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LOGISTIC REGRESSION MODEL AND ITS VALIDATION FOR HAZARD
MAPPING OF LANDSLIDES TRIGGERED BY YUSHU EARTHQUAKE

XU Chong XU Xiwei

(Key Laboratory of Active Tectonics and Volcanoes , Institute of Geology, Chinese Earthquake Administration, Beijing 100029
Abstract At 07 49 (Beijing time ) on April 14, 2010, a catastrophic earthquake with Ms 7. 1 struck Yushu Coun-
ty, Qinghai Province, China. 2036 landslides were interpreted from aerial photographs and remote sensing images,
verified by selected field checking. The spatial distribution of the landslides was evidently strongly controlled by the
locations of the main surface fault ruptures. The landslides commonly occurred close together. Most of the landslides
were small. The landslides were of various types. They were mainly shallow, disrupted landslides, but also included
rock falls, deep-seated landslides, liquefied landslides, and compound landslides. The aim of this study was to apply
and validate logistic regression model for the Yushu earthquake triggered landslide hazard mapping. The Geographic

Information Systems( GIS) and Remote Sensing( RS) technologies were used. A spatial database was developed and
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analyzed using GIS technology. It includes the landslides and associated controlling parameters which may have in-
fluence on the occurrence of landslides. . The twelve factors that influence landslide occurrence were created in ras-
ter data format base on GIS platform. They include elevation, slope angle,slope aspect, slope curvature, slope posi-
tion , drainages , lithology , faults, roads, normalized difference vegetation index ( NDVI) , co —seismic main surface
fault-ruptures, and peak ground acceleration (PGA). the coefficients of the evaluation variables were estimated u-
sing logistic regression model and were used to calculate the landslide hazard index for the entire study area within
a GIS environment. The validation result showed a success rate of 83.21% between the hazard map and the loca-
tions of Yushu earthquake triggered landslides. The landslide hazard assessment rank result showed that the“ very
high hazard” level covers about 4. 97% of the total study area but has a number of 766 landslides(37.62% of the
total landslides number) , which representing good quality of the landslide hazard map. The sequence of the land-

slide number density percentage descends expeditiously accompany with the hazard level decreasing.

Key words

15 5

F T R A M R A S T R A R A T
S0P AR R, MR W 2 B T Tz ST
T L T2V PRI 5 X 4L 72 9 IXC G 39 9 9 i ¢, K
X2 i HA A L, 2010 44 A 14 H,
[E S ERDEE B IR B R, AT Ms7. 1 2%
i P 33.224°N, 96. 666°F , FE IR IA
B4 17km, 5% Mw6. 9% $i7R 5 A 45 1, TR
RS I E R T 8 AFETS 14 A2, A
GBI IR 60 HonkiA

b= i 2 W 3 S B PR B Y MR S R R
J& KT HURZ A — D BRIy 17 1248 [E] )
P SE— R Y, 3T 2 u 8o B 19, ek
PP 71 1207 15 T LA R DR AR M 1 T, %of
THFZAAE ) 45 % BA — & i, Zrkie
FE A SIS0 6 1 TR BIF 9 A 2 T AR
U0 : Pradhan 2% 25 F 32 48 0] A0, SR B IR S
GIS FiAR  EFE RIS G BE  RHE g o] (i KR A
P AT TR S EOIRM G R R A 2B ND-
VI KB 10 AW m A 7, T8 T 5ok 75
P I B T I A B P DAY, &5 SR AE B R R 86.62%
Pradhan 5 Lee”’ BT A T4 28 W 48 7 1, Y8R %
R LIRS RN = S B 3 BN D i S
A SRR R LSRR - A 2525k NDVI
JE 11 AW D7 TR SR Y I
PR A AR B 1 2 T A R A O vk i
TTXT e, LT N TP 28 W 2% 7 145 B A0 DA 45
SIEHIZR Fe s Chen 5 Wang'™ e H 5 7 H
EaE SR MR ST S OK REEE R S

Yushu earthquake triggered landslides , Logistic regression model , Hazard evaluation

