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tion. Focusing on the issues of frequent and severe geological hazards in Liichun County, this study conducts a geo-
logical hazard risk evaluation to provide scientific support for disaster prevention planning and risk management in
Liichun County. Taking Liichun County in Yunnan Province as the study area, grid unit is selected as the evalua-
tion unit, and nine evaluation factors are chosen: elevation, slope, aspect, distance to faults, distance to rivers,
engineering geological rock groups, geomorphological types, curvature, and land use types. Utilizing the spatial
analysis function of geographic information system, the weighted information value model, which combines the in-
formation value model and the analytic hierarchy process, is applied to evaluate the susceptibility of collapse and
landslide geological hazards in Liichun County. The monthly average rainfall in Liichun County is selected as the
triggering factor for geological hazard evaluation of landslides and collapses in the study area. Three disaster bearing
factors: population density, the number of threatened people, and land use types, are selected to complete the vul-
nerability evaluation. The hazard index and vulnerability index are multiplied then to produce the risk evaluation of
collapse and landslide geological hazards. The results show that Liichun County can be divided into four risk levels:
low, medium, high and extremely high, which accounted for 12.84% , 46.01% , 38.28% and 2.87% of the
county area, respectively. The low risk areas are mainly located in the middle of Banpo Township, the north of
Qimaba Township, the north of Daxing Town and the south of Gekui Township. The middle risk areas are mainly
distributed in the north of Daheishan Town, the west of Dashuigou Township, the middle and south of Qimaba
Township, the middle of Gekui Township and the southwest of Pinghe Town. High and extremely high risk areas are
mainly distributed around Liichun County and Daxing Town, Niukong Town, Sanmeng Township, Pinghe Town,
and the middle of Dashuigou Township. The results of geological hazards risk evaluation obtained in this paper are
in good agreement with the actual investigation.
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Fig. 1 Geographical location and distribution of geological hazards in Liichun County

SR EAVE T oM R R S, B L
REZRFAAR, SZHPEREIR, XA L &k
P | i | AL i G G P S SRR
2637 m, FARIEFK 320 mo BIFTT X A A 3 5
JLEEA 4 Bl R A R AU
Fag st ) ot B R s AR Pl b B o e L B H
WEATTa, N EEGKEH (Ss) ME=&
SEGHA (Tyw) oA, HIOETRALKR
A (Did) . RIRP ST EA (Lh) . B4R
DEMERH (1) RSHRAGEK A BN
AT B SR BN TG R, HE BRI R U
M EYE ETs s, RS EERINAY < VT ORIPR
DIy BBYEEE . WA 15 S A S A AR A
WLBN, 1 A T o3 /K e R 3 ST PR A 7 4 o 2R
A G H, HAMNFBGT STz xE 1,
PN o SRR B B e | b
PP AL T, (S AT A YA | e
RAETER ., B BB HZ DS &N &,

FEX N Z 6, 2Rk, ad, BZHZES
fii, KARACVERTREN, R EA A2 a-0RUL,
LR R, K IR R M S R 2
BEMERR G . YIRS . MBS PR AR H
W F AR TGS . G LN R B R R
FIEEA 3 A AR, AR L 5 R
o HEHA LSRG, SESICE M. WY
JRORE S 841 A, A ST, IR R
JERBAE R AR, RO B UL N R
1.2 HRERBUERE

EERR L MR Bl LA A R s BT
MTEBA (ASF) F#AY 12.5 m DEM $2H"™;
A TR B SR U T4 E M B RORME 1 2 20 T
JRIE 5 i A 25 TR8000 Sk IR T IR U A0 K R
(ESA) ™10 m 4334 - R RS s [ W 1 50
KRBT mmESELIL R i, WRE S
YRS UR T 2 48 M R TR B B ml S ke



