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Atmospheric Composition Updates

1. ACSG update

2. AC-VC update

3. GHG validation

4. AQ Constellation [VC-20-02/03/04]

5. Tropospheric Ozone [VC-20-01]

6. Clouds, aerosols and radiation [CV-22-01]

7. Cal/Val Maturity Matrix
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Atmospheric Composition Sub Group

• ACSG Chair Bojan Bojkov stepped down in 2021.

• Election of new Chair required (interim by former Vice-Chair J.-C. Lambert)

• Evolution of ACSG over last years

• Topical activities: O3, limb/occ., AQ, GHG, FRM Gap Analysis, aerosols/clouds

• Ad hoc support to AC-VC: joint VC/CV activities, white papers, plans, protocols…

• Closer linkage of space agencies with ground-based monitoring networks

• ACSG objectives and membership

• Need to get on with topical evolution and support to constellations

• Possible structure: 3 Co-Leads + ad hoc expert/topic Leads

• Membership: agencies + expert/topic lists
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• After AC-VC-15 (2019) in Nakano, 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 (2022/03, once again remotely):

• Mo: Greenhouse gases (Lead J. Worden, JPL)

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

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

• Th: Tropospheric ozone (Lead D. Loyola, DLR)

• Fr: Science serving society (Chairs B. Lefer, NASA, H. Tanimoto, NIES, B. Veheilmann, ESA)

• Sessions and discussions address Cal/Val activities, Cal/Val needs, coordination of 

constellation wide validation, interleaved AC-VC / WGCV activities, new validation 

needs beyond L2 (e.g., emissions, fluxes, services)

Atmospheric Composition VC 18th Meeting
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Ground-based validation measurements

Fiducial Reference Measurements and other validation data

• 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, consistency between MAX-DOAS, direct-sun UV and FTIR (HCHO and NO2)

• EUBREWNET recalibration and uncertainty budget

• EUMETSAT CO2M FRM study, ESA FRM4GHG, COCCON

• ACTRIS CLOUDNET, ESA FRM4RADAR, US ARM

• Copernicus Cal/Val Solution (CCVS) gap analysis 

FRM/validation 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 assessed previously in GAIA-CLIM: GRUAN, NDACC, TCCON, WOUDC…
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NDACC IRWG

• Bruker 120HR/125HR, res. 0.0036 cm-1

• 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

• Bruker 125HR, resolution 0.02 cm-1

• Operational use in: OCO-2/3 & 

GOSAT/2 Cal/Val, CAMS validation, 

ESA MPC TROPOMI validation (limited 

RD delivery)…

• GGG2020 improves prior profiles 

(shape and possible bias), CO 

calibration factor, spectroscopy, 

reduces remaining airmass and H2O 

dependences, reduces scatter in CO 

product, improves diagnostics for 

instrumental issues.

• 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

• Bruker EM27/SUN, resolution 0.5 cm -1

• 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://ndacc.org https://tccon.org
http://www.imk-asf.kit.edu/english/COCCON.php

https://frm4ghg.aeronomie.be/
http://ndacc.org/
http://tccon.org/
http://www.imk-asf.kit.edu/english/COCCON.php
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GHG Cal/Val Roadmap

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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AQ Constellation Validation Coordination

Contact: Ben Veihelmann (ESA) 

Contributing agencies: ESA, EUMETSAT, IASB-BIRA, DLR, Luftblick, NASA, 
NIER, NOAA, SAO, U. Iowa, U. Seoul, U. Yonsei

Next steps: overall coordination, plans and AO

Active collaboration GEMS, Sentinel-5p, TEMPO and Sentinel-4/5

Ideas of multi-mission validation system evoked

Coordination wished with CO2 missions measuring CO & NO2
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AQ Constellation Validation Coordination

AC-VC-18, Air Quality Trace Gases Session (2022/03)
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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'

• Contact: D. Loyola (DLR)

• Contributors: BIRA-IASB, DLR, ESA, JPL, KNMI, LISA, NASA, NOAA, UPusan, ULB…

• CEOS response to IGAC TOAR-II needs

• Active cooperation with TOAR-II Satellite Ozone WG and HEGIFTOM WG   

• VC-20-01 schedule and status: 

 Kick-off at AC-VC-16 (June 2020)

 Harmonization and validation protocol discussed at AC-VC-17 (June 2021), test results

 TOAR-II SOWG and HEGIFTOM meetings (2021, 2022)

 VC-20-01 report at AC-VC-18 (March 2022): harmonization results, validation results

• Ongoing: more datasets, further work, contributions to TOAR-II publications (2022+)
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Courtesy: daan.Hubert@aeronomie.be

CEOS VC-20-01 Tropospheric Ozone Activity: 

Contributing Satellite Data Records
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CEOS VC-20-01 Tropospheric Ozone Activity: 

AC-VC-18 Tropospheric Ozone Session 
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CEOS VC-20-01 Tropospheric Ozone Activity: 

Satellite Data Harmonization
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Courtesy: arno.keppens@aeronomie.be

CEOS VC-20-01 Tropospheric Ozone Activity: 

Satellite Data Harmonization
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Surface related validation activities 

for atmospheric missions

WGCV-49: 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

 AI: to maintain a watch on surface related 

validation activities emerging in the atmospheric 

composition world (PICS, (D)(G(E))LER, etc.) over 

the coming months, collect material and contact 

points, and investigate opportunities for a 

concrete action or activity. 

