Earth Observation Mission Quality
Assessment Framework

Author(s): % Samuel Hunt
: NPL, Task Technical Expert

Approval: / % Nigel Fox

NPL, Task Lead

Accepted: M / Clément Albinet
Va2

— . . .
ESA, Project Technical Officer

EDAP.REP.001 Issue: 2.2 6 December 2022



*EDAP.

Earth Observation Mission Quality Assessment Framework

Issue: 2.2

AMENDMENT RECORD SHEET

The Amendment Record Sheet below records the history and issue status of this document.

ISSUE DATE REASON
1.0 23/4/19 Initial Issue
2.2 8/3/21 Reworking of EDAP guidelines following ESA/NASA collaboration
2.1 31/10/21 Update for EDAP project close
2.2 06/12/22 Update for missing text in 2.3
CONTRIBUTING AUTHORS
Clément Albinet, ESA Valentina Boccia, ESA
Nigel Fox, NPL Javier Gorrofio, NPL

Philippe Goryl, ESA

Alfreda Hall, NASA

Samuel E. Hunt, NPL Alexei Lyapustin, NASA
Guogqing (Gary) Lin, NASA Will McCarty, NASA

Jaime Nickeson, SSAI/NASA GSFC Batuhan Osmanoglu, NASA
Sébastien Saunier, Telespazio Bin Tan, SSAI/NASA GSFC
Compton Tucker, NASA Eric Vermote, NASA

Emma Woolliams, NPL Robert E. Wolfe, NASA

Page 1 of 26




Earth Observation Mission Quality Assessment Framework

’ 3 n P.'o.: Issue: 2.2

TABLE OF CONTENTS
1. INTRODUCTION.....cciittrrunrrtrriisissssnneessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssnssssssssss 3
1.1 Yoo o LT PP PPT U PPPTTTN 3
1.2 ACrONYMS & ADDIEVIGLIONS ...eiiiiiiiiieiiiee e e et et e e st e e e s sateeessnaeeesnreeeens 3
13 REFEIENCE DOCUMENTS. .. tiiiiiiiie ettt ettt e e e et e e e sttt e e sabeeeesabeeeeensaeessabaeeeennbaeessnssaeesnseeeens 4
2. EO MISSION QUALITY ASSESSMENT FRAMEWORK SUMMARY ...ccccoitteniiiinnnieiinnnieimnniensnsisissssssnsnnnes 6
2.1 QUAITLY ASSESSMENT REPOIT .ccuuiiiiiiiiiiieiit ittt ettt s e ettt e s b e e sta e e sbae e bt e e sabeebaeesbbeessteesaseenseas 6
2.2 Cal/Val MAtUFITY IMATIIX cveeieeieeieeie ettt e st te ettt et e e e e esteessesseesseesseesseenseenseenseesseessenssensennsenn 6
2.2.1  Summary Cal/Val Maturity IMAtriX ......cccvevuiecueeiesieseeieesieseeseeseesseesaeeaeeeeessessaesseesseensesssesseesens 7
2.2.2 Detailed Validation Cal/Val Maturity MatriX ........ccceevuieieeieiieeiieeirecie et sre v e eaee e 7
2.3 APPrOACH 1O GradiNG . ..eeeeeieiiieiiie ettt ettt et e it e shb e e sat e e sa bt e st e e sabeesaneesabeenanee s 8
3. DATA PROVIDER DOCUMENTATION REVIEW .......ccootiiirmmmniiiniiinnnnnnssssninnnssssssssssimsssssssssssssssssssssssss 10
3.1 Product INFOIMAtioN ....eeeii ittt e e e e et e e e e e e e abaaaeeeeeeeennanraeaeeeeeennnnees 10
300 0 A o Yo (¥ ot L1 - 11 [ OO OO PSP PUPRROPRNS 10
3.1.2  Availability & ACCESSIDIILY vovvviiriiiitiieiiecit et s naae e 11
3.1.3 Product Format, FIags and Metadata ......ccoecveiiiieniiiiiiieniee ettt s 12
3.14 USEr DOCUMENTATION ...ttt e e e e e e e e s e e e e e e senbeneeeeeeesennnnneee 13
3.2 Y =T o] [ = T TP PR PP T UPPORUPPPPPRPPRRIOt 14
3.2.1  Measurement Calibration & Characterisation ........cccceeeeiiririiiee e e 14
3.2.2  Geometric Calibration & Characterisation.......c.ccceecuieeieiiiie e e eaee e 15
3.2.3  Metrological Traceability DOCUMENTAtION ..c.eeiviiiiiieiiii ettt 16
3.24 Uncertainty CharaCteriSation ........uieiieiiieenieesiee ettt st e st e st eesbeesaeesbeesbeesnes 17
3.2.5  ANCIIANY DAt . ceiieiiieiie ettt e ettt et e bt e e be e e nateebaeenaee e baeenaae et 18
3.3 ProdUCt GENEIAtION .ciiueeiieeieie ettt st e et e e et e e saste e e sabbeeeesareeeseaneeas 19
3.3.1  Calibration AlGOrIthM. ..o e e 19
3.3.2  GEOMELIIC PrOCESSING ..vviiiiiiiieiiiiie ettt sttt s e e et e s e e e s e e e snr e e e snneeesnneeeeas 19
3.3.3  Retrieval Algorithm — LEVEI 2 ONIY.....uiiiieiiie ettt e s e e e st e e e e e seaeeeens 20
IR TV [Ty o o I o 1Yol ol o o Yo < [ o= SRS 21
4, DETAILED VALIDATION ....cccoirerreriiiiisssnnneesssssssssssnsesssssssssssnnsssssssssssssnssssssssssssssnssssssssssssssnssasssssssssnns 22
4.1 Detailed Validation Grading Criteria ........oiueeeieiiieieiiee ettt st e et 23
4,11 Validation MEthod ......ccoouiiiiiiiiie ettt e e et e st e e sabe e e e sbbeeeeanee 23
4.1.2  Validation Results COMPIANCE ...ccccuiiiiiiiiieeeiiiee ettt et e e s e e e st e e e e aee e e snaeeeesnrneeeennes 24
4.2 AV 11 Te EX 1T o I U1 ' ' =SSP 24

