S S A B ) I A R AT A, B T
AR WF 5T 3k S K VT IR R I A K AR s 30T
2023 45 H 1 H&E 202347 H 31 H, il 6 4
SETTRN 1 ARIK A T A 422 I, 2RI 4R T 26 496 41
o T R K SR, Ry SRR Rl

TIF 5 DX 3] DA 436 A fist T 9 A 7 25320, T
R =K B R UEE , FIEA L SUEI,
ST A R TR, O WAL F 0T IR | Iy XT38 3
EARSREER.,

PR K B Sy R AR S 9 AN B, i
7 AR A I R B R A T AL E R
IRALRSE, AT i S A R T e T
UL 5 b S At i el AR G R TS T 32
T I A DCOC R A T NI AR A
KOG, S50 ST REREL 0. 03,

TEHCA Bt il T L2 A I AT ML B KA
G A TR AL UE | A 26 % DR 25 - 349ME (AE) F1y
Jr iR ZE (RMSE) AR bR, AE [ BBEHIE 5
SR Y G A R EELY) RMSE Fz e RE AR 1 25 1l R
B AE RMSE {H#/N, SRR A 56 uE
SRR, L2 T E A PIEE R0 AE S 0.091 m’/s,
RMSE 24 0. 022; M1 7K i B 81 25 5 () AE N
0.009 m,RMSE # 0. 017, 7K 3l JJ 15 B0KS B 45 5, A
T IREatE 5,
2.2 WEMITRIEE

RS A U MR SO SR i K
VLTRFEAK AL T VLI VR HT 3 R 25 43 il %
i VAR EOp-2 I I P = o A e e W



IR A AR TR KA - 22 | = BT KA - A2 3
iR KA 2E 4 R RA A, IRIFEK A%
5. 11 m, 5 BN N 7. 11 m, X A R 2
4 0.36m,/Ni#liZE K 0. 15 m, [5]— 57 R, K
W25 /NEIZE I Ll 0. 435 B S S E R,
TRV N 32 B IS 62 B RIS | K
FERTE N 1.5Tm’ /s, BLAM, B 25 AL TE
H0.1~0.7m, B AEEE R 0. 1~30m’/s,
FEAIF 5% B — PR 20X U S A R (1 S L
ISR P LML R TR ST
ZHEME T, BARS L5 R, QMR Lk
4 25 R A ORI SE A2 T 50 22 1Y U
X [H] ; @R SR 2 BE ML AL 5 4 i 6 5 AL T
SR o T 00 248 AR A T 00 s OFEAIR B KT
TRAEK A S F 4528 1 104 2H T, 2 208 44 T
(Kl2),
0.7
0.6
0.5+ )
04F °

T2 /m

0.3F

021
0.1

0 05 10 15 20 25 30 35
2/ (mds)

(a) fRTFEAKNL
07 .- -
06f -
05F. .
04,

T2 /m

03l -
02t
R 1 A B
0 2 4 6 8 10 12 14 16 18 20
2/ (m¥s)
(b) ETFEKNE
B2 ARSI CEETERN IS

Fig.2 Distribution of working conditions generated under

different Yangtze River backwater levels
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Fig.3 Schematic diagram of tidal current limit
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Fig. 11 Relationship between tidal diameter ratio and

position of tidal current limit
AT AR -5 30 507 5 10 5% 2R B X AR
FKFRP G AVLSRATAE W] .25 5, 1 X b 2% 5
(14 3= 2 PR A A ORI AR L e KT 30,
b B KRR B AN RE B K S B I R B
R A AT T 30 W 0 A AE 20 70 km S0 PN 2B B

