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Authors

Minimum number of
valid pixels within
the extract to be
considered

CV criteria, bands
used for CV, CV
threshold (spatial
homogeneity test)

SZA, VZA
thresholds

Number of elements in 
satellite extract, mean 
used 

Temporal 
window

Z09
(Zibordi et al 
2009)

100% (9 pixels) Both Lwn(555) <AND>
AOT(865), 0.2 (20%)

70°, 56°
3x3, average (Zibordi et 
al. 2009), statistic used

±2 hr

BW06
(Bailey and 
Werdell, 
2006)

50%+1 (13 pixels)
Median of CV of 412-
555 nm and
AOT(865), 0.15 (15%)

75°, 60°
5x5, filtered mean 
Filtering: Value is within 
+/- 1.5 *sd plus mean

±3 hr

This community uses validation protocols based mainly in two 
approaches:

CV: Coeff. Of Variation CV = SD/mean
AOT: Aerosol Optical Thickness
SZA: solar zenith angle
VZA: viewing zenith angle
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valid pixels within
the extract to be
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CV criteria, bands
used for CV, CV
threshold (spatial
homogeneity test)

SZA, VZA
thresholds

Number of elements in 
satellite extract, mean 
used 

Temporal 
window

Z09
(Zibordi et al 
2009)

100% (9 pixels) Both Lwn(555) <AND>
AOT(865), 0.2 (20%)

70°, 56°
3x3, average (Zibordi et 
al. 2009), statistic used

±2 hours

BW06
(Bailey and 
Werdell, 
2006)

50%+1 (13 pixels)
Median of CV of 412-
555 nm and
AOT(865), 0.15 (15%)

75°, 60°
5x5, filtered mean 
Filtering: Value is within 
+/- 1.5 *sd plus mean

±3 hours

This community uses different approaches for validation using in 
situ-satellite matchups, mainly based in two approaches:Which one to choose? Why?
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Goal
• The aim of this work will be the comparison of the effects of the

differences between the methods to better inform the selection
of validation variants:

• Z09: Zibordi et al., RSEnv (2009).
• BW06: Bailey and Werdell, RSEnv (2006).

• For medium spatial resolution (S3A/OLCI)
• For the same in situ dataset
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Note: This is not an accuracy assessment of S3A with 
specific interpretation of the match-up analyses for sites, 
water types or processing algorithms.
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In situ data:
AERONET-OC
• Level 1.5 and 2.0
• 5 stations in Mediterranean, 

Baltic and Black Sea
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OLCI dataset:
• Normalized Water-leaving 

radiance from Sentinel-3A/OLCI 
Full Resolution (WFR, 300 m) 
Level 2 data for IPF-OL-2 version 
6.13:
𝐿𝐿WN
OLCI 𝜆𝜆 = 𝜌𝜌𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝜆𝜆

𝐹𝐹𝐹 𝜆𝜆
𝜋𝜋

𝐶𝐶𝑓𝑓/𝑄𝑄 𝜆𝜆

where:
• 𝜌𝜌𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂: spectral reflectance
• 𝐹𝐹𝐹: the mean extraterrestrial solar 

irradiance
• 𝐶𝐶𝑓𝑓/𝑄𝑄: is the BRDF correction factor 

(Morel, Antoine, and Gentili 2002).

Venise Gloria

Galata Platform

Helsinki Lighthouse
Gustav Dalen Tower
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• Different total number of match-ups for 
the validation protocols: 
BW06 produces 20% more match-ups.

• Increasing or decreasing depending 
station.

𝛿𝛿𝑡𝑡: Sat. time – In situ time

• 80% of match-ups occur within 1 hour 
for both BW06 and Z09.

Number of Matchups
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• Median and mean values different for 
the different protocols.

• More outliers pass BW06.
• More negatives values pass the BW06.

Distribution of satellite data

Let’s look at the matchups
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Validation Metrics

• BW06 and Z09 metrics are different.
• Metrics differ by stations
• BW06 produces more match-ups.
• For the total of match-ups, Z09 has 

better metrics.
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Common match-ups

• Similar metrics values.
• Main differences in MPD and MB.
• 7 to 9 Z09 pixels are included in  85-

90% of the BW06 matchups.

