
Norwegian Meteorological Institute

CANVAS (QA4SAR): Calibration and Validation for SAR
ESA FRM Workshop - NPL - May 2026

Albert Rabaneda1, Giuseppe Griecco2, Marcos Portabella3, Federico Cossu3 , Morten Hansen1 ,Eirik 
Malnes4, Temesgen Yitayew4, Muriel Pinheiro5, Antonio Valentino5, Charlotte van Hazendonk1

1MET Norway, 2CNR-ISMAR, 3CSIC-ICM, 4NORCE, 5ESA



Norwegian Meteorological Institute

Intro
Aim: To create a harmonized Quality Assessment framework for SAR data for past, present 
and future SAR.

This includes L1 and L2 products (over land and ocean) for which we will:

● Harmonize and consolidate Cal/Val procedures with gap analysis
● Create a Guidance for Uncertainty Metrics (GUM)
● Define Fiducial Reference Measurements (FRM)
● Create or extend open-source software for SAR Cal/Val
● Demonstrate the tool capabilities

As L2 products we consider:

● Soil Moisture (SSM)
● Wet Snow (SWS)
● Ocean Surface Vector Wind (OSVW)
● Significant Wave Height (SWH)



Rl2Ocean: ROSE-L L2 ocean processor

ESA FRM Worksop - NPL - May 2026

RL2OCEAN is under a programme of, and funded by, the 
European Space Agency (ESA). Views expressed do not 
reflect the official opinion of the ESA. 
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ROSS: Rose-L Ocean Science Study
  

ESA FRM Workshop - NPL - May 2026 
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Calibration targets and sites

Artificial targets

Corner reflectors
Transponders
Geodetic control points

Natural distributed targets

Rainforest
Dry desert regions
Salt flats
etc
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SAR L1 calibration
Level-1 calibration Assessment Target type Best examples

Geometric Absolute & Relative 
location errors

Corner reflectors, 
transponders, geodetic 

control points

DLR SAR Calibration Center 
(FRM4SAR), Bonn Test Site, 

Rosamond Corner Reflector Array, 
Surat Basin

Radiometric
Absolute calibration

Long-term 
consistency

Known radar cross 
section points, stable 

distributed targets
Australian corner reflector array 

(AGOS), BAE corner reflector, 
Metasensing CR Arrays in 

Netherlands, Salar de Uyuni, 
Amazon rainforestImpulse Response 

Function

Resolution, 
sidelobes, related 
focusing metrics

Bright isolated point 
targets

Polarimetric
Channel imbalance, 

cross-talk, phase 
bias

Dihedral/trihedral 
reflectors, polarimetric 

transponders

JAXA Calibration Field, Alaskan 
Calibration Sites

Interferometric Phase consistency Highly coherent sites, 
stable point targets

Etna volcano, Upper Rhine Valley, 
Belledonne Test Site
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Maturity matrix for artificial point targets

We follow CEOS FRM 
Assessment 
Framework

But, we did not used 
the Maturity Matrix 
Tool
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FRM definitions and requirements
In-situ measurement: observations directly obtained at the location 
where the phenomenon of interest occurs.

Reference data: high-quality, independent, and reliable data used as 
standard to evaluate, calibrate or validate.

Fiducial Reference Measurement (FRM) requirements: 

● Traceability to SI units
● Stability and 

representativeness of the 
measurement site

● Documented and validated 
uncertainty budgets

● Availability of high-quality 
metadata and survey 
protocols

● Repeatability and 
sustainability of 
measurements

● Calibration history and 
intercomparison activity
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FRM SAR L2 land products
 Wet snow

● Binary product
● Difficult to measure with an instrument

○ Denoth-meter
○ Snow fork
○ Snow depth + temperature
○ Hand test

● Also known as Liquid Water Content in snow (LWC)

Soil Moisture

Let’s not reinvent the wheel!! FRM4SM (presented yesterday)
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FRM definition suitability for L2 ocean products
● FRM requirement about in-situ measurements:

○ “FRM measurements are independent from the satellite 
geophysical retrieval” (Goryl et al. 2023)

○ “Stability and representativeness of the measurement site”

● Tailoring for L2 ocean parameters:

○ Additional FRM wind source: scatterometers
○ Additional FRM SWH source: altimeters

