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1 INTRODUCTION 

This document gathers the session summaries with seed questions discussion and 
recommendations of the POLinSAR 2015 workshop, the 7th International Workshop on 
Science and Applications of SAR Polarimetry and Polarimetric Interferometry, organised 
by the European Space Agency (ESA) at ESRIN, Frascati, Italy, from 26-30 January 2015 
(http://seom.esa.int/polinsar-biomass2015). The workshop was organized in parallel with 
the 1st BIOMASS Science Workshop having one-day joint sessions.  
 

1.1 POLinSAR2015 objectives and themes 

The main objectives of the POLinSAR2015 workshop are: 

• Provide a forum for scientific exchange 

• Present the latest exploitation results from fully polarimetric airborne and 
spaceborne systems and assess the state-of-the-art 

• Support the preparation for ESA fully polarimetric BIOMASS mission 

• Present future third party polarimetric missions 

• Present the outcomes from ESA POLSARAP project 

• Review retrieved bio-geophysical parameters and their accuracy 

• Present PI results from ESA/CSA SOAR EU 2 initiative 

• Demonstrate benefits of fully polarimetric systems (vs. dual or single 
polarization) 

• Report on progress/status of POLinSAR 2013 recommendations 

• Make recommendations for algorithm development, new products, future 
missions and applications 

The POLinSAR2015 workshop is focused on the theory and methods in the fields of SAR 
Polarimetry and Polarimetric Interferometry, around the following themes: 

1. Methods and Theoretical Modelling 

2. Data quality assessment 

3. SAR Polarimetric Interferometry (Pol-InSAR) 

4. Polarimetry and Persistent Scatterers Interferometry 

5. Polarimetry and Tomography 

6. Applications of SAR Polarimetry 

- Land: Agriculture, Environment, Wetlands 
- Ocean: Pollution Monitoring, Ship detection, Parameters Retrieval 

http://seom.esa.int/polinsar-biomass2015/
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- Cryosphere: Snow, Land Ice and Sea Ice 
- Hazards: Fire Monitoring, Volcanoes, Flooding, Earthquake 
- Other 

7. Past, Current and Future SAR Missions (e.g. BIOMASS, RCM, SENTINEL-1, ALOS-
2, NovaSAR-S, SAOCOM) 

8.  Airborne and Spaceborne campaigns 

 

1.2 Organising Committee 

Yves-Louis Desnos - ESA-ESRIN, Italy 
Klaus Scipal - ESA-ESTEC, Netherlands 
Michael Foumelis - RSAC c/o ESA-ESRIN, Italy 
Ulla Vayrynen - Serco support ESA-ESRIN, Italy 
Andrea Minchella - ESA-ESRIN, Italy 
Thuy Le Toan - CESBIO, France 
Shaun Quegan - University of Sheffield, UK 
Gordon Campbell - ESA-ESRIN, Italy 
Malcolm Davidson - ESA-ESTEC, Netherlands 
Markus Engdahl - ESA-ESRIN, Italy 
Diego Fernandez - ESA-ESRIN, Italy 
Michael Fehringer - ESA-ESTEC, Netherlands 
Nicolas Floury - ESA-ESTEC, Netherlands 
Bianca Hoersch - ESA-ESRIN, Italy 
Henri Laur - ESA-ESRIN, Italy 
Chung-Chi Lin - ESA-ESTEC, Netherlands 
Nuno Miranda - ESA-ESRIN, Italy 
Betlem Rosich - ESA-ESRIN, Italy 
Frank Martin Seifert - ESA-ESRIN, Italy 
Shaun Quegan - University of Sheffield, UK V 
Thuy Le Toan - Centre d'Etudes Spatiales de la Biosphere (CESBIO), France 
Qiang Yin - Chinese Academy of Sciences, China 

 

