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What can we get out of INSAR?
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Permafrost freeze + thaw
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Advances in InSAR Analysis of Permafrost Terrain

S. Zwieback 3%, L. Liu, L. Rouyet, N. Short, T. Strozzi



Synthetic Aperture Radar (SAR)
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Source: Braun, A. 2019, Radar satellite imagery for humanitarian response. Bridging the gap between
technology and application. 10.15496/publikation-32698.

* The longer the antenna,
the better the resolution.

* Simulation of a long
antenna by combining
data collected using a
short antenna.

* Taking advantage of
movement.
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Source: https://earth.esa.int/web/guest/missions/esa-operational-eo-
missions/ers/instruments/sar/applications/radar-courses/content-2/-

/asset_publisher/qIBc6NYRXfnG/content/radar-course-2-slant-range-ground-range
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Formats of Sentinel 1

e Single Look Complex (SLC):

> Backscatter and Phase Information.
» Slant Range

* (Grid) Ground Range Detected (GRD)

» No phase information
» Slant range

* Level 2 Formats:
» Ocean Wind field (OWI)
» Ocean Swell spectra (OSW)
» Surface Radial Velocity (RVL)

04«?)12'0‘17 10:05:21 (UTC)
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Acquisition modes of Sentinel 1:

e Strip Map (SM)

»80x80 km. res. 5 m

e Interferometric Wide

swath (IW)
» 250 km, res. 5x20 m

* Extra-Wide swath (EW)
> 400 km, res. 20x40 m

Flight Direction

Sub-Satellite Track

Orbit Height
~700 km

Interferometric Wide Swath
Mode
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Backscatter

(Diffuse backscatter)
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Three problems with SAR data

SAR: foreshortening, layover, shadow

SAR:
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Influences of layover and shadow

RSAT-2 desc.
LOS

Incid. angl.
28,9 deg

RSAT-2 asc. TSX/TDX asc.
LOS LOS

Incid. angl. Incid. angl.
23,8 deg 36,4 deg

Legend

I Layover RSAT-2 desc

I shadow RSAT-2 desc

- Layover RSAT-2 asc

- Shadow RSAT-2 asc

I Layover TSX/TDX asc
Shadow TSX/TDX asc

Geocoding resol.: 10 m

I 1 1Kilometers
0 04 08 16

Figure 29: Zoom on Bergen (lower left blue square in Figure 26 & Figure 27). Area covered by RSAT-2
Standard mode, RSAT-2 Ultrafine mode & TSX/TDX StripMap mode [Cetinic, et al. 2015 (in prep.)].



Polarisation: vertical and horizontal

Electromagnetic Wave Electromagnetic Wave

& Wavelength, ) Ea—

A Wavelength, 7, —_—|
Vertical polarized

Electric

Speed of

Speed of
light, ¢

light, ¢

Horizontal polarized

Source: Andy Kaab, UiO



SAR Data can be polarised:

*Horizontal Horizontal (HH) -co-potarisation
*Horizontal Vertical (HV) -cross-potarisation
*Vertical Horizontal (VH) -cross-potarisation

*\Vertical Vertical (VV) -copotarisation



UNIVERSITY OF BERGEN

ALOS PALSAR HH-polarization

Andy Kaab,
University of
Oslo

Source: Andreas Kaab, UiO
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ALOS PALSAR HV-polarization

Andy Kaab,
University of
Oslo

Source: Andreas Kaab, UiO
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omposite (HH, HV, VV

o AP

Andy Kaab,
University of
Oslo
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The band (wavelength) used is important

X-band £ 19
& ® Before correction &
o - | O After correction (max. curvature) ° ."
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Figure 2: Elevation differences off glaciers

between SPOT5 and SRTM C-band DEMs as a
function of altitude. Filled circles represent the
raw elevation differences, open circles
represent the elevation differences after a
correction based on terrain maximum
curvature and squares the ones after a
correction based on terrain plan curvature.

