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Effect of vegetation on topographic evolution of river mouth bars in the Yellow River Delta
under water and sediment regulation

Yu Ziqi' , Wu Guoxiang'’, Wang Kemeng', Liang Bingchen'~
(1. College of Engineering, Ocean University of China; 2. Key Laboratory of Ocean Engineering of Shandong Province)

Abstract: By taking the Yellow River Delta as a prototype, an idealized model featuring typical river mouth bar topography was
constructed using Delft3D. The model was used to simulate and analyze the influence of vegetation on the topographic evolution of the
river mouth bar in the Yellow River Delta under water and sediment regulation. The results show that with vegetation, the sediment
deposition volume of the river mouth bar after the water and sediment regulation is reduced by 63. 7% compared to the scenario without
vegetation, which contrasts with the general understanding that vegetation promotes sediment trapping and accumulation. The flow
resistance effect of the vegetation on the river mouth bar alters the flow partitioning ratio between the bifurcated channels and the river
mouth bar, reducing the flow discharge over the bar by 70%-85%. This redirects sediment-laden flows primarily through the river
channel to the sea, leading to a decrease in local sediment supply and trapping on the river mouth bar. Furthermore, the geomorphic
effects of vegetation differ significantly between the water-regulation period and the sediment-regulation period. In the absence of
vegetation, vertical accretion and lateral expansion of the river mouth bar mainly occur during the sediment-regulation period,
characterized by low discharge and high sediment concentration, with almost no deposition during the water-regulation period. In
contrast, when vegetation is present, significant vertical accretion of the river mouth bar occurs during the water-regulation period,
while its lateral expansion mainly takes place during the sediment-regulation period and is confined to the direction of sediment supply.

Key words: river mouth bar; water and sediment regulation; vegetation; geomorphic evolution; the Yellow River Delta
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G OFERE/(mY/s) BREE/(m/s) ROKBHEBIAY FHEPE/ (kym') BREDER/ (kym’) ®REFUEDIHY
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2009 421 3730 07-01 4.22 15.9 06-25
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2011 584 3230 09-23 5.03 40.1 07-11
2012 895 3530 07-04 6.48 36.7 07-11
2013 751 4360 07-30 7.30 29.5 07-25
2014 362 3150 07-07 2.63 19.6 07-12
2015 423 2720 07-09 2.35 10. 4 07-05
2016 260 1480 07-28 1.29 4.4 07-26
2017 284 813 12-08 0. 860 3.1 04-28
2018 1058 3670 07-11 8.89 48.1 07-20
2019 989 4060 08-12 8.68 26.3 07-21
2020 1140 4580 07-03 8.73 24.1 07-30
2021 1399 5240 10-08 5.51 37.9 07-10
2022 827 4030 07-02 4.79 39.2 07-24
Ty 698 3465 5.38 30.0
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Fig.4 Water and sediment regime at Yellow River Lijin Station (2014-2023) and schematization of runoff boundary
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Fig.5 Velocity distribution at river mouth bars with and without vegetation conditions
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Fig.7 Sediment flux distribution at estuary
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Fig. 8 Sediment flux and net deposition at river mouth bar boundaries
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TE R AR AR U AR T TE AR 3 N K S VR TR S AR e B o M Bt i T A A
AE VIR . TERBGRE MR T i) 3T 25 AL A B0, 32 BRI 2 o) g AR A T, X — B
G R A /K 3] 5 B i 0 o 8 VD B RE 0 R 5K Bl 5 BE e R T g S i ORR, AL
AR 1 U ek A Y R T T IR R BT ) S SR A e A ek 0 T e v
7, R BRI AU B £ R PV BT S PUR S BONTH L2 B & 5 AR A SRR X 57281k
i — 2B R 7T ULk T R T APV IR, AP T R A R TP T3 1A 1) T 4 A
ZE G

3 i #

ARSCHERR PRI VD T 5N BRGSO S i, B DR TR D = 1y I 3t A 15 7 ) o 2 42
T FEsm AL Vbt B A SO S AL AR 25 R GE DI BET7 T A AN rTEACRI A o YA 1 = A s
5 C IO A2 A0 AR, o 1) B TRT = A S K D i 57 (8 T 2 5 A TR, LR B P ) S AR 5 2, T
FEAEVR ATV XA R U A T BRI TS . A SO TS AK U A1 4878 1 AR I8 7K ) R v
WA P A OHCNTERILR . BIF5E R B AR I /K ) S 3R B G A2 i 3 o AR AR K i e e
VOB TR IR S0 D e A Sy BR A e v S % e i 28 K 3l 1 S Bl LI g oA, 38 AR e v RS A
R 22 53 2R T KD A AF R SIS AL - R B UK 25 A 9 5 B0 A W B FIAR AR [ 45 4