513 R,

S5 o P AR A T D SR XU T 155

2 MRRESEMETFN

2.1 FMET

Gy RNV vh TR 2 P BT — AT 3
BT, MR BT SATECROCAE S . MU IT AR R
JE N R R38R GIS AT, #R o) W E SRk PR E,
R AR BORIRZE R o AT BURTTR] 345 B U 4 it £
JCYIEI A TRy, RBEE IEA PN A FAEAS ] 5
JCN BTS2 S o AR BT IE O RS A [
T Mg, A ECTHABTHAN R OT, M SOCPE
ZERBTAACRIOCR B [ B A T A B
IFEAE WL, THE R, Ab A 2B
i, PR PRI, A Sk R B A% B OTAE R A B
JCo WFFEIXAEAIR DEM Bdfs bRy 125 U7, i
FEEITHYR/INA 25 m x 25 m,,

22 FHETHESHE

HR I X2 D 3 | T 30 e 5 ¢ 3 T J L o B
RN R W0, LG R A . K3,
ML A . AN 2R TR 3h M )2 a v 5E 5 A7
O, SEEBOMEE . r. w . R AR
TR BT . WAEE S . WOZERE . BRI IR
B9 M T, TE ArcGIS V- & H 58 iU 173 G Ak B
(E2),

AR HIE S (AR, SR Sem . s,
HARZEAY) 3O [F] 28 Y FAS ] RLASE 174 b it K 3
RA; MBI M ZEE e (WZE IR TR
i) AR R E N R KSCH R
CREE ) TEERUE RN B a1k
R, NEIM AL TAES) (LA ]
FAY) ATREYE A BRI T
2.3 FMAEEL

(1) {5 B sy

{58 (information value, IV) FAI2(EHip
MG R B Rl -5 S i R b AR — R
JrET BB L 5 N T H I
5t fa B EEALE W SR AP e e E B,
FELLAE Ay 3 50 0 % 5 KRR i s A e, B
AORBE, PO IR IE B R EBOR, BRI X
PIHLTR T B AT REE M B NIEM S AR
fE R ARX T
NN

[=1(X,,H) =1In 53

(D

X 1 (X, H) BEATEN T X, X 5
KHH G ERE; N AURUEIE XN MUK F )
SEG NRZHHET XN FLG S FoniFh s
TS K SR B X A BTl
e

(2) BWorrik

JZR AT (analytic hierarchy process, AHP)
ST TP ARV 0] Y 22 2 AL A 7,
— PRl LL5 E RO M s G R &R G800 B BT O
W AHP B A AR S B I  M L L
B SE e BT DR A AR A
W& R R AT A E RIS T — 20
K, ARERES R CR<0.1, il REL, it
BAKWT

Amax‘ - n

n-1

Cl =

(2)

CR = CI/RI (3)

X CR—BWE R CT Oy — B 1r;
A SRR AEAEL; 0 SWHERE BT EG RE VAL
—HUEEAR

(3) IAL A B AR AR

fr B HOH B A PR R AR 10 5 B,
B X PP R P AT A 0 e B SRR AT, M= IR
I IEE I PR L TR O 4 B 20 BC AR
A PE P ACR R, R ER 0Ok SR B
HERNZE R A IS BB, 25O I TR
A S A AR B b A £ B B

I = Y wl (4)
i=1

e L —Zrr b S5 B RE; Loy
F RN IR I B o AR R R
B,

FT A5 B MRE AT, i CR =
0.064 <0. 1, FW—EPbkaRmd, Al Ed
BT e BLAE RR S8 e 2 0 M A o0 TR
(1),