Van Kempen et al., AMT 2021
PICS-based TROPOMI SWIR stability monitoring
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• TROPOMI comparison to SNPP OMPS-NP 

demonstrates improvement from L1b v1 to 

L1b v2; comparisons to VIIRS, OCO-2 and 

TANSO envisaged

• Use of pseudo-invariant sites (PICS) to 

monitor long-term stability of reflectance 

(ISO 19159 calibration validation): 

• spatial uniformity and homogeneity and 

temporal stability of spectral 

characteristics, 

• high reflectance for better SNR,

• low aerosol loading, little rainfall, quasi no 

vegetation or human impact 

Libya-4

Recent advances in TROPOMI L1b UV-Vis and 
SWIR evaluation

Illustration courtesy: M. Coldewey-Ebgers, D. Loyola (DLR)
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Status: 

• Specific contact points and AC-VC plenary contacted and probed

• Relevant information conveyed: GHG_VICAL, PICSCAR, RadCalNet

• UV-Vis: R&D ongoing, use of desert PICS (RRV, Sahara) investigated, surface 

BRDF effects, results (being) published

• SWIR: GOSAT-OCO-TROPOMI activity, sunglint validation; broader range of 

influence quantities and co-located vertical profiling (aircraft, AirCore) required

• TIR: see CNES CEOS Chair priority (P. Henry, talk 4.2)

• Expertise and role of GSICS underlined, duplication to be avoided

• Interest in specific resource section on CEOS Cal/Val Portal

Surface related validation activities 

for atmospheric missions
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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.

• Radiometric (not geometric) cloud fraction, cloud top height 
and/or cloud optical thickness for GOME-2, MODIS, TROPOMI, 
VIIRS, … are retrieved in the NIR (O2-A), VIS (O2-O2) and with 
imagers, with several key assumptions: reflecting boundaries, 
multi-layered…

• Changes in L1 calibration do impact radiometric cloud retrievals.

• Several intercomparison studies ongoing

• Interest of agencies probed at AC-VC-18: several AQ agencies 
interested in discussing a cloud intercomparison exercise 
dedicated to effects on AQ data retrievals.
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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

CV-22-01  - 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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CV-22-01  - 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

→ New WGCV / ACSG activity CV-22-01 to develop these validation protocols

• Contact: Rob Koopman (ESA)

• Time frame: 2022-2024

• 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…
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Development of validation protocols for atmospheric 

aerosol and cloud profiles
• Consultations with domain experts have taken place to identify key persons to drive the 

protocol formulation process and foster the community convergence processes in their 

domain. 

• A first joint meeting of candidate key persons took place on March 15. The next steps are 

to confirm participation/contribution, identify further key persons to complete domain 

coverage, agree on a structure for the protocol document.

• Ongoing and planned projects related to fiducial reference measurements, algorithm 

develoment, and data assimilation will also contribute to this protocol. 

• A special case is the topic of simulation of orbital (nadir) radiance parameters (e.g. 

attenuated backscatter) from sub-orbital observations, where the contributions to the 

protocol will include also development of scientific code to peform such transformation. 

The modules will be made available publicly as open source code. 

CV-22-01  - Development of validation protocols 

for atmospheric aerosol and cloud profiles
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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, available on https://ccvs.eu/

Copernicus Cal/Val Solution (CCVS) – Atmosphere 

https://ccvs.eu/
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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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• 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

Copernicus Cal/Val Solution (CCVS) – Atmosphere 
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Maturity of L2 validation process and tools

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 ?

• Objectives of Cal/Val 

• Terminology

• Mathematical formulation

• Validation metrics

• Advanced methods
and strategies

• Referred to in ISO 19124-1
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Cal/Val Maturity Matrix

Several maturity matrices with

• Product quality/user focus: CEOS WGISS DMSMM, CORE-CLIMAX, EDAP, EPA…

• Cal/Val maturity focus: 

• atmosphere: Keppens et al. (2015), Gaia-CLIM Gap Analysis and Impacts (2018), 

• cross-domains: Loew et al. (2017), CCVS Gap Analysis (in progress), ISO 19124-1

Need to have a MM enabling end-to-end evaluation of the cal/val process:

• Validation of data product quality, but also evaluation of Cal/Val management, infrastructures etc.

• Generic process, metrics and output, prognostic/diagnostic uncertainties, reporting…

• Specificities by product, practical criteria (ISO 19124 discussions): number of comparison points, 

range of influence quantities, vertical sensitivity and smoothing …

• Validation data: documentation, 4D representativeness (& co-location), range, QC…

• Implementation and operation: validation data procurement, automation, sustainability

→ CCVS discussions to possibly converge to a management oriented 

Cal/Val maturity matrix (cross-domain, applicable to all Sentinels)
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Linkage with ground-based 

monitoring networks

NDACC SC expressed interest 

in info and easier access to:
• General satellite validation resources

• Satellite overpass predictors

• Overpass (satellite L2) data files

• Cal/Val databases: what, where, how

• Validation protocols and toolkits

• Satellite validation services

→ NDACC Satellite WG AI

Potential input to/synergies 

with CEOS Cal/Val Portal

https://ndacc.org

https://ndacc.org/
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Thank you for your attention!


