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Fig.2 Cumulative frequency curve of daily flow of cross-sections in the lower reaches of the Yellow River
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Tab. 1 Annual duration of low flow events and high flow events at different periods in the lower reaches of the Yellow River
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Tab.2 Load and concentration of sediment at different periods in cross-sections in the lower reaches of the Yellow River
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Fig. 3 Shapes of cross-sections in the lower reaches of the Yellow River at different years
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Fig.4 Comparison of measured daily flow between the inflow section (Sanmenxia) and outflow section (Xiaolangdi) of Xiaolangdi Reservoir
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Fig. 6 Changes in erosion and deposition in the lower reaches of Yellow River
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Fig. 7 Sediment erosion in the Lower Yellow River at different

FIHELL L BBt AL ¢
|

scenarios by year: with and without the Xiaolangdi Reservoir
4 g

AR =1 K 42 Bz A7 i BEAT = Tl 7k
JE L /INIRUR K FEIR 5 18 BE I BE BT Rl K S b
HE )RR I 2 AR AL, BT/ IMRR K R AR K VD i AR AR
e AR, 132 LA 24518

55 I BOA L, /NI K 2 5 = 1Tk 2 R
GVHREE, B R IR O, mi R 3 AW AR
S i RBUIUR B NSRB[RI R
ERllNSRiNGe PNRUB LIRS SN ¢ (NN

* 1134 KX KER

2 000 m’/s F1 K F 3 000 m*/s {1 K it 5 2 14 5 2 it
[, 4—6 H i 3 2t bk o i 2 B[R] 388 4720k
VA R 2 5 vb i R R 7 R, T TR AR
R

/IR K P R AR A 5 0] R ik v ok R AR
FERFAE — B0 /NI /K 2 I8 B il 100F 358 i KT
3 000 m*/s (4 K EHE N 86%, Witk /INT 150 m'/s (9K
BB/ 57%; INRIRAEE Y 1.50 /2 m’, ST
T A V> i il /0 1) B D P 5 A el 1 o b e 2 AR
A ] 55 /R RS K 3 47 B ] — 30 N8 /MR G
b/ N T W N T BT= R R AR /S R (09 YN BB R ]
1.30 12 t ¥ A5 Jp AR AL 0.28 42 to

ANIRJOK RS =Tk R G R B S, B0
T KD R AR 3 T A SR AR ISR L B T
B ENE, oK Rk SRR WK E .

S35 30k

(1] AN, T80, Bk, 5. J5T TA-PSO R RIS
HARGOKFHIRACIC & S (1], K AR E AR
(th3E30), 2023, 54(4): 60-68. DOI: 10. 13928/ j. cn-
ki. wrahe. 2023. 04. 005.

(2] WREE. VTR GO RIS 18 BE I, PR A %) 3
(7). K VLR B Bt 4k, 2024, 41(5): 1-7. DOI: 10.
11988/ckyyb.20240245.

[3] MENG X J, CHANG J X, WANG X B, et al. Multi-
objective hydropower station operation using an im-
proved cuckoo search algorithm[J]. Energy, 2019,
168(1): 425-439. DOL: 10.1016/j.energy.2018.11.096.

(4] FEATTF, WA, FRAELR, 55 5 IRK SCUUE A S8R Y
FHI DK Z AARIEALTERE (7). B KL -5 K A
BHE (b 35 30), 2022, 20(6): 1041-1051. DOI: 10.
13476/j.cnki.nsbdqk.2022.0103.

[5] MAAVARA T, CHEN Q W, VAN METER K, et al.
River dam impacts on biogeochemical cycling[J]. Na-
ture Reviews Earth & Environment, 2020(1): 103-116.
DOI: 10.1038/s43017-019-0019-0.

(6] BRFET5, MRk, Wit e, 45, KRS TR K SO 3
SN AT ARk . /NIRRT, o e
FHKFIZK L, 2022(10): 96-104. DOL: 10.12396/znsd.
220086.

(7] 3k& R, WIFRZR, XNAEEE. Z VAR e “8 0 R
BRI R HB A [, KR, 2022, 53(1): 1-
10. DOI: 10.13243/j.cnki.slxb.20210122.

