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Advances in Sentinel-5 Precursor Air Quality 

Data Products and their Validation
Michel van Roozendael, BIRA-IASB
with input from N. Theys, I. De Smedt, T. Danckaert, J.-C. Lambert, T. Verhoelst, C. Vigouroux, J. vanGent, F. Tack
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Outline

Some highlights from the BIRA contribution to the success of 
the Sentinel - 5 Precursor mission

ÅRetrieval algorithm development and S5P product enhancement

ÅOperational and scientific validation of the products 

ÅTwo examples of downstream applications: TERRASCOPE and 
LEGO-4-AQ

ROYAL BELGIAN INSTITUTE 

FOR SPACE AERONOMY
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Retrieval algorithm developments
N. Theys, I. De Smedt, T. Danckaert, H. Yu, J. Vlietinck, J. van Gent, L. Fabris  (BIRA-IASB)

ESTEC, 30 June 2011

Pepijn Veefkind, KNMI (Oct. 2014)

S5P products developed @ BIRA:
SO2, HCHO, O3, CHOCHO, HONO, 
BrO  + clouds
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Improved S5P SO2 product based on the COBRA algorithm
N. Theys, L. Fabris  (BIRA-IASB)

Å Bias and data scatter strongly reduced (Theys et al., ACP, 2021). 
Å COBRA: baseline of operational processing since Nov 2024. Full reprocessing just completed .

COBRA = Covariance -
based Retrieval Algorithm

Dedicated presentation: 
N. Theys, Monday 16:15
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Improved SO2 plume heights using LUT-COBRA in bands 3 & 2
N. Theys, L. Fabris , J. Vlietinck (BIRA-IASB)

Å SO2 height retrieval for SO 2 VCD as low as 5 DU  (Theys et al., AMT, 2022). 
Å NRT production in SACS (Support to Aviation Control Service; http://sacs.aeronomie.be).
Å Application in TROPOMI spectral band 2  further improves the detection limit to 2 DU

Dedicated poster: Lorenzo Fabris, Monday 17:45
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First global HONO detection in fire plumes
N. Theys, J. Vlietinck, J.-F.  Muller (BIRA-IASB) et al. 

Å First  global  mapping  of  HONO in  fire  plumes . Significant  

influence  on  OH  and  O3  production  at  regional  scale  (Theys  

et  al ., NatGeo , 2020 ) .

Å Improvement  of  spectral  fitting  (COBRA )  and  radiative  transfer  as 

part  of  the  ESA DINAR  project  (Theys  et  al ., JGR, 2025 ) .

Å Data  available  at  http : //hono .aeronomie .be. Pre - operational  

production  in  S5 P- PAL  soon .

http://hono.aeronomie.be/
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S5P HCHO product developments
N. Theys, J. Vlietinck, T. Danckaert  (BIRA-IASB)

Satellite HCHO data inform on global emissions of VOCs 

State-of-the -art TROPOMI product developed in ESA CCI Precursor project. High level of 

consistency with OMI allowing for trend analysis

TROPOMI 2019-2023

Dedicated presentation: I. De Smedt, Monday 16:15

ESA Climate Change Initiative (CCI)
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ATM-MPC S5P Validation Service Portal
S. Compernolle, Y. Geunes, B. Langerock, J.-C. Lambert  (BIRA-IASB) et al.

Advertising latest 
reprocessings and 
associated validation 
results

Up-to -date quality 
information based on
ïMonthly VAL telecons

ïQuarterly validation 
reports

ï iframe linking to 
Automated Validation 
Server (VDAF-AVS)

Routine Operations Validation Platform                

https://mpc - vdaf.tropomi.eu  

Search engine to browse 
results by processor 
versions, networks etc.

To the Automated 
Validation Server

Results and resources by product

Direct access to latest Quarterly Validation Report

https://mpc-vdaf.tropomi.eu/
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S5P Validation Data Analysis Facility ï Automated Validation Server 
S. Compernolle, B. Langerock, J. Granville, J.-C. Lambert, T. Verhoelst  (BIRA-IASB), A. M. Fjaeraa (NILU), S. Niemeijer (s[&]t) et al.

https://mpc -vdaf -server.tropomi.eu   Total SO2 column

Monitoring Networks

ESA FRM Programme

Automated  comparison to reference ground - based networks and permanent reporting of S5P 
TROPOMI L2(+) data Quality Indicators

https://mpc-vdaf-server.tropomi.eu/
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S5P NO2 and HCHO Validation vs. NDACC-DOAS, NDACC-FTIR and PGN
S. Compernolle, J. Granville, G. Pinardi, I. De Smedt, T. Verhoelst, and C. Vigouroux  (BIRA-IASB) et al.

S5P vs. MAXDOAS Ĕ tropospheric 

NO 2

S5P vs. NDACC ZSL - DOAS Ĕ 
stratospheric NO 2

S5P vs. PGN Ĕ total NO 2

S5P vs. MAXDOAS HCHO

S5P vs. PGN HCHO

S5P vs. NDACC FTIR HCHO
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S5P CO and CH4 Validation vs. NDACC-FTIR and TCCON
B. Langerock and M. Sha (BIRA-IASB) et al.

S5P CO vs. TCCON

S5P CO vs. NDACC S5P CH4 vs. NDACC

S5P CH4 vs. TCCON
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ESA SVANTE and QA4EO campaigns ï S5P validation
F. Tack, A. Merlaud, M. Sha (BIRA-IASB) et al.

S5PVAL-DE-RUHR
S5PVAL-DE-BERLIN
S5PVAL-RO
S5PVAL-BE
S5PVAL-TRANS
NITROX
MAGIC
ACCLIP
S5PVAL-KOLKATA
COCCON

CO
CH4

AirborneUV-VIS

AirborneIR

AirborneUV-VIS & IR

Ground-basedIR

Legend

NO2

SO2

HCHO

S5pcampaigns.aeronomie.be

In preparation: new Cal/Val campaigns SVANTE Phase - 2 (2024 - 2027 )

Bucharest, RO
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Integration of S5P products in TERRASCOPE viewer
J. van Gent, I. De Smedt, N. Theys, B. Langerok, M. Sha, W. Sun, F. Tack (BIRA-IASB) et al.

What is Terrascope?

ÅFor more information: www.terrascope.be 

ÅBelgian Collaborative 
Ground Segment for 
Sentinel missions.

ÅEasy, open and free access 
to:
ÅSatellite data.
ÅProducts derived from 

satellite data.
ÅServices (OGC web 

services, time series 
service).

ÅCloud processing 
capacity.

http://www.terrascope.be/
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Uncertainty estimates: systematic < 0.5 microgram/m3 (5%), random < 2 microgram/m3 (20%)

Colour scale centered  (white) on WHO AQG annual exposure threshold of 10 microgram/m 3

Verhoelst, T. et al., under review at Atmospheric Environment , 2025 https://lego -bel -aq.aeronomie.be  
https://terrascope.be  

LEGO-4-AQ: Monitoring policies impact with synergistic data (S5P & in-situ)
T. Verhoelst, S. Compernolle, J.-C. Lambert (BIRA-IASB), F. Fierens and C. Vanpoucke (IRCEL-CELINE)


