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Abstract

In view of the existing risk assessment system of flood disasters in multiplicity, complexity, nonli-
nearity and uncertainty, this paper puts forward a comprehensive evaluation model based on
trapezoidal fuzzy number and analytic hierarchy process (TFN-AHP), and combined with the grey
clustering method, the comprehensive evaluation of the mountain flood disaster area is carried
out. In this method, the traditional analytic hierarchy process (AHP) is improved, and the reliabil-
ity of the evaluation results is improved by accurately quantifying the scale of traditional analytic
hierarchy process (AHP). Then, TFN-AHP is applied to the regional risk analysis of mountain tor-
rents disaster. The results show that the method is more objective and more practical than the
single analytic hierarchy process. Thus, the results of mountain flood risk zoning obtained by this
method have high application value in Hubei province.
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Wi B RIL SR PE R . WA PE K, RS B, DO TR e e L AR L —,
TH AT FI R O O SR X I, 7 S A B G 72 4, TR T b 2225
PRI R R(1] 2]

L33t i 5 XL 43T 2 7 UK 8 R 85 R B TR T e e 23 HT R 9 P 5 45 43 B B 3],
H B Lt 3 KR A OB e TR %, INSeAs i . w02 IIZA GIS HRSE, B % (M T A 3
RIS, AT AR A5 [4], IREBHIE T RO R e, AR BOCR R R, BERTSIT . 8
SHAT . RERTSR PO AT HE T AR PR T S e sk T T T o 4 KU A
EIHE, BHEE RRITES]. BRI FRIE0]. 2R RECATIRRAGALS] (9125, AT SR
fE4 AHP J7iki T R A 0 IR, T 005 SR Al 47 0 SRS e, A SR P B TR B O
AHP fHH B, 3 SR E R AT A5 et it 3 R E AT 40 AV, LU Lk s 3 7 9 ok
AL A

2. BRI R IR 53 #7E(TFN-AHP)

TE GRS AT, S A B ik B 4TI R AR S A o 1 TG R
D7 AL J9 AHP (HL IR FE) FOBOBI S WTAE FE I K. A SCEF R SR QIR b, 31 BRI ASH)
JE RS, ST R TF BRI AR R (R 93, W2 A (ay,by0cpdy ) ) IRBE AR BRALE .

TEAE G LI RE T, S oRE— MR “1~97 HBHREEIE, SR “1~97 FrPEIAAAIE—LumhiG, &
UNANRELL BT “RG B S SEPRBAESF[10]. vk, $2AREESE H AN S N B S Ve i R BER
FAFFH IR, A SCR A S0t Ja AR B S 2, RIVRIRIER 1 F 5] A6 TSR0 A 55 s 158 o K S5 0 I s
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Table 1. Trapezoid fuzzy numbers and corresponding membership functions
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Table 2. Importance rank and assignment of elements in comparison with each
other
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BIARIGRERE; fa, RAKOREDE, RISREHRERL, e RAEMASE, N
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Lk g 35 RS X Rl AR AR H F 7 X Lk SE R VR AR AR, IF 528 KUK R BE ) KAt 250K 0L, T Lk
G RN 73 FAN R DA 55 5 1) X3k ZEAIT ST 1Lk i 55 U X ), 7 22 S i o S 0 1 Ltk o 26 DX (XKl ) 3=
BHE. HTULARERIRRMEEZAT2MBR AR, A BRMEWE RN, KHit
A DARRE R T A K R 3 5 XU X R B PR3-V 4509 AR R AIAL e R PR, R4 6 B EbR
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3.2. WHEEWNE

N HE I HEAE 4 7L SRS AR ELAN I WRE R T L 73 9 T IR A 6 1 A 5 45 48 s 1) B R

BEATELAR[13], FIF MATLAB #cff4 S AN AR, RAER(DERI T &R E N MERFE .

