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1.1 Introduction 

This document contains the Session Summaries and Recommendations of the fifth Advances in 
SAR Oceanography workshop, SeaSAR 2018, hosted in ESA-ESRIN from 7th  to 10th May 2018. The 
contents have been compiled by the session chairpersons, and it has undergone minor editing in 
order to improve readability and clarity.   

Editor: Marcus Engdahl, ESA, SeaSAR 2018 Workshop Organiser  

 

1.2 LIST OF ACRONYMS  

ALOS    Advanced Land Observing Satellite  

APS    Atmospheric Phase Screen  

ARIA    Advanced Rapid Imaging and Analysis  

ASI    Agencia Spaziale Italiana  

AVO    Alaska Volcano Observatory  

AWS    Amazon Web Services  

CEOS    Committee on Earth Observation Satellites  

CNSA    China National Space Administrator  

CSA    Canadian Space Agency  

CSK    COSMO-SkyMed  

COMET   
Cooperative program for Operation Meteorology, Education and 
Training  

DEM    Digital Elevation Model  

DIAS    Data and Information Access Services  

DInSAR   Differential InSAR  

DLR    German Aerospace Center  

DOI    Digital Object Identifier  

DS    Distributed Scatterer  

DSM    Digital Surface Model  

EPOS    European Plate Observing System  

EU    European Union  

ECMWF European Centre for Medium-range Weather Forecasts  
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EW    Extended Wide Swath  

FEM    Finite Element Method  

GACOS   
Generic Atmospheric Correction Online Service for 
InSAR  

GEO    Group on Earth Observations  

GEP    Geohazards Exploitation Platform  

GNSS    Global Navigation Satellite System  

GPS    Global Positioning System  

GRD    Ground Range Detected  

GSNL    Geohazard Supersites and Natural Laboratories  

H2020   Horizon 2020  

InSAR    Interferometric SAR  

IPF    Instrument Processing Facility  

ISPC    Interferometric Scattering Phase Center  

IW    Interferometric Wide Swath  

JAXA    Japan Aerospace eXploration Agency  

MERIS   MEdium Resolution Imaging Spectrometer  

NASA    National Aeronautics and Space Administration  

NG    Next Generation  

NWP    Numerical Weather Prediction  

PALSAR   Phased-Array L-band SAR  

PS    Persistent Scatterer  

PSI    Persistent Scatterer Interferometry  

PSTG    Polar Space Task Group  

R-2    RADARSAT-2  

SAR    Synthetic Aperture Radar  

SLC    Single Look Complex  

SNAP    SeNtinel Applications Platform  

SNGMS   Supra National Ground Monitoring Service  
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S-1    Sentinel-1  

TEC    Total Electron Content  

TEP    Thematic Exploitation Platform  

TOPS    
Terrain Observation by Progressive 
Scans  

TSX    TerraSAR-X  

TDX    TanDEM-X  

UNAVCO  University NAVSTAR Consortium  

USO    Ultra Stable Oscillator  

VHR    Very High Resolution  
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1.3 Target Dection SESSION  
CHAIRPERSONS: Eltoft Torbjørn, Brekke, Camilla  

Some statistics: 
• Announced: 8 presentations, 5 posters 
• Iceberg detection: 3 talks, 3 posters 
• Ship detection: 3 talks, 2 poster 
• Wake detection: 2 talks, 1 poster 
Topics covered: 

• A new method for detection of icebergs in sea ice for Sentinel-1 data 
• Automatic iceberg detection in different background environments 
• Iceberg monitoring from Sentinel-1 data for assisting sail racing 
• Full-polarimetry for iceberg detection in open water 
• Monitoring of a drifting iceberg with Sentinel-1 
• Synergies between SAR & AIS 
• Vessel velocity analysis in SAR 
• Contrast analysis for polarimetric SAR 
• Wake detection and modelling 
• Statistical approach to wake detection with a priory from AIS 

Algorithms for detection and discrimination 

Are target detection algorithms enough matured, or are there room for further development? 
Are machine learning algorithms a solution? Polarimetry? 
Should processing be based on focused images (intensity or SLC), or are other approaches 
more appropriate? 

