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Abstract: Landslide hazards in Three Gorges Reservoir Area are widespread, numerous, large-scale, and seri-
ously disastrous, so carrying out a landslide hazard susceptibility evaluation is of great reference significance
for the prevention and treatment of geodetic hazards in the area. In this paper, we extracted 17 factors such as
stratigraphic lithology, geological structure, slope, slope direction, curvature, slope morphology, vegetation in-

dex, water system, etc., and selected four machine learning models, including logistic regression model, sup-
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port vector machine model, gradient boosting iterative decision tree model with integrated learning, and the
coupled model of long and short-term memory neural network and convolutional neural network with deep
learning are used for the evaluation of landslide hazard susceptibility, and the optimal evaluation model is se-
lected to complete the evaluation of the Three Gorges reservoir area. The optimal evaluation model is select-
ed to complete the susceptibility zoning evaluation in the Three Gorges reservoir area and to summarize the
spatial zoning characteristics of susceptibility in the study area. Comparing the AUC (Area Under Curve) ac-
curacies of the four models, it can be concluded that the GBDT model (Gradient Boosting Decision Tree
Model) has a relatively high AUC accuracy, which is better than the other three models, and it is more suit-
able for the landslide susceptibility study of the Three Gorges reservoir area. The susceptibility evaluation re-
sults of GBDT show that the very high susceptibility areas and high susceptibility areas in the study area are
mainly concentrated in the east Henan and west Hubei areas, as well as along the Yangtze River and its tribu-
taries. The results of the study evaluate the susceptibility of the whole reservoir area, which could provide a
reference for the subsequent hazard prevention and mitigation in the reservoir area.

Key words: machine learning; Three Gorges Reservoir; vulnerability; Gradient Boosting Decision Tree Mod-
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Fig. 1 Overview of the terrain and geological hazard distribution in the Three Gorges Reservoir area
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Fig. 3 Atlas of Landslide Disaster Evaluation System in the Three Gorges Reservoir area
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Table 1 Numerical conversion of noun—type factors
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Table 2 Classification and assignment of landslide evaluation factors and factors in the Three Gorges Reservoir area

e I T T
[0,1000) 1 [-1,0) 1 <10000 1
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(m) [5000,7000) 4 NOVI [0.4,0.6) 4 (m?*) [30000,40000) 4
> 7000 5 [0.6,0.8) 5 > 40000 5
[0.8,1) 6
[0,2) 1 [0,1000) 1 [0,1000) 1
[2,7) 2 [1000,3000) 2 [1000,3000) 2
() [7,15) 3 KE () [3000,5000) 3 () [3000,5000) 3
[15,25) 4 [5000,7000) 4 [5000,7000) 4
[25,35) 5 > 7000 5 > 7000 5
>35 6
[0,45) 1
[45,90) 2 [0,500) 1 <4 1
[90,135) 3 [500,1000) 2 (4,5) 2
51 (°) [135,180) 4 FoseEE  [1000,1500) 3 T — [5.6) 3
[180,225) 5 (m) [1500,2000) 4 [6,7) 4
[225,270) 6 >2000 5 >7 5
[270,315) 7
[315,360) 8
<2 1 <35 1
[-2,-1) 2 [35,36) 2 <740 1
-1,1) 30| pssE [36.37) 30| 20194 [740,940) 2
S
[1,2) 4 (m) [37,38) 4 (mm) [940,1140) 3
>2 5 [38,39) 5 > 1140 4
>39 6
R ESICRES e min%”w”zs.t.,yi(wrxi+b)>1,i=1,2---n (4)
3.2 ZHEFEIENAEE (SVM)

AR AR (S 5 2019) 2 — R
)R BT )RR FR A D — a2 e
KB T T 24028 n 5 LU R
V) B0 16 Sl 325 1 ek BT o e T i 5 2 2 23 i) ) sk
Ui, B TR A SRR A 2 ) A R
FIFRA AN GRS b S — A i, o 7
TET 732510 R A 248 ) P 500 I T A R 28 B8 2 [l 1
(i) B e KAk L 3 AR TR AT R

Wix+b=0 (3)

Zead— R A0S, I LIS 203 2 A KB
PRS- 1T, SEPR R R T H AR PR AL e/ ME

I HEA% B H X S — oAk B H 3R
T o, ATLLKS BTEAY H bR R B AR -
maxe (w,b,a) = IE%{%”WHZ_ZLIOCi[J’i(WTx,*b)—1]}

s.t.,o=0,i=1,---.n

2 0y,=0

y(w'x+b)>1,i=1, 0

w=>" ayx (5)

A LIHES R w , RFRIE o, M b, JIFHAEH
o, AT DU A% pR BTy SCRFAR LR o3 o S )
WL 5 A ek Bk 1 ARk A 25 (8] 0] =g 4B



