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Motivation

Fiducial Reference Measurements (FRM) are distinct from in situ:
“The suite of independent ground measurements using accepted satellite 
protocols , traceable to metrology standards , referenced to inter-
comparison exercises, with a full uncertainty budget to provide 
independent, high quality , satellite validation measurements for the 
duration of a satellite mission.” ESA S-3 Validation Team. 

Objectives of the FICE-AAOT:
Under the same calibration and environmental conditions, to 
compare Ed, Li, Lt and Rrs between participants using their 
standard protocol. The comparisons included:
• Sensors (2 x HyperOCR; 5 x TRIOS-RAMSES, 1 x WISP, 2 in 

water; Bio-spherical & TRIOS systems).
• Methods (in & above-water).
• Above water systems measurement geometries (90° / 135°).

AAOT has long history of optical measurements to support and 
validate both NASA and ESA ocean colour missions and radiometer 

inter-comparisons (Zibordi et al. 2006; 2009, 2012).



Participants. 

Partner / Method System Reference Institute
1. TRIOS-AWI 

(above water)
RAMSES Hyperspectral

Radiometers
Theis (2009) Alfred Wenger 

Institute, Germany

2. TRIOS-RBINS 
(above water)

RAMSES Hyperspectral
Radiometers Ruddick et al. 

(2005, 2006) 

Royal Belgium 
Institute of Natural 

Sciences
3. TRIOS-Utar 
(above water)

RAMSES Hyperspectral
Radiometers

Kutser at al. 
(2016)

Tartu University, 
Estonia

4. TRIOS-HZG 
(above water)

RAMSES Hyperspectral
Radiometers 

Hieronymi &
Macke (2012) 

Helmholtzen 
Centrum Germany

5. TRIOS-CIMA
(above water)

RAMSES Hyperspectral
Radiometers 

D’Alimonte et 
al. (2014, 2016, 

2018)

Uni of Algarve, 
Portugal

6. SeaBird-UVIC 
(above water)

SATLANTIC HyperSAS
Radiometers

Carswell et al. 
(2017)

University of 
Victoria, Canada

7. SeaBird-PML 
(above water)

SATLANTIC HyperSAS
Radiometers

Brewin et al. 
(2016)

Plymouth Marine 
Laboratory, UK

8. Water HyperNet
(above water)

RAMSES Hyperspectral
Radiometers Unpublished

V-LIZ, Belgium

9. WISP Water Insight Hommersom et 
al. (2012)

Tartu University, 
Estonia

10. C-OPS-LOV 
(in water)

Bio-spherical radiometers 
Morrow et al. 

(2000)

Villefranche-sur-
Mar, France.

11. TRIOS-AWI 
(in water)

In water RAMSES
Bracher  et al. 

(2015)

Alfred Wenger 
Institute, Germany



Conclusions.

• 11 different measurement systems were 
compared from 9-18 July 2018. 

• Absolute radiometric calibration of all sensors was 
carried out using the same standards and methods at 
the same reference laboratory (University of Tartu). 

• For Ed(0+,λ), there was generally good agreement 
with differences of <5% between institutes,.

• For Lsky(λ) and Lt(λ) the differences in above 
water between institutes were consistently <5%.

• Next steps; scrutinise Rrs(λ) processing.
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