1.3 Scientific Committee 

Wolfgang-Martin Boerner - University of Illinois, USA 
Tom Ainsworth - U.S. Naval Research Laboratory, USA 
Stephane Chalifoux - Canadian Space Agency (CSA), Canada 
Alessandro Coletta - Italian Space Agency (ASI), Italy 
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Elise Colin-Koeniguer - French Aerospace Lab ONERA, France 
Wolfgang Dierking - Alfred Wegener Institute for Polar and Marine Research, Germany 
Pascale Dubois - French Aerospace Lab ONERA, France 
Chen Erxue - Chinese Academy of Forestry, China 
Laurent Ferro-Famil - Universitée Rennes 1, France 
Anthony Freeman - Jet Propulsion Laboratory (JPL), USA 
Irena Hajnsek - ETH Zurich - Institute of Environmental Engineering, Switzerland 
Scott Hensley - NASA Jet Propulsion Laboratory. USA 
Wen Hong - Institute of Electronics, Chinese Academy of Sciences (IECAS), China 
Marco Lavalle - Jet Propulsion Laboratory (JPL), USA 
Thuy Le Toan - Centre d'Etudes Spatiales de la Biosphere (CESBIO), France 
Carlos Lopez-Martinez - Universitat Politèica de Catalunya (UPC), Spain 
Juan Manuel Lopez-Sanchez - Universidad de Alicante, Spain 
Maurizio Migliaccio - Universitàegli Studi di Napoli Parthenope, Italy 
Andrea Monti Guarnieri - POLIMI, Italy 
Wooil M. Moon - University of Manitoba, Canada 
Alberto Moreira - German Aerospace Center (DLR), Germany 
Konstantinos P. Papathanassiou - German Aerospace Center (DLR), Germany 
Eric Pottier - University of Rennes 1, France 
Shaun Quegan - University of Sheffield, UK V 
Motoyuki Sato - Tohoku University, Japan 
Christiana Schmullius - Friedrich-Schiller - University of Jena, Germany 
Marc Simard - Jet Propulsion Laboratory (JPL), USA 
Henning Skriver - Technical University of Denmark, Denmark 
Jean-Claude Souyris - Centre National d'Etudes Spatiales (CNES), France 
Stefano Tebaldini - POLIMI, Italy 
Ridha Touzi - Canada Centre for Remote Sensing (CCRS), Canada 
Dan Weydahl - Norwegian Defence Research Establishment. Norway 
Yoshio Yamaguchi - Niigata University, Japan 
Li Zengyuan - Chinese Accademy of Forestry, China 
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1.4 Workshop Programme 
The POLinSAR2015 workshop programme consisted of 13 no parallel thematic sessions 
(incl. 4 joint sessions with BIOMASS2015), complemented by one poster session on 
Thursday 29 January 2015. A total of 76 oral presentations (7 keynote addresses, 69 
thematic speeches and 8 summaries) were given and 56 posters were presented.  
 
The POLinSAR2015workshop presentations are on line published at: 
http://seom.esa.int/polinsar-biomass2015/page_Presentations.php  
 

List of POLinSAR2015 poster contributions can be found at: 

http://seom.esa.int/polinsar-biomass2015/files/Poster_Session_POLinSAR2015.pdf  
  

http://seom.esa.int/polinsar-biomass2015/page_Presentations.php
http://seom.esa.int/polinsar-biomass2015/files/Poster_Session_POLinSAR2015.pdf
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Date Session 

Monday 
26 January 2015 

Opening 

SAR Missions 

Methods and Theoretical Modelling 

Tuesday 
27 January 2015 

Applications of SAR Polarimetry on Land and 
Agriculture 

Applications of SAR Polarimetry on Soil 
Moisture 

Applications of SAR Polarimetry on  
Ocean 

Wednesday 
28 January 2015 

SAR Polarimetry 

SAR Polarimetric Interferometry and 
Tomography 

Applications of SAR Polarimetry on 
Cryosphere - Sea Ice and Snow 

Thursday 
29 January 2015 

(POLINSAR-BIOMASS 
2015 joint sessions) 

The Biomass Mission 

P-band PolSAR and PolInSAR for Forest 
Information Retrieval 

P-band Tomography 

Biomass Beyond Forests 

Friday 
30 January 2015 

Airborne and Campaigns 

Sessions Summaries 

Closing 

Figure 1  POLinSAR2015 workshop sessions 
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1.5 The workshop in numbers  
The POLinSAR-BIOMASS2015 workshop has been attended by a total of 263 participants 
originating from 32 countries (see figure 3 for national distribution of the participants).  

 

Figure 2  National distribution of POLinSAR-BIOMASS2015 participants 
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Figure 3  Group picture of the POLinSAR-BIOMASS2015 workshop 
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2 METHODS AND THEORETICAL MODELING SESSION 
(PREPARED BY ELISE COLIN-KOENIGUER & CARLOS 
LÓPEZ-MARTÍNEZ) 

2.1 Proposed Seed Questions 

1) In PolInSAR 2013 PolSAR data texture had a lot of attention. Several works, have 
addressed it. Which is the current status of the understanding and/or use of texture 
information? 