Page 2 of 26



Earth Observation Mission Quality Assessment Framework

’ 3 n P.l.: Issue: 2.2

1.

1.1

1.2

INTRODUCTION

In recent years, the increasing range of applications of Earth Observation (EO) data products and
availability of low-cost satellites has resulted in a growing number of commercial EO satellite
systems, developed with a view to deliver end-to-end information services. This evolution in the
marketplace has led to increasing interest from Space Agencies in the acquisition of commercial
EO data products, as they may provide complementary capabilities and services to those they
currently offer.

To ensure that decisions on acquisition of commercial data are made with confidence, there is a
need for an objective framework with which to assess the data quality of these commercial
sources. For this reason, the ESA EDAP project established this EO mission quality assessment
framework. This is now under further developed as a collaboration between ESA and NASA.

This document is developed with the evolution of the marketplace and the advance of Earth
sciences and applications of EO data products in mind, and thus will be revised as appropriate.

Scope

This document defines a generic framework within which the EO mission quality assessments may
be undertaken. Domain specific adaptations of this framework are defined in further documents.

Section 2 provides some background information on general principles of the framework. Next,
Section 3 describes the quality assessment framework itself. Section 4 provides a review of the
optical mission quality, as evidenced by its documentation. Finally, Section 5 provides guidelines
for verifying the mission data quality is consistent with the stated performance of the sensor.

Acronyms & Abbreviations

ATBD Algorithm Theoretical Basis Document

CF Climate & Forecast (Metadata Convention)

CEOS Committee on Earth Observation Satellites

ECV Essential Climate Variable

EDAP Earthnet Data Assessment Pilot

EO Earth Observation

ESA European Space Agency

FRM Fiducial Reference Measurement

FRM4GHG Fiducial Reference Measurements for Ground-Based FTIR Greenhouse Gas

Observations
FRM4S0C Fiducial Reference Measurement for Satellite Ocean Colour

FRM4STS Fiducial Reference Measurements for validation of Surface Temperatures
from Satellites

L1 Level 1
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L2 Level 2

L3 Level 3

NPL National Physical Laboratory

QA4EO Quality Assurance Framework for Earth Observation
QA4ECV Quality Assurance Framework for Essential Climate Variables
Sl International System of Units

TPM Third Party Mission

WGCV Working Group on Calibration and Validation
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2.

2.1

2.2

EO MISSION QUALITY ASSESSMENT FRAMEWORK SUMMARY

This section outlines the overall EO mission data product quality assessment framework. The
evaluation is primarily aimed at verifying that mission data has achieved the claimed mission
performance and, where applicable, reviews the extent to which the missions follow community
best practice in a manner that is “fit for purpose”.

The approach taken to assess data product quality is based on the QA4EO principle [RD-2] and
builds on the structure and reporting style developed in other similar work (e.g. [RD-3]). This
quality assessment framework, developed within the ESA Earthnet Data Assessment Pilot (EDAP)
project, aims to build on the experience of this previous work targeting the satellite Cal/Val
context.

The assessment itself is conducted in two parts, as follows:

e Documentation Review — review of mission quality as evidenced by its documentation.
o Detailed Validation — quantitative assessment of product compliance with stated
performance.

These parts of the assessment, along with their grading criteria, are described in Sections 3 and 4,
respectively. The activities are divided into sections and subsections constituting each of the
different aspects of data product quality that are assessed and graded. Assessment results are
provided in a separate Quality Assessment (QA) Report and are also summarised in a colour-coded
Cal/Val maturity matrix.

It is expected that all relevant mission information needed to perform the assessment would be
available to all users, however it is understood that confidentiality may be required for some
aspects of a mission. Where this is the case, it will be indicated as confidential in the quality
assessment report. In general, pertinent key conclusions of confidential documentation should
nevertheless be published openly.

Quality Assessment Report

The quality assessment for a given mission is reported using the QA Report template. The template
ensures consistency of reporting and facilitates comparison between the assessments of similar
missions. The QA Report covers each section of analysis, providing more detailed information, as
well as including a completed mission Cal/Val maturity matrix (see following subsection)
presenting the results of each sub-section of analysis in a colour-coded table.

