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Atmospheric Composition Updates

1. WGCV ACSG / AC-VC linkage

2. Fiducial Reference Measurements

3. Tropospheric Ozone Activity

4. Copernicus Cal/Val Solution (CCVS) / Atmosphere

5. Clouds, aerosols and radiation
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• AC-VC-16 and AC-VC-17 (and joint GEMS/Sentinel-4/TEMPO) meetings originally planned to 

be hosted by BELSPO and BIRA-IASB in Brussels => ONLINE MEETINGS (2020/06, 2021/06)

• AC-VC-18 meeting to be hosted by BELSPO and BIRA-IASB in Brussels, March 14-18, 2022

• Validation in cross-agencies harmonization efforts in AC-VC topics:

• Air Quality: Aerosols (Lead S. Kondragunta, NOAA)

• Air quality: Trace gases (Leads B. Lefer, NASA, B. Veheilmann, ESA)

• Greenhouse gases (Lead D. Crisp, JPL)

• Ozone (Lead D. Loyola, DLR)

• GHG emission inventories for global stocktakes, reanalyses, CoViD-19 (fast response, dashboard), 

interdisciplinary (Chairs B. Lefer, NASA, H. Tanimoto, NIES, B. Veheilmann, ESA)

• General discussion at AC-VC-17: interleaved AC-VC / WGCV activities work well, enhanced  

collaboration wished on some topics like aerosols

WGCV ACSG / AC-VC Linkage
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Airborne and field campaigns

• 2020-2021 campaigns in Asia/Pacific, Europe and USA

• UV-Vis and IR spectrometers

• Mapping, enhanced horizontal resolution

• Inter/intra pixel experiments and (super)sites

• Geostationary peculiarities vs. LEO

• Surface BRDF, orography, clouds
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GHG Cal/Val Roadmap (draft)

toward global stocktake 2023 and 2028

2013               2018  2023              2028  2003               2008  

Instruments

CAL

VAL

（GHG Density)

Prelaunch Cross calibration: Intercomparison of radiometric standard

Vicarious calibration, coincident observation of multiple sensors

Cold site, uneven topography, thick aerosol

VAL

（Flux)

Challenge 

(1) Global flux

(2) Windspeed and direction Accuracy 

Airplane: emission from  different source sectors

Mega cities

Simultaneous NO2 measurement 

International commercial flights, sampling, in-situ 

Column density with ground-based high-resolution FTS

Portable moderate resolution FTS at CAL/VAL sites

Vertical profile : radiosonde, airplane (spiral flight)

Moderate spectral resolution

High spectral resolution and wide coverage SWIR-TIR and pointing 

Imaging & high spectral resolution  

Imaging high spectral resolution & pointing 

Full spatial coverage

Compact Geo

GHG and NO2

Challenge 

(1) Mueller matrix
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NDACC IRWG

http://ndacc.org

• Bruker 120HR/125HR

• Resolution 0.0036 cm-1

• Profile retrievals

(limited vertical 

resolution, at least 

tropo/strato partial 

columns)

TCCON

http://tccon.org

• Bruker 125HR 

• Resolution 0.02 cm-1

• Profile scaling retrievals

COCCON

http://www.imk-

asf.kit.edu/english/COCCON.php

• Bruker EM27/SUN 

• Resolution 0.5 cm -1

• Profile scaling retrievals

GHG Measurement Networks for Satellite Validation

Courtesy M.K. Sha, M. De Mazière and B. Langerock (BIRA-IASB)

http://ndacc.org/
http://ndacc.org/
http://www.imk-asf.kit.edu/english/COCCON.php
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NDACC IRWG

• Operational use in: EUMETSAT AC SAF 

IASI validation, ESA MPC TROPOMI 

validation, CAMS validation (RD delivery

supported by CAMS27)

• Recent and ongoing harmonisation efforts 

in QA4ECV, GAIA-CLIM, CAMS27, C3S-

311a-Lot3 (BARON)                                                                

Upcoming SFIT/PROFFIT to improve

harmonization of uncertainties evaluation, 

better spectroscopy

• Selected NDACC stations to join EU 

research infrastructure ACTRIS: with

central processing facility, QA/QC, 

training… 

• CO2 retrieval strategy under development

(IUP/UB & BIRA-IASB)

TCCON

• Operational use in: OCO-2/3 & 

GOSAT/2 Cal/Val, CAMS validation, 

ESA TROPOMI validation (limited RD 

delivery)…

• GGG2020 will improve prior profiles 

(shape and possible bias), verify CO 

calibration factor, improve 

spectroscopy, reduce remaining 

airmass and H2O dependences, reduce 

scatter in CO product, improve 

diagnostics for instrumental issues.

