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Application of combination weighting method to weight
calculation in river health evaluation

SHAN Chengju' , DONG Zengchuan', FAN Kongming', YANG Jianghao’, LIU Chen', FANG Qing'
(1. College of Hydrology and Water Resources ,Hohai University Nanjing 210098 , China ;
2. River and Harbor Engineering Department , Nanjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract; According to the concept of combination weighting based on game theory, the combination weighting
method , which combines the subjective weighting method (the analytic hierarchy process method) and the objective
weighting method ( the entropy method ), was used for weight calculation. This method avoids not only the
subjectivity of the subjective weighting method, but also the absolute objectivity of the objective weighting method.
The method was used to calculate the weights of indices of the health evaluation index system for the Yongding River
in the Haihe Basin and to evaluate the influences of the indices on the river’s health. The research results show that
the weights of the indices obtained by the combination weighting method, compared with a single weight that is
unilateral , are more reasonable and scientific, and applicable to actual conditions, indicating that the proposed

method plays a practical role in river health evaluation.

Key words: river health evaluation; subjective weighting method; objective weighting method; combination

weighting method

T AR A R GERA U R AEASIEE AE AE W 2R L —E AL 2 IR 55 SF AR T RE, fERRAY
T A A PR A5 SR JE PRI 55 D RE SG4TSR AR R BHIESE — o Il (g HER L PPN sl 2 S — S PPA A
FVEAETE AR 5 A SO AEHTT , il 0T f o e rh @ RepR 2 i A, ok e o A 81 A fe ok
AR S ARG ) BT 1) R JR 2 TR TS FRER AT A T IR

1 7 8 B AS R 14 5 ik A I B MRS AN IR AT i R IRAS T 2 AR AT S x4
PR b ) SR B E A ) — 5k IR IR TS IR KRR SRR IS BRI NASE . R UL
L RMAR AR A5 SR A R/ N DR RE R R AR PR AU, 2206 o e rid (9071 MEILSS

FWLIA 32 A B WA 1 A7 2% A RO DR T AR 32 0 R AR S ke 17 DR SR A T 1), 20

Wris B HA . 2012 -03 -29
EE£WA . KFAFHAREHETIL L5 (201101017)
TEERA . IAZE (1989—) , &, HilFm 7 A, Wi+ 0F5 4k, FEMNF K SOKEEMIT, E-mail ; shanchengju@ yahoo. com. cn



5 6 10 A, 45 A AT 7 T 7 R AN AR T3 T g B 623

PREY WK, BT — 2 B B e, 2 WIS i 3 SRR 58 # O B0 B A 7 ik, B WL 1 %, 228 W
T O B UG R AT BRI AR B 22 5 22 T ESOREL . ASSCIEBUZ R ik S e 2 0 AR
N EWRARE 5 2 WA 12 B TT I AR P AR, R AT REM O TR L R BIE TN 2256, B #5418 b ) T
TREHE [R]85 % MURAS I | ARLE 2 FhO7 7645 B R BRER

a. JZROMHTE (AHP) o JZUI TR 5 DR G R TC R 7 F AR EN 5 5826 2 TR S Al 1
PEATSE PEANGE S AT A RS 70k o FURR R A X A2 2% (0 DR IR A9 AR o0 R ) PR 3R % JFG PR 5 AR A AT TR
AT BB FERR b R B0 A R DR SR Y R R Ak, AT O 22 FAR L 22 I s JE 45 M 1 4 &2
A DR R ALt e (S A BRSO ko JR UM I — BB AR F 1 SR R IRY s S A W R R TSR o | — 3K

b WEZ . EEEIRT RGP RE R &, n] LR B 4R (A A R B R B EOR, &
G TP L RN E PR/ BN, S22 A BN AR PEAUBOR i (R R
FHAR bR (A E AL

R AR Ao T 1 A8 i -, T R Sy 4 pi /0 AR 1) SE LR T, ol DR SR A R T I LS T A R LR
P T R A AL & RACE I ik BNAL A TRACE . 8 AL RIL T R G4 Hr i JBAR T
T A LA PR IR A HLH 45 A R, AR SCHE 7 M SRR AS 5 vk (9 Al L, SR TR R W i R
(3% 3 T T BB R T YT BRI R A P R ASE, 4R P 201 45 AR A8 21 7 5 ST ¥ A A R PP A 4
P 2 i) e AN AL

1 ETEFEHNHAEGNER

1.1 WEH—HMERE
S A WAL S 3 1o — 52 X 5 22 T R IR 25 R T — ik, LAAB B — T Ry 045 B AL
T, AR B bR 0] 22 IR, SE AR LR g . D2 G RS, 75 B AR IRy ok
AR 25 AT — B 3
(BBERTA kRO 200 7 AT A2 A L, AR R AT 2 k=2 B, 3 A IR AL ) — B
T IE A T Spearman 5 H0H1 9 FHOR 21 01, A1 7T J1THE 25 B 450K 2

1
1 n 7
AW = 33 G -y
j=1

Bo<d(W" W) <1 i, d(W" W), 2 FRELLE R,

M k=3 B ER A AES ST 735 8 Kendall P AT 2 80K 501100 St A6 56 22 R AL 45 3% 1) — 3k
Kendall BpF1 28 $50K 30 2 J2— R BRA DS Mk , e R 90— S0bE 22 117, Se 045 WU 126 B A2 0 A 1) 2 36y
He 51, HAB R E

a. B i AL W= (W7 WD WD) A HER AR, iE

pi(l <p;,<m) (i=1,2,k;j=1,2,---,m)
A hk—AEHEH ;m——I85H

b. B H, b FEAUT T RAUE A B —20hE 0% |,k FIREOT I B A — 80, e
FHIKF a,

c¢. JI5 Kendall PrFIR BRI G014E

[zkll’fj ~ k(m2+ 1)] 2
K= ; Em(m*> - 1)
12
d. HRAEEE MK o, 2 Kendall BIALREOGI0 A0 IR 726, 1506 FLE K, . 1RSI FIR 458 . 24 K<K,
I, #5852 Hy s N4 2 $5:52 H,
1.2 ETFHEFLHASHPGEELA
TZEIE T RIXT 568 ( Games Theory) , F 58 HLAT 35 4 PE IO BRI I 125, B J2 18 25 24 40U 1)) o B 24

