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Overview

ÅWhy do we need FRM?

ÅDefinition of FRM

ÅESA Example projects and 

activities

ÅFRM4SOC

ÅFRM4ALT

ÅAMT4SentinelFRM

ÅFRM4STS

ÅUpdates on Copernicus

ÅUpdates on Sentinel -3



C. Donlon | 16/10/ 2017 | Slide  3ESA UNCLASSIFIED - For Official Use

With increases in sea level rise, life and property 
threatening impacts such as storm surge become 
increasingly important
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And Today éOphelia
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El Nino watch 2015
(https :// svs.gsfc.nasa.gov / 30629)
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Hs from multiple Altimeters:
Note style of NWS for visualisation

Plot showing significant wave height 
data over the North Pacific Ocean as 
measured by Jason -2, Cryosat -2, and 
Altika polar -orbiting altimeters

Plot showing significant wave height 
data over the North Pacific Ocean as 
measured by Jason -2, Cryosat -2, and 
Altika polar -orbiting altimeters

Image credit: Philippe Lijour `
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Climate Change 2014: 
Impacts, Adaptation, 
and Vulnerability 

Coastal systems are particularly sensitive to three key 
drivers related to climate change: sea level, ocean 
temperature, and ocean acidity ( very high confidence ). 
{5.3.2, 5.3.3.4, 5.3.3.5} Despite the lack of attribution of observed coastal changes, there is a long - term commitment to 
experience the impacts of sea level rise because of a delay in its response to temperature ( high confidence ). {5.5.8} In 
contrast, coral bleaching and species ranges can be attributed to ocean temperature change and ocean acidity. {5.4.2.2, 
5.4.2.4} For many other coastal changes, the impacts of climate change are difficult to tease apart from human - related 
drivers (e.g., land use change, coastal development, pollution) ( robust evidence , high agreement ). 

Coastal systems and low - lying areas will increasingly 
experience adverse impacts such as submergence, 
coastal flooding, and coastal erosion due to relative sea 
level rise (RSLR; very high confidence ). In the absence of adaptation, 

beaches, sand dunes, and cliffs currently eroding will continue to do so under increasing sea level ( high confidence ). 
{5.4.2.1, 5.4.2.2} Large spatial variations in the projected sea level rise together with local factors means RSLR at the loc al 
scale can vary considerably from projected global mean sea level rise (GMSLR) ( very high confidence ). {5.3.2} Changes in 
storms and associated storm surges may further contribute to changes in sea level extremes but the small number of 
regional storm surge studies, and uncertainty in changes in tropical and mid - latitude cyclones at the regional scale, means 
that there is low confidence in projections of storm surge change {5.3.3.2} Both RSLR and impacts are also influenced by a 
variety of local processes unrelated to climate (e.g., subsidence, glacial isostatic adjustment, sediment transport, coastal 
development) ( very high confidence ). 
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The population and assets exposed to coastal risks as well 
as human pressures on coastal ecosystems will increase 
significantly in the coming decades due to population 
growth, economic development, and urbanization ( high 
confidence ). The exposure of people and assets to coastal risks has been rapidly growing and this trend is expected to continue. {5.3.4.1,

5.4.3.1} Humans have been the primary drivers of changes in coastal aquifers, lagoons, estuaries, deltas, and wetlands ( very high confidence ) and are expected to 
further exacerbate human pressures on coastal ecosystems resulting from excess nutrient input, changes in runoff, and reduced sediment delivery ( high confidence ). 
{5.3.4.2, 5.3.4.3, 5.3.4.4} 

For the 21st century, the benefits of protecting against 
increased coastal flooding and land loss due to 
submergence and erosion at the global scale are larger 
than the social and economic costs of inaction ( limited 
evidence , high agreement ). Without adaptation, hundreds of millions of people will be affected by coastal flooding 

and will be displaced due to land loss by year 2100; the majority of those affected are from East, Southeast, and South Asia (high confidence ). {5.3.4.1, 5.4.3.1} At 
the same time, protecting against flooding and erosion is considered economically rational for most developed coastlines in m any countries under all socioeconomic 
and sea level rise scenarios analyzed, including for the 21st century GMSLR of above 1 m ( limited evidence , high agreement ). {5.5.5} 

Climate Change 2014: 
Impacts, Adaptation, 
and Vulnerability 
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Fiducial Reference Measurements

Å Fiducial Reference Measurements (FRM) are 

Å 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.

Å 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 an 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 .

Å FRM are as close to the ñTruthò for a given variable as we can get!

Å FRM are required to determine the on - orbit uncertainty characteristics of 
satellite measurements via independent validation activities. 
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ESA has 4 marine Fiducial Reference 
Measurement (FRM) pilot projects

Preparing above water radiometers and 
vicarious infrastructure in Europe for 
Ocean Colour FRM (SI Traceability ) 

Procedures  and approached to maintain 
ground transponders with SI 
Traceability )

Collection of marine FRM for S3 SLSTR 
and OLCI, S2 MSI and S1 C -band SAR 
Dedicated support to collecting FRM 
measurements for Sentinel validation

Preparing ground truth radiometers and 
drifting buoy as FRM (SI Traceability)

http://amt4sentinelfrm.org

https://frm4soc.org

http://www.frm4alt.eu/

http://www.frm4sts.org/

http://amt4sentinelfrm.org
https://frm4soc.org
http://www.frm4alt.eu/
http://www.frm4sts.org/


Fiducial Reference Measurements for 
Satellite Altimetry (FRM4ALT)

ÅAim: Establish and demonstrate SI traceability of Fiducial 
Reference Measurements (FRM) and their use for satellite derived 
altimeter calibration and validation. 