2) Could new system architectures reveal new PolSAR data applications? 

3) Are system limitations correctly considered in data physical modelling or target 
decomposition theorems? 

4) Would it be necessary to establish a common set of simulated/experimental data to 
test algorithms and/or physical models and to make possible inter-comparisons? 

2.2 Seed question 1 discussion and recommendations  

In PolInSAR 2013 PolSAR data texture had a lot of attention. Several 
works, have addressed it. Which is the current status of the 
understanding and/or use of texture information? 

• Need of “intrincated” statistical models to reflect the complexity of scattering 
process 

• To combine spatial texture information and statistical distributions 

• These statistical models open the door to use high-order statistics, but they have to 
be carefully considered as the order increases, the dependence on the physics is 
weaker. 

• Different physics behind the scattering process can lead to different statistical 
models, but more research is necessary 

o Natural targets (Ocean, ice): Gaussian pdf, K-distribution. Little dependence 
of texture with polarimetry 

o Physical interpretation of G0 model? 

o Effect of deterministic scatterers 

• Physical interpretation of the texture information is completely necessary as it may 
reveal new information 
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2.3 Seed question 2 discussion and recommendations 

Could new system architectures reveal new PolSAR data applications? 

• Wide Swath is necessary on polarimetric modes to make PolSAR applications 
operational, as final users are interested into swath and spatial resolution 

• Need to consider variation of scattering mechanism w.r.t. the incidence angle 

• Need to “push” different dual polarization modes to show final users the benefits of 
polarimetry, considering that the information content depends on the dual 
polarization mode 

• High temporal revisit time may reveal new information 

2.4 Seed question 3 discussion and recommendations 

Are system limitations correctly considered in data physical modelling 
or target decomposition theorems? 

• System limitations (temporal decorrelation, SNR-NESZ) need to be considered for 
proper inversion 

2.5 Seed question 4 discussion and recommendations  

Would it be necessary to establish a common set of 
simulated/experimental data to test algorithms and/or physical models 
and to make possible inter-comparisons? 

• Clear need of common data sets 
• Clear need to share results to assure “reproducibility” 
• ESA data campaigns need more publicity  
• Promote comparison of algorithms through contest-like actions, mainly directed to 

students. Proposition of a kind of “challenge” over a common data sets, whose 
ground truth is hidden 
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3 APPLICATIONS OF SAR POLARIMETRY  
ON LAND AND AGRICULTURE SESSION (PREPARED BY 
IRENA HAJNSEK & KAUPO VORMANSIK) 

3.1 Proposed Seed Questions 

1) What is the role of polarimetry in agriculture/wetland/grassland monitoring? What 
should be the action for ESA until PolInSAR 2017? 

2) Which mode would you recommend to ESA (with regard to the application) for 
implementation? - Would it be  useful to have a regional selection of the mode? 

3) Which observation frequency  and time of the day is recommended? 

3.2 Seed question 1 discussion and recommendations 

What is the role of polarimetry in agriculture/wetland/grassland 
monitoring? What should be the action for ESA until PolInSAR 2017? 

• Advantages/Performance Characterization 

o Provide access to a data set (Radar+Ground measurements) for algorithm 
exploitation  

o Establish a forum for a algorithm contest 

• Time-series + Polarimetry+ SP- and RP-InSAR 

o Increasing the observation space provides the opportunity to solve multi-
parameter models 

• Frequency of Observation (daily-weekly)? 

o Observation frequency is dependent on the crop-/wet-/grassland type 

o Weekly observations would allow to capture changes over a wider variety of 
crop types 

• Are there prospects for an operational agricultural product from Sentinel-1? If so 
what could ESA do to facilitate the development of such products? 

o Are there prospects for an operational agricultural product from Sentinel-1? 
If so what could ESA do to facilitate the development of such products? 

o 3-4 phenology stages for different crops can be potentially distinguished with 
12 day repeat cycle using dual polarimetry 

o A dedicated ESA study for operational phenology classification  is 
recommended 

o Meteorological data should be considered to be able to distinguish weather 
effects from changes in vegetation 
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3.3 Seed question 2 discussion and recommendations 

Which mode would you recommend to ESA (with regard to the 
application) for implementation? - Would it be  useful to have a regional 
selection of the mode? 

