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Abstract ; The evaluation standard of flood disaster loss is difficult to determine due to its randomness, fuzziness and
uncertainty. In this paper the internal distribution characteristics of historic flood sample set in Sichuan Province as
a case study were extracted through fuzzy clustering iteration calculation using the weighted fuzzy kernel clustering
algorithm ( WFKCA ). The boundary values between different flood loss levels were calculated as the reference
standard in flood loss assessment. The evaluation indexes were selected specifically to make the assessment univer-
sal, and two kinds of standards (absolute value and relative value) of data set were discussed, respectively. In
view that index weights are crucial to the assessment, a flexible coupling weighting method (FCWM) is proposed.
Firstly, the fuzzy analytic hierarchy process (FAHP) algorithm was adopted to calculate the subjective judgment
matrix for deducing the expert guidance range of each index weight; then the guidance range was applied to con-
strain the objective weight search range of WFKCA. The FCWM could get the optimized cluster effect as much as
possible on the premise of meeting the subjective decision-making preferences. Experimental simulations show that

the assessment standard calculated by FCWM is relatively reliable and valuable for the decision-making reference.
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Fig.2 Process of calculating evaluation standard

based on flexible coupling weights



40 K IT A 3 B B 9

2020 4

WP , i — S 5 5 A ARA S (S) Fok
A2 5 IR C

(2) SRAFFEARALE (19 % KA EMNE$E T IEH
LA E B — X RURIZR S AR C SRR fE WFK-
CA g 5 WA I R

T B— B MAE [0 5 @, , W 0, B
T3P FMEL K" BPFoy, RIFE BRI RBOE 5k
PEATHAA o o TR WS D 58 S fEL, BIIAT 1
ay=a,=az=a, MO0, H4 B WAL FIWTAE S B =

[B,] son By = (By By By By WA M AT &
FLGe— W TR B M | B T R

FIRETFE C= [A,] s Ay = (ay,by0cy0dy) RIAT by <

By<c,o LA, FRL FAFM S | AEFRAI
T AR TERLRE 1 T LI B R
B B BB FR 1Y FAHP FREESESL,

(3) AL AR E . Wik WFKCA 28
A DA 1 — 2 R 0 R A8 S0
FEIAE g WEKCA %5 Pt 2 WAL 3 34748 2% 1 24 o 4%
P TR S S S S B P R (1)
I BRSO 1 i, B A 4% P 1 2
WPE T RS A AT [ B, 3 LK 1 % P45 )
$6 7 HTE N7 BERS 14 50 #3551 CCDE 5 R AL A0S

(4) VPR PRI 0 BV 45 St it o SRR
H AT R, AT A B S IR AR U B 3
e OHERE V, ATFERRIE V rh 2 ASHIAR B2 L 1)
v, v, TR ) 19 R R B AR S5 1 A
K53 T, R (6) TR

Vip T Uy

S :f o (6)

Ars, T8 b THEAR i 205 i+ 1 2SR
SR AT RS S =[5, ] o, BRI 5 GbRIE
I K ST R A U AR AR (7) T 5 5

ISR AR AT, B )14 1976—2006 4L
31 a IEE TR AR EAG A W AR B, I a2
B2 RAHTER 2 RN B 57 “ 45iH” “FE
TNHE7 S HARETEHR” 6 Wiatr, % 83| 5LAh %k
P rp IR E p5 = B H P = ) 22 Rt K
PR SR 5 32 0 A H TR A B EL P 6 &, R it
AR Z R AR B R Z K AN A7 e A7
CHARLTEIRT 4 U5 EE RA RO S R PR AR
R PEAG AR , 5 SOk 7 ] — 3

Ty HMERRHER N IE X7 I, AR5 2 T4 T 3
BRC 19 ] rh B A 6B 5, 43 Sk 4 X5 (L A1 A X i
2 EhRER A AT AR C E R R R AT A
RN 2T ) B RLAE , 275 SCER 19 ] b N 206 it i
FE I R — Wb o F ORBE DS JCE R HEET K
FRRE ) OR UL P K E 4 G, s L 1 g
298 3 9 4 FRXNEIR ., BT RN FHIE, A3
TERR 3 7 TR T 5 3CHR 19 ] AN [R] i A -

(D) ASCH BN XA B 550 i FetE i &,
SRR Ty okt B R AR BE, A O AR
PRAE S | TR A R A B8 5 0 32 U0 R 5 Al 4
MYRTHE T , BB KA AR B N TE S A R PR (R 2 )

