$31% 53 o OB % g Vol.31, No.3
20124703 71 PROGRESS IN GEOGRAPHY Mar,, 2012

&R E NI G R IR R E

BOomVBRRE L EEE,SER
(1. P ERlEBE R = 5 SRR i, JL T 100101
2. KB T R2EZ P HE2E B, KR 030024
3. JEF TS A e 5 7 S ST B , AL L 100875)

T TR R I KRS R G, XSS fag BRI, 1L 1 A0 FCR AR S B — Rl i SR A 1 i 25565 K
W, = nTEEE . DRI, AP T XU SR GT e , 5 | ARSI SR AL 75k RIS 5% £ bR 5, M) FHASORI T Lo
PRI, AL — A 2 RFPEEE KIS EUR YR . WFERINZBRL A A 1) AU I8 T I E R R 58
BB E T ELE LA T REATLAN S E P AN E 1 5 2) A R 5 S A T e AN (0> 1 208l ) ANl
P, T HAS LS T — 28 UUE R AR A R BN S PR, BE 5 SCPR RS &, AR T KU A B RIS
5 R A0 R KR DRSS B AR AR 5 3 ) 3 S SR e £ o 50K AN [ KR A3 2 A AN ] i 20 ) R A ] — R Y o, DA
TLER T AR RE , AR 22 RFPLRG R o L2 A i VL DX (i ) A3 — k7K ok T S 91, S8 22 9 A
L3 AU A A0 DB A9 S , R LA R 55 1 AR AT 9 T4 B b Oy P RIS LI R 93 FIXUBS A2
JIr LA KURS: PP A AR (HMU — CHRR BEAY) Y45 SR AEAT LB T , DS T AR B R A E 2 SR 255 KUK T

R S A

X B IR O SORE s BRI T PR s 3L DR, 5 Tt/ UG 5 RERMI AT L $FE 1

1515

ZRA BRI IRV P4k 2 XU i 35 L iy
G PTURIME s . DU AT DL H AR K E X
R PEAL I SCEROR R, ELRIHEA 21 A, 2R At
GET7 ) AN 1SR F R DA 1) 22 R 2
A RS PEAS A8 B PR 2R 2567 ) K AP I 25
HUAS . FTLL, HETX 2 KR EE A KU P4 R B
FEMREL D, HABUR 2 B A X A T B

K575 75 13 K F A ZR 8 ) Bl L
AN, RIS SRS T i e ) R
— P XU, R J5 K LT FRRE NS 31 2 R Y 25
A KUK o 1510, Joseph A1 Donald™ 3 T £5 F- 4 2k 43
A, $E R 2R A XU R A 0 ) R A 7
& FE FNECK P AR AR AR 1) e 559 2 1y S it
I+, Delley Fll Chen S5 4& H T HumE ik 5k
Ly U T AR IR 6 A AR T N B S 4 2K 1Y

WimEEE 2011-10; 1EITHER: 2012-02.

WS RO 2565 B AR AR AL (X 1), b v 3%
ANER i MG L 6 R ELEAIEERET NEH 5 M,
R HF h FEASETAEH 5 Py R ZECKIA
T N B H 5 i RBET % My, e i h
LT ANEH ; P oAt i O N H s J R
M55 ARG wi MBCR IR FRIER M, Bz
I FH A BRI XS A3 Hr b, R A 2 2RI 255
IRUS: X ) ]

M*hi/ - n ,
DMy
: = (1
M ;=1 Wy *P;
M,y =ry*P;
M, =ry*P;

=",

ESTR - B ERHE 304 505 H (2008BAKS50B06-02); [l 5 [ ARl 22 5 4 4R RLA BL 4 T0 H (41101507) 5 [ 5 H 98 Rl

410 H (70973086)

BB RIS BEE (1974-), Lo, P (R HCRE B A S, SR BRI T5 ) ORI PR AU 20 BT -5 AR B AR 5 P fL A B

E-mail: xueye0412@126.com

BIREE  PRIRF(1963-) , TLIRARM N BFFE L, {814 0, thRHBE A TR0 AR, 2 A 5E T IR BT gk A pli bl e o
AR [ SR 9 2 KBS DA% 7 T A9 5Y . E-mail: baozhang.chen@jigsnrr.ac.cn
353-360 7T



