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Evaluation of geohazard susceptibility based on information value model and information
value-logistic regression model; A case study of the central mountainous area of
Hainan Island

Abstract; As the basis of geohazard risk evaluation, the geohazard susceptibility evaluation can objectively and
accurately reflect the probability of geological hazard occurrence by using quantitative mathematical statistics. This
article takes Wuzhishan city, where occurs the most geohazards in Hainan Island, as an example. Factors including
structure, rock formations, slopes, topographic undulations, altitude variation coefficients, normalized differential
vegetation index (NDVI) , rainfall, river systems, roads, and curvatures were selected as evaluation indicators and
applied in both information value model and information value-logistic regression model. In the end, by comparing
and analyzing the accuracy and adaptability of both models, the article ends with the conclusion that the high-prone
areas are mainly distributed along roads and rivers in the mountainous areas, and the extremely low-prone areas are
mainly located in the areas where have no rivers, valleys and human activities. In addition, the results also
revealed that the prediction accuracy meets the requirements of susceptibility evaluation owing to the high AUC
(area under the curve) values occupying 0. 897 and 0. 896 respectively in both models. Evaluation factors such as
rainfall, elevation variation coefficient and highway play a remarkable role on the development of geohazards.
Furthermore, it is indicated by experiments that the information value-logistic regression model has better prediction
accuracy than the other. The research results provide a scientific and effective discrimination method and a
prediction approach for geohazard risk evaluation in this area.
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Fig. 1  Geological background and location of the study area

2 HTR T E

5 R AR 5 R VAN B R R O
B b 0T ¢ 3 & 52w IR R E B Ak, FER KR B
G W R TP, O AR A8 BT L e I
BB [F 4R AR 43 47 6T 3 57 K Ty K PRS2 e AR R
-2 ] S A AR S R Y T Oon 2R PR A R A,
REA AR D DR 8] 9 R B ST P RN 25 R M n]
P BOR A 5 8] 52 5 19 A 4 P O 22 % 1) B 1 42k
] 5 > Z2) 1, X Ml ST O R A E R R B Bl 2%
AT E R, CEETIHELWBCRN 8. &
PR @ L a7 o | e 1 o TS v e R YA A 1
A, BEERA DL 5 PR AN S5 R, G X b
— RIS R B TE R i B b iy 22 R, T A
SRR | BURE R R B A IX M BT K 5
P& NIV 8 e 32 O e N TR A o i
2.1 EEERE

i A R g i A A R IR DX Y S B M B
P T T BT K F o R, A A R R
XPREIR A2 I 0 5 e (6L, R AR b 4 IX Y & 4k 48 AR
(PRI ¥ 55, 2018) 7 B 5 AR ALV Sy Sz e BT oK
HREMENE BB, k&R, 78k
KEGRETFH AR T Zis H, CE#E g
W DX R A 1 R 2R Y ) S A e B R AR R
HAEN Z) kX R B e F8 b, X5 iK% 5 &
PR AT R o

" " N,/N

=X = FinTe D)

i

KEBRTHAE. FaE%
[ERAVIASES
PR E

=t -k
RANNEA

— HIRXIAR

SHIRE

i

Nk
K&
o Z#®

XA TN ORI B R, KRBT R
JCHESR T REE, n A F 8 H b M O FE L
S HEMEBERITE; N BRI R S, NiE
b ox, BRTTAG N, hdE bR x, BRI, X1
B, AR T R AR REIR, R T K E R
A RBERER (B, 2017; ZR{5%, 2022),
2.2 EERE-ZEOPAER

= AEWER (S R R o e N SR EE T
BERY BBz N A T AL e M AR R B E M A
O 2% M AT AT OHE I B I AE M R E M
P, R R DL iR F KA SO KR AR S R AR
wO(Y), BUES BN 1800, UEBURET N AR
(x,), 385 a7 32 55 1] 05 J7 B8 R B 57 b R &
AR (P) AR | AR ] DU S
ATDAJE BRI, AN Fe 20 2 IE AR50 1, &
AT H PR IR 2 UH

P(Y=11X)= —
I+e (2)