Source: Gardelle et al, 2012



Summary so far

* When working with SAR data, the following is important:
* The surface roughness = influences backscatter
* The relief of the area —> influences the shadowing
* The orientation of what you are monitoring = radar is sideways looking

Now onto InSAR:
Requires two SAR images seperated by a temporal baseline



INSAR is the
comparison of
two SAR scenes

* We measure the change in
phase between two images
seperated by a temporal
baseline (typically 6, 12,
24... days with Sentinel-1)

* We know the wavelength
of the sensor...

* ....SOWe canconverta
change in phaseto a
deformation

* Requiresthe area to be
coherent

ground motion

(relative to the satellite)

phase
difference

~ 50 km

away from——» \/2
0cm[ATIBINTC D El;g3'cm)
towards €«———
N
D
B




A‘pint = A¢displacement + A‘ibflat + A‘f’:alevation + Aqbatm + A‘pnoise

N

Temporal change of
scatterers, different
look angle etc

Topographic
contribution

The surface
deformation
contribution

Atmospheric contribution

Flat Earth ph'ase (different humidity, temperature,
due to Earth’s pressure between two
curvature acquisitions

[mm/year]

If we have COherenCG = Then we can measure the change in phase between two
over our area of acquistions
Interest...

onsdag 25. september 2024



Sentinel 2 Optical image

SAR coherence

“the degree of correlation between the
two radar images”

* A function of
e Surface properties
* Time (temporal decorrelation)
* Baseline between satellites

e Sometimes the coherence can be a
result in itself

* Detecting changes, for example
landslides, urban development, glacier
activity

University of Bergen
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290000 320000 Resolution: 30 m 290000 320000

[ sedrock outcrops / bouider fieids [l Bushes / Shrubs W Foress RSAT-2 Standard mode 72 scenes B oo-01 [ Jos-o4 M os-07
[ Grass/ meadows / heather / heaths  [J] Mire complex / peat [ Agricutture Asoending geometry mm;rtfezr:gdrams Bl o102 Jos-os IlMo7-08
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[ claciers / 1ate snow patches

Figure 30: Left: simplified vegetation map over Bergen area (8 classes) based on vegetation map from
[Johansen, 2009 & Johansen, et al. 2009]. Right: Example of mean coherence map from RSAT-2
Standard mode dataset (using only interferograms with a temporal baseline of 24 days).

University of Bergen

Page 27



Coherence map : ol » ICoherence map
1 interferogram in summer 2013 YL > 1 interferogram in winter 2011-12

-

Seasonality and
coherence

e Winter:
e Wetsurfaces

RSAT-2 Standard mode 2 scenes: B co-or [ Jos-os [os-07  RSAT:2Standard mode 2 scenes: B oo-01 [ Jos-os [ os-07
Ascending geometry 02-08-2013 -0.|-02 [:loﬁ-o.s -o.v-o.u Ascending geometry 28.01-2012 -o.v-a: D“,” -9,1.”

* Decreased vegetation e

B o2-05 [ os-0c MMM 03-09  Geceodingresol: 10m 1 inteferogram I 02-03 [ 05-0s [ 02-09
20-08-2013 Rsiartte wonon 49 16-02-2012

Figure 31: Examples of the effects of snow cover on the coherence (RSAT-2 Standard mode dataset).
Top left: coherence map based on 1 interferogram in summer 2013. Top right: coherence map based on 1
interferogram in winter 2011-12. Bottom: Snow depth at the same period as thel;iggéfgré)grams. From
www.senorge.no (download: 16-02-2015).
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Interferometric SAR (INSAR)
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Interferometric SAR (INSAR)
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University of
Oslo
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Interferometric SAR (InSAR)

= \Ve can therefore use INSAR to work out:

= Topography (DEM) if we assume no displacement between the acquisitions

= Displacements/Velocities (if we remove the effect of the topography)
(Differential Interferometry)

