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Precursors_cci+ Validation: Addressing ATMOS 2021 recommendations

This talk will be a lot about

and touches also on
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Why is precursor validation important?

ACP, submitted. See also pres Amir at QOS 2024

NO2

HCHO

Bias correction + diagnostic uncertainty 
from validation
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Precursors_cci+ Project (2022-2025) 

Goal: harmonized multi-sensor L3 Climate Data Records for precursors of 
ozone and aerosol

NO2 HCHO SO2
CHO-CHO CO NH3

1995 2000 2005 2010 2015 2020
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Ground-based Fiducial Reference Measurements

NO2 HCHO SO2
CHO-
CHO

CO NH3

ZSL-DOAS Strato

Direct sun DOAS Total

Multi-Axis DOAS Tropo

FTIRDirect Sun: 
DOAS: total column

FTIR: column + profile

Zenith-sky Zenith-sky DOAS: 
stratospheric 

column

Multi-axis DOAS: 
tropospheric column 

+ profile Complementarity of FRMs, 
e.g., vertical sensitivity

Multi-axis

Ground-based data collected 
from networks

or obtained directly from 
instrument PIs



GOME NO2 vs SAOZ @Dumont d’Urville since 1995

OMI SO2 vs MAX-DOAS@Xianghe

GOME2A HCHO vs MAX-DOAS

IASI-A CO vs FTIR: 
Assessment of drifts

IASI-A NH3 vs FTIR: 
Assessment of drifts

Compliance vs. user requirements 
(e.g., GCOS IP 2022)

More validation results in
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Long FRM Records: Strong Asset!

Assessments of satellite-based Climate Data Records stability require long-term, continuous, 
sustained acquisition of FRM records like, e.g., NDACC FTIR and ZSL-DOAS / SAOZ

1980 1990 2000 2010 2020
1993 2024

Stating the obvious:



ATMOS 2024 | July 1-5, 2024 – Bologna, Italy

Progress in FRM Harmonization & Completeness 

• FRM4DOAS: MAX-DOAS NO2 & HCHO: central processing service to produce homogenized data
• See also recent CINDI-3 campaign, targeting harmonization among teams 
• Pilot project for CEOS-FRM Maturity Assessment Framework

• Recent addition of harmonized FTIR HCHO to the NDACC Data Host Facility
• PGN Pandora: centrally processed data with detailed uncertainty budget

• We encourage further harmonization efforts (e.g., through ESA FRM4xxx projects)
• To include more stations and more measurement series
• To rescue and preserve data on the long term – and prevent loss of historical datasets!
• To expand to other measurement targets, such as MAX-DOAS SO2 and FTIR NH3

https://frm4doas.aeronomie.be/

https://www.pandonia-global-network.org
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End-to-end Validation: Cloud Correction

GOME-2 QA4ECV HCHO: 
cloud corrected vs clear-sky
→ clear-sky: better bias & correlation

GOME-2 AC SAF HCHO: 
cloud corrected vs clear-sky
→ No difference

Size and sign depend on 
algorithm and sensor. 
Better multi-sensor continuity 
with clear-sky assumption

VCD/VCDclear

HCHO VCDclear

clear-sky adopted
for HCHO CDR

Feedback from 
round-robin
validation

GOME-2 QA4ECV HCHO vs MAX-DOAS

clear-skyCloud corrected
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End-to-end Validation: L2 & L3

• TROPOMI: L2 • TROPOMI: L3 DAILY

L3-specific quality filter 
included in L3v2

Outliers in L3 due to 
poorly sampled grid cells

Feedback from 
round-robin 

validation

L3v1

Also L2-to-L3 representativeness 
fields included
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Validation of Prognostic Uncertainties

2/ Full uncertainty validation needs quantification of mismatch errors (co-location + smoothing).
OSSSMOSE tool demonstrated for ozone =>  Adaptation to precursors is needed.

σ2(SAT-FRM) = σ2 (eSAT) + σ2 (eFRM) + σ2 (mismatch errors)

?

1/ SAT and FRM uncertainties need to be harmonized and sufficiently complete (random + systematic)

2012
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Conclusions

• Round-robin and end-to-end validation of not only the final product but also intermediate processing steps give 
helpful insight into the quality of both L2 and L3 Climate Data Records.

• Cloud correction is highly dependent on sounder and algorithm; in some cases clear-sky assumption can be the 
better choice.

• Close iteration between data providers and validators lead to better final CDRs.

• Validation of satellite-based CDRs of atmospheric ECVs requires rescue, harmonization and preservation of 

historical Fiducial Reference Measurements. The FRM4DOAS project is an example of appropriate framework.

• Long-lasting atmospheric monitoring programmes (e.g., SAOZ network for NO2) are a unique source of FRM 

for the accurate validation of satellite-based CDRs, and a reference for new FRM networks currently in 

development. Their termination will endanger our ability to validate long-term and multi-satellite CDRs.

• Recent progress in FRM harmonization, uncertainty assessment, metadata completeness… needs 

continuation, and expansion to new species (incl. SO2 and NH3). The CEOS-FRM Maturity Assessment 

Framework may serve as an inter- and intra-network harmonization tool.

Challenges in assessing the quality of ECV Climate Data Records 

Recommendations for ATMOS 2024


