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Research on a Reservoir Landslide Displacement Prediction Based on Gaussian Process
Regression Model and Multi-Source Time-Series Feature Fusion

Abstract: [Objective] Accurate prediction of landslide displacement is a crucial
component of landslide early warning systems. [Methods] This paper proposes a
landslide displacement prediction model based on Gaussian Process Regression (GPR)
combined with diverse time—series feature extraction methods, achieving high-
precision displacement prediction and uncertainty quantification. Taking the
Bazimen Landslide as an example, during the feature extraction phase, displacement

lag features, rolling mean of rainfall, rolling variance of reservoir water level,
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and displacement change rate are constructed. Additionally, temporal decomposition
features including monthly and quarterly components are extracted. Subsequently

employ three—fold time series cross—validation, along with a grid search scheme, to
optimize hyperparameters 1in conjunction with the time series cross—validation
strategy, thereby mitigating the risk of overfitting in the small-sample scenario.
[Results] The results demonstrate that after incorporating multi-source temporal
features, the prediction coefficients of determination (R®) for monitoring points
7ZG110 and ZGl1l at the Bazimen Landslide significantly increase to above 0.99.
Metrics such as MAE, RMSE, and MAPE are substantially reduced, indicating a
significant improvement in prediction accuracy. This study integrates probabilistic
modeling with feature interpretability analysis. [Conclusion] The proposed method
achieves high—precision landslide displacement prediction in small-sample
environments while simultaneously quantifying prediction uncertainty.
[Significance] It provides effective decision support for landslide risk early
warning and engineering safety assessment

Key words: Landslide displacement prediction; Gaussian Process Regression (GPR);

Bazimen Landslide; Feature extraction; Grid search.
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Fig.1 3D Structure Diagram of the Composite Kernel Function in Gaussian Process Regression
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Fig.4 Layout of Monitoring Points for the Bazimen Landslide in Zigui County, Three Gorges

Reservoir Area
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Fig. 5 Displacement and Related Monitoring Data Curves of the Bazimen Landslide Monitoring Points

2.2 WBARTEALE] 5 b

NI FBE T RMBARTER, HEERPREE AT P R AR AL T 3&E B2
B, A BT KB . TR 32 B i S5 WO AA B R oL B LR R R . T AR
R L AR, BENEE, FEEKEINEE B RE . Ak, Z X E DL
BB AFRM (J1X0) HENE, TERKEOHE . W a SR TUS BZ/HK, B E
EERFE T R SR A T AR R . NI R EFRE R UK, HATFE K
Pk Ve 2 00 P A B BRI, 2 JEKAER R, —EHERZ EER AN L%,
2025) o FREEZRFIESHEAEE T 10 BT, A \F T ISR T 32 R A T K
PREEIANE], PEMNBEAR M, W TO0E RS R e . S (2022) @ikt i
DR FURE Ak 23 BT N FE KA R B\ T I SR T ) = B e (R 22, R0 RS 38— Folv 4y By
1EH .
2.3 T NI R b B

22 d 0k 4% Wa I A B AL B Ay M, SEEX ZG110 A ZG111 BN RIEAR NI A, LLH AA
B, EEOZMSTE 2007 4F 1 AZE 2012 48 12 AN 72 BAMSIEIRE N %, T
SRS DA R R LA R R KA B WL 5. B S, R A AT R T RN AT ) S AR A
SRIG X BRI, KGR 59 WIEE A TR S SEL, R4 13 BAEEE E R 5
TR REVEAS .
2.4 RRIETREL



N T W E R NFHEXRNE AL R, LD ZGL10 BRI SUABE, SRA T R RAME SR REGE T
TPEARAL FEMR WEME . BEWERSNE. PORMRET 2. g eie®. Ah. FE
AL A% B2 T AR SC R R EMEAR 2] 1 SRR Il 6 o .

