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Image of an
earthquake

" e O T TN Figure 4 A portion of the original deformation map from the first proof-of-concept experiment for spaceborne InSAR using imagery obtained by
CTiepialeradltorbiodivareiy the SeaSAT mission (Gabriel ef al., 1989). Colored patches delineated by field boundaries indicate possible swelling/compaction of the fields due to
Saitmalogical detoction of moisture changes. The image is approximately 15 km across.

mantle‘plume:?.
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displacement:
pixel A moves about 1.5
wavelengths (~4.2 cmy)
toward tt =]
respect to pixel 8

displacement toward satellite —p»=

Phase (¢ ):
each color represents the

phase ( ¢ ) of a wave

(Tim Masterlark, UW-

ﬁf:gvf,, “;Oaf/?

second pass:
measures phase ( { ) for
each pixel for time (¢ )

LT

measures reference
phase { { ) for each
pixel for time ( & )

Madison Ph.D.almunus)

~10 ¢cm of uplift produces ~3 fringes of deformation

Interferogram (lower) showing modeled uplift
of 10 cm; lllustration by G. Bawden,
USGS
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Radar Satellites Timeline by Geng-Pei Lin

Capella Capella 0.25 day
ICEYE Qﬁtfa‘""‘ét:m" ICEYE 17 days
Asnaro-2 TerraSAR-X: = 0.25 m (High Resolution SpotLight) Asnaro-2 1 day
PAZ 3 CORMO SkyMed: = 0.5 m (SpotLight PAZ A1 days
TerraSAR-X KOMPSAT-5: = 0.85 m (SpotLight) TerraSAR-X 11 days
TanDEM-X 4 el b et TanDEM-X 11 days
COSMO-SkyMed SG COSMO-SkyMed SG 16 days
COSMO-SkyMed 4 COSMO-SkyMed 4 16 days
COSMO-SkyMed 3 COSMO-SkyMed 3I
COSMO-SkyMed 2 COSMO-SkyMed 2 16 days
COSMO-SkyMed 1 4 COSMO-SkyMed 1 16 days
TecSAR TecSAR| ]
RISAT-2BR1 RISAT-2BR1 14 days
RISAT-2B 4 RISAT-2B 14 days
RISAT-2 4 RISAT-2! ]
KOMPSAT -5 KOMPSAT -5 28 days
RCM-3 RCM-3 12 days
RCM-2 o RCM-2 12 days
RCM-1 RCM: = 1 m (SpotLight mode, Azimuth) RCM-1 12 days
Sentinel-1D gfsnl_{.'l[‘f'; 3Zn§ gégﬁﬂgﬁgw W, Azimuth) Sentinel-1D 12 days
Sentinel-1C Gaofen-3: = 1 m (SpotLight) Sentinel-1C 12 days
Sentinel-18B B o e Sentinel-1B[ )
Sentinel-1A ERS-1,2: = 30 m (Image Mode) Sentinel-1A 12 days
Radarsat-2 Radarsat-2 24 days
RISAT-1 RISATIf———————
Gaofen-3-03 Gaofen-3-03 29 days
Gaofen-3-02 Gaofen-3-02 29 days
Gaofen-3 Gaofen-3 29 days
Radarsat-1 Radarsat-1I 1
Envisat Envisatr
ERS-2 ERS-2[
ERS-1 ERS-1[
Wic|  [ezaumon s
Mo Elf\?anSdAiR-l' = 6 m (High Resolution) NowmAne 2
ROSE-L HJ-1C: = 5 m (StripMap) ROSE-L - 12 days
NISAR - NISAR 16 days
LuTan-18 43 | Footon LuTan-18 8 days
LuTan-1A - NISAR: 5-10 m (StripMap) LuTan-1A 8 days
snocom 18 B | SAGCom R e ) SAOCOM 1B 16 days
SAOCOM 1A L ALOS-2: = 1 m (SpotLight) SAOCOM 1A 16 days
aos-1 Bl |ERnatem e el ALOS-1r———————
ALOS-2 4 © AL0S-2 14 days
ALOS-4 ALOS-4 14 days
JERS JERS! ]
BIOMASS " BIOMASS 3-63 days
Resolution ComSAR
P-band: SBAS SqueeSAR
BIOMASS: < 60 m x 50 m FETHER, P_-SBAS
StaMPS FRINGE
DInSAR | |
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Persistent Scatterer INnSAR

(Hopper et al, 2007)

If a pixel is dominated by only one stable scatterer that is brighter than the background scatterers, the
variance in the phase of the returning signal due to the change of the background scatterers will be

reduced and may be small enough for extracting the underlying deformation signal.