(2) BHERERHBIET AN CHERBEE A T3
B FD BT BT 3 — 30 43 S| 152 B T 4 X {EL RN AR
X EARE o

(3) HIEA TR —I0, SCHR[ 19 ] 25 JE K 4
X AR X I GDP (1520, I Hi—4F X 5 GDP >
Ve FEHER R XHE , (A DU BER ARG 25
1998 4EHF KUK AT JE 5 a B9 XK GDP a2 (I
21 PR) BRI R Z 2 W] B e, OF H 5 &
2001 45 X 3k GDP 4E 34K 38 11 10% L) |, 2006
AEAERT 2005 4R EE IR BRI 17% , 457 LA E— 4000
A, X T s A 2 B50A 1Y) S B (R 1 25 7
TE—E 1R, AR DL S AR X 3 GDP A B

5 AR EHRHEE, B RIS H
, ¢ _ K K /NSRRI BR B A, X (8) o
L(j) = Zug-z o (7)
i=1 xi,j - ximin
ri,' T o ( 8)
) ximax - ximin
> s " K H AT AN
5 S o \ gy SXAHMBL \
Sk B R 3 iE HIX (BRI O = e
5.1 IEirERRIRERRERXTRT ZRNA HIBZTULR
FETF TS T R AR UE B UL FAE A i BT AR GDPC
*F1 1996—2006 F[M)I|& GDP
Table 1 Total GDP of Sichuan Province from 1996 to 2006
Ay 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

GDP/({Z58)

2871.65 3241.47 3474.09 3649.12 3928.2

4293.5 4725.01 5333.09 6379.63 7385.11 8 637.81
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Table 3 Guiding range of each index weight

e b ZRARM N oy HIER
51 Xﬁﬁ:{ BTN ZRAM e d
WEESHETRE  0.09375 0.35417 0.09375 0.354 17
WEFESHE R 0.14583  0.40625 0.14583  0.406 25
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Table 2 Four kinds of normalized absolute and relative values of flood indexes of Sichuan Province from 1976 to 2006

2 [l 5 e 2 FE
. BICRBER %ﬁf%ﬁ:‘ AL ﬁg)\’\u‘] 2RI %‘é{‘}\*m” FR %ﬁ E;i X
1976 0.000 0 0.000 0 0.019 1 0.020 4 0.000 0 0.000 0 0.000 7 0.016 0
1977 0.020 5 0.018 8 0.000 0 0.000 0 0.0151 0.017 8 0.000 0 0.006 1
1978 0.206 4 0.188 7 0.088 8 0.090 0 0.167 9 0.197 9 0.007 0 0.047 3
1979 0.085 7 0.078 9 0.456 4 0.468 2 0.069 8 0.081 3 0.012 2 0.064 4
1980 0.075 8 0.070 2 0.183 8 0.184 3 0.093 7 0.108 5 0.014 9 0.068 5
1981 0.363 4 0.337 3 1.000 0 1.000 0 0.324 0 0.374 2 0.208 3 1.000 0
1982 0.296 0 0.272 7 0.598 8 0.5923 0.245 3 0.280 3 0.058 3 0.238 2
1983 0.265 5 0.248 0 0.266 5 0.259 5 0.2551 0.288 8 0.047 0 0.168 3
1984 0.307 6 0.291 0 0.297 9 0.289 1 0.277 6 0.3132 0.044 0 0.238 2
1985 0.196 6 0.189 2 0.134 0 0.126 9 0.174 4 0.194 5 0.036 1 0.079 3
1986 0.200 4 0.193 7 0.240 4 0.226 8 0.183 0 0.201 1 0.058 6 0.126 7
1987 0.425 4 0.410 2 0.330 8 0.308 7 0.430 2 0.469 3 0.059 7 0.109 8
1988 0.220 7 0.214 2 0.2213 0.201 5 0.237 1 0.253 8 0.054 4 0.074 3
1989 0.550 8 0.5322 0.5957 0.546 1 0.663 3 0.707 9 0.217 2 0.329 7
1990 0.299 2 0.290 4 0.2129 0.188 4 0.309 0 0.324 2 0.1157 0.134 5
1991 0.1857 0.1817 0.1457 0.1252 0.400 5 0.417 2 0.154 7 0.1530
1992 0.148 4 0. 146 4 0.199 6 0.1729 0.375 8 0.388 9 0.1523 0.1254
1993 0.477 5 0.468 1 0.195 8 0.168 2 0.528 1 0.544 9 0.203 4 0.1333
1994 0.148 9 0.148 1 0.051 4 0.037 6 0.148 2 0.148 5 0.053 3 0.003 0
1995 0.395 3 0.3910 0.274 3 0.234 2 0.403 4 0.408 5 0.464 6 0.194 4
1996 0.3356 0.3337 0.114 5 0.091 7 0.300 3 0.300 7 0.1659 0.038 7
1997 0.286 4 0.286 8 0.238 1 0.198 9 0.286 9 0.285 1 0.2116 0.047 3
1998 1.000 0 1.000 0 0.453 0 0.384 1 1.000 0 1.000 0 0.945 4 0.290 0
1999 0.267 4 0.272 3 0.098 8 0.0755 0.291 8 0.286 5 0.200 5 0.0350
2000 0.325 3 0.339 5 0.171 3 0.1370 0.431 1 0.423 1 0.308 2 0.062 5
2001 0.3959 0.418 7 0.1314 0.102 1 0.440 7 0.431 1 0.508 9 0.109 4
2002 0.443 5 0.496 0 0.048 3 0.030 5 0.417 3 0.405 9 0.3205 0.049 8
2003 0.5102 0.593 6 0.166 0 0.1297 0.574 8 0.557 4 0.427 3 0.064 1
2004 0.376 1 0.439 6 0.173 4 0.134 4 0.498 9 0.479 1 0.906 7 0.136 7
2005 0.458 1 0.533 4 0.092 5 0.065 7 0.668 0 0.6399 1.000 0 0.128 7
2006 0.149 0 0.178 2 0.0199 0.004 4 0.198 2 0.183 5 0.223 2 0.000 0
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Table 4 Comparison of validity of relative values of
flood evaluation of Sichuan Province with
different weights
Jitk W RS # XB pPC PE