After Sentinel-1 a HRWS C-band Mission is considered (HRWSAP) 
 

 
 

• Consistent and fully polarimetry acquisition are recommended in order to keep a 
frequent and uniform data coverage of the individual test sites 

3.4 Seed question 3 discussion and recommendations 

Which observation frequency  and time of the day is recommended? 

• Observation frequency is varying strongly dependent on the application 

• Avoid the early day measurements (dew effected?) 
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4 APPLICATIONS ON SOIL MOISTURE SESSION (PREPARED 
BY RIDHA TOUZI AND CARLOS LAVALLE, CONTRIBUTION 
FROM ANTONIO IODICE, IRENA HAJNSEK, THOMAS 
JAGDHUBER & PASCALE DUBOIS-FERNANDEZ) 

4.1 Papers Presented in Session 
1. T. Jagdhuber et. al., Estimation of Soil Moisture under Vegetation Cover 

atMultiple Frequencies 
The presentation investigated the capability of X-, C- and L-band to provide 
estimates of soil moisture under a vegetation cover throughout the agricultural 
growing cycle. The idea is to use a hybrid approach (model-based and eigenvalue-
based) to separate the scattering from vegetation and soil, and then use the soil 
scattering component to estimate the soil moisture under vegetation. Results were 
shown using F-SAR data acquired at three different frequencies and validated 
against in-situ moisture measurements with FDR probes. 

2. M. Lavalle et al., Soil Moisture Change Under Vegetation: PolInSAR modeling, 
simulation and observations  
The presentation proposed a new PolInSAR model that extends previous 
RVoG/RMoG models to account for soil moisture changes under vegetation. 
Moisture changes affect magnitude and phase of the PolInSAR coherence through 
two distinct ground-to-volume ratios between the two acquisitions. The model was 
illustrated for representative forest scenarios and verified with discrete scattering 
simulations 

3. F. Greifeneder et al., Exploitation of Radarsat-2 dual and quad-pol images and 
modelled compact polarimetry parameters for surface soil moisture estimation in 
mountain areas  
The new RADARSAT C-band satellite, part of the RADARSAT constellation, will 
have a compact polarimetric mode. This presentation investigated the potential of 
compact polarimetry in estimating soil moisture. Estimation method was based on 
machine-learning approach (support vector machine) trained with in-situ 
measurements of soil moisture and other ancillary data.Results were illustrated 
using actual RADARSAT dual-pol and full-pol, and compact-pol data simulated 
from full-pol data. 

4. G. Di Martino et al., Exploring the validity range of the polarimetric two-scale 
two-component model for soil moisture retrieval by using AGRISAR data  
This presentation examined to what extent a two-scale two-component model for 
soil moisture retrieval is valid. The two-scale two-component model is analyzed in 
contrast with three-component models that aim at removing the vegetation cover 
but use more simplified surface models. In order to extend the range of scenarios for 
successful moisture estimation, a hybrid approach that combines the two-scale two-
component approach with the vegetation-removal approach is proposed. Results are 
illustrated with AGRISAR 2006 campaign data. 
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5. Q. Yin et al., Interferometric phase based soil moisture change detection using dual 
pol SAR data  
The presentation described a new coherent model that links the interferometric 
phase at multiple polarimetric channels to soil moisture change. The model was 
used to conduct a sensitivity analysis and compared with experimental observations 
of soil water content in an anechoic chamber. A method based on the model was also 
proposed and applied to ASAR ENVISAT data as well as to AGRISAR campaign 
data. 

6. G. Gramini et al., Time Series Analysis of Hybrid Polarimetric RISAT-1 Data for 
Soil Moisture Estimation  
A time series  of Compact C-band RISAT-1 is analyzed for soil moisture estimation. 
The approach uses the m-alpha decomposition to isolate the scattering mechanism 
associated with surface scattering. The estimated alpha angle is compared with IEM 
simulations to retrieve the dielectric constant, which is converted to soil moisture 
using Dobson’s formula. 

