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4, 2014),
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A LLE SR GS Z2F 6 2 8008 SAR Bl S T ok
=4 (HudE, 2014a; Shi%, 2018).
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JFETE A W Iy T A IS e, R AT L S A
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W, AT ROARE SEPR I 5, G B k8 Ty
T A 28R TR B 7 %2
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PRI PV AR S Z I 5 m/s o 1T 7E B I8 2 B,
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Table 1 The classification of landslide movement velocity
(Cruden and Varnes, 1996)

G TAE B %
W H G2 <16 mm/a
kw2 16 nm/a— 1.6 m/a
] 1.6 m/a— 13 m/ A
hag 13m/H — 1.8 m/h
Pt 1.8 m/h — 3 m/min
B[S 4VSE 3 m/min — 5 m/s
e He >5m/s

HE T SAR M R B0 AR 3R i A 1B BR POT
(Pixel Offset Tracking) $¢ARTERIE AR B X AT
TE R AR T AR A A 28 0] 0 (Shi %%, 2015), 4%
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P P B R SR oo o B, 18R TR InSAR
Fe AR R F R L B B R R 0 Y R AT e
Do,
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Fig.1 The InSAR average deformation rate in the Three
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Fig.2 The InSAR average deformation rate in Danba County,
Sichuan Province derived from the PALSAR data
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Fig.8 The three—dimensional accumulative deformation of the

Guobu landslide from December 2015 to April 2017
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Abstract: Landslides are one of the most frequent natural disasters around the world. The surface deformation measurement is important
for early identification, monitoring and early warning of landslides. Radar remote sensing has the advantages of large-scale non-contact high-
precision deformation measurement, which has been widely used in the field of landslide geological disasters. This paper summarizes the
recent research results of the InSAR group in Wuhan University in landslide deformation monitoring using radar remote sensing. The
researches include the feasibility and applicability of radar remote sensing in landslide deformation monitoring, large-scale identification of
potential landslides, measurement of landslide deformation in complex mountainous areas, measurement of landslides with large
deformation gradients, 3D deformation extraction of landslide, etc. The landslides have varying movement velocities. The phase-based
InSAR method is only suitable to monitor very slow-moving landslides, while the amplitude-based offset tracking mothed can measure
relatively large landslide movements. The potential active landslides across wide areas can be identified through inspecting the InSAR
deformation rates. We took the Three Gorges Reservoir Region and Danba County as examples to demonstrate the effectiveness of InNSAR
landslide identification. Once the landslides are found out, we apply satellite InSAR to conduct fine monitoring of some important
landslides. The Coherent Scatterers InNSAR (CSInSAR) combines persistent scatterers and distributed scatterers to efficiently increase
measurements points to ensure robust InNSAR deformation results in complex mountainous regions. Meanwhile, we proposed two methods to
correct the tropospheric atmospheric delays for time series InSAR analysis when studying single landslide. One is the Iterative Linear Model
(ILM) as an improved version of the traditional Linear Model. The other is to fuse tropospheric delays predicted by several global weather
models (FDWM) with different temporal intervals and spatial resolutions. The amplitude-based offset tracking method is applied to measure
fast landslide movements. Particularly, a new Time-Series Point-like Target Offset Tracking (TS-PTOT) method is proposed to retrieve time-
series surface displacements at point-like targets from SAR image pairs properly combined with large temporal baselines and small spatial
baselines. We took the Shuping landslide, Guobu landslide, and Huangnibazi landslide as examples to prove the ability of offset tracking
method for monitoring fast moving landslides. In addition, three-Dimensional (3D) displacement field, which can render the real movement
of the slope surface, is of great significance to the analysis of deformation characteristics and deformation mechanism of a landslide. We
took the Guobu landslide and the Jiaju landslide as examples to present the 3D displacements extraction from multiple observations.

Key words: remote sensing, landslide monitoring, time series InNSAR, pixel offset tracking, 3D deformation
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