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Susceptibility assessment of geological hazard based on
XGBoost and cloud model

ZHANG Wei, HU Fangrui, QI Wei, PENG Lin, WANG Yonglin, CHEN Feng
(Liaoning Province Natural Resources Affairs Service Center, Shenyang, Liaoning 110044, China)

Abstract: In the conventional process of geological hazard assessment, issues such as subjectivity in selecting susceptibility
factor weights, randomness, and fuzziness in factor grading are prevalent. The application of a single assessment model can
only provide qualitative evaluation of geological hazard susceptibility, lacking quantitative analysis. To overcome these
challenges, this study employs an enhanced integrated algorithm (XGBoost) and cloud model. Among 189 disaster potential
points in Chaoyang City, twelve susceptibility factors including slope, meteorological conditions, vegetation coverage and
elevation were selected. The XGBoost classification algorithm was used to determine susceptibility factor weights. The results
showed that the algorithm classification achieved high performance with fitting accuracy of 96.5%. On this basis, the cloud
model was employed to transform the fuzzy factor grading into a quantitative problem, establishing a susceptibility evaluation
index system for geological hazards in Chaoyang City, thereby assessing their susceptibility. To validate the evaluation index
system, the Dadongshan landslide in Chaoyang City was selected as the assessment unit. Results indicate a high susceptibility
level for this evaluation unit, consistent with actual conditions. The methodology proposed in this study is promising and can
offers reference for evaluating geological hazard susceptibility.

Keywords: XGBoost; susceptibility factor weights; cloud model; susceptibility assessment; geological disaster

WKfmBEHE: 2022-09-25; f&ITHER: 2023-07-17 FFMLL: https://www.zgdzzhyfzxb.com/
ﬁa B 3k gL(1982-), B, I TFHRN, A58), S TN, EZMF [ R K E KT TS . E-mail: 5869365@qq.com
WREE: HI0EG(1988-), B, W T E LA, Bit, TR, 322 AT 3 0 5 35 U PPAN 5 8 37 IR A9 5¥ . E-mail: hufreug@163.com


https://doi.org/10.16031/j.cnki.issn.1003-8035.202210041
https://doi.org/10.16031/j.cnki.issn.1003-8035.202210041
https://doi.org/10.16031/j.cnki.issn.1003-8035.202210041
https://www.zgdzzhyfzxb.com/
mailto:5869365@qq.com
mailto:hufrcug@163.com

2023 4E

ik B, S5 BET XGBoost Il BY 3 5T U S R AETEAR - 137 -

il

0 35

T AR b BTk R A DR
MERZ—. LL2021 4E R0, 4 R A 5K E 4 772
e, AL 91 AFET IR, BTl Fl ik b 57 ¢ 3 905 ik, ¥
FOTREGT- AR 2.5 T N MR K FE 2 LWk, B ™
RN RFERA A =2 4, BRI, MUK % ) R
W TAETE 2

i 9 S g P DA T i R A S SRR A
FERESIHIZRE N, Z 2P R, 1K ) R
2 n 43 o0 BLRE R 28 (ANt 55 (K 25 | b J (X 25 46 ) A ]
HEHRRALHE . AREHHEE), HEZEFERE
HET M T A T A R B XU A L T
RKE R A IR

] PN A 2 35 X |l BT K Sy R ME AT T K A R B
¥ . MOHAMMADY %5 P15 F {5 B it ok R L Bk
M, EREAE 13 N ZE X HEH Golestan M X b i K F 5
RAEIATIEAN o 5 v A S L 5 B A FUZ R o i
2 R HOE s . TR A A SRR AR 7 A
0 I 1] A e L B A M T O B P A
Hro BEHAEE LT 2R TR R A BB RS | e
B WE B 11 SR R AR R b X R A I R R
T Ty RVEHATIEAN o 10 op S5 1006 732 4 1] )9 S A0 R
FHYERE . Yem . @R SOKRIEEAE 8 AN RZ M A X% i
1] Ml RE X 55 3 ) A MR AT VAN . BRAK T S U T
N TR YR | Y, #rbE | R e i 28 R 4%
1152 00 PR A4 B AR DT A 22 06 i el g °F Tl T 31 5
RHEFH . HONG S5 T B ML ARAARBALR FH i A L 3%
W, HUOEIRE SRS 15 AR B B S
KAV .