● Include the World Meteorological Organization (WMO) Global 
Climate Observing System (GCOS) requirements for winds and 
SWH
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Proposed FRM: National Data Buoy Center
• OSVW
• Wave spectra (→ SWH)
• Ancillary information to compute 

stress-equivalent winds
• Several programs: NDBC, TAO, etc. 

covering the entire globe

• Availability of historical data
• Quality Control (NDBC Technical 

Document 09-02)
• Available also from ECMWF-MARS 

archive + CMEMS

(https://www.ndbc.noaa.gov/)

https://www.ndbc.noaa.gov/


Wind speed shift in TAO array
L. Ricciardulli, A. Manaster, and R. Lindsley,
“Investigation of a calibration change in the 
ocean surface wind measurements from the 
tao buoy array,” Bulletin of the American 
Meteorological Society, vol. 106, no. 2, pp.
E242 – E260, 2025.
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Buoys for OSVW and SWH  
● Pros:

○ Wind accuracy: (0.1 ms−1, 6o) (Schlundt et al., 2020)
○ Maintained according to WMO standards (NDBC, TAO, PIRATA, 

etc..)

● Cons:
○ Presence of “gross errors” in measurement files
○ Measurement shifts due to periodic payload services (Ricciardulli et 

al. 2025)
○ Impact of these shifts on long-term stability
○ Lack of data standardization (file format, QC, metadata info, etc..)
○ Too many non-coordinated providers
○ Geographical distribution
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Proposed FRM: Scatterometer-derived winds

Scatter–density plot of ASCAT U10S wind speed versus MARS buoy U10N wind speed. The scores of the CC, the bias, and the SD of the 
speed differences are shown in the legend. A total of 300,000 collocations are shown over the period 2009-2014. [4]

[4] F. Polverari et al., ”On High and Extreme Wind Calibration Using ASCAT,” in IEEE Transactions on Geoscience and Remote Sensing, vol. 
60, pp. 1-10, 2022, Art no. 4202210, doi: 10.1109/TGRS.2021.3079898.

• Accuracy: ±1 ms−1, ±20o

• Accuracy stability over decades
• Large constellation: 8 scats
• Collocated with ECMWF U10S winds
• Period: 2007-present
• Data available @ ICM-CSIC
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Scatterometer-based FRM for OSVW 
● Pros:

○ Compliance with GCOS requirements
○ Availability of Climate Data Record (CDR) datasets (Verhoef et al., 

2017, Ricciardulli & Manaster, 2021)
○ Homogeneous geographical distribution

● Cons:

○ Lack of multi-mission intercalibrated datasets
○ Coarser spatial resolution compared to SAR
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Altimeter-based FRM for SWH 
● Pros:

○ Compliance with GCOS requirements
○ Availability two Climate Data Record (CDR) datasets (Ribal & 

Young., 2019, Dodet et al., 2020)
○ Availability of CMEMS INSTAC “near-real-time, single-mission, 

along-track bias corrected and noise- filtered SWH product” 
(Charles et al., 2023)

○ Homogeneous geographical distribution

● Cons:
○ Slightly coarser spatial resolution compared to SAR
○ Mis-match of climate trends between the two CDRs. Causes:

■ Non-homogeneous retracking algorithm
■ Different calibration sources
■ Different altimeter sources
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Maturity matrix: Buoys for OSVW and SWH  
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Maturity matrix: Scatterometer-based FRM for OSVW 
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Maturity matrix: Altimeter-based FRM for SWH 
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Future FRM assessments for ocean
Ocean L2 products

➢ wind stress
➢ extreme winds
➢ hub height winds (?)
➢ wave period
➢ wave height (swell/wind 

dominated seas)
➢ wave direction
➢ wave directional wave 

spectrum
➢ wave age
➢ LoS wave Doppler
➢ LoS surface current

Potential FRM

➢ Buoys (beyond wind vector and 
SWH)

➢ SFMR
➢ Dropsondes
➢ IWRAP
➢ Radiometers (?)
➢ HFR
➢ Drifters (?)
➢ Saildrones (?)
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Conclusions

 FRM4OCN ??



Questions?



Backup slides
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GCOS requirements for winds



Norwegian Meteorological Institute

GCOS requirements for SWH



EDAP & EDAP+ legacy

Quality assessment undertaken 
during EDAP+ project

The SAR Calibration Toolbox 
(SCT) includes a tool for each of 
the quality parameters

*IRF: Impulse Response Function

Missing L2 land and L2 ocean products



EDAP & EDAP+ legacy

Missing L2 land and L2 ocean products