354 oo R

=i 31%:

I FE KU +8 bR 31 R ¥ (Disaster Risk Index,
DRI FEEEH T 24 AN 5541 25 L & 55 FIFREE 2577 1
AR B, AT DAER RS [R] 9 PPk 36 A0 1 %) e 55 1 i
b s S8 5 1 3 — AN A Rl A B X — R 51 4t
o AV AR E AT G4 B, DRI A] LUK 55
BEAS I RS, 22 9 Tl g XRG4 B — ¢ 1 KL
5 T SR AR . e TR AT FE T 2R B i 2k
B RS SR b, 1 LIS T3 19 A B — SE 4K
FEAR s B T T 48 G S 3 Tl 2 Wy Jo JRU G s AL
B5: , I DA 5 Rk L7 SEIE b IXAF 5T, ) GIS 22
Tl 4 Ay o XU R XU 9 43 A B Silvia Al Dil-
ley ™ H 9¢ 3 XURS: H8 Fr 113 F1 58 U1 3] 431 115
B A BRI E KU 25 S AT T LAY . Chen!
T R TR LT 2 KRR 7B 2R Gtk
SHEZE, Thierry S5 FF KW AR AFRE BRI
1M 5 45 B0 TR T 19 5 88 R A F8 bR 57
SO RIS h0, Xhis A2 B L T T 22 AR AU T
FHEFIX K o LIRS AR KBS P R G,
A ZE A RS T AR TR Ry

R =R =>fee, @)
i=1 i1

K Row HERE KL £ 5 i DBECKIRF kA
BIMR 5 e RS 1 ANBUR X0 R 5 2k 5 R,
R T BRI TSR n BRI+ 1941
Ho PR S8 Bl XU P75 21 5 9 R ) KURS:
1R B AR A AR AR, A 7T A1) A ) R e XU 5 P 355
AR BI50 5 5% B A 485 1) afe B3R5 )
ZRFLRE SR BE . T A R SR 2K
S Hb R AR Y P R R A A R R R
5 N 7 () A 2 5 AR 9 A i 2 1A i 55 e
TR R PR, HE o A — R 4k, A
FET GIS MHA% 35 T 2 W PR 355 3 %) JRUISS: TPk 55 74
SR ST T R TR P O AR AT RN
BEE [ ERANAEC, HR X SRR & TR E
DRSS PF-Ak r i B ATLAS Bt o Pk, Bl = S i DAAS A B
BRI T8 2 R E BRI e V. Jioh, 2K
T Z55 DAUSE 25 T B — o Aol JXUPSS: 17 R AF A 9 1558
Tk Z n AR
U5 F b, Adrian 25" 78 (Risk Engineering)— 45
R TR IXURS: 3 B 7 1
ﬁ:f(éiaﬁi) (3)
Ci=A4-0-1, @)
e BB s P oA 2R @ SFRLs R HER T
flis Co N5 i FAFIEE R A RS2 Xk 50

NEBEREE; F) N2 500 K O 4370 1 X 44 1F
BIFs fo U OB TE R 5 44 L7 T X 450
9 K BOVPAl o %07 A B A 19 S 800 h L-R
RGO B T 7570 e, S50 A3 B L 05 R 2
BRI 3 S T el i E S IE . BRI
B3 (R S 2 4 SR R 9 58 S X 3 T AR/
X FTRIFFE DX 4 A KU AT T HER o XA 7 i
R LA B, T IS, O 0L, (EL S M i
SR R 7 e 2 15 BRI A 1 T — 20 0
HE . ARSI B T O E R (AR Bk T
AR U TR 2 A 5 P P 38 ) O BRI S 1 2
P 20 TS o JRURS A B 6 8 SRR P 80
AR AT SV AR AR LR, T4, BI A K E TR
P XU RE 2, R RO B DA A B A 452 1y B
— NI XU 43T B T RE P XU Y, A1
T4 T 3 IR 4 BT 4 T R AR 2 L ]SS
RIS, 32 1 2 KR4 KU T A R A
S, -y )(x)

