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12. SAR for land subsidence
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SAR Interferometry (INSAR)
— use of phase for change detection

Interferometric Synthetic Aperture Radar (InSAR) also known as SAR Interferometry, is the
measurement of signal phase change between two images acquired over the same area at
different time. When a point on the ground moves, it alters the distance between the sensor and the
point, resulting in a change in the signal phase.
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The radar signal's phase
represents the number of

o oscillation cycles the wave
completes during its journey
R from the radar to the surface

and back.

Interferometry is the only
solution for resolving this
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Differential Interferometry

second pass:
measures phase { ¢ ) for a8
each pixel for time ( #; )

« Differential Interferometry or DINSAR is a
intererometric  technique in  which
topographic effects are compensated by
using a Digital Elevation Model (DEM)

displacement:

pocel A moves about 1.5 measures reference
wavelengths (~4.2 cm) R |
toward the satellita, with phase ( g ) for each
respect to pixel B pixel for time ( ¢, )

« Small surface deformations in the Earth's
surface, such as subsidence, uplift, or
deformation, can be detected with high
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precision, sometimes down to the s Q) ents he
millimeter level phase () of a wave

« Particularly useful for monitoring ground
movements caused by natural
phenomena like earthquakes, landslides,  car - v
or human activities such as mining or pfd#an:;x%?q,._a;m,m :
groundwater extraction. ‘i?' Y e




Phase unwrapping

* In order to correlate the interferometric
phase with topographic height, the
phase must undergo an unwrapping
process

 Then, the proper 2p phase “ambiguity”
must be determined

 The altitude of ambiguity refers to the
altitude difference that causes a change
In the interferometric phase

« Phase unwrapping resolves this
ambiguity by integrating the phase
difference between adjacent pixels
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Phase unwrapping

Consequently, unwrapped
results should be interpreted
as relative height  or
displacement between pixels
In two images.




Interferogram

One cycle of color represents one cycle of
relative phase.

The SAR interferogram is created by
multiplying each pixel of the first SAR
Image with the complex conjugate of the
corresponding pixel in the second image

Consequently, the amplitude of the
Interferogram Is determined by the product
of the amplitudes of the two images, while
its phase, represents the difference in
phase between the two images. This phase
difference is caused by variations in path
length due to differences in elevation,
motion, or deformation.

The resulting interference pattern, referred
to as FRINGE, is represented within the
range of [-T1, 1T ].




Coherent Change Detection

SIR-C L and C-band Interferometry

« Simultaneous C and L band
* InSAR experiments have shown good correlation at L-band

JERS(L-band, 23.5 cm, HH) ERS(C-band, 5.6 cm, VV)
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Applications of INSAR

Land surface

Forest monitoring

Cryosphere SAR Tomography




Applications of INSAR

Subsidence of Italy

With advances in the methods of
interferometry, subsidence of entire
countries can now be mapped. This
image shows the average
displacement rates over millions of
permanent scatterers identified over
ltaly using data from ESAs ERS
missions (1992-2001). The project
was financed by the Italian Ministry
of the Environment and carried out
by e-GEOS, TRE and Compulab.



Crustal deformation

Gradual changes in the Earth's crust over
time, typically caused by:

- natural processes - tectonic plate
movements, earthquakes, volcanic
activity

- human-induced activities: mining or
groundwater extraction

Displacements of the Earth's surface:
Including uplift, subsidence, faulting,
folding, or other

Key indicator to understand the dynamic
processes occurring beneath the Earth's
surface and to assess the potential for
seismic hazards

Ground subsidence near Pomona, California
Time interval: 20 Oct 93 - 22 Dec 95

shaded view of phase field
Vertical exaggeration: ~ 20,000

ERS-1, 3-pass interferogram

Radar data: (c) European Space Agency G. Peltzer, 1997 - JPL




Crustal deformation

Landslip and land subsidence

Existing Condition

Qil / Natural Gas
Extraction

Disturbance

Effect of Disturbance

Mining

Downward movement
of soil or sinking of the
land from its previous
level

Dissolution of
Limestone
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SAR for Land Subsidence - Applications

Monitoring of groundwater extraction
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Larissa’s ups and downs

For example, this image shows the
rate of ground displacement
between 2015 and 2020 in and
around Larissa, the capital of the
Thessaly region in Greece. While
the southern outskirts of Larissa
experience some uplift, the village of
Chalki to the southeast subsided by
an average of 40 mm a year, largely
as a result of groundwater
extraction. Ampelonas to the
northwest also experienced
subsidence.




SAR for Land Subsidence - Applications

Infrastructure monitoring
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INFRASTRUCTURE MONITORING USING SENTINEL-1(VAHOVCE, SLOVAKIA)
Seasonal movements detected between supporting piers of the bridge




SAR for Land Subsidence - Applications

Monitoring of coal mining activity
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SAR for Land Subsidence - Applications

Monitoring of coal mining activity

> I, T R GNP BN =N, - i S Based on ‘Persistent Scatterer
(T i u o e g U T O Interferometry’ radar data from the
% BRI, YA Tt v WP A f” Copernicus Sentinel-1 mission, the
“’ ' map shows how the land surface
: shlfted iIn millimetres a year between
‘ 2014 and 2019 in the Ruhr in
% Germany. The subsidence shown in
F iy red is because of open pit lignite
.. mining accompanied by groundwater
| lowering. Blue patches in the
adjacent area are likely to be related
- to the rise of groundwater after
mining activities ceased.
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SAR for Land Subsidence - Applications

Monitoring the sinking

Using images that Sentinel-1A acquired between November 2014 and April 2016, this
map shows subsidence (red) and uplift (blue) in the northeast of the Netherlands.



SAR for Land Subsidence - Applications

Monitoring of ground displacements over the drainage pots

SAGD field in Alberta. SqueeSAR® analysis provided measurements of ground

displacement over the drainage pads.



SAR for Land Subsidence - Applications

Monitoring displacements over active oil operations
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Displacement over active oil operations. Red and blue indicate areas of rapid
subsidence and heave detected by SAR satellites. © DLR e.V. 2009-2013 and ©
Airbus Defense and Space GmbH



SAR for Land Subsidence - Applications

Volcano uplift and subsidence

Etna’s uplift and subsidence
This image shows the rate of
ground displacement between 2015
and 2020 around Mount Etna and
surroundings on the Italian island of
S @ ' Sicily. While the volcano’s western
AJD e o flank experienced some uplift, its
AR : eastern flank subsided, on average,
80 mm a year.

For more information, see the tutorials:

e o 12. Land subsidence mapping__using
roun ISplacement rate . .
2015-2020 mean vetical vlcity (mmyea) SAR interferometry (InNSAR) using_the
supsidence uph
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https://uge-share.science.upjs.sk/webshared/ESA_ENEUM/Applied_Radar_RS/Practicals/exercise_12/Tutorial_12.pdf
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