How do we discriminate between ships and icebergs? 

PolSAR data is good for iceberg detection and characterization, but has limited swath. 

Combinations of C and L band useful, ESA please launch an L-band SAR. 

Machine Learning and Deep Learning are powerful, but need large validated data sets to train. 

Deep Learning very good when you have a general classification task. Needs to validated for 

specific task (detection of ships).Algorithms and approaches Detection of small, non-metallic objects: What 
can be done?Anomalous behaviour: Is this an issue for the SEASAR community? 

Anomalous behaviour is defined as behaviour that deviated from normal. This topic is on the boundary of 
theSAR community. North Sea experiment with rubber boats – HV you can still see the wakes even though 
the ships cannot be seen.Sentinel-1 Doppler product, integrated with target detection and AIS has quite 
promising potential. 
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Sensors 

There are initiatives on developing dedicated target detection systems. 

Does the community have any views on what should be the technical requirements for such 

systems in terms of: 

- Frequency 
- Polarization (single, dual, quad, compact) 
- Incidence angle 
Compact Pol: some parameters seem useful for target detection. 

There are publications comparing RS-2 and Sentinel-1, with data sets taken at the same time. High 
frequencies has shown more ship structures.Optical and SAR should be combined. 

Systems 

Integrated systemsDoes the community have any views on what should be the technical requirements for 
such systems in terms of: 

- Platforms constellation 
- Co-operation SAR-UAVs 
- Co-operation SAR-Models 
No specific recommendations 
Recommendations 

Algorithm developments rely on availably of validation data.Detection capabilities for targets in open ocean 
is dependent on the background environment. For open oceanthis includes:  

- Wind 
- Sea state 
- Imaging geometry 

Users want to know how small objects one can detect. 

For studying and comparing the performances of various algorithms, there should be established a data 
archive, 

which  contains validated ships in open ocean, which covers a multitude of wind situations, sea states, and 

imaging  conditions. 

A similar archive should be created for icebergs in open  ocean and in sea ice (E.g. Kaggle Competition). 
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1.4 Synoptic Session 
CHAIRPERSONS:  Johannessen, Johnny A., Holt, Benjamin, Aouf, Lotfi  

8 presentations during the session 

-  Interesting analysis of ocean surface eddies with SAR images 

-   analysis of upper ocean mesoscale for the Agulhas currents 

-  synergetic use from multi-source of satellite images( S1, S2,S3).  

- applications with results from using L2 wave spectra of of Sentinel-1. 

-  Developing algorithms to retrieve SWH from SAR images (TX and S1) 

-  the summary of discussions is given here below : 

- Timeliness is very important for operational use and improvements have 

             to be done in order to reach less 3h. It is crucial need from meteorological 

users (forecasters) 

- Need for validation dedicated to the analysis of SAR images : field 

experiment should be organized to achieve main objectives and demonstrate the usefulness of Sentinel-1 
data. 

- need for TOPS wave products for regional CMEMS-MFC s Synoptic Observations of Currents, Eddies and 
Fronts 

Science Objectives: 

 • What is the contribution of mesoscale to submesoscale (<~30 km) currents, eddies, currents, 
fronts, to upper ocean dynamics, vertical exchange, and energy dissipation? 

• Improve the understanding of physical properties and generation mechanisms. 
• Determine role in the coastal circulation and energy budget. 
• Determine the connection between feature surface expressions and in situ properties. 
• Determine biological and optical response. 
• Determine connection between SAR data, surface slicks, SST, season, mixed layer depth. 
• Synoptic Observations of Currents, Eddies and Fronts: 
• Modeling results indicate 50% eddy kinetic from eddy scales < 50 km 
• Define validation field campaigns that evaluate mission science requirements 

Recommendations: 
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Accuracy and resolution of Doppler centroid estimation need more investigation and preferably 
improvement.  
TerraSAR-X tandem (along track IF) and Radarsat acquisitions over super sites are highly wanted. 
S1 and S3 (S2) orbits in constellation 
Physical based scattering model included in dynamic framework. 
Validation by opportunities – air sea interaction experiment  
Operational demonstration is now feasible for selected sites. Important product for oceanographers 
and modelers? 

