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Hb U SRR AR 2 R EL Us, 2257 AR U, A LI R
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HESIFERESRERISGE D HAEMBRE RAREWERER KN 1
%, B/ 5 K. FERIFROA R VB® . P OB IR 15 2 AT
Vv ={1,2,3,4,5}. (8)

% S TFTEXRXEGH

Table 1 Evaluating factors and their classify

% ¥ B X 1 2 3 4 5
A U (m) 2000 | 2000—1750 | 1750— 1500 | 1500—1250 | <1250
B9 B Ua[km/(km)?] >0.50 { 0.50—0. 45 { 0. 45—0. 40 | 0. 40—0. 35 | <C0. 35
EHERILERE G, >2.0 | 2.0—1.9 1.9—1.8 | L.8—17 | <1.7
BRI >10 40—35 35—30 30—25 <25
>50mm 4K B % Us(d) >3.0 | 3.0—2.0 | 2.0—1.0 | 1.0—0.5 |<0.5
WA Us (B >8 8—7 7—6 6—5 <5
TR U =10 40—35 35—30 30—25 | <25
EMKEEEY Us >0.20| 0.20—0.18 | 0.18—0.15 | 0.15—0. 12 | <0. 12
225U AR Ue(%) >50 50— 40 10—30 30—20 | <20

2.3 WMERRAREMIFHER
Ao RrEBRU AT EAE. SEREXEMFH.BOANERE « HR. 5
ERHETEZEAREV EWIFHSER ,G=1,2,3,4,5. BRAINMBREENITHSER
WREREUSFNEV IR R, B 9X5 Br R EN R EMIFHEE
R=(r,)oxs- 1€2))

B, B FHRET LR  ASFERRRATE j REREHTRREE.
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RYFHEFRE S RAFTREHER A, TR MR TR /D, FRAR—EMHERE(E
HRERIFHE . RUFEV EHEHERBRAESDIF HHE v, AT (oo, +00)
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Table 2 Region classify of standard normal distribution and correspondence probability

l (0.57, 1.5] (1.5, 2] (2, 2.3] (2.3, +c0)
X M (—0.57, 0.57] U U U
[¢(—1.5,—0.57]| (—2,—1.5] (—2.3,—2] | (—o0,—2.3]
BE o l n P2 ' ' ' P
BN 0. 4314 0.2175 0. 0440 0.0121 ‘ 0. 0107
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Py j=8+1=2,3,4;
T, — (10)
1 >0, j=8+1=1,5.
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g REHHEERGESERAERL FERERBIBPHERRARELY. HER
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w= (0. 1380,0. 1210,0. 1210,0. 1210,0. 1210,0. 1210,0. 0980, 0. 0830,0. 0760).
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B=W o R==1(b,,byy+**4bs). (12)
RESZAFHET - "R OB HF
a+c=ac(HEiHRE). (13
a@c=min{a +c,1}, (14)
Bp b,= w7, Dwry; Do Dws 74, (G=1,2,+-.5). (15)
BRI B0 P RO R R B B B O SRR BE B XS B 0 T HI PO R I R
WHEE. BFE be = max{bisbzye b}, (18)
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Table 3 Classify of evaluating factors of every county (city) of Zaotong Prefecture

BIP MR | MAER o @Ak BHEX [Z50mm ERK BN TR | AT | 225°0UERH
EX! wim) |[[km/km)2])| B us | wi(%) B us(d) ugCHE) | ur (%) | EEW w Flus (%)
Wil 1250/5 0. 47/2 1.86/3 [30.91/3 0.50/5 7/2 44.47/1 0.15/74 22.1/4
6| 1500/4 0.37/4 1.99/2 [27.52/4 1.10/3 6/3 45.37/1 0.17/3 30.9/3
NE| 2250/1 0. 45/3 2.02/1 |18.09/5 1. 41/3 6/3 39.68/2 0.17/3 56.0/1
shHR| 1400/4 0.41/3 1.85/3 122.65/5 3.29/1 7/2 32.17/3 0.19/2 §3.9/1
K| 1750/3 0.29/5 2.01/1 |24.23/5 1.86/3 8/1 42.70/1 0.15/4 55.7/1
K ¥| 2200/1 0.31/4 1.96/2 [20.71/5 1. 00/4 7/2 41. 43/1 0. 1374 | 52. 471
ifig 1175/5 0.51/1 1.70/5 |26.16/4 2.92/2 6/3 14. 44/5 0.1574 15.6/2
K| 1000/5 0.34/5 1.89/3 |40.10/1 1.25/3 6/3 16.52/5 0.12/5 35.5/3
KR | 1450/4 0.35/5 1.92/2 |19.67/5 1.20/3 8/1 44.97/1 0.1574 39.5/3
BAE| 1000/5 0.38/4 1.82/3 |29.06/4 1.35/3 5/5 21.35/5 0.11/5 41. 472

ERPOBIE S FHSFERRE. F SRS FEHEES.
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3.1 HNRESFHMERIE
RAUZHEERE X & a8 e, AR S FHERTE.
RMIEGHENINTSWHWEEGEIDHTREREFH. fim R 3 EFEGGTEME

—ASFER Uy, B BB wi=1 500m, JR55 4 & B 5=4..

