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A multi-objective scheduling decision-making model based on modified cumulative prospect theory for water-
sediment, eco-environment, and socio-economy of cascade reservoirs in the Yellow River Basin//LI Donglin' > | LI
Rui*, LIU Gang’, WANG Yuanjian'*>?, LI Jieyu'??( 1. Yellow River Institute of Hydraulic Research, YRCC, Zhengzhou
450003, China; 2. Yellow River Laboratory, Zhengzhou 450003, China; 3. Key Laboratory of Lower Yellow River Channel
and Estuary Regulation, MWR, Zhengzhou 450003, China; 4. Hydrology Bureau of Yellow River Conservancy Commission ,
Zhengzhou 450004, China; 5. School of Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001,
China)

Abstract: Considering the multi-dimensional scheduling needs of flooding and sand transport, ecological environment and
social economy in the Yellow River Basin, a multi-objective optimal scheduling model of water-sediment, eco-environment,
and socio-economy is constructed for cascade reservoirs. The decision-making model is constructed based on modified
cumulative prospect theory ( MCPT) to optimize the scheduling scheme. Take Longyangxia, Liujiaxia, Haibowan,
Wanjiazhai, Sanmenxia and Xiaolangdi cascade reservoirs as an example to construct and calculate scheduling decision-
making models in wet, normal, and dry years. The results show that the sediment discharge and ecological objectives are
somewhal competitive, the sediment discharge and power generation objectives are strongly competitive,, while the ecological
and power generation objectives are somewhat cooperative. The competive-cooperative relationship among the three
objectives is obvious in the dry year. Compared with the real scheduling scheme, the three target values for wet, normal,
and dry years are all improved to different degrees. Compared with the commonly used decision-making methods, the
sensitivity of the MCPT-based decision-making method is improved by several times, which is applicable to the situation
where a large number of schemes need to be optimized for decision-making.

Key words: cascade reservoirs; multi-objective optimization; a decision-making model; MCPT; the Yellow River Basin
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Table 1 The basic information about the reservoirs

K IETE% ‘zﬂfﬁ WERMm, AR/
KA/ m KA/ m (m/s)  (JTkW -« h)
sl 2600 2594 1192 128
XK 1735 1726 1200 135
T 1076 1071.5 1270 9
UE S 977 966 1800 108
=]k 315 305 1500 41
UNTEY 275 248 1776 180
K2 ETEERE
Table 2 The suitable ecological flow
A e/ ( m3/s)
- Hh i T iF
1 368 825
2 368 825
3 368 825
4 664 967
5 664 967
6 664 967
7 1464 2770
8 1464 2770
9 1464 2770
10 1464 2770
11 368 825
12 368 825
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Fig.1 The Pareto frontiers of the multi-objective

optimization scheduling model
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Table 3 Correlation coefficient between the objectives

JLRYAF H- 74 Hevb-& AR
FKAE -0.570 -0.786 0.075
FKAE -0. 839 -0.954 0. 699
AR -0.958 -0.975 0.914
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Table 4 Weight calculation results

FKAR PR ik 4

b5 B R BUR RE ER JUR
ME ME OBRE NE ORE B

Hevb i 0.424  0.534  0.345  0.472 0.294  0.430
ERIET
L 2
KR 0.301  0.436  0.315  0.448  0.435  0.542

0.275 0.413 0.340 0.469 0.271 0.410
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Table S5 Modified whole prospect value calculation results

BT % Fok4E Pk AR K AE
sl -0.270 -0.783 -0. 289
S2 -0.176 -0.723 -1.012
$499 -0.302 -0. 689 -0.301
$500 -0. 178 -0. 498 -0. 893
2.4 RERAR
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Table 6 Real and decision-making scheduling scheme

objective function values

W% R R RAL %;“‘g?ﬁ* ( éﬁf%ﬁ/h)
FEKAE 8. 66 81.2 346. 6

WBRTRE FKAR 3.58 64.9 241.2
A 7K A 0.89 37.7 154.5
FIKAF 11.97 85.9 340.9

WRTE PKAE 3.92 69.3 248.0
7K AE 0.95 41.4 156.5
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Table 7 Comparison of different decision-making methods

TRAD IR I iR

TOPSIS 77 ¥

CPT

EEIES

HE4 B HE4
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HE4 U

&
&t
R

S21

576
5136
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4

KA 0.019

0.0002

0.103 0.395

S65

598
S161
5227
5297

FIKAE 0.063

0.0011

0.036 0.209

S75

S91
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5345
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