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Abstract

Based on the comprehensive consideration of the main influencing factors of sustainable use of water
resources, this paper selects 32 quantitative indicators as the evaluation factors from four aspects: wa-
ter resources, society, economy and ecological environment. In order to reduce the subjectivity of the
Analytic Hierarchy Process (AHP), the entropy method was used to modify the initial weight of the
evaluation index, and the matter-element theory and principal component analysis method were in-
troduced to comprehensively evaluate the sustainable utilization of water resources in Nanchang City
from 2008 to 2017. The results show that the sustainable use of water resources in 2008 and 2009 is
generally good, and the sustainable use of water resources in other years is better; the evaluation index
of sustainable use of water resources is increasing year by year, and the evaluation index of sustainable
use of water resources is reached in 2015 and 2017 the highest value. The evaluation results obtained
by matter-element theory and principal component analysis are basically consistent in the trend of
change year by year, which indicates that the evaluation results obtained by these two methods have
certain scientific rationality and can provide reference for the sustainable use evaluation of water re-
sources in other cities.
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1. 518

FK BRI PR FH A AT Rl R FRARAT AR I — R A, R E A A DR R SRR AR S R B g (1 B
BEfi[1]o IR, AEALSATT AT AR, NORBOREEN, S KFEER . B KA T
IRKHErm, XEEHIEIN T PRI T . ASEIM AN ST RS AR, S0KE L 4 LR (LB,
T B R B T K SR AT R R AR GU AT SR G VP BE R . 2 RGN T A A fF v /K SR VPN AR L 1
BOBIPE . BEALVERIT R, @57 T BT s Sk v A 8 [2] . #E DY 7 555 T DPSIR # 3 1 7K BE5MGE 55 14
PN FRARR R[3]. BRI T O O Rk, 1R T /KU AT RREER PPN PR AR IR R [4]. XSZH 2= 56 AN DX IR £ 2 L
R, T AN B IE A T P AL X K SRR TR R VRN (O FE AR AR R [5]. D5 BRI MUKBIIR . ZUF.
#E SEREEVYAN TG TS T K SR RS R I 4R bR iR R [6] . £ TSR AR DG M AR RE S JB M L R AR A5 &
MIFEARR 2R, A RGP T XK SR AT RFEE R PPN TP R AR AR B EE[7]. MR AT
WK B AT R R PP Fabn i R [8]. 2875 RAGEE /2T BP R4 M2 (/K BEUE 2 R VTP R bk &, JF
iz ARIMA BT | & e bR EL[9]

AUARE E TN, HETEHNMEREEFNTEIMER, WET. the. KBRS
T4 1 R B /K BEUR nTRR SR VP 4R bRk 2 o 0 HJE RGBT (AHP) I E AN [RIPEAT PR FR (AL SR, (] s ) FH A6
AELVZ TR o 2 WA R DA 25 SR 22 o FEPPAN Ve B b, 23 R A A oG B8 AN 3 5oy 40 ik (PCA) KT e BT
ARG AT FESE R AT VA o 38 L T BRI TR g5 S, R I T R B T K BEIE T R SRR P AR 1 1) R
FHEERT TR GEUR AT RESERFARGL, 3@ H T 3 s /K 08 R R R SR AR D B Rt 3
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Figure 1. Water resources sustainable utilization evaluation index system of Nanchang city
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7730, BhE R TTR IO BB, fEURIEAt B AT 2 HARREE M7 IL[10] . i 2 u R JACE, A
M B R A ARG CMET 132, IR E TR BUE..
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HIPTASBIRHEE A, (J=1,2,--, p) » REHFAELE A, FLIRMCK BN HES, 4508 2, > 1A WS HGRT p M
NERIY, FALE A, X B RAEE Rb = A;b .
R, —REA 2 R Tk KT 85% I, mTLAADET I E U R A, P iR EEE .