398 H 3

WA LT PR > AT K 5y RAEPPA —— L =W DX Ay 5]

423

fIE233 TR S5 1 [ R0 Y %) A% o3 B AT« R MR A%
PRI . 223 A bR O o 0T A PR
3.3 BERAER AR (GBDT)

BRI RIS (22 3025 2017) A% 58
BLRF 21 7 s ot B A0 A 4 e g A B 1%
Z— P B Az AL e 1, BE AT DA I AE 4 28
(R R A R L 2 e T W N [ P RO i AT
1 1 DUJ R 503k Bl )11 5 5 SR I il 20 45 R Yy 3
L5 T . GBDT Jy ik J2&: 4 i 2 ) )5 3% Boost-
ing Z % HY— 51, A 6] F AdaBoost 5, GBDT il
1t Z kAR A R — A 55 43 2 Gl i CART
BHEB ), FAS 2 F AR I T B/ — Ik
AR 5% 22 0 I k) o FE B — B AR R, X 55 43
AT INACR AN, A5 8 e 2 1) 25 5 .GBDT B Y
I HER R -

F,=>" T(x.0,) (6)

M REERIREL, T(x, 0,) R0 A B 55
YA, 0, JEAI REL, TR -

0, =arg minziNzlL[yi, F, (x)+T(x, (9,,,)] (7)

F,_\(x,) R 2475248, GBDT 515 i i 0, it
IMESRFEST N — N RER IS I AR RS
A B i P AR 2 BRER, 8 B SR o I il 4 JRy B A
fift . GBDT HA AR (ol 4 ) 1, AR HE & T ar e
AT
3.4 REZS)HEE (CNN-LSTM)

TR 24 2] DX ) F AL A 5 > A5 (i 4 7 25
2019), BRI )ZRE L JZHOEIR AR L E
AT LA A SRBURE, R R EZAZ, L —2
A AR T — 2 B AR )2 G BOR A 4
fiE , SEERARAE (4302 3205 o 38 10 40 B 45 28 R JE I 4%
D5 B R R A5 AR SCHLR A8 B8 I 2% (CNIN) Al
K W A2 ph 22  4% (LSTM) #l45 HEAT 52 56
CNN S AT 28 0 25 1 — Folr, 5 K B4 A a5 2 BU(E
Hm= HbZ MG ZHN, BME 2 b A
VEZ AT WA 2870, R b 8 I 1 2 i A
) R AT 4 BRBRAE , B RS 2377 A FR AR e Sgt
P, P R E P AT b 2 0 4 4 1 (AL 35 SR )2
1 22 0 22 6] AR ASCERD , 8 0 97 60 O ) de i il ok
Sigmoid PR £ 15 Bl — AN BT (0 RFAE e S 45 51 B 2

XFRAAE IS R — 2 & L 38, 2
I Je B 25 R i A B — Ao AR 19 B s 4 R
LSTM J2& — Bl RESR 0 338 U1 44 28 I 4%, 328 U ot 42 1)
2% TN G5 b 28 X 245 19 X FE T B A — A 22 Tl
PEIR, AT LA — R FEE b ic 42 Iy s B0 ds o i 4% G2 b
25 W 25 N St , {22 i ) 0 Bl L 20
TR B 0 I o 17 28 U A 8 I 286 85 i — A e
[E1) i B U2 v A it TR A SR 224 i s 1) A
N o 3 a3 A 2 K AN TR B ) R B B ARk
e AR T m AR

4 Ty KA PEAR 25 R 5 45 1 0 B

4.1 EENEMEREBES
4.1.1 TSP

HR AT SR, 44 DU AP ARSI T30 45 AR 1 SR
W s 7 FE BB AR 5 & X AR5 & X P55 & X
T o e DX RN 17 5 2 IX IS X A T 5 ke X k)
I3 S B IR K G R AR (5 4)
4.1.2 K5 FE TN

A BETEAN 23 J = ANER A, 43 B R A
JE AR RIGE LR AR ) R PR B o 3X = A
oI FLE 2 5 B R I B R AN B
Y

(1) R

AT B DU RS RY  7E I 2R B 4R 1 152
R B, LA 1 1Y BRI B AL EE R 50000 N T
3k 5 F1 50000 A4~ 3 S EHE FA) BN 2R B 4 o A
SRR LUE B 2 [ e — e R LA
250, ¥ BEORS B2 M B2 GBDT 12 . SVM
AT CNN-LSTM R LRI (£ 3)

