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1996—2006 4 7K BT I 1 AR U7 4 52 84 IR 2 40 35 WS BE IR/ AR (B 4 B0 1999 4R B9 0. 350 #2006 4
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Application of TOPSIS Based Grey Correlation Analysis in
Integrated Water Resource Security Evaluation

CHI Jing-jing, CHEN Bin
(School of Environment, Beijing Normal University, Beijing 100875, China)

Abstract: Integrated water resource security evaluation has been a hot topic in the research of water resource
management in recent years. The TOPSIS based grey correlation integrated evaluation model of water re-
source security was established and applied to the case study of Beijing City from 1996 to 2006. It was dem-
onstrated that the grey relative closeness degrees of water resource security to the positive ideal solution were
quite low, with the least one of 0. 350 in 1999 and the largest one of 0. 507 in 2006, which implied that the
water resource of Beijing City was facing severer challenges, although its general situation had been improving slowly
during the concerned time. The analysis of water resource security indices indicated that the supply insufficiency of
water resource was increasing, while the values of state and response indices were improving gradually. Finally, sug-
gestions were proposed to improve the water resource security status of Beijing according to the evaluation results,
which will lay solid foundation for the urban water resource management and regulation.
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1.1 TOPSIS ik & X Bk 3 # ik

TOPSISR—FERERE k., HELATER
Bt 1 DR 3 07 R IO 0 B A e 0K O 5% BE O 50 ) B B
BERETREE ", KRG KBS NE S RS
MEMEEINROXBEBERGR TN R, XEKF
BA HSEHMR|BERY., KQXBEMTRERTE
BN IRECHARR, S EBERK, AR
NHEGREALE . FW, AESHE M EBY.
TEEHE . ZREINEXZERBB ZHA"S,

TOPSIS MK X B TG & LI K
REXHE—-ITKAREBNERNREH O FBT,
BEABRAABRLEFANAELATER, FNERER
SFAH,TRRERZFNUYIE. BNXFARTER
ZANATLF ERSABNTRAEE, B K
RATFXBARRELNSEFRRG.

1.2 EF TOPSIS A BXREATHMD

BRAKRBRELES TN REN Q={S,M, H},
R S={s}(k=1,2,, ) A MBI EIE,s. hBE
AN EBBEM={m,} (r=1,2,, ) HKBRHEL
FEFMBEEE RREREN H=(H, }iXn, H, &
WY BT E] 50 KX TFHbRm, KMHEME.

R7K 9 B & 2 VR4 Bt M4 A A LB RS R X,
={X, (1), Xo (N Xe ()X (1)} (k=1,2,i) , &
—HBEFINEBEEREn P KBARR LM IRE.
EFMBEGNBRREMNBRLEINEARBRRSER
FIM ={M"(1),M*(2), M* (r)=M" ()} IS
BEFH My={M, (1), M,(2), My(r)M,(n)},
BT TOPSISHARBELKAXBREA RN LR
mF.

LB RABIE REHRENE W= {w},
(r=1,2,",19),

B2 AR TEMER. STHBRBFINSEH
FHRAERERERARE N ESETIREL, HRE
MEGRAE®., REAEHERBEFNEN Y. =
Y\ (r), Yo (), Ya(r) Y (9} (k=1,2,1) , BRIE
BERFIY ={Y" (1),Y'(2), Y (r)Y" (n)},
BELEBERFI Y, =(Y,(1),Y,(2), Y, ()Y, (m},

PRI HALBFNNRKSEREIINBEL S
ERFINKEXEE r) 7w

BTN EE XK r iSRS ERF
FIHBMESEFINFm, HIFHKEXLBERN.

min min|Y * (r) =Y (r)| +emax max|Y * (r)=Y,(r)]
r(yu ‘Yb)=l€|. r€n k€i, r€n
fye (r)-Y.(r)|+€$a_x meaxIY' (n-Y.(n|
min min|Y°(r)—Y.(r)l+e£ax meax|Y°(r)-Y.(r)|

_k€Ei, r€n
¥ Yy)= |Y°(r)—Y.(r)|+e:1éa;ngle"(r)—Y.(r)l

R e—PE,0<e<],— MW e=0.5, FFM
MREERRSEHIINBEL S EFIINKERKE
BE4> 5% R Ml Ry .