Physically, these stable scatterers might be a tree trunk or a single large rock among the vegetation.

¢x,i — ¢def,x,i + a,x,i + orb,x,i + E,X,1 + nx,i

d.. :interferometric phase Component Spatial
Properties
D i - Surface displacement Deformation Low frequency
Atmosphere Low frequency
¢a,x,i . atmospheric effect Orbital errors Low frequency

Look angle error High frequency

¢0rb,x,i . orbit effect NG EE  High frequency

#..; : DEM residual effect

n., . noise

Temporal Properties

Low frequency
High frequency
High frequency

Correlated with baseline
High frequency
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Persistent Scatterer INSAR
(Hopper et al, 2007)

If a pixel is dominated by only one stable scatterer that is brighter than the background scatterers, the
variance in the phase of the returning signal due to the change of the background scatterers will be
reduced and may be small enough for extracting the underlying deformation signal.

Physically, these stable scatterers might be a tree trunk or a single large rock among the vegetation.

¢x,i — ¢def,x,i + a,x,i + orb,x,i + E,X,1 + nx,i

¢x,i . interferometric phase

¢def,x,,- . surface displacement

é,.; : atmospheric effect

¢0rb,x,i . orbit effect
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Algorithms: PS + DS + more

RECEIVED SIGNAL

ol

Range

No data
PS (Permanent Scatterers)

DS (Distributed Scatterers)

Signal amplitude

*

A Ae Be 44
‘:'%’o'h*om an 4 as 00

SqueeSAR? is the only algorithm that we offer to clients, providing a significantly increased
coverage of ground points, especially over non-urban areas. As it was standard with the
previous PSINSAR™ algorithm, SqueeSAR® continues to identify PS but it also exploits spatially
distributed scatterers (DS). Whilst PS usually correspond to man-made objects, DS are typically
identified from homogeneous ground, scattered outcrops, debris flows, non-cultivated lands

and desert areas.

httis://site.tre-altamira.com/insa r/ _



Original Interferogram

StdDev: 9.98 rad |

20161023-20170127

117°
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120°

rad
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Original - Planar
; StdDev: 3.00 rad

0rigjnal - GACOS '
StdDev: 2.05 rad

rad

GACOS Correction

Original - GACOS - Planar

StdDev: 2.04 rad

rad

rad

20

-20

20

-20

Fig. 3. Example of the interferogram 20161023-20170127 before (a) and after correction (b, d, e). (¢) is the GACOS correction.

Long-wavelength atmospheric delay

* GACOS

(Yu et al., 2018)

* Limited performance
for region smaller
than 75 km (Murray
et al., 2019).
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LOS Deformation Horizontal Deformation LOS Deformation Difference
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Fig. 17. Same as Fig. 15. Track A149 in northern Chile (low-latitudes). Note that the data
in the first and third panels at bottom are wrapped before plotting.

* lonospheric delay
accumulated as long
wavelength pattern.

e Take more bursts to
form reliable
computation.

i et al., 2019
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LOS Displacement (mm)

12°S 12's

14'S | 14’S

16'S

76°W
I =] 3
-6 -8 0 8

LOS Displacement (mm)

. 1.5~2.0,0.8%
\ Em1.0~15,3.7%
0.5 ~1.0,20.9%
0.0 ~0.5,74.3%

(b) OTL StdDev along LOS

. 1.5~2.0,1.0%

‘-\ BN1.0~1.5,4.6%

N 0.5~1.0,24.5%
0.0 ~0.5,69.7%

Figure 1. (a) FES2014b global predicted OTL displacement 12-day time series StdDev (Equation 1) along LOS for
Sentinel-1 ascending (al) and descending (a2) tracks from the beginning of the mission to December 2020. (b) As in
(al) but for southwest Britain. (c) FES2014b predicted M, vertical OTL amplitude and Greenwich phase lag (degrees) for
southwest Britain.

(c) M2 vertical amplitude and phase

OTL StdDev (cm)

e Largest M2 (Lunar semi-diurnal
tide ) tidal deformation only 2.7
mm at FALI station in PingTung
(Yeh et al., 2011).

* Assuming constant or simple
trend surface in SW Taiwan.

