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Landslide in Yilan (PH-7 86.5K) during Typhoon Nesat (2022) Floodmg caused by Cyclone Gabrielle in New Zealand (2023) EXxtreme heatwave struck Mecca, Saudi Arabia (2024)
(Source: NCDR) (Source : NZDE) (Source: AP / Dazhi Images (licensed)) U

Volcanic eruption in Iceland (Dec. 2023) 0403 Hualien earthquake caused Iandslldes (2024) Noto earthquake in Japan triggered tsunami (2024)
(Source: REUTERS / Dazhi Images (licensed)) (Source: NCDR) (Source: EPA / Dazhi Images (Ilcensed)
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Winter storm struck Buffalo, New York (Dec. 2022) Wlldflres in Southern California, USA (Jan. 2025) Noto earthquake caused bUIIdlng damage (2024) |
(Source: REUTERS / Dazhi Images (licensed)) (Source: AP / Dazhi Images (licensed)) (Source: REUTERS / Dazhi Images (licensed)) !
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Satellite

Satellites in orbit hundreds of kilometers
above the earth can provide us with
wide-area and valuable information

(Image credit: Jenny Mottar/NASA)
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@ Landslide detection at regional scales @ Field investigation & A t of potential impact|

at local scales

Satellite INSAR

Introduction of Synthetic Aperture Radar
(SAR)

a. Field investigation to determine mechanical response properties
b. Simulation and assessment of potential impact
{ SAR Sateliite Multi-bands Satellite

Real time landslide monitoring
at local scales

\ UAV
pasearit
GNSS \

@ Communication with local communities

Multi-Temporal INSAR Techniques

Inchnometer

™

Crackmeter GNSS Receiver

Applications of Monitoring Surface
Deformation of Slow-Moving Landslides

c¢. Real-time monitoring on dlsplacement, precipitation, etc.
: d. Long-term displacement rate monitoring and analysis
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i Real-time monitoring & Information to Decision making Engagement activities
analysis by experts local government by individuals :

(Dai et al., 2020)
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Satellite Image Classification AN
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 Optical Satellite Imagery

— Uses visible and infrared wavelengths; affected by sunlight and cloud cover; provides
Intuitive, easy-to-interpret images.

— Sentinel-2, MODIS, Landsat-7/8, FORMOSAT-2/5/8

 Synthetic Aperture Radar, SAR

— Uses active microwave sensing; enables day-and-night, all-weather observations;
images are less intuitive to interpret.

— Sentinel-1 ~ ALOS PALSAR - ENVISAT - F AS * ERS
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20260926 Sentinel-2 | 07w St 20260920 Sentinel-1




Satellite‘s orbit directions I
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(a) Ascending (FEh) (b) Descending (P&#h)

(https://site.tre-altamira.com/)



Observing surface information from SpaCe
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Synthetic Aperture Radar, SAR _Neor
Conventional radar obtains SAR obtains multiple radar
only once radar reflectivity reflectivity by the motion of the
from target. radar antenna.
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Fieé'li Aperture Radar, RAR Synthetic Aperture Radar, SAR

(Masonnet and Feigl, 1998; Usai, 2001)



Synthetic Aperture Radar, SAR AAN
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SAR could provide finer spatial resolution than the conventional radar,
especially from space.

- hele

_ Synthetlc Aperture Radar SAR
: AT O, Y envier raul” P TR ~
(Masonnet and Feigl, 1998; Usai, 2001)
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Synthetic Aperture Radar, SAR
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Different surface features exhibit different scattering characteristics:



Synthetic Aperture Radar, SAR AN
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Synthetic Aperture Radar — Sentinel-1 (A
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Acquisition modes S

— Stripmap (SM) S - S
« used on request for extraordinary events - ’%;NT,NH, Flight Direction

« Swath: 80 km -
« Spatial resolution (single look): 5m*5m vﬂgwm,

(— Interferometric Wide swath (IW) ) 1
» the majority of service requirements

Sub-Satellite Track

« Swath: 250 km Orbit Height
« Spatial resolution (single look): 5m*20m e
\_ « _TOPSAR technigue _J
— Extra-Wide swath (EW) -

« used for wide area coastal monitoring (ship
traffic, oil spill and sea-ice monitoring)

« Swath: 400 km
« Spatial resolution (single look): 20m*40m
« TOPSAR technique

— Wave mode (WV)

« determine the direction, wavelength and
heights of waves on the open oceans Ptarfaromiatsic:WideSwath

* 20 km by 20 km vignettes Mode
« Spatial resolution: 5m*5m

Extra Wide Swath

= ] Mode
Strip Map
Mode
Wave Mode



Synthetic Aperture Radar — Sentinel-1 AN
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Eesa

Sentinel one will be able to see through' |
clouds and rain during day and night it




ynthetic Aperture Radar — Sentinel-1 A
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Interferometric Wide swath (IW)

https://sentinel.esa.int/




Synthetic Aperture Radar — Sentinel-1 (A
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Synthetic Aperture Radar — Sentinel-1 AN
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Data Download Platforms and Analysis Software 222\
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Data Download Platforms and Analysis Software 222\
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SAR Image Components AN
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How to measure deformation from SAR? (o=

N \
REBEARMD |
Line of sight |
(LOS) \\

0cm

ground motion

(relative to the satellite)

away from——>»

AMBIRC D E

towards €———

N2
(2.83 cm)

phase
difference

(volcano.si.edu)
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Subtracting the phase

of radar waves from two SAR

Images at different times.



