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The Ocean Color Paradigm

In situ reference measurements are central to system vicarious 
calibration, data products development and validation 
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Outline
 Field Measurement Programs 

 Protocols

 Best practices

 Quality assurance and control

 Uncertainties 

 System Vicarious Calibration

Not a lecture.  Just the synopsis of the 
JRC activities (personally) considered 
relevant for ocean color Cal/Val.



In the early 90’s the question was: What could the we do relevant for the 
forthcoming ocean color missions (SeaWiFS, OCTS, MERIS, MODIS, … )?  



Field Measurement programs

“Good (practically useful) data do not collect themselves. Neither do they magically
appear on one’s desk, ready for analysis and lending insight into how to improve
processes” (S.B. Vardemann and J.M. Jobe 2016)



Coastal Atmosphere and Sea Time-Series (CoASTS) 
& Bio-Optical Mapping of marine Properties (BiOMaP)

BiOMaP Ships

CoASTS AAOT

Field measurements 
Radiometry: Lu(z,λ), Ed(z,λ), Eu(z,λ), Ed(0+,λ), Ei(0+,λ), Es(λ) 

IOPs: a(z,λ), c(z,λ), bb(z,λ) by AC-9 and Hyd-6
Ancillary:      Tw(z), Cw(z), Ta, Pa, RH, WS, CC, SS

Laboratory measurements on water samples
AOP: ays(λ), aph(λ), adp(λ) by spectrophotometry 

Concentrations: pigments by HPLC, TSM by gravimetry

Field
Equipment

One single objective 
Produce comprehensive reference measurements applying identical 
and consolidated: technology, measurement and calibration protocols, 
processing codes and quality assurance / control criteria.
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Time-series of monthly             
(bi-monthly) AOP and IOP 

measurements performed at a 
single costal site

G.Zibordi, J.-F. Berthon, J.P. Doyle, S. Grossi, C. Targa, D. van der Linde … ,Coastal Atmosphere and Sea Time Series (CoASTS), NASA Tech. Memo. 2002-206892. 
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Coastal Atmosphere and Sea Time Series (CoASTS): 
a regional measurement program  

1995-2016 176 Campaigns                  2712 Bio-Optical Stations

MODIS-A (May 02)
SeaWiFS (Aug 97)

MERIS (Mar 02)
VIIRS (Oct 11)

(Feb 11)

(May 12)

OCTS (Aug 96) (Jun 97)



Bio-Optical mapping of Marine Properties (BiOMaP): 
a pan-European measurement program

Geographically distributed 
AOP and IOP measurements 
performed in European seas.

BiOMaP Ships

Zibordi, G., Berthon, J. F., Mélin, F., & D'Alimonte, D. (2011). Cross-site consistent in situ measurements for satellite ocean color applications: the BiOMaP radiometric dataset. 
Remote Sensing of Environment, 115, 2104–2115, 2011.

2000-2022 34 Ship Campaigns        1915 Bio-Optical stations
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LWN spectra from the various European Seas (BioMaP)

G. Zibordi, J.-F. Berthon, F. Mélin and D. D’Alimonte. Cross-site consistent in situ measurements for satellite ocean color applications: the BiOMaP radiometric dataset. 
Remote Sensing of Environment,115, 2104–2115, 2011.



Monthly climatology maps of Chl a for the Black Sea 
(a January; b April; c July; d October). 

G. Zibordi, F. Mélin, J.-F. Berthon, and M. Talone. In Situ Autonomous Optical Radiometry Measurements for Satellite Ocean Color Validation in the Western Black Sea.
Ocean Science 11, 275–286, 2015.

T. Kajiyama, D.D’Alimonte and G. Zibordi. Algorithms merging for the determination of Chlorophyll-a concentration in the Black Sea. Geoscience and Remote Sensing
Letters, doi: 10.1109/LGRS.2018.2883539, 2018.

Chlorophyll-a (Chl-a) concentration in the 
Black Sea from: i. a Band-Ratio algorithm 
relying on a polynomial regression capturing 
the overall data trend; and ii. Multilayer 
Perceptron neural net fitting data non-
linearity. 

Now a Copernicus data product.

Regional application of BioMaP data



Zibordi, G., Holben, B., Hooker, S. B., Mélin, F., Berthon, J. F., Slutsker, I., ... & Al Mandoos, A. (2006). A Network for Standardized Ocean Color Validation Measurements. 
Eos Transactions,  87: 293, 297.

