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Fig.1 Distribution of geologic hazards in the study area
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Fig.2 Grading results for the eight assessment indicators in the study area
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Tab.1 Statistical table of collinearity among assessment

indicators in the study area

ARAEEr 7N oy VIF &
%ﬁﬁ%@ 144 ALI\E%A%{ "\J_:T\ ) *X%Hytﬁzlgﬁﬁg&*g iﬁf;‘“ 0.611 1.636
b B AH, i3 H SPSS # I i &2 d L2 12 R 0.841 1.190
AT, 8 MEMAFH VIFE N 1 ~1.8(% 1), TR A4 0.866 1.155
INT SRR AR BN A 2 LR Pk | /NS 0.577 1.732
M5 5 5 VAR PR T T LA e A T 0.865 1156
e, FF AR PR H] B AH A B0, XA PR PEA 25 SR 1Y B B 0.812 1.231
AR A EEE X, s M SPSS B4, TR e bR HEE B 5 0.797 1.255
KMESHTEAR IR 2 BT . SRR AP R IR Z il 0.8 1198
Fx2 WIREENIEIREXESIT
Tab.2 Statistical table of correlation among assessment indicators in the study area
BRI e e W i3 eyl RLINES PEMRERE RS BEVIURME RS MEGH R R 0|
e 1
i -0.138 1
T REHL U AL 0.035 0.095 1
AR 0.178 -0.239 -0.045 1
T 5 B -0.076 -0.007 0.071 -0.154 1
T YT -0.121 0.079 0.254 -0.045 -0.071 1
T T fi 0.03 -0.106 0.235 -0.03 0.285 0.217 1
W 1) 0.183 0.122 0.181 0.061 -0.169 0.232 -0.088 1
PrREL,

3 MR EZ KA E R
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IV IR T AL 00 5 2 4 B He 4 S m
KBz N T LR RN AT, T
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SEEAE R 2 P VRO A > S80I K & A 1 AT e
P, RELE ARG B R EE LR, IV

AR N

- " N./N

lzglizglnsz/s . (2)
K HEFM oS R AR R EENE; 1N
PR TR @ Bf5 B E; S MRS X N PEM B0
8, S, HETHI RS | BERITEG N ORISR XA
HSHK E BT RV N, NP FR bR i 43 TR TT
AL Ml B K B R S s B i 0 RPN ER

Sia BB s, 18 AreGIS 2 {H 12 BT
AE LS gEit B S 5 T & U T e
KF LA (2) K5 P 75 B RE, &5 R
*3 PR,
3.2 AHP

AHP BEELAF FRAE 4% X 18] A OGPk K 22
JE X 32 Z2 568 bR 52 W (%) b 5T K By R AT B
RS FPETY  AHP @it i L2 2 K AR B AR
R R — v B I TSRS & PN B T
L,

456 AHP J5UH RKHE L AT ik X RO
PR P LT ) A IR LR, 3B SR A 5 DR 7 AL
A (R 4) , SR )5 %) W7 B — B PE 48 45 ( consis-
tency index, CI) S — 4 I K ( consistency ratio,
CR) JF J&& — BHER 5", B FF CR H ) 0. 014
(<O.1),E B H — B8 ar . 2% R0 IR 4
AHP i AUEJ5 B IS B E L2 3,
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Tab.3 Information values of the assessment indicators in the study area