[1.00 1.00 1.00 1.00] [1.00 1.17 1.64 2.00] [0.57 0.65 0.86 1.00]
[0.57 065 086 1.00] [1.00 1.00 1.00 1.00] [0.29 038 0.61 0.75]
[1.00 1.17 1.64 2.00] [1.38 1.70 271 3.58] [1.00 1.00 1.00 1.00]
=1[0.30 040 0.63 0.77] [0.38 049 075 0.92] [0.15 022 038 0.49]
[138 170 2.71 3.58] [1.46 1.83 3.10 4.42] [1.25 154 243 3.17]
[0.57 0.65 0.86 1.00] [1.13 1.38 2.14 2.75] [0.38 049 0.75 0.92]
[0.15 022 038 0.49] [0.18 025 044 0.55] [0.11 0.13 022 0.29]

[029 038 0.61 0.75
030 040 0.63 0.77

] [1.00 111 143 1.67] [213 271 500 7.75]
[ ] [038 049 075 092] [1.92 243 433 6.50]
[034 044 0.68 0.83] [1.13 138 2.14 2.75] [4.00 5.67 9.00 9.00]
[0.15 0.18 031 0.40] [0.22 029 049 0.61] [1.13 138 2.14 2.75]
[1.00 1.00 1.00 1.00] [1.58 1.98 3.38 4.83] [4.00 5.67 9.00 9.00]
[026 035 0.56 0.69] [1.00 1.00 1.00 1.00] [2.13 2.71 5.00 7.75]
[0.11 0.13 022 029] [0.15 022 038 0.49] [1.00 1.00 1.00 1.00]
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Figure 1. Risk assessment index system for mountain torrents
B 1. LR E R R E

B3R AR Q) T AR R S AR B Ot ;7] =(0.069,0.100,0.212,0.321) ,
7, =(0.048,0.072,0.157,0.235) , 7, =(0.094,0.141,0.313,0.465) , ¥, =(0.026,0.041,0.093,0.138),
7, =(0.132,0.201,0.457,0.683) , ¥, =(0.061,0.091,0.201,0.309) , V¥, =(0.016,0.025,0.058,0.089) ; [ 5
1(7)=0.176, 1(7,)=0.128 , 1(7,)=0253, I(V,)=0.074, I(V;)=0.368, 1(V,)=0.165 , I(V;)=0.047 ;
FARIE (A TS EN: @, =0.145, ©,=0.106, 0, =0.209, @, =0.061, o, =0.304, w, =0.136,

w, =0.039 .
Gy
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[[1.00 1.00 1.00 1.00] [2.75 3.67 6.50 9.00] [0.26 0.35 0.56 0.69] [0.71 0.82 1.12 1.33]
[0.11 0.16 029 0.38] [1.00 1.00 1.00 1.00] [0.11 0.13 022 0.29] [0.11 0.16 0.29 0.38]
[1.58 1.98 3.38 4.83] [3.58 5.00 8.17 9.00] [1.00 1.00 1.00 1.00] [1.92 2.43 433 6.50]
[0.86 1.00 1.38 1.67] [2.75 3.67 6.50 9.00] [0.18 0.25 0.44 0.55] [1.00 1.00 1.00 1.00]
7[00 111 143 1.67] [296 405 6.67 7.75] [029 038 0.61 0.75] [1.38 1.70 2.71 3.58]
[038 0.49 0.75 0.92] [1.71 2.14 3.67 5.25] [0.11 0.16 0.29 0.38] [0.34 0.44 0.68 0.83]
[0.18 0.25 0.44 0.55] [1.00 1.22 1.86 2.33] [0.15 0.18 0.31 0.40] [0.26 035 0.56 0.69]
[026 035 0.56 0.69] [1.58 1.98 3.38 4.83] [0.11 0.11 0.18 0.25] [0.22 0.29 0.49 0.61]

1.00 122 1.86 233] [1.71 2.14 3.67 5.25] [1.58 1.98 3.38 4.83]

— ———

[0.71 0.77 0.91 1.00] [ [

[0.15 0.18 0.31 0.40] [0.25 0.33 0.54 0.67] [0.43 0.54 0.82 1.00] [0.26 035 0.56 0.69]
[1.38 1.70 2.71 3.58] [2.75 3.67 6.50 9.00] [3.58 5.00 8.17 9.00] [4.00 5.67 9.00 9.00]
[029 038 0.61 1.75] [1.13 138 2.14 2.75] [1.71 2.14 3.67 525] [1.71 2.14 3.67 5.25]
[1.00 1.00 1.00 1.00] [1.50 1.86 3.00 4.00] [2.33 3.00 5.67 9.00] [2.54 3.38 5.83 7.75]
[029 0.38 0.61 1.75] [1.00 1.00 1.00 1.00] [1.13 1.38 2.14 2.75] [1.13 1.38 2.14 2.75]
[0.15 0.22 0.38 0.49] [0.38 0.49 0.75 0.92] [1.00 1.00 1.00 1.00] [0.86 1.00 1.38 1.67]
[0.15 020 0.35 0.44] [0.38 049 0.75 0.92] [0.86 0.94 1.17 1.33] [1.00 1.00 1.00 1.00]

