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Overview

• What’s the problem?

• Fiducial Reference 
Measurements

• FRM4SOC

• Future perspectives
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Earth Observation Envelope Programme
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Ocean Colour Radiometry: Science and Society
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(Image credit: http://www.nral.org) 

Coastal processes…

http://www.nral.org/
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OCR Time Series: Daily coverage: gaps in 
daily coverage with single sensor

(Credit: OC_cci, S. Sathyendranath)
• Need two to three sensors to minimise gaps in daily coverage, and to reduce 

noise
• Promise of Sentinel: at least two sensors in constellation mode when Sentinel 3A 

and 3B are in orbit
• Current status: OC-CCI time series reliant solely on old sensor MODIS-A. VIIRS 

under evaluation.
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Impact of sea level rise



C. Donlon | FRM3SOC, NPL, UK 04/10/2018 | Slide  8ESA UNCLASSIFIED - For Official Use
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Multi-sensor timeseries
Band Set of OLCI&MSI  in the Visible and the Near Infra-Red

• Higher spectral resolution than all previous sensors: Important for atmospheric 
correction, complex coastal waters, phytoplankton types

• Consistency with MERIS: facilitates merging (no need to do band-shifting to 
establish inter-sensor biases)

(Credit: OC_cci, S. Sathyendranath)
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Copernicus Expansion: High Priority 
Candidate Missions (HPCM)
• Potential Copernicus High Priority Candidate Missions (HPCM) under discussion 

include:
1. Anthropogenic CO2 monitoring Mission
2. High spatial-temporal resolution land surface temperature (LST) 

monitoring mission (including coastal areas)
3. Passive microwave imaging radiometry mission
4. Polar ice and snow topography mission
5. Hyper-spectral imaging mission (including coastal areas)
6. L-band SAR mission

• ESA Phase A/B1 studies for all HPCM all in progress
• The EC process of user needs and prioritisation is on-going and will 

continue in parallel
• Final selection of HPCM specific characteristics (e.g. spectral choice, 

number of satellites etc.) will be determined at the end of Phase A/B1
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New: Copernicus Hyperspectral Imaging Mission
“To provide routine hyperspectral observations through the Copernicus Programme in support 
of EU- and related policies for the management of natural resources, assets and benefits. 
Support new and enhanced services for food security, agriculture and raw materials. 

(source: CHIME Mission Requirements Document v 1.2 )

Concept: 
Routine spectroscopic observations in contiguous spectral bands conducted at:
• Sun synchronous orbit (LTDN 10:30 – 11:30),
• Revisit 10-15 days, 
• GSD: 20-30m,
• Nadir view covering land and coastal areas,
• Instrument: Pushbroom Imaging Spectrometer 400 – 2500 nm, ∆λ ≤ 10nm,
• High radiometric accuracy, low spectral/spatial misregistration.



C. Donlon | FRM3SOC, NPL, UK 04/10/2018 | Slide  13ESA UNCLASSIFIED - For Official Use

• more accurate turbidity and transparency 
measures

• chlorophyll, suspended matter and coloured 
dissolved organic matter concentration

• particle size distributions
• phytoplankton types and pigments
• harmful algal blooms
• distinguishing sources of suspended and 

coloured dissolved matter
• estimating water depth
• mapping heterogeneous substrates and cover 

types.

For inland water bodies and coastal zones CHIME is 
expected to provide:

Relevance for monitoring rivers & 
lakes as required by the EU Water 
Framework Directive and Bathing 
Water Directive. 
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Science Missions: Earth Explorers

GOCE 2009 – 2013 

SMOS 2009 – Present 

CryoSat 2010 – Present 

Swarm 2013 – Present 

Aeolus 22 August 2018

EarthCARE 2020/21

Biomass 2022

FLEX 2022

EE9 (SKIM/ FORUM)            2025

EE10 2028
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http://www.esa.int/aeolus

http://www.esa.int/aeolus
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Aeolus measurement principle

 Direct detection UV Doppler Wind Lidar 
(355 nm), 80mJ laser output,  50 Hz, 
2 receiver channels

 Mie receiver to determine winds from 
aerosol & cloud backscatter (Fizeau)

 Rayleigh receiver to determine winds 
from molecular backscatter (Double 
edge Fabry-Perrot)

 The line-of-sight (LOS) points 35o from 
nadir to capture profiles of single 
component horizontal wind (LOS wind 
is projected to HLOS)

 Pointing orthogonal to the ground 
track to remove contribution from 
satellite velocity

 Ground return used for attitude 
correction and instrument calibration
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Coming soon: Aeolus+Innovation (Aeolus+I)
• Call for ideas for new observation products, new science 

exploitation and/or applications of Aeolus data

• Is there sub-surface volume backscattering and can it be 
exploited? 

• difficult to describe this contribution, because of the 
uncertainty of the seawater optical properties (Li et al, 
2010)?