Cal/Vval Maturity Matrix

A Cal/Val maturity matrix provides a high-level colour-coded summary of the quality assessment
results. The matrix contains a column for each section of analysis, and cells for each subsection of
analysis. Subsection grades are indicated by the colour of the respective grid cell, which are defined
in the key. A padlock symbol in the corner of given cell indicates that the information used to assess
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the respective subsection is not available to the public. The reporting of assessment results is
divided between two Cal/Val maturity matrices, as follows:

e Summary Cal/Val Maturity Matrix
e Detailed Validation Cal/Val Maturity Matrix

These matrices are described below.
Summary Cal/Val Maturity Matrix

The Summary Cal/Val Maturity Matrix provides an overall summary of the quality assessment
results (see Figure 1). The matrix on the left (in dark blue) summarises the results of the
Documentation Review, while the additional column on the right (in light blue) summarises the
results of the Detailed Validation. The Validation Summary column is separated from the main
table to make clear the results can come from multiple assessment sources.

Data Provider Documentation Review Key
Not Assessed
Product Metrolo Product
Information 8Y Generation Not Assessable
Basic
Radiometric Radiometric . .
. . . . . Radiometric Good
Product Details Calibration & Calibration Validation Method
Characterisation Algorithm Excellent
Ideal
I Geometric . Radiometric i
Availability & . . Geometric o a Not Public
Accessibilit Calibration & Processin Validation Results
y Characterisation g Compliance
M logical
Product Format, Treatcrgai)?lli?ca Retrieval Geometric
Flags & Metadata y Algorithm Validation Method
Documentation
. . - Geometric
User Uncertainty Mission-Specific o
. . . Validation Results
Documentation Characterisation Processing .
Compliance

2.2.2

Ancillary Data

Figure 1 - Summary Cal/Val Maturity Matrix and Key. To be colour-coded to report results of
assessment.

Detailed Validation Cal/Val Maturity Matrix
The Detailed Validation Cal/Val Maturity Matrix (see Figure 2 for domain-independent template)
provides more complete reporting of analysis behind the Validation Summary — breaking down the

validation methodologies used and the results. This section is aimed at the more technically
focused reader. Since, for a given mission multiple validation studies may be performed — for
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2.3

example, by the mission/vendor and/or by independent assessors —there can be multiple Detailed
Validation Maturity Matrices produced and reported.

The performance metrics that make up the detailed validation are domain specific, and so each
domain defines its own Detailed Validation Cal/Val Maturity Matrix, which can be found in the
relevant domain specific framework guidelines.

Key
Not Assessed
Not Assessable
Basic
Measurement
Measurement ¢« | = |Performance Metric Good
Validation Method 5
g #1 Method Excellent
o Ideal
=}
Measurement S Measurement & Not Public
Validation Results | « | = Performance Metric
Compliance #1 Re§ults
Compliance
. Geometric
Geometric .
Validation Method <« Performance Metric
S| #1 Method
(]
€ -
. o Geometric
Geometric 9] )
e O PPerformance Metric
Validation Results | «
. #1 Results
Compliance )
Compliance

Figure 2 — Validation Cal/Val Maturity Matrix template, the exact performance metrics
included are domain specific.

Approach to Grading

The assessment framework is aimed at verifying the claimed mission performance, and that the
mission follows community best practice to an extent that is “fit for purpose”. The grading criteria
for each category are determined based on a logical interpretation of this principle. For example,
pre-launch calibration quality grading is based on the comprehensiveness of activity with respect
to the target instrument performance.

Grades of Basic, Good, Excellent, or Ideal may be given. The Ideal grade level is generally reserved
to provide recognition for achieving the highest standard of quality with respect to community
best practice. This high bar of quality may be aspirational, but is the benchmark that EO data
providers should aim for. Note that a grade of Basic can also be considered acceptable in a given
context.
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Additionally, a subsection may also indicate Not Assessable or Not Assessed. These cover the cases
where certain aspects of product quality will not be assessed — either because there insufficient
information available to make an assessment, or because it is out of scope of the assessment.
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DATA PROVIDER DOCUMENTATION REVIEW

In this section we provide detailed guidelines for Documentation Review. This assessment aims to
review mission quality as evidenced by its documentation. It is divided into the follow sections:

e  Product Information
e Metrology
e  Product Generation

In the following we look at each of these sections in turn and discuss the grading criteria.

The results of the Documentation Review are reported on the left portion of the Summary Cal/Val
Maturity Matrix. This portion is shown in Figure 3.

Data Provider Documentation Review

Product Metrolo Product
Information 2 Generation
Measurement Calibration
Product Details Calibration & Aleorithm
Characterisation &
Geometric
Availability & . . Geometric
Accessibilit Calibration & Processin
y Characterisation &
Metrological .
Product Format, Trzggai)?lli?c?/ Retrieval
Flags & Metadata Documentation Algorithm
User Uncertainty Mission-Specific
Documentation Characterisation Processing
Ancillary Data

Figure 3 — Data Provider Documentation Review Matrix

Product Information

The Product Information section covers the top-level product descriptive information, product
format, and the supporting documentation. Its subsections are now defined.

