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Physical principle

● In  the  soil we  have  phase propagation and  am p litude  a t tenua t ion

● Diffe ren t  m oistu re  cond it ions yie ld  different propagation phases at all depths

● The  theore t ica l sensit ivity of InSAR phase  is ve ry h igh  : 1 m m  a t  C-band  = 0.11 m m  of wa te r (1% if dep th  is 1 cm )

Soil moisture with InSAR
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● Spain (Murcia, Alicante)

● Tim e : 2020-06-06 → 2021-05-26 (58 da te s, 1 ye a r with  Se n tine l-1)

● Com pa rison  with  C3S p roducts (0.25° x 0.25°) a nd  ERA5

● The  d iffe re nce  std  be twe e n  ERA5 a nd  InSAR product is less than 3% (Mv)

Soil moisture product validation

Sca tte rom etry Rad iom etry In te rfe rom etry



Preliminary cross-comparison

A more thorough validation activity is to come...
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Backscatter and phase complementarity

Low backscatter-moisture correlation (left) often corresponds to high C-band coherence (right)

Kellndorfer, J. et al., 2022. “Global seasonal Sentinel-1 interferometric 
coherence and backscatter data”. Scientific Data. From NASA Alaska 
Satellite Facility Synthetic Aperture Radar Distributed Active Archive 
Center

W. Wagner et al., “ Widespread occurrence of anomalous C-band backscatter signals 
in arid environments caused by subsurface scattering ”,
Re m ote  Se nsing  o f Environm e n t, Vo lum e  276, 2022.

C-band backscatter anomalies C-band summer coherence



Libya 2020-09-11
Backscatter change InSAR-based soil moisture index



Oman: rain in June 2021
InSAR soil moisture

2021-06-19 IMERG

2021-06-20 10:30 Terra

2021-06-20 13:30 Aqua

2021-06-22 CCI passive

2021-06-22 18:00 S-1



Oman: rain in June 2021
MODIS/Aqua: Land Surface Temperature L2

Clouds

Cooling by
evaporation

2021-06-19 IMERG

2021-06-20 10:30 Terra

2021-06-20 13:30 Aqua

2021-06-22 CCI passive

2021-06-22 18:00 S-1



High resolution with InSAR

InSAR

Example over Namib Desert gravel plain, rain and floods in Jan. 2021



High resolution with InSAR

Example over Namib Desert gravel plain, rain and floods in Jan. 2021

Time series
2020-12-28
2022-03-22
(every 12 days)

Posting: 60 m
Resolution: 120 m



L-band experiment with ALOS-2
● A sparse time-series over northern Apulia, Italy

● Soil moisture product sampled at 200 m

● Total time-span: ~3 years

− Coherence is not good over agricultural areas

− Shorter and denser time series could be better!

● Apparently, good results over undisturbed terrain
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From C-band to L-band
● We expect:

− More coherence, better coverage

− Longer time spans

− Similar or better sensitivity!
● Less phase for the same amount of water (1/lambda)

● But: more penetration (lambda) → sensing more water

● Thinking of ROSE-L we should check:

− The coverage that we can get at L-band 

− The complementarity with backscatter at L-band

● NISAR data are going to be very valuable!



AEMET weather radar superimposed on InSAR-
based soil moisture



● Relevant publications on InSAR soil moisture model and inversion algorithm
− “A SAR In te rfe rom e tric Mode l for Soil Moistu re”, De  Zan  e t a l., IEEE Transactions on Geoscience and 

Remote Sensing, 2014

− “Vege ta tion  and  soil m oistu re  inve rsion  from  SAR closu re  phase s: Firs t expe rim en ts  and  re su lts”, 
De  Zan  and  Gom ba , Remote Sensing of Environment, 2018

Con tact: francesco.dezan@de lta -ph i.eu
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● Extra viewgraphs
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Namibia 2021 -01-09      
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Namibia 2021 -01-21      
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Namibia 2021 -02-02      
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Namibia 2021 -02-14      
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Namibia 2021 -02-26      
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Namibia 2021 -03-10      
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Namibia 2021 -03-22



Dhofar, cyclone Mekunu (2018 May 25 -27)

2018-05-19 
(before) 2018-05-31 

(after)

Soil moisture product: before and after the cyclone



Soil moisture with InSAR on Oman 

InSAR soil moisture time series during June – July 2021 rain event

Oman



Oman: rain in June 2021
Precipitation rate from satellites (IMERG)

2021-06-19 IMERG

2021-06-20 10:30 Terra

2021-06-20 13:30 Aqua

2021-06-22 CCI passive

2021-06-22 18:00 S-1
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