SEMATURLE e PRV I LA YD S A% D ek, R aod 2 Ry B K 3l 1 26 1 AEAR B AT ISR R LRI
NIELK RNV 4=

MBS SORF  WEFEE R KD TR PL A BT R = i AR S R A BB A T fl . e
T 0 DX 3 e B R I TR 3 A S R B9 vl LA 18] 7K S0 i Al ) 1 300 4 2 1] AR, SCREAS 7 v S £
feievb e Az A IR BRI 9 e S AR A T . O = AU AR A B B 2R S OTEIRDK IRV TR



55 4 39 THa 5 RUD VRN AR RSO0 S 1) = A YT 1 3003 2 38 28 ) 52 ) 147

St R T, I FE S35 PR Y 23 AL JR D RE A3 IX., 8 57 6 T AR Rl A= A5 D RE Y 3 258 BRI s Q% XA )
IKIP A I 22 AL BIREREIR S 7 58 , A AR B 1) A 2550 s R WF ST IR ) 2 HAt 3 25K VD 3R 8
BT A, n] O g BR = A N DAY A A R P R AT 12 A SR AR IR S il

AL ER A T UKD 29 20 d IS E]RBE b S80AT = AT 1 SUURE %) 3%, v R Y 2= AR PR
AR SR 2 N — P BIWTFEELAG . At AR AR B P (AN TR | JEE R0 A ) el e YD AR
AR A2 Rt T REAT TSR], A SCIFFE 8518 BTz AL B R G ) I2 ORI S BRI ol S HE . AR
TR — DR K DS IR S AL, D = AN AR A R GE R n] Fr e i B B A T PR S8

4 &

a. AHBCGE YA A S PET R A RN TR = A N AR RS R, AR R B
B T 70% ~ 85% (43 U bk, 5 B0 1 IURE AR IR B R [ 63. 7% , i — 4551 S5 AR e IR B9 AL SEIA AR
B AR YRR, AN ] 2K Vi AR ) 22 S A B

| en IS I W B OB R ey SR L W RO R U Rt B A R A o AR L N e S I R [
A I TIU  FRIR 2 66% , ] VL 7 ~ 13 em/d {438 ARS8 AR,, A RCHRAR T e 4 ol 5 8T/ 40 O A1 L 5
Vo R LRI R A T e v kg i T S RA T .

SE Lk

(1] 2800 ARSREE, WIMS. — AN A & AR RIS R EOHL IR [ 0] R GRS TR B2 41, 2025, 33 (1) : 158-68. (Li
Wei,Zhu Lehong, Hu Peng. Study on the characteristics and mechanisms of deltaic channel evolution [ J]. Journal of Basic
Science and Engineering,2025,33(1) :158-168. (in Chinese) )

[ 2 ] Edmonds D A,Slingerland R L. Significant effect of sediment cohesion on delta morphology[ J]. Nature Geoscience,2010,3(2) .
105-109.

[ 3 ] Fagherazzi S,Edmonds D A,Nardin W, et al. Dynamics of river mouth deposits[ J|. Reviews of Geophysics,2015,53(3) ;642-
672.

(4] A, WG, 252, 25, 100 3 20 DOSN 5 38 28 HLA AT 52 Sk [ 1] /K AK HUBHE E L 2022, 42 (3) + 112-120. ( Wang
Changjin, Hu Peng,Li Wei,et al. A review on formation and evolution mechanism of river bifurcation[ J ]. Advances in Science
and Technology of Water Resources,2022,42(3) :112-120. (in Chinese) )

[ 5] Airrilt, waimenk, AR ek, 45, B8 TT11 s b i xehin) 42 Vb s IR AR A M BRI 52 [ ] K BEURAR T, 2024 ,40(5) :104-111.
( Lin Zhongyuan, Hu Xiaozhang,Zou Huazhi, et al. Study on response of saltwater intrusion to topographic changes of mouth bar in
Modaomen Estuary[ J ]. Water Resources Protection,2024,40(5) ;104-111. (in Chinese) )

[ 6 ] Zhang Shaoyan,Gao Weilun,Shao Dongdong, et al. The effects of intra-annual variability of river discharge on the spatio-temporal
dynamics of saltmarsh vegetation at river mouth bar; insights from an ecogeomorphological model[ J]. Journal of Environmental
Informatics,2023,42(2) :108-122.