AERONET-OC: 
an international automated measurement program

AERONET-OC (the Ocean Color component of the Aerosol Robotic Network) generates globally distributed 
time-series of standardized LWN(λ) and τa(λ) measurements targeting the validation of satellite ocean color data

 NASA manages the network by handling the instruments calibration and, data collection, processing and distribution
within AERONET.

 JRC has (had) the responsibility of the processing algorithms, performs (performed) the final quality control of data
and runs a number of European sites often in collaboration with national institutes.

AERONET-OC:
the outcome of an excellent 
NASA-JRC collaboration

http://www.nasa.gov/


AERONET-OC: sites

Zibordi, G., Holben, B. N., Talone, M., D’Alimonte, D., Slutsker, I., Giles, D. M., & Sorokin, M. G. (2021). Advances in the Ocean Color component of the Aerosol Robotic Network 
(AERONET-OC). Journal of Atmospheric and Oceanic Technology, 38(4), 725-746.

http://www.nasa.gov/


Assessment AERONET-OC LW

G. Zibordi 2016. Experimental evaluation of theoretical sea surface reflectance factors relevant to above-water radiometry. Optics Express, 24(6), A446-A459.

How do compare Above-Water AERONET-OC with In-Water LW data products?  
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Assessment of CE-318T LW data 
How do compare LW data from diverse 
AERONET-OC instrument versions?

Zibordi, G., Holben, B. N., Talone, M., D’Alimonte, D., Slutsker, I., Giles, D. M., & Sorokin, M. G. (2021). Advances in the Ocean Color component of the Aerosol Robotic Network 
(AERONET-OC). Journal of Atmospheric and Oceanic Technology, 38(4), 725-746.

New  CE-318T 
AERONET-OC System 

(from late 2017)

Early  CE-318 
AERONET-OC System 

http://www.nasa.gov/


Early AERONET-OC data application

Zibordi, G., Mélin, F., & Berthon, J. F. (2006). Comparison of SeaWiFS, MODIS and MERIS radiometric products at a coastal site. Geophysical Research Letters, 33(6). 

SeaWiFS
vs 

AERONET-OC 

MODIS-A 
vs 

AERONET-OC

MERIS
vs 

AERONET-OC



AERONET-OC data applications



… more AERONET-OC data applications



Ranking (0-10)
(0=lowest and 10 =highest)

AERONET-OC
(AAOT)

CoASTS
(AAOT)

BiOMaP
(ships)

Measured Quantities 2 10 10

Matchups versus Deployment-Time 10 10 10

Accuracy 8 8 8

Temporal Representativity 10 2 1

Bio-optical Representativity 5 4 10

Matchups versus Funding  10 0.5 0.2

Overall mean 7.7 5.9 6.5

more than 10 US K$

more than 25 US K$

BiOMaP Ships

Match-up Performance Matrix: 
what’s best for ocean color validation?

less than 0.5 US K$The cost per matchup:
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Protocols and methods ensure standardization of measurements 
and the quantification uncertainties.  Are they comprehensive ?  



Protocols

“… adequately sampled, carefully calibrated, quality controlled, and archived data for key elements
of the climate system will be useful indefinitely” ( Wunsch, R.W. Schmitt, and D.J. Baker 2013)



Measurement Protocols 

In-water free-fall

Near-surface

Above-water

Above-water (automated) 

In air (reference)

While keeping LWN(λ) or RRS(λ) as target quantities for ocean color Cal/Val, 
various in-water, above-water and near-surface protocols are available:

Reference



Courtesy of S. Mc Lean

Findings from moderately optically complex waters indicated the need for 20 samples per meter to 
ensure extrapolation of Lu(0-,λ) with an uncertainty lower than 1% across the visible spectrum.

In-Water Radiometry

Zibordi, G., D'Alimonte, D., & Berthon, J. F. (2004). An evaluation of depth resolution requirements for optical profiling in coastal waters. Journal of Atmosph. and Oceanic Tech., 21, 1059-1073.

D’Alimonte, D., Zibordi, G., & Kajiyama, T. (2018). Effects of integration time on in-water radiometric profiles. Optics express, 26, 5908-5939

Extrapolation interval
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z2
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How many measurements per unit depth are required to ensure minimization of wave perturbations?