[ B ) 01 5 453 P % H AR BRI (9« 7, = (0.061,0.090,0.201,0.311) , ¥, =(0.013,0.021,0.051,0.078) ,
7, =(0.135,0.214,0.513,0.775) , ¥, =(0.054,0.083,0.195,0.309) , V; = (0.082,0.124,0.288,0.451),
7, =(0.034,0.052,0.121,0.188) , ¥, =(0.022,0.035,0.080,0.121) , ¥, =(0.023,0.035,0.079,0.122) ; K734
BES RN (V) =0.165, 1(V,)=0.041, I(V,)=0409, I(V,)=0.160. I(V;)=0.236, I(V,)=0.099,
1(V;)=0.065, 1(V;)=0.065; HibLit 535 G MIEHEIRLEN: 0 =0133, ©,=0.033, ©=0330,
©,=0.129, @, =0.191, ©,=0.080, @ =0.052, o,=0.052.

3.3. ETREBARNXBEITFMN

€AW LR € RS0 KI5 BT 0 5 0 ST AR AR HERIEAT R 10 T35, FL AT E 32
%ﬁ%?mﬁﬁﬁ\ﬁﬁﬁm£ﬁmytﬁfﬂﬁx%ﬁ% TR B Z R IR AR EOR
ZEP AL QTR T 56 B IR I, LUK SRR . JET BRI CCBUR B R (P ff, 2
Vol 7R S AT A SRR e o PRI BV B 5 2 A K, ARJRBIBETE 1 ML B
SRR T IR SIRIE, TR SRR R T RE MG A RERE, BIFHR

B RARA, WOERA M RIARIKE, DUAEIRAMI A . 47 BRI B R (14] [15];
© HEREFIRIERE . AHPOTEER x, (1=12.3,15) . 5 s DEIRIE T4 e MM ZAERIR BT
M%ﬁﬁ%:%(&illQQ,Wne=ﬁﬁﬂ,%%r%lﬁﬁh@ R x, (1=1,2,3,+-,15)

5 5 AR T %A R B  R G X, T
A=yl 7

A T ARG x, (1 = 1,2,3,+-,15) . 35 s AN HTHRIR T4 e AN GITHRGieon r) L s

) = ®
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RIS s MR 3, (1=1.2.3,.15) A TS RFEMREERREIR: 1 = (10, )
K s BRI AMR R T4 SRR K PO RER R 98155 s MR T4 VP K

P AUE A«
w 7y
RO _ ”z(j) rZ(,SZ) ,,2(;) ©
e n ek

@ RERELGEEN. W s MRS TNBEN: B U, R = (o060, b)) o %
b = max (BB ) WHSE S s NECRIE T4 k2, T BIFTATHOR A 025 R

4. KB5S Hr

AL 10 A 2 BE A I TR X Fix &, DL ST 32 tH ¥ TEN-AHP 77745 2 KU PN 48 bR
MALE /AL, SRR Rl b 37 bR F k. BB

MRPEHIACE 2013~2015 B PN BB AL 74 DB KBNS TR A E . T
TG BT RWEK. BURDTELRE V1, ZREHBAKCRER . HE SRR E 2 2 BFRHIE DL 7 58 1Ltk
FAGEOLAE, S5E WA A S AR EON /NS (S B, 18 S B R G AT (AreGIS) I 7 [A] 4
PEPRIC 7% (BB RAE 4 8 2 2 RV o M v S A5 D Be, A KU - M (it S 4%, BE3AS 3) 10 M 24
MLt FREPE. SIMEENEEE, Wk 3. %4 s,

MR H6 b U £ B A (0 S PRI GUANRE 2, JF S O M FbrdE, #0E fER MR AR A AL 2 5 v faAn
VMK 1R, WL LK, IV MV 2 5 DMEEJ (WL 5), MR Bm R, &) 8
RS ARPARS: 5 AN BT 1 RIS KE. DL E B T LA R B (0 3 5).

