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Tab. 1 Indicator system for assessing the optimal allocation of water resources
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Fig. 2 Pareto solution for optimal allocation of water resources

L 2(b) T, % H R 9 U 38 LRy 3.95 42~
4.00 12 keWh, i 28 55 3 a B HBUE YRR 20.64 1~
21.83 47T, E BRI 2.76~2.84, TE A BE K
H o B AT T, BEE RO 28 9% 8 2% B3, AE S E
JIHEECE I N e A, 2 B iR 28 B % 4 v 1A
Y12 IR FE 24 g lb /K B2, o A e 2 9%

* 94 KERFZHAA

PRARERE ST o A AL i, ol 22 T 24 1
BN FF, e 23 AR AR 34 Mk 22 55 A4 2 Y
PO A2 A LR o X b R T 3R] LA 8 DA oK e
T S K R T, AN RE R UE R HLASE 7K i [ 55 2
PRI K I R A3, K2 S BR Br R i Al
TR D o Ay ) 5555 kR O S R R SR e SR K



EoT,% FTHARBA-RFE-ESEEGRETHATRREMRE

KRS, RAEYHE R 2 P S b KRR &, &
Fh R KSR XU 3 A . PRIk, 3 B TR 25 N
F T & g, % 18207 Fl4: 0 2 st ie oy
PSR DI e AT ik R R
42 FEFRN AT

FHZ WA HTEERT 200 AR )T RIEATIEM 43
B, ST PR FE bR iR R UL 1. 4% 2 WA W [
% KT 3R 0, il o Gk 8, AW I & 2K
A R B L, 0 0 DU J2 T8 B J2 B Re 5 SRR /N

T 0.1, i HAHE T — e, Wk 3. @it )2
ST BN R AR bR A, W3 4, U RaE
MALEE Ry 0.540, #1230 85 AL Ry 0.297, A= 28545
FIALEE R 0.163 . HY ] 401, Xt LAERE A b 28 5%
S ) b DX, AT B T A Y R T A g L
WAL S8 A, A AR AR P B R I, ) FH o 0
J2 BB X 25 8 AR A BEA T INAUE IE, 15 2145 hR)2
B AP AL, AR PR IIALE 4 (0.297, 0.113, 0.130,
0.157, 0.041, 0.099, 0.067, 0.054, 0.042) .,

R3 —HUHRBEER

Tab.3 The results of the consistency test

51 Amax n Ic Ir Rc FI Wi
THE 2 3.009 3 0.005 0.520 0.009 <0.1
SV € 3.018 3 0.009 0.520 0.018 <0.1
[AREY V& 3.054 3 0.027 0.520 0.052 <0.1
GRSV E 3.054 3 0.027 0.520 0.052 <0.1
x4 FRERBEXRIEWRNE
Tab. 4 The weights of indicators at different levels
NS EiEL a0~

FREZ FRENE i R T

ABF LA AC, /0T 0.550 0.297

N 0.540 G A HC /% 0.210 0.113

K HLABIETT & 2C /% 0.240 0.130

AN AR C, kg 0.528 0.157

Ly 0.297 Al 7K LAl Con/ % 0.140 0.041

N ARC,y/hm? 0.332 0.099

HAETIFEELC,, 0.412 0.067

LSV EN 0.163 R KHERFEC,/ % 0.328 0.054

ATt T3 )Y e/ (kgehm ™) 0.260 0.042

W 200 4114k 7 M 25 AR ATEA 1R 5 itk
FH8FR T, 155 200 41 ] )7 28 B8 b (e, X
O PSR UEAT I bR 2 40 Ah FR, i 2445 B AN TR
RSO, W 3, i E AT 7% 34 1S
57 5, N 0.8955 HR R % 199, 15443 R 0.893,
PR 1M A BF 5 o ¢ 36 438 7 28 34 A Ry A il K TR T
BR, Hok B 3.99 12 kWeh, FV 25555035 21.66
{20, R BIE S8 %0 284, HRM(EE T A7
A 22 3525, R EE IR 2() W40, A= 25 6 S5 %K
hd 2 AE . UL, 38 5 K 9% R RGE B B RN
FE bR AR 2 1T LS B4 B3 45 A 24 b S PR A B0 PR
il 2 PR T %

4.3 KRFRKACEE R 56

B B AL R A 25 40 A B TR A T L R,

WAL TIT % 34 WOVEY RIAE 45 F FIK B85 F i 03 5.