(1)



624 WK AR R ) Ha0E

Bl PEZRB AT 2 2D SR S IARA T AR LR e ) 4 B AT Sy B D SIS A A Il R, FE IR b, AT AR
SERFANTT RIS BRI AR R IRHE S B B M e AR BE A SR S IMETITEA T A R 3R , IX
S 4 58 A2 Pl B — D DSRS0 TR ol A DR SRR S i Y e SR R, AR 45 O B
I — 2k SR R F AR, w2 H B P, A 2 A s A AN (] A R 22 ) 54K — O 2 73, B34
e/ IMEAL A 55 25 Z 0] 4 i 22, (7 0 22 2 A B /)y DT S B ) 1 45 ) e KA . 2R T IFRIB Y
AATREUER ™ I

a. M F—PDEANBEFERU [ = {u, 0y, 0} 3K 0 DEEATEEEA S AT RER P .

U=Yau (>0 (2)
A AT o S T R T B s, BT R
b. SRR 72T B P R R S HE B R . FUREA S A R IR AL T 2 ) 4%
R, P BT T T A b AR R, I, DAY B w
u, 9B 22RO, B

min || iajxujT—uiT I, (i=1,2,+,n) (3)
AR B A o3P o, mT RN (3) ﬁ-s'ﬂjl‘:ﬁﬁl () — B P BRAT N -
iajxuixufzuixu? (i=1,2,,n) (4)
()RR TAI AL
u, cu, ou cu, ou cu, u, - u
w,-u w,-u, - u,-u ||a _ u, - u, (5)
u, ulT u, - u; ou, u: o, u, u:

c. W) KRB (o, 0, 0) )G, HHFFIT—{L AL B

ak

@ = (6)

@,

k=1

SRR AL ARy
w'= el (7)
k=1

ST PSR AL A A AR R U 18 B P R BB o S 1  HAE G AR A S 1 R 4 ) B
R, TR AH L PO A EL DM A A, WOE BT AR IE 5 B & TR ATk A LA 325

2 HREAGRRRITENERERNETE

2.1 WREX#ER

VRS AL FE VAT I A S0 3 KK R 7 KR (10 408 T, o MK &R E2OK R,
S 2 AT p e I T M N | R e 1 =R (11 R ¢ S N T I 0 R I o E T £ 7 R ST b =N DB R DN ¥ Ry i
TET] 5 BB B K R A TSl R 0, Ay S AR RSP SRR, 7K V) R VR T PR Sy v i e R L 7 e S
BB, A T AL 1129007 ~ 117°45",J645 39°00" ~41°20", ZR4RHI A ACiz i /K & |, Pl ] i, o Rl k
2, ACHPRER AR SCRAK I A B, 487K 8 T 2 R G RN PR bR RAE A E
2.2 REREMIERERAGEERERL

g g Y] 3 A R DA 8 B 1A R 02 DA A TV A B PN - S B 2 A< T It A R A 1D R bt SR VT O £ R T
W br b 0 RE LS5 WL | 56 R A b Sz WL T] 3t g BROIR 0 B2 A8 Al a3 YT A BRE VP40 18 B 1) 75 28 17 32 S 70
DL R

a. Bt MR A RE R M & Fe R ME S 2R A, HLAT — 52 OB N80, BERS 25 UL sz il fedt i T



5 6 10 A, 45 A AT 7 T 7 R AN AR T3 T g B 625

B HEA AL
b. RGNk, EMARERGMI A, AR ATE TR AE SRS T 2 22 5 A5 A ) #f B2 R AE T U it
JRERY AR LR B
c. JEWYE, WTAYDIRE RS H AR REFIFE 2 DIRE , Inl it RRETER 55 =7 T A P9 28 - T R ) A A R
Gefd e 2 PP E, N HAERR N AR A R — W L AR e BTSRRI RS BA—E
JE D 38 5 73 2 0 2 7 0% T LAMAS[R] iy 2 Ut A DRI T 7 e R O o
d. M7 PR R AR R AR 6 42T 17 HLAH B 22 [A) 2R — 7 i S P DL ORIESE bR A 2R 10 5 %
K fajiti
e. TEARE REPE S ATERAENE . TR B SRR A A IO AR , AN BB RS TR AR AH O BORHE B A5 1R 2P
L, AL AR AR A R AL EE R/ AR T i B2 HCE o) TR, S A7 (8, {8 T3, B B i T L
P,
AR LA 1 AR SO0 ) V] i T A A A R A A R I 10
®1 EAREARERITENERER
Table. 1 River health evaluation index system of Haihe Basin
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Table 2 Judgment matrix and weights in AHP model
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Table 3 Calculated weights of various schemes of health evaluation index system for Yongding River using entropy method
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Table 4 Calculated weights of four indices in health evaluation index system for Yongding River using entropy method
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Table. 5 Calculated weights of indices in health evaluation index system for Yongding River using entropy method
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Table 6 Calculated weights of rule layer of health Table 7 Calculated weights of index layer of health
evaluation index system for Yongding River using evaluation index system for Yongding River using
combination weighting method combination weighting method
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