2.4 ZERMETHER
R AN TR E R E, hEdhE



44 %

§10)08j uonen[eAy 7 S
BEEYHt TE

TR MR T T RSB Y Gl T BRI T CSATTES 0 CRESEMETOP RN O N Q R e

//8jdz. jlu. edu. cn

http

LU

T T T T T T
1 BEHWELS ik i 8 3 EEGETEETY  ERE .
uy g 0 ﬁﬁ#%ﬁﬁ&l @E.mnﬁmq&_.rutml uy g 0 ﬂ«&niu_._“- T i
B2 1 ol B B 7 i === s+ [
wam -] GERETEEon | wanl_- ] . wram
wr s I | o v w7y
52 AU oZT Rt oZT st
[ : Jeo F S8 For AL £0 &0
o£T 4 J f e o£T ofT
ol _ b m e AN o
LT TOT 90,201 &S a101 LT LT01 80,701 Srol01 LT 201 90,201 SF o101
- T T T — : I : .wEn__wﬁﬁm_ :._nvﬁ_.ﬂ:mwﬁﬁl
1 . — s < 0 T-008] 1
wior o oo 1< I cﬁ_ﬁ.mﬁwn wior o han L 000 €000 1 00s-00c Sl wior o .aéﬁ&ﬂal e B T
& . 00£-001 i T ek IR LA
i <] oos-001 [N g - | wor-os T waw ] Y neEE R
oor-os I | o, osofl @ L g | 2
el Tez el B TESEME |oLC
/3
- 40 F | &0 - €0
. o£T ofT ofT
ol _ N o _ T _ b
LToTOT 90201 Shal01 LToZOT 80201 &EFal0l LT eCO1 BS0.201 &EFal0l
T T T T T T T T
1 B 1 06-5F 1 00L T-000 T
ur{ o1 0 ury o] 0 I uy O] 0 -
.Ew.wl i Sshsg 000 T-005 |
wam[ ] s - ] Seos e - ] 008 1-000 1
g | : sost I | oy | oo0 1~o0¢ [ | 2
a“ T sl .z pryerein 2
: 4 " o}/ B
g0+ &0 . | <0
ofT ofT P ) ofT
B Sl | @ : o b

156

| | | | | | L i, | |
LT oT01 90201 SFal0l LT oTO1 90,201 SFal01 LT TOT 80,701 SEr o101



%1 RPN, S5 25 B G AR B0 T SR 0 3 XU 157
1 MUEEE
Table 1 Weighted information
BRI IR 5:/8 Ni/N {5 & &

300 ~1 000 0.215 8 0.150 0 -0.363 7
1000 ~1 500 0.413 2 0.550 0 0.286 0

B/ m 0.103 9
1 500 ~2 000 0.316 5 0.296 4 -0.065 6
2000 ~2 700 0.054 5 0.003 6 -2.7254
AR A 0.0517 0.058 3 0.120 0
F R 1R s Pl 0.210 9 0.1357 ~0.440 9
43k =PI L 0.205 5 0.231 0 0.116 8

SRR ey I g S| 0.091 3 0.036 9 -0.905 6 0.0417
PR 2K 0.274 4 0.301 2 0.093 1
gt s el 0.078 8 0.064 3 -0.204 1
Foy 3 ) A oLy 0.087 3 0.1726 0. 681 4
0-~15 0.086 3 0.100 2 0.149 6
15 ~25 0.238 0 0.337 7 0.349 8

WepE/ () 25 ~35 0.4259 0.408 1 -0.042 6 0.231 6
35 ~45 0.235 8 0.151 6 -0.4419
45 ~90 0.014 0 0. 002 4 -1.770 7
0~50 0.034 1 0.047 6 0.3335
50 ~100 0.033 3 0.050 0 0.405 8
100 ~300 0.124 2 0.202 4 0.488 3

W 2B B /m 300 ~ 500 0.108 0 0.1238 0.136 9 0.143 0
500 ~1 000 0.200 1 0.2250 0.117 1
1 000 ~3 000 0.324 5 0.223 8 -0.3716
>3 000 0.175 7 0.127 4 -0.3217
5L A i b 4 0.310 8 0.214 3 -0.3717
M- PR 2 VAL I SR B %” gl 0.366 6 0.269 0 -0.309 4
- P JEL 2 AR AR ] D DU A 0.269 6 0.396 4 0.3856
EER T Y iR 0.0125 0. 066 7 1.674 7