Coseismic deformation: 0403 Hualien Earthquake #4%
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Satellite observations indicate that surface displacement ranged from about 47 cm to 50

cm along the LOS direction, with the displacement mainly occurring in Hualien City
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Multi-Temporal INSAR Techniques AN

« MTINnSAR technique includes

PSINSAR (Persistent Scatterer SAR
Interferometric)

SBAS-INnSAR (small baseline subset INSAR)
Other similar approaches

« Concepts

PS: Stable and strong scatterer, such as
building, bridge and rock, which is brighter
than the background scatterers

DS: involves a coherent sum of many
similarly bright scatterers with no
dominant scatterer in a resolution cell, which
occur in nature environment such as lawn,
fields and bare soill.
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Multi-Temporal INSAR Techniques R

B KEE PRI
The surface deformation could be obtained from space by measuring the

phase difference of each PS pixel over a period of time.

* *

_,r'“hbﬁl«i

(https://site.tre-altamira.com/)




Feasibility analysis: geometrical visibility AN

ER BRI
(a) Foreshortening (b) Layover (c) Shadowing (d) Low sensitivity
a<f a>0 a>(90-9) (@ —15) <8 < (15 + 0)
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Feasibility analysis: geometrical visibility RAY

« Ascending 20171030 « Descending 2017130
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Feasibility analysis: geometrical visibility

Ascending

S

Layover 224707.95 (ha) 8.44%
27681.39 (ha) 1.04%
448,885 (ha) 16.85%

Shadowing

Low sensitivity

Layover 242230.14 (ha) 9.09%
Shadowing 19354.05 (ha) 0.72%
Low sensitivity 437,814 (ha) 16.44%
] ] [ ]
Layover Shadowing Low Sensitivity
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Optimization of MTINSAR Processing Workflow/2\
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DInSAR

Y

Phase stability

[ : /IR J [Interferograms] estimation and

IMages

Sentinel Application
Platform, SNAP

PS selection

snap2stamps ~ Stanford Method for Persistent Scatterers,

MTInSAR

<

Velocity
field map

Displace-
ment time
series

StaMPS
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Optimization of MTINSAR Processing Workflow/2\
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Processing interferograms of only ONE study area  Processing interferograms of MU |t ple study area




Optimization of MTINSAR Processing Workflow/2\

/

Threshold of activity

* For C-band and X-band, the stability threshold could be 2 mm/yr, and
for L-band data the stability threshold could be £5 mm/yr.

ALOS Vios
B -5/5 W >5mmyr

B < -5 mm/yr

© Landslides [__] Tena Basin
L - —Original Vios
50 -~ | | —Vios+ 5mm
- coh>0.75
404 | = ¥ ‘
9 30- /\‘ -\t
£ ‘ |
- e
\
104 / o T . : =1
0 —— =

20 -15s -10 -5 0 § 10 15 20
(Notti et al., 2014)
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p

N

Data
Interpretation

* Threshold of activity:
Determine a threshold
velocity to assess the
state of activity




Optimization of MTINSAR Processing Workflow/2\
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Projection of the LOS velocity along the steepest slope

This projection was designed to compare landslide velocities with
different slope aspects.

The projection is assumed that the landslide movement is parallel to
the slope.

Vsiore = Vios/C

(b)

SatW C = (nlos * cos(S) * sin(4 — 1.571))
+(hlos * sin(S)))

hlos = cos(a)
nlos = —1 * cos(1.571 — a) * cos(3.142 —
elos = —1 % cos(1.571 — a) * cos(4.712 —

Parameters:

coefficient C ~ slope (S) - aspect (A) -
o LOS (nlos, hlos, and elos) ~ incidence
(Bejar-Pizarro et al., 2017) angle (G) « LOS azimuth (e)

\3

+(elos * (—1 * cos(S) * cos(A — 1.571))

~

0)
6)

B KEERGRUEHZ I

e

)

(-

Data

nterpretation

é N

* Vslope : Projection of
the LOS velocity along
the steepest slope




Optimization of MTINSAR Processing WorkflowN/:/D}Q

4 Component of the LOS velocity A

a ™
Data
« When the deformation field is obtained in two different viewing interpretation
geometries, the 2-D deformation field assuming that the north a N
—

component is negligible could be obtained.

