945 B 1Y
2024 4F 1A

KEXFLEZ

Journal of Hydroecology

Vol.45, No.1
Jan. 2024

DOI:10.15928/j.1674-3075.202310250295

EEETREARNERKES B HEKAMAZ BRI AE
LT, RIAT R, B LT
(RRXAFARREIARGHEL2EE LEHE,#H4 XX 430072)

TR Bt AT 6 I Al A 30 2 MR R AL DI Ak 40 JUTS T AR R AR T I P T T U B R A R, B T B R R
AU LTI B GK PE 43 WV KA 2 H FR R A6 BE AR B o L& VDT A R 6 B K FE 5 =K B S BF 5%
R, LR I8 2 P BB G0 TE 7 iR RN o 3R K s SR R OB R T B v S HE SRR K I 2y B 95 K AL 5 LAAEZS R
TR AR A A RO B b R, A NSGA- T 53R i 1 B2 A2, 45 3 A (R SR 7K 1% ¢ R 6 oK EE A K S5 9 U B2 7
%o WHFLEE R A F R AN 50N AT R FE 7 58, 16 58 A0 Ak 8 B D7 58 T 38 086 207K 2 K L & 30.20
2.~52.27 12 kW -h (9411 2.3%~5.0%) Al it 7K 5§ 83.1512~87.14 12 m* (FE 1 5.8%~7.4%) , I 4 e 8 26 A5 B AR AL 5
2.6%~22.9%. HIFFERCR AT W RS K B AL AS R PO SR R R S04

KR /_:Ejflﬁfg H {ﬁfglﬁg H ﬁ\/ﬁﬂ/ﬁfgﬂ({i, % H ﬁ‘ﬁﬂ%,ﬁgﬁﬂ(ﬁ

RESES:TV2134  XEFRED:A

% H ARV L R AR SRR PR PERL KT 7% 12
1777 A Bog ez —  AMLRERS P K B PR
RS Z A H AR ] KPR 38 W] HE VR A T
R . WA LESHE R ERIAWN S, 4
W LI RO POK BTN E N R, 2
H SR IX — T R RO T, IS 1 E R
IR o AR (2023) DUAL LB B R L AR A 2 A
ALK 2 2 fe KO H AR T /K BERE I I 1 2 H
PROCAC T FEAR R, I A A SCRCHE P 38 4% 55032 (Non—
dominated Sorting Genetic Algorithm I1,NSGA-1I )&
RORMAE, R IT T KRR AE S R AR = H AR
ZIRHIR R KA SR (2021 F5 A TY K 5% £ = B AR
PR KA KB 15 75 K A 1 DA R i A 2
i A JRE fi KRR FiL B e KO H A B 3R 96 207K 2 7
w2 HARRAR B, IR AE VDL R - =K
PERETT & T SLBIRITIE , 3RAF T = /K P e AL A2 25 1
FE G, RO TAES SR I HbR. 2R, 2
I 7P ¥ 1 L AE U0 i T 48 S IR VR ¥ K oK e
TF» Bk Z 25 B R K1 PR AL, I R T JR 2k 73 J17H
VE TR ASL PR 7K P T R BE T 9T

Yr#s H#A:2023-10-25

EEWH : H 5 E iR (2021YFC3200303)

YEE I : MROLET, 20024528, B9 L e A, =2 NG EEDL
BIHERTF . E-mail: linfanqi@whu.edu.cn

BISVESE AWK, 1985 4524, I, 08, 1T, B FEoK PE T A
fffFt. E-mail: yanlai.zhou@whu.edu.cn

XEHS:1674-3075(2024)01-0010-08

Fili 7K 0 2 T 9 A 2 55 M A v R B, K R K
7 AR AT FEL St R HL R TR IR T A AS PR SR RS K
41, 7K AR Al 7K 3 78 93 R 7K 2 7K Sk 3% o 38
i, SRR R KALIZ AT  TETAT A2 K e 7
T 2N HATH T KA. AH H T 7E A K AT H A Sk K
B X TR IE AT )T N S EUKEE R R E AL/
BEIK A DA 2 T Ui 2R A I o 7 R, ko A IR T
ERSMESTEE . ERE, N IREER A 2 47
TAON A= RS K 224, S K E S W B
7K PE Rty B T K AL 5 CABH 1B 7K B K A i T S 80 F
W5 ARG o H 5 — RS AV & 7K AL 2 T Ak K 2R
FEE AR, A AR A B AR Y VR KA AN R R AR 4L
FR R K B VR R (X1 2825, 2012) o T BB 2 7K 2 )
WV 5 KA 2 B R L A6 BERIT AL, AT 78 20 $2 98 il K
FEAT IR, A BT 3K H s kLR, R T 4
IKAESHE TR E 5 TR, MUEA BRI R
FAME, T HEA BRI R =
R R A A 7K A2 5 MR A A6 K P 43 A
T IKAL DR TE K B AR 25 A FL P R 028, AR ST 3R
H 2 R AR SR B L R BR K B o JRTH T KA 2 H
PR AR FE AT, 78 G YDV R R 6 R /K 5 =K
JE T J N AT DA Sy SEE B /K % AT 47 82 ) A0
BRI IR AR SRR S