QKT B #5232 AR W 3R 0 V% s ), LR i /N
T 2R A0 22 23 K 3] 2. 60 1. 80,0, 80 m' P A
Tt il DX 7 5 B A 2 A% DA QR Vg By 2
A T BE 1R A, R BOL AR i AR
AR BUBPE R, 28 Bl B A R SR Y 0. 86 1, iX
SO ILFAVER, AR VT T 5 S e % 8l )
FHIE E R AP 22 5% . AFTBHFEK A #0F T
Il S A2 LA 3538 B4R I A FH 466 %) 32 R I Tt
FEAK LI TR HE N 0. 72, 1 TREG KL Il T A% e
0. 18, FHZE B, 19 B 2 18 KO A2 3t A FH R 4l
BN AR LR PRI TR Y

4 % it

a. TR AT S gL AR A B, T T 4
TBOK s SRR 8 T 302 AARY 22 T, B
I8 T AR A 0 I 7 ) s e AL O
ST 3E TR TR A KA AT S T B
AL B LR A,

b. KA A2 5 M I S AR A DG ER  R
{ISRUTE R ] IV 3 o S MO yS I S35 - 4 P | O el b
TV VE RS s @ LKA T, W A AR 3l
S 45708 | SZ AR AT M I K 40T 3 43 A7 4
2y AR F BRI

c. FESNITHILEI T T, A2 R e 5 i R A
MEFHE, 'Ry, e n, 2
RN 1 m’/s W SRS R 0~3. 90 km; fE42
Ui R B W 2 T BRI 7 A5 DL B A RE AR A
MRS, A T e A 0 I A 8 A AR Ak v e 3 e
YERT . BEAL T BB 53 A 45 SR 3R I ) i S o7 1
FEANTRI TG 7K A7 S5 0 T 35 522 B TR0 1 B bk ™ 43
G & 1 = I S S0 S i b /o I s [ TS A R (3D
FEARBEEAE T 5 Heik 75% , i TRAE K2 240 F (5 1
66. 4% , 1= FE/K A 2T Wt A 14 28 Sl el B oy
eI, R B 8. 03 km Ab,

d. A L RAE AR AR 5% 3 1
PSS DN T £ S NS B RN B T BN s[4 1]
BerE IR R T 11 R B 2 A, O AR L
S0 SO B AR B S R T RO O AR Ak
MUBRAAEI B 22 5, 442 ek 2 G FUE (KT
IKOEZEAE TR 0. 72, = TRFEK AL 5544 T 0 0. 18) B,
FEWAEH 5 4 3 S T, BRI A Bk T
FaE

S Xk

[ 1] Becherer J,Burchard H, Flsser G, et al. Evidence of tidal

straining in well-mixed channel flow from micro-structure

.29 .



[2

[3

[ 4

[5

[ 6

[7

[8

[9

[10]

observations[ J ]. Geophysical Research Letters, 2011, 38
(17) :L17611.

T XM, )1 e, /N A BT R A A TR
FAREAFPELT]. BHAEOR 5 TR, 2018, 18 (3) : 346-
353. ( Liu Pengfei, Lu Chuanteng, Luo Xiaofeng, et al.
Change characteristics of the Yangtze River based on

model [ J ].
Engineering,2018,18(3) :346-353. (iin Chinese) )

] Hou Chengcheng, Zhu Jiantong, Huang Ju, et al.

mathematical Science Technology and

Quantitative relationships between the tidal current limit,
tidal level limit and river discharge in the Changjiang
River Estuary [ J ]. Journal of Marine Science and
Engineering,2021,9(11) :1291.

] B e, BT b, A5 v T ) K B 25 Ak
HUERBFFELT]. K BEIEARAP,2025,41(5) :319-328. ( Wei
Xianglong,Lu Wei’ an, Tang Hongwu, et al. Study on the
mechanisms of water quality deterioration in Shanghai City
tidal river networks [ J ]. Water Resources Protection,
2025,41(5) :319-328. (iin Chinese) )

1 XK PNz, 220k 2%, i 100 B R Y B 25 o
A SRR BT[] KBRS, 2025, 41 (1) : 178-
185. (Liu Shuiqin, Sun Fengyun, Ji Yongxing. Analysis of
spatiotemporal distribution of suspended solids and its
tidal influence in major rivers and lakes in Shanghai[ J].
Water Resources Protection, 2025,41 (1) :178-185. (in
Chinese) )