1.5 Other Application Session 
CHAIRPERSONS:  da Silva, José Carlos , Antunes, Sónia Alexandra  

There were 8 presentations in the Session “Other Applications” addressing issues such as: oil pollution 
detection on operational basis, natural film slicks on the sea surface, discrimination between natural and 
anthropogenic slicks with dual and cross-pol radars at different wavebands, sensor synergy detection of 
algae blooms and look a likes, rain detection in radar images at different frequencies, internal waves and 
bathymetry retrieval.   

The following recommendations / suggestions were made: 

• Noise removal is an important SAR processing step that needs to be improved. 

• VV/HH channels in future SAR missions would be very important for oil spill characterization among 
others; 

• Better calibration of the sensors would be beneficial, so that absolute values instead of relative 
could be used; 

• In general, to test algorithms/methodologies more in-situ data is needed; 

• For improving discrimination between oil spills and biological blooms, lab tests should be very 
useful or even necessary; 

• DLR experts commented that following close validation of the Deep Horizon case, usually the areas 
of the spills are estimated too large. In practise they are much smaller, so not only a discrimination 
among oil types and discrimination of oil/biogenic slicks is needed but even between oil and smooth 
area in areas with less wind. 

• In general, it would be very important to make available in future missions different radar bands; 

• For volume estimation, hyperspectral sensors would be valuable, maybe in some platforms that 
could avoid clouds… 

• We are at a turning point, at which the need to discriminate plastic and garbage would be 
important and require validation campaigns. 
 

1.6 Winds  Session 
CHAIRPERSONS:  Kerbaol, Vincent, Yang, Jingsong  
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1.6.1 Algorithms for wind speed and wind direction (Seed questions) 
Enough matured for operational use? 

Accuracy/errors?  1.5m/s & 15 deg 

3m/s ~ 15m/s for VV or HH, 10m/s – 60m/s for VH/HV ? 

GMF: CMOD, XMOD, LMOD, SARMOD? 

Polarization ratio? 

Plan to implement a joint dual-pol wind retrieval processing? 

External information for wind direction?  

Ships, oil spills, ice, heavy rain, stable/unstable air-sea conditions?  

What should be flagged? removed? 

Algorithms for wind speed and wind direction (Round table outputs) 

Before any attempt to improve the quality, the wind non-related SAR signatures should be flagged: 

 Ships echoes should be removed while most other features should be flagged (rain cells, currents, sea 
ice, etc) 

Emphasis was made on several ways forward to improve the performance of SAR ocean wind products: 

• Use of cross-pol channel towards a joint dual-pol retrieval scheme 

• Improve the Doppler anomaly for further integration in the wind retrieval 

• Use of azimuth cut off 

• Wind direction retrieval from wind rolls 

• Wind direction retrieval from the Phase plane analysis 

Algorithms for wind speed and wind direction (Round table outputs) 

Wind direction inferred from wind rolls should however be used cautiously due to differences observed from 
actual wind direction 

Over coastal areal, wind direction should preferably be estimated directly from SAR signatures 
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Several presentations during this SEASAR Workshop demonstrated that significant improvements have been 
made on extreme winds measurements: 

• Benefit of using Cross-pol channel to measure very high wind speeds 

• Unique opportunity to monitor and track these phenomena at high resolution 

• Demonstration was made how to plan acquisition using predictions of hurricanes tracks 

 The atmospheric community must be informed of these achievements 

Recommendation to support a study on CO2 gas exchange focussing on SAR/Scatt camparison 

• Sensors (Seed questions) 

Frequency (Ku, X, C, L)? 

Polarization (VV, HH, HV/VH, Dual, Quad)?Incidence angle? Advantages/disadvantages compared to SCAT 
and RAD? 

Data fusion of different sensors to produce gridded data? 