• Max 7 independent small studies (around 100 kEuro each)
• Exploitation of the ocean surface return, or links between 

atmosphere (wind and/or aerosol) and ocean applications could 
be suggested

• ITT in preparation, release on EMITS expected soon
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ESA’s EARTH EXPLORER 8 – “Hyperspectal” FLEX 
Mission

Tandem Mission Concept with Sentinel-3:

 5-30 sec temporal collocation with OLCI
 300 × 300 m2 spatial resolution
 150 km swath width

 500 – 780 nm spectral coverage
 0.3 – 2 nm spectral sampling intervals
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S3B OLCI Hyperspectral: e 2018 field activities

• Reprogrammed overpass of 
Sentinel-3B in June and July 
2018 during comissioning
phase

• 43 microbands accessible

• AVIRIS-NG (NASA) in Europe 
during the same time period 
(arranged by Uni Zurich)

• APEX being available in the
time period (arranged by Uni 
Zurich)
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Italy Mediterranean 
• Synchronized measurements of Fluorescence 

installed on a research vessel, HyPlant, and 
Sentinel-3B between June 4th and 8th in the 
costal area of Livorno and Rome

• Radiometric data acquisition over the 
Mediterranean sea (in synchrony with boat 
measurements of water AOP/IOP and 
constituents (CNR, Italy))

• Flight lines along a gradient of river run-off,                    
which generally causes some algae bloom



C. Donlon | FRM3SOC, NPL, UK 04/10/2018 | Slide  21ESA UNCLASSIFIED - For Official Use

Testing Sentinel-2B MSI for straylight…
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Pre-flight testing Sentinel-2B
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Sentinel-3B and Tandem phase

• Sentinel-3B successfully launched from 
Plesetsk on the 25th of April 2018

• The in-orbit injection was nominal (within 1.3 
σ injection errors)

– S3B was injected 4 Km lower than target altitude 
(6km above S3A orbit instead of 10km), -> natural 
drift to the tandem position was slower than 
expected

• First acquisition by the Kiruna GS was fully 
nominal and Solar Array deployment already 
completed during the first ground station 
contact

• LEOP successfully executed on 25 and 26 
April

• Ground Segment and spacecraft behavior in 
LEOP was very stable 

• The virtual absence of any anomaly in the 
early phase after the launch allowed LEOP to 
complete within 25.5 hrs from launch, the 
fastest LEOP ever for ESOC!

• Strategy implemented to move Sentinel-3B from 
injection to tandem position with Sentinel-3A (30 
s ahead, ~223 km) prepared and implemented.

• Tandem started 6 June (42 days from launch) 





sentinel3b_launch
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How…

• How good is your data? 
• What is the uncertainty?
• How can you be sure that you actually measure what you think you do?
• How did you make the measurement? 
• Are we all happy with your approach?
• How did you check your instruments?
• How well calibrated is your instrument?
• How can the European Space Agency trust your data?



C. Donlon | FRM3SOC, NPL, UK 04/10/2018 | Slide  27ESA UNCLASSIFIED - For Official Use

The importance of validation and verification

• Sentinel-3 A/B cost ~450MEuro
• Each payload instrument is an accurate and precise scientific 

instrument
• Maintaining quality is all about a regular stream of verification 

and validation data that can be used to check mission and 
product performance

• Verification and validation data shall be of an equal and ideally a 
better quality than anything else

• We cannot do this without fundamental traceability and 
uncertainty budgets for all ground measurements used

• Why should we validate Sentinel-3 with substandard data?



C. Donlon | FRM3SOC, NPL, UK 04/10/2018 | Slide  28ESA UNCLASSIFIED - For Official Use

Etna slopes

• The S2 & S3 missions include 4 satellites
• Even though S2/3A and S2/3B are practically 

identical in design, it is anticipated that 
differences in performance of payload 
instruments will exist

• It is essential that relative (absolute) bias 
between S2/3A/B/C/D instruments are 
known properly for Climate Data Record 
construction

• FRM are required throughout the multi-
mission time series

Multi-satellite missions…
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Validation of EO measurements
A validation program includes different complementary approaches to produce
consolidated and confident validation results.

• Validation against precise Fiducial Reference Measurements (FRM): few points
but precise,

• Validation against widespread in-situ: more points less precise,
• Validation against others sources: inter-satellite comparison,
• Validation against models: data assimilation rejection statistics, integrated

model analyses…,
• Validation using Level 3 data (i.e. merged data): statistical comparison between

various Level 3 from various sensors constitutes an extremely useful tool
(mean, median, sd, bias, RMS…. for selected zones, transects, latitudinal bands,
seasonal trends… ) for a cross-validation of the products,

• Validation using monitoring tools: statistics, trend, systematic quality control,
etc.

All the components are important and necessary;

The first point (FRM) is of particular importance because it gives a reference properly
characterised and traceable to standard on which the Validation results can be
anchored.
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Fiducial Reference Measurements (FRM)

fi·du·cial (adj) Regarded or employed as a standard of reference, as 
in surveying.