= sup
1-(1-a)(1-by-(1-c)=x

s m e i AP TS B X AT RETE
W3 N MR IN T BECH o (H2, AR K% )8
TREWERGH R ECR N T, I A THE KR
ARG A T 9 H L R GEBE o

PR, AW T2 T 5 KU DA R GE B ™,
H IR B AL 7 VR P RS e Al R L™, 57
— G JRBYILRN Z R L5 WAL A=
YRR, ] DI EPAG & HU B 4 i iR B AR K 25
F MBI AT7 R AR OC R TR
LT RN 2 BRI E A Rt i B K
589 AR M b B 98I T i 1A 2k e {1t
FHEmds .

min{mn,(a),m(b), -+, wn(c)} )

2 BRZ AR ST

SR LM TAT B3 52 2 L WAl 5 3 B A 14 23 7 5
U5 AL — A RZ T AR 3R 2K
LA U 02 UL - (D RERTY = ——HE A
B FEPE R 22 GRh £5 A AU A S 45 11
B TR R R 5 @A) )2 ——id A
B4l 5 A Al i A5 TR AL 5 Y P 3R B A
KF QA HIRAL, B0 BAR R BOR A 5,
ARG A5 b I E A SE PR s BORE, 1 45T R 1Y
SRR BRI AR 0P 3



344 PR 25 2GR a AR PR B IR Y 355

F1 ZARKITFHEREIRERREX R

Tab.1 Relationship between layers in soft hierarchical model of integrated risk assessment
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Tab.2 Input and output parameters of “if-then” rules
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Tab.3 The definition of “if—then” rules
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Tab.4 Earthquake records at Lijiang from 1989 to 2008 (M =5 and I=VI)

s Y/ Lk Z 5 ZRMN AR R T Zi P LI E
TV mmm omy @Rk DROTA BROTE AMUA MUA ABUA
1 5.4 VI 68 0.482 1100 1 112 0
2 5.1 VI 22 0.23 787 0 30 0
3 7.0 v 18720 85.048 250000 309 16920 188229
4 52 Vi 185 0.75 2182 2 57 0
5 5.7 VI 927 4.449 3058 1 141 0
6 5.3 VI 63 3.7017 2680 0 1 0
7 6.2 VI 69 0.376 25328 5 1487 25706
8 53 VI 711 2.484 9033 0 32 7738
9 5.8 VI 500 4.4639 5860 0 32 1040
10 6.0 VI 2492 23.137 41050 1 220 19074
AN : (= IR A SN I o g 48 HB H 5o )
35 19892008 EREA M LHX (T ) itk REBR
Tab.5 Flood records at Lijiang from 1989 to 2008
) [63 R e Z R ZRMN AR ERATE Y am i g LI
/mm Jitt/h AYkm?® NESUDN P NDIPIN NN NN NN
1 127 48 54000 3400 3 12 0 12500
2 123.7 1.4 10000 22266.7 6 0 0 8300
3 96 24 52931 1934.2 0 1 0 4432.5
4 105.5 24 7653 1717.33 2 0 1170
5 206 24 40900 140 0 0 287
6 93.2 8 37700 5386.67 8 21 114 1318
7 128.8 24 43637 1224 2 0 838.3
8 30.4 12 3000 713.333 0 0 517.25
9 75.6 24 824 67.5333 4 421

