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LANDSLIDE MONITORING AND FORECASTING IN UPPER YELLOW RIVER BY
InSAR TECHNOLOGY BASED ON DATA ASSIMILATION THEORY

LIU Wen-tao, LEI Hao-chuan, MA Shun
Department of Geological Engineering, Qinghai University, Xining 810016, China

Abstract: The landslides in the Upper Yellow River region are frequent and widely distributed, causing serious
damage. Traditional landslide recognition and monitoring methods have limitation, while the InSAR technology, due to
its high precision and extraction of millimeter-scale deformation, is widely used in landslide monitoring. However, the
technique has a high requirement for image coherence, resulting in large dispersion degree of data and impossibility of
obtaining continuous deformation data, which greatly impacts the forecasting application of the monitoring results. With
the modeling method of data assimilation theory, the multiscale, multisource and multitype data can be coprocessed to
eliminate errors. In this paper, the millimeter-scale deformation of surface is obtained by SBAS-InSAR technology, and
the observed data is assimilated by Kalman filtering (KF) algorithm. The single point experiment shows that the
simulation results after KF are significantly improved compared with those before the assimilation, which verifies the
feasibility of data assimilation algorithm in improving the precision of numerical simulation. The continuous forecast data
is generated by data assimilation theory, which provides a new way for InSAR technology to monitor and forecast
landslide deformation.
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Table 1 Error statistics of subsidence point model forecast and KF results

M5 1 2 4 5 6
K%l RMES 0.00563 0.00516 0.00523 0.00498 0.00485 0.004190
RIR 2 UEIE RMES 0.00150 0.00112 0.00137 0.00113 0.00113 0.001060
B MAE -0.00134 -0.00087 -0.00080 -0.00042 0.00078 -0.000003
RIREUEIE MAE -0.00035 -0.00019 -0.00021 -0.00010 0.00018 -0.000001



http://www.fineprint.cn

234 oo B

2024 4

1.1k

{56/ m

1k

S

04 4k Al 912 1

[uR1 5

L]

£,03

a1 7]

.l

(BRI

n 144 LR

1104

0.03

(IXi]

L¥].] 504 643 gLO oz 1111

I el
El5  RIRZ U HRES

Fig. 5 Forecast results of Kalman filtering
a—Ha B VL% 14 (stable subsidence point); b—7F& i # FF 15 (stable lifting
point); —IEZ K A (oscillating data point); 1—% /R S ik i 44 =
(Kalman filtering); 2—%0 Il {4 (observed value); 33— % i %

(model forecast)

FEfE R ZE EA, RR SR EIL SR A
T AR ) B B B X RZE HN, R

FATE 0 E B F s, HISEB R T 0.

3 TSR BT AT B R 4 5 AR R 2E A

2 0 PR 2K AR R P 4 AR R 22 (18] 6), T LI

SOIE M HAT B iR EEie. BT AR 22 W] R U I Y

LEREUNT R EAR R AR, S 4R 22
SRR SUEREE R IR E.

[HRILE]

00405 e

003

.00

$r i

{005

LIRLIBEUR, ey
¥ -

AR A

\
\
4

0,000 4 i

Ko Xy 5 Figaiizzseit
Fig. 6 Statistics of root mean square error and mean absolute error
a— iR 2% (root mean square error); b—F- ¥ %4 X % 22 (mean
absolute error); 1—F /K & 48 P 57 7% (Kalman filtering); 22— i #ft

(model forecast )

4 g

ASCUAE S 2 ke e EIERRFIEIX, B T )
A5 F B ) Ak AR R T 3 g AW 0 40 v R T T A
A5, InSAR FAR Y b T8 AR W& R SE R BUE A8 45
P E  (ER = A I A TR 52, S xE D o 42
Sk MBI B Ik K SR AR R = L. AT
I 725 FRASCR e AN 1 1) L, o 8500 ml Ak i B e


http://www.fineprint.cn

w2l XA FE TR R AL BRI InSAR BR B I i 3 ey ) 7941 235

*2 BIS ABARERTHREFRERRERREST
Table 2 Error statistics of oscillating and lifting point model
forecast and KF results

HE 7 8 9 10
ik RMES 0.00524  0.00422  0.00346  0.00495
R/RZUEJ RMES 000125  0.00100  0.00088  0.00107
FLE] MAE -0.00026  -0.00128  -0.00025  0.00011
RIKEUEIE MAE  -0.00006 -0.00030 -0.00006  0.00002
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