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Quality Assurance for Earth Observation (QA4EO)
concept and example

1. QA4EO framework
2. QA4EO implementation methods and tools

3. Example 1: QA4ECV QA system applied to
multi-mission NO, Climate Data Record

4., Example 2: Validation of Sentinel-5p NO,
intermediate retrieval parameters

\
| @
[ I »
( <
. 2
o\ :
[a0]

2nd FarthCARE Validation Workshop (online) - 25-28 May 2021 J.-C. Lambert et al. QA4EO Concept and Example



LEO+GEO Satellite Constellation for Air Quality
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&O GROUP ON http://gadeo.org
EARTH OBSERVATIONS

% ] E A QUALITY ASSURANCE

FRAMEWORK FOR
EARTH OBSERVATION

Quality Indicator Traceability
A Quality Indicator (Ql) shall provide sufficient A QI shall be based on a documented and
information to allow all users to readily quantifiable assessment of evidence
evaluate the “fitness for purpose” of the data demonstrating the level of traceabllity to
or derived product internationally agreed (where possible Sl)
reference standards

BIRA-IASB
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GROUP ON
EARTH OBSERVATIONS

Performance testing

http://ga4eo.org

Establish requirements
Define key harmonisation criteria
Essential community reference standards
Key comparisons
QA4EO-QAEO-GEN-DQK-001

~—

A QUALITY ASSURANCE
FRAMEWORK FOR
EARTH OBSERVATION

Arformance testing

Reference standards
QA4EO-QAEO-GEN-DQK-003

Interoperability
Compansons
QA4EO-QAEO-GEN-DQK-004

)
BIRA-IASB

Documentary evidence of performance (template)
Procedure
Uncertainty (QI)
Evidence

QA4EO-QAEO-GEN-DQK-002

Models, algorithms
QA4EO-QAEO-GEN-DQK-005

Quality Indicators
Uncertainty analysis
QA4EO-QAEO-GEN-DQK-006

.

Evidence
A4EO-QAEO-GEN-DQK-007

Quality Assured knowledge
Functioning GEOSS
Interoperability
Harmonisation
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Generic validation chain, state-of-the-art co-locators,

harmonized terminology, common metrics...
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Generic round-robin validation protocol — set of Quality Indicators

1. Requirements:

User requirements

Evaluation re

quirements

2. Data selection:

Research data

Reference data

\ \
Mutual filtering <

3. Data content study:

Filtering
numbers

Geogra

v

and temporal
coverage

Content
histograms/
correlations

phical

Sampling? Bad

4. Information content study:

5. Correlative data selection:

Information
metrics

Resolution
and height
registration

\ 4

Set colo

coincidence
criteria

cation/

Correl

Extract

ative
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6. Correlative data statistics:
Correlation Eecdraphical
and temporal
numbers
coverage

Iathude [

§8 & & o 8 8 8

Au+SS;'u—S'S; u

7. Data harmonisation:

Mandatory: S,AT(AS,AT +8) ' Au
Vertical quantity Vertical grid
‘ matching ‘ ‘ matching y‘ 9
Optional for error budget closure:
) . Vertical resolution Horlzor_1tal Space-time
Prior matching : resolution - :
matching ) sampling matching
matching

8. Comparison statistics:

Bias and

spread
Error budget

closure

9. Derivation of quality indicators:
q ¥ Overview

table

T

Im, —m,| <kyo® +u] +u;

10. User compliance verification:

User compliance
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Validation practices across EO domains

« Objectives of Cal/Val
« Terminology

« Mathematical
formulation

« Validation metrics

« Advanced methods
and strategies
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Validation practices for satellite-based Earth observation
data across communities

Alexander Loew™2" ', William Bell?, Luca Brocca* ', Claire E. Bulgin®' ', Jérg Burdanowitz®,

Xavier Calbet’, Reik V. Donner® ', Darren Ghent?, Alexander Gruber'® "', Thomas Kaminski'!,
Julian Kinzel'?, Christian Klepp'3, Jean-Christopher Lambert'®, Gabriela Schaepman-Strub'>
Marc Schréder'?, and Tijl Verhoelst'

! Department of Geography, Ludwig-Maximilians-Universitit Miinchen (LMU), Munich, Germany, 2Deceased 2 July 2017,
3MetOffice, Reading, UK, “Research Institute for Geo-Hydrological Protection-National Research Council, Perugia, Italy,
5Department of Meteorology, University of Reading, Reading, UK, ®Max Planck Institute for Meteorology, Hamburg,
Germany, ’ Spanish Meteorological Agency, AEMET, Madrid, Spain, 8Potsdam Institute for Climate Impact Research,
Potsdam, Germany, °Department of Physics and Astronomy, University of Leicester, Leicester, UK, '°Department of
Geodesy and Geoinformation, TU Wien, Vienna, Austria, !'Inversion Lab, Hamburg, Germany, '2Deutscher Wetterdienst,
Offenbach, Germany, '3Initiative Pro Klima, University of Hamburg, CliSAP/CEN, Hamburg, Germany, '#Royal Belgian
Institute for Space Aeronomy (BIRA-IASB), Brussels, Belgium, *Department of Evolutionary Biology and Environmental
Studies, University of Zurich, Zurich, Switzerland
. ]|

Abstract Assessing the inherent uncertainties in satellite data products is a challenging task. Different
technical approaches have been developed in the Earth Observation (EO) communities to address the
validation problem which results in a large variety of methods as well as terminology. This paper reviews
state-of-the-art methods of satellite validation and documents their similarities and differences. First,

the overall validation objectives and terminologies are specified, followed by a generic mathematical
formulation of the validation problem. Metrics currently used as well as more advanced EO validation
approaches are introduced thereafter. An outlook on the applicability and requirements of current EO
validation approaches and targets is given.
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Quality Assurance system for EO ECVs

