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1 INTRODUCTION 

1.1 Purpose of the document 
The scope of this document is to define the Sentinel-5 Precursor Calibration and Validation 
activities during the operational phase (E2). It provides the high-level overview on the 
main aspects and teams involved in the S5P Cal/Val activities, whereas details are provided 
in corresponding documentation that is referred to. 

1.2 Acronyms and Abbreviations 
ALH  Aerosol Layer Height 
AO  Announce of Opportunity 
AOD  Aerosol Optical Depth 
CAMS  Copernicus Atmosphere Monitoring Service 
CEOS  Committee on Earth Observation Systems 
C3S  Copernicus Climate Change Service 
EC  European Commission 
DKD  Calibration Key Data 
DLR  Deutsches Zentrum für Luft- und Raumfahrt - German Aerospace Centre 
DOAS  Differential Optical Absorption Spectroscopy 
EARLINET European Aerosol Research Lidar Network 
ECMWF European Centre for Medium-Range Weather Forecast 
EPS  EUMETSAT Polar System 
ESA  European Space Agency 
ESOC  European Space Operations Centre 
EUMETSAT European Organisation for the Exploitation of Meteorological Satellites 
EVDC  ESA Validation Data Centre 
FOS  Flight Operations Segment 
FRM  Fiducial Reference Measurements 
FTIR  Fourier Transform Infrared Spectroscopy 
GAW  Global Atmosphere Watch 
GEO  Group of Earth Observations 
GS  Ground Segment 
IDAF  Instrument Data Analysis Facility (IDAF) 
JPT  Joint Project Team 
KNMI Koninklijk Nederlands Meteorologisch Instituut - Royal Netherlands 

Meteorological Institute 
L2WG  Level 2 Working Group 
MLTAN Mean Local Time at Ascending Node 
MPC  Mission Performance Centre 
NASA  National Aeronautics and Space Administration 
NDACC Network for the Detection of Atmospheric Composition Change 
NIR  Near Infrared 
NOAA  National Oceanic and Atmospheric Administration 
NPP  National Polar-orbiting Partnership 
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NRT  Near Real Time 
NSO  Netherlands Space Office 
OPOT  Orbit Predictor Overpass Tool 
PDGS  Payload Data Ground Segment 
PLSO  Post Launch Support Office 
QA4EO Quality Assurance framework for Earth Observation 
QC  Quality Control 
QWG  Quality Working Group 
ROI  Return of Investment 
SHADOZ Southern Hemisphere ADditional OZonesondes 
SI  Système International (d'unités) - International System (of units) 
SRON  Netherland Institute for Space Research 
SWIR  Short Wave Infrared 
S5P  Sentinel-5 Precursor 
S5PVT  Sentinel-5 Precursor Calibration Validation Team 
TCCON The Total Carbon Column Observing Network 
TDS  Test Data Set 
TDS_FP Test Data Set Pre-Flight 
TDS_IF Test Data Set In-Flight 
TOLnet Tropospheric Ozone Lidar Network 
TROPOMI TROPOspheric Monitoring Instrument 
UV   UltraViolet  
UVIS   Ultraviolet and VISible  
UVN   UV VIS NIR 
VDAF  Validation Data Analysis Facility 
VIIRS  Visible Infrared Imaging Radiometer Suite 
WGCV Working Group on Calibration and Validation 
 

1.3 Definition, Terms and Conventions 
Accuracy:  closeness of agreement between a measured quantity value and a true quantity 
value of a measurand; note that it is not a quantity and it is not given a numerical quantity 
value. A measurement is said to be more accurate when it offers a smaller measurement 
error [ER 11] 
Note: the terminology to describe the quality and uncertainty of a measurand is under 
review and may be updated.  
 
Bias: systematic error of indication of a measuring system [ER 11] 
 
Calibration: process of quantitatively defining a system’s responses to known, controlled 
signal inputs [ER 11] 
 
Characterization: The term ‘Characterization’ shall denote a collection of measurements 
of a specific quantity under well-defined, variable conditions. The purpose of a 
characterization is to allow the assignment of an expected result valid at a later instant, 
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given the exact conditions valid at that instant and the results of the characterization 
measurements [RD 1] 
 
Copernicus: it is a European Union Programme aimed at developing European 
information services based on satellite Earth Observation and in situ (non-space) data. The 
main users of Copernicus services are policymakers and public authorities that need the 
information to develop environmental legislation and policies or to take critical decisions 
in the event of an emergency, such as a natural disaster or a humanitarian crisis to [ER 1] 
 
Error: difference of quantity value obtained by measurement and true value of the 
measurand [ER 11] 
 
Fiducial Reference Measurement: Fiducial Reference Measurements (FRM) are a 
suite of independent, fully characterized, and traceable ground measurements that follow 
the guidelines outlined by the GEO/CEOS Quality Assurance framework for Earth 
Observation (QE4EO) [ER 6] [ER 13] 
 
In-situ measurement: a direct measurement of the measurand in its original place [ER 
11] 
 