Product Details

Certain basic descriptive information should be provided with any EO data product and is required
for assessment of all mission domains. The list of this required information is as follows:
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e  Product name
e Sensor Name
e Sensor Type
e  Mission Type
Either single satellite or constellation of a given number of satellites.
e  Mission Orbit
For example, Sun Synchronous Orbit with Local Solar Time.
e  Product version number
e ProductID
e  Processing level of product
e Measured quantity name
e  Stated measurement quality
To provide context to the reader for the rest of assessment, provide the product “quality”
as specified by the provider.
e Spatial Resolution
e Spatial Coverage
The full swath width and footprint of a scene or single acquisition. Define if data’s spatial
coverage, i.e., if provide global or for specific regions.
e Temporal Resolution
Define repeat/revisit time, i.e., time between successive observations of a given location.
e Temporal Coverage
Define period of mission operation (expected if current mission)
e Point of contact (Responsible organisation, including email address)
e  Product access (e.g., URL, DOI if applicable)
e  Restrictions for access and use, if any

Table 3-1 shows how provision of data product information relates to its grade for this sub-
section of the quality assessment.

Table 3-1 — Product Information > Product Details — Assessment Criteria

Grade Criteria

Not Assessed Assessment outside of the scope of study.

Not Assessable Relevant information not made available.
Basic Many pieces of important information missing.
Good Some pieces of important information missing.

Excellent Almost all required information available.
Ideal All required information available.

3.1.2 Availability & Accessibility

This is about how readily the data are available to those who wish to use them. It does not
necessarily require cost-free access but is more about following the FAIR (Findable, Accessible,
Interoperable, Reusable) Data Principles for scientific data management and stewardship [RD-4],
which provide valuable principles for all data applications. These state that:

Data should be findable

e Metadata and data are assigned a globally unique and persistent identifier
e Data are described with rich metadata

e Metadata clearly and explicitly include the identifier of the data it describes
e Metadata and data are registered or indexed in a searchable resource

Page 11 of 26



Earth Observation Mission Quality Assessment Framework

’ 3 n P.l.: Issue: 2.2

Data should be accessible

e Metadata and data are retrievable by their identifier using a standardised communications
protocol

e The protocol is open, free and universally implementable

e The protocol allows for an authentication and authorisation procedure where necessary

Data should be interoperable

e Metadata and data use a formal, accessible, shared and broadly applicable language for
knowledge representation

e Metadata and data use vocabularies that themselves follow FAIR principles

e Metadata and data include qualified references to other (meta)data

Data should be reusable

e Metadata and data are richly described with a plurality of accurate and relevant attributes
e Metadata and data are released with a clear and accessible data usage license

e Metadata and data are associated with detailed provenance

e Metadata and data meet domain-relevant community standards

Table 3-2 shows how a data product’s provision of the above information relates to the grade it
achieves for this sub-section of the quality assessment.

Table 3-2 — Product Information > Availability and Accessibility — Assessment Criteria

Grade Criteria

Not Assessed Assessment outside the scope of study.
Not Assessable Relevant information not made available.
Basic The data set does not appear to be following the FAIR principles

The data set meets many of the FAIR principles and/or there is an associated data
management plan that shows progress towards the FAIR principles

The data set meets many of the FAIR principles and has an associated data
Excellent management plan and is available either free of cost or through an easy-to-access
commercial licence.

The data set fully meets the FAIR principles and has an associated data

Ideal management plan and is available either free of cost or through an easy-to-access
commercial licence.

Good

3.1.3 Product Format, Flags and Metadata
An important aspect of EO data products that ensures ease of access to the widest variety of users
is their format. Product metadata and flags offer users important extra layers of useful descriptive
information, in addition to the measurements themselves, that can be crucial to their analysis.
In the ideal case, the product format would meet the appropriate Committee on Earth
Observation Satellites (CEOS) Analysis Ready Data (ARD) metadata guidelines, such as CEOS ARD
for Land (CARD4L) [RD-5] requirements in the case of surface reflectance products.
In the case where such a standard does not exist, product format is graded based on the following:
e the extent to which it is documented

o whether a standard file format is used (e.g., NetCDF)
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e whether it complies with standard variable, flag and metadata naming conventions, such as
the Climate and Forecast (CF) metadata Conventions [RD-6], or, for data from the European
Union, the Infrastructure for Spatial Information in the European Community (INSPIRE)
directive [RD-7].

e whether flags and metadata provide an appropriate breadth of information

If product is derived from a constellation of satellites, the specific satellite used should be included
in the product metadata.

Table 3-3 shows how a given EO data product should be graded for its format.

Table 3-3 — Product Information > Product Format, Flags and Metadata — Assessment Criteria

Grade Criteria

Not Assessed Assessment outside the scope of study.
Not Assessable Non-standard, undocumented data format.
Basic Non-standard or proprietary data format, or poorly documented standard file
format. Minimal useful metadata or data flags provided.
Data exist in a documented standard file format. Non-standard naming
Good .
conventions used. Includes a good set of documented metadata and data flags.
Data are organized a well-documented standard file format, meeting community
Excellent . . .
naming convention standards. Comprehensive set of metadata and data flags.
Ideal Analysis Ready Data standard if applicable, else as Excellent.

3.1.4 User Documentation

Data products should be accompanied with the following minimum set of documentation for
users, which should be regularly updated as required:

e  Product User Guide/Manual (PUG/PUM)
e  Algorithm Theoretical Basis Document (ATBD)

It may be for a given mission that in place of these documents some combination of articles,
publications, webpages and presentations provide a similar set of information. For the highest
grades however, they should be presented as a formal document, since users should not be
expected to search the information out. The QA4ECV project provides guidance for the expected
contents of these documents [RD-8], [RD-9], which they can be evaluated against.

