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Geological hazard assessment based on the models of AHP,
catastrophe theory and their combination: A case study
in Pingshan County of Hebei Province
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China; 2. Hebei Key Laboratory of Geological Resources and Enviroment Monitoring and Protection,

Hebei Geo-Environoment Monitoring, Shijiazhuang, Hebei 050011, China)

Abstract: Pingshan County, Hebei was affected by topography, geological structure, ecological environment and other factors,
geological disasters such as landslides occurred frequently. Nine evaluation factors including topographic relief, slope, aspect,
river network density, fault zone density, stratigraphic lithology, NDVI, land use type and geological disaster point density were
selected. The weights of each evaluation factor were calculated by AHP and catastrophe theory, and the combination model of
AHP and catastrophe theory was established and applied according to the minimum information entropy weight method. The

results of geological disaster risk assessment in Pingshan County based on three methods were compared. The results show that

IS HER: 2022-01-17; 1&iTHER: 2022-04-08 ML https://www.zgdzzhyfzxb.com/

EEHE: AbE TG E AT H (2019150) ; WALA HRRHAIE 4 (D2022403032)

F—1EE: TIHT(1965-), B, IARFLILA, M1, ##, FENFOKBIE SIS FIISE TAE. E-mail: 1211931193@qq.com

BIRES: X 5(1982-), B AL A TN, St W T AR, 2 M5 I B ih . Hb R 55 W 45 e AR 92 T
E-mail: 16222420@qq.com


https://doi.org/10.16031/j.cnki.issn.1003-8035.202201012
https://www.zgdzzhyfzxb.com/

2023 4E

TIFT , &5 ST AHP-5S BB G B8 i) 4 B 9 A e T —— AT IE -1 B 1) - 147 -

the evaluation results of the combined model have higher accuracy and are in line with the development characteristics of

geological disasters in this area. Combined model method combines subjective and objective, considering the influence of

factors, the evaluation results are reliable. This study provides a new attempt and method for geological disaster risk assessment

in Pingshan County and similar areas.

Keywords: geological disasters; risk assessment; analytic hierarchy process; catastrophe theory; combination model
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Fig.4 Geological hazard risk evaluation index system

22 WS

R A5 3 L EL b o R BE F M K E A B R, IS
FAEERR T ZAE W 8 bR R R, ARG 4
SN H T LS5 . b S5 R s DA B A A5 BRI b b vk
P T HOE R AR L SR B T B L R
BE . MR NDVIL 3 H R FH 2SR DL K 5 K
AR 9 AN HLAR R H R K BT R, I DL &5
BT
221 HUE S FE bR

Hb T Hb 55 4 B 2 5 e b J5T A S M Y T B R,
B ZORNTINI A NSNS 7 AN A LTINS Gl T 3PS e

HOTE AR S X 43 b S S R A B A, TR) A L
TR0 2 b T UCE S B R = AR . R AR AR 5T X
HIE AR 00 4 %49, WK 5(a) .

IR T O E A B N — AR,
YRR, RE S R, faRtEm . Bk, AR yET
FEDX A SRR L, A3 BRI 53Ry 4 552, WLIEL 5(b) .

SR 1) T 75, AN TRD 38 ) Py 3 R PRI T R ) AN [ T 55
i) 25 e R )RR, AEAN )RR B 1 52 ) o5 b J ¢ S 1 A B
PEo BT GIS M3 10 23 Bt , F 058 X 3 ) 43 9 B2
A, WL 5(e) .

IKEA SRR i, A L sl R S X T i
%A AR B — e BB IR . 6 TR, PR IXOK R &
ik, HHAFEAKE, LI %5 Bk LXK Rk H R
JE, ¥ B E SR Wi o0 R 4 4550, DL 5(d) .