(@)

Descending VEL ((Veld/hlosd) _ (Vela/hlosa))
ASZ‘?E.“Q",Q/ \?{b" EW = "(elos,/hlos, — elos,/hlos,)

((Veld/elosd) — (Vela/elosa))
(hlosyz/elos; — hlos,/elos,)

:r(—l/'- :.—E VELVERT =

hlos = cos(a)

nlos = —1 * cos(1.571 — a) * cos(3.142 — 6)
elos = —1 % cos(1.571 — a) = cos(4.712 — 0) 2D velocity field : of
two geometries allows

Parameters: the E-W and vertical

ascending velocity(Vel,) ~ descending velocity velocity components
(Vely) ~ LOS (nlos, hlos, and elos) - incidence to be resolved
angle (a) ~ LOS azimuth (8) K /

K (Bejar-Pizarro et al., 2017) /




Optimization of MTINSAR Processing Workflow
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Slow-moving Landslides

e The velocity of slow-moving landslides ranges from millimeters to meters per year
* Have the opportunity to transform to much more destructive rapid-landslides

* Accelerated motion may be a precursor of a rapid landslide



Pre-existing slow-moving landslides

Renai - D057
Renai - D066

Kct

Kes

Terrace Formation

Cholan Formation

Kueichulin Formation
Tawo Sandstone Member

Kueichulin Formation
Shihliufen Shale Member

Nanchuang Formation

Nankang Formation

Nanl Qandst,

=3

Taliao Formation

Mushan Formation

Kankou Formation

BE=x

A

NCDOR
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Paliwan Formation
Taiyuan Member

Paliwan Formation
Suilien Member

Paliwan Formation
Futian Member

| Fanshuliao Formation

Lichi Melange

Co

Chaochou Formation

Lushan Formation

Paling Formation

/% Meihsi Formation

Chiayang Formation

(Lu et al., 2023)
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Background of the Dalun Mountain area (shiding-too1)
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Elevation of’campﬁ"s: 550 m
Potential sliding area: 57 ha.
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[ Fin

= Sliding blocks
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St

Shihti Formation

Tsuku Formation

Ground crack

(Lu et al., 2021)



Background of the Dalun Mountain area (shiding-too1)

* Alternations of sandstone and shale
(N55°W/ 20°SW)

* Dip slope with average dip angle of about
20° toward the southwest

Elevation (m)

Co: regolith, colluvium and fill
SS-SH: alternations of sandstone and shale
SS: sandstone

250 300 350 400 5 3 600 650
Horizontal distance (m) (Lu et al., 2021)




Background of the Dalun Mountain area (sniding-too1)

« Average sliding velocity: about 2-3 cm/yr

« During heavy rainfall or typhoon events, the sliding velocity of this
unstable slope increases significantly

« Many facilities on the campus have experienced noticeable damage









The results of geometrical visibility VAN

NCDIR
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The activity of slow-moving landslide — Shiding-T001 22\
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Corner reflector design and deployment AAN
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® The orientation of the corner reflector needs to be perpendicular to the orbit of the satellite.

® The minimum size of a corner reflector is a function based on the wavelength of the SAR
sensor and the backscattering level of the surroundings.

— Sentinel-1 satellites : 1 m

24°58'50"N

24°58'40"N

[ _mm Y
0 25 504 100

121°41'20"E

121°41'30"E

B

Vertical plane

Reflector

Horizontal plane

(N10.6 W) .
R U
) Facing direction
Orbit track - o
(N10.6'W) (8794 W)
S N W E

S
“‘—uL E
Line of sight (LOS)
(N79.4 E)

S (Lu et al., 2021)



Corner reflector design and deployment AAN

B KEERGRUEHZ I

The orientation of the corner reflector needs to be perpendicular to the orbit of the satellite.

The minimum size of a corner reflector is a function based on the wavelength of the SAR
sensor and the backscattering level of the surroundings.
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® The intensity and coherence maps of SAR images, were analyzed to confirm that the
corner reflector could be detected by the SAR sensor of the satellite.

® The brighter color in the intensity map indicates the greater reflected energy of the
pixel, and the brighter color in the coherence map indicates the higher coherence

value between two SAR images of that pixel.

. . (Lu et al., 2021)
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Corner reflector design and deployment A

B KEERGRUEHZ I

® The preliminary time series result of corner reflector from 2020/02/27 to 2020/06/04.
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The activity of slow-moving landslide — Yuli-D018
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The activity of slow-moving landslide — Renai-D066 AN
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of slow-moving landslide — Renai-D057
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A

MTINSAR time series - Seasonal fluctuations _~cor

Seasonal Surface fluctuation
— Total tropospheric delay

« Turbulent delay (mitiEiE) = spatially correlated but
temporally random

- Stratified tropospheric delay (7 ¥/t /EBIEEE) = steep
gradients or elevation changes exceeding 1000 meters

— Variations of hydrological condition

* soil moisture, surface water, snow accumulation, and
groundwater levels

 Hydrological loading = vertical surface displacement

 Pore water pressure =» vertical surface displacement,
slope unstable
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MTINSAR time series - Seasonal fluctuations _(:é,}?
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Summary A
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Optimized analysis package multi-snap2stamps is proposed for processing

Interferograms in multiple regions more efficiently.

Monitoring the activity of slow-moving landslide by MTINSAR technique
— characterizing velocity distribution and movement

— detecting accelerated motions

MTINSAR technique can complement the lack of in situ monitoring data , provide
Important information for landslide hazard assessment and enhances the

possibility of detecting landslide precursory motions in the future.

— Still have some limitations : revisit time, persistent scatterers, effect of topography ......
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