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Introduction of synthetic aperture radar
(SAR)

Multi-temporal INSAR techniques

Applications of monitoring surface
deformation of slow-moving landslides
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@ Landslide detection at regional scales @ Field investigation & Assessment of potential impact
at local scales
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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)



Satellite Image Classification AAN
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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.
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Satellite‘s orbit directions AN
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(a) Ascending (FEH) (b) Descending (P& /)

(https://site.tre-altamira.com/)
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Synthetic Aperture Radar, SAR AAY
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Conventional radar obtains SAR obtains multiple radar
only once radar reflectivity reflectivity by the motion of the
from target. radar antenna.

Real Aperture Radar, RAR Synthetic Aperture Radar, SAR

(Masonnet and Feigl, 1998; Usai, 2001)



Synthetic Aperture Radar, SAR AAN

B EFREHL DRI

SAR could provide finer spatial resolution than the conventional radar,
especially from space.

Real Aperture Radar, RAR Synthetic Aperture Radar, SAR

(Masonnet and Feigl, 1998; Usai, 2001)



Synthetic Aperture Radar, SAR

A

NCOR
BEIRSEEFTREZDPIN

« Different surface features exhibit different scattering characteristics:
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Synthetic Aperture Radar, SAR RN
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Synthetic Aperture Radar — Sentinel-1 A
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Interferometric Wide swath (IW

https://sentinel.esa.int/



Synthetic Aperture Radar — Sentinel-1 VAAN
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Acquisition modes
— Stripmap (SM) "?Q:-

« used on request for extraordinary events N,
=l

e Swath: 80 km
S

« Spatial resolution (single look): 5m*5m P i ;

— Interferometric Wide swath (IW)

» the majority of service requirements

.. N
SENTINEL 1

Flight Direction

SENTINEL 1

SENTINEL 1

Sub-Satellite Track

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

» 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 P e ifarometic Wide Swith

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

Extra Wide Swath
Mode

Mode
Wave Mode
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Synthetic Aperture Radar — Sentinel-1
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Synthetic Aperture Radar — Sentinel-1
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Data Download Platforms and Analysis Software 722\
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Data Download Platforms and Analysis Software 722\
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How to measure deformation from SAR?

ground motion
(relative to the satellite)

Line of sight |
(LOS)

phase
difference
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Subtracting the phase

of radar waves from two SAR

images at different times.



Coseismic deformation: 0403 Hualien Earthquak R
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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 AAY
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« MTINnSAR technique includes

— PSInSAR (Persistent Scatterer SAR
Interferometric)

— SBAS-InSAR (small baseline subset INSAR) Distributed scatterer pixel ~ Persistent scatterer pixel
— 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 saoil.

(Lu et al., 2020, Modified from Hopper et al., 2007)



Multi-Temporal INSAR Techniques AN
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The surface deformation could be obtained from space by measuring the

phase difference of each PS/DS pixel over a period of time.
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A

Feasibility analysis: geometrical visibility ~cor

(a) Foreshortening
a<6
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(b) Layover (c) Shadowing (d) Low sensitivity
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Feasibility analysis: geometrical visibility _#~car

« Ascending 20171030

N‘\m“‘“

L0S

L

Value

20171030 v.s. 20200628 [ High: 46.1078

:;"%'PEO'I 'OZJEZ'EE “Low: 30

BEIRSEEFTREZDPIN

» Descending 20171030

Los

AZimUth

Yalue
I High c45 89867

“Low - 30



Feasibility analysis: geometrical visibility

Ascending

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

Layover 242230.14 (ha) 9.09%
Shadowing 19354.05 (ha) 0.72%
Low sensitivity 437,814 (ha) 16.44%
B — ]
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Optimization of MTINSAR Processing Workflow
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Optimization of MTINSAR Processing Workflow/2\
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Optimization of MTINSAR Processing Workflow/ 2\
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Processing interferograms of only ONE study area Processing interferograms of multlple study area




Optimization of MTINSAR Processing Workflow/22\
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Threshold of activity

.
Data

* For C-band and X-band, the stability threshold could be £2 mm/yr, and . .
interpretation

for L-band data the stability threshold could be £5 mm/yr.

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

W< -S5omyr B -5/5 W >smmpr

(© Landslides [__] Tena Basin

601 . ——0Original Vlos

50- 3 { —Vlos+ 5mm

coh>0.75
40 r 1
£ 30 /\ N 1
F 0 // '!
10+ - N N—F
71 A e
0 e N IS

(Notti et al., 2014)




Optimization of MTINSAR Processing Workflow/2\

e

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.

Vsrore = Vios/C

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 (a) ~ LOS azimuth ()

\J

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

N

6)
6)
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Data
interpretation

/

-

é N

* Vslope : Projection of

the LOS velocity along
the steepest slope




Optimization of MTINSAR Processing Workflow/2\

4 Component of the LOS velocity

« When the deformation field is obtained in two different viewing
geometries, the 2-D deformation field assuming that the north

component is negligible could be obtained.

