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Table 1 The evaluation indicators and their weights
. M EREN
BN R P BEN, ey CR= _Ef&”ﬁﬂ& RIE B,
Rule layer Indicator layer Weight : ' C.I/R.1 K Superposition
Consistency test weight B,
P1 A% GDP
GDP per capita 0.333
P, 7i 7T GDP fik & 0.167
HagHRR Water requirement per 10 000 yuan GDP )
Social and 0.001 0.8931 0.001 N 0.167
economic status D3 RHIKRE =R 0.167
Grain yield per unit area
P, GDP i £ %
Growth rate of GDP 0.333
PS5 A5 K He ik 0.286
Sewage discharge per capita :
P6 EHBEEE
EBFFERR  Forest coverage rate 0.142
Eco-environment 0 0.8931 0 N 0.167
B K W 056
Soil and water erosion rate
P8 {LACHE IR B 0.286
Intensity of fertilizer application ’
PAMARRR 020
‘Water resources per capita
AEERR  POFEKBEK 0.20
Water Modulus of water production !
0 0.8931 0 v 0.333
resources PlIl FEMRAKE 0.400
status Water quality of major rivers :
PI2 ABIHTAE
Groundwater per capita 0200
P13 R K R F AR 0.333
Controlled utilization rate of surface water .
KRB py kFBFRBE 0.33
HMARE Degree of water resources exploitation :
Degree of 0.001 0.8931 0.001 v 0.3313
water resources P15 LU FIKE K & 0.167
utilization Repeatability of industrial water
P16 #Ek % ) 0.167
Water consumption rate
— BB KFREITREMNARENOFRER O~ 2.3 HMERLSH

1.04 % 5 MM SRt He,0~0.38%,0.3
~0.5 8 %,0.5~0.7 4—#,0.7~0.85 HEILF,
0.85~1.0 ATRIF,

TP 45 2, 2000 45 U3k, 19 )1 K B B AT ¥
SHARE AL T 8KV REEENEPH
SLFREAMKEEMNERE TEFREHEHEK,
H A7 M 2000 4£ 49 0.481 1 0.557 L FHZE 2006
£F/90.700 71 0.627, BRFEHIF MR E, UKL
BEMIANETRFXKFHREN—BKE, EF
—EMFARE;EHBRRNREESHERAN
KEFERA, EEREETR FRHOBE, 20006 FH
851K 0.460 M 0.476, B FHREKFE, XEH™
BHANIKERNTRENARREZSHFNRE.

MER4TAHESEHFRAREELNERE
b TFERBAE, BRPENSERERSERF,
2000 ~ 2006 4E 7 4E{R] A3 GDP 1 0.2260 B AR F
FO0.44,BHEERAEHRT0.45; BAKRETR
BAREO6UT, XRKMSBHRALEHBEHN
FEFRE(F3), FTGIP AKEBETHREERE
X,Fr 74 0H GDP BEERERERBRHE K, XL
HETEHNHE,

ESHBERRSAER, HAFEHREERTHE
B—HZE0.4052ZF, KtHARB-HAEMT
0.35, A KHBRBRALEERRELZEETE
FMETHEMES, OIE—-BELTFEAESRE
18 K £ 3R R A 295 K He B0 Ak BB
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Table 2 The quantitative standard of the indicators