2023 4

TIFT L 48 ZET AHP-ZZE BB A SRR A ST 9 T FE Rk 0oy —— LA A6 L B 41

- 149 -

>z

HUB IR
W R
LT

0 10 20 km
(a) MR

)
T A Y
(km-km™2)

|1 0~0.49
[ 0.49~1.10

= I 1.10~2.00 J
I 2.00-4.30

0 10 20 km r “Lf

(d) T
)

NDVI
M <0

[ 0~0.25

4 I 0.25~0.45
L I 0.45~0.60
© 0 10 20 km

(g) NDVI

(b) H%

(e) Wi/

)
LT
B I fER H
WLl WO’
0 = faks sb
W BT e g
0 10 20km

(h) b R 2

N
A it
[ e
8
ﬂﬁﬁf =
W 0°~10° = %ﬁé
. I 10°-20° !
210320 = %ﬁé
W 33°~70° N1
Q_10 20km 0 10 20 km
] i
Iy 2% 13/
(km-km) MR
~ 0 A faRs
; g 101.1(1) 34 [ R (1554 "
& oo W PR
M 0.34~0.63 O R
W 063~123 .
0 10 20km 0 10 20 km
(f) M2
‘ N
1]
3 A
o‘,. R ; RE I
oo™ (4km?)
- %
ele0 o
¢ [ 0~0.14
e @ M 0.14~0.28
..3 M 0.28~0.85
e 0 10 20 km
(i) KREREYE

5 BHMEAFHR

Fig. 5 Classification of each evaluation factor

2.2.2 MRS AR

b I R BTG BR A S 5 ) S5 9 A 6 42 114 AR T
R, FEAEWIR %, MR AR

I O T R B AR W ST BT A RS 4
FATAT, Fh I T 260 T 0T T ) e TR 365 1) B DA
HAEERIE . ARSI GIS UL E 3 Wk ik 52 X
S AT R 4, Fe SR TR T I A 2 R 4y
A AER, WIES(e) .

i I I A L ST MR A A TR
i 2 A B A TR S S b R K A I R R
] o AR SCEE A RIS X1 i 2 A1 A QORI A o e A
T A Xt 2 A b S5 9 Y i e R R K S R e
5N, ULIE 5(6) .
223 RS

A AS PRI BRAE R 5 i o 9 3 A Ik A 0 R 5
M P, A A AR B (NDVT) .+ Hb R 2 A
TR BT 9 5 At 1488 B S R

TRV NDVI B B35 A ] 1o e 7 i 7
JK R ARAFRE T A9 2 5, DT TR]-H2 522 Wi ol Jo 9 7 1) 4 77 RN
FERRRERE o AU K 0 — AR Bl i K] 70 o U A 25
G, Horft NDVI<O WA MR 00 A 7 AN R sl 22 5 1)
R, WK 5(g) .

DX I AR ] ) - 3t 1) M 25 3 i A A
FERLAR L, A SCHRE T XA L b M IS B 525 45 b o
RERFMO, K 16 FEA R I BT I8 2 BE /Y
2053, 4073 A2, WL 5(h) o

B R o e A, T LB U B X s
WO P2 DA/, T B I oA A i Jo T T B i
A AL BB 1B 42 B 2% DX I3 ) B P P, AT 9 3 5 B A A,
W RERIAE AN R REE bR R R F IR . BOR
U TENG 9E i S BB RS &, 9% MR R 8
{HAR, XN RCE SR Pt k. 2R E e
DX 9 iU E SO CR,, 4 F AR B Wik o3
PUAZEGE, T 3R IS DX A L5 K 3 R i 20 A1 AR DL

N o
5'@9_—@59



- 150 - Hh [ M KCE 5 B iR A 4R

%24

TLE 53G) .
3 WRREEKRMITENIER

AR SN ZE R GBI FI 58 A8 B IR AL A, I
SRR O AN 578 B 1 B AR AL, 4353t
B FP T VA WA PR AR I /M B kT
LA BIR P PR AR, ST ML U E D AR,
TR T f B VAN 5 4307 -

3.1 Rk

JZ IR 43 M7 5 (Analytic hierarchy process, AHP) & i
Saaty 7£ 20 t42 70 BHCHI I BTG, & 3205 1 43 B
ALl —1k, & — D RGb . JZRAR P
KT R TEROR, TR T [ B DG i
PR AT AT A ST, 53R A T R o
[l H A% Jr s AEN . BADER a2,

(1) & SeT Z MR 2 0 Z I e b ik & (18] 4),
FEARHE 1—9 A B 1 gl 7 S H W e

L r 2 DU 2 DT DL 1 S B 4 B e )