WA 8.8803x107>  0.0130 0.8200 0.5159
AN 1.387 4x1072  0.0195 0.6643 0.9255
TN ETE 2.179 2x10™>  0.0195 0.6026 1.081 1
TP AMEY:  2.0843x102 0.0181 0.6029 1.0799

:XB PC PE ¥ 5 5 K40 4 M B0 IE 45 R 2 8 ik
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0.1714 0.2864 0.3376 0.3675

10.0462 0.1382 0.2575 0.5396
V= 0.1705 0.3205 0.3745 0.4295

0.0234 0.1057 0.1326 0.279 4

FHZ(6) X B O AE AL, AR 4 X (8) 1Y
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Table 5 Relative value standard after reverse

e} (9>

normalization
segy ZIARHER T AN RN EELFFEK
B HbL 1R AR JSUNE| BAO YRS GDP
[0, (o, [0, =
! 0.1105)  2.78x10°)  0.1189) [0, 3.85x107)
) [0.110 5, [2.78x107°, [0.1189, [3.85x107°,
0.1412) 4.69x107%)  0.1627) 1.01x107%)
3 [0.141 2, [4.69x10°, [0.1627, [1.01x107%,
0.205 4) 8.31x107%)  0.2365) 2.01x1072)
4 [0.205 4, [8.31x107°, [0.2365, [2.01x1072,
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Table 6 Evaluation results of flood disaster in

Sichuan Province

BOK K G RIT Al 45
GE0O) YL REREAS AR EAEAS SCHK 7]
RRAEE i FHEE E% SR
1976 1.284 9 1 1.209 0 1 1
1977  1.298 4 1 1.228 9 1 1
1978  1.109 0 1 1.309 5 1 2
1979  2.178 9 2 2.876 5 3 2
1980  1.337 3 1 2.174 4 2 2
1981  3.873 4 4 4.499 9 4 4
1982 2.8276 3 3.767 0 4 3
1983  1.9159 2 2.908 7 3 3
1984  1.9452 2 2.946 5 3 3
1985 1.140 1 1 1.864 2 2 2
1986 1.8296 2 2.790 9 3 2
1987  2.039 7 2 2.8170 3 3
1988  1.8341 2 2.372 6 3 2
1989  3.677 1 4 3.906 0 4 4
1990  1.9852 2 2.420 4 2 2
1991 1.900 5 2 2.097 0 2 2
1992 1.948 5 2 2.260 9 2 2
1993  2.265 1 2 2.159 3 2 3
1994 1.0754 1 1.042 6 1 1
1995 2.9496 3 2.713 5 3 3
1996  1.897 1 2 1.526 7 2 2
1997  2.108 6 2 2.246 3 2 2
1998  4.458 7 4 3.1650 4 4
1999  1.9835 2 1.276 3 1 2
2000 2.7530 3 1.989 9 2 2
2001 2.9777 3 1.994 7 2 3
2002 2.7159 3 1.598 4 2 2
2003  2.9710 3 2.034 1 2 3
2004  4.230 4 4 2.049 8 2 3
2005 4.258 0 4 2.009 8 2 3
2006 1.470 3 1 1.131 0 1 1

x7 RA—UEHEERE

Table 7 Absolute value standard after reverse

normalization
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1487.81) 625) 1574.15) 40.32)
4 [1487.81, [625, [1574.15, [40.32,
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Fig. 3 Evaluation results of flood level in Sichuan
Province from 1976 to 2006
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Table 8 Absolute value standard in accordance with

the provisions of literature [ 19]
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