Table 3-4 describes how the assessment framework grades a products user documentation.
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Table 3-4 — Product Information > User Documentation — Assessment Criteria

Not Assessed Assessment outside the scope of study.
Not Assessable No user documentation provided or documentation out-of-date.
Basic Limited PUG available, no ATBD. Information is up-to-date.
Good Some PUG and ATBD-type information available. These may be formal documents
or from multiple sources. Documentation is up-to-date.
Excellent PUG meets QA4ECV standard, reasonable ATBD. Documents are up-to-date.
Ideal PUG and ATBD available meeting QA4ECV standard. Documents are up-to-date.

3.2 Metrology

Metrology is the science of measurement. This section covers the aspects of the mission related
to measurement quality, including calibration, traceability and uncertainty. The Metrology
subsections are now defined.

3.2.1 Measurement Calibration & Characterisation

The sensor’s calibration and characterisation for measurement, pre-launch and on-orbit, should
encompass a given sensor’s behaviour to an extent and quality that is “fit for purpose” within the
context of the mission’s stated performance, based on its measurement function.

What this requires is specific to given instrument types, which will be discussed in the sensor
specific assessment implementation guidelines and will require a degree of expert judgement.
However, in general, for post-launch calibration and characterisation, where a CEOS endorsed
method/test-site is available this should as a minimum be used to monitor sensor performance
throughout the mission.

Table 3-5 shows how the assessment framework grades pre-flight sensor calibration and
characterisation.
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Table 3-5 — Metrology > Measurement Calibration & Characterisation — Assessment Criteria

Grade Criteria

Not Assessed Assessment outside of the scope of study.

Pre-flight and post-launch measurement calibration & characterisation activities
are not documented or information not available.

Pre-flight and post-launch measurement calibration & characterisation

Basic documentation does not include important aspects of instrument behaviour
and/or is not entirely of a level of quality to be judged fit for purpose.

Pre-flight and post-launch measurement calibration & characterisation documents
Good cover most important aspects of instrument behaviour at a level of quality to be
judged fit for purpose.

Pre-flight and post-launch measurement calibration & characterisation efforts
cover all reasonable aspects of instrument behaviour to a quality that is “fit for
purpose” in terms of the mission’s stated performance. Pre-flight calibration is

Not Assessable

2 traceable to Sl or standard reference, characterisation methods meet good
practice. Post-launch Cal/Val uses appropriate community infrastructure/methods
(e.g. RadCalNet).
In addition to meeting Excellent criteria, calibration and characterisation include
Ideal the measurements needed to assess uncertainties at the component level and

their impact on the final product. Post-launch Cal/Val uses appropriate community
infrastructure/methods traceable to Sl (e.g. FRMs, RadCalNet).

3.2.2 Geometric Calibration & Characterisation

As for measurement calibration and characterisation, geometric calibration and characterisation,
pre-flight and on-orbit, should encompass a given sensor’s behaviour to an extent and sufficient
quality that is “fit for purpose” within the context of the mission’s stated performance.

Pre-flight this includes the calibration and characterisation of the geometric aspects of the sensor,
such as field of view, as well as other components of the satellite that influence the geometric
processing should be characterised, such as star trackers or attitude control systems. Post-launch
relevant performance parameters should be temporally monitored.

Again, what this requires is specific to given instrument types and calibration methods, which will
be discussed in the sensor specific assessment implementation guidelines and will require a degree
expert judgement. However, for post-launch calibration and characterisation where a CEQOS
endorsed method/test-site is available this should as a minimum be used.

Table 3-6 shows how the assessment framework grades post-launch sensor calibration and
characterisation.
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Table 3-6 — Metrology > Geometric Calibration & Characterisation — Assessment Criteria

Grade Criteria

Not Assessed Assessment outside the scope of study.
Not Assessable Geometric calibration & characterisation not documented or not available.
Geometric calibration & characterisation misses some important aspects of
Basic instrument behaviour and/or is not entirely of a level of quality to be judged fit for
purpose.

Geometric calibration & characterisation covers most important aspects of

Good . . . . .
instrument behaviour at a level of quality to be judged fit for purpose.
Geometric calibration & characterisation covers all reasonable aspects of
Excellent instrument behaviour to a quality that is “fit for purpose” in terms of the mission’s

stated performance. Post-launch characterisation uses appropriate community
infrastructure/methods (e.g., from CEOS).

In addition to meeting Excellent criteria, geometric calibration and
characterisation includes the measurements needed to assess uncertainties at the
Ideal component level and their impact on the final product. The quality is “fit for
purpose” in terms of the mission’s stated performance, and meets the science
users expectations.

3.2.3 Metrological Traceability Documentation
Traceability is defined in the vocabulary of metrology (VIM) [RD-10] as a,

“property of a measurement result whereby the result can be related to a reference through a
documented unbroken chain of calibrations, each contributing to the measurement uncertainty”

and reinforced in the QA4EO procedures. Traceability is therefore a key aspect of achieving
reliable, defensible measurements. In this definition an important part of measurement
traceability is highlighted — that it is well documented. This of course must be the case for EO data
products too.

Various diagrammatic approaches have been developed to present the traceability chains for EO
data products (e.g. the QA4ECV guidance, which includes a traceability chain drawing tool [RD-
11]). Such a diagram should be included in the documentation for every EO mission. The FIDUCEO
project has provided guidance for a more detailed measurement function centred “uncertainty
tree diagram” which is ultimately more suitable for Level 1 (and some Level 2) processing and
should be the aspiration for missions in the future [RD-12].