BE R T E X (B SRS EFFI AR
BERIINGEAKOLKE:

r=r(M* X)) =3SW.r(Y",Yy)  (3)

o)

V)]

A=r(M*,X,)=2W,r(Y°,Y,) 4)

SR 4AHIFNHEAFFIKRREZLRAEES R
MR ERKEXBEHENEILE ¢, (0<q<1),q
BR . ZRAHSBREMBBEL REIBLEF.

a=n"/(r"+r" (5)

2 ik RE 25N

ERERERFEARAKBRICENRTZ—.
AR EETALD . SF HoaREMK, K
REmEEM RS . BT ISR KR
LR B 3 47 B 18] FE 5 (1996 —2006 4E) By £ 4 W
L BEATITKRREZLHRWEFAELIE, &
FEENALEN.

2.1 HWEERAUAENE

K BE IR 2 2 & TN P MR 1 T B R B ST R AR R AR
BRORE., A XEFRATIMEXITR %R
FREARRELSEXAR - XBARRMN KIS .S
F AESARTRERBHFEIRRE.

ERNRLEAKRER2GEIAIE. (1) KK
e, KRFENREANEMEAAME, XRKR
FELBEEXMBEK. (2) KBEL. KRHREMHE
BEXBHLZ2FRBRMESTARREREFREN
TE, KRBELRAKARBLLNERAFER. 3) 4t
SWMBEHRE. ARNAKARRELRNAXERE
ATHEREAEZH B, ARAXTELBEGHA
BRI K RERS, RIERLTFHMELERE.
KERELSHHSEENBEALRSETROKE
RAGTESHETINEAE 28 . AHYEKE
BELRRWES.

BARE, HKREREXHE - ITHER.MS,
ZHFREBEMBNERERKNAII NEEH
BENFRENTHEE TARUNERTFE-F
3
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I, & U 48 B J7 (pressure) —iR 75 (state) —
W) S (response) #E SR , 76 X #) 3 18 4w A7 M Rt
SAWHERE . ZAERILETEFER BN L
ik, BIETRKEHSEFEUNHARIL AT KRRE LS
AWM ER(E D, HRIEHFNENERE,
EBURR R ERTNE.
2.2 BAENMRRRELHARNTE

BRFNEANBLIMENRESZSEZRTIL
KR ELHE, HEBENER . EFRIR . EHE
MERARRHE, FSEHETRBRE FEN., (D
SEEAFREBETRBBGESIHXNERRE, NE

1hm' BHLIEABBMRMESE. (2) 2XHERE
MK EARERRRE. A GDP 2% 2005 4
Bk B R AR A B RE S A RILENB S
Q) SERAMRGR. MARZIHEREAYT
STRCHCA LB B AR (B A 48 K B ST o R A AT 2
REBA 3% ~5 B M KRR ARRBEmE .
(4) REREFATRABNRAMRSE, M5 KL HE
RERGRRE. O MBRAARLEREARK
PR S FBUMA HE B 48 4 7 2 55 4 X SO AR HE BUE
BHMRT .25 FMPARNKIRSE. BLFN
KMBEL N RAERELR 2—4,