1 B ol RIR 55 TR ] BOAR v i 5 AR T
FERRE MBI 2 [ 1], NI, 2024,55(1) :6-13.
(Luo Liang, Xie Chao, Jiang Chenjuan, et al. Influence of
runoff on tidal wave deformation and propagation in tidal
reaches of Changjiang River[ J]. Yangtze River,2024,55
(1):6-13. (in Chinese) )

] REE ERARBA A 5 A LK Bl g i AR e R R
HAZ WAL AV oA [ ] A4, 2022, 44
(12) :31-41. (Gu Junhao, Cai Huayang, Yang Hao, et al.
The evolution of estuarine backwater dynamics and its
underlying mechanism: a case study of the Changjiang
River Estuary [ J]. Haiyang Xuebao, 2022,44 (12) : 31-
41. (in Chinese) )

] R RV AL BRI 1]. K 3C,2002,22(5) ;

25-26. ( Song Lanlan. Research on the location of tidal

current limit of Yangtze River [ J]. Journal of China

Hydrology,2002,22(5) :25-26. (in Chinese) )

RDU%, BEE T 2. X VT X5 5 ) O S A O

%[J]. 7kis T 72,2012 (6) : 15-20. ( Xu Hanxing, Fan

Lianfa, Gu Mingjie. On tidal mark and tidal current mark

[

in the Yangtze River[ J]. Port & Waterway Engineering,
2012(6) :15-20. (in Chinese) )

L7 S St 5 i N S W 3 e =
T AP IS M R SR S AL S A [ 7] KRtk e
2020,31 (4) . 502-513. ( Yang Yunping, Zheng Jinhai,

Zhang Mingjin, et al. Driving mechanism of Sanyiqgiao

- 30 -

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

point bar and shoal evolution in fluctuation segment of
tidal current limit in lower reaches of Yangtze River[ J].
Advances in Water Science, 2020,31(4) :502-513. (in
Chinese) )

Gusti G N N, Kawanisi K, Al Sawaf M B, et al.
Investigating tidal river dynamics in a longitudinally
varying channel geometry[ J]. Continental Shelf Research,
2023,253.104901.

Baar A W, Braat L., Parsons D R. Control of river discharge
on large-scale estuary morphology [ J ]. Earth Surface
Processes and Landforms,2023,48(3) :489-503.

e, it Ae , BRAEHE. = ik T A % 3R 7T = A Wi
MO AL R R B0 20 WE ST (D). PR E 4, 2012, 31
(5) :489-495. ( Du Jinglong, Yang Shilun, Chen Dechao.
Preliminary study on the effect of Three Gorges Reservoir
on the evolution of landform of the Yangtze Estuary delta
[J]. Marine Science Bulletin,2012,31(5) :489-495. (in
Chinese) )

Khadami K, Al Sawaf M B, et al.

Spatiotemporal response of currents and mixing to the

F, Kawanisi

interaction of tides and river runoff in a mesotidal estuary
[J]. Ocean Science Journal,2022,57(1) :37-51.

RS B, BN A VL I AR s B [l I
HOKBIFHAEL C /P EE R i TR 2. 5
TVE T EE (F) TRFRIE SRR CT). f
Ly 2 ST TR 5345, 2017 . 548-555.