[ 7] 4095 R, WA, 5. AR FRIL D DR AR R g4 B S5 X[ )], E7KR], 2024 (16) £ 12-19. (He Qing, Zhu
Chunyan, Guo Leicheng, et al. Regime shift in morphology of the Yangize Estuary under changing environment and its
management[ J]. China Water Resources,2024(16) :12-19. (in Chinese) )

[ 8BRS V8, X #6645, TR K IR YD 14 a R AT A (LR AR [T ). AN RETIT, 2016, 38 (10) : 69-73. ( Xu
Congliang,, Gu Shuo, Liu Zhe, et al. Characteristics of the river mouth bar in the past 14 years of the Yellow River water-sediment
regulation[ J]. Yellow River,2016,38(10) ;69-73. (in Chinese) )

[ 9] BRAIRK, AASAR , B RARE, 5. 20T0T — A7 PN MK SO a8 S ksl 5[], 7K 3C,2023,43(3) : 112-117. (Chen Kexin, Cong
Pifu,Qu Limei, et al. Hydrological connectivity and driving force of Yellow River delta wetland[ J]. Journal of China Hydrology,
2023,43(3) :112-117. (in Chinese) )

[10] WizJ7, 2700, EEE, 4. Tl LML T R0 SR M e A E RO BT TS [ 0] L RCRE B, 2010, 38 (34) : 19499-
19501. ( Gao Yunfang, Li Xiuqi, Dong Guancang, et al. Purification of several salt marsh plants to the coastal wetlands in the
estuary of Yellow River[ J]. Journal of Anhui Agricultural Sciences,2010,38(34) ;19499-19501. (in Chinese) )

(11 ARAHE AR, E A 55, 1 ) R B S8 B0 A 25 R G IR 55 v I (B R P A IS - LA ER o [ 7). i
& 543 2024 ,41(3) :28-44. (Ren Linggi, Ren Guangbo, Wang Jianbu, et al. Remote sensing assessment of the net value of

ecosystem services for coastal wetland restoration and management: a case study of Yellow River Estuary wetland[ J]. Ocean



148

WK R (H R R R %54 6

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

(20]

(21]

[22]

[23]

[24]

[25]

[26]

(27]

Development and Management 2024 ,41(3) ;28-44. (in Chinese) )

B AR, BRIATE , 5. B T R L2 o 1 BS A R0 . B A8 K SR 2 25 AR ER [ T ] Il R 44 ( SRR 2
fR) ,2023,51(3) :56-64. (Luo Feng,Dai Jiancheng, Chen Zhipeng, et al. Spatial-temporal variation of Spartina alterniflora edge
in Yancheng wetland based on improved windows of opportunity theory[ J ]. Journal of Hohai University ( Natural Sciences) ,2023,
51(3) :56-64. (in Chinese) )

Rili K 75 XORE R, 22 FIAK , 55 S5TR G BIART I = K SCHE @RS e [ 1] KR K Bk i g, 2025,45(5) £ 129-140.
(Lu Yongjun, Zhao Yahui, Zuo Liqin, et al. Research progress on hydrological connectivity in weakly mixed land-dominated
estuarine deltas[ J]. Advances in Science and Technology of Water Resources,2025,45(5) :129-140. (in Chinese) )

Liu Guilin,Zhang Luochen,Zhang Qian, et al. Spatio-temporal dynamics of wetland landscape patterns based on remote sensing in
Yellow River Delta, China[ J ]. Wetlands , 2014 ,34.787-801.