o e e Fe g S A S S A/ N S AHP - EEM #4
T bR TR bR o 2 ol o 5 R E IR Bt (E W B
[0,600] m 90 690. 73 0.272 0 0.073 3 0.0712
(600,1200] m 40 362.92 0.104 6 0.028 2 0.027 4
N (1200,1800] m 12 194.61 -0.763 8 -0.2059 -0.200 0
BRI BEE R (1800,2400] m 2 98.76 ~-1.5896 -0.428 4 -0.416 3
(2400,3 000] m 2 51.31 -0.9349 -0.2520 -0.244 8
>3 000 m 1 52.28 -1.646 7 -0.443 8 -0.4313
[0,110] m 3 183.21 ~1.8059 -0.048 2 -0.0553
(110,170] m 22 379.84 ~0.542 6 -0.014 5 -0.016 6
(170,220] m 37 260. 58 0.354 2 0.009 5 0.010 8
R (220,270] m 47 216.00 0.781 0 0.0209 0.023 9
(270,340] m 29 210.24 0.3252 0.008 7 0.010 0
(340,410] m 6 109. 60 ~-0.598 9 -0.016 0 -0.018 3
(410,804] m 0 85.67 0 0 0
T2 Tl SR I B A i 2 2] 11 120.52 -0.0750 -0.004 2 -0.004 0
EHUEY N/ Gt 31 366.31 -0.150 6 -0.008 5 ~0.008 0
TR TR LR IS R AR [ A 21 77 587.30 0.287 2 0.016 1 0.015 3
T TRZDIR R A 12 104.29 0.156 7 0.008 8 0.008 3
B £ S 47 Hge
;@iﬁg“**ﬁm{mg 13 285.30 -0.769 7 -0.043 3 ~0.040 9
(0°,10°] 5 146.11 -1.062 8 -0.1107 -0.0959
(10°,20°] 8 279.09 -1.2399 -0.1292 -0.1118
(20°,28°] 8 240. 49 -1.091 1 -0.1137 -0.098 4
Wi (28°,36°] 28 222.19 0.240 8 0.025 1 0.0217
(36°,45°] 40 213.69 0.636 5 0.066 3 0.057 4
(45°,53°] 41 151.94 1.002 2 0.104 4 0.090 4
(53°,63°] 8 133.18 -0.500 1 -0.052 1 -0.045 1
(63°,85°] 6 67.13 -0.102 7 -0.010 7 -0.009 3
(0,600] m 62 356.25 0.560 9 0.097 2 0.092 6
(600,1200] m 49 291.19 0.527 3 0.091 3 0.087 0
N (1200,1800] m 22 245.28 -0.1019 -0.017 7 -0.016 8
BN B (1800,2400] m 7 189. 82 -0.990 8 -0.171 6 -0.163 6
(2400,3000] m 4 129. 66 -1.169 2 -0.2025 -0.193 0
>3 000 m 0 237.67 0 0 0
(0,600] m 58 286. 46 0.712 8 0.183 5 0.206 6
(600,1200] m 50 241.15 0.736 5 0.189 6 0.213 5
. (1200,1800] m 20 212.97 -0.0555 -0.0143 -0.016 1
BT Y (1800,2400] m 7 187.57 -0.978 3 -0.2518 -0.283 6
(2400,3 000] m 6 164.78 ~1.0029 -0.2582 -0.290 7
>3 000 m 3 357.68 —2.4711 -0.636 1 -0.716 4
k4 4 164.29 -1.4329 -0.057 6 -0.0619
R4t 4 110.51 -1.036 5 -0.041 7 -0.044 8
R 8 164.51 -0.741 1 -0.029 8 -0.0320
5 REd 8 251.83 -1.166 9 ~0.046 9 -0.050 4
7] 10 159.53 -0.487 3 -0.0196 -0.0210
ViR 9 109. 40 -0.215 4 ~-0.008 7 -0.009 3
i} 41 178.33 0.812 3 0.0327 0.035 1
[lif] 60 272.81 0.768 0 0.030 9 0.0332
(0,35] m 4 255.67 ~-1.828 4 -0.1327 -0.1207
(35,551 m 6 302.55 -1.5913 -0.1155 -0.1050
(55,751 m 45 302.63 0.423 4 0.030 7 0.027 9
- (75,100] m 48 278.43 0.571 3 0.0415 0.0377
(100,120] m 25 144.08 0.577 8 0.0419 0.038 1
(120,145] m 8 106. 38 -0.258 4 -0.018 8 -0.017 1
(145,185] m 6 69.58 -0.121 4 -0.008 8 -0.008 0
(185,254] m 2 19.57 0.048 2 0.003 5 0.003 2
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Tab.4 Judgment matrix and indicator weight for the assessment indicators in the study area
FEM AR
S ek Y&
WO wmmm s ERGEE  WE RAE  TRWREM %6 TR
38 1 1 2 3 4 5 6 8 26.95
TR 3L S 1 1 2 3 4 4 5 8 25.74
T ) 305 B 0.500 0.500 1 2 3 3 5 7 17.32
e 0.333 0.333 0.500 1 2 2 3 4 10.42
Rt 0.250 0.250 0.333 0.500 1 2 2 3 7.26
AR A 0.200 0.250 0.333 0.500 0.500 1 2 2 5.621
Ya) 0.167 0.200 0.200 0.333 0.500 0.500 1 2 4.023
e 0.125 0.125 0.143 0.250 0.333 0.500 0.500 1 2.665
3.3 EEM el 1R I S BB R E PR A £ T
EEM Sh—Fh & WA 320, %7 1259 F2 XA R A 5 2 A R ™
AERCGE RSN, B/ ME B R R R R R
(1) B dn s bR e bn AL AL ], A= 8
, minF = 2 W.(InW, — InW,) + > W,
B Xﬁ — minX, (3) i=1 i=1
Vi = maxX, - minX, ° (InW, = InW,,) , (7)
sy WER TP R RS R AR bR HE LA Z WAW, >0 - g q
X ) AR B4 | TR ER R max(X,) S WAW > 0,0 =1.2.3,08) , (8)
min(X,) 70 5R 5 | WS bR 0 KA 5 fe/IMEL, ﬁHm‘%E)ﬂ H o 11k 15
(2) KA« Wb s BE £, A VW
WL' #(L = 1’2’.”8) o (9)
E. =-1/lnm 2 P, -InP, (4) z W, W,
j=1
u wel g SR T
Pji — yﬂ/zyﬂ N (5) Erl_l Wllji, L ?EI*TE/J AHP $RE:EWKZLj£’% Sl
j=1 FRARAY EEM AL ; W, RERAHE | TS FREY AHP AL