1 3 7
A-BAENZ [ 13 1 3 ];
1/7 1/3 1
1 1/3
B-C1#ENJZ:

3
1/3 1/5
/5 1/7 1/3

VS LN BV |
) —

B-C2VE I3 (; 1/ );

1 1/3 5
B-C3#EN 2 [ 3 1 7]
1/51/7 1
(2) SR M 4l 8 57 B J0 UK 0 B 3 B8 4% 95 B 1 AL
5, LRI,
O 1 W5 B A — 1) A — £k

a; N
C_lij: y, L ’ l,]=1,2,"',l’l (1)

2%

k=1

QHHE I 5 YRR B A T AR N

M= a,i=1,2,n (2)
j=1

R EEM = (M, My, - - , M) VA— ORI ) .

,i=1,2,--n (3

@5 W 1) B R R AR, JF R T — SRR AG 46
(CR<0.1):

Aax = - nmiaiz 1,2,--,n 4
j=1
C[:—/lm‘“_n (5)
n—1
Cl
CR=— 6
Fi (6)
A n—FHFERTEL

Cl——— AR bR
RI—— P ML —EPE A

M4 CR<0.1 1}, R R R St e ke 55, 32
15 B A B ] 5EA R

Z9H 5, Hir)Z(A) 5HENZ (B A,,,~4.12, —
HPEFE AR CR=0.006.1; #EW )2 (B) 5 P BB+ )2 (C) 1)
A =412, CR=0.044; A =2, CR=0; A_, ;=3.065,
CR=0.056 5,25 L #4511, 1 W o6 B 1 — B ME 48 A% CR
<01, )5 PRk A7 10—k, 153 21407 7 AN E 18
(D,

3.2 SIS

78715 #Hi2 (Catastrophe theory)4& Rene Thin 4! 37 )
I TRAWFIT 22728 (JF7AE ) BRG  F RUAR B, o] AR
B b 8 R R 22 B0 o 0 T PR S B R AR A =2 )
B ARILG, HH T RS i A5 21z N

AS PE PN VAR DA P A o ) 2R SR, e R
AR B AR b i 2 2 A8 %, IR 2R 50 i 200 —
s SRR A5 T 28 AR RO I I 5 eR g, i e ] AN TR Y
BRI S S oK KO P JEC S 2 47 1) b s R e e ) HL AR
IR

(1) 5 S MR A8 45 o A5 o 4 50 e 28 AR AR, SR J Xof
JEEJZFE AR TARE AL AR B

(2) PRifEfbJE , FEC )2 F8 AR (AR I 25 2 AR AL A 19
—f AR BRINFE KN a. b, e, d HEFD AT (R 2),
15 BRI SR R R B

(3) % )2 48 br B B — B SR S B2 oR B5U(E 19 &
TR AN, ARV ) AR 3] 2R bR e Aok
%, fe)o VA — 1A B RS IR 2 RAE .

(4) K5 i J2 6 b A BT 0 ASOR S5 T 2 o 4 {1 0F
A —1k, 15 202 F8 bR AR, SR 4 K2 T AR AL
A2 TG BRZ ACER X A TR A5 2 A AT R T
HIALEE .