[8] CHEN Q W, SHI W Q, HUISMAN I, et al. Hy-

dropower reservoirs on the upper Mekong River mod-


https://doi.org/10. 13928 / j. cnki. wrahe. 2023. 04. 005
https://doi.org/10. 13928 / j. cnki. wrahe. 2023. 04. 005
https://doi.org/10. 13928 / j. cnki. wrahe. 2023. 04. 005
https://doi.org/10. 13928 / j. cnki. wrahe. 2023. 04. 005
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.11988/ckyyb.20240245
https://doi.org/
https://doi.org/
https://doi.org/10.1016/j.energy.2018.11.096
https://doi.org/10.1016/j.energy.2018.11.096
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0103
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0103
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0103
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0103
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0103
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0103
https://doi.org/
https://doi.org/
https://doi.org/10.1038/s43017-019-0019-0
https://doi.org/10.1038/s43017-019-0019-0
https://doi.org/10.1038/s43017-019-0019-0
https://doi.org/10.1038/s43017-019-0019-0
https://doi.org/10.1038/s43017-019-0019-0
https://doi.org/10.1038/s43017-019-0019-0
https://doi.org/10.1038/s43017-019-0019-0
https://doi.org/10.1038/s43017-019-0019-0
https://doi.org/10.1038/s43017-019-0019-0
https://doi.org/10.12396/znsd.220086
https://doi.org/10.12396/znsd.220086
https://doi.org/
https://doi.org/
https://doi.org/10.13243/j.cnki.slxb.20210122
https://doi.org/

A, %

/N IR R A B A T e K AR R

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

ify nutrient bioavailability downstream[J]. National
Science Review, 2020, 7(9): 1449-1457. DOI: 10.
1093/nsr/nwaa026.
FA, R BBGUKPEE INSEmR R DU R e
WU RAREIESE O], AErp IR e 2a 40 (A2
Bl2£RR), 2019, 53(5): 685-691. DOI: 10.19603/j.cnki.
1000-1190.2019.05.007.
MoRkER, skt =, BERER, 5. K TR K AE S IRER
ROV P T IR SRR (0], KRR, 2020,
31(5): 793-810. DOL: 10.14042/j.cnki.32.1309.2020.
05.015.
X, R, 1305 e SR RIS K
SR EE SRR (1], 5K LT S5 KA R
(HFJE30), 2024, 22(3): 473-481. DOIL: 10.13476/;.
cnki.nsbdgk.2024.0049.
TRER, XEE R, A AR IREE T K B IS
FERTFE I S R ER (1], KA, 2022, 53(9): 1017-
1027. DOIL: 10.13243/j.cnki.slxb.20211024.
T, WA, B, . BRI A B i
TV TR AR S K B PN (], E AR,
2021, 41(2): 891-901. DOI: 10.19674/j.cnki.
issn1000-6923.2021.0100.
X, A, B8 TR, 45, 2015 4R 7KJE 705 8] B
B URL Pb N Ho AR E W 3R 2 84k [T,
[ 24 5% Bl 2%, 2019, 39(7): 3009-3017. DOI: 10.
19674/.cnki.issn1000-6923.2019.0355.
X 1 A, PRES, TV, A5 BRZOK PR 7K I 52 i A A
R (0], KRR, 2020, 31(1): 120-128. DOI: 10.
14042/j.cnki.32.1309.2020.01.013.
THGIR, W, B, 55, LT RO A S K SC-
A 2SI R DG ZR Y BT A AR S (0], KR
2441, 2020, 51(9): 1175-1187. DOI: 10.13243/j.cnki.
sIxb.20200184.
IR, AR, JH 5%, 45, B R Bod i
fE TR R X K P A S Wi A pyma nz (3], KB}
2E3ERE, 2020, 31(3): 337-347. DOI: 10.14042/j.cnki.
32.1309.2020.03.003.
RS, R RL, TREE, S IR KX AR
T ROK SCIES IR (1], KGR, 2021, 37(3):
61-65. DOI: 10.3880/j.issn.1004-6933.2021.03.010.
WSO, VR —, W2R, S5, R SRk TR X AR
1 B i K 5 A K R (0], R K AL 5 7K R BE B
(P FE ), 2022, 20(3): 451-458. DOIL: 10.13476/j.
cnki.nsbdqk.2022.0045.
WSS, VR, WZE. ZINBRCZK PR BEXT SRR K
R (], i ERAKRK AL, 2022(10): 91-

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

95. DOI: 10.12396/znsd.212218.

WSS, 0B, AR, AL /INTRJEC K AR 2 X B
A SRR b (3], K B IR AR, 2022,
38(1):160-166. DOIL: 10.3880/j.issn.1004-6933.2022.
01.021.

