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The evaluation method of water resources sustainable utilization in Manas

River Basin
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Abstract: Water shortage and its sustainable management are important issues in the Manas River basin. In this paper, the
evaluation model has been developed based on entropy and projection pursuit theory, and then the sustainable level of water
resources has been evaluated from water, social, economic and ecological environment systems. The result showed that the
evaluation method is reliable and reasonable. As a new method for evaluating water resources, it can provide scientific basis
for the sustainable use of water resources. The main conclusions are as follows:

(1) Considering the relative close characteristic of the river basin in arid inland, a comprehensive index system on
evaluating sustainable use of water resources has been suggested in this paper. It includes 14 indexes and four subsystems
about water resources condition, society, economy and ecological environment.

(2) By the coupled entropy and projection pursuit theory, we can have a greater understanding of the present state of
sustainable use of water resources. The results showed that the utilization potential of water resources trends to increase.
The utilization level was poor and the water resources potential was small in 2000. The sustainable level of water resources
would get better with water saving irrigation practice and industry structural adjustment in 2010 and 2020.

(3) The water resources condition is the most important factor to affect water resources sustainable level in the basin.
In order to accomplish the water resources sustainable use, some measures has been put forward as follows: a) paying more
attention to the deep exploitation of water resources; b) reducing the agricultural water use and implementing water saving
irrigation; c¢) developing water-efficient industry; d) increasing the ratio of micro-salty water in irrigation; e) and looking
for new water resources. Through these measures, the gap between the supply and demand of water resources can be

minimized, and also the water resources sustainable utilization level would be improved.
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Table 1 Evaluation system of water resources sustainable utilization in Manas River basin
Hir2 TED 2 RS
Target level Criterion level Evaluation factors
K BEU TR R KFEFRG C, ABK BB/ (m®/ N) s K IRAN TR/ % 5 i AR IR/ (10* m® /km? )
Water resources sustainable HERETRS C, N R R /o IRBEAR /% 5 8 K ER/ (L-d A7)
utilization degree AR RET R C Tl T IC P A K/ md 3 TP KR %/ % ; N¥ GDP/ET0/ N ; HEE K F]
- o FHZHL; 5577 0 GDP /%
EERBTREC, PREBE 65/ % ; AEASFREETIK 3/ % 5 157K AL B0/ %

3 SEBIEFR

3.1 AN

P2 e Ty e (S BN B DY AT < AR L AT ) | s Ak IV K il L 455 F g B B T
8 AT AR 18 AT ARSI R L e hr B R /N3 & ) S AR 2. 655x10°
km?® SN 98,4 T3 2 R IALSE A Bl K 2R fie 5 A R, 2 KL Be 2 5 A A0 DX B, I B K A
D BRI AR T LB Rl T SR AP T K R 27. 83 x10% m® (LR AR MK UK |
Horgelr 7K 26.22x10%m’ , 15 94.2% , TAlL 7K 0. 64x10°m’ , 45 2. 3% , A= 15H7K 0.97x10°m” , 5 3. 5% , H
TOKGEIRSE e LA K BRI 28 70 AN il b SR AL | Vb AL iR AL A R AR S IR H A
e, 0T A B A BRAGK G, 7 2R A 1A B A K B DRCIR DL , X el ) 7K B mT - 8 ) FH KP A

e

3.2 IFNE AR AR fEL A A
AT (2) TRBOK G IR R G TR (B AN bm v — T AL PR Bt WA 2.

R2 HHETAREUKE RRBER SRR EIT— LR

Table 2 Water resources carrying capacity evaluation indicator system and standard

YT 2 T EZE FEFRE Index value S3BHRHE Grading standard
Criterion level evaluation factor 2000 4 2010 4 2020 4F \£ v, Vs,
KGR F R 5 ARG/ (m3/ N) 0.7343  0.9744 1.0000  0.1000  0.2828 0.4656
Water resources IK BRI/ % 0.1000  0.1022  0.1269  0.7758  0.8879 1.0000
subsystem AN AUK IR/ (10*m®/km? ) 0.1000  0.3190  0.3423  0.1011 0.5505 1. 0000
HERRT RS UNEREE/S: v 0.4330  0.3776  0.7923  0.1000  0.5500 1..0000
Social development W % 0.5797  0.6919  0.9613  0.1000  0.5500 1. 0000
subsystem AR S (L-d™ A1) 0.4963  0.3511  0.1000  0.2045  0.6022 1.0000
ZURET RS Tk JT e A K/ m? 0.1000  0.5930  0.3661 0.7261 0.4130 0. 1000
Economic development TR EE R/ % 0.5140  0.6760  0.8200  0.1000  0.5500 1.0000
subsystem A5 GDP/(3ETT/N) 0.1000  0.3930 1.0000  0.1047  0.2667 0.4287
TEWE K F T 2 5 0.4600  0.5050  0.5725  0.1000  0.5500 1.0000
55 =77 GDP KT/ % 0.2170  0.3490  0.4000  0.1000  0.5500 1.0000
EEHET RS MEBL 2 % 0.1000  0.1439  0.1800  0.2944  0.6472 1.0000
Ecological environment AR % 0.5794  0.8318  1.0000  0.1000  0.2262 0.3523
subsystem 15 KA HR /% 0.1000  0.8364 1.0000  0.4273 0.6318 0.8364

XTI BARHE, V, BT, Fas K SHRA A BOR AT 1, Ak gy
TRBEIRE i HAAME , 2 — 20T AW 18/ | R UM X 5, 75 DK il 294t 2 2 BRI A R .V, Gt il
TP Z 18], Fn K GEETT R A C AR GRS (BT — 2 BTT I T K SR A B2 5
JE b RET R I A5 R R
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3.3 EV BRI 55
AR, A 4 DT RGN, K ERRE & T REINES S F RGP AFRTER
AR , FF AT FEAR T T K B nT 2 M FH B 2 A A, LR 3,