21 ERDTAEFARLEARMHEIFAR

xR W&
ABKERE Py 0.095 9
HWEKERR P 0.060 7
AKRBEFERFHE P, 0.023 6
570 U8 b 10 BE i FE B (B 46D Py 0.037 7
BEKH M A P 0.025 8
ABBAEMAKE Py 0.063 0
¥ 7¢ GDP K # Py, 0.029 0
KERHKB/Y S, KEF AR/ BEAKR 0.045 7
BUmBAKREERAKE S, 0.052 4
BHRKEEREBRSW S, 0.019 9
EEMEERZRSH S, 0.044 8
KEEHTEASH S 0.022 9
SAKERALEE S, 0. 060 2
Tk BEKHEBOEIRE Sy, 0.039 4
TIRAXKEEHAES;, 0.039 3
A GDP(Sy) 0.009 5
=L HER, 0.026 5
RERPEFE L GDPHLE R, 0.042 7
KBZ G REAHT XA RS R, 0.0219
BAEKEFE R, 0.195 0
FAKEEKET E R 0.044 1
EQOABRERFAAHE=(REAR-SRBAKE)/KBEHLE.

%2 FEEHRFHBRARRSTHRERE

BHRE BUE BERE

KEREH P

ik L
KEHKESN P,

HE2BHEH P

KBEHRRE S,

TS
R KEFRE

HEBHFRE S

WO Yook S N>R MR R

KEFREH B

LA B oW R,

HijJ*Eﬁ‘ Pll Plz PI:\ PZ) P22 P31 P32

WAL 364.2 272 909. 01 0.4 200 5591. 67 105. 10 25

B4 95.5 84 603.58 2.916 700 63979. 66 281. 84 300
23 FERSHRENRNENRS TG RRFN

ﬂ&ﬁﬁi sll le SZI SZZ SZ: Sal 532 SSJ S:u

AR (B 1. 146 235 100 100 100 . 100 100 100 287 783

S 0.343 401 49 35 36 20 28 30 4751
%4 KEWEHERE RS MR

'ﬁ’ﬁ*&ﬁi Rll RlZ R13 Rll RIS

27 80.0 4.70 3.0 100 100

BH{HE 29. 3 0.71 0.1 0 0
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2.3 #HR5ite

2.3.1 dXWH 1996—2006 FRFARELKRA B
WIS B, 1 W 1996—2006 4E 4L 5 i K B
ARREMBROKOHENGELE ¢ UANRRES
WA KX - M ° RS Fx., 0
R5AW, LT 1996—2006 FAFERELN RS

FREMKEXEETER FHRREINEHKE
KB, KGEHXTEE 199 EFX P REMEMN
0. 350, B A XY 0. 507, B % Hi 4L B AT K W LE
TR RIS R R K T RE H . e AT
DUE LMK ER S RE SRS R Eas, 1t
HEMN 2003 EFREIEBRNBE.

25 EFTOPSISHEBXBREAFNABFBHERTARARERR

£4 1996 1997 1998 1999 2000

2001 2002 2003 2004 2005 2006

r 0.527 0.410 0. 467 0.420 0. 445
r 0. 702 0.741 0. 685 0.780 0.723
q 0.429 0. 356 0. 405 0. 350 0. 381

0. 447 0. 447 0. 450 0. 468 0. 501 0.558
0.706 0.729 0.715 0.638 0.59%4 0. 543
0. 388 0. 380 0. 386 0.423 0. 458 0. 507

M1999 EF M IR TEH TELZTaW TR
BOKEBKAREE . FAHEEADMKT 300
Z7,.GDPHKT 3IF RARBLLRAELZEE
ATRAHUASBEBEARMBALFBYE X RHAL
AHZAEZERRNAKRERPARRASERE
fEf. ATERFENKERESN AETRRT —
RIVSPRBAEAK  KBRREF . FARK, =L EHHE
R, B MBRY KM SBEHBENKMN
R SHERSVAER MREEKTLEBE, A
o=y #2006 FERL R E A K 3.6 x10°
m®, Biit 2010 F B4 K AREXT 50%; 540, 4L
R A R R SRR
MRS AR KTRRA .