MR BF, BTE R EEAZ TR T e
5 8 TP L K T ) R I T 2 AR B AT
5 AT, (H2 U Ao, 25 o Lh e 4, o DA e ke
SHFZHNERR . SEGEMHTRITIEML, T
BLES 2 PP BT~ BRAR g b fiff ke A4 e A5 78 v Xof
R LR M 5 R R AR Y ) B, 4 /e T b I ¢ R AR B
TRRASREAR LS Hi S W25 PR A, v et Aok . FLH
Jo3 9 Ty R M A I B B A BE AL FIASTRA:, DL B
— VMR TC R SRAR ARG AR o Xk S [ 3, A 3¢
P LT XGBoost Al AR RIEAT 1T 9 3 5 &AL

XGBoost H— FHT 2% 114 35 T 5 A 110 el a2 48 1 5
e, WO G REVRRI S 2 S A3 il 1,

TR B T BR AN , M 2 ) dR ATl

A, O BB AR B0 2% ) 2R AR, AT EDUL R
I DAL X5 235 SR 1 BT R 1E 20 85, B M o o | A R
58 A Gy i WA SEIL ., REAR AT Y S A DR 1A R, S
BN T mBEAEZEER g it hny, v
W 5 P A 3R 1 AL RASR : [r) R G Ak R S AR Y
PEANRERY, HT LA S R DA 3 95 v s ok 0% Bt AL P SRS
P T O~ 19 A SCRR A AL 7 5 A T M ROk, GE
it XGBoost 512 1 1 M 9K PR A, 78 I S Al R
2 BT DR 0 G (R ASTR2 R) R A A ok £ (] R, ST
T RABA T BT K E Gy R PE AR AR AR R, SE T b BT
KEM T K
1 REFA
1.1 XGBoost f&#Y

XGBoost 157 7 CHEN 45 POE 48 i 5 vk 1 3 A 1
PR, e T A U R & 2R ) AR 2 A L BR R AT,
[i] 5 K1Y T A8

XGBoost & —~ T4 5 pR & R ME R R, R
T 2 BURW, X T —BRA DB, AT R
NN

3= fix) =5+ fix) (D
k=1
Ao 91— R ¢ R T A
IV AR — LHE S T AR

i () ——PRIR AR
XGBoost B HE H AR R AT

0bj" = Y L(37)+ D 2()
i=1 J=1

= 2L(y,-,9§"”+ﬁ(xl-))+ZQ(f,-) (2)

b i — R TS,
n——J I S NS j U 4 0 A
—— ST AR R
Q(f)——IEFESTI, F H AR BT L BRI E
Q(f) RN

Q) =T + Sl 3
Ay, A—1E N 255
T R T A A
o SR T A R

PR PREL L VE B 38 R I T 45



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

Ffx+Ax) = f(x) + f(x)Ax+ f(x)"Ax* 4
A e R ST IR Ze s A R i A i x, BAR
BT 4k M

n 1 2
Obj" ~ Z [L(yi,ﬁﬁ" 1)) +8ifi(x) + Ehifr(xi) ]+Q(ﬁ)

5
K g, h— R RER L TG x I—Fr 5 =B 52480,
aL(yi’j\)Et-l))
T
(6)
L)
h=—
Vi

L EACHR B H AR eR B £, BUE /N, B 5E A 7Y
IRt 2
1.2 =AY
1.2.1 =B R < kAR

= AL R B (Ex) . 4 (En) F1EE AR (He) 3 125K
FRERE /IR - DA EEME . skESEs
ARSI T . Horf il = R R AE C(Ex, En, He)
A R 2 T SR PR A I ) & A R, ok S 3 S (e R
e Yk 5 Z R RSB P4 . 2B — R B
i it B0 AT 00 Ak P BT R 3RS Y TR Y BB
RR R ) = & AR, ARSCGHE T python 1B F ST
iE L W m R AR G E . =AY (Ex=0, En=1, He=
0.1) Myl 1 fR o

