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Balanced decision tree ensemble model for catastrophe prediction and
key factors’ extraction of step-like landslides
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Abstract ; Step-like landslides show abrupt change, stable alternation and unbalanced evolution under the
complex and changeable geological environment. Based on this feature, a balanced decision tree ensemble
model of slope catastrophe and stable classification is proposed to establish a correlation between high-
dimensional geological environmental impact factors and mutations, and it is applied to 26 typical step-like
landslides in the Three Gorges Reservoir Area. Considering that it is difficult to capture effective information
by directly using the classifier, the model uses the synthetic borderline minority over-sampling principle to
appropriately increase the mutation sample ratio, and then combines the random forest and the gradient boosted

decision tree for optimization and training, and evaluates and verifies the test set and prediction set. Compared
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with different models before and after data balance, the balanced decision tree ensemble model can effectively

improve the overall accuracy of the catastrophe prediction, also the feature importance index of all geological

environmental factors is obtained. Finally, the results applied to the Wangyemiao Landslide show that the

optimization model has achieved a higher level of forecasting. This method can achieve effective catastrophe

prediction, and finds the core influence factors and their data distribution characteristics, which provides the

ideas for studying the step-like landslide mechanism and early warning.

Keywords: step-like landslide; balanced decision tree ensemble; Three Gorges Reservoir Area; catastrophe;

SMOTE ; random forest; gradient boosted decision tree
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Table 1 26 Geological environment factors of landslides
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Table 2 Classification and continuous of landslide type
i e ZHHET SR PR e TE
1 #E 5| 5{ 0.077 1 1.000 0
2 A 0.057 2 0.179 0
3 HER 0.052 8 0.000 0
*3 NERSEFIRSESK
Table 3 Classification and continuous of profile morphology
IrRIT S AT ST PR e AE
1 HL® 0.068 4 1..000 0
2 Py 0.057 4 0.194 7
3 ZELSiZ 0.054 7 0. 000 0




Hh ) 5 K 5 B R S 4R - 31 -

R4 BEWMEEMRFIRSESN

Table 4 Classification and continuous of bedrock lithological

T ZY T AR, PRI
1 S 0.111 1 1.000 0
2 I 0.107 8 0.951 4
3 T, 0. 098 8 0.816 3
4 . 0.071 0 0.403 1
5 T, 0.065 5 0.321'5
6 I, 0.062 5 0.276 5
7 s 0.053 1 0.136 7
8 T 0.043 9 0. 000 0
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Table 5 Classification and continuous of accumulative

formation lithological

SRIT ZHNT ZE AR AR L, P 1 A 1
1 Qyr 0.1020 1.000 0
2 Qe et Qut+r! 0.075 9 0.527 8
3 Qi Qutert 0.072 8 0.471 7
4 Q! 0.065 0 0.3323
5 Qg Qi 0.046 6 0.000 0
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Table 6 Classification and continuous of rock
stratum occurrence

SRITS YN T S AR AR L PRI (E
1 s 1) 0.103 7 1.000 0
2 R 0.068 1 0.3389
3 i ] 0.063 3 0.250 7
4 39 fi) 0.049 8 0. 000 0
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Table 7 Classification and continuous of aspect

TS ZYRNT AR, PRI
1 RH B 0.113 0 1.000 0
2 2 [ Yk 0.066 3 0.249 7
3 P 3 0.050 7 0.000 0
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Table 8 Classification and continuous of groundwater type

i Lidcs —9HF R AR FrifEfL(E
1 FLBR -2 Bk 0.064 1 1.000 0
2 SR - B K 0.061 7 0.000 0

R MTKIBEAFHREESEL

Table 9 Classification and continuous of groundwater recharge

DEFE YT SAFF L i LB
1 KA K M FE oK 0.092 6 1. 000 0
2 KA REK 0.061 2 0.000 0

T 3 M 3 AP 1 A% s 0 R A Ol e A MKl 4
BRI A S S AL Y HRAE, DLGE T b B
(R B B DO 4337 b 572 % 4% W ) A5 A o R i 3 AT

a3 AR B A i DA AR B b R e AR 1 R E e
0o K AW 5 W TN 1t L R AR FE B, R B =% B AT
B A e . B3 O 2006 4= 6 H 2 2018 4 8 A Y]
], A5 DX B BR =X 3 R R B LR 5 A S B R
AR B <2 DA P S