2=By + B, +Bow, + o+ B,

Xop PO R R F KRR, BN 0~1; B,
JZ R mIH R, B, M A A, 9
Bk FH N FE R, o HETEGE, B E R
T34 20 B A D1 4% i {5 B ELAE O 22 4R [l
VAR A2 B, R AT AR IR E AR O R R
(GKIESE, 2019) , ML SPSS B AFXT 10 WA
TREAT AL PR A B . SRR W, SRS BEAT
BRI I3 Hr, A3 3 2% 52w A A [ 5 2R 8O
TR, et RE Al b S 2 5 O AR, AT M
R F Ty SNV, B Jn R AR Sl 5 K 4T



ulll

%5 2 A7, . EETE R REURNE B -2 58 T AR R A 9 5 0 L DX B R B R T AT 297

BEREAE, A ROC £k (321X TARFFAE M)
X PPN AR R RUR R HEAT TN (B OARAE, 2020)

3 HEBXIFMET

3.1 HERIE

FLAR LT 85 N A 45 b T 45 237 4b, Ho
JAME 178 Ab . AR E RS ST &b W hE 8 4 (HE
2) . AR 237 abib BT K F AR R E 3578 A,
B 10229 J7 T, B kAR Ml T 9 E SR A T HL
FREFHEEDHE (R 1), #Eid Arcgis BEHLAE B A
T RE A G AY I Hi B A 902 Kb RTER AT M 5 A
198 ZbZH B 1100 A~ BN ZRkEA (B 3), LA
JEB I A VE SRR A ZS [ I SR R HGE 2 4E N K
A2 14 39 A b T A A DR AR R A 50 T 4
WA A, IF Fe &S H e AR A R Al P
B

O sk
—_—

T
R G B /m
o 11837

10 (iU

|/ ' 1 km

W2 HRRESN A

Fig. 2 Distribution map of geohazards
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Table 1  Statistics of data sources (Xia et al, 2014)
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Fig. 5 Vulnerability graph based on information value model
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A, SR BRI A 2] A RE AR IE S
BRIERE (M, 2015), L EiE H Arcgis 31
a5 T T R v B AL R A A5 RE Bl HIL 2B B 902 AR
Hi BT FE A T, A K F RFEA 198 4,
PE FEAR b BFEARN 18% . MIEAX (2),
R EAEN A, R R A R E R
i, HEATAE R i -0 R ] R A Y Ml K b R

PEREA 5T .
4.2.1 ATk I LR

BAEEEMBRERERNRZE (0RERLEH
FURE, VRFEREMTTKE), X5 HF 20k
R3 FEBKRERTF (VIF) 58%E

Table 3 The variance inflation factor ( VIF) and the tolerance

MR, 38 H SPSS # i, TR H T £
il PR R 25 O B Ok A P ) 2 on SRR AR, [
P RW S E 2 i ol S e VA SO G U DO 2
WHFL \EILLELW, ity 22 BkHETF,
BR 10 MR T VIF AR T 1.1, £§
R 22 ] F7 76 2L 48 1 1) v] BB M4/, BT 1 28 B
ERARIA® (£ 3), FE2 w4, 10 4
W2 R /NT 0.3 (£4), RHLKEH
T Z AN AH S M S B R AT DL, X 10 A4S
2 R 0 A Bk N7 p R, W 2 5 R

B EAY

A ¥ HA Ak i K # NDVI W R i % 7 54 o T o PR 55 R A
% 0.892 0.998 0. 886 0. 898 0.992 0.901 0.955 0. 996 0.983 0.948
VIF 1.121 1.002 1.129 1. 114 1. 008 1. 110 1.047 1. 004 1.017 1.055
T4 EXMEFZENEXREERE
Table 4  Correlation coefficient matrix between various impact factors
A ¥ =k Vi K% NDVI W AR iy % 7 24 Wit T R 5 R B
HAk 1. 000 0. 004 0.191 0.217 0.031 0. 107 0. 052 0. 008 0. 041 0.026
N 1.000 0.021 0.015  -0.001 0.010  -0.013 0.010  -0.007 0.023
K% 1. 000 0.102 0.055 0.153 0.075  -0.027  -0.058 0.120
NDVI {8 1. 000 0.020 0.125 0. 062 0.044  -0.019 0.113
R 1.000  -0.041 0.005  -0.021 -0.022 0. 008
R B 1. 000 0.166  -0.004  -0.059 -0.106
HIES 1.000  -0.001 -0. 101 -0.033
%4 1. 000 0. 020 -0.008
% T A 1. 000 0. 001
AR S R A 1. 000
WKIF N R B EMEN AR, &2/ &4 ., NDVIH, &RE, W, BFEWaE, saiLs

FRE (1 REAE, 0 MANEA) 1FR A & A
SPSS Bt AT B M IH . TN HZEE
iR, MEEN/NT .05 B A BAE%ITE X,
[[TE2 e o N 1 S - v e R T A2 o (= s |
0.352, 0.974, 0.620, ¥JKF 0.05, L& it &=
S, PRI 3 AR AR R A BR  ROR T 2
WAL AT, HoR 7 WA T ¥/ T 0.05, B
BHEITE X (FS5), HRIHREARARR 155
R i I A A Y S e M PR AR