P
24
= >85% (13)
244 HEERS
Fij = ijbi (14)

Z—EQ':F': yi:(y1jvy2j-"’vym')T’ Fi:(FibFiz""vFip)’ i=1!21""p’ j=1,2,~-,mo %_‘/I\jzh&‘ﬁj\j\jlzl’ Eﬁ:/l\
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245, ERBEZHETRENNE
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3. HMhERS S
3.1. B ENRERIEIE

R4 (LB RHELSE) « (LA KEEARY EEFE AR EHE AT 2008~2017 S5 5 T /K B IR m] RE4E
FIFARES . KR AHP %, 1M FO e br AR B ZE M VP, R4S A BEEIE AR, B fabr i s &
BUE wy, WIEE 1 AR o 2 IR HTIEEANR ALV 25 48 PR AR R S AR 2 BRI I, SR PR R 2 R
EERHT S ERXMMEAFE T SE .. WNSERNREBENKINRE, £ ERE LEE S e brxd Bk
H bR s 2 M

Table 1. Water resources sustainable utilization evaluation index combination weight of Nanchang city
=z 1. FEMKARATRENRIFNEREENE

EizL7 AHP BEE TBUE HAmAUE TARGMEM
cu 0.0153 0.0294 0.0224

c12 0.0262 0.0314 0.0288

C13 0.0730 0.0304 0.0517

C14 0.0445 0.0292 0.0368

C15 0.0730 0.0306 0.0518 0.3007
C16 0.0153 0.0280 0.0216

c17 0.0262 0.0284 0.0273

C18 0.0153 0.0299 0.0226

C19 0.0445 0.0308 0.0377
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Continued
c21 0.0416 0.0289 0.0353
C22 0.0240 0.0296 0.0268
c23 0.0240 0.0302 0.0271
C24 0.0084 0.0269 0.0176 0.1897
C25 0.0416 0.0302 0.0359
C26 0.0136 0.0369 0.0252
c27 0.0136 0.0300 0.0218
C31 0.0137 0.0299 0.0218
C32 0.0263 0.0299 0.0281
C33 0.0467 0.0287 0.0377
C34 0.0137 0.0272 0.0204 0.1853
C35 0.0263 0.0277 0.0270
C36 0.0137 0.0309 0.0223
C37 0.0263 0.0296 0.0280
c41 0.0163 0.0727 0.0445
C42 0.0269 0.0304 0.0287
C43 0.0163 0.0295 0.0229
C44 0.0269 0.0297 0.0283
C45 0.0732 0.0275 0.0504 0.3245
C46 0.0449 0.0269 0.0359
Cca7 0.0107 0.0277 0.0192
C48 0.0449 0.0422 0.0436
C49 0.0732 0.0287 0.0510

3.2. KFERATFFEF AZA TN

321 ETWERKIKBFEARHEMNAEETH

DA 2008~2017 4-Fd & T I ¥ S B L 32 NEDR, FOUHEIREEATIH AL ER, B TYoc s i e B ik
PR P RS R P PRAMSR A, GBI 3(2)~(9) T 2008~2017 4G & T LR A ORIKEE, 3 2008~2017 4R E il
IRGEIRATHFER VP 45 L, W1k 2 B
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Table 2. Comprehensive relevance evaluation of sustainable utilization of water resources in Nanchang city (2008-2017)
= 2.2008~2017 FFRg /K BRI RHEFI B LR E KEKE TN

B TR R
GR F5E R
I 2% I 1 % IV % V
2008 -0.580 -0.351 -0.337 -0.398 -0.452 1
2009 -0.611 -0.417 -0.407 -0.429 -0.473 1]
2010 -0.537 —0.324 -0.335 -0.438 -0.536 I
2011 -0.501 -0.377 -0.383 —0.424 —0.495 [
2012 -0.531 -0.291 -0.335 —0.444 -0.523 Il
2013 -0.567 -0.379 -0.397 —0.458 -0.51 Il
2014 -0.547 -0.351 -0.384 —0.446 -0.508 Il
2015 —0.555 -0.362 -0.384 —0.456 -0.54 Il
2016 -0.574 -0.396 -0.398 -0.461 -0.519 1l
2017 -0.582 -0.408 —0.409 -0.471 -0.533 1l

3.2.2. BEFERH OENKERTRHEF AEETFN

12 SPSS25.0, fk#fs 2008~2017 4FFg &) 32 NPT FRFR S 8dE, KUK BIE AT Hhae. &
BB T RGEAT E RS 0. R SPSS #4Hh Descriptive statistics i b} DL _E BB ST AR ELL AL BE, HRAE
ARG EARFFRZAT T RGE 2T RG. G0 T RGESEBHET RGEPRAEI 5 I FE bR 2R A D¢ R 5L
HiBf . iz H PCA MRHE A 10~15 TSN T RGP & L MRHEE . 7 ZTTkR K5 20 Bt oimke, 45
AR T 1, B 200 Bt srik R s i feik 2] 85% LA L JUAS 5o B B 3R B R 7y, AR AR %
OIFERE, FTRAE SR R EAE iR AR R KK RIS A &UF. ESHEUAN T REN
FRAFMES SN F RGBCEAEGE )IBERA, 15 2 i AR /K B AT RFSEF FH fa 40 .