22 B RS I S AR D T O
T R R ] AT RN I SR S A i e
PP s Yilmaz ™ DUFERRE S £ H S A 1 B
PN ARk Y 4SS LI N WK (254 8 Y 2
MR RRH SR B SR R R e T 8
AN A 5, R R AR R GZ R ) T
M2 2% 3 ISR 50 350 1N FH T 18 30 B Ak P A T
VB, =F B IE# R 70 5] J 0.826 0. 842 15 0. 852;
Greco 2511 LATE A, A AT HUI, Bl 3073 2 52454
WEFE X, e R 2SR | AR 2T | e
JEE PSR fi] i 25 3 B3 16 ft R I 6 A B R
T IFREBERE P Thapa 5 Esaki'" LUEIA
IR BB BT A% S Khola 3 38 A1 58 X, RIS |
] AR RIS R E L AT S AN
DR S ik 2 TR, O T 35 A B M VR AR F ST 5 Dai
% Dai 5 Leel ™ ST 3B 45 [ A B AU TF i T A s
XA B PP O B ST WA B A Lok
PP 45 42 g S A BIF T IXC, 8 £ AR o A L ARHIE I
[] REBIBE | 32 iy 5 A Y A Y |
i KRB NN H T, BT SVM 524
(15 2 i 5 o A 1Y T JR T P 5 s ) S5
A SR IE# R I35 0 95. 9% 15 86. 2% ; EE Y
R O AR L B XA B X, ST
R Il AT, T R T 3 S B R AN W AR
VEFRTINOC T F A 4 52 W B AT 28 )
3 B R S R O R T T R
SIS I SRR e i T 32 i 1] U5 F b 7 T I
SERPEPFI DTS 352 T RAF R SEAl . 135 7 2010
R MRS TR TR I AL o A PR A AT ST
AR BT T MR T B R A S 2
OIAT T BRI A0 A AL, Xk AR M 5=



328

Journal of Engineering Geology ~TLAZXLF 5 2012

(9 2P il AR d L EAT T AR o AR TN R T
BB T I, S TR TR S v R A
SPRTTIE BB A MR BN B g S 5 8
Wi PRI 28, O R 50 1 3t 7 T 5 A e P PP F 5 A, B
174 NI R , JCHIE A 5 T8l 2 1k R 05
g S T 2RO B AL 4y BT
JERIRIR ISR AR, S BEARAS ] N -2 R W A
PO S OLR B TR RS . AR SCIE TG BR
GL(GIS) HIEIK(RS) HA , N 2 48 [l )1 458 T
TR RIS R VA, I X PP 45 2R B IR A R

TR o
2 Logistic FERIA 2

Logistic [a] AR YL — /3 KPRz & (RS & Z 2
W2 AMED) W G o A I s o 3R A %
ER2m R Z (A E R AT RN

Z=B, + B X, + BX, + - +BX, (1)

P=1/(1 +e7%) (2)

A, PREFWH R AR, 2 RFTLESINE

ZMERE ZF0 5 B, J2& i H R 5K, it 45 R [

0~1, 0 FREAEFIEAIMER 0% , 1 FoREEH
P2 100%

A4 A b R O O A SRR AR R i SR A, 2
135 2036 NMFPAEA . X T EFEASR LS, R
TEA W X8k _E B ML 2036 4~ 5, X RS2 T Frs
B BAEA R AR S . 5 RS
T AR B 42, Logistic [m] 4B J& T £ e 41t 5
25, HOAR G S PR T S s AS S AN SRR AR, 25k AT
A R Z [ P 255 VY, 1207 125 7T A ASAT 1Y
R LR R () A A 1) ) R

3 LW A T

TR A MsT. 1 G = ™ AR B 3 R R
6] 300°, 65km 1<, £ 5T 0 22 e 1, B s A0 5
SR A A IA] HE S M 81 SRS M R R 1Y T 52
A B S R AKOP B 2 1. 8m 072
BRI SN 2 A b O R I S A
Fr 5 R E B AR H AR AR, 2 T s
T BRI (A A s ) T 2036 M Z
PGB R FORI EM R, SRR R
AR HL R T I 52 i R R R i i A, e A )
e 1A DL 8 2005 o R E PG 2 i L

1455. 3km® BRI X 38 P, AR SO L3 A 40 T 1X 358
VERBSE X TF e TAE o T o) 1 72 fih 2 9 35k A
FAXFTRL/N W3 R M o3 A, RAL A, LU B Y
TSR T A Sh AL G T RS A R A
SEVYET S e I A0 R T AR 1. 194km® BRI
PP HIFR 586. 4m® . BIFFE IX P TS T B E 4 o
0.082% ; WY HEN 1.4 4~ -km™, &1 Ry FMH
MR S R R R s A B2 L
LT (18 ARG R i o e R