W RRYE A5 05 , S/ NDT A5 BRI TR SR L A s X 2%
5RO A 5T HphE BRI [ 1], K
PRI, 2025, 41 (4) : 42-50. ( Zeng Zhaoyang, Yang
Fang, Wu Xiaoming, et al. Study on flood and inundation
law under different encounter scenarios of extreme storms
and spring tides in northern part of Hengqin Island , Zhuhai
City [ J]. Water Resources Protection,2025,41(4) ;42-
50. (in Chinese) )

2] ARURE, T, 26 ST MIKE F55 88 i AT 15
QRN 1 2 RE BT T [T ], SR BT RE 42441, 2021, 41
(1):283-292. (Li Ming, Li Tianyu, Shi Yu, et al.
Simulation of pollutant loads
efficiency using a coupled MIKE SHE/MIKE 11 with ECO
Lab system[ J]. Acta Scientiae Circumstantiae, 2021, 41
(1) :283-292. (in Chinese) )

GAR 2 —F B A5 BT K 8l K 5 R 1
SRR 5T [ J]. S E LB, 2025,38 (1) : 1-7. ( Ling
Zhen, Li Yiping, Cheng Yue, et al. Study on periodic

to rivers and control

spatiotemporal heterogeneity characteristics of
hydrodynamics and water quality of tidal rivers [ J].
Environmental Science and Technology, 2025,38 (1) ; 1-
7. (in Chinese) )

Biswal S, Sahoo B, Jha M K, et al. A copula model of
extracting DEM-based cross-sections for estimating
ecological flow regimes in data-limited deltaic-branched

river systems [ J |. Journal of Environmental Management,



[20]

(21]

(22]

[23]

[24]

[25]

[26]

[27]

2023,342.118095.

EHERR, SR FEE SR AR FET MIKE 11 93] 30 X )
H ] U4 8 K BT AR ST [ 7] BREE R4l
2022,42 (8):314-324. ( Wang Haisen, Feng Lan, Li
Bailian, et al. Water quality response to regulation of small
floodgates in river network region of Wuxi based on MIKE
11 model [ J]. Acta Scientiae Circumstantiae, 2022, 42
(8):314-324. (in Chinese) )

ZEEEH, X/ X, 25 2T MRMR-HK-SVM A7
(9 PM,  WERETRIN [ J]. b R BB AL, 2019,39(6)
2304-2310. ( Li Jianxin, Liu Xiaosheng, Liu Jing, et al.
Prediction of PM, 5 concentration based on MRMR-HK-
SVM model [ J]. China Environmental Science, 2019, 39
(6) :2304-2310. (in Chinese) )

W RLL, A, SRR, A T SWMM (175 7K 45 1 41 ok
KB S PN FE 1], KB IR AR, 2024, 40
(5) :141-147. ( Chang Liuhong, Xue Xiong, Guo Yang, et
al. Study on identification and inversion of external water
leakage in sewage pipeline network based on SWMM/[ J ].
Water Resources Protection, 2024,40 (5) ; 141-147. (in
Chinese) )

KRITZE i & BRAL R A2 I 728 A 0 K VLt AL
BRI ESE [ )], W AR, 2021,40(5) £ 502-511.
(Zhu Qiaoyun, Yang Haifei, Qian Chuanjun. A study of
river-ocean’ s impacts on tidal current limit in the
Changjiang River[ J ]. Marine Science Bulletin, 2021, 40
(5):502-511. (in Chinese) )

Rk, R, AL, A BRI HUK B ) R B R R
FEHETET]. AKAIK B 4 i, 2025, 45 (1) + 10-17.
(Zeng Cheng, Zhou Jing, Li Kai, et al. Research progress
on hydrodynamics and mixing characteristics of open-
channel confluences [ J ]. Advances in Science and
Technology of Water Resources,2025,45( 1) :10-17. (in
Chinese) )

BN AP BRAEE 55, VLT e Tk s s 2
A A AU 23 47 [ J/70L ] v [ R A K ALK L, 1-12
[2025-10-30]. https://link. cnki. net/urlid/42. 1419. tv.
20251017. 1147. 019. ( Xia Houxing, Fu Kaixiong, Chen
Nengzhi, et al. Numerical simulation analysis of flow
movement changes in the mainstream of the Lower Min
River[ J/OL]. China Rural Water and Hydropower, 1-12
[2025-10-30]. https://link. cnki. net/urlid/42. 1419. tv.
20251017. 1147.019. (in Chinese) )

