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CF-based multi-factor overlay method to determine weights
of the factors for geo-hazards
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(1. China Institute of Geo-Environmental Monitoring ( Technical Center for Geo-Hazards Emergency of MLR) ,
Beijing 100081, China ; 2. Institute of geology and geophysics, CAS, Beying 100029 ,China)

Abstract ; Determining the weights of geo-hazards factors is the key to regional geo-hazards evaluation and early
warning model study. This paper, Certainly Factor model (CF) is used to quantify complex multi-factors in the
same range. For the physical basis of CF value, which directly represents the contribution of each factor to geo-
hazards, we propose a CF-based multi-factor overlay method to determine weights of factors for geo-hazards. The
method is divided into three steps: (1) Each factor to geo-hazards is quantified with CF, so that the value of
each factor in the range between O ~1. (2) All factors progressively overlay to calculate the relative contribution
of all factors. For every calculation factor, all the other factors progressively overlay to obtain the relative
contribution of other factors except it. (3) By subtraction method, we can obtain the relative contribution value
of the calculation factor. With the same method, we can obtain the relative contribution value of all the factors.
Finally, weights of all factors can be normalized to get their weights. In a case study, geo-hazards potentiality
parameter evaluation in the early warning model, each factor weight of geo-hazard is calculated. With the result
check of geo-hazard potentiality parameter, the method is effectiveness and practicality.

Keywords : multi-factor overlay method to determine weights; geo-hazards potentiality parameter; Certainly

Factor model (CF) ; regional evaluation

Wi HE: 2014-10-11; {&iTHHA: 2014-12-10
E&MA: HRARPF %%IU'E(41202217) 3 ) 53 20 b 5T B 358 W 00 15 TR 00 < [T 4 B R R4 T A (1212140501001-1)
E—EH: XHIE(1978-), L, Pit, WP TR, B NF BT FH BiiG . AR B A 07 T AT R TAE . E-mail: liuyh@ mail.

cigem. gov. cn



513

Hh [ b S 5 BTG A 4 - 93 -

0 3]

Mo J5 T S DR 7 S 2R 22 R DXCBIOPE O M o R
FOF IR T Bz — T2 R A A = IX
Sl M 5 G P R UE AR R 5T B S B . AR — A
R A BE A&, HE— [N 1 A9 AR 2 918 3 IR 1 1 3 K
DA R A R A AR O R, AR T AN TR B A
TTHR I RN

A DX 5T K3 BT R 2 b S AR 1Y
E— A R AR (L FAT k) R R ik AR
PR 3R T R A ok BRI S i A 2 T 2 0 ARV (BT A
PRAENT IR oK TT LS R B — 2R DL R
ECRRIT k) AR, Rl 5 24 L KR
WLRR B L KA R A BRI Rk, I E %
W A, Z A LR T R RABK ML SIS Fr il
M T s A EBORE R D S B T SR 22 52 B
i P Z R 0 09 15 20 A 5 B0 o R A A e K R WL
B, B 2B AR BRI 29, 45 ) RE
L FAE— SR KRR X Bk 2 30 A 2 15 00, T g
23 B2 5 U i 22, DR MG i) DX AR O 4528 5 o5 —
FEZ I ik BRI L AU %2R Tk 20
B xam 5 ik mai &, Bl L R E
B SL AN H AR JZE CGEma R 1), 4R 5 i i Bee ge it r
5 B AR I A0 AR F R/ T S A F A5 4, 1%
T B T 58 e MR & 5 DL IR AR A5 31 1% 35 LA EE i
B A R I S A RS T R A i T
TAE, BARERA W, BAAEEAFETTdR
HRERBEAS— RPN ANERARNZS S, KD
SRR AR 0 R JBOHE B2, LA R 2 75 9 2 e T HL A 25 PR A1 (]
I3 5 3% BT 0 i 10 52 2R PR R 4 SR il SR
SR

AR SO 12 2R F A 1 22 P 2R BORE Y (CF) Y e, i
T CF B AU & T 7 X b 5T 9K 3 1 STk X — )
FRILAN 4R T — R BT CF Y 2 B & 0 A
o IR L T A, T LA 3 S R
A AR