Ytk 8 IS, A5 R T A AT BRI A s = A R AR S R GRS BB [T ] A AR AR, 2019, 34
(12) :2516-2528. ( Yang Wei,Jin Yuwan,Sun Lixin, et al. Determining the intensity of the trade-offs among ecosystem services
based on production-possibility frontiers; model development and a case study[ J]. Journal of Natural Resources,2019,34(12) .
2516-2528. (in Chinese) )

B WA, A AR 0. RO B IR AR R DR T U0 g 5 i ) B AR Ar B [0 ] i 241, 2022, 44 (11) £ 111-120. ( Ge
Zhaopei , Tang Jun,Zhao Chuyan. Numerical study on influence of vegetation on bed shear stress under coastal waves[ J]. Haiyang
Xuebao,2022,44(11) :111-120. (in Chinese) )

XSRS R AF . BRI XU AR S N TR v AR R MRSl R R AT [ )] K BRI, 2024,40(6) -
38-47. (Zhao Tongtiegang, Wu Diyi, Yang Zhenhua, et al. Evolution of coastal natural and constructed wetlands and its driving
factor analysis in Guangdong-Hong Kong-Macao Greater Bay Area[J]. Water Resources Protection,2024,40(6) :38-47. (in
Chinese) )

A IGE 2% U i, FRA. VLR g AR VAV AR e 37K 5 M R /K SR [ ] 0ot R 2 24k ( FHLARFLA ) L2026, 54
(2) :63-71. (He Xiaodong,Zhan Lucheng,Zheng Quan. Surface water and groundwater exchange pattern in a typical coastal salt
marsh-tidal creek system of Jiangsu Province [ J]. Journal of Hohai University ( Natural Sciences) ,2026,54(2):63-71. (in
Chinese) )

ZE0 SR AT e, AR AR B S I AR PR LR Y K VD2 Bl AR AL [ ] KR K s BB R L 2025, 45
(1) :47-54. (Jiang Bo,Zhang Qianlong, Song Zhikun, et al. Numerical simulation of water and sediment movement processes in
the Liaohe Estuary tidal flat wetland under influence of wave flow and vegetation[ J]. Advances in Science and Technology of
Water Resources,2025,45(1) ;:47-4. (in Chinese) )

Suresh D B, Wood D, Jin Yaqing. Sedimentary bed morphology in the wake of flexible aquatic vegetation[ J]. Water Science and
Engineering ,2025,18(3) :354-368.

Mudd S M,Howell S M, Morris J T. Impact of dynamic feedbacks between sedimentation, sea-level rise,and biomass production
on near-surface marsh stratigraphy and carbon accumulation[ J]. Estuarine, Coastal and Shelf Science,2009,82(3) ;377-389.
DR AR, IR, 2. SRR E AR R4 DCER VR R Wl 03 A1 B0 25 I DN K 9K Sl A e [ 0] i R AR 2 R (A SRR
2024,52(3) :88-95. (Luo Feng,Dai Jiancheng,Chen Zhipeng, et al. Dynamic monitoring and driving force analysis of salt marsh
vegetation distribution in Yancheng Nature Reserve[ J]. Journal of Hohai University( Natural Sciences) ,2024,52(3) :88-95. (in
Chinese) )

Zolezzi G,Luchi R, Tubino M. Modeling morphodynamic processes in meandering rivers with spatial width variations[ J |. Reviews
of Geophysics,2012,50(4) ; RG4005.

CLRE, SRR, SR IRFOR | 2. BT 11 A B el 2 A8 A S 2 R AR [ 0] v [ A 2l ( FLAR B RR) L 2022,52(12) ¢
81-94. (Ba Qi,Wu Zhen,Zhang Shiran, et al. Temporal and spatial variation of wetland vegetation in the Yellow River( Huanghe)
mouth and its influencing factors[ J]. Periodical of Ocean University of China,2022,52(12) ;81-94. (in Chinese) )

FRIEL, PRI, RS 5. ARV X R AT R U as SRR [ )] Bhe2ai 4z, 2021,66( 1) :53-62. ( Gong Zheng, Chen Xindi,
Zhou Zeng et al. The roles of biological factors in coastal sediment transport:a review[ J ]. Chinese Science Bulletin,2021,66
(1) :53-62. (in Chinese) )

JEE PR AT, A5 SRR R Y S ) M AR R T e [ )] KBSk g, 2021,32(3) 1 470-484. (Zhou Zeng, Chen
Lei,Lin Weibo, et al. Advances in biogeomorphology of tidal flat-saltmarsh systems[ J]. Advances in Water Science, 2021, 32
(3) :470-484. (in Chinese) )

[R5y , AR e SR AR , 4. 1979—2019 4F IOl it okt b ik 2 VA8 5 20 SIS [ ] AK BEURAR 47,2024, 40(2) - 134-40.