4.2 Proposed Seed Questions 

1) SAR Models for soil moisture extraction in bare and vegetated soil using 
polarimetric and InSAR data 
a. Which method permits the most accurate soil moisture estimation at the 

presence of vegetation? Which decomposition allow the most accurate removal 
of vegetation among different polarimetric decompositions? 

b. New models of soil moisture using SAR interferometry have been recently 
developed. Do these interferometric models potentially improve estimation of 
moisture in bare and vegetated soil? 

2) Assessment and validation of the polarimetric and InSAR models for soil moisture 
estimation.  
a. Are the current satellite and airborne data sufficient to test and demonstrate 

soil moisture estimation? If not, what new experiments and tools can be 
suggested ?  

3) Fully polarimetric versus dual-pol HH-HV, VV-VH and Compact SAR: 
Requirement on NESZ for effective exploitation of fully polarimetric SAR 
information 

4) Soil moisture retrieval using Compact SAR 

4.3 Seed question 1 discussion and recommendations 

SAR Models for soil moisture extraction in bare and vegetated soil using 
polarimetric and InSAR data.  

Which method permits the most accurate soil moisture estimation at the 
presence of vegetation? Which decomposition allow the most accurate 
removal of vegetation among different polarimetric decompositions? 
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No final agreement is reached in the moment regarding the optimum decomposition for 
soil moisture estimation under vegetation cover. There is a tendency towards hybrid 
(model-based combined with eigen-based) decompositions. More experiments need to be 
conducted for model validation using different L-band sensors . 

New models of soil moisture using SAR interferometry have been recently 
developed. Do these interferometric models potentially improve estimation 
of moisture in bare and vegetated soil? 

Interferometric phase has important information for detecting and estimating (relative) 
soil moisture changes. In general, TomoSAR and PolInSAR further extend the observation 
space and should be considered also for soil moisture estimation under vegetation. 

4.4 Seed question 2 discussion and recommendations 

Assessment and validation of the polarimetric and InSAR models for 
soil moisture estimation.  

Are the current satellite and airborne data sufficient to test and demonstrate 
soil moisture estimation? If not, what new experiments and tools can be 
suggested ?  

• Large anechoic experiment under controlled soil and vegetation environments are 
required  to test decompositions and inversion approaches for soil moisture under 
vegetation cover (ESA support wished) 

•  Define test data set for performance comparison of different soil moisture retrieval 
approaches and have an independent validation by a third party.  

• Encourage campaign funding from ESA for PolInSAR and TomoSAR campaigns to 
better measure in 3D the type, intensity and location of different scattering 
contribution within the complex volumes (agriculture, grassland, bush land, forest) 
over soil (e.g. SAOCOM Tango). 

4.5 Seed question 3 discussion and recommendations 

Fully polarimetric versus dual-pol HH-HV, VV-VH and Compact SAR: 
Requirement on NESZ for effective exploitation of fully polarimetric 
SAR information 

• Fully polarimetric SAR provide better soil moisture estimates for vegetated soils in 
comparison with dual- pol and Compact. 

• The requirement on the NESZ is strongly related to the application. The latter may 
require a preferred spatial resolution and incidence angle. 

• Soil moisture estimation in bare and vegetated areas :  
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o Polarimetric coherent inversion relies on accurate relative (and not absolute) 
calibration, and it requires that all channels are located above the noise floor;  

o However, for bare or little vegetated areas at L-Band the HV sigma zero can 
be as low as about -30 dB, so that the NESZ should be few dB  lower than that 
value if we require that all channels are located above the noise floor. 

o For soil moisture inversion algorithms that involves HV, the NESZ should be 
better than -30 dB at C band, and lower for L band (-35dB). 

o However, this requirement on the NESZ can be relaxed if EM inversion 
models are based only on  HH and VV.  

• Peatland subsurface water flow monitoring :  

o Peatland is a class of wetlands with more than 40cm peat  

o Experience with L-band ALOS of 20x20m resolution at 20 degree incidence 
angle lead to the requirement of -34 dB on NESZ.  This permits exploiting  
the sensitivity of scattering phase to  peatland subsurface water for peatland 
monitoring.  

o Although peatlands globally only cover 3% of the land they store 30% of the 
terrestrial carbon. The detection of peatland subsurface water flow provides 
essential information for monitoring bog-fen transformations due to various 
sources of stress (climate change, fire, and anthropogenic activities). 