• Negotiations ongoing for selected 

TCCON stations to join EU research 

infrastructure ICOS, with central 

processing facility

• Profile retrievals under development. 

Tropospheric partial columns can be 

derived indirectly

COCCON

• Operational usage in: OCO-2/3, GOSAT/2, 

S5P TROPOMI validation (started in 2020)…

• Planned update foreseen for PROFFAST, 

redefined spectroscopic descriptions + 

improved line lists 

• EM27/SUN as travelling standard for 

TCCON, COCCON can complement TCCON, 

support by ESA for COCCON-PROCEEDS, 

follow-up crucial for current capabilities of 

COCCON

• Towards extension of COCCON with 

VERTEX70 and IRcube (2 other low 

resolution FTIR instruments – with higher 

spectral resolution and additional species) 

– ESA FRM4GHG project 

https://frm4ghg.aeronomie.be

GHG Measurement Networks for Satellite Validation

Courtesy M.K. Sha, M. De Mazière and B. Langerock (BIRA-IASB)

https://frm4ghg.aeronomie.be/
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Further details

Use in operational validation facilities: 

• Copernicus Atmosphere Monitoring Service (CAMS): https://global-

evaluation.atmosphere.copernicus.eu

• ESA/Copernicus Sentinel-5p MPC: https://mpc-vdaf-server.tropomi.eu

• EUMETSAT AC SAF trace gases validation: http://cdop.aeronomie.be/validation/valid-results

Intercomparisons (recent papers): 

• CO:   https://doi.org/10.5194/amt-12-5979-2019

• N2O: https://doi.org/10.5194/amt-12-1393-2019

• CH4 Profile retrievals from TCCON spectra: https://doi.org/10.5194/amt-12-6125-2019

• FRM4GHG paper – low resolution FTIR comparison to TCCON: https://doi.org/10.5194/amt-2019-371

GHG Measurement Networks for Satellite Validation

https://global-evaluation.atmosphere.copernicus.eu
https://mpc-vdaf-server.tropomi.eu
https://doi.org/10.5194/amt-12-5979-2019
https://doi.org/10.5194/amt-12-1393-2019
https://doi.org/10.5194/amt-12-6125-2019
https://doi.org/10.5194/amt-2019-371
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Fiducial Reference Measurements

Fiducial Reference Measurements

• Asian/Pacific PGN and MAX-DOAS networks (GEMS, GOSAT-GW and S5P focus)

• ESA/NASA/USEPA/LuftBlick Pandonia Global Network (PGN) NO2, O3, SO2, HCHO

• US EPA/NASA efforts to integrate remote sensing at existing AQ monitoring sites

• ESA FRM4DOAS, Mutual consistency between MAX-DOAS, direct-sun UV and FTIR (HCHO 

and NO2)

• EUBREWNET uncertainty budget and enhancement

• EUMETSAT CO2M FRM study, ESA FRM4GHG, COCCON

• ACTRIS CLOUDNET, ESA FRM4RADAR, US ARM

FRM data distribution infrastructures

• 9 atmospheric Cal/Val data services assessed in CCVS T2.6

• ACTRIS, AERIS, ASDC, CEDA, EVDC, HALO, ICOS are FAIR

• Network data centers not assessed (GRUAN, NDACC, TCCON, WOUDC…)
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WGCV ACSG / AC-VC Linkage

CEOS Work Plan 2021-2023
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Questions from TOAR-I   (Gaudel et al., 2018)

• Why do measured distributions and trends differ (i) among 

satellites, and (ii) w.r.t. monitoring networks ?

TOAR-II Satellite Ozone Working Group goals

• Reconcile satellite-, ground- and aircraft-based data

• Global chemistry transport models as transfer standard

• Provide common methodology for validation of trends

IGAC Tropospheric Ozone Assessment Report
Tropospheric Ozone Burden

Tropospheric Ozone Annual Trend

CEOS VC-20-01 Tropospheric Ozone Activity
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CEOS VC-20-01 Tropospheric Ozone Activity

• VC-20-01: 'Tropospheric ozone dataset validation and harmonization'

• Lead: D. Loyola (DLR), support G. Labow (NASA) and J.-C. Lambert (BIRA-IASB)

• CEOS (AC-VC / WGCV) response to IGAC TOAR-II needs

• Coordination with TOAR-II Satellite Ozone WG and HEGIFTOM WG   

• WC-20-01 schedule: 

 Kick-off at AC-VC-16 (June 2020)

 Initial results at AC-VC-17 (June 2021)

• Progress Meeting (Jan 2022)