SHANG W X, YAN D M, PENG S M, et al. Analy-
sis on the ecological impact of the Xiaolangdi Reser-
voir on the Yellow River Delta wetland and coastal
areas[J]. Frontiers in Earth Science, 2022, 10: 953318.
DOI: 10.3389/feart.2022.953318.

W FF e, BT BT AR A R ey Jo
HIZIR R SRR BT “EER -2 0] - ) =457
HEZR [J]. /K F22 42, 2020, 51(9): 1038-1047. DOL:
10.13243/j.cnki.slxb.20200607.

A, IR, AL T R SR A T B R
WSSO (1], BHE S0, 2020, 38(14): 109-
115. DOI: 10.3981/j.issn.1000-7857.2020.14.011.

F /DN, X288, BB R, A TR SR 91 5878 s AU
TiiE WEATTE (1], JeVPESE, 2019, 44(2): 33-40.
DOI: 10.16239/j.cnki.0468-155x.2019.02.005.
FAEIL, Euik, X ENE, S5 NRISKEIZ T LR
BOA] T YT T ] RV AR R A SR (D] KR 24,
2024, 55(5): 505-515. DOI: 10.13243/j.cnki.sIxb.
20230402.

ABH, S22, TRBERA, S, 3T 70 AR UK
FRIP T (1] A TR, 2018,34(21): 112-
119. DOL: 10.11975/j.issn.1002-6819.2018.21.014.
FH SEE AR, 5K, T, AF. K PEFEVD X AR iR
PRI S A SEME (1], Kb, 2024, 35(3): 475-
484. DOLI: 10.14042/j.cnki.32.1309.2024.03.011.
Wik, RARE, EER, . /NRISKEEZ LK
T TR A A A KL S AL (D], A,
2023,78(11):2735-2749. DOI: 10.11821/d1xb202311
006.

TR R, SRAkEE, SRR, A, SR YD OC R PR
5B KRR AR (3] KR 27 4, 2020,
51(8): 897-905. DOI: 10.13243/j.cnki.slxb.20200
023.

WSS, W], AR, AT I A A e R Y
B R AR AT K RRIETE (7], K H 274z, 2020,
51(3): 367-377. DOIL 10.13243/j.cnki.slxb.20190
784.

HE N, ATk, A4, S B TR K X
ARG K AR ZS PR (ML KN 2l KR
th AL, 2012.

KX KK/ 1135+


https://doi.org/10.1093/nsr/nwaa026
https://doi.org/10.1093/nsr/nwaa026
https://doi.org/10.1093/nsr/nwaa026
https://doi.org/10.1093/nsr/nwaa026
https://doi.org/10.19603/j.cnki.1000-1190.2019.05.007
https://doi.org/10.19603/j.cnki.1000-1190.2019.05.007
https://doi.org/10.19603/j.cnki.1000-1190.2019.05.007
https://doi.org/10.19603/j.cnki.1000-1190.2019.05.007
https://doi.org/10.19603/j.cnki.1000-1190.2019.05.007
https://doi.org/10.19603/j.cnki.1000-1190.2019.05.007
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.14042/j.cnki.32.1309.2020.05.015
https://doi.org/
https://doi.org/
https://doi.org/10.13476/j.cnki.nsbdqk.2024.0049
https://doi.org/10.13476/j.cnki.nsbdqk.2024.0049
https://doi.org/10.13476/j.cnki.nsbdqk.2024.0049
https://doi.org/10.13476/j.cnki.nsbdqk.2024.0049
https://doi.org/
https://doi.org/
https://doi.org/10.13243/j.cnki.slxb.20211024
https://doi.org/
https://doi.org/10.19674/j.cnki.issn1000-6923.2021.0100
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.19674/j.cnki.issn1000-6923.2019.0355
https://doi.org/10.19674/j.cnki.issn1000-6923.2019.0355
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.14042/j.cnki.32.1309.2020.01.013
https://doi.org/
https://doi.org/
https://doi.org/10.13243/j.cnki.slxb.20200184
https://doi.org/10.13243/j.cnki.slxb.20200184
https://doi.org/
https://doi.org/
https://doi.org/10.14042/j.cnki.32.1309.2020.03.003
https://doi.org/10.14042/j.cnki.32.1309.2020.03.003
https://doi.org/
https://doi.org/
https://doi.org/10.3880/j.issn.1004-6933.2021.03.010
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0045
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0045
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0045
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0045
https://doi.org/
https://doi.org/
https://doi.org/10.12396/znsd.212218
https://doi.org/
https://doi.org/10.3880/j.issn.1004-6933.2022.01.021
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.3389/feart.2022.953318
https://doi.org/10.3389/feart.2022.953318
https://doi.org/10.13243/j.cnki.slxb.20200607
https://doi.org/
https://doi.org/10.3981/j.issn.1000-7857.2020.14.011
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.16239/j.cnki.0468-155x.2019.02.005
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.13243/j.cnki.slxb.20230402
https://doi.org/
https://doi.org/
https://doi.org/10.11975/j.issn.1002-6819.2018.21.014
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.14042/j.cnki.32.1309.2024.03.011
https://doi.org/
https://doi.org/10.11821/dlxb202311006
https://doi.org/
https://doi.org/
https://doi.org/10.13243/j.cnki.slxb.20200023
https://doi.org/
https://doi.org/
https://doi.org/10.13243/j.cnki.slxb.20190784
https://doi.org/
https://doi.org/

