Closure phases and biases in INSAR products
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Performance comparison study
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Mount Etna
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Interferograms vs. closure phase
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Mis-closures are possible only with spatial averaging!

# F. DeZan M. ZonnoandP. LépedDekker, Phasdnconsistencieand Multiple Scatteringn SAR
DLR Interferometry"” in IEEE Transactions @eosciencand RemoteSensing2015
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Rain event in Japan (Kumamoto)
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Weather radar images
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Mts. Hakone & Fuji (Japan), ALOS-2, 2014-2015
Clsure phase / O dg




Mexico, Sentinel-1, Descending, Closure Phase +/- 30 deg, 2014-2016
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One-year deviation between 12-day and 24-day S1
Interferograms

A Colorscale: +/- 360 deg => 28 mm/yr

A Far away from 1 mm / year target : necessity of log-span interferometric
measurements
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Interferometric phases and velocities are biased

| The presence of closure phases means that there is a path dependency in the
temporal integration

| Presence of systematic closure phases means that
C the interferometric phases are biased, at least some of them
C velocity estimates are biased

| We now know that short term interferograms are the culprit!
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How to estimate the bias magnitude?
(without doing all the processing)

| Average closure phases with short and long arms
| Assumption: the long arms have little bias

| The asymmetric mis-closure should represents mostly the short-term bias
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Moisture inversion (Kumamoto, ALOS-2)

18 April 2016 2 May 2016 . 16 May 2016 _13 June 2016
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F.DeZanand G. Gombayegetationand soilmoistureinversionfrom SARclosurephasesfirst
DLR | experimentandresults RemoteSensingf Environment (2018)




We have some validationsé

Kumamoto, ALOS -2 CanEX-SM10, UAVSAR, JPL
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G. Gomba and F. De Zan, Estimating soil moisture from SAR Interferometry with
Closure Phases, IGARSS 2019 (poster)




Moisture signal in SAR interferograms (L-band)

AMagnitude: a few centimeters in L-band (10-20 % of wavelength, S. Zwieback)

A Corrections for INSAR: two examples over Kumamoto with our model

* July 29 ¢ August 8 2016
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Modeling the velocity bias

| The moisture model seems not to describe the bias (wrong sign, more seasonal)
| Some scatterer electrically moving away from the satellite at 0.1 mm / day
1
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Current theoretical performance

A Assuming four years of Sentinel-1 with 60 acquisition / year

Residual Residual | Instrument/ Total Deformation
troposphere | ionosphere | geometry rate
Germany 1.0cm 1.0 cm 1.5cm 2.1 cm 1.3 mmiyr

Indonesia 3.0cm 1.0 cm 1.5cm 3.5cm 2.1 mmiyr

ATo reach this performance at large scale (large distances) we need:
A Good instrument / orbits

ATropospheric corrections (numerical weather models, e.g. ERA5)
Alonospheric corrections (e.g. from CODE model or split spectrum)

A Accurate processing!
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PSI vs. GPSstd: 0.86 mm/yr




North and East Anatolian Faults i
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