Å350KEuro, 24 Months KO in Q1 2016
Å Develop, document and demonstrate SI traceability of Altimeter calibration using 

new transponder procedures and processes to maintain the Permanent Altimeter 
Calibration Facility (PACF) in Western Crete, Greece.

Å Satellites: Jason-2, Jason-3, AltiKa, CryoSat2, HY-2A, Sentinel-3 SRAL

Contract in Negotiation with Space Geomatica,  DTU and 
Technical University of Crete





FRM4ALT  Review  Meeting at  Crete Tech 
University, Chania, 29-May-2017

Cal/Val site Location

2001

Å Close to sea,
Å Protected,
Å Accessible, Amenities, 
Å Vertical motion monitor,
Å Satellite visibility,
Å Proper monumentation,
Å Intl standards & specs,
Å Diverse instrument types, models,
Å Sense ocean for altimetry 

calibration,
Å [ƻŎŀƭ ǊŜŦŜǊŜƴŎŜ ǎǳǊŦŀŎŜǎΧ



} Monitor ground deformation continuously,

} Uncertainty infiltrates in final Cal/Val results,

} Tie GNSS reference marks to stable control benchmarks.  

FRM4ALT  Review  Meeting at  Crete Tech University, Chania, 29-May-2017



Satellite Altimetry Cal/Val

ñCalibration:  P rocess of quantitatively defining the system responses to known, controlled signal 
inputs. Validation:  P rocess of assessing, by independent means, the quality of the data products 

derived from the system outputs.ò  Committee on Earth Observation Satellites

Multi -mission cross-over 
calibration between 
different altimetry 
missions.

Microwave transponders are to calibrate
Å altimetric range;
ÅSigma0;
Å Time-tagging errors;
ÅBaseline orientation in space.

Permanent Cal/Val 
facilities equipped with 
GNSS, tide gauges, buoys, 
meteorological sensors, 
etc., established near, but 
not exactly under the valid 
satellite measurements 

Tide gauge network to determine 
regional & global long-term 
(seasonal) trends in sea-level 
variation.  

(FRM4ALT Project, S. Mertikas)



Fiducial Reference Measurements for 
Satellite Ocean Colour(FRM4SOC)

ÅAim To establish and maintain SI traceability of Fiducial 
Reference Measurements (FRM) for satellite ocean colour
radiometry (OCR).

ÅLaboratory and field radiometer characterization experiments

ÅLaboratory comparison of radiance and irradiance sources

ÅLaboratory raound-robin performance assessment of field OCR 
used for satellite validation

ÅWorkshop to establish requirements for European OCR 
vicarious adjustment infrastructure

Å500KEuro, 30 months, ITT issued December 2015, closing 
date: 12 Feb 2016.
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Å 38 attendees
Å USA : 5 from NOAA, Uni. of Miami,

NIST Sea-Bird Scientific, NASA GISS
Å Canada : 1 from Dalhousie Uni.
Å Australia : 1 from Uni. Of Western Australia
Å Korea : 1 from KIOST

Å EU : 30 from 7 countries
Å ESA, EUMETSAT
Å France  : 7 from LOV, ACRI-ST, SOLVO
Å Italy : 7  from JRC, CNR, ISPRA, ESA
Å Estonia : 6 from Tartu Observatory and

Estonian Marine Institute
Å UK : 4 from NPL and PML
Å Germany : 2 AWI
Å Belgium : 2 from RBINS, European Environment Agency
Å Ireland : 1 TechworksMarine

21 ς23 February 2017 at ESRIN, IT Options for future European satellite OCR vicarious 
adjustment infrastructure for the Sentinel-3 OLCI and Sentinel-2 MSI A/B/C and D 
instruments

https://frm4soc.org

https://frm4soc.org/
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12 organisations from 9 countries 

Comparison of Reference Irradiance and Radiance 
Sources (3 ς6 April 2017 at NPL, UK) 

NPL (UK), pilot
TO (EE)
JRC (EU)
LOV (FR)
Satlantic (CA)
Cimel (FR)
In -situ Marine 
Optics (AU)
CSIRO (AU)
NIVA (NO)
NERC-FSF 
(UK)
NOAA (US)
DLR-IMF (DE)

https://frm4soc.org

https://frm4soc.org/
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13 organisations from 8 countries 

FRM radiometer inter-comparison  (8 ς13 May 2017 at TO, Estonia)  

ESA

TO (EE), pilot

AWI (DE)

CIMA (PT)

Cimel (FR)

CNR (IT)

HZG (DE)

NPL (UK)

PML (UK)

RBINS (BE)

Satlantic (CA)

UT (EE)

UVIC (CA)

41  Radiometers calibrated!

Indoor / Outdoor

https://frm4soc.org

https://frm4soc.org/
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http://amt4sentinelfrm.org/

http://amt4sentinelfrm.org/


Working Group on Calibration and Validation

FRM4STS: Fiducial Reference measurements for 

validation of Surface Temperature from Satellites  

(ceos cv8)

Nigel Fox

NPL  (ESA Project)

WGCV Plenary # 40
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Project Setup