F202% %6l WALASKABKEE) 2024 4 12 A

Impact of Xiaolangdi Reservoir on the water and sediment processes
in the lower reaches of the Yellow River

SU Liu"?, WEI Shitao'*, SHANG Wenxiu"’
( 1. Yellow River Engineering Consulting Co., Ltd., Zhengzhou 450003, China; 2. Key Laboratory of Water Management and Water Security for
Yellow River Basin (under Construction), Ministry of Water Resources, Zhengzhou 450003, China )

Abstract: The construction of cascade reservoirs is a trend and inevitable way for efficient utilization of water
resources in the basin. At the same time, the construction and operation of reservoirs have led to the redistribution of
non-biological elements such as water and sediment, resulting in changes in the structure and function of river
ecosystems. Multiple reservoirs often produce various effects such as summation, synergy, and antagonism along
with a complex ecological impact especially in cascade development. The impact of adding new reservoirs has
become a key factor in the planning of river cascade development.

The river ecosystem is influenced by multiple factors such as water conservancy engineering conditions, climate
change, land use, and water intake, which raises difficulty for scientifically quantitfying the role of newly added
reservoirs. Xiaolangdi Reservoir is a critical project for controlling the water and sediment processes in the lower
reaches of the Yellow River, and since its scheduling, it has jointly worked in conjunction with Sanmenxia
Reservoir. Since the scheduling of the Xiaolangdi Reservoir, there have been significant changes in the water and
sediment processes in the lower reaches of the Yellow River. To quantify the role played by the Xiaolangdi
Reservoir in these changes, the changes in water and sediment conditions in the lower reaches of the Yellow River
during the single reservoir period of Sanmenxia Reservoir and the dual reservoir period of Sanmenxia Reservoir and
Xiaolangdi Reservoir are quantified. The impact of Xiaolangdi Reservoir is quantitatively evaluated through
methods such as trend testing, abrupt change point analysis, and numerical simulation.

The results show that the single reservoir period compared with the joint scheduling of Xiaolangdi Reservoir and
Sanmenxia Reservoir shortened the duration of low flow events in the lower reaches of the Yellow River, prolonged
the duration of high flow events, and caused continuous erosion of the river channel. Compared with the single
reservoir period, at the three cross-secions of Huayuankou, Gaocun, and Lijin during the dual reservoir period: the
average number of days below the warning flow decreased by more than 90%, and the average number of days
above 3000 m’/s increased by more than 85%; the duration of high flow pulses during the critical period of fish
reproduction (April to June) increased by more than 50%; the annual average sediment yield and average sediment
concentration have decreased by more than 70%; the main groove of the cross-sections was deepened and the
elevation was reduced.

The role played by Xiaolangdi Reservoir was consistent with the characteristics of changes in water and
sediment processes. The scheduling of Xiaolangdi Reservoir increased the number of days with a flow greater than
3000 m’/s by 86%, and reduced the number of days with a flow less than 150 m’/s by 57%. Xiaolangdi Reservoir
annually retained an average of 1.50x10° m’ of sediment. The sudden change time of sediment concentration at
Huayuankou cross-secion is consistent with the operation time of Xiaolangdi Reservoir. Without Xiaolangdi
Reservoir, the the lower reaches of the Yellow River would have shifted from an average annual erosion of 130
million t to an average annual sedimentation of 28 million t. After the joint scheduling of Xiaolangdi Reservoir and
Sanmenxia Reservoir, the ecological base flow guarantee rate and habitat stability in the lower reaches of the Yellow

River have been improved, and the diversity of freshwater fish has been effectively restored.

Key words: Xiaolangdi Reservoir; flow regime; sediment; river siltation; Yellow River; cascade reservoirs
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