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Contributing institutes
Federal Scientific Institutes (FSI) under BELSPO authority

• Royal Belgian Institute for Space Aeronomy, BIRA-IASB
• Royal Institute of Natural Sciences of Belgium, RBINS
• Royal Meteorological Institute of Belgium, RMIB
• Royal Observatory of Belgium, ROB
• Belgian User Support and Operation Centre, B-USOC

Regional partners
• Belgian Interregional Environment Agency, IRCEL-CELINE
• Centre spatial de Liège, CSL
• Université de Liège, ULg
• Université libre de Bruxelles, ULB
• Universiteit Antwerpen, UA
• Vlaamse Instelling voor Technologisch Onderzoek, VITO

WGCV Agency Report
BELSPO / FSIs
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BELSPO / Federal Scientific Institutes

Brief update on:

1. EO missions
2. Validation data
3. Validation methods
4. Cross-domain Cal/Val
5. Validation systems
6. Validation reporting

7. Background information



Working Group on Calibration and Validation
Atmospheric Composition Sub Group

ALTIUS - Atmospheric Limb Tracker for the Investigation of the Upcoming Stratosphere

Programmatics
2006 ... 2016 2017 2018 2019 2020 2021 2022

ALTIUS concept developed at 
BIRA-IASB, scientific and 
industrial studies funded by 
PRODEX

ALTIUS successfully passes 
ESA review against the 
OPEROZ requirements

space segment 
consolidation phase

ground segment 
preparatory phase

phases B2, C, D for space 
and ground segments

Launch 2024

ground-based validation +
intercomparison with 
OMPS/JPSS-2 O3 + any 
“surviving” limb instrument

ALTIUS is handed to ESA and 
becomes an element of Earth 

Watch programme 
(BE, CAN, RO, LUX)
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Atmosphere:    [various websites]
• AERONET, COCCON, EEA/EMEP, NDACC, PGN, TCCON, WMO/GAW stations
• Participation in EU Research Infrastructures ACTRIS and ICOS
• Data harmonization, reprocessing, error characterization: FTIR & MAXDOAS bilateral 

cooperation with China, GAIA-CLIM WP2, QA4ECV WP4, QA4EO
• FRM4DOAS central processing service (in progress)
• FRM4GHG, CO2 retrieval strategy, AirCore+FTIRs campaigns (ongoing)
• UAV-, airplane- and car-based DOAS campaigns (CIP, S5PVAL-BE, BUMBA, SVANTE…)

Marine: http://www.mumm.ac.be/datacentre
• Belgian Maritime Data Centre (BMDC), SeaDataNet member
• Physical, chemical and meteorological parameters over North Sea
• Ship- and shore-based
• New WATERHYPERNET project for water (ocean, lake…) colour

Solar:    http://uvindex.aeronomie.be
• Solar UV-Visible Irradiance Monitoring Network (7 RT stations in Belgium + Belgian Antarctic 

Base), centralised calibration centre in Uccle
• Spectral irradiance 280-600 nm, broadband, clouds, sunshine duration…

Validation Data Acquisition and Infrastructures

IRSN/MUMM North Sea measurements

Porto Velho

BIRA-IASB and ULg FTIR instruments (NDACC and TCCON)

Xianghe

BIRA-IASB UV radiation measurements



CEOS WGCV-47, July 14-17, 2020 BELSPO / FSI

ü Aim: Development of a near-real-time (24h latency) MAX-DOAS Central Processing System to be operated within
NDACC in support of satellite validation: Sentinels -5p, -4 and -5, GEMS, TEMPO, CO2M…

ü Status: Phase 1 completed, demonstration service under implementation at NDACC/EVDC (operational at 11 sites)

ü Target products: total O3, tropospheric and stratospheric NO2, tropospheric HCHO

ESA FRM4DOAS project
Fiducial Reference Measurements for Ground-Based DOAS Air-Quality Observations

FRM4DOAS tropospheric NO2 vertical profiles – Mainz 

molec/cm3
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S5P Campaigns
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Status of NDACC, TCCON and COCCON data 
quality/readiness for GHG satellite validation
See WGCV-47 ACSG Highlights / GHG Roadmap

Material provided by M.K. Sha (mahesh.sha@aeronomie.be), 
B. Langerock (bavo.langerock@aeronomie.be) and 
M. De Mazière (martine.demaziere@aeronomie.be)

Royal Belgian Institute for Space Aeronomy, Brussels (BIRA-IASB)

GHG Networks for Satellite Validation
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BIRA-IASB (D. Hubert, A. Keppens, J.-C. Lambert, C. Vigouroux)

• National project BERTOLDT with ULB (P.F. Coheur, C. Wespes)

and RMIB (R. Van Malderen)

• Characterise & understand differences between satellite 
tropospheric O3 using ground-based comparisons 
(ozonesondes, NDACC FTIR)

• Global distribution and trends
• Tropospheric content and profile
• Vertical sensitivity & smoothing
• Geophysical features: zonal wave one, NAO, QBO, MJO…

Other activities/groups welcome
• Cooperation with other ongoing activities at ESA, NASA, 

NOAA…
• IAGOS aircraft data ?
• Coordination with TOAR-II Satellite Ozone WG

NASA (G. Labow et al.)
• The Great Tropospheric Ozone Cook-Off 

@CEOS AC-VC-15
• Intercomparison of monthly/daily gridded 

satellite data records
– Spatial structure of the bias

DLR (K.-P. Heue, M. Coldewey-Egbers, D. Loyola et al.)
• Harmonisation, multi-satellite trends
• Intercomparison CCD S5P, GOME-2, OMI and 

S5P/BASCOE
– Spatial & temporal structure of the bias
– Trends
– Validation with ozonesondes and lidars at 

RMIB (A. Delcloo)

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

Triple co-location techniques

S5P ~20-25% better precision & 6x better sampling resolution

Hubert et al., AMTD 2020

Ex ante uncertainties realistic, slightly conservative

S5P TROPOMI comparison vs. SHADOZ, OMI and GOME-2B
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ü Zonal wave one
ü Biomass burning
ü Annual & semi-annual cycles
ü Madden-Julian Oscillation
• Higher-frequency signals 

reminiscent of Kelvin waves (?)

2018

2019

CEOS VC-20-01 Tropospheric Ozone Activity 

Validation of patterns, signals, cycles, trends
Hubert et al., AMTD 2020
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Synergistic validation of S5P TROPOMI NO2 vs. complementary ground-based monitoring networks:  
NDACC ZSL-DOAS,                        NDACC MAX-DOAS and    Pandonia Global Network (PGN)

Verhoelst et al., AMTD 2020 Verhoelst et al., AMTD 2020            Verhoelst et al., AMTD 2020

Mission 
requirements

Mission 
requirements

Synergistic Validation Approach across Networks
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Clouds as Influence Quantity for L2 Trace Gases

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

• Effective – and not geometric – cloud fraction, cloud top 
height and/or cloud optical thickness are retrieved in the NIR 
(O2-A) or VIS (O2-O2) with several key assumptions: e.g., 
clouds as reflecting boundaries (CRB) or as layers (CAL).

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

• In parallel, impact studies of cloud retrievals on TROPOMI 
L2 trace gas retrievals, coordinated by IUP/UB

• Switch to improved S5P UPAS processor at DLR tomorrow

• Further cloud intercomparisons ongoing, with inspiration 
from ACIX and CMIX
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Thank you for your attention!