(He Zhenfang,Mou Tingting, Guo Qingchun,et al. Spatial-temporal evolution and differentiation study of wetlands in the Dawen



55 4 39 THa 5 RUD VRN AR RSO0 S 1) = A YT 1 3003 2 38 28 ) 52 ) 149

River Basin from 1979 to 2019[ J]. Water Resources Protection,2024,40(2) :134-140. (in Chinese) )

(28] Fifgz, ERLR AP 4 BERKIEIX 2010—2020 4FIBHLI 25 280 S 3K S BRI J3 e [ D] K BTGRP, 2023 ,39(4) -
126-134. (Wang Haiyun, Kuang Yaoqiu, Zheng Shaolan, et al. Spatial-temporal changes of wetlands and its driving factors in
Guangdong-Hong Kong-Macao Greater Bay Area from 2010 to 2020[ J ]. Water Resources Protection,2023,39(4) ;126-134. (in
Chinese) )

[29] 2=k 30, XA, US55, JOK 2R U35 e A e 5 5 BRI ST [ 0] K B IR AR, 2025,41(2) :19-29. (Li Fawen,
Liu Huiwan, Qiu Haoyu, et al. Study on adaptability and heterogeneity of water system geomorphic laws in watersheds[ J ]. Water
Resources Protection,2025,41(2) :19-29. (in Chinese) )

[30] WAL, JBTY , IR 50, 4. 25 AR B 2% /K 03 VR T Rt I S Bl I 8R4 A7 [ 0] . Yl R 2224 ( EARBR ) , 2024,
52(2) :61-68. ( Xie Yajun, Gu Hao, Su Yuchen, et al. Reinforcement effects of Hongze Lake embankment considering hydro-
mechanical effects of vegetation[ J]. Journal of Hohai University ( Natural Sciences) ,2024,52(2) :61-68. (in Chinese) )

[31] BRI, I, R, 45 BRREOR A R OK ST AL B A A B [ )] T K224l (FAR B L2025, 53
(1):10-17. (Xie Lingfeng, Yang Xiaoli, Wu Fan,et al. Response of future meteorological and hydrological drought propagation to
climate change in the Yellow River Basin [ J]. Journal of Hohai University ( Natural Sciences ), 2025,53 (1):10-17. (in
Chinese) )

[32] BETXL, f SCHF B4R 55 W A0 A8 A X VR K 98 0 300 ) 3y D AR SRy Sl [ 0] . T VP 5 5 55 DU 42 3 57, 2024, 44
(5) :1-14. ( Bi Naishuang, Shi Yirui, Ge Chunhai, et al. Impacts of morphological evolution of the Huanghe River mouth by
artificial regulation on deltaic sedimentation[ J]. Marine Geology & Quaternary Geology,2024,44(5) :1-14. (in Chinese) )

(331 SN, 5K 55, FLATE 25, At v I R = N OB A A A B JHE X AT Sl Ay ey 107 [ ] ¥ T 3 o 45 545 DO 42 3B 5t
2021,41(5) :77-89. (Hu Gang,Zhang Yong, Kong Xianghuai, et al. Changes of evolution models of China’s large river deltas
since Holocene and their responses to anthropogenic activities| J ]. Marine Geology & Quaternary Geology,2021,41(5) :77-89.
(in Chinese) )

[34] TIPS K V8 v %) 10 K 2 = AN A2 i AR [ T]. Je PP BF5T, 2005 (6) : 29-33. ( Wang Kairong. Impact and
evaluation of water and sediment regulation in the Yellow River on the estuary and its delta[ J]. Journal of Sediment Research,
2005(6) :29-33. (in Chinese) )

[35] 20, 7500 R, 5. 3T 30 45 8 T Uil VR A LR 1 s 5 o [ 1], KBk 22 ik, 2017,28(5) :652-661. (Li Jie, Xia
Jungiang, Deng Shanshan, et al. Characteristics of channel thalweg migration in the lower Yellow River over the past 30 years[ J].
Advances in Water Science,2017,28(5) :652-661. (in Chinese) )

(36] B F7, A0, JA 564, 4%, RIS FETRIVK U0 2% P 2 i) die AN () I Bt 3 e Jy i 2 [0 ). KB} 24 1 i, 2024, 35
(4):617-628. ( Cao Yuqin, Xia Junqiang,Zhou Meirong, et al. Effects of flood and non-flood flow and sediment regimes on the
flood discharge capacity of different reaches in the Lower Yellow River[ J]. Advances in Water Science,2024,35(4) :617-628.
(in Chinese) )