Possibility to have L-band Sentinel-1 next generation (E and F)? Interest for the SAR Ocean winds (and 
other SAR-derived products)? 

• Sensors (Round table outputs) 

Strong interest expressed in other frequencies for Hurricane monitoring 

Biomass P-Band is planned 2021-2022: 

Recommendations must be made to establish an acquisition strategy over ocean surfaces\ 

Recommendation: Cross-pol channel should be made available on Wave Modes for next Sentinel-1 C & D 
units 

Strong interest is expressed for a consistent dataset of SAR Ocean wind fields for ERS-2, ENVISAT and S1 
missions: 

At least a preparation study should be supported to work on the cross-calibration strategy to ensure 
coherence between S1 and historical ESA SAR missions (ERS-2 and ENVISAT) 

Cal/Val (Seed questions) 

Radiometric calibration accuracy of sigma0? (1dB -> 2m/s) 
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Plenty of data-pairs (SAR/buoy) for all wind speed and direction range in the full incidence angles? 

Data-pairs: within 30 min and 10 km or more?  

Extreme winds (hurricanes)? 

Wind profile: not only at 10 m height. 

Way forward to improve the retrieval of the Doppler Anomaly to be used in the wind retrieval scheme?  

Need for a consistent dataset of L2 SAR winds cross validated between ERS-2/ENVISAT/S1? 

Cal/Val (Roundtable outputs) 

Operational aspects (Seed questions) 

Need for QRT/NRT SAR-derived wind information? 

Monitoring of hurricanes using Sentinel-1? What is the way forward? 

Operational aspects (Round table outputs) 

Currently the timeliness for OWI products is not good enough 

For an operational use, all wind products must be made available in less than 4 hours 

The monitoring of hurricanes using SAR winds has definitely reach an acceptable level of maturity. Following 
recommendations made from previous SEASAR workshops, it is now time to: 

1. Work with ESA on a reasonable acquisition planning strategy of S1 large swath Dual pol products to 
initiate a first level of service (TBD : seasonal/regional or emergency programming) 

2. Find the appropriate service channel to support this initiative sustainably in the longer term 



- 16-  

 

 

  



- 17-  

 

 

1.7  Sea Ice SESSION 
 

CHAIRPERSONS: Eltoft Torbjørn, Brekke, Camilla  

• Some statistics: 
• •Announced: 6 presentations (1 cancelled), 5 posters 
• •Sea ice drift and deformation: 3 talks, 1 posters 
• •Sea ice classification: 1 talk, 4 posters 
• •Melt ponds: 1 talk 

User requirements on sea ice is multi-scale 

• Detailed targeted maps (meters) 
• Operational ice charts (10-100 meters) 
• The climate perspective (km) 

Do we have segmentation/characterization algorithms that support all these areas?How many sea ice types, 
and at which detail level, is it feasible to focus on? 

• Met.no project to automatically classify at 1 km resolution: OW, FYI, MYI, MIZ, Leads 
• Can’t cover all three scales with SAR, Can’t do < 100 m scales 
• Large scale passive MW already good, SAR only necessary for <100 m scales 
• Can modellers incorporate leads and ridges? Possibly tune drag coefficients. 
• Different requirements for ship traffic and drilling rigs 
• SAR useful for science planning, but ships need immediate/up-to-date local radar for navigation 

Labelling sea ice classes - where are we?  

• Can the Sentinel-1 Doppler product (if available) be useful for sea ice classification?  
• Are there other (optical) Sentinel sensors that would give synergies with SAR w.r.t. the classification 

task? 
• Multi-missions for sea ice characterization – do we have good enough methodology for multimodal 

sea ice characterization? (i.e., combining optical, altimeter, SAR polarization/frequency diversity, 
passive microwave) eed to combine multiple S-1 together (not just one scene, or one pair, but 
many) 

• And use texture – Recommend mission for spatial texture 

Need more opportunities for ground missions – for validation 
• Combine Altimetry and SAR, combine Thickness + snow + SAR = “great climate product” 
• Technical problem with multi-missions = ice drift is main problem 
• Get Ocean Data Lab or someone to make a Polar view Arctic ice drift product 
• Many using machine  learning methods and few physical models – we need sea ice GMFs like exist 
for ocean 
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What is the status of sea ice velocity monitoring?  