Above-Water Radiometry

Sea-radiance: LT Sky-radiance: Li)140';40;90( 000
0 ==+= θθϕϕ

Zibordi G., Mélin F., Berthon J. F., Holben B., Slutsker I., Giles D., ... & Seppälä J. (2009). AERONET-OC: a network for the validation of ocean color primary products.
Journal of Atmospheric and Oceanic Technology, 26(8), 1634-1651.

Applying strict viewing geometries and restricting the generation of data products to those 
measurement conditions minimizing high-glint contributions (i.e., avoiding relatively high 
wind speeds and low sun zeniths, both identifiable through the measurements themselves). 

The accuracy of sea-surface reflectance ρ is challenged by modelling accuracy and 
the actual knowledge of sky radiance and wave slope distributions.
How can we ensure accuracy to data by minimizing the impact of uncertainties in ρ ?

),,,,,,(),,()( 0 WIOPCLL aQWW τθϕθλλθϕλ ℑ=),',(),,,(),,(),,( 0 λθϕθθϕρλθϕλθϕ iTW LWLL −= &



Zibordi, G., & Talone, M. (2020). On the equivalence of near-surface methods to determine the water-leaving radiance. Optics Express, 28(3), 3200-3214.

Single Depth (SDA) & Sky-Blocked Approach (SBA)
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Are the SBA and SDA approaches leading to a different accuracy in data products?



SBA v.s. SDA derived LW

Zibordi, G., & Talone, M. (2020). On the equivalence of near-surface methods to determine the water-leaving radiance. Optics Express, 28(3), 3200-3214.

Inter-comparisons, supported by the 
comprehensive parameterization of 
optical processes demonstrated the 
equivalence of the two near-surface 
methods, without any major advantage 
of one with respect to the other.



Calibrations and Characterizations

Very unlikely individual research teams can ensure comprehensive characterizations. Occasional, initial 
and class-based characterizations should be taken over by major measurement programs in agreement 
with manufacturers and reference laboratories. This implies a standardization of instrument models. 

IOCCG Protocol Series (2019). Protocols for Satellite Ocean Colour Data Validation: In Situ Optical Radiometry. Zibordi, G., Voss, K. J., Johnson, B. C. and Mueller, J. L. 
IOCCG Ocean Optics and Biogeochemistry Protocols for Satellite Ocean Colour Sensor Validation, Volume 3.0, IOCCG, Dartmouth, NS, Canada. 

Which are the basic requirements for field instruments calibration and characterization ?



Zibordi G., Hooker S. B., Mueller J., & Lazin G. (2004). Characterization of the immersion factor for a series of in-water optical radiometers.
Journal of Atmospheric and Oceanic Technology, 21(3), 501-514.
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It must be (at least) initial and performed for each unit because 
of the mechanical / optical differences affecting collectors. 

Immersion factor (irradiance): regular, initial, occasional or class-based?

http://www.nasa.gov/


Temperature response

Depending on the allowed 
uncertainties, it can be class-based 
for some instrument models.

OCR-507RAMSES

Change in response with temperature 

Zibordi, G., Talone, M., & Jankowski, L. (2017). Response to temperature of a class of in situ hyperspectral radiometers. Journal of Atmospheric and Oceanic Technology, 34(8), 1795-1805.

Temperature response: regular, initial, occasional or class-based?



Additional characterizations



… and more characterizations



Which are the recommended best-practices?  



“We should do the radiometry correctly, or not do it at all” (Richard Beck, 2022)

Best Practices



Johnson, B. C., Zibordi, G., Brown, S. W., Feinholz, M. E., Sorokin, M. G., Slutsker, I., ... & Yoon, H. W. (2021). Characterization and absolute calibration of an AERONET-OC radiometer.
Applied Optics, 60(12), 3380-3392.

Inter-Calibrations

Ratio of NASA-GSFC     ,     and JRC      to NIST SIRCUS radiance calibrations 
(note the use of error-bars and the adoption of absolute reference values). 

Inter-calibrations among 
laboratories are essential to 
identify issues in calibration 
set-ups, sources, or even 
protocol implementations.

How consistent are fully independent absolute radiometric calibrations?



Field inter-comparisons 

Zibordi, G., Ruddick, K., Ansko, I., Moore, G., Kratzer, S., Icely, J., & Reinart, A. (2012). In situ determination of the remote sensing reflectance: an inter-comparison. Ocean Science, 8(4), 567-586.

Field inter-comparisons, duly 
supported by laboratory 
calibrations and characterizations, 
offer a unique solution for the 
verification of protocol 
implementations and instrument 
performance. 
They also offer an excellent way 
for know-how transfer. 