—— RCE P E A 0.002 5 0.001 2 -0.7227 01520
R BLRI B 4 50 WAL 21 0.010 7 0.021 4 0.691 2
TRZORBAAL a1 WA s 0.0113 0.0119 0.049 9
LR BHOE o AL 0.001 2 0.003 6 1.051 6
TR BLREROE A A5 R AL E 21 0.000 1 0. 000 0 0.000 0
o JEL - JEL A K A 0.014 7 0.0155 0.051 7
0 ~50 0.159 1 0.047 6 -1.206 5
50 ~100 0.150 6 0.121 4 -0.2153

S — 100 ~300 0.454 5 0.548 8 0.188 6 0108 2
300 ~ 500 0.184 8 0.228 6 0.212 7
500 ~1 000 0.050 3 0.053 6 0.062 7
>1 000 0. 000 7 0.000 0 0.000 0
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Continued table 1

BRI IR 5:/8 Ni/N {5 & &
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Fig. 3 Susceptibility evaluation of Liichun County
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Table 2 Susceptibility evaluation statistics of Liichun County

%@f BBk L H/% %ﬁﬁwm%<z%i%%
1% 384.90 12. 45 2.39 0.052 0
Hr 1103.21 35.69 15. 85 0.120 6
=2 1228.90 39.76 32.06 0.218 9

e = 374.02 12. 10 49.70 1.1150




513

RIENE, 45 23 B SR A A 0 0 33 M i o 35 AU DA 159

ARILLZ R HE TAERFIE (receiver operating
characteristic, ROC) Mk #t— LK IAUE B &
BB Gy RPN S5 R s (181 4) . ROC <k
M2 P (area under curve, AUC) FEJ BEPEAY
ZERAIUERPE . AUC {E7E 0.50 ~1.00 Z[a], AUC
fEMR, AR PRH 4 SR

1.0

08
= 06 -
%

04

02 L

AUC=0.77
0.0 1 1 1 1
0.0 0.2 04 0.6 08 1.0
K5
E 4 ROC HZE

Fig.4 ROC curve

AT 4 n] T, T B R T AT B Y
AUC )9 0.77, 7£0.70 ~0.80 JE[H N, AKH %
PEVPH 5 R BN BB

3 MRRERRMETFEN

b I K SR LV R AE By K M PR 1) il
b, =B S R A (HBRR . B
NETREES) BRI K EMERERE S 4
A BRI )4 LR RN RO, R 51 X
PRI . TR RICHE A E RN R . I, e
Ty RAEVERNHER b, e lBOR SRR AR A OEE X
JROR T RAMFE R R, M E SR A
RFR . WA 22 H 2009—2018 4 F 1 [ 7 B4k
SBURVE/ Y IS RIIE )15 [N E S NG 7 g e A i)
HLAth_E A SRR R AT R PR, IRYE R3]
3t 9SG B PR Bt A T 0 2, BT XA 73 o
W, Wy L G 4 A XASER, fElsA R
WK F RPN (ES) .

SR ESEREIEN AR (R3) R, KN
FE R DX HR A I8 DX T AR L f i, g3 i R

1 174.20 km®, 1 110.89 km®, &A1 WFIE X i AL
37.99% , 35.94% ; WREfGRS X AT FE A 416.78 km®,
o SRR 13.48% 5 IR fE B DX T O D
389. 16 km®, {5 M mIAIAY 12.59% . hE. BE
W X B A FE kB LIk R [ 2 BRI, 3Ky
DX BlAF B A 5 AR, ARG SR AN, MK R
B FH K, Tk XA £ B A n i, Ik
fa ks X FE LM TE SR I, ARG/, @i
AR

5 ZEEKRIETNE

Fig. 5 Hazard evaluation of Liichun County
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Table 3 Hazard evaluation statistics of Liichun County

~N G R
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Fig. 6 Vulnerability evaluation of Liichun County
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Fig.8 Risk evaluation of Liichun County
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Fig.9 Area proportion of risk levels in Liichun County
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