[37] BA0m, sRmed  XBIH, 5. SO0 T Ui o & v itk Bt — e K YRR G B R [ ] KB R, 2015, 26 (5) : 686-697.
(Xia Junqgiang, Zhang Xiaolei, Deng Shanshan, et al. Modelling of hyperconcentrated floods in the lower Yellow River using a
coupled approach[ J]. Advances in Water Science,2015,26(5) :686-697. (in Chinese) )

[38] mdh, e mi ST, SR AT o, HF25 il 300 A BT T Jie 9T PR VB AR 4R s 4B [ 0 ] . KR K HU B 4 30 8, 2024 ,44(3) :73-79. (Gao Lau,
Xu Xiangzhou,Zhang Hongwu. Characteristics of channel adjustment in Lower Yellow River during continuously scouring period
[J]. Advances in Science and Technology of Water Resources,2024,44(3) :73-79. (in Chinese) )

(39] XUERL, A58, £1 4, 4. UL A PN AR 1 A 1 Bl 48 SRR SR B T B2 R [ 0] R BEIRAR 97,2025, 41 (2) :233-241.
(Liu Shenggi, Xia Jungiang,Shi Xi,et al. Growth dynamics of vegetation on floodplains in middle reaches of the Yangtze River
and its impact on flow resistance[ J ]. Water Resources Protection,2025,41(2) ;233-241. (in Chinese) )

[40] WAL TPV, TIRPK 45, 25 FE ML AR IR 5 A AR A B/ NS PR 3073k [ ] i R 24l ( HAR B
2ERR) ¢ 2025,53(6) :33-40. (Li Binquan, Ren Zeling, Wang Guoging, et al. A method for design flood calculation in small
watershed considering geomorphological feature and land use change[ J]. Journal of Hohai University ( Natural Sciences) ;2025
53(6) :33-40. (in Chinese) )

[41] B, X, 55 20 45 R [N 22 52 O Bl 22 = A N TR . BT Delft 3D BRI 75 [ J/OL] . TUR A 4K, 2025-
01-16. https://doi. org/10. 14027/j. issn. 1000-0550. 2024. 123. ( Xu Jiayi, Liu Li, Ge Jiawang, et al. Shelf delta depositional
model influenced by different tidal ranges : inspiration from Delft 3D numerical simulation[ J/OL]. Acta Sedimentologica Sinica,
2025-01-16. https ;://doi. org/10. 14027/j. issn. 1000-0550. 2024. 123. (in Chinese) )

[42] Meng Liwei, Wang Longsheng,Zhao iawen,et al. End-member characteristics of sediment grain size in modern Yellow River delta



150 ERCPNE N B 54

sediments and its environmental significance[ J |. Frontiers in Marine Science,2023,10:1141187.

[43] Wang Houjie, Bi Naishuang,Saito Y, et al. Recent changes in sediment delivery by the Huanghe ( Yellow River) to the sea:causes
and environmental implications in its estuary[ J]. Journal of Hydrology,2010,391(3/4) :302-313.

[44] Qiao Shuqing,Shi Xuefa,Zhu Aimei, et al. Distribution and transport of suspended sediments off the Yellow River ( Huanghe )
mouth and the nearby Bohai Sea[ J ]. Estuarine, Coastal and Shelf Science,2010,86(3) :337-344.

[45] Baptist M J. A flume experiment on sediment transport with flexible, submerged vegetation [ C/OL ]//Proceedings of the
International Workshop on RIParian FORest Vegetated Channels: Hydraulic, Morphological and Ecological Aspects, 2003.
https : //www. researchgate. net/publication/279853441

[46] o, EAa, s AR, 4%, BT = A1 PN B AE K SR G X ) W By K S ACRTITCAR Sy s mi [ )] P 50T, 2023, 54
(6) :1586-1596. ( Gao Xiang, Wang Kemeng, Wu Guoxiang, et al. Effects of Spartina alierniflora removal on storm surge
attenuation and sediment trapping in the intertidal zone of the Yellow River Delta[ J]. Oceanologia et Limnologia Sinica,2023,54
(6) :1586-1596. (in Chinese) )

[47] Wu Guoxiang, Wang Kemeng, Liang Bingchen, et al. Modeling the morphological responses of the Yellow River Delta to the water-
sediment regulation scheme ;the role of impulsive river floods and density-driven flows[ J]. Water Resources Research,2023,59
(7) :€2022WR033003.