P(Y=11X)=

-z

1 +e
- 2.095 + 0.873x, + 0.647x, + 0.492x, +
0.518x, + 0.450x, + 1. 571x, + 0. 933x,

z

(3)
[ P TR FEMR, x, —x, BN A K

RBUE R
£5 BHEEASNSH

Table 5 Data of preliminary logistic regression analysis

ES g Pk mmE B B (B)
R
NS 0.873 0.090 95.001 1 0.000 2.395
KER 0.647 0.103 39.708 1 0.000 1.910
NDVI 0.492  0.135 13.235 1 0.000 1.636
AR 0.518 0.167 9.641 1 0.002 1.679
iy 24 0.450 0.288  2.447 1 0.018 1.569
P T it 1.571  0.501  9.832 1 0.002 4.813
AR A% 0.933  0.287 10.539 1 0.001 2.541
L -2.095 0.147 204.027 1 0.000 0.123

H: BRAMEEEIERE; Exp (B) BB EAEML AL,
Hb S5 R R A M A< 0 4 £

4.2.2 EHBPEAREGHL

B EE A b B ARG B B 0 R A, R
B -2. 095 3 B AL TR X5 Ml ot ¢ 3 & A ke 3 £ ) A
FH, BIAE TC At B 45 L F 3R & A= M s K 3 1Y) 2



302

W FFR https ; //journal. geomech. ac. c¢n

2022

JE 3l iz B A% T PR B RCEE DR /) AR U O
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NDVI, Wi%d (£6), 45 REBREWNE, LS
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Table 6 Regression coefficient and weight of evaluation factors

R, A3 A [ AR R e T Al R
PR, RWTIX 3 A2 R DR 508 F 5 DX M 5 K 5
KR PR AR,

A+ N KFR NDVI AR W24 R W 2 RS R W
[MHZE (B) 0.873 0. 647 0.492 0.518 0.45 1.571 0.933 -2.095
A 0.16 0.12 0.09 0.09 0.08 0.29 0.17 -

ia i Arcgis PHME A T H, K& B EERERM
B HE A EAERE RS M, E UG R -2
ARSI by AP (L 6), dJm M SE T
HARWT SRR 2, W A8 LT B & R B R A
Wi, %, ey A ARG, T AR O R T AR
30.05% . 28.05% . 23.34% . 18.56%, iWid X} Hi#r,
B RAR 18 58 AL (1Y) b 1 T A HE T B— 1)
7 BRI s 22 S g s, SRWIFT 76 5 &A%
G FRIRM IR Ry 75y, HER .

b S8
SEO f R R
- =
B P s
SO ey I 155 R X
R ] s R X
. i X

km
KHe ETELE-ZHEERA G LKA
Fig. 6  Vulnerability graph based on information value-logistic

regression model
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Table 7 Checklist for the rationality of the classification results of the geohazards in Wuzhishan

sl Gy KPS X 53 XAN%L MEE I (0) A X B km R (4) Al (R=Q/4)

WARS KX (1) 1 2.56% 200. 00 17.77% 0.14

s e Ko kX (1) 2 5.13% 389. 86 34. 64% 0.15

{5 B A .
g kX () 9 23.07% 333.04 29.59% 0.78
moH KX (N) 27 69.24% 202. 46 18. 00% 3.84
WK S &KX (1) 0 0. 00% 339.90 30. 05% 0. 00

FEREgEN KHEX (1) 1 2.56% 317.29 28.05% 0.09

SR BT H g kX (1) 9 23.08% 263.97 23.34% 0.99
HSEX (V) 29 74.36% 209. 88 18.56% 4.01

RRFEUEF RIS (BM5%, 2016), M TUEZREMN
77 2R A T AL TR B, (T AUC B 6] B B 3
FTHERR R L f i i, HME AT 0.5~1 Z 00, &
e 1, WIORS MR . 48 A SPSS it T B &,
PR AUC {843 % 49 0.897 1 0.896 (1K 7), %
A A R0 347 R 72 O o i b 6 T A8 Ll T B ik R AT
A

LR

02 4

| — E R RERAUC0.897
“’ 5 B E-ZH A ABE AUC:0.896
0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1B PR
H7 FREHEAMGEEE-ZHEAHEAE ROC

i &

Fig. 7 ROC curves of both models
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