iz #5454 S RALAF M Quantitative standard of the indicators
Indicators 1.0 0.8 0.6 0.4 0.2 0.0
P, A¥] GDP(10° G) GDP per capita(10° Yuan) =100 60 20 8 4.5 <l1.5
P, JiC GDP fi7K & (m®) Water requirement per 10 000 yuan GDP <60 200 340 620 =760
Py AT KB (kg/m®) Grain yield per unit area >2.8 2.2 1.6 1.0 0.4 <0.1
P,GDP #£ ¥ (%) Growth rate of GDP =12 4.5 3 1.5 <0.5
Ps A¥i5KHEJBC B (1) Sewage discharge per capita <10 20 30 40 50 =60
P F M ¥ (%) Forest coverage rate =60 50 40 30 20 0
P, KL # % (%) Soil and water erosion rate 10 20 30 40 =50
Py {LBB {8 138 BE (kg/hm®) Intensity of fertilizer application 300 600 900 1200 1500
Py A7k P % B (10° m®) Water resources per capita =225 20 15 10 0
PP KB (10* m*/bm®) Modulus of water production =100 80 60 40 20 0
PuEEF KA Water quality of major rivers I I il N v >V
Pu AT KB (10°m®) Groundwater per capita =1 0.8 0.6 0.4 0.2 0
Pt R AKE A (%) Controlled utilization rate of surface water =50 4 30 20 10 0
P KBERIF RBE (%) Degree of water resources exploitation <10 20 30 40 55 =70
Py T KB H¥(% ) Repeatability of industrial water =80 70 50 30 10 0
P ¥ K ¥ (%) Water consumption rate <20 30 40 50 60 >80
®3 PIK & AR 3T RR O 0 &9 B (R
Table 3 The actual data and corresponding evaluation data of Sichuan
i A; 2001 A 2002 A 2003 Aj 2004 A 2005 A; 2006 A
Indicators ] ] /] ] ] ] (i
P, 4.956 0.2260 5.376 0.2500 5.890 0.2794 6.623 0.3213 7.895 0.3940 9.060 0.4177 10.546 0.4424
Py 503  0.3671 455 0.4357 411  0.498 367 0.5614 307 0.6471 286 0.6771 246  0.7343
Py 1.35 0.5167 1.44 0.5467 1.34 0.5133 1.26 0.4867 1.48 0.5600 1.49 0.5633 1.53 0.5767
P, 8.50 0.7778 9.00 0.8000 10.30 0.8867 11.30 0.9533 12.70 1.0000 12.60 1.0000 13.30 1.0000
Ps 34.94 0.5012 25.47 0.6906 25.74 0.6852 S3.15 0.1370 33.4 0.5320 36.63 0.4674 38.57 0.4286
Ps 26.88 0.3376 27.26 0.3452 27.94 0.3588 28.98 0.3796 30.27 0.4054 30.27 0.4054 28.98 0.379
P, 40.38 0.1924 34,12 0.3176 33.52 0.3206 33.25 0.3350 32.38 0.3524 32.38 0.3524 31.50 0.3700
Py 489  0.6740 495 0.6700 516 0.6560 534  0.6440 550 0.6333 566 0.6227 S8  0.6113
P, 3.16 0.1264 3.02 0.1208 2.44 0.0976 3.13 0.1252 2.85 0.1140 3.39 0.135% 2.14 0.0856
Py 54.68 0.5468 52.54 0.5254 42.57 0.4257 54.78 0.5478 $50.27 0.5027 60.35 0.6035 38.53 0.3853
Py I 0.6100 1 0.6400 I 0.6200 I 0.6300 I 0.6900 i} 0.7000 I 0.6500
Py 0.73 0.7300 0.78 0.7800 0.64 0.6400 0.71 0.7100 0.68 0.6800 0.68 0.6828 0.6 0.6100
Py 7.40 0.1480 7.67 0.1534 9.49 0.1898 7.37 0.1474 8.02 0.1604 6.54 0.1308 10.50 0.2100
Py, 1.50 1.0000 1.57 1.0000 4.52 1.0000 4.39 1.0000 4.82 1.0000 4.28 1.0000 6.36 1.0000
Pys 55.50 0.6550 58.60 0.6860 61.20 0.7120 65.10 0.7510 68.20 0.7820 72.50 0.8500 75.00 0.9000
Py 50.20 0.3960 49.70 0.4060 49.60 0.4080 49.80 0.4040 50.00 0.4000 SO  0.4000 48  0.4400
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Table 4 The result of comprehensive e