• The NESZ requirements above have already been satisfied with the current SAR 
missions in the quad-pol mode within a limited swath (50km): 

• L-band ALOS (PLR): 20x20m resolution at  20 degree with a  NESZ of -34 dB 

• L-band ALOS2 (PLR): 9x9m resolution with NESZ  better than -34 dB between 25°- 
50° incidence angle. 

• C-band Radarsat2 (PLR):  Fine mode: 9x9 m resolution with a with NESZ  better 
than -32dB within the 20°- 50° incidence angle range.  Standard mode: 20mx20m  
with  NESZ better than – 35 dB within the 25°- 50°. 

• Narrow 50km swath (ALOS2 and Radarsat2) reduce the operational use of these 
polarimetric  SAR mission for soil moisture monitoring 

• Digital antenna beaming => permit larger swath (250km) 

• Upcoming L-band digital antenna missions: Tandem DLR-JAXA Mission, and 
NISAR. 

• It is wished that the NESZ would be better than -35 dB (at least at moderate  
20x20m resolution and within 100 km swath) 
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4.6 Seed question 4 discussion and recommendations 

Soil moisture retrieval using Compact SAR 

• First results with hybrid-polarimetric RISAT-1 C-band time series for soil moisture 
estimation  

• The paper showed  promising results for soil moisture estimation for bare and 
vegetated soils at various incidence angles.  

• A quality assessment of “calibrated” RISAT data is  required 

• There is a need for development of new methods for compact SAR calibration. 

• There is a need for the development of new models and their validation for compact 
polarimetry. 
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5 APPLICATIONS OF SAR POLARIMETRY ON OCEAN 
SESSION (PREPARED BY MAURIZIO MIGLIACCIO) 

5.1 Papers Presented in Session 
7. A. Buono et al on CP SAR for oil slick monitoring; 

8. R. Touzi on Target scattered wave polarization signature; 

9. R. Paes et al on a Ship monitoring campaign off the coast of South Africa; 

10. D. Velotto et al. on Ship monitoring campaigns. 

5.2 Discussion and Recommendations  

• PolSAR added value products for marine and maritime applications, e.g. oil slick 
and man-made target monitoring, are reliable and effective; 

• There is expectation that PolSAR can be useful to generate even other added value 
products.  

• Marine and maritime added value products are of operational interest. 

• In time varying scenarios spatial and temporal data coverage is essential; 

• At the moment CP is a possible (sub-optimal) solution while the exploitation of 
beamforming SARs may be in the near future a better solution; 

• Virtual constellation exploitation is a key issue. 
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6 SAR POLARIMETRY SESSION (PREPARED BY ERIC 
POTTIER & WOLFGANG-MARTIN BOERNER) 

6.1 Discussion and Recommendations 
• Classical problem to be solved: Target orientation vs RLOS Orientation 

• New field of investigation: PolSAR texture 

• Recommendations: Frequency analysis (P,L,C and X Bands) -> S Band needed 

• Future effort: Revisit spinoral polarimetric approaches -> more complete 
description of polarimetric scattering phenomena 

• Action: Foulum time-series datasets  ESA PolSARpro web site 

 

7 SAR POLARIMETRIC INTERFEROMETRY AND 
TOMOGRAPHY SESSION (PREPARED BY STEFANO 
TEBALDINI & MATTEO PARDINI) 

7.1 Papers Presented in Session 
- Tandem-X Pol-InSAR Inversion for Mangroves of East Africa, SeungKuk Lee, 

Nasa, US 

- On the characterization of Scattering Mechanisms Occurring in Agricultural 
Vegetation by Means of Polarimetric SAR Tomography, Hanna Joerg, DLR, 
Germany 

- Forest height estimation using Spaceborne PolInSAR dataset over Tropical 
forests of India, Unmesh Govind Khati, Indian Institute of Remote Sensing, 
India 

- Above Ground Biomass estimation from SAR vertical reflectivity profiles, Astor 
Torano, DLR, Germany 

- Vegetation height estimation performance with respect to RVoG model 
deviations for full and compact Polarimetry, Antoine Roueff, Ecole Centrale 
Marseille, France 

- Diff-Tomo opportunities for long  wavelenght satellite systems, Fabrizio 
Lombardini, Università di Pisa, Italy 

- Exploring Vegetation Profiles from TanDEM-X Phase, Lidar, and Field 
measurements in Tropical Forests, Robert Treuhaft, JLP, US 

7.2 Discussion and recommendations  

Tomographic SAR imaging has increasingly been considered to map complex natural 
scenarios. Forestry is the most advanced TomoSAR applications, different researches being 
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focused on connecting TomoSAR imaging to biophysical forest parameters. However, 
recent results prove TomoSAR a most useful technique for ice and snow investigations as 
well.  
 