TE IR AR b, @B TE AR E, I DA I & 9

Table 3. Hazard assessment data for mountain torrents

3. IR E R MIT N B

ZHEAF MNEmm) BREEmm) Km) SFEREO) ENEZEm ANEEkokn’)  ERERRE(%)

TR 84.66 126.90 1.84 18.18 431 0.88 80.41
H02% 61.01 72.90 0.88 28.56 610 0.86 95.28
FEE 122.44 75.94 0.41 39.22 1619 0.62 93.31
IRAH B 204.39 193.60 1.36 32.43 679 0.54 95.22
TR 105.63 178.10 34.19 20.80 1312 0.58 98.43
R4 105.88 217.25 -0.29 3.32 33.00 0.51 76.97
=HZ 84.33 125.75 1.29 19.17 719.00 0.54 95.25
TN B 98.46 124.08 -3.57 23.23 982.00 0.49 95.89
Wi 115.84 132.21 -0.05 32.23 1193.00 0.59 94.84
AR 136.18 150.00 1.64 30.33 1205.00 0.58 97.39
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Table 4. Vulnerability assessment data for mountain torrents

= 4. IR E ST BURE

P JURBFHE  #HER AO®E )ﬁidﬁé‘%ﬁ% Pase gt FET BRI R B ‘ Aol f&ﬁﬂa‘ﬂﬁt
BAEE) S ANkm)  @FHRGGT) REAOWN)  EBEMFECGIT) SR RAGIR)
Tt 1.02 0.18 301.61 120,000 7 12.59 31,069.86 4890.50
FHZ 2.89 0.02 53.28 39,966 11 21.78 14,990.80 1374.00
FIRE 291 0.04 29.48 2000 16 11.24 18,062.50 2375.00
e giskee 7.15 0.07 70.81 3100 5 28.56 17,15329  16,714.29
TR 3.99 0.09 53.82 2497 45 180.63 17,441.71 4157.14
KIS L 3.14 0.24 299.34 4950.00 0 11.79 27,45033  17,193.50
=Bz 5.80 0.26 254.61 159.00 2 4321 38,012.70  15,926.00
EAYHE 3199 0.14 144.64 8000.00 8 62.42 26,683.83 4519.92
YOIE VA 3.04 0.07 101.33 303.00 0 25.89 24,048.00 3232.00
R 16.32 0.08 133.95 112.00 0 40.36 19,733.57  30,286.29
Table 5. Risk assessment grading standard
< 5. KM 5 FbnfE
s gt 1% IS IS v \E S
Fo Y B (mm) <10 10~70 70~00 100~150 >150
Il 57 Y & (mm) >171.2 149.8~171.2 128.5~149.8 107.1~128.5 <107.1
KA (m) <14 -1.4~0.5 -0.5~0.1 0.1~1.4 >1.4
fa it SERIIE(C) <5 5~10 10~30 30~50 >50
AHXY 1 7 (m) <100 100~200 200~500 500~1000 >2000
TR X 2% 5 (km/km) <0.5 0.5~0.7 0.7~0.9 0.9~2 >2
TR 78 2 18 50 (%) >95 80~95 60~80 40~60 <40
Fal X BUAR By k6 71 () >100 10~100 5~10 2~5 <2
TR & e <0.2 0.2~0.3 0.3~0.5 0.5~0.8 >0.8
N 35 (N /km?) 0~150 150~300 300~420 420~500 >500
3 58 gk B 4 2 B 4 R (JT 78) <100 100~200 200~300 300~1000 >1000
it GBIV Y Ase S INEIPN <2 2~5 5~10 10~30 >30
Bi9A X & BT I 72 (JT 78) <102 10.2~16.1 16.1~51.2 51.2~80.46 >80.46
ARl 7 B (1) <10,000  10,000~20,000 20,000~30,000 30,000~50,000  >50,000
Hi 7 T BUS N (5 7T) <3000 3000~5000 5000~10,000 10,000~20,000 >20,000
x=6 xe[6,10] x—40 xe[40,70]
1 x€[0,10] 4 30
Si=4x-40 < e[10,40] £, =11 x€[10,70], £, =41 x€[70,100] ,
=30 x_lis x€[70,85] Y712 C100,125]
X8 c[85.100]
15 1 x €[150,]
f= lx—175 x€[100.150]. £ =9 x-150 xe[125,150]
xe [1 50,1 75]
=25
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ASCAE MG VP 792, B GRS AR TE IR 41 BB T S0, Hh iR R ENERE
P, SR R FE AL B E[16]. K TEN-AHP #5321 28 SR 848 FBLE R 5045 R 55 M2k
S NTER SOHE AL TR 45 RAE LR, 2R W% 6 Fin.

