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Sentinel-5P Level 2 Product Requirements

Parameter Data Product Vertical Resolution Bias Random

Ozone

Ozone Profile 6 km 30% 10%

Total Ozone total column 5% 1.6-2.5%

Tropospheric Ozone trop column 25% 10%

NO2

Stratospheric NO2 strat column <10% 0.5e15

Tropospheric NO2 trop column 50% 0.7e15

SO2

SO2 enhanced total column 30% 0.15-0.3 (0.06-0.12) DU  

Total SO2 total column 50% 1-3 (0.4-1.2) DU

Formaldehyde Total HCHO total column 80% 1.2e16 (4e15)

CO Total CO total column 15% <10%

Methane Total CH4 total column 1.5% 1%

Cloud

Cloud Fraction total column <20% 0.05

Albedo (Optical Thickness) total column <20% 0.05 (10)

Cloud Height (Pressure) total column <20% <0.5 km (<30hPa)

Aerosol
Aerosol Layer Height total column <100hPa <50hPa

Aerosol Type total column ~1 AAI <0.1 AAI

Surface UV Provided by FMI in frame of the Finnish Sentinel Collaborative Ground Segment



evdc.esa.int

Sentinel-5P Cal/Val Organization

S5P Mission Performance Centre (MPC)/ATM-MPC

The Mission Performance Centre is in charge of
the operational calibration/validation.

S5P Validation Teams (S5PVT)

The validation team complements the MPC 
activities by providing independent validation 
measurements and independent analysis.

Fiducial Reference Measurements 
(FRM) providers

Specific activities to enable the provision for 
mandatory FRMs (suite of independent, fully 

characterized, and traceable ground measurement)

User Community and international
forum:

Feedback from:
- Workshops/conferences (ESA or international)
- Bilateral relation (NASA, NOAA, DLR, 
EUMETSAT…)
- Coordination within CEOS WGCV

and AC-VC

The information is then discussed, further processed in the Quality
Working Groups which provide synthetic results to the S5P Mission
Manager, used for improving the products quality and the products
knowledge.

Quality Working Group  (QWG)

AO call for the Sentinel-5 Precursor 
Validation Team is 
permanently open
https://earth.esa.int/aos/S5PVT

https://earth.esa.int/aos/S5PVT


Fiducial Reference Measurements 

Fiducial Reference Measurements (FRM) definition:

•“The suite of independent tailored and fully characterised measurements that provide the maximum Return On 
Investment (ROI) for a satellite mission by delivering, to users, the required confidence in data products, in the form of 
independent validation results and satellite measurement uncertainty estimation, over the entire end-to-end duration 
of a satellite mission.”  

FRM characteristics

• FRM measurements - ideally have documented SI traceability (e.g. via round-robin characterisation and regular pre-and post deployment 
calibration of instruments) using metrology standards and/or community recognised best practices; 

• FRM measurements are independent from the satellite geophysical retrieval process;

• An uncertainty budget for all FRM instruments, and derived measurements, is available and maintained;

• FRM measurement protocols, procedures and community-wide management practices (measurement, processing, archive, documents, 
etc.) are defined, published and adhered to by FRM instrument deployments;

• FRM are accessible to other researchers allowing independent verification of processing systems;

• FRM are required to determine the on-orbit uncertainty characteristics of satellite geophysical measurements via independent validation 

ativities. 



Pandonia-Global-Network

https://www.pandonia-global-network.org/

• Ground-based remote sensing network using Pandora-2S and Pandora spectrometers

• Purpose: achieve long, uninterrupted, well-maintained, homogeneously calibrated 
Time-series of ground-based remote sensing atmospheric measurements:
Target products: 
• total & tropospheric column: O3, NO2

• additional products:  SO2, HCHO, aerosol 

• PGN ESA/NASA collaboration 

Established in 2018

PGN station distribution May 2022

127 official 
instruments

https://www.pandonia-global-network.org/


FRM4DOAS

http://frm4doas.aeronomie.be

FRM4DOAS 1 during 2016-2020
• Harmonization of retrievals from UV-Vis ground based 

spectrometers (e.g. MAXDOAS): 
• Specification of best practices for instrument operation
• Support to preparation of the CINDI-2 campaign 
• Round Robin comparison of algorithms  
• Development of centralised processing system

• Target products: 
troposph. & stratosph. NO2 vertical profiles, total O3 and trop. HCHO profile 

• Preparation for operational readiness of FRM4DOAS central processing
• Establishment of data flow to NDACC and EVDC databases
• Algorithm optimisation

FRM4DOAS 2 during 2021-2025

• Consolidation of stratospheric NO2 product
• Development of a NRT cloud product
• Development of MAX-DOAS aerosol product
• Development of advanced urban tropospheric NO2 product
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http://frm4doas.aeronomie.be/