• TOAR-II Workshop (2022, TBD)

• Results at AC-VC-18 (March 2022, Brussels)

• Contributions to TOAR-II publications (2022+)
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CEOS VC-20-01 Tropospheric Ozone Activity

Status at AC-VC-17 (June 2021):  
• Data harmonisation and validation protocol for satellite tropospheric ozone
• Gap analysis for cross-constellation validation
• Initial validation results
• Feedback to ground-based data providers

VC-20-01: Contributing satellite 
data records (as of June 2021)

Courtesy: daan.Hubert@aeronomie.be
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Copernicus Cal/Val Solution (CCVS) – Atmosphere 

• EC H2020 project to elaborate a holistic Cal/Val solution for the Copernicus Sentinel 

missions, overcoming current limitations:

• Lack of cross-Sentinel synergies: methodologies, data collection, distribution, processing and inter-validation,

• Insufficient handling of inter-operability requirements within the Copernicus programme,

• Excessive dependency on data obtained from external entities without any long-term operational commitments 

to the Copernicus programme,

• Global lack of reference data compliant with internationally endorsed good practice methods for operational 

Cal/Val, both from permanently maintained sites and campaign-based acquisitions.

• Coordinator ACRI-ST + 13 partners

• Advisory committee: EEA, ESA, EUMETSAT

• Partners/stakeholders: Copernicus, EC, JRC, space agencies, WGCV and GSICS members, 

Cal/Val experts, measurement networks & infrastructures

• Atmosphere: BIRA-IASB, ACRI-ST, CNES, JRC, KNMI, U. Antwerp, U. Tartu.

• CCVS addresses GHG Roadmap CV-2 and CV-5, and is also relevant to CV-6.
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CCVS – Atmosphere: requirements and status (December 2020 – May 2021)

D1.4 – Cal/Val Requirements for Atmospheric Composition Missions

D2.1 – On-board calibration

D2.2 – Vicarious methods

D2.3 – Inter-satellite comparisons

D2.4 – Systematic ground-based measurements

D2.5 – Field and aerial campaigns

D2.6 – Cal/Val data distribution services

Reviewed by ACRI-ST, Copernicus, EC/JRC, EEA, ESA, EUMETSAT, U. Tartu, 

revised, delivered on June 1, 2021

More details tomorrow

Copernicus Cal/Val Solution (CCVS) – Atmosphere 
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Current CCVS – Atmosphere activities (June 2021 – June 2022): gap analysis and solution

T3.1 – Needs for new/enhanced instrumentation

T3.2 – Audit of Cal/Val methods per product, compliance with Cal/Val requirements, need for 

further developments

T3.3 – Evaluation and optimization of ground-based networks configuration

T3.3 – Concept of supersite

End-to-end validation of Level-1-to-2 data production

Synergies with other EO Cal/Val domains: PICS, RadCalNet, surface BRDF…

T3.4 – Cal/Val data distribution

T3.5 – Impact of Level-1/2 Cal/Val on Level-3 data quality

T3.6 – CCVS Solution

Next (by end 2022): Reference scenarios for implementation

Copernicus Cal/Val Solution (CCVS) – Atmosphere 
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Copernicus Cal/Val Solution (CCVS) – Atmosphere 
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Towards a generic validation protocol 

for atmospheric (L2) data products ?

• Standards and traceability
• Cardinal validation targets
• Mission and user requirements
• Data product content 
• Documentation
• Validation approaches
• Data analysis
• Domain specifics
• Planning, organization and inte

rnational collaboration
• Tools and services



CEOS WGCV-49 teleconference, June 29 – July 2, 2021 Atmospheric Composition Updates

Towards a generic validation protocol 

for atmospheric (L2) data products ?

• Objectives of Cal/Val 

• Terminology

• Mathematical formulation

• Validation metrics

• Advanced methods
and strategies

• Referred to in ISO 19124-1
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Towards a generic validation protocol 

for atmospheric (L2) data products ?

Generic nadir satellite validation protocol (including round-robin functions)
(Keppens et al., AMT, 2015; AC-VC-10, College Park, 2014)
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Towards a generic validation protocol 

for atmospheric (L2) data products ?

(Keppens et al., AMT 2019)

SPARC TUNER activity: Data harmonization and uncertainty budget 
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Level-1 / Reflectance / Surface

Emerging interest in validation of Level-1 FCDRs (calibration 

validation), in validation of LER/DLER/GLER/GELER retrievals and 

climatologies, in use of PICS, in directional properties of surface, in 

validation of pixel geolocation… from UV-Vis to SWIR and TIR

 Investigate opportunities for a future WGCV activity cataloguing 

existing methods and data and exploring new possibilities ?
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(Radiometric) Clouds as Influence Quantities

for L2 Trace Gas Retrievals

• Clouds modify the radiance measured by atmospheric 
composition sounders and influence the L2 retrieval of trace 
gases by masking and by modified sensitivity.