The availability of suitable data-sets from airborne and ground-based campaigns has 
undoubtedly greatly boosted TomoSAR investigations, advancing signal processing 
techniques and physical interpretation. 
 
The community agrees that further efforts should be spent on linking TomoSAR profiles, 
which are indeed a Radar product, to relevant parameters of the imaged media. This task is 
recognized to require extensive and evolving data-sets, as well as the development of 
protocols for measurements and validation in collaboration with ecologists, snow and ice 
scientists, and geophysicists. 
 
 
In particular, the following needs are identified: 

• Forested areas:  
o Coincident TomoSAR and Laser measurements (airborne, TLS) 
o Field works 

• Ice and snow: 
o Further campaigns on different types of ice (alpine, sea, lake…) 
o High resolution imaging on snow and ice to better understand scattering 

mechanisms 
o GPR, Lidar, In-situ measurments 

 
It is also suggested to make the first step into TomoSAR imaging of arid zones, aiming at 
improved mapping of subsurface water content and subsurface structures. 
 
The community warmly welcomes the new generation of long wavelength simultaneous 
spaceborne InSAR missions, such as Tandem-L and SAOCOM-CS. These systems will 
provide for the first time multi-baseline data virtually unaffected by temporal 
decorrelation, therefore allowing TomoSAR analysis of natural media (mostly forests) from 
space.  
 
In this respect, the community recommends to push studies on signal processing methods 
properly tailored to handle spaceborne simultaneous InSAR data. 
It is also noted that this kind of data is not provided by current TomoSAR campaigns, 
which are carried out in repeat-pass mode. Accordingly, special campaigns (airborne 
and/or ground-based) should be devised to provide simultaneous InSAR data. 
 
Finally, it is noted that studies on differential tomography could indicate the guidelines for 
optimizing orbital designs of future monostatic TomoSAR systems. 
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8 APPLICATIONS OF SAR POLARIMETRY ON CRYOSPHERE - 
SEA ICE AND SNOW SESSION (PREPARED BY ARMANDO 
MARINO & TORBJORN ELTOFT) 

Talks covered applications ranging from sea ice to glaciers and snow, including geophysical 
interpretation of snow and ice thickness, snow-water equivalent, melt-pond fraction, and 
salinity. A variety of techniques, sensors and methodologies were presented. 

1) “Extraction of late summer sea ice properties from polarimetric SAR features in C- 
and X- band, Ane Fors, University of Tromsø, Norway. Investigating the correlation 
between simple PolSAR features and geophysical properties, such as thickness, 
roughness and meld-pond fraction. 

2) “Radar Interferometric and Polarimetric Possibilities for Determining Sea Ice 
Thickness”, Scott Hensley, JPL, US. Looking at modelling the interferometric phase 
centres in relation to thickness. It was demonstrated with airborne data. 

3) “Retrieval of sea ice salinity with fully polarimetric SAR”, Jacob Grahn, University of 
Tromsø, Norway. Model inversion of IEM with ANNED Adaptive Non Negative 
Eigenvalue Decomposition for retrieving salinity.  

4) “Automated sea ice classification based on dual polarimetric TerraSAR-X Data”, 
Rudolf Andreas Ressel, DLR, Germany. Feature selection and automatic classification 
with a Neural Network for navigation purposes. Six important features were selected. 

5) “Polarimetric and Interferometric Methods to determine Snow Depth, SWE, and the 
Depth of Fresh Snow, Silvan Leinss, ETH Zurich, Switzerland. A model inversion 
technique was used to retrieve SWE and depth. Demonstrations were provided with 
satellite and ground instruments. 

6) Dual-Pol X-Band Pol-InSAR Time Series of a Greenland Outlet Glacier, Georg 
Fischer, DLR, Germany. This study depicted the seasonal changes of various 
polarimetric properties on the Helheim glacier in Greenland. 

7) What can polarimetric SAR data tell us about snow accumulation on polar ice sheets? 
Stefanie Linow, Alfred-Wegener-Institut, Germany. It was showed that wind-blown 
snow structures were visible in polarimetric images and some preliminary modelling 
was proposed. 

