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The main aim of this proposal

To provide a consolidated validation of the major air pollutants, clouds and 
greenhouse gases provided by Sentinel-4 and Sentinel-5 using the well-established 
ground-based infrastructure of the AUTh, BAQUNIN and INOE around large urban 
centres. The ground-based measurements include:

• urban components (AUTH, BAQUNIN)

• semi-rural components (BAQUNIN) 

• rural components (BAQUNIN)

• Suburban components (INOE, AUTH)



Products to be validated
Sentinel-4 Sentinel-5

Ozone
UVN-2-O3 SN5-02-O3_ 
UVN-2-O3-TSC SN5-02-O3P

Nitrogen dioxide UVN-2-NO2 SN5-02-NO2
Formaldehyde UVN-2-FDY SN5-02-FDY

Aerosol index UVN-2-AUI SN5-02-AUI
Aerosol layer height UVN-2-ALH SN5-02-ALH

Cloud-Surface reflectance (LER albedo, BRF, AOD) 

UVN-2-CLD SN5-02-CLD
UVN-2-SR SN5-02-RFL 

UVN-2-GSR SN5-02-AOD

Methane - SN5-02-CH4
Carbon monoxide - SN5-02-CO_

Formaldehyde background UVN-2-FDY-BG SN5-02-FBG/BFDY
Glyoxal background UVN-2-GLY-BG SN5-02-GBG/BGLY
Nitrogen dioxide background UVN-2-NO2-BG SN5-02-NBG/BNO2



Laboratory of Atmospheric Physics (LAP)

Brewers Spectrometers Cimel

GRIMM Optical counter

Lidar

MAX-DOAS

FTIR PANDORA GRIMM
Pyrheliometer Pyranometer



a periurban site

BAQUNIN-APL (https://www.baqunin.eu/)
Atmospheric Physics Laboratory, Physics Department of Sapienza University
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Short Name Full Name Parameters AUTH INOE BAQUNIN

MWL-LID Multi-wavelength/polarisation/Raman Lidar Aerosol and H2O profiles, clouds Y Y Y
DW-LID Doppler Wind Lidar Vertical wind intensity and direction profiles N Y Y
CEIL-LID Ceilometer Aerosol profiles, clouds N Y Y

PGN Pandora-1S/2S Trace gases total/tropospheric/profiles, aerosol (sun-moon) Y Y Y
MDOAS MaxDOAS Trace gases and aerosol profiles/tropospheric/profiles Y N N
BREW Brewer O3, NO2, AOD (sun-moon) Y N Y

AERON Aeronet - Cimel AOD, AE, SSA, SDA, H2O, … (sun-moon) Y Y Y
SKYNET PREDE-POM AOD, AE, SSA, SDA, H2O, … (sun-moon) N N Y
SODAR Sonic Detection and Ranging Vertical wind intensity/direction profiles (0-300m) N N Y

FTIR TCCON, COCCON CO2, CH4, CO, H2O total columns (GHG) Y Y Y
RADAR Cloud RADAR Clouds N Y N

SKYCAM All-sky camera Clouds, aerosols Y Y Y
AIRQUA Air quality in situ In situ trace gases and aerosol loads Y N Y

PYRA Pyranometer Solar irradiance at BOA Y Y Y
MWR HatPRO microwave radiometer Temperature and humidity vertical profiles (troposphere) N Y Y
Meteo Meteorological station PTU at surface Y N Y
WRF Atmospheric dynamics model (high resolution) Meteorological 4D fields, back-forward trajectory Y N Y

Validation Datasets
All of the datasets used in this project are submitted regularly, and most of them in real time, to international 
networks and databases (EUBREWNET, WOUDC, PGN, NDACC, COCCON, ACTRIS,  AERONET)



Contributions are expected for the following scientific 
directions:

• Direct validation of tropospheric and/or vertical column densities of O3, NO2, 
HCHO, CH4, CO, aerosol and cloud products.

• Impact of different aerosol types and loads in GHG and trace gases retrieval 
algorithms

• Impact of the urban environment and its spatial inhomogeneity in terms of 
both surface and atmospheric properties

• Impact of the different cloud and aerosol types in the satellite cloud retrieval 
algorithms for selected atmospheric scenes.

• Impact of saharan dust and biomass-industrial smoke events. 



Local pollution levels | tropospheric NO2

Thessaloniki

Karagkiozidis, D., et al., Atmos. Meas. Tech., 2022.



Comparison between PGN and TROPOMI
NO2 Tropospheric column at BAQUNIN (TC) 
Figures show TC Histograms for the BAQUNIN observatories:
APL (urban): PGN >> TROPOMI
ISAC (semi-rural): PGN >= TROPOMI
IIA (rural): PGN = TROPOMI

TROPOMI “cannot” see the highly polluted lower portion of the 
urban boundary layer: need to considering AKs for rigorous 
validation of satellite instruments of same type (S4, S5)



Tropomi vs. ground-based measurements in Magurele, Romania
• Correlation plot for the summed column measurements of 

NO2  performed by TROPOMI S5POctober (2018 - April 
2021) and the total column from Pandora - 2S (P111 in 
PGN-Pandonia Global Network)) 

• The analysis was performed using a minimum data quality 
of 0.89 for satellite data and a circular domain with a radius 
of 0.1 degrees from the instrument location, and resulted in 
a correlation coefficient of 0.73

• The difference between methane ground-based data measurements (FTIR within 
COCCON network) and satellite data retrieval during 2021 are in range of 12± 6 % 
that represent a good agreement according to satellite validation requirements and 
considering the fact that this work presented a low-resolution ground based 
instrument. 

• The overestimation can be explained by line of sight of the ground-based system 
and local sources.

Sha, M.K.; et al. Fiducial Reference 
Measurements for Greenhouse Gases 
(FRM4GHG): Validation of Satellite 
(Sentinel-5 Precursor, OCO-2, and 
GOSAT) Missions Using the 
COllaborative Carbon Column Observing 
Network (COCCON). Remote 
Sens. 2025, 17, 734. 
https://doi.org/10.3390/rs17050734

https://doi.org/10.3390/rs17050734


Synergies with other satellite Cal/Val activities

The findings of this project will be communicated to the following 
satellite-based cal/val activities via dedicated presentations in internal 
project meetings: 

• EUMETSAT Satellite Application Facility on Atmospheric Composition 
Monitoring, ACSAF, https://acsaf.org/

• ESA Quality Assurance Framework for Earth Observation, QA4EO, 
https://qa4eo.org/ 

• ESA Sentinel-5P Mission Performance Center, ATM-MPC,  https://s5p-
mpc-vdaf.aeronomie.be/

• ESA PEGASOS

https://acsaf.org/
https://qa4eo.org/
https://s5p-mpc-vdaf.aeronomie.be/
https://s5p-mpc-vdaf.aeronomie.be/
https://s5p-mpc-vdaf.aeronomie.be/
https://s5p-mpc-vdaf.aeronomie.be/
https://s5p-mpc-vdaf.aeronomie.be/
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