BRI (B IS ) o



358 wooBORE e HEORE 314
®6 EnihIRIE Z A £ K (30).
Tab.6 Basic geographic data 7 = o303 -0.056L (30)
i GDP B JN=EN=T: 1 2 (9) B X (12) 75 2 2K 3k 10 45 Wi 713 X
DRk A M) KR E A TR
1992 104018 1036.07 103.3 492 D, =(0.126648,0.1978339; 0.0414109,0.0804205)
S0 OB 98 a6 B 10 LA
' ' % — KR ELRE MR
1998 266061 1012 108.62 51.24 —
Vi, =(0.208668,0.2191399; 0.0171159,0.0095495)
1999 287127 1010 109.3 51.56 : o ‘ N
2000 308135 1008 110 51.84 ‘ %Z—Eﬁ(?)?ﬁ”fﬁ@iﬂ‘?ﬁ{ﬂi?ﬁ 10 4FFN VT DX MRz —
2001 334024 1008 110.8 5222 Y#Eﬂ@a%i:ii% (AT aErE Ty
2002 369480 1008 1.2 52.5 P,=(0.132126924,0.216766508;
2003 414050 1008 111.9 52.7 0.003543934,0.003839863)
2004 521775 1008 12,7 53.1 1 3 (17) 220 (23) 15 2 R ok 10 4F 7R VT Hb X
2008 1011000 1008 119.5 56.32 - Mok E AR REME N
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T3Ah  BEKGE PR AR S B — 1 S5
KX B FE AR R BRI ST, TR T 1 AR iR
JEESR A TR G E AL, 15 B R T 5 BE 77 AR 4 T

W =(0.527228,0.538253; 0.000877,0.000757)
H 2 (6) 715 2 ARk 10 47 [ V13 X () Hb = — it
IKR FE LA KA«
risk =(0.069666,0.116675;0.026697,0.054821)
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Tab.7 Fuzzy information granulation of data in Table 4
e/ wh Z R A B3 7 UNEES AR TR TR BETNEL ZINEL P UIIEIN 4
HRER FUEE kv’ PN P PN IN N
1 (53,550.1,0.1) VI (48,88;40,40) (4570,5070;250,250) (1080,1120;20,20) (0.2;0,2) (110,114;3,3) (0,10;0,50)
2 (5.0,5.2;0,0.1) ! (2.42:40,40) (2050,2550;250,250) (767,807;20,20) (0,1;0,2) (28,32:3,3) (0,10;0,50)
(18700,18740; (249980,250020;20,  (308310;1,  (16918,16922;  (188219,188239; 50,
3 (69,7.1;0.1,01) IX (850230,850730; 250,250)
40,40) 20) 1) 3,3) 50)
4 (5.15.3;0.1,0.1) VI (165,205;40,40) (7250,7750;250,250) (2162,2202;20,20) (13:1,1) (55,59:3,3) (0,10;0,50)
5 (5.6,58:0.1,0.1) VI (907,947;40,40) (51640,52140;250,250) (3038,3078;20,20) (0,2;0,2) (139,143;3.3) (0,10;0,50)
6 (52,54:0.1,01) VI (43,83;40,40) (36767,37267;250,250) (2660,2700;20,20) (0,1;0,2) (0,3;0,3) (0,10;0,50)
7 (52,54:0.1,0.1) VI  (691,731;40,40) (24590,25090; 250,250) (9113,9153;20,20) (0,1;0,2) (30,34:3,3) (7728,7748;50,50)
8 (6.1,63:0.1,0.1) VI (3162,3202;40.40)  (104080,104580;250,250) (46771,46811;20,20)  (4,6;1,1) (1485,1489:3.3)  (25696,25716;50,50)
9 (575.9:0.1,0.1) VI (480,520;40,40) (44389,44889;250,250) (5840,5880;20,20) (0,1;0,2) (30,34:3,3) (1030,1050; 50,50)
10 (5.9,6.1;0.1,0.1) VI (2472,2512;40,40)  (2231120,2231620;250,250)  (41030,41070;20,20)  (0,2;0,1) (218,222;3,3) (19064,19084:50,50)
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Tab.8 Fuzzy information granulation of data in Table 5