HAUOER 2/ U RERIEHH

R, = (0. 0228, 0. 0440, 0.2175, 0. 4314, 0. 2843). a7
HR 8AZWERGBERFEH Ry By, o, Ro, TRE LIRAG -
ML 9X5 Br el i HIE RE
R}  (0.0228 0.0440 0.2175 0.4314 0.2843
B,|  |0.0228 0.0440 0.2175 0.4314 0.2843
Ry| |0.2843 0.4314 0.2175 0.0440 0.0228
Rl 10.0228 0.0440 0.2175 0.4314 0.2843
R= |Ry|= 10.0668 0.2175 0.4314 0.2175 0.0668 (18)
" R |0.0668 0.2175 0.4314 0.2175 0.0668
R 0.7157 0.2175 0.0440 0.0121 0.0107
Ry| |0.0668 0.2175 0.4314 0.2175 0.0668
Rs/ 10.0668 0.2175 0.4314 0.2175 0.0668
HE B=W » R=(0.1400, 0.1775, 0.2863. 0. 2577, 0.1386). (19)
53 bs==0. 2863 =max (0. 1400, 0. 1775, 0. 2863, 0. 2577, 0. 1386}, (20)

Frid RV AI G ROV 3 L AN & B R0 RS B R 4R
3.2 Bl . EARSEX

mEHERE RAREMESIFHERETE, UR S FTHHE Gt EH B XHE
fe & B ADOMEH. REREREGE1).

4 BEMXERAGHRE. EERBREFHLER
Table 4 Evaluating result of risk degree of landslide and debris flow of every county(city)
of Zaotong Prefecture

. BAAE
FHIR B 1 2 3 1 5 [
[::: B 0. 1615 0. 1885 Q. 2073 0. 1894 0.2533 5
3 ﬁ] 0. 1400 0.1775 0. 2863 Q0. 2577 0. 1386 3
5 % 0. 2987 0.2136 0. 2338 0.1317 0.1222 1
7 ?$ 0.2261 0.2123 0. 2351 0.1711 0. 1553 3
X % 0. 3195 0.1534 0. 1587 0. 1498 0.2185 1
p: & S 0. 3008 0. 1880 0.1423 0.1809 0.1879 1
ﬁ g‘ 0. 1538 0.1298 0. 1346 0. 2280 0. 3537 5
[ - 0.1206 0.1271 0.2141 0. 1926 0. 3455 5
& B 0.2119 0. 1553 0.1796 0. 1949 0.2528 5
) 0.0480 0.1014 0. 1929 0. 2652 0. 4016 5
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Fig. 1 Division of landslide and debris flow risk degree in Zaotong Prefecture
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FUZZY COMPREHENSIVE EVALUATION ON LANDSLIDE
AND DEBRIS FLOW RISK DEGREE IN ZAOTONG,YUNNAN

Liu Li
(Southwestern Unirersity of Finance and Economics Chengdu 610074)

Wang Sige
(Iustitute of Mouantain Hazards and Environment ,Chinese Academy of Sciences
&. Ministry of Water Cunservancy Chengdu 610041)

Abstract

The new mathematical model of the fuzzy comprehensive evaluation is used to the risk
degree of landslide and debris flow. Taking Zaotong Prefecture in Yunnan Province for example,
the method and steps of evaluation are introduced.

In this way, 9 physical factors(such as relative altitude etc. ) . which influence landslide and
debris flow are chosen.and the factor set U is formed. The risk degree is divided into 5 classifies
from high to low,and evaluation set 1" is formed.

The basic evaluation unit is a county. The subordination degree of every factor in a unit is

replaced by the probability. The fuzzy evaluation matrix R is formed by probability. The set 11" of

the weight is formed with the degree of the incidence between factors and landslide and debris
flow. The evaluation results are obtaind with the operator( « ,&5)and the evaluation formula

W o R==RB and the maximum subordination principle. In this way ,the risk degree of every county

of Zaotong Prefecture is obtained.

Key words Yunnan. Zaotong, landslide, debris flow, risk degree, fuzzy comprehensive

evaluation