3.3 AHP-RASFIGH A A
ST AHP JZ2 RGBT A B0 A 3R A A2



2023 4E

TIFT , &5 ST AHP-5S BB G B8 i) 4 B 9 A e T —— AT IE -1 B 1) <151 -

®1 BITMATEREGNEX

Table1 Weight comparison of each evaluation method

Bz HEN 5 TN TR AHPREw, SIS AN FEw, AHP-ZEA AR RIAL T,
C1 HIEEAARE 0.176 1 0.079 5 0.1359
C2 # ¥ 0373 1 0.0717 0.1880
BI M5 -
C3 Hm) 0.081 5 0.079 5 0.092 5
AL R C4 ] 0.038 0 0.081 8 0.064 1
%iﬁy,ﬁiﬁﬂ . C5 Wiy g 0.040 5 0.106 5 0.0755
=1} =] Ju1 :lﬂ
Co6 HZA 1% 0.202 6 0.248 6 0.2579
C7 NDVI 0.024 9 0.1182 0.062 4
B3 A ASFRIE C8 +HhFI| 27 0.056 7 0.1220 0.095 6
CY K FE wi B 0.006 5 0.092 1 0.028 1
T2 RETEMNRTER
Table 2 Catastrophe model of state variable
GRAFRRIR Pt AR e HREL H—fb A=K
1
MBRA 1 3 +ax X4 = a
43 i ey Lavlaess J
5375 2 2 5ax X Xa= Vas;x, = Vb
. 1 1 1
HBRAE 3 gx5+§ax3+ibx2+cx Xa= Va3 xp = Vbs xe = ¢
R, | 1 1 1
Bl S AR 4 6x6+zax4+§bx3+§cx2+dx Xa= Vas xp = Vbs xe = Yc; x4 = Vd

P OB, FLR IS IIE O 9 95 453
P AR i 2 WP, LA KT
SO TR, SEUCHI R R M Ao L
EA A, T8

9 9
min F = Z W.(In W, —InW,,) + Z W,(In W, —In W)

i=1 i=1

7
FHHIA% B H e 11815
W1iWy;
W= i = 1,209 (8)
Z VWiiWai

i=1
K w ——H AHP Z TR A A {H
Wy F A BB R A AL (5
w——AHP-Z8 25 BRI R AL G R A L1
SRR B VP B T 2 T AHP-R AR H AL
AE(F2),

4 TFNERSDHR
4.1 M AR
I GIS IM& T T2, AR A K

9
i=1

e S—FE TR PR 45 2R
w—— A [F 7 1 25 VA PR A
T—— X35 R TR 7 A

S INTHER, A5 = AN VA AP 1L Bt o ik 5
FER PRI ZE R . B IPMM A R T —Ak )5, G A 2R 1A
W7 A 3 T 25 5 1 1L B B R AE R VT A & SR
TR, B fE R MR 43 i = FE R X [0.45 ~ 1], & fE
K IX [0.33 ~ 0.45) ., H G & X [0.19 ~ 0.33) FIIE 5 K [X.
[0~0.19), WLIE 5. & 6. & 7. i@t 7155 5 %) b = FpF
Wy B A5 G B XA TR (35 3), AT A1 Ll B b i ok
FE RSP A3 AR
42 S5R5HT

WL R T AHP, RAFHIE I AHP-5E A8 BB 41 A 15
T = PPN ik, X L B 4 G S8 B P VA 45
HEAT TS50, BARS BT an

(1) AHP M 45 15047

FET AHP V1L BG4 X (& 6) 7] LL D HLE
H AR g A I DX g A B X 32 A0 A 7 IR A DL L
HACTRHLIX | KW £ DLAR ML £ LAVE 1 v 38
X, Bt 8 LARS (4 P R b X, TE AR 7 R
41.49%. ER X B AR AT HLIX, LR AR
SN TR TR i) W ) 8, o v e o DX B, TR o
M 33.37%. ARSER X F 20 A 7EF L B— T BAE—5




- 152 - rf [ M TR FE 5 B IR 2E R

)

* ATHCA
KSRGS
[ R
[ EERKX
Y ER X

6 ET AHP FLEMRARERKESX
Fig. 6 Geological hazard zoning in Pingshan County based on AHP

)
* FFECA
I iR fEhs X
Bl P

[ ek
I e R X

20 km

-

B7 BETRTEERFLEMBFRELEESX

Fig. 7 Geological hazard zoning in Pingshan County based on

catastrophe theory

®3 RS XEit S

Table 3 Risk zoning statistics and comparison

VAN D7k e ik %49 AL /%
1% 25.14
el 33.37
AHP h
= 27.16
e 14.33
i 13.96
i 26.36
ST .
= 28.16
W 31.51
1% 18.39
A o A T 32.61
AHP-ZEAE LIS A A AR Y .
= 27.49
Wi 21.51

FIE S VUK, ME— = £ —F I LUV I 4 501
X, mA & R 25.14% .

*  fTBCRAT
I RfER X
B R
[ mfEkx
TR X

S

8 ET AHP-RTASRAETLEMRREERESX
Fig. 8 Geological hazard zoning in Pingshan County based on AHP -
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