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Intelligent prediction and analysis of influencing factors of Quaternary
accumulation layer thickness in landslide-prone areas: A case study in
the Tiefeng area of Wanzhou District, Chongqing City

MENG lJiajia, WU Yiping, KE Chao, MIAO Fasheng
(Faculty of Engineering, China University of Geosciences (Wuhan ), Wuhan, Hubei 430074, China)

Abstract: Accumulation layer thickness is the basic data of regional engineering geological investigation, which is of great
significance to identifying landslides and plays an important role in landslide stability evaluation and risk assessment. The
traditional interpolation method does not take into account external factors, and it is difficult to meet the accuracy requirements.
This study takes the Tiefeng Township of Wanzhou District in the Three Gorges Reservoir as the research object, summarizing

the formation model of the accumulation layer and regional accumulation layer thickness control points are added accordingly.
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The Apriori algorithm is used to mine the association rules between the influence factors and the thickness distribution of

accumulation layers. Three machine learning methods are used to build the model by using the known sample points, which are

applied to the entire area to obtain the thickness distribution map of the accumulation layer, then compare the results. Results

show that 6 of the 13 selected influence factors have a strong correlation with the accumulation layer thickness, and slope and

topographic undulation are the main factors that cause the difference in the spatial distribution of accumulation layer thickness.

Among the three machine learning methods, the prediction result of the GWO-SVM model is the most consistent with the actual

situation. The results reveal the formation mechanism of regional quaternary accumulation layer and lay a foundation for

machine learning in the field of accumulation layer thickness prediction.

Keywords: accumulation layer thickness; spatial prediction; formation model; data mining; machine learning
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Fig. 2 Location of Wanzhou District and distribution of landslides in Tiefeng Township
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W5, BRI PN 3 1] S A2 0 e AL 1) oA, A A
iz 3 E R IR UTIX A7 18] A Jig, AT R 7 J7 1]
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(3) ¥ Ia]

AT R AT DA, R 3 R B KA
SR HH RS 5 1) AT K A DX R 2 JE B L, X S5
) Rl AE AL, Y HERRZ Ay B K B, % s T AT e T
T vy 38 P, 003 G 1] 35 B B e A i ¥ A2 B, DA )
TR SR HE AR 2R )R, ULIE] 8(c) o

(4) HufE kiR

MHBIE AR A FT LA, MERRZ IR A U 5
BeREE 58 4 — 3, SRR B 2, #R R
/N DI P, AR A ) HE AR, HERRZ P 24 8 FE A
2.5~3mZW, MY R REE] 4 m o, HERZF1
JEREALT 0.5 m, MBI R AR 5 m i, HERZ XELLE
B, PR BT 0. Z A S R X HUB AHAT G,
THFFE DAL T L IX, I B AR AR B X B A A e 3
R IX I8, 32 W BRI, A4 LAERR, UL 8(d) .

(5) il i h 3%

AT 232 R T LA, SRR R Al F B AR
7E 0~ 10, 60 ~ 70, >70 =43 o HERZJEBE 53 A
S T R R R L A R AR, 2w R AT
0~ 10 Z NI}, HERZE PR FEIR 2.5 ~ 3 m, T >4 & T
Rk 2] 70 B, JREEAUA 0.5 me HI T R R TR
AR AR, B #A R AR Ak, DRI A R M D HE AR
M, ULE 8(e).

(6) RHH L5

RGP 0] LUE H, BF5E X F 20 RS A
T3 . MHERRZEERE B, T ARTENT ) 3 S 25 5 M
B, AT B — s A HE R, I ) 35 v v ME AR 2 SR B AE
2.5~3 mZ A, MRS H HERZ R AU 1 m A% .
X 5 IEAE S B O, e ) 3% b, 144 B Ay AR
H T T S — R SR FH NN 1] T #3780 ] 3 Hh 11
THERR, ITAE T #2550 B 1l — i SR B2 ) HERRUZ, UL
& 8(f)
3.2 SCHKHENFZ 4

& H GRA(Grey relation analysis) #1 MIC(Maximal
information coefficient) W4 5325 5k 43 #7 3 13 4521
K 5 B2 S B A A DG, PR S SR 3k 1 s .
WRAE AL, & W 5HERZEE D GRA (A 22 754
K AEERS T MIC Bk, T 1, 2,3, 6, 10, 12 53
JZIE B MIC {E YK TF 0.2, Frn HA B A 2 .
PRI, AR SCE B b 6 AR (B B2 L B m L Y . Hb
JERAR . FIT il AR REE S ) AR Sy OCHE H I, R
JEE A R S BR 5 0T, AR e O R0 AR A 25 e 47 i o 1Y

*1 FRTFEHREEEHEXEIER
Table 1 Correlation index between each factor and
accumulation layer thickness

A GRA MIC
1 e pE 0.692 3 0.697 7
HF2 Wi 0.687 8 0.528 5
BHF3 il 0.867 3 0.469 6
K4 =R 0.705 0 0.0752
HFs5 b/ & SUS 0.6349 0.041 7
HF6 HZE R 0.685 6 0.693 3
7 2 0.754 6 0.048 6
HF8 EK RS 0.636 6 0.052'5
HF9 HEBE EE I B 0.606 3 0.063 7
H¥10 GRS 0.695 3 02141
11 RANIIES 0.678 3 0.078 4
HF12 Fasasy i) 0.636 4 03271
HF13 FEH A o 0.644 0 0.094 3
DRI AEN]

T B0 42 8 b Aprior 85 15 X fi Ak B B i 2 AR
i, P, T X N T RS SRR
SRR O3 95 N5 I [ BN L v N 1 B 87
¥ 6 A F AT RS, Ik 2 iR . HERLZ R B 4 IR
(0~2m). 2~4m), (4~6m). (6~8m). (>8 m)¥
/¥4 HD1, HD2. HD3. HD4., HD5 fi2%.