180
175
170
165
160
155
150
145
140
135
130

JH S35 [ TR B /mm
A4 BEKAL/m

B3 “MERXBHNBARTHFREAFEHETE.
BT Bk L B9 48 5K 1 B 2%
Fig.3 The correlation curve between the catastrophe
frequency of step-like landslides and monthly average

rainfall, monthly average reservoir water level
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Table 10 The data set of step-like landslide
Bl FEARU R RERAR/ K RERAR/ & FEAILHE %

IS 6 156 396 5760 6.88
ML 4R 2052 130 1922 6.76
MEHEE 8208 526 7 682 6.85
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Table 11 Different algorithm test performances

corresponding to the raw training set

%5 ¥y TPRY/%  f/% fi/%  AUC/%
KNN 29.23 36. 02 66.28 82.02

SVM 47. 69 50. 00 73.39 82.76

HORREY LR 0.77 1.49 49.11 79.13
NB 52.31 30.36 60.91 77.17

CART 48. 46 45.49 70.77 72.06

. : 3 47.69 52.77 74.95 88.38
RERTE GBDT 47.69 51.67 74.33 89. 62
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Table 12 Balanced optimization algorithm test performances

at a ratio of one

%51 73 TPR' /% [ /%  f,/% AUC/%

Borsmotel -KNN 63.08  40.30 66.86 82. 68
Borsmotel -SVM 59. 82 52. 14 74. 47 85.45

Eié}gyzt Borsmotel -LR 70.77 24.50 53. 80 79. 30
Borsmotel -NB 73.85  22.15  50.65  76.32
Borsmotel -CART ~ 56.15 48.03 71.93  75.36
£E A Borsmotel -RF 66.15 57.14  76.88  90.23
[(A=RS Borsmotel -GBDT ~ 55.39  54.96  75.95  89.48
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ratio parameters

1—RF ;2—GBDT ;3—Borsmotel -RF ;4—Borsmotel -GBDT,,

Pl 4 B T R 1 SF- 7 ek 2 % 5P 4 4 ) 4
(f 500 . TPR' {H B Mo 38 2 B0 K BE A 52 b TH 4
foofo HAUC {H %k 1S Pk 1 TR 5 818 F R, oh
) A5 5K U B, = B OB AR L, Borsmotel -RF £
RUAE ROk 0.5 B, I 30KS 3 45 &5 , 177 Borsmotel -GBDT
R Y RN 0.7 B0 R fe 4, vl LLIA A 53X R A0 T
Tl IRY (1 L T IR S . 24 L o Ak S R R
T4 SRS T W 0 TRl A 1/ B R A O A
FEAR 1 207 2 it WUBCHE 42 I B R AT, T A0 7 B Ol
T 1

B IR - A R 25 10 R A TR0 A Sy e 246 R0 | o
PR TSI ) 1F 5 2% FE B IH, R Borsmotel -RF 4578



55 W

Hh ) 5 K 5 B R S 4R

- 33 .

TPR' HELE AN |k R R BRI £, (84 1
F RF #1 GBDT 435l 3% fin 2. 88% #11 2. 72% ; AUC {H
Borsmotel -RF 3% i1 2. 29% , Borsmotel -GBDT M| {4 3 7£
JFA K SF5 WSS R ZE TPR' 5 AR b MT R 3 T
13.85% F19. T0% , 33X %F 5 2% ) T 41 o o 56, HLXF
RAGPREETHEU T TR (R 13) o
K13 REFERSTHEEHEEARMIKLER
Tablel3 Test results of balanced decision tree ensemble

under optimal equilibrium

251 =7 TPR'/% f /%  f/% AUC/%
S5 Borsmotel -RF(0.5 [L#) 61.54  58.61  77.83  90.67
S M Borsmotel -GBDT(0. 7 tR) 57.39  57.03  77.05 89.56
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Fig.8 Monitoring curves for reservoir water level of

Wangyemiao landslide
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Fig.9 Accumulated displacement curves and prediction
results of monitoring point WYMO05
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