1 ARIMH

1.1 XIEHER
=K FE T 2000 4F R 2011 4 6F R U S22 A
AN FE , ZE KT A R U P 5 0 ok AR S R B R



2024 455 1 3

ML 5, R A AU B 4 SR A ROR B 2 8 B R L % B AR TG 11

rORHE T AR R (E R R T SRR A B DL A
AKHA R R A ER . KV R i R AR B A
KB S “ TSI il 7K T IR A VR 7 R DR D e R
16 70 BR i 11 i3 P P I8 3822 TR R 5 0 0 4 e A
J%,2023) . bk, HATAA =K AR T P
BE5AEBREAES, KF%E L KERTHEEH.
PR, ARt 50 3 B G V0 VT R U B R R K P W
K X5 R A K 26 RS 7 R IR VSR 7K 17 S
K VA B AT A3 = Wk /K PEAE T 706 G (L D L FF
JR M K R 43 WA ¥ /KA 2 B AL A6 T BB 5T, DA
o S AH K K BB TS VR A B, PRI K 2R R L AR S
BEKEHK TR

L5 IR UK PEIBAT R B AE B/ PR 43
AR REAIE I8 350 B4 R 420 AR A 0 = 0 7K i 9% 1R A
W, AHF TR 12 1 H R RE6 H 10 HE bl
H R KT R IR A K I (B 52 58, 2022)

E1 w5
Fig.1 Schematic map of the study area
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Tab.1 Drawdown operation rules for six reservoirs
in the middle and lower Jinsha River and Three

Gorges Reservoir during the dry season
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Tab.2 Drawdown operation constraints of six reser-
voirs in the middle and lower Jinsha River and Three

Gorges Reservoir during the dry season
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Tab.3 Phase division of the dry season in the middle and lower Jinsha River—upper Yangtze River basin
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Tab.4 Seasonally drawdown-limited water levels
(DLWLs) of six reservoirs in the middle and lower

Jinsha River and Three Gorges Reservoir
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Fig.2

Comparison plots between Pareto front and conventional operation scheme of different typical years
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Tab.5 Comparative analysis of the comprehensive
benefits between coordinated operation

scheme and conventional operation scheme

for different typical years
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Fig.3 Comparison of the operating process of Three Gorges Reservoir under different schemes

in a normal year and an extraordinarily dry year
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Optimizing the Multi-objective Operation of Seasonally Drawdown—limited Water
Levels for Cascaded Reservoirs Constrained by Ecological Flow

LIN Fan-qi, ZHOU Yan-lai, XUE Kai-yuan

(State Key Laboratory of Water Resources Engineering and Management,
Wuhan University, Wuhan 430072, P.R. China)

Abstract: More effectively optimizing the multi—objective operation of seasonally drawdown—limited
water levels (DLWLs) for cascaded reservoirs would increase power generation while increasing the stabili-
ty and sustainability of the aquatic ecosystem. In this study, six reservoirs in the middle and lower reaches
of Jinsha River and Three Gorges Reservoir were selected for research, and we developed a model for opti-
mizing the multi—objective operation of seasonal DLWLs in the cascaded reservoirs that includes the con-
straint of ecological flow. Optimal operation schemes for cascaded reservoirs were developed under four
hydrologic scenarios. Our aims were to provide guidance for the drawdown of cascaded reservoirs during
the dry season that meets the water requirements for power generation, ecosystem conservation and water
supply, and to provide technical support for the sustainable use of water resources. The dry season consid-
ered was from December 1 to June 10, determined by comprehensive consideration of precipitation, runoff
from the river basin and operating rules. The drought season was then divided into three phases using several
statistical analysis methods. Next, the seasonal DLWLs of the cascaded reservoirs were identified using a
month—by—month moving calculation. Finally, optimal schemes for the cascaded reservoirs under the four
hydrological scenarios were obtained by taking the maximum ecological and power generation benefits as
objective functions and posing the drawdown model using the nondominated sorting genetic algorithm—II
(NSGA-II). Compared with the current operation scheme, the optimized scheme significantly increases
power generation under the four hydrologic scenarios by 3 020 — 5 227 million kW-h (2.3%—5.0%) and wa-
ter supply by 8 315 — 8 714 million m? (5.8%—7.4%), and improves the ecological flow rate by 2.6%—30.2%.
This research provides technical support for synergizing the ecology and power generation of cascaded reser-
VOirs.

Key words : ecological operation; drawdown; seasonally drawdown—limited water level; multi—objec-

tive optimization; cascaded reservoirs