Table 3. Subsystems and comprehensive water resources sustainable utilization index in Nanchang city (2008-2017)

% 3.2008~2017 FRASH & FRARLGEEKEIRAIFFEN MY

Ay Fe1 Fg2 Fgs Fga Fw

2008 —0.98115 —1.48107 1.64185 —1.04929 —0.57401
2009 —-1.13070 —0.55606 1.24334 —0.34375 —0.27611
2010 1.215483 —0.87141 0.9347 —0.82726 0.07023
2011 —0.82822 —0.16409 0.32426 0.349551 —0.08066
2012 0.739141 —0.23890 —0.21039 —0.03653 0.092778
2013 —0.29175 0.807277 —0.26647 0.328571 0.142902
2014 —0.00348 0.69799 —0.61825 0.446653 0.162312
2015 0.706177 0.616767 —0.87704 0.240982 0.21762
2016 0.197206 0.725546 —0.80837 0.053859 0.059451
2017 0.377297 0.463941 —1.36362 0.837212 0.185478

3.2.3. AWM FEXTEL 4R
H T A0 BRI Y T FE S AT PCA TR 5325, BRI 40 1 7K 8 98 ] 45 ) AP AR S R R Bl AR B T L
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PE, AHPIR IS E RIS E5 R T OSSO A BEHEAT BB, Ik 4 s

Table 4. Principal component analysis and matter element theory comparison analysis
4 ERDPIEMTIRIL LR SR

Ehr 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
LY ki -0.574 -0.276 0.07 0.081 0.093 0.143 0.162 0.218 0.059 0.185
FE RS T [ " 1] I I Il 1] 1] 1] 1]

3.3. St 5EW

I SRR LRI, BRI R i, KRBT ok 5 R a3, /K W OEF R P 85 Sk, 2008,
2009 4FHyK VT FELE AR R SR 000 11 brift, R T AT FRRIR — e, T RR AR TR T TR, o
A K U T R P«

Wt 4 RO HT TR, T K BT RS R R OB AE R K, ELTE 2015 4FR1 2007 4R R BRI M
Sk B, SRATRIRIOT S B I 04 1K GRS R P S R B R, 56 ELOMHT . ARREVE( 45
JITBAPTER ST, K VST R RO O P AR T 5, I OV 5 SR R T B Ik 4
SR 2008~2017 4R BTk T FELEAR P AR ACREAE I K, VRN Pk (R FE RS 2008~2000 4F R K41
T FIME, PSSR T 90 2010~2017 SFiFA R BUE T ME, PPUrEEgith— BRUELE 1 5, RIS
B AER

4. 75

AILLL 2008~2017 S5 E TSR I, AR R E K SRR AR IR i, A T R B T /K BEU AT Fp sk
MAPFO TEARA R, IR AHP AR EIRAA 2 TR, FEILIEAl B, 20 J5)ic Y c B e AN PCA 1H4r 1 Fg B i
IKBRIR TSR SR, IR BT as R, BETIWE T SN PR A TR I JR BR A DL BRS & PR AR (R AT 47128

ER 3T VT BRI ONEE RO T S 1K BT R SR R B T R GRS DL R
BT AT LIS I ) 3 Rt — P W AR A R B R 2 N AR O, b 1K R IR AT RREER S 7
PRSI E R R VeI T 5% T RGP SR FIRIE, PR —F 4 K SRR
FREEM R S SR s 0L WIoc B AT PCA Ja HI 1 R & K BHIR AT SR FH PN I, S LU AEER, 1
PRI E AN Z AT R, BEAERRE LR 1 AN TR ARAE R PR, /K B AT R SR P 2R A VR e 1t
T PIRRHT
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