*x2 FBETFEMEIER
Table 2 Attribute indicators of each factor

A J@ eS|

0~20° Fl1

HF1 e 20° ~ 40° F12
>4(° F13

337.5° ~ 67.5° F21

- - 67.5° ~ 157.5° F22
157.5° ~ 247.5° F23

247.5° ~ 337.5° F24

1&2 F31

A3 WLl s r
16832 F33

648128 F34

0~2 F61

HF6 HE AR 2~4 F62
>4 F63

0~20 F101

HF10 T % 2040 rio2
40 ~ 60 F103

>60 F104

JUE ) 33 Fl121

FF12 Bk LE R Uk F122
RhschE F123
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HRAE L JIREAS S8, DA 3RS AN 1Ak 6
KRR, SRR TR B AR Ry SIS 0, 14 5 SR B R (E Ry
0, B A5 BN 100%, LARTI KN 3 A4 s HE LR R
JE 55500 PR 0 S IRV e DG IBR v U 193 4% (G
SIEMINE 3 B ) o A SCIRUENI o] DL Y, S HERUZ

JEJERT 2 m B, YN 400, HUE AR /N T 4 m, 1
AR R /NT 2 m B, 3R R T 400, HUE R R K
F 4 m, UhBH IR RN R R R 1 R 2 R 2 (] 4y
MESHFERE,

&3 HREEEXEAEN

Table 3 Association criterion of accumulation layer thickness

L 1D Foj A% BIFE/%
1 YZ3=F31 & YZ6=F62 & YZ2=F21=HD5 0.08 100.00
2 YZ3=F31 & YZ2=F21 & YZ1=F12=HD5 0.08 100.00
3 YZ2=F22 & YZ3=F34 & YZ1=F11=HD3 0.08 100.00
4 YZ2=F22 & YZ3=F34 & YZ6=F61=HD3 0.08 100.00
5 YZ3=F34 & YZ1=F12 & YZ2=F24=HD2 0.17 100.00
6 YZ2=F23 & YZ10=F102 & YZ1=F11=HD2 0.08 100.00
7 YZ10=F102 & YZ2=F22 & YZ1=F11=HD2 0.08 100.00
8 YZ3=F31 & YZ6=F63=HD1 18.58 100.00
9 YZ3=F31 & YZ1=F13 & YZ6=F63=HDI1 17.18 100.00
10 YZ2=F22 & YZ1=F13 & YZ6=F63=HDI1 17.01 100.00
3.3 HEFUEE YN w . R H PSO. GA. GWO =7k X} SVM

R X L5043 T 486 097 AHH#& &5, Horfr 1211 4
HEFRZ e A 6, 484 886 ASFIAAR . M 1211 4
S BEALEEE 1011 AN S5 AE M YIZREEAR, F 4% 200 4>
R DR B AR, 484 886 /> A 1 HE FHUJZ JE 132 A A% o5
YE R T FEA, 43 5% FH PSO-SVM. GA-SVM, GWO-
SVM 3 R bl 2 = B R GBI 5% (X HEFELZ 2 5 43 A T

AT =S80, SR T S R X R F
FEST N FC =[0.01,100]; # %03 %k g = [0.01,100]; &~
RS $e =10.001,1], Hh GWO BE 1 45 RN
C =25.61,g=0.054,&=0.131, AR K45 KRS B
K9, % 4 i,

N

HEARJZ I /m
~

(3]

80

—— TR e GWO-SVM Tiiifl] I’
| PSO-SVM Hijli GA-SVM Hiil 6
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Fig. 9 Comparison of test results of each model (test samples)

F4 BEBTIFEEXTEE

Table 4 Comparison of prediction accuracy of each model

T MSE RMSE 0 c IR /m
PSO-SVM 401.22 1.42 047 079 1.49
GA-SVM 198.57 1.00 023 076 1.76
GWO-SVM  152.24 0.87 019  0.83 1.83

K AR 3 s 78 ) X Jal M AR R R R HE AT N,
T 25 B anE 10 Fras o AR AEIE 9 FiEk 4 W] AT, GWO-
SVM #H0 f 3k 48 SR 5 SE PR e i WA, TI0I 45 SR MSE

h 152.24, RMSE 4 0.87, 5 fe k. 734k, R H GWO-
SVM [ 4x X 3 FRUZ2 JEE B 0 45 SR - 4 (H 0 1.83 m, 5
A7 S5 B A A 114 285 SR A R AR AT CRR 405 18 A o a0, AR
EHRE R 143 m). H, BEH GWO-SVM A 7Y
75 3] 14 DX Sl FRUZE JEE B A T Ry s A 25 AL, n & 10(c)
FiR

F Pl 10Ce) AT, B3 €0 550 U8 X 35l Ay M 2 T o vl
i DX, X6 R RIS DX 3 R o LA R B A B, 5 A
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Fig. 10 Prediction results of regional accumulation layer thickness of each model
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