RRS from a variety of above-water and in-water radiometer systems/methods with 
respect to the reference values determined with an in-water system/method  

How consistent are fully independent field measurements?

In-Water Reference 

In-Water Reference 



How consistent are data products from fully independent processors?

Processors inter-comparison 

Percent differences in spectral RRS from a variety of in-water systems processed 
with 3 fully independent codes (but inspired by the same protocols).  

The impact of diverse processing 
implementations is a major 
overlooked issue.

Standardization is essential for 
operational activities.

Hooker, S.B., G. Zibordi, J-F. Berthon, D. D’Alimonte, S. Maritorena, S. McLean, and J. Sildam, 2001: Results of the Second SeaWiFS Data Analysis Round Robin, March 2000 (DARR-00). 
NASA Tech. Memo. 2001–206892, Vol. 15, S.B. Hooker and E.R. Firestone, Eds., NASA Goddard Space Flight Center, Greenbelt, Maryland, 71 pp.

http://www.nasa.gov/


Not neglecting (self-)shading effects

Zibordi, G., & Ferrari, G. M. (1995). Instrument self-shading in underwater optical measurements: experimental data. Applied Optics, 34(15), 2750-2754.

Shadow

Radiance

R

Sun 
Zenith

Self-shading perturbations can be estimated as a 
function  of the radiometer geometry and the water 
optical properties (conveniently expressed by the 
instrument radius and the water absorption 
coefficient, respectively). 

Can self-shading be confidently computed?



Minimizing superstructure perturbations 
(the AAOT example)

M. Talone and G. Zibordi, 2019.  Spectral assessment of deployment platform perturbations in above-water radiometry. Optics Express, 27(12), A878-A889.

Perturbations as a function of the distance 
for actual measurement conditions. 

Perturbations as a function of the distance 
for measurement conditions worsened by the 
increased reflectance of the superstructure. 

Are superstructures leading to wavelength-dependent perturbations ?



Avoiding adjacency perturbations
(when possible)

B. Bulgarelli, V. Kiselev, G.Zibordi (2017). Adjacency effects in satellite radiometric Products from coastal waters: a theoretical analysis for the northern Adriatic Sea. 
Applied Optics, 56 (4),  854–869. 

B. Bulgarelli, G. Zibordi (2018). On the detectability of adjacency effects in ocean color remote sensing of mid-latitude coastal environments by SeaWiFS, MODIS-A, MERIS, 
OLCI, OLI and MSI. Remote sensing of Environment, 209, 423-438.

Adjacency perturbations at the satellite sensor
as a function of the distance from the coast.

How much distant from the coast should we collect data?

In situ reference measurements should be ideally collected 
at tens of nautical miles from the coast to ensure match-ups 
analysis not significantly affected by adjacency perturbations.



How can we ensure best confidence to in situ reference data?  



Quality Assurance and Control 

often, wisely and purposely collected data carry such clear message that they essentially
“analyze themselves” (Vardemann and Jobe 2016)



… but it often requires the implementation 
of ad-hoc methods  



AERONET-OC products are classified at different QC levels: 

Level 1.0->  LWN(λ) determined from complete measurement sequences. 

Level 1.5->  Cloud screened aerosol optical thickness data exist;
 Replicate sky and sea radiance measurements exhibit low variance;
 Empirical thresholds are satisfied (e.g., exceedingly negative or positive values). 

Level 2.0->  Pre- and post-deployment calibration coefficients exhibit justifiable differences within 5%; 
 A final expert-based spectrum-by-spectrum screening is (was) passed to determine the:  

i.   consistency of LWN(λ) spectral shapes within the data set itself (self-consistency), 
ii.  non-anomalous features with respect to reference data (relative- consistency), 
iii. the absence of short-term glitches or systematic daily trends. 

G.Zibordi, B.Holben, I.Slutsker, D.Giles, D.D’Alimonte, F.Mélin, J.-F. Berthon, D. Vandemark, H.Feng, G.Schuster, B.Fabbri, S.Kaitala, J.Seppälä. AERONET-OC: a network 
for the validation of Ocean Color primary radiometric products. Journal of Atmospheric and Oceanic Technology, 26, 1634-1651, 2009. 