-3 =2 -1 0 1 2 3
fEARH

1 mEEREE
Fig. 1 Schematic diagram of cloud model

122 Zig oty

B 4E S A n 2= {C(Ex,, En,, He,), C5(EX,, En,,
He,), -+, C (Ex,, En,, He,)}, ] HE [1] 1} 0={w,, w,, ,
w,}o B TRPREAE BT, FHOCHERCIN, Wz Rl =
I R, B4R C,(Ex,, En, He, 3RS
e

Exla)l + ExZCl)z +--+ E)Cna),,
Ex=

W +w+ -t w,

_ wiEn +w3Eny +---+w,En,
W+ Wi+ + W

_ wiHe,+w;He, +---+w,He,
W+ Wi+t W2

En

7

He

£ o B i BAL R
Ex;. En,. He—AHNARAR A B THRAE S
123 =AHRUE
BPEM N G =R SHCS PN A8 bR = AT R, 43
WEX RV, = (Ex,, En,, He) MV, = (Ex,,En,,He,)-
BATZ B B A 5% e S AR AU sim (G, )P4, AW F
FR

—

)- V.-V,
7]

A ) RITE PN b5 = 5P HE bR = B AR B
JE, IFAC RR S AR BLRE [ 0, AL B v BT 6T 1 A 1A
AN Ry e A B PR A
1.3 G EMEIH iR

T XGBoost Fll = A AL, A< SCHE MY 4 BT K 3 5
RAEVPMAR R B AR IR

(1) 38 32 Wi B AHF 5% DX 100 3 200 . Jo o 5 8 25 ), i
¥ ais Al S

(2)FIFH ArcGIS ~F- 15 S BAs [H 5 AH G Kt , 0B 4%
PR~ 22 [] AR DG G0 A A, 0 A T I —fl A 2

(3) 8 FH A% #5212, 3 E XGBoost #H S EUUHE, R
PEIE—ALJ5 A TSI 2, THAAA5 3045 R T AR R

(4) MR 4 A . BEAR TR LA K B A1 S B 45 0 b o
VMR ARIR R, A 3R - F8 05 TR R 254

(5) ) FH G PR 10 1F 1) 2= A A A R Ty 2 R PR R A
=Kl

(6) BT XTI 58 X 52 A6 45 X Y B2 S AL I 4ff o
AN INE o, Z S HBREETLE 2,
2 HIPEI R S 45 G R,

(7)E TN IR LG BRI S G s = ]
P ARRLRE , REABLEE B o BT R I A AN 45 9 B Ry de 24 D
&g

2 MREBALEEIR

2.1 SR IX AN
AT X R BH T A T30 748 P . M A 30 v 1l b e
Bz S X, b8 N 5 B b i D, AR AR B U R R L

sim(i, j) = cos(‘7i,‘7j (8)




2023 4

gk g, 25 3T XGBoost il A5 (K b E K F 5 & HEES - 139 -

I
Mo Fe AL PG 1) B AR B AR R A, J8 TR BLR—

Jede e, BEACRE RS 2 4> gk is BT, AR O A L Rl
Be, AL K- E 1A o XN NE [ 79 A K A
FRAHTE, 2243 S i i 2 N B IE TR (18] 2) o Herp ik
B 0 G M 14 4 5 W BT A T R B B S )
M P DT 0 T o O M DX R T R
PERT LA N8 D0 R AN 26 BRIR 2K L R 2R 4E
RIAR RRRACAR . e ek b R4 .