(2RSS SRS A

HR 8 O A W 3k K RE 5 R P ) v A
S E R ) K X o A B R L), 7 — e R
AT DAV F0I 45 5 i SC T 2R 3 AR sk,
FEBIAR G R IX KRG KX RS R IX o kX
FIAR 15 2 A XA RIFGR X 64 T T 5 itk X 3kl 4, 30
BT A5 2 SR 1 1A B M DX oA o i
S AR OL (2 4) X TR, 76 Sk W
e G F R o AT WA W9 DX DX B & S R )



424 1L b i 2023 4

106°E 107°E 108°E 109°E 110°E 111°E 112°E 106°E 107°E 108°E 109°E 110°E 111°E 112°E

31°N

3I°N

30°N

29°N

0 50 100 200 km 0 50 100 200 km
Y T i |

28°N
28°N

106°E 107°E 108°E 109°E 110°E 111°E 112°E 106°E 107°E 108°E 109°E 110°E 111°E 112°E

31°N
o

3I°N

30°N

I 5 KX
[ &5 R IX
a5 5kK
W w5 RK
W 5 R X

29°N

0 50 100 200 km 0 50 100 200 km
Lo L it z

&

E L

K4 3T LR(a) SVM(b) .CNN-LSTM (c) I GBDT (d) B2 14 =k 22 [X Wik ¢ 36 ) 2 P [X S
Fig. 4 Landslide hazard susceptibility zoning in the Three Gorges Reservoir area based on LR (a), SVM (b), CNN-LSTM (c) and
GBDT (d) models
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Table 3 Model accuracy comparison table

LAY LR A SVM i GBDT # %! CNN-LSTM 74
PN 0.7290 0.7840 0.8003 0.7530
ANy i 0.7280 0.7710 0.7965 0.7599

PR E MG, Hodr  CNN-LSTM il GBDT 452 B fI% (3) o BAEVEAN RS E

Ty A DX I PN 1) 9 B O B HE AN L 5%, 5y AV G BE 1 F 0 PF- M #8475 /& ROC (Re-
CNN-LSTM Y (5 FL AR, H AT 2.02% . % F 5 % ceiver Operating Characteristic) fl] £& ( & /£ % |
15 o M DI A T 3 0 T BORE 7 ORI, SVMLL 2006) o ROC 2R SURT AFR Ay Jsk 3z P il 46, o2 J ik
CNN-LSTM # B F GBDT AU H A E] T 60% LA F AR R AUS M R As bR S Pk i 40 A8 B 2R 5 48
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TR IR F 49% L) E i R E S Sy Rk gr Bzl s th £k . ROC M & A s FE T AN 7
X oA R, FOPEA 45 AR AT G 2RI B30 o X A A0 45 S 3 B[ 7y 9 {18 ke it o A B A
GBI  VURMRAUTE A ) MO T B2 s ROC M2 DL FAME S AR A |, M B 2Ry
FUA 53 LU an ) 5 B o 1 Al i 22 ) A i, AR ot 2 R Al s it 22 ] 1)
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Table 4 The distribution of landslide disasters in the study area evaluated by four models
(] Gy RN, T ARG () T A ] (%)
ARG, &Mk 406 8.27
%5 Kkt 804 16.38
LR 5% TG Rk 876 17.85
[ pan 984 20.05
e 5 R 1838 37.45
ARG, &M 344 7.01
%5 Ktk 921 18.77
SVM ##7 TG R 671 13.67
1o R 751 1530
e oy M 2221 45.25
WA o Kk 99 2.02
5 vk 790 16.10
CNN-LSTM #5i#4 &S Rk 953 19.42
o Rk 928 18.91
e e 5y M 2138 43.56
WA At 158 3.22
ko ket 566 11.53
GBDT %! T D) K 765 15.59
T o Rk 982 20.01
Wi 5 =k 2437 49.65
mLRAZEA = CNN-LSTM4Z#E! mSVMIEZE mGBDTRE!
60 - S
BAS
Q <
f% 30
=
&
£
gm
0
WALG Bk KERE  PEERE =SERME WMESHRME
5 R E %

65 AAERIBASSE T LA

Fig. 5 Comparison chart of clustering results of each model
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AUC 8 HOM 2 3T 10K B2 805 o AR 4l B AN 25
B, AT LUE o6 B # 1 2 GBDT AL (AUC=
0.88) , L ¥ /& CNN-LSTM #& % (AUC=0.84) Fl
SVM B I (AUC=0.83 ) , LR A6 kG Ji fe ik (AUC=
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Fig. 6 Accuracy results of landslide susceptibility accuracy
evaluation of LR, SVM, CNN-LSTM and GBDT models in the

Three Gorges reservoir area

x5 GBDTEETARSAMERNRESITR
Table 5 Disaster statistics table of different susceptibility levels under GBDT model

D REER W) AL (%) WHEICER () WD E (%) Tk 9 TR E (4 /km?)
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%5 & IX. 1743682 24.19 566 11.53 0.036
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