NON Common match-ups
BW06 and not Z09:
N match-ups: 200
Rejection causes:
• 2-h time window: 48
• CV>20%: 57
• 100% valid pixels: 107

Z09 and not BW06:
N match-ups: 86
Rejection cause:
• CV>15%: 86
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Effects in satellite calibration

• Minimal match-ups for calculation vicarious calibration gains.
• How many days needed to reach 30 match-ups?
• A moving 30-match-up window was applied and the 𝑖𝑖𝑡𝑡𝑡 and 𝑖𝑖𝑡𝑡𝑡+30 days 

was recorded.
• The number of match-ups needed are reached in a shorter time with 

BW06 (2.6 months for Venise, 1.5 month for Galata Platform and Gloria).
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• Median of the CV were considered as a proxy of the uncertainties 
due to environmental perturbations in the satellite imagery 𝑢𝑢𝑒𝑒𝑒𝑒𝐵𝐵𝐵𝐵𝐵𝐵

and 𝑢𝑢𝑒𝑒𝑒𝑒𝑍𝑍𝑍𝑍.
• For 𝐿𝐿𝑊𝑊𝑊𝑊(560) => 𝑢𝑢𝑒𝑒𝑒𝑒𝑍𝑍𝑍𝑍: 4.2-7.8% and 𝑢𝑢𝑒𝑒𝑒𝑒𝐵𝐵𝐵𝐵𝐵𝐵:  3.7-6.9%
• For the Baltic Sea: Median[CV] ~ 10%

Environmental Perturbations (𝑢𝑢𝑒𝑒𝑒𝑒𝑍𝑍𝑍𝑍 and 𝑢𝑢𝑒𝑒𝑒𝑒𝐵𝐵𝐵𝐵𝐵𝐵)
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Conclusions
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BW06 produces more total of matchups, spanning a wider dynamic 
range while Z09 provides lower uncertainties figures in most of the 
validation metrics.

• The number of matchups and metrics depend on the quality 
checking and spatiotemporal criteria of the protocols.

• Because the high AERONET-OC sampling frequency, most of the 
match-ups  occurs within 1 hour (~80%) and ~60% within 30 min.

• Larger difference between BW06 and Z09 is brought by different 
quality checking criteria and not the different time windows.
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Conclusions
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BW06 produces more total of matchups, spanning a wider dynamic 
range while Z09 provides lower uncertainties figures in most of the 
validation metrics.

• Although the same reference dataset was used, the differences
between methods provide a different ”impression of accuracy”.

• For the common match-ups, validation metrics are similar because
most of the Z09 pixels are included in the calculation of the BW06
filtered mean for 85% to 90% of the cases.

The accuracy reported in different studies may not always be directly
comparable.
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What is the variation of the number of valid match-ups and R2 using the Sentinel-3 
OLCI WFR match-ups with: 
1) the maximum time difference between the satellite and in situ measurements

The use of match-ups with a higher time difference is expected to introduce 
uncertainties in dynamic environments 

2) the minimum number of valid pixels in the satellite extract?
As the minimum number of valid pixels in the extraction window increases, the 
number of valid match-ups decreases but validation metrics are expected to 
improve, since higher uncertainties in the satellite measurement are expected 
when invalid (masked) pixels are present within the extraction window 
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At LPAR, more than 95% of match-ups show a time difference lower than 15 min and R2 keeps almost constant. 
At BEFR, VEIT, and MAFR, around 80% of the valid match-ups were obtained with time differences lower than 30 min with 
an abrupt change between 15 and 30 min followed by a slower growth. 
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The strict criterium of 9 valid pixels (i.e., not allowing invalid pixels in the 3 × 3 extraction window) at BEFR, VEIT, LPAR, and 
M1BE with the aim of obtaining the best possible validation results at the cost of a lower number of match-ups 
In terms of global correlation, the improvement is more evident at VEIT and mainly at BEFR
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the criterium was relaxed at MAFR and GAIT because these two sites are nearer to the coastline so that land masked 
pixels are always present in the extraction window. 
maximizing the number of valid match-ups requiring only one valid pixel 
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Assessing the influence of different validation protocols on Ocean
Colour match-up analyses

• Although the same reference dataset was used, the differences
between methods provide a different ”impression of accuracy”.

• The accuracy reported in different studies may not always be
directly comparable.

• Details on how the protocols is implemented should be reported
every time.
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Grazie!
• This work has been performed in the context of the Ocean Colour Thematic Assembly Centre of

the Copernicus Marine Environment and Monitoring Service (grant no: 77-CMEMS-TAC-OC), the
European Union’s Horizon 2020 HYPERNETS Project (grant agreement No 775983), the
HYPERNETS-POP project funded by the European Space Agency (contract no 4000139081/22/I-
EF), the ArcticFlux TOSCA research project funded by the French Spatial Agency CNES and the
ANPCyT PICT-2020/2636 project.

• Thanks to Giuseppe Zibordi for establishing and maintaining the five AERONET-OC sites used in
this study.

• Thanks to Kevin Ruddick (RBINS) for his help in the conceptualization of this work.
• Thanks to Simone Colella for helping in the data processing.
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