HIE 6 AT AN, KA S LR AR ELAR R, [T B A2 AR A M, B R TR 3
PMEXS R AR ARAT RO, FL LU R R B A A AR A AR A RE M BE R, [ IR B R R Bl P (E A
RN T 25 Al MM SR LU AT PR o S SR S0 P A0 e 5 4 F) 33 A TR B ik
RAIES 3T, RS AT T

HHER EA X1 S BT BHXMER

FEZKAS (m) RN 046 050 052 037 041 014 016 043

4FE (mm)
i#%_lag! -
{i#s_lag2-
fi#s_lag3-

R RN ME
AL SR E -
frfs_FicsE . 0
At~

-

B 6 AL M)A S PR

Fig.6 Heatmap of Feature Correlations
R Hts A B B AR AR (R R8) 1 17 SEABAE R AE DN 93 B2 T 1) e 71 ) A SR % 2R o

E&E%%:ﬁﬁﬂwfﬁﬁﬂmﬁ%ﬁm4r&%ﬂ@T%%H%&@ﬁmﬂyﬁ@,

:%Eﬂﬁﬁ%ﬁk o MERENGUIRHET, THERBNIME: 28 34 H R & 1T 1E

lag 3

s

u&@&ﬁﬁﬁﬁw¢ﬂﬁm&%ﬁ%bmw,Mﬁﬁﬁﬁﬂﬁmwmﬁﬁ%,

1 <
thg'z Ri

=t-2

SR, SR WSS, T 2 MK AL AR E e Sl N R AR, 1712 R, ROR
—EERE A, R4 B, o AARTRE, RIS R ARG, BRI

IR RE DY) o RMREHE, R, X 7X g0,

X1
BAUAI R AR BE, SRR A (e A IR RIE 5 10%) o S HEAT $OHR I/ 0, TS AT
(nhit%_lag3) &3 30A5 34T HELNaN, R)Geit (@ 1=3) & ST 21T HILNaN, A
fE4 FHOER LATHIANGN , A, MR 0 S AT TR (B AT

3 N\FIIEBABIN



FERTHEIN A 26110 55 26111, % AR RS AIE SR E ) GPR TUMBEAL HEAT VP A 11 2R S5 4
BF B9 2007 4F 1 H 1 HZE 201145 11 A 30 H. 2011 4F 12 A 1 HA& 2012412 A 31 H, %
NEFEAK A 59 AT 13 AN,
3.1 et R VT R R 45

43 BI%E 26110 T ZG 111 A LR AE SRR R AL HE SR L T HEAT AU A, T
REWE 7, 8, HRBUMFNNR LS REH TE 1.

RUBINER (aRIEE) HRBRNGR (ePRIEE)
— At —~ Rxd P
1200{ — GPREEA //\/ 17501 PRI /\'" =
9SHERRIE ) £ 95hEEXE I‘w'.\ B 4

{SUEE (o)

1150 1700 {
Eies0-
1100 N
8
/’

1050

v
/‘\/‘ it '
st
man| = = — e— b

01201 201203 01205 01207 201209 01211 2012-01 201203 01205 012-07 1209 01211
HE Fiil

(a)ZG110 M r5s  (b) ZG111 M

B7 BEZIRIFER) GPRBEZITML R (ZGL10 A0 ZG111 WEP D

Fig.7 Prediction Results of the GPR Model with Multi-Source Feature Fusion (Monitoring Points
ZG110 and ZG111)

. ] GPR IBETTSHA i ] B} \ ] ~ GPR IR HM
| M T
i - FME /V
1200 954 BIERA S 95% EfE/E I~
iy 1700 /
_ 150 _ /
E /’ § 1650 1
R1100 / ® i
¥ f ¥ 1600 /
1050 / il ‘I‘ﬂ'
1550
1000 /A// /—//
a 1500 b
950
2012-01 2012-03 201205 - 201207 201209 2012-11 2012-01 2012-03 2012-05 X 01207 2012-09 2012-11
e gl
(a) ZG110 ¥l s (b) ZG111 Ml rid

E8 HRRLIRIFMER GPREBITMWLE R (ZGL10 A0 ZG111 WP D

Fig.8 Figure 8 Prediction Results of the GPR Model without Multi-Source Features (Monitoring
Points ZG110 and ZG111)

®1 HE R

Table 1 Models Evaluation Results

Rl e ZPRRFAE R GPR A 5 BR 2 JRURFAE Y GPR A7

R ELD 7G110 7G111 7G110 7G111
MAE (mm 1.5617 1. 0426 18. 1172 27.9714

)