[Late Latin fdcilis, from Latin fdcia, trust, from fdere, to trust; seebheidh- in 
Indo-European roots.]

What’s wrong with in situ?
It means everything to the uneducated

It’s not tangible to a funding agency

It is not precise enough to argue for a validation program

FRM are:
Linked to Cal/Val plan activities

Based on specific requirements

Forward thinking – long-term vision

Building on the existing capability

Have an inclusive approach: FRM are not Mission specific (e.g. S3A, B, C, D… S2A, 
B, C, D…all need ocean colour FRM…, All Altimeters need transponders for range 
calibration – and Sigma0…)
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Fiducial Reference Measurements
• Fiducial Reference Measurements (FRM) are 
• the suite of independent ground measurements that provide the maximum Scientific 

Utility and Return On Investment for a satellite mission by delivering, to users, the 
required confidence in data products, in the form of independent validation results and 
satellite measurement uncertainty estimation, over the duration of the mission.

• The defining mandatory characteristics of an FRM are:
a. Have documented evidence of SI traceability via inter-comparison of instruments 

under operational-like conditions.
b. Are independent from the satellite SST retrieval process.
c. Include a validated uncertainty budget for all FRM instruments and derived 

measurements is available and maintained, traceable where appropriate to SI ideally 
directly through an NMI

d. Are collected using measurement protocols and community-wide management 
practices (measurement, processing, archive, documents etc.) are defined and adhered 
to.

• FRM are as close to the “true value” for a given variable as we can get with 
uncertainties that are sufficiently small to be useful for an application (e.g. to 
validate SST to 0.2K the FRM should have an uncertainty <0.1K)

• FRM are required to determine the on-orbit uncertainty characteristics of satellite 
measurements via independent validation activities. 
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FRM@ ESA



International context
• The FRM4SOC project, with funding from ESA, has been 

structured to provide support for evaluating and improving 
the state of the art in OC validation through a series of 
comparisons under the auspices of CEOS WGCV and in 
support of the CEOS OCR virtual constellation.

• FRM4SOC also strives to help fulfil the IOCCG in situ OCR 
white paper objectives and contribute to the relevant 
IOCCG WGs and Task Forces (e.g. WG on uncertainty, ocean 
colour satellite sensor calibration task force); the European 
perspective and the importance of Copernicus and the 
Sentinel series of satellite sensors in general and in 
particular for ocean colour.
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Aim To establish and maintain SI traceability of 
Fiducial Reference Measurements (FRM) for 
satellite ocean colour radiometry (OCR).

Laboratory and field radiometer characterization 
experiments
Establish protocols
Include the radiometer industry
Laboratory comparison of radiance and irradiance sources
Laboratory round-robin performance assessment of field 
OCR used for satellite validation
Workshop to establish requirements for European OCR 
vicarious adjustment infrastructure

https://frm4soc.org/

https://frm4soc.org/


The Metrological Foundation for System 
Vicarious Adjustment of Satellite Ocean 
Colour Data (part 1)

Nigel Fox  
Head of Earth Observation, Climate and Optical, NPL
Chair CEOS WGCV IVOS 
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Uncertainty measurement

• The foremost authority and 
guide to the expression and 
calculation of uncertainty in 
measurement science

• Written by the JCGM and 
BIPM

• The importance of 
uncertainty budgets

http://www.bipm.org/en/publication
s/guides/gum.html

http://www.bipm.org/en/publications/guides/gum.html
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International equivalence

1990

2003

2003

Spectral Irradiance
Comparisons 
between NMIs 
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FRM4SOC: Traceability to SI – flow diagram
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First ESA Contract with Estonia
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Measurement Protocols and a Radiometer 
Manufacturers Workshop
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Workshop on System Vicarious Calibration
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Laboratory Calibration Experiments (LCE) 
(Radiance and Irradiance)Estonia
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Laboratory work at Tartu Observatory, Estonia
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Field Intercomparisons, Estonia
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Field Inter Comparison Experiments (FICE) on 
the Atlantic Meridional Transect (AMT) 
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Field Inter Comparison 
Experiments (FICE) on the 

Atlantic Meridional Transect 
(AMT) 
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Field Inter 
Comparison 
Experiments 
(FICE) on the 
new Aqua-alta
Tower, Italy 
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Conclusions

• FRM are important
• FRM mean that you make excellent measurements  Great for 

science!
• FRM are striving to get as close to the “truth” as we can 

manage for a given variable
• FRM allow us to reduce uncertainties
• However..

• FRM are extremely challenging
• Require international consensus
• Involve by definition, National Metrology Institutes

• FRM are certainly the future.
• ESA intends to continue FRM4SOC activities in support of its 

missions and Copernicus
• Lets hear from the experts all about FRM4SOC!
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Thank You –
any Questions

Contact: Craig.Donlon@esa.int

mailto:Craig.Donlon@esa.int
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