1 EFCFHETEK

00 b 5T ) Iy B 4 ik o K2 D
PE ARG —m ) RN, N e T BCEH R, i T
T O 2 (G R A ARG TR - R HOIRERJE 5 e ik
Wb o), DABS ke Ik R A UAE 78 SR (n
25°) AR & (40 1000 ~ 1200 mm) %5 i DL % 22 %

i}

AFTE B = DA [R], 7 78 DX ) AN 8], 7598 A g
B AT R . (R R E A G — Rk I X
B0 e SRR A o I B T R KR R 2K
Sy B A 0 77 s SC BN ik oA i BIAR
i 7 1 9 B A A A S PR R RO (CF) SE BN 1 B4k

B PE R RO R (CF) J2 — /> M 25 ok 2, B - i
Shortliffe F1 Buchanan ( 1975) & '’ By Heckerman
(1986) HEAT T Mealk ", A 43 W7 56 Wi 3 — S 2 1
& TR EUERE . 2 E R CF AL R E0 5307
Iy %7 FH ) DI P V3 0 TR R S A 2 L CF
R, HARSR IR

PP PP pp, = pp
- l = ¢
PP,(1 - PP) ‘ "

CF = (1)

PP, - PP, ;P < pp
—_— 1 < .
PP.(1 - PP,) ‘ :

Ao PP g B AF (B HKCH ) 72 B HE a 2K R AR 19 2%
PERESR N FH B S B 2 a v A7 78 () b 5T R A0S
WY a TR FUAE s PP, 5T 9K 3 78 A58 IX
A ORI SRR LR AT DL R O S T 5T XY Ml B
G WA B W5 DX TR AR Y AR

CF AL IX [ - 1,1 ], IEMEARFIF &AL
B 5 VS, BV 0 9 e A ) B SE e i TR B
SR 25 5 SELAR S 1k B ARG, B Ml o 3 A A 4 g
SEVEAR , o PR BT 2% AR 455 CF (L H3E T 0, U W 7 1k
Ja v, AN BE A E IR ST AL 95

SR P 7 P 2 BT i D] 1 Al B SR AR (R L 7
Hg R0 K A M 5 9 T s DX AR UL B 5 2% PRI, ROk
AR X B REBOI AT AT BE K A= 0L Bt i K ol B
P 28 B R B, K 3t o T A 2 R I S B TR X
([ -1, 1), ZINE T T 222 N7 s
F14 [ DX ) A B R, O AT 5 R

2 ZEFEMBENEZE

B E PR R B CF) 52 B 1 Ml ot K 3 45 52 W) X 1 /Y
SERALRIE, I E R R B(CF) R B s (1) Al L,
FEE TS BB T CF (5 BN T 74 3
R H 22 K A W TTRRE . Az W B S e, il o
FNTZ A CF B2 S350, A o] BE [ it
TE 2% K1 Z (R AH R ACE B9 R/ o R, A 300 i 45
5 CF & MAR R J7 3% , 3 1 — P ER W o T 0k
& LT CF 2 N1 & i e AU vk . Bkt
BITEAL BT
2.1 W7 CFEHB A



- 94 - X FE M, S5 < 5L T M AR O R B b BT K & Y AL R A U vk

R 2 5 XA 8 5T K 25 5 R R —
IR, AT LIRIA A S 55 00T R R I T R ZE R
JK F R LR o E . PRI T BRI Z 5 &M
T, WA 2 B2 A I 2 R S 0Tk ik 2
B It S AR S b i T A DR, DU SRR Sy A [
TR G TRk

fBE 25 IF P 519 CF (B350 x Fy, & 9F
JREERA 2,5 FF AKX

X+y-—x-y x,y =0

x +y

x,y <0 (2)

I —min(l 21,1 y1)

X+y+x-y x,y <0

L I 45 R B TR K S T R i CF (E AT
NS DGO (R 1) 7090 3R M i R A A
f TR A TTRR DS TR /D | BTN A | BT R R 5T
[N

Rl BC(2) BB &G I A ZmNE T, 5
B5RM Z,,3F0R GRS R Bea e 2,
(i=1,2, -, 5) Fa s il L (2) B2 BING I
RN T L TERIN) G IFERA Z s B, G IF
J5 25 BN ) 73 B i 3 e i Z e (121,20,
S)EMR(FELD) .