RMSE (m 2.2157 1.4478 25. 5529 35. 1462

m)
MAPE 0.0014 0. 0006 0.0162 0.0132
R’ 0. 9994 0. 9998 0.9263 0. 8931

BIET. A8 HEFITUAEY, SR ERBACHE)E, 261105 ZG111 W & a4 7
gE R B ER T ARG NEFESRIUAOE A, IIEsSE 7 A SRl A 2 VR FRAFAE A GPR A2 A% T 55 74

(I -

[ BN A 36 AIE GPR A5 7 5 3 A A% Tl o A ke, e P [RD A ML 4% 2% S 19 XGBoost A7 . SVR
RN Ridge BEAUKT T 1WE S F5 261104 ZG1LL PEAN Wa s st A7 T . R 7 8 Ty 4% Lh s,
ASCF XGBoost A, SVR BN Ridge HE8 [ @il & Z U8 P 4FAE,  DABRE A R 6] Ll i) 2 Wk
T 45 B E 9 (a) M (b) FiR.

1250

1200

1150

{8 (mm)

1100

1050

1000

1800

1750

1700

1650

{8 (mm)

1600

1550

1500

PfRL A % REHER TR RIS Rt

—— HIME
—— GPRFAM
————— XGBoost ;M
—=- SVRFM
Ridge il

d
10\1’“6 mﬁﬂ/@ 10\1}9 1@1”\\
i8]
FdRR A RFHE R TUIME R S R AL

—— HIE
—— GPRIM
————— XGBoost i
—=- SVRFTM

Ridge il

19\1—’“\ ,}9\'1—’03 19'\1’“6 ,LQ\’VG‘ 19\1/@ ,Lt,\l’\\

(a) ZG110 faill & ; (b) ZG111 M i

B9 DURPREA 2 IRRHIE A TR R S5 0 L

Fig.9 Comparison of Prediction Results from Four Models with Multi—Source Feature Fusion
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Table 2 Comparison of Prediction Results from Four Displacement Prediction Models

MAE/mn RMSE/mm MAPE R’

BRAFK 76110 76111 76110 76111 76110 ZG111  ZG110  ZGl11

fili & 2 YRR

AiEFT GPR 1.5617 1. 0426 2. 2157 1. 4478 0.0014 0.0006 0.9994 0.9998
kG 22 IR

Q] 57.2192 34.9270 73.9469 39.5067 4.84 2.13 0.3468 0.8624
XGBoost

fil & 2 R

AiEF] SVR 7.1851 10. 4627 13.2749 22.0043 0.63 0.62 0.9801 0.9581
il 2 IR

{EFf] Ridge 8. 5935 20.9111 12.5385 27.1425 0.78 1.27 0.9823 0.9362

M 2 AT LA, fEMAE. RMSE. MAPEUVL K R*IURE 5, GPR LA R 20T Hith =
AL, LLRMSE N, T ZG110 Wil fi, GPR #EAL4G XGBoost #5i%Y, SVR #E# & Ridge FiAY
SRR T 97%, 83.31%M% 82. 34%; Xt ZG111 Wil £, GPR BiAY%G XGBoost #iAY, SVR BLA &
Ridge BRI 4> BIFEAR T 96. 34%, 93.42% K% 94. 67%, FHIKEE BEIRTF. RAOWIE T Z &R &2
PRI AR GPR AL AS TR (i ALk tE . IR, @it 2 3 MiHSERcR X b, AT LUK B GPR
TUTE/INEEAR S 550 SEBL T TRIKS B 5 T B0 1) R G-~ 1li
R 3 MBS AR TR I RN L

Table 3 Comparison of Computational Efficiency of Four Landslide Displacement Prediction Models

W gk mF e TN R A Cms/ A WS E
I 42 K (s) A

ZG110  ZG111 ZG110 ZG111 ZG110 ZG111

fil & %2 R

FRERI GPR - 0.094  0.0852 0.0775 0. 0772 6 6
fil & 2 R

Be fE ) 0.6856 0.6919 0.5833 0. 5834 39 39
XGBoost

fil & %2 R

FRAEM) SVR - 1.9397  2.0654  0.0771 0. 0779 4 4
Rl & %2 R

B fE ) 0.0466 0.042 0.025 0. 021 3 3
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