= Either by comparing two pairs of SAR images (4-pass interferometry)
= Simulating phase differences due to topography with a DEM (2-pass)

= ...as long as we know the baseline of the satellites and remove atmospheric
noise

onsdag 25. september 2024
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Coherence

Where can we expect to
get reliable estimates of
radar phase”?

onsdag 25. september 2024




Interferogram:
Phase patterns

Changes in phase
due to displacement,
topography,
atmosphere, and
baseline

= Any noticeable
patterns?

onsdag 25. september 2024




Topographic simulated
phase

=" This is how the phase
patterns would look
like if it just
topography
Influencing the result

= We therefore

subtract this from our &
Interferogram

onsdag 25. september 2024




* Interferomgram with

topography removed
* How to interpret an

interferogram?

* Total displacement: number of
fringes x half wavelength

onsdag 25. september 2024
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Phase Unwrapping

Phase Phase
A A
1074
8x14
614
44
21 4 27 d Phase
—WLY y (S—
wrapped phase unwrapped phase 0. 20

Wrapped Phase and Unwrapped Phase

onsdag 25. september 2024 Source: ESA



Unwrapping

Geocoded Interferogram

Geocoded Unwrapped Phase

Source: ESA University of Bergen Page 44



Table 1. Rough estimation of the minimum displacement rate in an interferogram as a function of
the temporal baseline for the C-Band of Sentinel 1.

Temporal Baseline [Days] Minimum Detectable Maximum Detectable
Displacement [cm/Year] Displacement [cm/Year]
6 17 170
12 8.5 85.2
24 4.2 42.6
36 2.9 28.4
48 2.2 21.3

Villarroel et al., 2018

University of Bergen Page 45



Applications of INSAR

* Rock glaciervelocity, but also landslides,
subsidence...
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Stack of unwrapped
interferograms (4.1)

Network inversion (4.5)

Raw phase time-series &
temporal coherence

v

Tropospheric delay

Global atmospheric
correction (4.6) ]

models / DEM

v

Phase deramping (4.7) Noise evaluation

(4.9)

Vo ——

Topographic residual Noisy
correction (4.8) acquisitions (4.9.1)

v v

Di_splacen_nant ) Velocity estimation
time-series (4.10)

v

Average velocity
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Time-series analysis - SBAS




SBAS - Time

series analysis

The more images we use....

...The better we can remove
atmospheric influences

Also means we can look at
seasonal changes

A range of software packages —
PyRate or Mintpy most popular

EZINSAR - nice software
package that integrates
downloading, processing
interferograms, and SBAS

§ ICRAG

EZ-InSAR Paths
| et work arectory

Preparation of SAR data

WA LY 0 BT

Seamen of 1y we
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o Stict-1A
Paih: 135
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Chink B SLC3 S SAC B8t

Check B S.C enderman
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43 EZ-INSAR

ISCE Processing

Cescit i IPF warssns

Swlect e DEM Wisusize

Selection of the processing:

ELC

! / Lerre p ,
Aismicnss B AGE®

INSAR Time Series Analysis

Sialli? 5 Procevsrg MiniPy Prooessing

Selection of INSAR Time Series processor:

e DEM

=> SlaMPS processor;

Please, select the "StaMPS Processing” tab.

== MintPy processor:

Please, select the "MintPy Processing” tab.

Werskse the nsriergrams

S g S L
Select T best redsrence date
Pre-run of 15CE processng

ISCE Steps
2
Rrun B Selesied sep Paraipnaton
Feun il the sieps
Informsation;

The parameters of SLCs are saved

Dwveioped by UCCTs team
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Practical
Information
for the
exercise

Use SNAP to process two TerraSAR-
Ximages over Tapado Rock Glacier

Optionally, repeat the processing
with freely available Sentinel-1 data

This afternoon: demonstration of
time series analysis with Mintpy
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