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Outline

• System Maturity Matrices for atmospheric composition data

• Application to satellite data

• Application to ground-based data

• Connection with SPARC TUNER
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SMM with relevance to atmospheric composition data: Objectives

• System Maturity Matrix: tool for quality assurance/maturity assessment of

• Completeness of product: data + uncertainties + flags + documentation (ATBD, PSD…) + 
…

• State-of-the-art process, from end to end: use of standards, pre-flight characterization, 
in-flight calibration, level-1-to-2 retrieval, geophysical validation…

• Application of FAIR principles: Findable, Accessible, Interoperable, Reusable

• Interoperability:

• Internal coherence of (institutional) satellite constellations: GHG, AQ, ozone, aerosols…

• Transparency for information services (e.g., C3S, CAMS, EPA…)

• Endorsement of Third Party Missions 

• Support and transfer of knowledge to New Space actors

• Maturity level (instead of YES/NO) → Identification of what could improve 
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SMMs with relevance to atmospheric composition data 

• EC FP7 CORE-CLIMAX 

• ESA CCI

• CEOS WGISS DMSMM

• ESA EDAP

• WMO SMM DMP

• EC FP7 QA4ECV QA System
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EDAP vs WMO vs WGISS
The same aspects in the different 
matrices are identified by the 
same color

Correspondence between SMMs

Courtesy Iolanda Maggio (ESA), WGISS-49 (2020/04), https://ceos.org/meetings/wgiss-49/

Take-home message: 
• Data uncertainty, QA and validation are recurring themes.
• Different SMM developments correspond to different EO domains and different objectives.
• Harmonization across EO domains and applications → Current SMMs are in evolution.

https://ceos.org/meetings/wgiss-49/


WGISS DMSMM



ESA Earthnet Data Assessment Pilot (EDAP)
Designed for ESA and NASA assessment/endorsement of Third Party Missions

https://earth.esa.int/eogateway/activities/edap/edap-best-practice-guidelines

SMMs in permanent evolution:  
Above v1.3 (2019); currently there is v2.2 (2022), but without template or examples

https://earth.esa.int/eogateway/activities/edap/edap-best-practice-guidelines


Data Uncertainty

WGISS DMSMM

EDAP v1.3

Regarding uncertainty:
EDAP v1.3 ~ WGISS + Geolocation uncertainty
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Metrological Traceability

EDAP v1.3



WGISS DMSMM

EDAP v1.3
Data Validation
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Test case: EDAP application to Sentinel-5p TROPOMI NO2

EDAP v1.3

Work in progress…
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Test case: EDAP application to Sentinel-5p TROPOMI NO2

Conclusion:

Good to Excellent – Almost all required and 

recommended information available

Product details
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Test case: EDAP application to Sentinel-5p TROPOMI NO2

Conclusion.

Good to Excellent. Data are organized a well-documented standard file format, meeting community naming 

convention standards. Comprehensive set of metadata and data flags.

Analysis Ready Data: certification procedures not yet developed for Atmospheric missions

Product format
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Test case: EDAP application to Sentinel-5p TROPOMI NO2

Conclusion. 

Good to Excellent. Almost QA4ECV compliant and up to date. 

User Documentation



Test case: CEOS DMSMM Application to candidate FRM data

*Note that no formal error covariance matrix is provided, but uncertainty is distinguished 
between  common  (fully  correlated  in  time),  independent  (not  correlated)  and  structured 
(intermediately correlated).

Source: Precursors_cci+ Product Validation Plan 2023, 
S. Compernolle and J.-C. Lambert

WGISS Data Uncertainty maturity criteria applied to
Ground-based Direct-sun DOAS Pandora data (v1.8) from Pandonia Global Network. 

*

https://climate.esa.int/en/projects/precursors-for-aerosols-and-ozone/



Wide geographical coverage
but recent data only and lack 
of polluted sites
→ Poor (level 0-1) Data 
Representativeness

Test case: Maturity of Validation Data

Source: Precursors_cci+ Product Validation Plan 2023, 
S. Compernolle and J.-C. Lambert

Precursors_cci+ stratospheric NO2 VCD Climate Data Record (1995-now) vs NDACC ZSL-DOAS (80’-now) 

Precursors_cci+ tropo SO2 VCD Climate Data Record (1995-now) vs PGN Pandora (2018-now) 

Good geographical & temporal coverage
→ Good (level 2) Data Representativeness



Mapping TUNER recommendations and EDAP System Maturity Matrix 

(preliminary)

R 1. The language and notation used to describe the 
error budget must be clearly defined.

TUNER framework paper EDAP v1.3

‘Uncertainty Methods’: Good
(GUM methodology implies GUM/VIM terminology)

R 2. Error budget as complete as possible, 
i.e., all size-able sources included

‘Uncertainty Sources’: Good to Excellent

R 3. Report substantive contributions from each 
relevant error component separately

‘Uncertainty Methods+Values’: Good to Excellent

R 4. Report per error source dependencies between data 
subsets in a certain domain (time, space, species, etc.).

‘Uncertainty Values’: Excellent (error correlation 
between pixels for all relevant components) 

R 5. Report per error component: contributing to 
random/volatile or systematic/persistent error ?

Not separately treated from above (error 
correlation)

R 6. Clarify meaning of reported uncertainties 
(e.g., 1-sigma, 95% confidence)

‘Uncertainty Methods’: Good
(Implied by GUM methodology)



Mapping TUNER recommendations and EDAP System Maturity Matrix 

(preliminary)

R 7. Report for all error components, ingoing
uncertainties+correlation in documentation.

‘Metrological traceability documentation’: Good
to Excellent. 

R 8 to R 12 are about a priori and AK
Not explicitly covered.
Could have its place in ‘Ancillary Data’

R 13 to R 17 about representative cases to limit 
data volume

This would limit grading in ‘Uncertainty values’ 
to Intermediate.

R 18. The error estimates should explain observed 
differences between measurements of the same air 
mass.
• Random/volatile
• Systematic/persistent

Random/systematic split not explicitly covered.
Could have its place in ‘Validation Results’

TUNER framework paper EDAP v1.3

No focus on correlation.
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Conclusions and outlook

• EDAP and WGISS System Maturity Matrices are being applied to satellite data products.
• Tentatively, they are being adapted and applied to ground-based data as candidate FRMs.
• TUNER recommendations could contribute to more detailed maturity criteria.

• EDAP v1.3 to v2.2: impact of the change on the maturity assessments?

Mission Quality Assessment Guidelines v2.2Mission Quality Assessment Guidelines v1.3