FRM4GHG 

http://frm4ghg.aeronomie.be

FRM4GHG 1 during 2016-2020
• Inter-comparison of ground based transportable

FTIR systems with reference to TCCON as standard
system – measurement campaign in Sodankyla/Finland

• provide a guideline for further development of new
observation sites to complement the TCCON network

• Target Products: CO, CH4

FRM4GHG 2 during 2021-2025
• Improve instruments (e.g. solar tracker)
• Evolve algorithms
• Address network harmonization (TCCON and COCCON)
(e.g. travel standard)

Paper submission AMT:

http://frm4ghg.aeronomie.be/


FRM development and operation – COCCON

https://www.imk-asf.kit.edu/english/COCCON.php

KIT (Karlsruhe Institute for Technology)

COCCON PROCEEDS: September 2017 – March 2023:

FTIR spectrometer EM27/SUN –
Prototype for centralised data collection and processing facility at KIT (Karlsruhe)

Objectives:
• CO, CO2, CH4 Spectra generation from the raw interferograms
• Perform a quality screening for discarding invalid spectra
• Create a web interface and a storage facility
• Demonstration of the validity of the workflow and of the generated spectra by performing a quantitative spectral analysis 

(retrieval of column-averaged trace gas abundances from a test set of uploaded spectra)

Operational contract COCCON OPERA 2023 - 2027
• Network processing Operations and R&D

https://www.imk-asf.kit.edu/english/COCCON.php


ESA planned FRM activities (related to S5p)

ESA open tenders (funded through Copernicus):

2023-2027 FRM support in scope for S5p validation for 4 years duration:   
i) GHG ground based FTIR/TCCON
ii) FRM4DOAS operational implementation 
(central processing, harmonised data sets)



EVDC - ESA atmospheric Validation Data Centre

Official ESA repository for validation and campaign datasets, including FRM.

S5P MPC to access FRM and other validation data sets via the EVDC.

S5PVT to upload AO validation data sets to the EVDC.

https://evdc.esa.int

• Overpass predictor and Orbit Tool; 

• Satellite data sub-setting: S5p, Aeolus, MIPAS

• GEOMS format support tools 

• DOI support

• Coordination of GEOMS and DCIO meetings

including NDACC, WOUDC

• Evolution for EarthCare functionalities

https://evdc.esa.int/


Courtesy, ATM- MPC
BIRA-IASB

Sentinel-5P Level 2 FRM validation sources

Status May 
2022



Sentinel-5P Level 2 Product Assessment

http://mpc-vdaf.tropomi.eu/

• Routine Product Validation by the ATM 
– Mission Performance Cluster

• Quarterly reports contains summary 
about Quality indicators   

http://mpc-vdaf.tropomi.eu/


VDAF-AVS: Automated ground-based comparisons
and generation of TROPOMI data Quality Indicators

https://mpc-vdaf-server.tropomi.eu
Courtesy, ATM- MPC
BIRA-IASB

https://mpc-vdaf-server.tropomi.eu/


FRM PGN operational comparisons

S5P vs PGN: NRTI L2_O3 – relative difference – 13 stations

S5P vs PGN: OFFL L2_O3 – relative difference – 13 stations

O3 TC comparison (courtesy ATM-MPC)

Mean diff: 0.5%
Spread: 1.3%



• vs. MAX-DOAS : typical bias of 0.2 DU, dispersion 0.2 DU, 
but larger deviations in winter (NH)

• Good qualitative agreement with GOME-2, OMI, OMPS

• Enhanced validation time series and geographical 
coverage using PGN/Pandora v1.8 SO2 measurements

FRMs: MAXDOAS and PGN – SO2

New activity: S5P validation vs. PGN/Pandora

r = 0.6
slope = 1.02

S5P SO2 vs. MAXDOAS in Basra (Iraq)

S5P Validation of Sulfur Dioxide Column

Courtesy, ATM- MPC, 
T. Wagner (MPI-C), N. Theys (BIRA-IASB) et al.



Mean –> Bias = 6.08% ; STD = 5.32% ; 
correlation coefficient = 0.91

CO and CH4 comparison (courtesy ATM-MPC)

Standard XCH4 Mean          –> Bias = -0.90% ; STD = 0.78% ; correlation coefficient = 0.59
Bias corrected XCH4 Mean –> Bias = -0.34% ; STD = 0.75% ; correlation coefficient = 0.59

FRM COCCON operational comparisons



Conclusion

• S5P routine Cal/Val organisation set up since start of mission, 
monitoring that product mission requirements are met

• Fiducial Reference Measurements for S5P largely set up and 
operational, examples:

• Pandora Global Network

• FRM4DOAS

• FRM4GHG

• COCCON