• Effective (or radiometric, not geometric) cloud fraction, cloud top 
height and/or cloud optical thickness are retrieved in the NIR (O2-
A), VIS (O2-O2) and with imagers with several key assumptions 
(reflecting boundaries, multi-layered…)

• Intercomparison study published: ground-based validation (vs. 
CLOUDNET and ARM) of all S5P TROPOMI cloud processors + 
OMI O2-O2, MODIS and S-NPP VIIRS

• ESA study of impact of cloud retrievals on TROPOMI L2 trace 
gas retrievals, coordinated by IUP/UB

• ESA study on 3D cloud effects, coordinated by NILU

 Interest on ACIX and CMIX process and outcome
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• EarthCARE = Earth Clouds, Aerosols and Radiation Explorer

• Joint ESA-JAXA mission.

• For scientific background, see B.A.M.S. special issue on the 

EarthCARE Mission

• Launch in June 2022. 6-Months Commissioning Phase

• ESA and JAXA each organize the validation of their own data 

products. 

• Validation Research Announcements for the JAXA products 

in 2013 and 2019

• Validation Announcement of Opportunity for the ESA 

products in 2017: 33 proposals accepted and reviewed at the 

1st ESA EarthCARE Validation Workshop: programme 

considered adequate but areas of improvement remain (see 

workshop conclusions in the workshop report at same URL): 

better coverage in tropics and Oceania, better coverage of 

cloud-profiling radars.

Futher validation contributions are welcome (contact ecvt-

esa@earthcare.esa.int). Please spread the word EarthCARE Validation Portal at 

https://earthcare-val.esa.int

Development of validation protocols for 

atmospheric aerosol and cloud profiles

http://journals.ametsoc.org/doi/pdf/10.1175/BAMS-D-12-00227.1
http://earth.esa.int/aos/EarthCARECalVal
https://earthcare-val.esa.int/display/EEVP/Validation+Activities
https://earthcare-val.esa.int/display/EEVP/The+1st+ESA+EarthCARE+Validation+Workshop
https://earthcare-val.esa.int/display/EEVP/The+1st+ESA+EarthCARE+Validation+Workshop
https://earthcare-val.esa.int/display/EEVP/The+1st+ESA+EarthCARE+Validation+Workshop
https://earthcare-val.esa.int/display/EEVP/The+1st+ESA+EarthCARE+Validation+Workshop
mailto:ecvt-esa@earthcare.esa.int
https://earthcare-val.esa.int/
https://earthcare-val.esa.int/
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Specific difficulties for EarthCARE validation:

• Extremely narrow-swath  fewer overpasses 

• In particular for clouds: small correlation scale in 

time and space  stringent collocation criteria 

• Broad suite of complex (including synergistic) 

products  Great variety of correlative 

instrumentation needed for validation

• Limited validation heritage compared to for 

example Atmospheric Chemistry. (Cloudsat, 

CALIPSO, Aeolus, CERES, MERIS heritage 

applicable to only few of the EarthCARE products)

• EarthCARE Validation <> CEOS WGCV

• How to address the issues in red?

• CEOS WGCV subgroups have developed validation best 

practices and protocols for many fields (including 

Atmospheric Composition).  

• Some related activity in the domains of EarthCARE is in 

progress (FRM4RADAR, and GEOMS correlative metadata 

harmonisation) or completed (EARLINET aerosol)

• Need for further fostering of common practices and 

definition of protocols in the fields validation of cloud 

profiles, aerosol profiles and radiation products:      

EarthCARE <> WGCV(ACSG) interaction and collaboration    

 EarthCARE contact point: Rob.Koopman@esa.int

Development of validation protocols for 

atmospheric aerosol and cloud profiles
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Development of validation protocols for 

atmospheric aerosol and cloud profiles

2nd EarthCARE validation workshop May 25-28, 2021, recommended to proceed with the 

development of validation protocols  for aerosols, clouds and radiation

→ Proposal for a new WGCV / ACSG activity to develop these validation protocols

• Time frame: two years

• Work plan currently in development for the EarthCARE subgroups, including 

development of validation protocols 

• Good participation from ACCP, clearly a broader perspective (at least ESA and NASA) 

• WGCV / ACSG to advise on QA4EO, generic protocols, best practices…

• Contact: Rob Koopman (ESA)
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Thank you for your attention!