ety m A PO S AT R § T
BT, S AU 0 § AR,
(3) P EEM B4 ¢ TS hR AOALTE W, Ao

K4
Wy =P

2(1_15)

KX E, e Iﬁ?‘sﬁaﬁkﬁﬁ n HAER A
3.4 AHP - EEM 24158

AR VR B/ M B R B 32 % WA B {40
BRI A RGE SRS RN R 3 Fis

(6)

|k |l mmsL
| mem | genn |
s BB
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Fig.3 Schematic diagram of comprehensive weight

coupling calculation process

AHP - EEM #6858 0] 5 20 il o IR B 48 45 52

A EEM AU B9 438 A5 X D 25 5 AT
FHLS S8, I B X (2)—(9) TR i
BTN AR EE, 25 R 3% 5 iR,
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Tab.5 Weights of assessment indicators

PEMHEFE  AHPAGE(W,,) EEMAE(W,) ZEAHRGEE(W,)
RAUINES 0.072 6 0.059 5 0.066 0
e g 0.104 2 0.077 4 0.090 2
L 0.026 7 0.034 8 0.030 6
TR TR 0.056 2 0.049 8 0.053 1
) 3 I 0.173 2 0.156 0 0.165 1
Yl 3 B 0.257 4 0.323 8 0.289 9
I I 0.269 5 0.2525 0.2619
4] 0.040 2 0.046 1 0.043 2
BRI 2R A AR 5 & T8 R 9w B

HAIHTE ArcGIS & T B MR AL, 75 H o K % 5
RV 4
n N, /N

]—ZWI—ZWln .

(10)
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4 WK FZ K MEFN 5/ AL

5 EIIE

R AR 3 PR BRI DT ARG B AR SCis A2
B B AE FF1E (receiver operating characteristic ,
ROC) £ % 5y e ML AF AN 45 2R R A7 B0 0IE , 8 4 5K
#1287 i FX (area under the curve, AUC) 3K
R0 P f 25 R B L AUC HUME X E] R
(0.5, 1], HAR B /N5 PEA 25 SR B B2 52 1E A
Ko B Mgl T IV B WV LR
AHP - EEM #§ & #1 # () ROC, H: AUC 4 5 4
0.7128.0.768 9.0.875 6, (K 4), IV #& At
JE AR, 23 Bk oy 243z T AHP SR 48 bR AL I
MRAE L G FT 53V e 2 1100 40 BT R I 32 O 2 0L 1P
PR 28 52 ) K, 000 A R A o A R B AIC . AHP
5 EEM #5551 1T 4 455 580 45 2R T e A, B A
ZRAT AL W0l 22 A0 2 WL ke e PR A R
FR i R SO0 S PR O