(48] PhSCT™  NR T , FNETE , 265, B 1 0 AN [ PR A B B AR AR AE [ )] R 282441, 2015,35(17) : 5804-5812. (Sun
Wenguang, Sun Zhigao,Sun Jingkuan, et al. Ecological traits of Phragmites australis community in different restoration phases of
the Yellow River estuary,China[ J]. Acta Ecologica Sinica,2015,35(17) :5804-5812. (in Chinese) )

[49] Zhi Yingbiao, Li Hongli, An Shuqing, , et al. Inter-specific competition; spartina alterniflora is replacing Spartina anglica in
coastal China[ J]. Estuarine, Coastal and Shelf Science,2007,74(3) :437-48.

[50] Alhdad G M,Seal C E,Al-Azzawi M ], et al. The effect of combined salinity and waterlogging on the halophyte Suaeda maritima
the role of antioxidants[ J |. Environmental and Experimental Botany,2013,87;120-125.

(E#% 105 1)

[ 18] Ma Chao, Zhang Pengfei, Chen Diyi, et al. Medium-and long-term optimal operation of a hybrid energy system enhanced by
cascade hydropower energy storage system[ J|. Energy Conversion and Management,2024,301.:118017.

[19] Ju Chang,Ding Tao, Jia Wenhao, et al. Two-stage robust unit commitment with the cascade hydropower stations retrofitted with
pump stations[ J]. Applied Energy,2023,334.120675.

[20] 24, Wil s, 4. R i OTRE 4 XK 28 e 5 WUHBLIBR & s A DI DR LB R [ 7). JK 2741, 2023, 54 (8) 1 955-
966. (Luo Bin,Chen Yongcan,Miao Shumin,et al. A joint short-term operation model for wind power and hybrid pumped-storage
hydropower plant[ J]. Journal of Hydraulic Engineering,2023,54(8) :955-966. (in Chinese) )

[21] Tan Qiaofeng,Nie Zhuang, Wen Xin, et al. Complementary scheduling rules for hybrid pumped storage hydropower-photovoltaic
power system reconstructing from conventional cascade hydropower stations| J]. Applied Energy,2024,355:122250.

[22] SWZZE Wpales, £ XRS5 RGN MK E el s B S AT T 1« A0 R W R E S5 06 90T K3 i [ ] KR 2230,
2024,55(7) :768-779. ( Guo Aijun, Chang Jianxia, Wang Yimin, et al. Research on capacity computation of cascade on-stream
integral pumped storage hydropower plants I ;short-term peak shaving and gain of cascade development[ J]. Journal of Hydraulic
Engineering ,2024,55(7) :768-779. (in Chinese) )

(23] JVmA VRS B g A5 KOG AN K P78 8 2 11 221 K 0 FHSREM [ )] TR~ 23l ( AR RR) ,2023,51(5) :65-
69. (Yin Lijun, Xu Chang, Huang Xianfeng, et al. Drawing and application strategy of dispatching diagram for water-light
complementary base reservoir[ J |. Journal of Hohai University( Natural Sciences) ,2023,51(5) :65-69. (in Chinese) )

[24] [ET, Z2 008 AT R, 55, 6 T4 B I R0AE ek B0 KO AN BEALAL AL TR BE T i [ 1] /K B R fR 1, 2023, 39 (6) £ 23-31.
(Wen Xin,Qin Jisen,Tan Qiaofeng, et al. Research on stochastic optimal operation of hydro-photovoltaic complementary based on
utility function of carryover stage[ J]. Water Resources Protection,2023,39(6) :23-31. (in Chinese) )

[25] wd, JRARse, Tk, 55 SVLIBUK AN AR I BE 1K1 22 [ 0] Il R 2274 ( A SRR AR , 2023, 51(5) : 56-64.
(Gao Ying, Su Huaying, Yu Jie, et al. Drawing of Hydro-PV complementary cascade energy storage dispatching diagram in
Wujiang River Basin[ J]. Journal of Hohai University( Natural Sciences) ,2023,51(5) :56-64. (in Chinese) )

[26] Wen Xin,Sun Yuanliang, Tan Qiaofeng,et al. Optimizing the sizes of wind and photovoltaic plants complementarily operating with
cascade hydropower stations ;balancing risk and benefit[ J |. Applied Energy,2022,306;117968.

(ks F91:2025 -01 - 15 it e )