Table 3-7 shows how the assessment framework grades the metrological traceability
documentation, based on its completeness.
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Table 3-7 — Metrology > Metrological Traceability Documentation — Assessment Criteria

Not Assessed Assessment outside the scope of study.
Not Assessable No traceability chain documented.

Basic Tracea?bility chain diagram and/or uncertainty tree diagram included, missing
some important steps.

Good Traceability chain and/or uncertainty tree diagram documented identifying most
important steps and sources of uncertainty.
Rigorous uncertainty tree diagram, with a traceability chain documented,

Excellent

identifying all reasonable steps and accompanying sources of uncertainty.
Rigorous uncertainty tree diagram and traceability chain documented, identifying
Ideal all reasonable steps and accompanying sources of uncertainty. Establishes
traceability to SI.

3.2.4 Uncertainty Characterisation

To ensure measurements are both meaningful and defensible, it is crucial that they include
rigorously evaluated uncertainty estimates. A comprehensive description of how to evaluate
sources of uncertainty in a measurement, and propagate them to a total uncertainty of the final
measurand, is provided by the metrological community in the Guide to the Expression of
Uncertainty in Measurement (GUM) [RD-13]. The GUM approach should be applied to all EO
missions.

The application of Earth Observation metrology has progressed greatly in recent years.
Increasingly, providers of operational and reprocessed data products are applying different
approaches to evaluate and distribute metrologically rigorous error-covariance information for L1
and L2 product at the per pixel level, as required by climate studies. For example, ESA’s Sentinel-2
mission has developed an on-the-fly, pixel-level uncertainty evaluation tool [RD-14]. There have
also been some initiatives, like the previously mentioned FIDUCEO project, that have applied
metrology to historical sensor data records [RD-15].

With that said, it is typical for uncertainties (or performance estimates) to be evaluated in a
manner that does not comply with the GUM, for example, the performance specification value or

single offset from a comparison sensor may be quoted as the uncertainty.

Table 3-8 shows the uncertainty characterisation grading under the assessment framework.
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Table 3-8 — Metrology > Uncertainty Characterisation — Assessment Criteria

Grade Criteria

Not Assessed Assessment outside the scope of study.

Not Assessable No uncertainty information provided.

Uncertainty established by limited comparison to measurements by other

Basic
sensor/s.
Good Limited use of GUM approach, and/or, an expanded comparison to measurements
by other sensors. Most important sources of uncertainty are included.
Excellent Full GUM approach is used to estimate measurement uncertainty, all important

sources of uncertainty are included. Uncertainty per pixel provided.

Full GUM approach is used to estimate measurement uncertainty, including a
Ideal treatment of error-covariance. Per pixel uncertainties in components, e.g.,
random systematic — as appropriate for the error-correlation structure of the data

3.2.5 Ancillary Data

Throughout the processing chain there may be a requirement for external input data, for example,
atmospheric state information, a digital elevation model or reference data for algorithm tuning.
The ancillary datasets used during the processing should be identified to the user (where possible
due to commercial sensitivity). Ideally this should be traceable on a per product level.

Ancillary datasets must be of a sufficient quality, including the application of suitably rigorous
metrology, for example, in the form of Sl traceability.

The suitability of the ancillary data for its application must also be considered, with respect to the
mission’s stated performance requirements. For example, the quality, size and representativeness
of algorithm input data. The requirements will be specific to the retrieval method used and may
require some expert judgement.

Table 3-9 shows how the ancillary data are graded under the assessment framework.

Table 3-9 — Metrology > Ancillary Data — Assessment Criteria

Grade Criteria

Not Assessed Assessment outside the scope of study.

Not Assessable Use of ancillary data undocumented.

Ancillary data used in product generation, specified to some extent, though
Basic incomplete. Not entirely of a sufficient quality to be judged “fit for purpose” in
terms of the mission’s stated performance.

Ancillary data used in product generation, specified, though not necessarily on a
Good per product basis. Mostly of a sufficient quality to be judged “fit for purpose” in
terms of the mission’s stated performance.

Ancillary data used in product generation, fully specified per product, and
Excellent traceable. Ancillary data used are of sufficient quality to be judged “fit for
purpose” in terms of the mission’s stated performance.

Ancillary data used in product generation, meets the Excellent criteria, and are
traceable to Sl where appropriate.

Ideal
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33 Product Generation

The Product Generation section covers the processing steps undertaken to produce the data
product. This starts with an assessment of the application of calibration of the instrument
measurements to L1. If the mission under assessment produces a L2 data product, then additional
steps of assessment must be undertaken.

3.3.1 Calibration Algorithm

The applied L1 calibration algorithm, or measurement function, should be of a sufficient quality
that is “fit for purpose” within the context of the mission’s stated performance across all stated
use cases and scene types (e.g. land, ocean, etc.). What this requires is specific to the sensor-
domain and will require a degree of expert judgement. This should be based on the same reasoning
applied to the pre-launch and in-flight calibration assessment and reviewed based on the ATBD.

Table 3-10 shows how the calibration algorithm is graded within the assessment framework.