AERONET-OC Quality Control:  
an exampleJoint Research Centre

Moving from an expert-based to a fully automated QC?

http://www.nasa.gov/


Automated QC of AERONET-OC LWN

Automated QC checking “Candidate” (actual) 
versus “Prototype” (reference) LWN spectra 

G. Zibordi, D. D’Alimonte, T. Kajiyama (2022). Automated Quality Control of AERONET-OC LWN data. Journal of Atmospheric and Oceanic Technology, (in press).

Error bars indicate: i. ±2σ determined for the spectra contributing 
to the “Prototype”; ii. ±2 u(Lwn) quantified for the “Candidate” 

Relative consistency test

Spectral consistency test

Temporal consistency test



Are uncertainties always appreciated?  



“A measurement of any kind is incomplete unless accompanied
with an estimate of the uncertainty associated with that
measurement” (J.M. Palmer and B.G. Grant, 2009)

Uncertainties 



Uncertainties following GUM 

Given the measurement equation 
LWN= (LT - ρ Li ) CA CQ 

where the term CA removes the basic dependence on sun zenith, atmosphere and sun-earth distance, and  the 
term CQ removes the dependence from bidirectional effects (naturally including the viewing geometry).   

Neglecting correlations among input quantities and non-linearity of the measurement model, the application of 
the Guide to the Expression of Uncertainty in Measurement (GUM) leads to 

�𝑢𝑢𝑐𝑐2 𝐿𝐿WN = 𝐶𝐶𝑄𝑄𝐶𝐶𝐴𝐴
2 �𝑢𝑢𝑐𝑐2 𝐿𝐿W + 𝐿𝐿W𝐶𝐶𝐴𝐴

2𝑢𝑢2 𝐶𝐶𝑄𝑄 + 𝐿𝐿W𝐶𝐶𝑄𝑄
2𝑢𝑢2 𝐶𝐶𝐴𝐴

with
�𝑢𝑢𝑐𝑐2 𝐿𝐿W = 𝑢𝑢2 𝐿𝐿T + 𝐿𝐿i

2𝑢𝑢2 𝜌𝜌 + 𝜌𝜌2𝑢𝑢2 𝐿𝐿i .

M. Gergely and G. Zibordi, “Assessment of AERONET LWN uncertainties,” Metrologia 51, 40–47 (2014).
I. Cazzaniga and G. Zibordi, “Assessment of AERONET LWN uncertainties: Revisited,” Journal of Atmospheric and Oceanic Technology (submitted and revised, 2022).

What values to expect for �𝑢𝑢𝑐𝑐 𝐿𝐿WN and �𝑢𝑢𝑐𝑐 𝐿𝐿WN /𝐿𝐿WN?



Uncertainties in AERONET-OC LWN

M. Gergely and G. Zibordi, “Assessment of AERONET LWN uncertainties,” Metrologia 51, 40–47 (2014).

Relative spectral combined uncertainties �𝑢𝑢𝑐𝑐 (LWN )/LWN (%) and, in brackets,  
combined standard uncertainties �𝑢𝑢𝑐𝑐 (LWN ) and median LWN (mW cm−2 sr−1 μm−1), 
respectively, for various AERONET-OC sites.

�𝑢𝑢𝑐𝑐 𝐿𝐿WN
[𝑚𝑚𝑚𝑚 … ]

�𝑢𝑢𝑐𝑐 𝐿𝐿WN /𝐿𝐿WN
[%]

𝐿𝐿WN
[𝑚𝑚𝑚𝑚… ]

The generic 5% uncertainty requirement does not reflect actual 
requirements/capabilities when considering non-oceanic waters.  



I. Cazzaniga and G. Zibordi, “Assessment of AERONET LWN uncertainties: Revisited,” Journal of Atmospheric and Oceanic Technology (submitted and revised, 2022).

Parameterization of AERONET-OC LWN  uncertainties

While considering the need to compute uncertainties for individual measurements, 
is there any way to statistically estimate uncertainties for AERONET-OC LWN  ?

Scatterplots of median LWN values versus corresponding absolute uncertainties u(LWN)
for data restricted to cases characterized by 𝑊𝑊<3 ms-1.
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Are SVC requirements for the creation of ocean color CDR  
definitively shared by the community? 
What about general requirements for in situ reference data, 
spectral resolution and sites location? 