®3 EVERAGNER
Table 3 Weights of EV model

w2 ED Eistay = &N AR
Criterion level Weight Index level Weight Combination weight
KB R 58 0.3292 NEKE PR (mP/ N) 0.0453 0.0149
Water resources subsystem KGRI, % 0.9093 0.2993
PR UK IR R/ (m®/km? ) 0.0453 0.0149
HERRT RS 0.2207 UNEREE/S: - Bi: V% 0.3337 0.0737
Social development subsystem WA % 0.3273 0.0722
AT K E R/ (L-d A7) 0.3390 0.0748
KU RET RS 0.1807 Tk T3 e 5 K e/ m? 0.7338 0.1326
Economic development T K EZ /% 0.0642 0.0116
subsystem ¥ GDP/(58/N) 0. 0699 0.0126
T I R 8L 0.0669 0.0121
Hi=7" k5 GDP /% 0.0652 0.0118
EEAET RS 0.2695 MBI 5/ % 0.3275 0.0883
Ecological environment B E/ % 0.3269 0.0881
subsystem V5 KA FEAE /% 0.3456 0.0931

W25 FR BRI 2 A A EE 5 0 0 R FS AR AS(E AR 3R 22, WIAS B PPN 8 5L 7,y o
Zp=(0.2510,0.4194,0.4727 ,0. 4408 ,0. 6170 ,0.7932)

3.4 PP FEEL

T2, RHE K GEUR AT R 40 b v B 38 b (A S 300 T AL, o n=3 m=6, i AL B
AR Ty A

a=(0.5078, —-0.5369, 0.0012, —0.0006, 0. 1253, —0.0994, —0. 0130, 0. 1660, 0. 3648, 0. 0459,

0.0267, 0.0003, 0.4900, 0.1567)
HR RGBS 7 1 [ 2 a, 20 0T 5 30 AT sk [R] K SPAF B FR IR (E, PP A AL F5 4K
Zw= (0.4112, 0.8589, 1.2148, 0.1857, 0.5934, 1.0011)

3.5 EV-PPZi51EMTE%L

RIS (12) SPERFE B ThR AL AL B 3l 5 B A =0. 5, RIS LB 185K

Z,=(0.1096, 0.4824, 0.7044, 0.1750, 0.5356, 0.8962)

3.6 ZEESrHr

M 4 PIZEG B SETT LIE | Y T i s K g IR T RS A IV 2 BT, 2000 4F i
KGR AT RESL R A AR 22, K GRS D1 8/IN, Bl A 15 /K VE IR e B ™ ol 245 449 1 81 3% A5 15, 2010 4F 11
2020 A FIRK GE R T REEE R KA T . A PP SR PEAf G R T A5, R S 3K 9 R T 22 R FH K1Y
FEH R FEE ARG KRR SIS KR 3 AN EFRE 2R, S K BRI ) A e By 1
MNIX 3 AT THR R o AT R K-

3 PRI BV ABUFT PP AR AR 0, 5 R A5 8 0N SRR B 00 % s RS HER %, &8
B2 AT 205 B AT R 25 FE 45 R e S BRI 425 T EV-PP 7E—E R FHOH T &1
w2, HNENE bt i ik s Bl
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x4 3TIEMBRBERATRIEL

Table 4 Compositive evaluation results of three kind of evaluation model

2000 4 2010 4 2020 4F
R B WO
PR ey PIOREC ey PORRC ey, v, v,
Method Evaluation Evaluation Evaluation
Rank Rank Rank
number number number
EV 0.2510 Vi 0.4194 Vi—V2 0.4727 ViI—V2 0.4408 0.6170 0.7932
PP 0.4112 Vi—V2 0.8589 V2—V3 1.2148 V3 0.1857 0.5934 1.0011
EV-PP 0. 1096 Vi1 0.4824 V2—V3 0.7044 V2—V3 0.1750 0.5356 0.8962

4 %iE

(1) ARSCEZ P& T 5P ] 3 B8 PR X B — A e 5, UR LB ABO 08 & S 17 it oK B U
FAF Mo BT SRS 4 DT RS 14 DI FRAL A S E0K 5 AT SR TR bR A &

(2) PR I7 i b ARSCHE A RIR R AR LR AN T BR BIR 45 5, A UK BT AT e 2 A AR OL .
SRS BN AY 25 3R FUR— AR B BUEAS o, I A BRI B IR T R e A HT B 2 %0 7KF (H R34 bl &/
M, AR VR IK B IR IE A 1) AT R A R A4 T ) 1

(3) S0l 3 T W2 AR R 7 1 T, 3 BT 45 R 5 B, b DUARHIE 3t 45 58 20 B 3 3K B2 IR T 4 01 FAF A B9
SRR, SR A 2R T LI K B AT R T AR IR AR A A, S A K B8 I T 35 B A K 1 — P A 2L
G WIRE

(4) KBTS R R K B U AT 22 A T R B DK 3R S S K BRI RT S e AT B B AR 125 5 &
JEgsd R WG S LAR L7 AT« WA I 7K B A Ji L T 6 K B8 IR B TR BE T 6, I ARl FEK , &
JEAREAK A BT R, SEATFKBEBEE BOR | SR USOK BT IRAL S AR IR 38 5 X S e 1) ik — 20 5
Tl , R AR R G A K B PRI i, RO K B I T R F TR
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