of

inable water resources utilization in Sichuan

W R 2000

Evaluation standard e E e E e

HEBHRR

Social and economic status

EHFFERE

Eco-environment status

KEFRE

Water resources status

KERAABRE
Degree of water

resources utilization

0.481 0.558

0.439
0.514
0.54

0.529
0.543
0.481

0.557 0.566 0.584

0.536

0.600 0.666 0.680 0.700

0.460
0.561
0.476

0.373 0.492
0.566

0.535

0.471
0.575

0.529 0.564

0.575 0.584 0.585 0.627

3 PN KB R AT R F R e S 2
e
3.1 BUKABFRAYNERE, AEALKER
EJLEE, I 4E TT 5T GDP Ak BE S BEMK. B
fAREFBEBS R, BE=AK KLAKSR
REHmM ABKBERERLD, N4 RKEH
FIARN 10.5%, TERAKEHE, ANERE
HRAKBIEHNE, KRREERAB BT HIAR,
BRI EWRHTEASE HARITER I, Hit,
MAMmEREBAKFE RN EEHE, HEKEEAMN AR
R, REKFERGEREF EIRMUR T HE
B, miREa R RETHEAELR 48
BEHP EWRKBSERTE, REF. FTHARER
AREARA—LRRIBEAKARKENER
o 81 &R R fR R A () B
3.2 MEKABESEEN , RPLESKE
MNERLEKEIRMEHERR, KL HER
HEEEN, K H KR Y FE 40.38% (2000 £F),
IREREKEERBEANESRET AR, B
MAEEERR SRBKFEARRE S THESH
BAK, EESTEARZ RN KA T XK H K
ERBR; H—F LR ERBUR, M ARREBIK
HESHE REBAEER, BFKLRE MAR
Xt FF & B H 6 IR 8w VE 4 K £ ORI
BIEFREERH IR HEERE EOKLR
KAMLAEEER,
3.3 AEFUVEHMBRAER, BRAKAEHNARE
2006 F W ELFEFEHAR(TRLETH
KESSFEKBEHHE)RIL 84.9%, KPR
KHEH15.6% , RIEVIKFEHNFHEHN0.2~0.3,
M, KBRS KRR A REE R AL

EHMBREAR, KA TREFKHEF=HEAR, BT
BRI R EFEKER, 8 EH KR KK
B RREFEAKR BEAEROMNARBNLFR
#;FR KA FREAER IR, BERERAKFEL
R R ARRERE,
3.4 PREFPKEKBR,BIEKRERRK

2006 4F )1 & SR HR B B9 33.04 14 1, EE
FHAE VAU LML 12.1%, X KA K KER
BERE-ATRE PR XL, B Xt X 35 P &Y T
I HE 3 B W, 4 £ 5 B0 75 R O 06 B 5 70 O W 3k
B ¥, In 3R X K ¥5 S W £ 06, WA 75 K B HERC A
PRIR T 5 7K b T 5 oG 4L, S B % A O T E
B RABRE EAAVE AREESE, R
HRESEAR, KEHERT , RBRESRY, BHEDH
LA 9 T B 75 5, By b K BEAESR K o

4 Hig5ihe

K ERRETFEBRENFNLR DAY
EEAER. BB RIABKERSEHNX R,
AHP AR A RGP TR, F FAE B R B A RO R
BT XS, BHEREROEYL MENBLIHL
BEAE, %R ER R R (RE) WEETET .
ERAEKAGT . mAHRE— M E—MERERER
KPR BEE AT HA o Xk R, KW R 4
FIRER PR — T ERES.

SRR )1 4 BAR AR UL, 22 T SR UK 4 O 2
B E,RA® R E MK AHP M4 PO 18 80K
HES B EX - RELEARREHERREX
/N BAE KD B GEA VEFE B, X OK B R AT 5 4
MRBEATERGEITH. Bk, ZiFMEink
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HRROAGHARKFENRE BHASRS
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Study on the AHP comprehensive evaluation of sustainable
water resources utilization of Sichuan Province

ZHANG Zhen', WANG Long-chang', YANG Song', SUN Fan?, MEI Xiao-xiao', DANG Jia-jun'
(1. College of Agronomy and Bio-technology , Southwest University, Chongging 400716, China;
2. Key Laboratory of Eco-environments in Three Gorges Reservoir Region ( Ministry of Education ),
College of R and Envis » Southwest University, Chongging 400716, China)

Abstract: Sustainable utilization of water resources can be considered as a decisive issue of multi-hierarchy and
multiindex. In order to scientifically judge the sustainable degree of the utilization of water resources in Sichuan
Province, based on the theory of sustainable development, and integrated with the primary characteristics of the region in-
vestigated, this essay chooses the socio-economic, ecological, and water resources status, as well as the degree of the
water resources utilization to evaluate the level of sustainable water resources utilization. The Analytic Hierarchy Process
(AHP) is applied to determine the relative weight of each indicator, and the investigated region’s relevant data is adopt-
ed to calculate the quantitative values of them. Finally, a comprehensive evaluation index is defined to quantitatively e-
valuate the sustainable degree of water resources utilization of the investigated region. According to the data from 2000 ~
2006, the four aspects we chose is calculated, which remain in a relatively and commonly level of sustainable utilization.
The comprehensive evaluation of sustainable water resources utilization of Sichuan province is remains in a commonly lev-
el. So series of measures should be taken to raise the degree of sustainable water resources utilization.

Key words: water resources; sustainable utilization; Analytic Hierarchy Process( AHP) ; Sichuan Province