&1 CF R3% 45
Table 1 Division of CF value

A CF B X#ﬂﬂﬁﬁ?‘; A BRI A A
BTN F&Im e =]
1 < -0.6 7N Z -1 2w -1
2 0.6~ -0.2 BN Zaii-a AE
3 -0.2~0.2 A E Zan-3 2y -3
4 0.2~0.6 LN 24 Zymy -4
5 =0.6 *x Zai-s Zymy-s

2.2 Kggm A5 CF H ) STk
MR T B2 CF {1 STk R, 7 AR 4 =X
() I ZEZR CF ATk, AP BRI 5 p  m] LU
HEBR = 52 41~ A BTk
AZ ywy o = L = Lygmr (3)

HAZ e — 52N T CF G 970 Be ot ik 5
Z o — AR E T CF G0 BLA R ;
Z s —BRIZE W N 5 S HAl T A AT CF
wIF o Beas R AE
i CFrBeg i ,i=1,2, -, 5,

2.3 HEANTRE
WA (4)  THE A B A ST/, B
21— AL J5 13 B0 4% K T O AL .

2015 4¢
5
L= z ‘AZ%’EIﬁH——[‘ (4)
=1
o e——%E 5w [N - 1 R
AZ v ——FS2 W CF 43 B 0T Bk (A
i CF7yBegl,i=1,2, -, 5,

3 REFHENH

58 g IX B M BT R RS P A AR A Oy
h—— 1 G fE R R, R —Fh 2 & T A % AR fE
Sl Y A S|V - Ky ey
RO R ot M 5T R 5 IX S AL R
KFEWAREE” , BEAGE AR .

T = f(G,R,,R,) (5)

Hov T ok T R, I R G M R R E R G T
. R, R, JIWEAEHR, 4> 9 9 B W 2 A 22
T . G b MU TR R b T AR X 3

P AR R
G = i“fbf j=1,2,3 (6)

A G O M5 I R AR B a0 9 B R T E AL

IR b, 9 B 7 B ALCE sn A IR

RIEE(6), LA 10 km x 10 km {4 A% 5 47 5 43,
O X TT B o 9 F R TH R (I 1), 7 A KR IX 433l
N ACKRIL) BOEIL) (C(KRM) D(THR) E(#E L) .
FOPGAL) (GO o Horh gk B 2020 4> EL 1y i A sl SR
HORA T R (1T T 2 )M I s R (18 2),
P17 AR FZ WA T (R 1) S 51158, 730500
W J= T 2R K AR AT AR 8 I AR R R A
AR A R 00 AR 2R A K SCHB S
(EE/ ST LY SNSRI ESIUNGN € F S NN R RS
JE AR I B DU A e R A

ek T E TR R BB (CF) S2 BN 7 B9 [A] X
AL, LA C XA O &R 7 s SRS N 108
B, AN T 10 2 B K CF bt S 0L s 3 FiEl 4,

M RAR B 2 R R AR M I EH N R Z
— AR EE B ORI e R A R I RS
RHERIRGENE . fE C X (KR IX) KB s P
AR 23 R B IR AR R AR i AR NEAR R
AL, 3 i CF EIFR SR, % X R A A
TG S A ) M T AR R e B /N a3 5 DR R R
(0.345) AR (0. 306) /M2 4R (0.089) , ifif Frbx
b B R AR AN T T 3 R ) K A

R T PRI Sy Ml 5 K E K A B L



Hh [ b S 5 BTG A 4 £ 95 -

BBEEHEARYS

Fig.1 Zone division in geo-hazards potentiality evaluation
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Fig.3 CF value of terrain factor (c district)
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Table 2 Weight of geo-hazards factors for seven zones
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Fig.5 Geo-hazards “potentiality parameter” check of Zone C
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Fig.6 Geo-hazards “potentiality parameter” check of Zone D
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