Centre for AN Supporting
Carbonk‘ climate research and a
Measurement low carbon future

Fiducial Reference Measurements For
validation of Surface Temperature of Satellites

National Physical Laboratory

- " (FRM4STS)
T R PN % .

X ‘:‘ Vw r“ ISAR - lif\
i ‘Ia‘ A o Zad

” Nigel Fox (project Lead) YL I
Head of Science EO, Climate .~ -~ [T -1
& Optical

"' | &(I I
fiducial reference (| K$meomchmg
-

temperature

||||||||||||
measurements Science & Technology D M L
@ Facilities Council DAY AmDAlN OB _




& Project 1: SST/LST Comparison Campaign

27t CEOS Plenary

Montréal, Canada - e
5-6 November, 2013 M. i a-;s g 5
‘F L t-'-:r.:,n ._ﬁ‘ + = | 1

Cal/Val sensor comparison campaign in support of SST and LST

measurements from space (support action for VC-SST and WGC)

(follows similar highly successful Tuz Golu campaign for surface reflectance and
Miami 3 (2009) for SST (10 global participants) using QA4EO quidelines

Proposal
4thof ~5 yearly (O6Miamido 1, 2, 3) WGCV compari s

A Phasel (2014-2015): Laboratory based vs. Sl traceable standards
(radiometers and black bodies) (Land and Ocean applications)

A Phase 2A (2014 i 2018): Series of ship/ocean based radiometer campaigns
A Phase 2B (20157 2017): Field-based calibration of radiometers
A Participation open to all

Background

A Essential Climate Variables Sea Surface Temperature (SST) and Land Surface
Temperature (LST) are both dependent on global satellite observations of surface

emitted thermal radiation
I Heritage long-time series of data from multiple sensors exists
I New sensors soon to be launched e.g. Sentinel 3, JPSS-1
A International comparisons are essential to provide confidence in data, test innovation
and facilitate capacity building and training
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A ESA have agreed to provide funding to support the organisation, logistics
and analysis of the comparison (For all phases 1 through to 2B)

It will require:

A CEOS member agencies to support the participation (travel/subsistence ~2-3
wks to UK) and instruments transport of appropriate Cal/Val teams from their
region of influence.

A For Phase 2A, this will require radiometers to be deployed on ships for a few
months (no cost for ship but for radiometer transport).

A For Phase 2B, this will require support for radiometers and personnel
(travel/subsistence ~2 wks) for appropriate teams from their region of
Influence to be deployed) to a field-site potentially in Namibia.

A Benefits to CEOS agencies:

A Knowledge to remove and correct instrument biases enabling harmonised
global satellite Cal/Val

A Potential to learn and improve from peer interactions
A Establishment of best-practises for instrument and product Cal & Val 3
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Background:

AFor SST validation (Operational and Climate) require network of high
performance drifting Ocean Buoys for continuous monitoring of
Ocean Temps, in addition to Ship borne radiometers analogous to
Ot essitt e s 0 Aevoodt and sew LandNET

AKey part of strategy to bridge 6dat a

AWhite paper drafted by VC-SST, GHRSST, WGCV-IVOS detailing background
available

A Existing networks not sufficient in number for necessary coverage

Request to agencies

A Agency (or group of) to provide resources to launch a set of high
performance well-calibrated Sl traceable drifting Ocean Buoys as an initial

demonstration pilot project. Buoys can be built nationally to meet community
defined specification

A Agencies to allocate resources to continue and where possible extend
number of ocean borne radiometer cruises for SST validation - independent of

g a|

speci fic satellite missions to facilitat e

between missions for Climate.
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A QUALITY ASSUR ANCE
FRAMEWORK FOR
EARTH OBSERVATION

QA4LE

A The Quality Assurance framework for Earth Observation (QA4EQ)
A Looks to make the GUM accessible to the EO community

Community-specific guidelines

Identifier Description

QA4EO Principle:
| data and der |

' with them a fully
documented and quantitatively tied to an
International standard ideally Sl

QA4EOQ-WGCWY-IVO- Methodologies that should be applied to determine immersion factors for both radiance and irradiance
CLP-006 underwater sensors

QA4EQ-WGCW-IVO- Absolute Calibration using Rayleigh Scattering

CLP-007

QAAEO-WGCW-IVO- Protocol for the CEOS WGCV pilot Comparison of technigues/instruments used for vicarious calibration of land

CLP-008 surface imaging through a ground reference standard test site



Flduclal Reference NPLE
measurements (FRMs)

What are Fiducial Reference Measurements?

“The suite of independent ground measurements that provide the maximum 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 entire end-to-end duration of a
satellite mission” (Sentinel-3 Validation Team)

An FRM must:

. Have documented evidence of its degree of consistency for its traceability
to Sl through the results of round robin inter-comparisons and calibrations
using formal metrology standards

. Be independent from the satellite geophysical retrieval process

. Have a detailed uncertainty budget for the instrumentation and
measurement process for the range of conditions it is used over.

. Adhere to community agreed measurement protocols, and management
practises. g have Uc levels fit for the application they are used for c.. cSa
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Need for comparisons:

* Must be blind with open and unconstrained reporting of result (even if cause of any
error identified, unless not due to participant).

* Should be established to evaluate range of quantity being measured, its potential
operational environment, and not bias any method/sensor.

* Provide the means to identify biases and unknown unknowns

* An independent validation of estimated uncertainties of instrument and its use

o A check on robustness of methods to use instrument

« Evaluation of ‘state of the art” of community

¢ [fincludes references which are a-priori higher accuracy and 5l traceable (ideally
primary standards of an NMI) it establishes consistency with “truth’

* Enables participants to learn from each other in terms of uncertainty evaluation and
enable peer based challenge where significant variances exist.

¢ Gives confidence to participants and their users of the guality of their data.

B Use guidance and best practises of NMIs
\‘ .‘u temperature g

measurements
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FRM4ET 8 Ic an E 3A funded projeot, fo ectabilch and maintain 31 tracesblitty of global Fiduolsl Refsrance Meacursments (FRM) for
catslitts dertved curfaoe temperaturs produot validation. The project wiil facilitate Intsrnational harmonication and intsropersbiltty
through organication of a cet of inter comparicons under the Committee for Earth Obcervation Bateliifec (CEO 8) and it Working Group
on Caidbration and Validation (WOCV).
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Fiducial Reference Measurements

“The sutie of independant Ground Mmeasuraments that Srovide the maximam refurn oo
Ivestment for 8 sateilte mission gy delivenng, fo users, the requirad confidence in
cats prooucts, in the form of independent valicason results and ssteilie measurement
unceriainly estmation, cver the ent NG-i0-eng duration of & sateile mission”
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