((Vely/hlosy) — (Vel,/hlos,))

Ascending Des;:fbrlltding VELEW =
o %’O\ (elosy/hlosy — elos,/hlos,)
Vel,/elos;) — (Vel,/elos
r_:/ \:I_ VELVERT _ (( d/ d) ( a/ a))

(hlos;/elos; — hlos,/elos,)

hlos = cos(a)
nlos = —1 * cos(1.571 — a) * cos(3.142 — 0)
elos = —1 x cos(1.571 — a) * cos(4.712 - 0)

Parameters:

ascending velocity(Vel,) ~ descending velocity
(Vely) ~ LOS (nlos, hlos, and elos) ~ incidence
angle (a) ~ LOS azimuth (6)

K (Bejar-Pizarro et al., 2017)
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p
Data
interpretation

é N

-

« 2D velocity field : of

two geometries allows
the E-W and vertical
velocity components
to be resolved

\_ /




Slow-moving Landslides

* The velocity of slow-moving landslides ranges from millimeters to meters per year

* Have the opportunity to transform to much more destructive rapid landslides

e Accelerated motion may be a precursor of a rapid landslide




Pre-existing slow-moving landslides o
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Paliwan Formation

i Pwt
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cl Cholan Formation Pws 1,)1_1_]“““ Formation
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(Lu et al., 2023)



A

NCOR
BEIRSEEFTREZDPIN

The HuaFan University is constructed on the upper part of this slope

and the slow-moving phenomenon has been observed since 1990



Background of the Dalun Mountain area (shiding-to01)
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* Alternations of sandstone and shale
(N55°W/ 20°SW)

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




Background of the Dalun Mountain area (shiding-to01)

- 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
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Background of the Dalun Mountain area (sniding-To01) %
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The results of geometrical visibility
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The activity of slow-moving landslide — Shiding-T001 /)

(2019-2021) ERSEHHAEPI
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The activity of slow-moving landslide — Shiding-T001 /)

(2019-2021) ERSEHHAEPI

(a) E-W velocity field (b) Vertical velocity field
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The activity of slow-moving landslide — Shiding-T001
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- The activity of slow-moving landslide — Shiding-T001 {7\

(2019 2021) B SEERGRAIZ ORI

. The timing of accelerations detected by MTINSAR technique are agree with in situ monitoring
data, which confirms the reliability of our analysis results
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Corner reflector design and deployment AAN

B EFREHL DRI

® 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

Vertical plane Horizontal plane

(N10.6 W) .

A Orbit track Facing direction \\
1 m (N10.6'W) N (S79.4 W)

W E

S
Ne— - AN
Line of sight (LOS)
(N79.4°E)

Reflector S (Lu et al., 2021)



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.
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Corner reflector design and deployment

A

NCOR
B EFREHL DRI

® 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.

Before setting corner reflector

\

After setting corner reflector

\

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

B EFREHL DRI

® The preliminary time series result of corner reflector from 2020/02/27 to 2020/06/04.
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Pre-existing slow-moving landslides
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Monitoring activities of slow-moving landslide areas
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Monitoring activities of slow-moving landslide areas AAN

=22 R B F = oy
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(Lu et al., 2023)
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The activity of slow-moving landslide — Meishan-T001
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The activity of slow-moving landslide — Wulai-D006 £}
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MTINSAR time series - Seasonal fluctuations #~cor

Seasonal Surface fluctuation

— Seasonal fluctuations in surface deformation can be
observed at global, regional, and local scales

— Total tropospheric delay

« Turbulent delay =» spatially correlated but temporally

random

« Stratified tropospheric delay = steep gradients or
elevation changes exceeding 1000 meters

— Variations of hydrological condition

* soil moisture, surface water, show accumulation, and

groundwater levels

« Hydrological loading = vertical surface displacement

« Pore water pressure = vertical surface displacement,

slope unstable
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MTINnSAR time series - Seasonal fluctuations R
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Sentinel data (descending) Displacement (3-month rolling mean, descending) —— Soil Moisture (3-month rolling mean) Sentinel data (descending) Displacement (3-month rolling mean, descending) —— Soil Moisture (3-month rolling mean)
Displacement (linear regression, ascending) —— Displacement (detrended 3-month rolling mean, ascending) Soil Moisture (detrended 3-month rolling mean) Displacement (linear regression, ascending) —— Displacement (detrended 3-month rolling mean, ascending) Soil Moisture (detrended 3-month rolling mean)
Displacement (linear regression, descending) = Displacement (detrended 3-month rolling mean, descending) Displacement (linear regression, descending) = Displacement (detrended 3-month rolling mean, descending)

(Lu et al., 2026)



Summary AAY

B EFREHL DRI

Optimized analysis package multi-snap2stamps is proposed for processing

interferograms in multiple regions more efficiently.

Monitoring the activity of slow-moving landslide by MTInNSAR 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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