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A model for predicting landslide displacement based on time series and long and
short term memory neural network
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Abstract: To address the transient characteristics of landslide processes and to overcome the deficiency of static
forecasting models, a model for predicting the transient landslide displacement was proposed based on time series
theory and long and short term memory neural network(LSTM). In the model, the moving average method was
applied to decompose the cumulative displacement into the trend term and periodic term. Subsequently, the trend
displacement was predicted by a polynomial model. A LSTM model, based on the response of inducing factors,

was established to predict the periodic displacement. Finally, the trend displacement and periodic displacement
were superposed to achieve the cumulative displacement. Baishuihe landslide, a typical stepped landslide in Three
Gorges Reservoir area, was taken as an example to test the prediction performance of the proposed model and the
support vector machine(SVM) was used for comparison. The results demonstrate that the transient model(LSTM)
achieves higher prediction accuracy than the static model(SVM), especially during the period of stepped
deformation. Furthermore, the prediction accuracy of the LSTM model is not limited by the timeliness analysis of
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@© 2013 4F 4 H AR BB KA AT, Z A
DUAE 1) 4 0% 22 FI AR VR 22 433 9 20.832 mm - Al
51.195%. @ FEFERIEN S H~7 A, KEEK
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B ERAB T 12 B P TR 1Y) e R % i 22
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MR BB . A] WA LE S F 75 kIR 2% S R
AR, EonH TR TGS . ® fE8 H~12
AR, KEKALZEEEF A 175 m, BER AT
ik, AN R R RN . LSTM REAYAE 1% B
P TINME AN B SEECA — 8, B KA IR ZE AP
PR IR 243 3N 11.034%7F1 3.548%

SVM BEAY SR 45 S A SHE R 2 R A7 AR
%% RMSE 43714 0.806 A1 15.433 mm, #FEARTIM
FEEART LSTM B8, BARSMHran . © fEMER
KR I AT, SRR R AF,  HX T/ B
BB AL RS MR £0(2013 4E 4 FA)RITRINE R H— &
M. @ 7£5 H~7 AN, HEHA% ZHERA
FillXE, SVM AL T & 5 H AR iR %, HfoR
4 50 i 22 A B KM 6 iR 22 43 i 37.176 mm Al
48.485%, P& KT LSTM #%74(11.208 mm A
14.618%). X5 CH T RRAH—2, B 4PERN
UKL AR BRI AE B, SR SVM FE AL Tl
J& S 8% 2 T BN B A I RN R 2 BB, @
1t 8 HxJG, SVM A FUMME TS A IE R 22 50K
R HORKAHRR ZE AP A X R 22 50 5l 24.063%
11 16.063%.

43 BEERRUBITN

MR (8] 77 51 20 B B, K 5% 43 LA, 8 TR0
B, BInr{S R0 S A, W 10 s,
SRR W R T S S A — 2
FHRVE REUR 24 0.993, 7 1liR % RMSE 4 2.450
mm, SATINRE 24 HL R IR0 v S A A%
(IR R AL AR A, . SRR AL TOUU AL AT ] S I 7% Pt
(B R 25 B K s S HBLTE 2013 4 4 H, R B I
A A% B FIUINAS 2 %oF T 3 SR AR A% B TIUIAS B2 AR 22K
HELPIFM,

3 DAL UK FE SR ZE R
Table 3  Accuracy evaluation and comparison of periodic displacement

LSTM ###! SVM A
H3A SERRE/mm
T E/mm At iR ZEImm AHXF R ZE1% THE/mm 255065 1% 25 /mm AHXT R 251%
201301 47.076 43574 3.503 7.440 50.315 3.239 6.879
201302 33.041 34.760 1.719 5.202 26.480 6.561 19.856
201303 29.825 25.848 3.977 13.334 27.396 2.429 8.144
201304 40.693 19.861 20.832 51.194 53.894 13.201 32.441
201305 25.351 28.616 3.265 12.881 28.295 2.944 11.613
201306 76.675 87.884 11.208 14.618 39.500 37.176 48.485
201307 103.439 99.512 3.926 3.796 109.625 6.186 5.980
201308 102.132 102.597 0.465 0.456 77.555 24.576 24.063
201309 100.825 101.477 0.652 0.647 106.249 5.424 5.380
201310 88.991 89.783 0.791 0.889 108.811 19.820 22.272
201311 66.632 73.983 7.352 11.034 74.666 8.034 12.057
201312 61.816 58.903 2,913 4712 72.042 10.227 16.544
RAME 0.465 0.456 2.429 5.380
SZONE 20.832 51.194 37.176 48.485
Sy 5.050 10.517 11.651 17.809
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Fig.10 Predicted values of cumulative displacement
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