System Vicarious Calibration (SVC) ensures a relative radiometric calibration to
satellite ocean color sensors that minimizes uncertainties in the water-leaving radiance
LW derived from the top of atmosphere radiance LT

System Vicarious Calibration  



Overall, the creation of ocean colour CDRs should ideally rely on:
 One main long-term in situ calibration system (site and radiometry) established and sustained with the objective to maximize

accuracy and precision over time of g-factors and thus minimize biases among satellite data products from different missions;

 and unique (i.e., standardized) atmospheric models and algorithms for the atmospheric correction to maximize cross-mission
consistency of data products at locations different from that supporting SVC.

Basic requirements

G.Zibordi, F. Mélin, K.J. Voss, B.C. Johnson, B.A. Franz, E. Kwiatkowska, J.P. Huot, M. Wang, D. Antoine. System Vicarious Calibration for Ocean Color Climate Change Applications: 
Requirements for In Situ Data. Remote Sensing of Environment, 159, 361–69, 2015. 

Data - Source ∆g(412) ∆g443) ∆g(490) ∆g(510) ∆g(555) ∆g(670)
MOBY 0 0 0 0 0 0

NOMAD 0.26 0.03 0.49 -0.20 -0.04 -0.37
BOUSSOLE 0.33 -0.03 0.43 0.33 0.14 -0.59
MOBY-MS 0.32 0.04 0.31 -0.45 -0.35 -0.39
AAOT-PRS 0.55 0.11 0.51 -0.05 0.41 0.93
HOT-ORM -0.66 -0.45 -0.39 -0.03 0.53 -0.11
BATS-ORM -0.22 -1.11 -1.05 -0.41 0.23 0.02

Reference, in-water, hyper-spectral, Hawaii (166 matchups over 7 years) 
Multiple sources and sites (64 matchups out of 1039 from 1350 field campaigns)
In-water, multispectral, Ligurian Sea (46 matchups over 3 years) 
Same as Ref. but reduced spectral resolution (166 matchups over 7 years)
Above-water, multi-spectral, Adriatic Sea (99 matchups over 5 years)
Modeled Lw using Chla, Hawaii
Modeled Lw using Chla, Bermuda

N
166

64
46

166
99

176
241

Relative differences with respect to MOBY (SeaWiFS SVC)
∆𝑔𝑔 = 100 𝑔𝑔−𝑔𝑔𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝑔𝑔𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

Is there any basic recommendation for in situ reference data supporting SVC? 
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Relative standard error of the mean (RSEM) of g-factors g determined from
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = (σ𝑔𝑔/g)/ 𝑁𝑁𝑦𝑦 , with σg standard deviation of g assumed invariant with
time and Ny the scaled number of match-ups per decade.

The higher RSEM values are likely explained by:
i. measurement perturbations due environmental changes, and;
ii. temporal change of the in situ measurement system or by the the

adoption of different measurement methods.

http://www.nasa.gov/


SVC spectral resolution & sites requirements



 Lessons learnt indicate the need for at least one long-term reference site providing in situ optical
radiometry data of exceptional quality for system vicarious calibration across successive missions.

 The assessment of satellite data products and the development of bio-optical algorithms should be
supported by geographically distributed radiometric measurements from regions representative of
the world seas. In all cases, data quality should be assured through the application of state of the art
measurement protocols, fully characterized and well-calibrated field radiometers, and finally
validated processing schemes (ideally benefitting of measurement networks).

 Data, complemented by uncertainty values, should be stored in dedicated and accessible repositories.

Concluding: The way forward for ocean color Cal/Val
(just restating what already indicated and definitively obvious) 

 Inter-comparisons of extended field methods, instruments, and data reduction schemes are the way to secure accuracy.

 Standardization of measurements and data reduction, is an invaluable component of the overall strategy to assure high
consistency to field data regardless of source and region.

 The development of new methods and instruments need high consideration. However, the use of newly developed methods
or instruments in operational programs needs to be carefully done to avoid introducing significant discontinuities or
inconsistencies in time series or in globally distributed data.

 Finally, it is important to highlight that international collaboration on each element of the proposed strategies is essential
both in benefiting from transnational experience and optimizing the use of resources.
G. Zibordi and K.J.Voss, Requirements and Strategies for In Situ radiometry in Support of Satellite Ocean Color. In Optical Radiometry for Oceans Climate Measurements, Experimental 
Methods in the Physical Sciences volume 47, G. Zibordi, C.Donlon and A. Parr Ed.s, Elsevier - Academic Press, Amsterdam  (December 2014).



giuseppe.zibordi@eoscience.eu

It was an honor 
collaborating with 

many of you. 

Thank you & Goodbye



… are there any questions ?
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