FP7-SPACE-20131
Project No 607405

http://www.qgadecv.eu

: A4ECV QA System
- FP7 project 2014-2018 | Q QA Sy
® QA4 E O I m p I e m e n ta tl O n The QA4ECV Quality Assurance (QA) System is now available for use by data
providers. The function of the QA4ECV QA service is to: MEWORK FORIMPLEMENTING QA IN ECV DATAPRODUCTS
fo r E CVS E | Althe data that goesinio product development must gothrough a QA process
= Provide ECV producers with resources to generate ECV products with _E
L = s 5 EO Satellite Ancillary Reference
PY | d 6 p I C L] embedded QA information § = + +
A p p I e to I Ot E Vs " = Provide data users with QA information to assess the fitness-for- § - - —
purpose of data for their applications r_‘
La n d The QA idance Qualty of the ECV data producton Independent
Revi
Quality System - gu}::r';:m O\ Dy ] o] .ty o o
« surface spectral albedo % e o] csbianang (| 8Produc s
Catogories evaluate qualit Quality Check
« FAPAR \
i LAI (Has aoeess!olc::: p?osdm QA summary
and QA evidenceftools and guidance as
welasmeamm?(swesma

BIRA-IASB

Atmosphere
« NO,
«  HCHO
- CO

Design of the QA System

Guidance for Users Checking Process

Once information is submitted to the QA

The QA system has been developed through
consideration of current practices. An
overview of the system and support studies
are available:

= Overview of the QA system

= Review of Other Projects

= Review of Quality Flags in Products

= Review of Validation in Products

Guidance for various aspects are available:

= Algorithm Theoretical Basis: Guidance
and Template

= Product User Manual: Guidance and
Template

= Traceability Chain: Guidance and Tool
Manual

= Validation Report: Guidance and
Template

system, it will be subject to checking to
ensure consistency of the information
provided with other products. The following
describe this process:

= Quality Checklist

= Quality Checking Procedure

J.-C. Lambert et al.

QA4EO Concept and Example

10

2nd FarthCARE Validation Workshop (online) - 25-28 May 2021


http://www.qa4ecv.eu/

QA4ECV QA system for EO ECVs: atmospheric NO,

First cross-calibrated, multi-sensor
NO, Climate Data Record, spanning
20+ years, with very detailed quality
information embedded.

DAK RT Model
) Version 3
Cloud Terrain
Fraction Height l
Cloud Viewing Terrain Chemistry Transport Model Look Up
Pressure Geometry Albedo (TM4) Table
Air Mass Factor
Calculation .
Averaging
Tropospheric Kernels
Slant Column
Density
- Total NO2
Verhlca ICO_ Hmb Vertical Column
Calculation Density
Total NO2 Slant
Column Density and Tropospheric
Cloud Parameters NO2 Vertical
Column Density
apecy Key
| X Data / Click to see Click to see Click to return |
Main Process q - -
Product process more details to main chain |

/ \"

BIRA«IASB

FP7-SPACE-2013-1
GOME Raw Project No 607405
Data /
1995-2003
- SCIAMACHY
Raw Data
2002-2012 Earthshine G o
r Radiances % G
Calibration Total NO2 Slant
OMI Raw .
Column Density and
Data
Cloud Parameters
2004- 7
. So‘lar Cloud Retrieval
Irradiance
GOME-2A
Raw Data
2006-2021
GOME-2B
Raw Data ¥
Tropospheric . Stratospheric
2012-7 Slant Column  <€——— Stratos;.)herlc NO2 Vertical
. NO2 Estimate .
Density Column Density
Averaging
Kernels
N AMF and Total NO2
Vertical Column Vertical Column
Calculation Density
Tropospheric
NO2 Vertical
Column Density
Key
. Data / ~ Click to see Click to see Click to return
Main Process 5 : ;
Product process more details to main chain
11

2nd FarthCARE Validation Workshop (online) - 25-28 May 2021

J.-C. Lambert et al.

QA4EO Concept and Example



QA4ECV QA system for EO ECVs: atmospheric NO,

Remote Sens. 2018, 10, 1254 Nightingale et al. - QA4ECV QA System 17 of 21

NO,

The QA4ECV NO;, ECV precursor product has achieved advanced status for the

information provided for product details, traceability, quality flags, and
assessment against standards[intermediate status for uncertainty assessment; ]/

and[basic status for validation.}

Further work (inspired among others by outcome of QA4ECV audits):

« Improved retrieval method

L1 calibration and L2 retrieval

« Tailoring of ground-based validation measurements (FRM)
« Validation of NO, intermediate and influence quantities
 Uncertainty assessment, representativeness

12
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Advances in NO, validation

Multi-network validation of Sentinel-5p TROPOMI NO, intermediate quantities
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Advances in NO, validation

Validation of Sentinel-5p TROPOMI cloud properties
as influence quantities for trace gas retrievals
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Conclusion QA4L®

« QA4EOQO provides a set of guidelines facilitating the data quality
assurance of EO missions, enhancing their value, completeness,
interoperability, and heritage.

« Application and value of QA4EO demonstrated for several atmospheric
EO data products and several cross-domain EO based services

« Maturity of QA4EO implementation depends on geophysical variable,
data retrieval scheme, community, user needs...

- Highlights further research needs: expression and calculation of data

uncertainties, representativeness issues, interoperability requirements,
new validation approaches...
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