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Abstract

The vulnerability of mountain torrents refers to the ability of people to resist and cope with floods and
the ability to recover from adverse effects after suffering from floods. In this paper, the variable fuzzy
comprehensive evaluation model is established by comprehensively considering the hydrological indi-
cators and economic development of Harbin. The comprehensive evaluation of the vulnerability of
mountain flood disaster of 12 counties (cities, district) are carried out by selecting 12 disaster vulnera-
bility indicators, and using the analytic hierarchy process to determine the index weights. The variable
fuzzy comprehensive evaluation method takes into account the influence of the evaluation standard in-
terval value on the evaluation results and carries out the comprehensive evaluation under the four com-
binations of parameters to improve the credibility and reliability of the vulnerability assessment results,
which has practical significance.
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Tablel. Judgment matrix and weight distribution of vulnerability index in Harbin County

F 1 MR BN S IR EE R RN E ST

Lt o 5 M 59 VP A A A B C D HRHEPARE R RE
HoA R A 1 3 5 4 0.535 0.535
ZUr ey B 1/3 1 4 3 0.270 0.270
thoxfabs C 1/5 1/4 1 1/2 0.075 0.075

HUE AR D 1/4 1/3 2 1 0.120 0.120
H R Tehr A Al A2 A3
R B # % Al il 1 1/3 2 0.239 0.128
PRIEE A2 ik 3 1 4 0.625 0.334
T HUR IR A3 i 112 1/4 1 0.137 0.073
Z55 ks B B1 B2 B3
AN B1 il 1 1/5 3 0.195 0.053
Hp RN B2 il 5 1 5 0.717 0.193
W 2 JE Rl & AR B3 il 1/3 1/5 1 0.088 0.024

Hefeks C C1 C2 c3

Bl LAERERAIEL C1 il 1 5 1 0.481 0.036

TN PR RER AR C2 il 1/5 1 1/3 0.114 0.009

] 72 P A B C3 il 1 3 1 0.405 0.031
BURPESRPR D D1 D2 D3

H PR X A4 D1 i 1 4 3 0.625 0.075

FEAS . AT TR E L G5 A4 5 T A LE D2 il 1/4 1 112 0.137 0.016

fa X A D3 iE 1/3 2 1 0.239 0.029
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Table 2. Analysis and evaluation criteria of vulnerability of torrent flood disaster in Harbin
= 2. MREM LR E M 551 S AT N AR A

if 55 M F A WARHESS () ACMESS&Eg) ML aN)  SMEEER0Y)  EEIEER ()
W E TR AL (%) 65~52 52~39 39~26 26~13 13~0
SESHE A2 () 0~1.8 1.8~3.6 3.6~5.4 5.4~7.2 7.2~9
T R IR A3 (%) 30~28 28~26 26~24 24~22 22~20
H—rE Nl B1 (T-5) 550,000~440,010  2,440,010~330,020  330,020~220,030  220,030~110,040 110,040~50
AN B2 (F79) 1200~960 960~720 720~480 480~240 240~0
W 2 s Rk & AR B3 (T-5) 1350~1080 1080~810 810~540 540~270 270~0
BEBE. DABRAE C1 (1) 2700~2260 2260~1820 1820~1380 1380~940 940~500
N LRSS AE S C2 (%) 14~12.3 12.3~10.6 10.6~8.9 8.9~7.2 7.2~55
[i] 5 e AR B C3 (F ) 3500~2800 2800~2100 2100~1400 1400~700 700~0
H AP X A% D1 (1) 0~6 6~12 12~18 18~24 24~30
TEAR S BB EE B A EL D2 (%) 100~98 98~96 96~94 94~92 92~50
fa X A D3 (N) 450~1840 1840~3230 3230~4620 4620~6010 6010~7400
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Table 3. Analysis and evaluation of vulnerability of torrent flood disaster in Harbin
= 3. MR LR E 551 S AT N IR

Frgx e mE IEE X ORZEE AN W EmE LEW EAE KR

TR T AL (%) 3403 799 2347 4522 295 3983 5792 18 641 46.04 37 28.08
SERIHEEE A2 () 5 2 5 5 1 4 9 0 6 6 5 5
b PR A3 (%) 2467 2152 24.04 26.83 2041 264 2821 2014 29 2599 254 23.92

=3 B1 (T-7370) 327,000 504,756 479,849 177,814 547,000 204,957 2508 1198 58.7 884 192 462.1
I i B2 (T3 7t) 8525 297.21 1093 176.25 1169 129.08 5284 1105 469 973 186 518.2

W2 R R SR AM B3 (T/i) 11555 64283 73158 49056 0 25401 1045 1305 118 1127 331 5505

BEBE. DAL % CL (1) 1447 1109 1445 1024 2611 560 2093 1517 651 1828 752 878
/NSRS AR B C2 (%) 809 756 83 912 803 1363 699 829 105 673 599 6.07

[ 5 ¥ P2 pa 4 C3 (T7378) 3432 11857 19305 57473 543 44377 1487 2048 216 1356 552 1428
& ABIAKX A DL (1Y) 12 6 25 2 29 15 17 4 12 8 2 6

FEA. BURLEHIGE T D2 (%) 981 9658 9874 7167 9334 90.09 97.02 9835 822 9961 537 79.34

faf X A D3 (N) 7342 2270 4616 459 5514 2209 7342 2270 4616 459 5514 2209

Table 4. Variable fuzzy analysis and evaluation results of vulnerability of torrent flood disaster in Harbin

4. BIETLMRERSS M AT EEMOITITNER

5 IS qg=1p=1 q=1p=2 q=2,p=1 q=2,p=2 TR FRHEE i 5555 2%
1 B 3 X 2.813 2.891 2.860 2.866 2.813~2.890 2.852 I
2 EER 2.926 2.849 2.904 2.662 2.663~2.926 2.794 I
3 == 2.888 2.839 3.013 2.835 2.835~3.010 2.924 1]
4 U7 1E & 3.228 3.191 3.337 3.243 3.191~3.337 3.264 1]
5 24 [X 2.554 2.331 1.958 1.668 1.668~2.554 2111 ]
6 PNER= 3.295 3.310 3.134 3.188 3.134~3.310 3.222 i
7 T 3527 3.561 4329 4321 3.527~4.329 3.928 v
8 BT 2.253 2222 1.521 1.532 1.521~2.253 1.887 [
9 AT 3.505 3.401 4,007 3.766 3.401~4.007 3.704 v
10 T 2.720 2.952 2.610 3.182 2.610~3.182 2.896 1]
11 S B 3.523 3.339 3.543 3.365 3.339~3.543 3.441 1]
12 =8 3.329 3.223 3.221 3.172 3.172~3.329 3.251 11
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Figure 1. Variable fuzzy analysis and evaluation results of vulnerability of torrent flood disaster
in Harbin County
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