Cross-correlation methods rely on image pairs (time series of images), which should ideally be frequently 
sampled. This is not always the case.  

How can we mitigate this weakness? 

• Try to use Doppler, but sea ice is very slow (below noise limit), except in Fram Str. 
• Consider machine vision/feature tracking approaches (rather than cross-correlation) – fast and 
efficient, but might need frequent time sampling (few days, S-1 OK) – non-gridded processing, object 
tracking – avoids some min/max limits 
• Doppler product not operational - can’t be used blindly 
• Platform needs less steering near poles so Doppler may be better there – needs testing 
• How valuable is SAR interferometry considered to be for sea surface topography mapping? 
• Ship captains didn’t want detailed topography maps, they just wanted suggested routes 
• Also needs full Arctic coverage 
• Slow drift rates may allow interferometry based DEMs, but consider decorrelation time and 

BASELINES 

• Passive antenna mission following S-1 could be valuable (nobody present knew details) 
RECOMMENDATIONS 

• Mission for spatial texture 
• More opportunities for ground (validation) missions 
• Create centralized Polar view Arctic ice drift product /portal 
• Create combined thickness+snow+SAR climate product 
• Community should explore more feature/object tracking approaches 
• Need Geophysical model functions for sea ice. 

1.8 Waves Session 

CHAIRPERSONS:  Collard, Fabrice, Romeiser, Roland  
 
Seed questions:  

Is the cross-spectral phase between looks well understood and what are the applications ? 
we’ve seen over sea ice, that wave imaging is easier to understand and clearly appears to be 
strongly non-linear and not independentamongst different wave systems. Shall we reconsider the 
openocean wave inversion based on this new finding ? 
Are the wave current interaction taken into account in the waveanalysis from SAR ? 
Are the crossing seas coming from wave current interaction a useful information for CMEMS ? (today filtered 
out in the CMEMSWave TAC L3 product) 

Several analysis where presented using the cross spectral phase to estimate wavemotion and futher 
deviation from dispersion relation (Romeiser et al. from continuous 
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TSX SPOTLIGHT, Huimin et al. for S-1 wave mode, Husson et al. for S-1 TOPS) 

• ● Wave retrieval from Sentinel-1 TOPS, exploiting the bursts overlap, wasdemonstrated by 
Husson et al. to be very promising, even final step from image spectra to wave spectra is 
missing. 

• ● Wave mode Firework (L3/L4) will be produced by CLS as part of CMEMS Wave TAC and 
validated against buoys. 

• ● Wave imaging by velocity bunching in frazil and pancake sea ice was shown to be highly 
nonlinear by Ardhuin et al. Wave height and attenuation rate retrieval in sea icewas 
demonstrated and should be further analysed against sea ice parameters such as sea ice 
thickness or under-ice roughness. 

• ● TSX retrieval of wave parameters and it’s evolution from sea ice border was shownby 
Lehner et al. 

 
 
RECOMMENDATIONS:  
Continue efforts related to analysis of the cross spectral phase. Evaluate thecontribution of the phase plane 
induced by image processing (up to Level1) from thegeophysical contribution of the phase (scaterers/wave 
motion) 

• ● Evaluate the impact of the velocity bunching strong non-linearities in existing open ocean wave 
retrieval scheme. 

• ● Develop more the mutual benefits of using wave information for wind and surfacecurrent retrieval 
• ● Develop a L2 wave product from TOPS and integrate into the L3/L4 processing. 
• Investigate the possibilities to process the TOPS Level1 SL2 with larger burst overlap. 
• ● Cross sea occurence product would be useful for Met centers and navigation safety. 
• ● Investigate the possibilities to enhance the antenna gain for Wave mode 2 (36°incidence) that is 

about 10dB lower than Wave mode 1. 
• ● Investigate the phase plane 
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