M 6 3t EIR=FONERRESE R © R Eabat, BRAKGAAEN @ Z A S s RS, BEE
BORA A REOINE = T AHP FISGHBBUX ST @ Sifitkdebad, T R T 20%1H 5,
W= RINEM I BE R AMEZEA R @ Sk A S BRI 45 R vz, H AHP. Sulbfs
B2 B SRR RISE 2 22850 0.018 0.016, O KZE RN 0.095; SO BGZKE 2 o ridk (1 32 WA
REGETHEZ E R R AR RECHTAENE S, WHE R T2 5 AHP v {55 &K 2).

Table 6. Weight coefficient of the evaluation indexes

= 6. THNIEIER LR

VA EL AHP UM [17] TFN-AHP
R T & 0.093 0.096 0.116
i % Y 0.047 0.056 0.084
KL 0.189 0.178 0.167
A5 R 0.025 0.038 0.049
AHX 1 22 0.338 0.307 0.243
TR X 2% 0.093 0.096 0.109
T 26 T4 0.016 0.030 0.031
fE R X BUR BTk g 0.023 0.024 0.027
B IR & e 0.004 0.007 0.007
JNEES: s 0.079 0.072 0.066
Pi sl B A TR R 0.023 0.024 0.026
P s BET R R O 0.046 0.043 0.038
B v X Jee B A3 s A 7= 0.012 0.014 0.016
Al 0.006 0.009 0.010
7 M BN 0.006 0.009 0.010

——AHP  —m— R —A— BB RO AHP

o o o o
OCRONCWR
ouvirUTINUTIWUTS

Figure 2. Probability distribution of each index
B 2. BIRTRHER ST E
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Table 7. Results of risk assessment grade

7. REIFNFRRRE

i 78

SHEAR AHP PO BRFEELN AHP
EREM  BERAKA) PEREOD  BERREAY)  EREY)

e 0.064 0.039 0.468 0.220 0.210 111 111 111
HHOZ 0.112 0.075 0.261 0.419 0.133 v v v
FIRAH 0.120 0.062 0.136 0.239 0.443 A% \Y% \%
JERAH B 0.155 0.106 0.144 0.363 0.232 v v v
TR 0.159 0.069 0.124 0.059 0.589 \Y% \% \Y%
TR 0.309 0.283 0.259 0.099 0.050 I I I
=Wz 0.093 0.110 0.279 0.396 0.122 v v v

A 0.259 0.133 0.156 0.240 0.211 I I

VS Erialst 0.146 0.096 0.219 0.225 0313
AEH 0.147 0.122 0.060 0.222 0.449 A A

ST =R OTE O REOIT, AT UL th 4 B A 2 KGRI R, = b
FAFERRAEAR 2. A BRI T = M0, SRR AP 2 S R AR B 2 1T
HKITER AT EREZE S B9 0.087, 0.077, 0.065, HILTT WL, HATEHEM AHP HUBEhtERL ), 55t AHP
WK, O B T 4 2 6]

W7 Bty SR FTTER R E KB 10 42 B0 52545 BRI, V170 RUE R Yo 2
AR, KEOTHMON A RA 2R ESE: T 2S00 R SR8 S & 57 L H
FETTRIR NI, BB F R SShR A S A) £, Vb VORI SE BB ARAE T KR IR 0, (LIRS
I - o BRI 44 e 7S5 L 6 % 2 1 FLBE 1 SRR AN At 2 BT 55, T2 AL T V0 IL
HRBUORSES . LTI, FRGRE AR X R4, A
5. 86&

ASOS CA HEE T2 R i R RS DX R 45 28 7 ROTIRIOAS R BEAT 1 0 #r, 3R T — R BT SR
AHP (TFN-AHP)55 K € 38 S AH 45 5 1 XSG 45 i 7€ 773 » 38 2T 10 AT 29 0 A, DT 45 R © 3
Wi FEAE RO B PASE T S RS R I S T Bt ST I R, $R i 1RSSR O ARSI @ KBRSy
WL L I ] T O S8 A S RS S SEAER . A0S T S VRO T KU A 4, s i 1 XU
IHTEER P RIAFEE AT SN, © SRR ISP LR FHREEAAYI G, fem 1 XS 2>
Praf RIGATMEE SRENE:; @ BERBESE B Z RHEEME R EINRF G SEhs, B 2IR X R4S
REA BN ANE, B €Tk,

EL£mAB
2% H ARl 5L 4 iR 7T TR 50 H (91547208); 2017 SEFEHIALE 208 7 RFEEE TR B
H(B2017255), HEIH LGRS HEEE 61 #iti E 5 (2017M612460).
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