Table 3-10 - Product Generation > Calibration Algorithm — Assessment Criteria

Grade Criteria

Not Assessed Assessment outside the scope of study.
Not Assessable Calibration algorithm not documented.
Basic Calibration algorithm somewhat documented. Calibration algorithm is too simple
to be judged “fit for purpose” in terms of the mission’s stated performance.
Calibration algorithm documented. Reasonable retrieval algorithm used, judged
Good “fit for purpose” in terms of the mission’s stated performance for most expected
use cases.
Excellent Calibration algorithm documented. The calibration applied is considered “fit for
purpose” in terms of the mission’s stated performance for all expected use cases.
Calibration algorithm well-documented. State-of-the-art calibration algorithm
Ideal applied and considered “fit for purpose” in terms of the mission’s stated
performance.

3.3.2 Geometric Processing

A number of different geometric processing methodology may be applied to remote sensing data
depending on the domain and application of the data product. The applied geometric processing
should be of a sufficient quality that is “fit for purpose” within the context of the mission’s stated
performance for all mission products. Again, this constitutes a technical review of the ATBD from
the data provider.

Table 3-11 shows how geometric processing is graded.
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Table 3-11 — Product Generation > Geometric Processing — Assessment Criteria

Grade Criteria

Not Assessed Assessment outside the scope of study.
Not Assessable Geometric processing not fully documented.

Geometric processing documented. Missing all or part of the calibration

Basic parameters. Calibration algorithm too simple to be judged “fit for purpose” in
terms of the mission’s stated performance. Confidence in the calibration quality is
minimal.
Geometric processing documented. Missing part of the input calibration

Good parameters. Reasonable retrieval algorithm used. Confidence in the calibration
quality is considered sufficient.
Geometric processing documented. All input calibration parameters exist.

Excellent Methodology used is considered “fit for purpose” in terms of the mission’s stated

performance for all expected use cases. Quality flags indicate good geometric
accuracy with less than 5% exceptional.
Geometric processing well-documented. State-of-the-art methodology used, easily

Ideal “fit for purpose” in terms of the mission’s stated performance. Quality flags
indicate excellent geometric accuracy.

3.3.3 Retrieval Algorithm — Level 2 Only

For many types of L2 products there are typically a variety of potential retrieval methods that may
be used to derive them. These may vary in ways such as model complexity and computational
efficiency — resulting in higher or lower quality final products.

As with the L1 sensor calibration, the L2 retrieval method should be of a sufficient quality that is
“fit for purpose” within the context of the mission’s stated performance across all stated use cases
(e.g., scene types). What this requires is specific to a given variable’s retrieval methods and will
require a degree of expert judgement.

Table 3-12 shows how the assessment framework grades the retrieval algorithm used to generate

L2 products.

Table 3-12 - Product Generation > Retrieval Algorithm — Assessment Criteria

Grade Criteria

Not Assessed Assessment outside the scope of study.
Not Assessable Retrieval algorithm not documented.

Basic Retrieval algorithm somewhat documented. Retrieval algorithm too simple to be
judged “fit for purpose” in terms of the mission’s stated performance.
Retrieval algorithm documented. Reasonable retrieval algorithm used, judged “fit

Good for purpose” in terms of the mission’s stated performance for most expected use
cases, with at least a sensitivity analysis carried out.
Retrieval algorithm documented. Retrieval algorithm “fit for purpose” in terms of

Excellent the mission’s stated performance all expected use cases and validated

performance against similar algorithms or with empirical evidence.
Retrieval algorithm documented. State-of-the-art retrieval “fit for purpose” in

Ideal terms of the mission’s stated performance, full uncertainty budget derived and
validated.
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3.3.4 Mission Specific Processing

Additional processing steps are separate to the main sensor calibration or retrieval processing.
These may include processes like the generation of classification masks. Additional processing
steps must themselves be assessed for quality based on their “fitness for purpose” in the context
of the mission.

In the case of additional processes where the measurement data themselves are transformed in
some manner, such as orthorectification, the uncertainties from the measurement data must be
propagated, as well as introducing appropriate additional uncertainty components caused by the
processing itself. This is required for the uncertainties to remain meaningful.

Each additional processing step should be separately assessed based on the criteria described in
Table 3-13, and then a combined score determined.

Table 3-13 — Product Generation > Mission Specific Processing — Assessment Criteria

Grade Criteria

Not Assessed Assessment outside the scope of study.
Not Assessable Additional processing steps not documented.

Basic Additional processing steps documented. Additional processing steps not
considered fit for stated purpose.

Good Additional processing steps documented. All significant additional processing steps
are fit for stated purpose.

Excellent Additional processing steps documented. All additional processes steps considered

fit for stated purpose.

Ideal AIL additional processing steps are fully documented and considered state-of-the-
art.
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4.

DETAILED VALIDATION

In this section we provide guidelines for the Detailed Validation assessment. The overall goal here
is to verify that the mission performance is consistent with the sensor stated performance. There
is reasonable similarity between sensor domains such that a common structure of quality
assessment can be defined.

The detailed validation assessment is broadly divided into measurement and geometric validation
activities (though further categories may be defined). Within these two sections are paired sub-
sections describing each of the assessed performance metrics, each of which are evaluated both
in terms of the quality of the validation method used and the validation results compliance. The
assessed performance metrics are defined in the domain-specific guidelines.