(DiCaprio & Simons, 2008) iYu et al., 2020) :



Solid Earth Tides
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Fig. 3. (Left) SBAS time series from 3-year of InSAR acquisitions at 12-day sampling and a 60-day window for interferogram formation. This represents the
difference in tidal displacement between Los Angeles and Death Valley (300 km) as a function of time. Black curve: assumed underlying linear trend. Blue
curve: recovery when the solid earth tide is not corrected. (Middle and Right) Solid earth tide phase/displacement for two Sentinel-1 TOPS interferograms
(July 25, 2015-September 11, 2015 and July 25, 2015-April 14, 2015).

(Xu & Sandwell, 2020)

 Absolute tides:
~ 10 mm

* Relative Tide:
Along-range
and along-
track, ~ 30 mm.
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Secular velocity -
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Plate Motion

Uncorrected -lon

o
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-lon -Tropo -SET -Topo
- Plate motion model

e 60°E 62

-lon -Tropo -lon -Tropo -SET -Topo

bl ene -« 626 | [c| e0°E ,‘)"6‘2’!;?,

a Ascending

Track

Vertical motion

ASC near range

DSC far range

Horizontal motion

Descending
Track

ASC far range
DSC near range

b

Horizontal motion c

=
w
O

Vertical motion

DSC

o =2.06
S mm/year m
=20 0 20 -5 0 5 -5 0 5
lonosphere Troposphere Topographic residuals Plate motion model
fleoe 62| [g] 60

Velocity correction

62E

60°E 62°F

=20 0 20

3=0,2 0.2

(Stephenson et al

-0.5 0.5

., 2022

-5

DSC

Distance

o

ASC Distance

LOS Velocity
=]
LOS Velocity

* Along-range

* With Sentinel-1’s 250 km
width, resulting 1 to 5 mm/yr

in velocity field (Wang et al.,
2024).




Plate Motion

-lon -Tropo -SET -Topo

-lon -Tropo -SET -Topo
- Plate motion model

Original LOS velocity Plate motion

Secular velocity -

c| eoe };“éi'p

Troposphere

g 60"E

Velocity correction

0=0.92

Topographic residuals

60°E "'62‘?;!,

Plate motion correction

88°E

Corrected LOS velocity

T
91°H

62

62°F

& 3

o=0.10

: 1
0

(Stephenson et al

3=0,2

0.0 0.5

0.2 -0.5

., 2022

-5 0 5

* Along-range

* With Sentinel-1’s 250 km
width, resulting 1 to 5 mm/yr

in velocity field (Wang et al.,
2024).




The rise of Ground Motion Services

1. InSAR Norway leads the first dance (2018)
2. But Italy was already on the way (2008).

3. ALL GMS and EGMS

4. US and Japan

5. Taiwan

BE - %K - B
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2020: InSAR Sweden, INSAR Greece.

o Mo (20 1 20)

Incidence angie
Track anghe

20mm/ly

[mm/year]

467.7249 1 20,7137 £ 378.79
InSAR Norway

2021: Germany’s BBD Sentinel-1 PSI Products

2021: Japan’s GSI Maps with Sentinel-1, ALOS1,
ALOS2 InSAR.

: BGR ) (883 Bodenbewegungsdienst Deutschiand
Luss [Medium (20 10 20) =

Sentinel-1 PSI 2015 - 2021
= [InSAR defaull

Map Content

> i B Tosogrephic Meps

Incidence anghe: 31 56 > i B 88D Sentinel-1 PSt Products.
rack sngle: 190 51 PSl Legend
Track sngs S oL

Sentinl-1 PSI mean volocity
2015 - 2021 from per year]

Timeseries
0

Product: Vertical  Mean Velocity [mm/YearE 210 Varlance [imemyYear[:0.10

B oroizos (3 2512200 Aot

01012016 01012017 01012018 01012019 01012020 01012021

MpContent  Legend  PSiLegend
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TRE&E ALTAMIRA INDUSTRY v SOLUTIONS v SHOWCASE COMPANY v NEWS InSARPAPERS WORKWITHUS CONTACT \ Q
and national scale. Up-to-date displacement information is routinely provided to clients relying on our Environment Environmental stability.
advanced satellite INSAR technique (SqueeSAR®), our broad computing capacity and free access to Esa Europe

timely Sentinel-1 images. European Ground Motion Service

European program

Failure analysis

Flooding France Geohazard

Geothermal Germany

Ground deformation

Ground displacement

Ground monitoring Ground motion
Ground stability Ground surface
Hampton Roads Heavy oil
High resolution Himalaya
Hydropower plant India
Infrastructure InSAR INSAR data
InSAR monitoring Instability
SqueeSAR® analysis over Tuscany (IT) using Sentinel-1 imagery International celebration Interreg