8.1 Proposed Seed Questions for Ship Target detection: 
1) What is the current status and future needs in PolSAR analysis for cryosphere: 

o Polarisation: quad-, compact- dual-, single-pol ? 

o Frequencies: X-, C-, S-, L-, P-, Ku-… ? 

o Repeat time: daily, weekly, monthly, seasonally… ? 
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o Swath width: 30km… 400km? 

o Resolution: 1m to 50m? 

o Algorithms or Models: what are the current limits? 

o System requirements: Noise floor (level and quality), quantisation, calibration? 

o Other… 

2) Data fusion: How can cooperative missions benefit PolSAR applications (multiple 
sensors, multiple frequencies)? For which applications is combining of data 
beneficial? 

3) Ground measurements: Is this a current limiting factor in our work? Do we 
currently share ground measurements and can we improve on this? Do we need 
common test data in PolSARpro and who can fund it? Are there issues in validation: 
co-location, scaling, parameters, etc…. ? 

8.2 Seed question 1 discussion and recommendations 

What is the current status and future needs in PolSAR analysis for 
Cryosphere? 

• Noise floor: This was a point largely discussed: 

o There is an opinion that having a very low noise floor in HV is more 
important than any other aspects, including polarimetry: if the noise floor is 
not sufficient you may essentially need to discard HV and not perform full-
pol. 

o People also noted that some applications may be not so critical on 
noise floor, but rather on other points: resolution, swath width. 

• Methods: From the methodological point of view, we should better define what are 
the physical properties and parameters we are more interested in observing 

o We may need help from researchers working outside the remote 
sensing community in defining these parameters. 

o We questioned whether we need new complicated models or continue 
development existing simpler models:  

 One answer was that we need to design new models since they often 
lead to new unknown products. 

 It was pointed out that the cryosphere models are not as mature 
as in other fields: e.g. RVoG for forestry. 

• It was noted that in-situ campaigns are often biased by ease of access. 
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o Maybe better communication/planning is needed between in-situ researchers 
and remote sensing scientists. 

• It was noted that several of the specifications are strongly depend on the application. 
Several examples were given:  

o Frequency: X and C for surface (or even Ka, mimicking lidar 
measurements) and P or L for volume  

o Repeat time: daily for ice drift or seasonally for glacier mass balance 

• To conclude on this discussion, it appears that a system able to provide large 
swath and high resolution could accommodate several different applications. 

o e.g. HRWS fully polarimetry (280 km with 5mx5m spatial resolution).     

8.3 Seed question 2 discussion and recommendations 

Data fusion: How can cooperative missions benefit PolSAR applications 
(multiple sensors, multiple frequencies)? For which applications is 
combining of data beneficial? 

• It was recognised that there have been previous large ESA projects on data fusion 
(for climate) in the past and data fusion will be supported in the future as 
well.  

• It was also noted that as a wish list a dual frequency simultaneous acquisition 
from space would be very beneficial: it would avoid problems of co-location and 
drift: 

o It has been demonstrated with airborne sensors that this can lead to 
improved performances. 

8.4 Seed question 3 discussion and recommendations 

Ground measurements: Is this a current limiting factor in our work? Do 
we currently share ground measurements and can we improve on this? 
Do we need common test data in PolSARpro and who can fund it? Are 
there issues in validation: co-location, scaling, parameters, etc…. ? 

This point raised some important discussion particularly from young 
researchers.  

• It was recognised as a limiting factor: it is high risk and it may take several 
campaigns to get datasets that can be used. 
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• Funding was also noted as a factor and it was questions if ESA could directly 
support ground measurements in the future:  

o This has already be done in the past. 

o Also ESA was involved in developing new ground devises: SnowScatt. 

• An alternative suggestion was to build a dedicated remote station (but it could 
be technically difficult). 

• As a community we may need to better agree/list the set of ground-based 
parameters to measure: it was pointed out that we should aim for a superset of 
parameters and not compromise (the effort of getting into the field is the costly part) 

• Further to discussion on previous sessions, a common dataset was considered 
beneficial: students finishing with project work could upload the data resources to a 
common database. 

o This could be huge and a distributed dataset could help, but with a 
common reference catalogue. 

• To conclude on this discussion, it was noted that even the best system is limited 
without appropriate ground measurements to develop algorithms. 
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