4.1
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Fig.4 ROC curve of the three models for the geological

hazard susceptibility assessment results in the study area
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w3 FhPEM A AL PN 25 21, iz ] AreGIS H
SR R R S rp AR 4 A5 RS
DA TR N R SBCR ER IR 6,5 Kk
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Tab.6 Summary of geological hazard susceptibility zoning in the study area

y TV A58 WIV i AHP - EEM #i &0
5’%@& JOERB OCKEMSBEE, WY mRY CESR KEFESEE mBY mlY RESH CRFLAFE OB malh
(kb - 100 km=?) km? /% /AL (Ab - 100 km?) km? /% &KL (4E - 100 km?) km? /%
Bl %2 4 1.78 224.63 15.38 4 1.78 224.56 15.37 2 0.83 241.93  16.56
(.3 25 7.30 342.52 23.44 21 4.59 457.89 31.34 18 3.70 486.13 33.27
T ek 41 8.40 488.38 33.43 40 8.24 485.37 33.22 47 10.17 462.09 31.63
Mok 14 18.25 405.47 27.75 79 26.95 293.18 20.07 77 28.43 270.85 18.54

AN

AN

(a) IV L

(b) WIV 8y

(¢) AHP - EEM F-& 451

PE s [ ] wecrn [ nx [ wonx [ vosnx [ wssx
5 MRK3MERAMRRES LK ETNER

Fig.5 Assessment results of the three models for the geological hazard susceptibility in the study area
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A1, AHP — EEM $AHIRITEM 25 0 SRR S sehr (5] FIKUR X, B8, %5 36 TR RIHLR 3 ) 1955 e o) %

SR DU R s PRI B A i

(1) ASSCRHA TV iR WIV 45K AHP — EEM 4
BAGH 3 PO X TF R T 5 ZVEPEY , 45 ROC
BSUE, 3 FP LAY AUC {E 531 24 0. 712 8.0. 768 9.,
0.875 6, 45 BB B A E L, AHP — EEM #5555
PR 2SR 5 B B R S B o A 1 DG A B fe v, R
AHP - EEM A RATEEE A Hu I 5 BT

(2) FIH AHP — EEM #4180 P b ot 9
Gy kM Ay XA SRR PR X o KBS &
X AR 270. 85 km® 462.09 km® 486. 13 km’ |
241.93 km®, &5 2350 18.54% 31.63% 33.27% .
16.56% .

(3) 454 AHP 5 EEM % & $8 brAL 5, Al AL ik
F 0w 2 55 2 W4 % M i AR A R AR L R
I , IR e A 380he 5 TAESCbR
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Susceptibility assessment of geological hazard based on analytic hierarchy

process — entropy evaluation method coupling model: A case study of

Qianxi County in Hebei Province

ZHOU Yiwen'?, SHAN Qiang'?, ZHAO Degang', MA Bingtai'*, LIANG Shuang'?, WANG Yang'”
(1. Hebei Key Laboratory of Geological Resources and Environment Monitoring and Protection ,Shijiazhuang Hebei 050021, China;
2. Hebei Geo — environment Monitoring , Shijiazhuang Hebei 050021, China)

Abstract; Qianxi County features complex geological conditions and frequent human — induced modifications to

the natural environment, resulting in significant development of geological hazards that pose serious threats to

people’s life and property. Based on the analysis of the geological conditions contributing to hazard development in

Qianxi County, the authors selected eight assessment indicators to construct a susceptibility assessment index sys-

tem, including elevation, slope gradient, slope aspect, relief amplitude, engineering geological rock groups, dis-

tance from structural features, distance from roads, and distance from rivers. The independence of these indicators

was validated through correlation analysis and collinearity diagnostics. The information value (IV) method was

applied to calculate the information values for each assessment indicator, and subjective and objective weights

were determined using the analytic hierarchy process ( AHP) and entropy evaluation method ( EEM) , respective-
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ly. The comprehensive weights were then derived using minimum information entropy, and three models were es-
tablished, that is, IV, WIV and AHP — EEW coupling model. The susceptibility assessment results were classi-
fied into four levels ( non — susceptible, low, moderate, and high) using the natural breaks method, and then val-
idated by receiver operating characteristic ( ROC) curve. The results indicated that the AHP — EEM coupling
model achieved the highest accuracy, and the high, moderate, low, and non — susceptible zones covered
270.85 km® (‘accounting for 18.54% ), 462. 09 km’ ( accounting for 31. 63% ), 486. 13 km” (accounting for
33.27% ), and 241.93 km” (accounting for 16. 56% ) , respectively. The AUC value of AHP — EEM coupling
model was 0. 875 6, demonstrating the highest alignment with the distribution of existing hazard sites and accu-
rately reflecting regional geological conditions. The findings could provide valuable references for future disaster
prevention and mitigation in this area.

Keywords: geological hazard; susceptibility assessment; analytic hierarchy process; entropy evaluation method;

minimum relative information entropy; Qianxi County
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