The results are reported as part of the Detailed Validation Cal/Val Maturity Matrix (Figure 4) and
are then summarised across all performance metrics in the Validation Summary. This Validation
Summary is the same summary presented as a column in the Summary Cal/Val Maturity Matrix
shown in Figure 1.

The remainder of this section includes:

e The criteria for grading the quality of the validation method used and validation results
compliance is given in Section 4.1.

e Finally, in Section 4.2 the approach for synthesising the results of the Detailed Validation
into the Validation Summary is described.

Key
Not Assessed
Not Assessable
Basic
Measurement
Measurement . Good
Validation Method £ [Performance Metric Excellent
£ #1 Method
o Ideal
3
Measurement § o I]\C/Ieasurem:/lnt . @ Not Public
Validation Results s ¢ o;;nancel etric
Compliance Re§u ts
Compliance
. Geometric
Geometric .
Validation Method Performance Metric
'§ #1 Method
(]
€ -
. o Geometric
Geometric 8 berf Metri
Validation Results erformance Metric
. #1 Results
Compliance )
Compliance

Figure 4 — Validation Cal/Val Maturity Matrix template, the exact performance metrics

included are domain specific.
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Detailed Validation Grading Criteria

This section describes how, in generic terms, the criteria for grading the quality of the Validation
Method and Validation Results Compliance subsections the Measurement and Geometric
performance metrics.

Validation Method

Generally, satellite validation attempts to demonstrate the compliance of data products with
respect to some claimed performance level (e.g., documented specifications) by comparison of the
product data with independent reference data. A metrologically-rigorous validation of
measurements goes a step further, attempting to verify both the satellite measurements and their
associated uncertainties. Validated uncertainties provide evidence of the credibility of the
uncertainty estimate given. Commonly used metrics such as the statistical spread of differences
may be used to estimate the uncertainty, however this often may not provide a realistic estimate
of the actual uncertainty.

A rigorous validation must compare mission data products with independent reference data that
are fully representative of the satellite measurements being validated (e.g. point to pixel scaling
considerations), over the full extent of measurements the satellite may make (e.g. biomes,
dynamic range, seasonal variation). This may require the use of a variety of different reference
datasets to cover different observation conditions.

In the same way, these guidelines describe how to assess the quality of satellite mission data.
Similar considerations must be made for the quality of reference data used to validate the satellite
mission data. The highest quality validation reference data provide uncertainty-assessed validation
reference data traceable to SI, and come from activities, such as the ESA Fiducial Reference
Measurement (FRM) projects (e.g. [RD-16], [RD-17]). .

Table 4-1 shows how the validation methods are graded. The specific interpretation of these
criteria in the quality assessment of a particular validation activity depends on a number of factors,
for example the particular method used, or the sensor target performance, therefore some level
of expert judgement may be required when determining the grading.
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Table 4-1 — Validation > Validation Method — Assessment Criteria

Grade Criteria

Not Assessed Assessment outside the scope of study.

Not Assessable No validation activity performed.

Methodology is simple comparison, covering a limited range of satellite
measurements. Uncertainty information not available for reference data.
Methodology covers a range of satellite measurements that represents typical use
Good cases, using representative reference measurements. Uncertainty information not
available for reference data.

Methodology assesses satellite measurements and reference data with respect to
Excellent their characterised uncertainties. Reference measurements are assessed to be
well representative of the satellite measurements.

Methodology assesses satellite measurements and reference data with respect to
their error-covariance and attempts to validate those uncertainties. Reference
measurements independently assessed to be fully representative of the satellite
measurements.

Basic

Ideal

4.1.2 Validation Results Compliance
This section assesses the actual results of the validation activities themselves. In the best case
these will show both validated satellite measurements and their associated uncertainties and will

have been obtained by a group independent of the satellite data provider.

The results should be documented in a Validation report from a user community, see the QA4ECV
guidance for expected content [RD-18].

Grading for this subsection is based on the compliance of the validation results with the
performance claimed by the data provider and with the possibly more stringent standards from
the user community..

Table 4-2 shows how the validation results are graded within the assessment framework.

Table 4-2 — Validation > Validation Results — Assessment Criteria

Grade Criteria

Not Assessed Assessment outside the scope of study.
Not Assessable No validation activity performed.
Basic Claimed mission performance shows some agreement with validation results.
Good Claimed mission performance shows good agreement with validation results.

Claimed mission performance shows excellent agreement with validation results.
Analysis performed independently of the satellite mission owner.

Claimed mission performance shows excellent agreement with validation results,
Ideal measurement uncertainties also validated. Analysis performed independently of
the satellite mission owner.

Excellent

4.2 Validation Summary

The Validation Summary provides a synthesis of the per performance metric assessments provided
in the Detailed Validation Cal/Val Maturity Matrix (Figure 4). It is also presented as part of the
Summary Cal/Val Maturity Matrix.
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Each row in the Detailed Validation Cal/Val Maturity Matrix is represented by one cell in the
Validation Summary column. Thus, there are four summary cells in total — Measurement Validation
Method, Measurement Validation Results Compliance, Geometric Validation Method and
Geometric Validation Results Compliance.

The grade for each of these summary cells represents a combination of the grades of the

contributing cells. The approach is to effectively average the grades of the contributing cells, where
each grade is valued as follows: Basicis 1, Good is 2, Excellent is 3, and Ideal is 4.
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