IRIDE Italian region Landslide

Large scale Linear infrastructure

https://site.tre-altamira.com/insar-nationwide-monitoring-the-italian-case/

EwemEeEE
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* THE EUROPEAN SPALE AGENCY

https://www.youtube.com/watch?v=fzb4uFOBmlJc
BE - 3 - B 22
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At all high-risk sites, and
numerous others, we
have installed networks
of corner reflectors that

stand above the snow, to
get INSAR data during

the winter months.

More than 120 reflectors
are now in use at over 25
locations.

—S IR 2 2 F + THE EUROPEAN SPACE AGENCY

https://www.youtube.com/watch?v=fzb4uFOBmlJc
BHE - 3 - B 23
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Corner reflectors
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https://www.youtube.com/watch?v=fzb4uFOBmlJc
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http://bodemdalingskaart.nl/portal/index
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https://bodemdalingskaart.portal.skygeo.com/
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LB_I

Een initiatief van SkyGeo

BODEMDALINGSKAART 2.0

Nieuw in deze update

Dekking omvat nu ook Belgi€ en Luxemburg en loopt van oktober Hul
2017 tot en met oktober 2022. De data uit de vorige versie is niet +
meer publiek toegankelijk. Voor vragen of opmerkingen kunt u

contact met ons opnemen.

Wat toont bodemdalingskaart 2.0?

We tonen de geschatte bewegingssnelheid van miljoenen InSAR
meetpunten, waar in kleur de verzakking is aangegeven. De
kleurenschaal kan worden ingesteld om meer detail te kunnen zien.
Door op een meetpunt te klikken verschijnt het tijdsverloop van de
verplaatsing van dat punt van oktober 2017 tot en met oktober 2022.

Welke kaartlagen zijn er?

De satellietradar bekijkt Nederland vanuit zes verschillende posities
in de ruimte. De bijbehorende kaartlagen heten West, Midden en
Oost. Door de verschillende posities van de satelliet worden steeds
andere meetpunten gevonden. Hierdoor kan er mogelijk ook
tegenspraak ontstaan.

t Albans

Londol

Hoe is de kaart gemaakt?

SkyGeo heeft de kaart geproduceerd door complexe radargegevens Brightol
van satellieten te verwerken. De INSAR gegevens in de
bodemdalingskaart zijn schattingen van verplaatsing waarbij
verschillende aannames zijn gedaan.

Voor toepassingen in de civieltechnische praktijk kun je na
aanmelden verder inzoomen en meer recente data zien, in een
betere viewer. We stemmen de InSAR verwerkingswijze altijd af op

de toepassing er eschikbare andere gegevens. Dat was in deze
B R

Kaartlagen

L+ Achtergrond
= Bodemdalingskaart

v Midden-1 e
B Midden -2 e
v West - 1a

B West - 1b

B West - 2a

@ West - 2b

M Oost-1 e
B Oost-2 e

~ Additional Data Products
B Gemeenten
B results_locations
B Stations
W Waterschappen
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% ARIA-OPERA project

California Institute of Technology

Il I B RALRA B B W L

Overview

Below is a schematic showing what Level 2 (L2) and Level 3 (L3) data sets are available.
Available products are in blue, and clicking on them will take you to additional information about
the product specfications and background.

* NISAR
« Sentinel-1

« On ASF
NnOW.

Urgent Response
Products

Science Products

Level 2 Standard Displacement PS Time-Serles

Products

Damage Proxy Maps
(DPM)

Flood Proxy Maps INSAR standard data products are currently
searchable and downloadable through the ARIA
Product Search website.

(FPM)

Urgent Response Products
L SRR LY A5 WA .
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COSMO-SkyMed HIMAGE descending (2011-2014)

Costantini M, Ferretti A, Minati F, et al (2017) Analysis of
surface deformations over the whole Italian territory by
interferometric processing of ERS, Envisat and COSMO-
SkyMed radar data. Remote Sensing of Environment
202:250-275. https://doi.org/10.1016/].rse.2017.07.017
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