PUIRAE A 22 55 8% 45 0 22.18 42 JC, K1l 1 7K Hy 3
RN 3.77 42 kWeh, WIA 85 E #6800 4.74,
T RARTE S K T 0.22 12 kWeh, Rk,
PRI T 0524250, AR R B T
1.9, XFEL3& 2 Fnge 5 ml AL PR JE /N T /NEZ | A
A6 R BROAU A o R T RS, 384T K R G A A
1A, Horpe AN ) FlORE T RO B £, O 3312
hm?; HUCONARAE AR TR A, A 795 hm?; SO i
L TED FRO /D /0, SR 320 hm . ke 2485 #1018 5
MAETH AT « PR A RNV R 30 A AT 7K A B
KR ABFEXT 2017 455 & A AE D a1 5 1t
F R RE, 25 58 ) 2 A 5 K R 21 A 4 AR AR I 25 L
HeEYra, A L3 T A AT T B FpAd T A K
PEPRAE AN 4.50 /2 m’, R K BT SR ARl
1.70 /2 m’, Kt “= O L” MER 2.01 /2 m’,

KEBZHANA 95



F23% F 1 BAAESARBEFE) 202542 A

FRAE 1) 2 K R Al i 43, R B EEY)
FEEI, M K v] K /N VR AR K B B K
i, T EHAET i KA

1.0 —— BRI LR
(34,0.895) (199,0.893)
0.8
w 0.6
&
£
=04
0.2 1
0 50 100 150 200
ES
3 AEAERMENER
Fig. 3 The evaluation results of different scheme
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Optimal allocation of water resources under integrated water-energy-ecological
benefits in Kaidu River basin

TANG Xiaoyu"’, LIU Tie"’, HUANG Yue"”, PAN Xiaohui', LING Yunan"’,
PENG Jiabin’, ZHANG Peng’, SHANG Yu*
( 1. State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, Chinese Academy of Science, Urumgi 830011,
China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. School of Earth Science, Yunnan University, Kunming 650500, China;

4. Xinjiang Uygur Autonomous Region Tarim River Basin Kaidu Peacock River Water Conservancy Management Center, Korle 841000, China )

Abstract: The Yanqi basin, located in northwestern China is one of the most water-stressed regions with highly
developed irrigated agriculture. Bosten Lake of the Yanqi basin is the largest inland freshwater lake in China, which
is the tail end of the Kaidu River and the source of the Kongque River. The local government plans to build seven
hydroelectric power stations in the Kaidu River basin to improve the utilization of its water resources, and three
hydroelectric power stations have been built so far. The dam seriously interferes with the natural flow regime of the
river and alters the discharged surface irrigation water, making it difficult to reconcile the conflict between the
irrigation water needed for agriculture and the water stored in the dam for power generation. Therefore, the Kai-
Kong River basin is a river-lake-reservoir connectivity basin. The local agricultural irrigation extracts large amounts
of groundwater, resulting in a rapid decline in the water level. The Kongque River has been delivering ecological
water to the lower Tarim River since 2000, causing a dramatic drop in the Bosten Lake level. Therefore, win-win
strategies should be considered in the management of water, agriculture, and energy resources with the aim to
balancing agricultural production, energy development, and ecological protection.

To solve the problem of irrational allocation of water resources in the Kaidu River basin, based on the River,
Lake, and Reservoir Connectivity Project. The multi-objective optimal allocation model of water resources is
constructed to maximize the economic benefits of agriculture, as well as to maximize the benefits of reservoir power
generation, along with minimizing the regional ecological pressure index, and the optimal ecological water level of
Bosten Lake as the constraint. To improve the solution efficiency and accuracy of the optimization model, we used
the reference-point many-objective algorithm to solve the model. The optimization model is solved to produce
multiple sets of optimization scenarios, causing decision interference for the manager. To help managers choose the
most appropriate decision-making scheme, we constructed an evaluation index system for the most appropriate
regional water resources allocation scheme based on the criterion layers of economic, social, and ecological benefits,
and used the hierarchical analysis process to evaluate and analyze it.

The option 34 is optimized for the most appropriate and local development after weighing economic, social, and
ecological benefits. Option 34 would sacrifice some economic benefits to improve ecological benefits, with
reservoir power generation reaching 3.99x10° kW ¢h and regional agricultural economic benefits reaching 2.166
billion yuan, while the ecological stress index is the smallest of the optimized options at 2.84. The optimization
reduced the area planted with wheat, cotton, and pepper, and increased the area planted with corn and tomatoes. The
largest reduction in the area under wheat was 3 312 hm’, followed by cotton at 795 hm’, and the smallest reduction
in the area under pepper at 320 hm’. By reformulating the Bolangsumu diversion station Bosten Lake diversion
ratio, there is a clear trend of increase in the water level of the big and small lakes, and the ecological water level of
the lakes is guaranteed.

This option increases reservoir power generation by 5.83%, reduces agricultural economic benefits by 2.34%
while at the same time increases the ecological stress index by 40.08% compared to the traditional option. The
optimized local cropping structure needs to be adjusted appropriately, with an increase in corn and tomato area and a
decrease in wheat, cotton, and paper area. By improving the allocation of water into and out of Lake Bosten, the
water level of both the large and small lakes has reached the optimum ecological level. The research results can
provide a decision-making reference for local managers to formulate water resource allocation programs, which is of
important theoretical significance and application value.

Key words: multi-objective; optimal model; Bosten Lake; NSGA- I ; analytic hierarchy process
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