2.3.2 4FF 1996—2006 KK RE4LHBHETF
HESH FHNEBEASENERIRREERS
RO KEXEKETHARI K RREZLEHA

1996 4F

2000 4E

FRSHEEHRR, FREEKFRE LK XRBHA
HF. AXER 1996,2000,2003,2006 4F 4 a KB
BELFMERABM TN ROKEXKEHTH
o

ME 17 LUE i, M 1996 Bl 2006 4E 16T K BF
BELWFNEGERDTENEGFOASARER
(P) /KRB R(P,).H 1 hm® B RER
B(P,) JEAHRAH(P,) SREFHREKER
TR JEE R 0 7 /s o R OO 4 4 K B RO OK R ) AR 7E 3N
s A B4R KE (P #J T GDP K (Ps)
IR £, S K BE R4k b0, BN K BE IR L BOR B9 1R
RO EKENE TR, R, kKERELK—
BRE MW HIRA KA XKEZEHEK, RAKHE
BHARE ABNBRAMNERFNE. B ¥
A RAREROKEXBKEL T T REBESE, R
R K B WA K TS R R

2003 4 2006 4

Bl ERDARBREFMARESRRAFHNKEXKE

B 2006 4E, b /T A 7T GDP K#E(Ps,) , Tk BE
KHER R (S)) T RAKEEFAR(S) . B
P HE (R FHRIFMBAL TN R K6 X B
B 24 9% 9 0. 881,0.981,0.897,0. 717, L FHH
KF, AIPKEXEERBOERAS 1 hm® $Hib
fLREiE AR P, (0. 363) BEKHER B #F P (0. 333),

KFEEWEBHERTE 2 S (0. 354) K SRR B
KEHHH S::(0.375) KEBFRHAEP,) . K
BEMAEHGS) ZRUBWAETEAZEROE
P75 B HE T8O LA B BE K HE RS R A7, 8% P9 T 80 4 7K AR 5L
BE FEFENKES FAKRRER™E, B
b A 37 K BT TRAR O A 3 O 8 B 4 S R AR
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B AR E PUK RS REKFERA AR, WHH
KEHBAF.

MR IR RE KRG EEANTXRKAT
43 H (0. 369) B K €5, S Bk B 8K, R L T K i
ARAMBEFSE,TEIBIAHEAKNERRH
KBRBFAFA. Boh,2006 £ T FEKEH
RHABR M ENKEXEEN 0. 449, BRHRTI
RiiBEKEAEENC 2L TEREKF . BRET
FL 0 A 7K BE SRR B 5 O AN T 4R 0 A K FROK
ERESERILATH -ITEEKR. AE1F
WATLIF ST H AL GDP K R F AL H
B, IEREETRANBRIENERES S THK
ABRBFHKE, XBRALEHTETEIREZ
FLANTAKERRFREENRLHZTEM.

3 &R

ASCHE T HF TOPSIS 9% & X B AW
BR L SHERAASRE S REAF T HAWRH . 1
RO B R E N AR SRR
KRB A REWRENREE, — 78 AFRE
SREWHIRG SR — 5 B0 R B LB
FXF R0 BE  RIR P K BEIRE 2 RBL. XMTER
WEBE WS ERRIAFRELSREMDEEL,
EWA T RAKE A B E L WHEE BT 5
BT, 5—HE REXBAFHEFBER
FIVFA 456 447 15 B P 41 98 80 0 0 3 ¢ 0
BT IR K B 2 R AL T X A
FAWHEL B HWTER. R, 2T TOPSIS
REXBAFRIATRL L5 AWM RA
8 ) 4.

A4 B9 4 R B R T LR 1096 3
2006 EKBEMELHMRE, TRERAE: ARREA
%, EEB KT B IR T R K HE OB , K AR
2 KGERRY I/ TR . FIBHR K B
GRS FIW L A5 40 T BEKGAH HE AR, Tl
BAEEAAE B B K RS
ROV B — R A T LR PR A B AR
O EFMPANREREERREYE. HREILR
KRR AR R0 b 0 A XL RA B R
2R SR R B 09K BE A A2 38
Bk AR 9 B,
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