[GataR T S SZEMA TR B A UNEES MAE B 2R LIASIN ZHN P LILE|
/mm /h /km? DN b [ ON LN NBUN
1 (126.9,127.1;0.1,0.1) (47.875,48.125:0.125,0.125)  (33.5,34.5:0.5,0.5) (53900,54100;100,100)  (12485,12515;15,15) 24:1,1)  (10,1433)  (0,10;0,15)
2 (123.6,123.80.1,0.1) (1.275,1.525;0.125,0.125) (222.2,223.2:0.5,0.5)  (9900,10100;100,100) (8285,8315,15,15) (5.7:1,1)  (0.4:0,6) (0,10;0,15)
3 (95.9,96.1;0.1,0.1) (23.875,24.125:0.125,0.125)  (18.8,19.8:0.5,0.5) (52831,53031;100,100)  (4417.5,4447.5;15,15)  (0,2:02)  (0.3:0.3) (0,10;0,15)
4 (105.4,105.6:0.1,0.1) (23.875,24.125:0.125,0.125)  (16.7,17.7:0.5,0.5) (7553,7753;100,100) (1155,1185:15,15) (13:1,1)  (0.4:0,6) (0,10;0,15)
5 (205.9,206.1:0.1,0.1) (23.875,24.125:0.125,0.125)  (0.9,1.9:0.5,0.5) (40800,41000;100,100)  (272,302;15,15) 02:02)  (0.4:0,6) (0,10;0,15)
6 (93.1,93.3;0.1,0.1) (7.875,8.125;0.125,0.125) (53.4,54.4:0.5,0.5) (37600,37800;100,100)  (1303,1333;15,15) (7.9:1,1)  (2022;1,1)  (109,119;15,15)
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Soft Hierarchical Model of Integrated Risk Assessment for Multi—hazards:

Taking Earthquake and Flood Disasters in Lijiang, Yunnan as a Case Study

XUE Ye'?, CHEN Baozhang', HUANG Chongfu’, YAN Jianwu'
(1. Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China;
2.Department of Management, College of Economics and Management, Taiyuan University of Technology, Taiyuan 030024,China;
3. Academy of Disaster Reduction and Emergency Management, Beijing Normal University, Beijing 100875, China)

Abstract: Integrated risk assessment is one of the important parts of integrated risk management, which can
help governments to take maeasures on preventing and mitigating the losses of disasters. What's more, multi-haz-
ards integrated risk assessment is currently very important and difficult in the field of disaster reduction at home
and abroad, with the systematic theory and methodology not yet obtained. Based on the system theory of disas-
ter risk, this study has introduced the methods of fuzzy information granulation and fuzzy transformation func-
tion, and built a soft hierarchical model of integrated risk assessment for multi-hazards, which is characterized
by the following aspects. 1) Not only the certainty of disaster risk, but also the random uncertainty and fuzzy un-
certainty are considered. 2) The approach of fuzzy information granulation can reduce the uncertainty of data,
and it includes some subjective information so as to make the results of assessment more realistic, theory and
practice more tightly combined, and thus, it is more conducive to risk managers and decision makers to provide
the basis of loss reduction and risk aversion. 3) Fuzzy transformation function transforms different types of
quantity into the same type of quantity in order to comprehensively analyze and obtain the assessment result of
multi-hazards integrated risk. Using earthquake-flood disaster risk as a case study, the demonstration analysis of
soft hierarchical model of integrated risk assessment for earthquake-flood disaster illustrates that this soft hierar-
chical model suggested in this study holds the ability of synthetically assessing multiple disasters.

Key words: fuzzy information granulation; fuzzy transformation function; earthquake risk; flood risk

ARG RS
B, BRI, FEARAR, 5. 2 R KBS PG B2 AR, Rt B, 2012, 31(3): 353-360.