4 W MR I SR AT 2 el
B

SR R 100 95 [0 A 3R )l 2 Ml e T
b B CHE , 25 5 BF 9T XN RSB IE (3t 5T 3t e 5
BRERE, ZR5 5 IEXT B RS 2R R R
VPRI e A R BE R ) REE il AR K
2 A BB HLZ S 2 B%  NDVIL [ 52 4 2 i
24 PGA 3112 xR A R+ (£ 1),
PEATHU R W SRR o AR 12 50, 000 HiIE ]
ERREmE R K REE R, W E T AR
RI(DEM) , 28 [6] 73 B3R SxSm, fF58 X P i A9
[l 3589. 7 ~5181. 4m , 4§ 200m —~[E]BF jinxing
RSSO M R B 4 R T IEE
PP A4 DEM 1 ArcGIS 4 3 89, BT 7
PrA 5 DEM —#f, Hf 2 SxSm(£ 1), KFREZRA
ML B KK Z2 4% IR 100m S X R A5 020 A1k
53 W23 g 3 5 T B %) A B ) b R R [ 1, R
SCREF B A S B2 T2k B F 1 200, 000 3
Bl (& 3) . i sh i (E i B (PGA) Sk H T
USGS* A i i) PGA (k. ARIEIZR A 1
50, 000 HFE &I 5T SPOT S Hidli i) ik i3, B 23 ¢
LR BT IR 100m 22 vh X 6477328 . NDVI 4 th
RERTAY Landsat ETM Bdaab PRI AL, KT A < AL
R FZ I P RS AL S xSm 23 BE R A RS
F XN 7L R

I SPSS B4 %) 45 2 /Y 4072 A I i ke A
(2036 PMIPAEAS i, 2036 AR BREAS 51 HE4T
R AT AR 1 AR T [ R R
M) DAL 573 4 1) 1] 0 2 08K, SR B I 5~ I X A4~ 20
PTG B . AR, [l H AR BB A
AR I TG 1S I, 336 26 W MR K, S B A I R R
o B4 A T Ry Il R R 2
A F G — DR EH R EE 0,5



20(3) A EARE)IRAE BRI YU IR P 8 B R S A e

329

96°30'E 96°40'E

33°10'N

AT
1
“"H_.iém%é
: %SI

33°0'N

96°30'E 96°40'E

96°50'E 97°0'E

33°20'N

33°10'N

33°0'N

96°50'E 97°0’E 97°10'E

Bl 1 FER R 5 A= 3 i 22 (Rl o A

Fig. 1 Spatial distribution of landslides and co—seismic surface fault-ruptures triggered by Yushu earthquake
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Fig. 2 Several typical landslides triggered by the 2010 Yushu earthquake
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Table 1 Controlling parameters and their classes for the study area

YA
BT ﬂ{;f Sy AT

A/ m 7 1. <3800; 2.3800 ~4000; 3. 4000 ~4200; 4.4200 ~4400; 5. 4400 ~4600; 6.4600 ~4800; 7. >4800

W/ (°) 9 1. <5;2.5°~10°; 3.10° ~15°; 4. 15° ~20°; 5.20° ~25°; 6.25° ~30°; 7.30° ~35°; 8.35° ~40°; 9. >40°

Wik 9  I1.Flat; 2.N; 3.NE; 4.E; 5.SE; 6.5; 7.SW; 8. W; 9. NW
i 5y Le<-132.-1=-0.133. -0.1~ -0.05; 4. ~0.05 ~ ~0.01; 5. ~0.01 ~ -0.005; 6. ~0.005 ~ ~0; 7.0 ~0. 005
8.0.005 ~0.01; 9.0.01 ~0.05; 10.0.05 ~0.1; 11.0.1 ~1; 12. >1

7 6 Lol 2. B35 3. P 4. P35 5. T 6. A

1.0 ~100m; 2. 100 ~200m; 3.200 ~300m; 4. 300 ~400m; 5. 400 ~500m; 6. 500 ~600m; 7. 600 ~700m; 8. 700 ~800m;
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11
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m 7500 16. 7500 ~8000; 17. 8000 ~8500; 18. 8500 ~9000; 19. 9000 ~9500; 20. 9500 ~10000; 21. > 10000
PGA/g 8 1. >0.38;2.0.34 ~0.38; 3.0.30 ~0.34; 4.0.26 ~0.30; 5.0.22 ~0.26; 6.0.18 ~0.22; 7.0. 14 ~0. 18; 8. <0. 14
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Fig. 3 Geological map of the study area
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