I SRR, T R A VIR ) e E 4 P R
A3 [J]. M PR 4R, 2022, 41 (5) : 537-547. ( Feng
Yuze ,Guo Leicheng,Ma Huichen. Analysis on the monthly
change of the tidal wave characteristics in the Changjiang
River Estuary[ J]. Marine Science Bulletin,2022,41(5) :
537-547. (in Chinese) )

W, RLD, N, 45 3 T 4E R IE B Y
DRALTT I I 5 i 23 AR PN [0 ] KR 5 3 T A o
4% ,2017,15(3): 19-25. ( Han Xuemei, Wu Hongbin,

(28]

[29]

[30]

[31]

[32]

[32]

[33]

[34]

[35]

Zhou Gang, et al. Spatio-temporal characteristics of tidal
limit and tidal current limit of Daliaohe River based on a
modified model [ J]. Journal of Water Resources and
Architectural Engineering, 2017, 15 (3). 19-25. (in
Chinese) )
JRERE, #oak, A A, 45, KO3 G R i &G
X [T ]. b ERRGLSR  2025,35(12) :98-102.
( Zhou Zhengdao, Huang Bin, Pu Xianghe, et al.
Comparative analysis of fitting methods for water level and
flow relationship curve [ J]. China Flood & Drought
Management ,2025,35(12) :98-102. (iin Chinese) )
Pl AR VLI i A5 A8 T R E i G R AT
FELT]. AR R A2 4 ( HARBE AR , 2013 (5) -
18-26. ( Hou Chengcheng, Zhu Jianrong. Study on the
quantitative relationship of the location of the tidal current
limit and the river discharge in the Changjiang Estuary
[J]. Journal of East China Normal University ( Natural
Science ) ,2013(5) :18-26. (in Chinese) )
Iglesias 1, Bio A, Bastos L, et al. Estuarine hydrodynamic
patterns and hydrokinetic energy production: the Douro
estuary case study[ J]. Energy,2021,222.119972.
Cheng Bingfen, Zhang Yuan, Xia Rui, et al. Backwater
makes the tributaries of large river becoming phosphorus
“sink” [ J]. Water Research,2024,261:122012.
BB, I, AR S A AT R R FR AR
VOB W R IR S AR R L[ T ] KA 241, 2025,
56(4) .477-487. (Zhong Ziyue, Xiang Bo, Yu Minghui, et
al. Response of river-tide-salt-suspended  sediment
dynamics to seabed topographic abnormality during dry
season in the Lingdingyang Bay[ J]. Journal of Hydraulic
Engineering ,2025,56(4) :477-487. (in Chinese) )
Feng Zhiyong, Tan Guangming, Xia Jungiang. Sediment
transport capacity under the river-tide interaction in the
Changjiang Estuary[ J]. China Ocean Engineering, 2019,
33(2):207-218.
Zhang Xingnong, Chen Changying, Jia Dongdong.
Characteristics of cross sections and dynamic factors of
bed fomrming in the lower tidal reach of the Yangtze River
[ C]//Proceedings of the 10th International Conference on
Asian and Pacific Coasts, APAC 2019. Hanoi, Vietnam:
Springer, 2020 :635-640.
S0, TOEAE AR 5 KL R GUK EERE B it
PEAT I KBTI ]. KA 24k, 2025,56 (7) : 874-
884. (Niu Wenjing, Wang Zhenghua, Feng Zhizhou, et al.
Research on the interoperability of flood control reservoir
capacity in the cascade reservoir group of the upper
Yangtze River [ J]. Journal of Hydraulic Engineering,
2025,56(7) :874-884. (in Chinese) )
Zhang Fanyi, Lin Binliang,Sun Jian. Current reversals in a
large tidal river[ J]. Estuarine, Coastal and Shelf Science,
2019,223.74-84.

(WeRi H 1.2025-06 -06 Sl F35)

.31 .