L JE
=]
=
R f/m
!%3: 1256
K 19

0 20 40 80 km

2 HEWmRELREE
Fig.2 Location map of the study area

2.2 kIR

TR DRI 748 o 3 2™ o DX, b 5 K 2
RYLLHR B . Wy 32 MRl O 48 T B T o o 3 XL
I&ﬂﬁﬁﬁ\ﬁi%?ﬁi)EPB@%ﬁEﬁimﬁ)c%ﬂl}“ AT
AL, WTFE DN A 5 R R 189 Al At 4 T
%Bi&)ﬁ%%iﬁlﬁﬁi%u&ﬁﬁiikir SAF M, A
SCHEEL T 12 45 kM R, 2 ik e L SRR Bk
Wl — A PR . Z AR REOK R . TR T

(a) w5 BT Rz e i B

>z

. ¥
VA f At
1A
2 :0.91

02550km -fik:0

(d) A—ferablisss

T S [ A

(b) e HHBTICE R lEﬂuEl’ﬁ

0 25 50 km

(e) ZARFHIROK SRR E
SR 23 [

PE MR . A TR MR KR K MR R E
BN REEFUK R WIER . N TS 55007, MR
TF 5T DX /N 3 A BIF 53 X 42 HE 500 m>x 500 m (1) 4% [ H
JeEEAT Ry, R4 h 175 520 M o, TS
AFF 5 DX b 5 36 A 4 23 TRl 7 8 A ] 3 B

3 WRREZAMEFREHE

3.1 B R F RS 2 [ AT

PR 12 4> B 7 AT A DGR 9T, 25 SR T 5] 4
FiR o 12 A F Z R AH /N 0.5, Bl T2
() A ST, JE 5 DGR, 1 /2 XGBoost 53X P 7l
SEPERIESR
3.2 B A P R AR

W IT R TE AT 5 e M X R oy, BRI 3 4 5 R
ARERIHLBITE 1 5~ 1 ¢ 10 A EE AR R ROR B 425,
AL 22 WS, e 2 VR BURE AR U L LB

5, BRIk H 950 AR % F S AEA . XM K E S E
MR L AL BRI L K R SRR I T A B A
<500 m, 500 ~ <1 000 m, 1 000 ~ <I 500 m, =1 500 m [
Lo A, BRI F 500 m P E RS 4 5%
G, VI . o0 T I R B AN 11 95 B ) 5 A )
B, % Bk 2 AN F R EAEIET T Log fRALEE, 1245
BT 5 AR E S BiR.

S JH IR A% 48 2% 5 X XGBoost B 14 18 2 5 A T4
1k, B BE 2 IR 80% F1 20% 1 Hb A4 A REAS K43
Hi T U FEIGRAE SRR, T AR . FEAR S A
4 ROC ik K P-R fRZRUNIE 6 fim . S5 RIS RIAY
S bS5 R B R AUC=82.7%, 1 [ T %

>z

kiﬂj

Hegm/ (

II_J 360
0 25 50 km 1&0

(c) Hem 5 BTk 3 sz el fir

« HER
ZAFT-H K

/(mma )
1734

»1E§.410

SR

RO

J iﬂﬂ:ﬂ( {Eﬂ(;/

|:|>10
=10.0~5.0
|:|5 0~1 0

(f) HF/RSHETKE ﬁLIETJUE[’é"l



- 140 - Hh [ M T KCE 5 B I A A 5 6 )

=3 R\'
35 %’ Gk Y

SR B

ST

SR 12 o KEM
AL ETES e i

L =
0 25 50 km 025 S0km =AY
Hoki 2
(g ) WAL 5 1 o A 7 i s 7 5 ] (h) TR SHR IR (1) I 55 3 AT s s 5 ]
RS IR

N N N
A A A o KEH
. JIUNEE: i3
o KEN ICE N / CAkm2)
e BRI N ¢ 1 68 156
0 25 50 km 0 25 50 km 0 25 50 km [0

(j) BREK- ST T 125 [l B A (k) /KFGHUBUIR T 525 A7 B R (1) N8 5 i I 3 e 2 e Ao
B3 #RREZEUEAFSHRRERXRE
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