Measurand: quantity intended to be measured [ER 11] 
 
Metadata: data about the data; parameters that describe, characterise, and/or index the 
data [ER 11] 
 
Metrology: science of measurement and its application. Metrology includes all theoretical 
and practical aspects of measurement, whatever the measurement uncertainty and field of 
application [ER 12] 
 
Monitoring: systematic evaluation over time of some quantity [ER 11] 
 
Precision: closeness of agreement between indications or measured quantity values 
obtained by replicate measurements on the same or similar objects under specified 
conditions [ER 11] 
 
Quality Control: QC refers to the activities undertaken to check and optimize accuracy 
and precision of the data after its collection [ER 11] 
 
Random error: component of measurement error that in replicate measurements varies 
in an unpredictable manner; note that random measurement error equals measurement 
error minus systematic measurement error [ER 11] 
 
Radiometric calibration: a determination of radiometric instrument performance in 
the spatial, spectral, and temporal domains in a series of measurements, in which its 
output is related to the true value of the measured radiometric quantity [ER 11] 
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Systematic error: component of measurement error that in replicate measurements 
remains constant or varies in a predictable manner [ER 11] 
 
Traceability: (metrological traceability) property of a measurement result relating the 
result to a stated metrological reference (free definition and not necessarily SI) through an 
unbroken chain of calibrations of a measuring system or comparisons, each contributing to 
the stated measurement uncertainty [ER 11] 
 
Uncertainty: non-negative parameter characterizing the dispersion of the quantity values 
being attributed to a measurand, based on the information used  [ER 11] 
 
Validation: process of assessing, by independent means, the quality of the data products 
derived from system outputs [ER 11] 
 
Verification: provision of objective evidence that a given item fulfils specified 
requirements; note that, when applicable, measurement uncertainty should be taken into 
consideration [ER 11] 
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2 APPLICABLE AND REFERENCE DOCUMENTS 

2.1 Applicable Documents 
 Title Reference Date Version 

AD 1  
Requirements for the Geophysical 
Validation of Sentinel-5 Precursor 
Products  

S5P-RS-ESA-SY-164  21/05/2014 1.0 

AD 2  Copernicus Sentinels 4 and 5 Mission 
Requirements Traceability Document  EOP-SM/2413/BV-bv  07/07/2017 2.0 

AD 3  PDGS-CalVal Users ICD S5P-PDGS-DLR-ICD-3055 28/07/2017 1.5 

AD 4  
Sentinel-5 Precursor Mission 
Performance Centre – Routine Operations 
Validation Plan 

S5P-IASB-VDAF-ROVP-0002  09/10/2017 0.6 

AD 5  Sentinel-5 Precursor Technical Milestones 
Overview  ESA-EOPG-CSCOP-PL-0051  17/02/2017 1.2 

AD 6  Copernicus Sentinel-5 Precursor Quality 
Working Group - Terms of Reference  ESA-EOPG-CSCOP-PL-0059  15/03/2017 1.1 

 

2.2 Reference Documents 
 Title Reference Date Version 

RD 1  Sentinel-5P Commissioning & CalVal 
Plan S5P-PL-ESA-SY-166  30/08/2017 2.3 

RD 2  S5-P TROPOMI Nominal Operations 
Baseline S5P-KNMI-OPS-0056-TN  17/04/2015 4.0.0 

RD 3  Calibration measurement plan for the 
TROPOMI commissioning phase (E1)  S5P-KNMI-ICAL-0016-PL  25/01/2017 2.0.0 

RD 4  Analysis results from the TROPOMI 
commissioning phase (E1)  S5P-KNMI-ICAL-0027-RP  06/04/2017 0.0.3 

RD 5  Sentinel-5 Precursor Scientific 
Validation Implementation Plan EOP-SM/2993/TF-tf  01/06/2016 1.0 

RD 6  
Analysis results from the TROPOMI 
commissioning phase (E1) for the SWIR 
channel  

SRON-S5P-ICAL-RP-0029  20/04/2017 0.0.2 

RD 7  Calibration measurement plan for 
TROPOMI nominal operations  S5P-KNMI-ICAL-0017-PL  02/05/2016 1.0.0 

RD 8  Sentinel-5P Mission Operations Concept 
Document S5P-TN-ESA-SY-112  07/07/2016 2.1 

RD 9  Sentinel-5 Precursor Architectural 
Design Document S5P-PDGS-DLR-DES-3005  22/01/2016 1.6 

RD 10  S5P/TROPOMI Level 2 Phase E1 Plan  S5P-KNMI-L2CO-0011-PL  10/07/2017 1.2.0 

RD 11  
Sentinel-5 Precursor Mission 
Performance Centre – Service Design 
Document 

MPC-KNMI-CC-0006-SD  28/09/2016 0.4.0 

RD 12  
Algorithm Theoretical Basis Document 
(ATBD) for the TROPOMI L01b data 
processor  

S5P-KNMI-L01B-0009-SD  01/06/2017 8.0.0 

RD 13  Sentinel-5P TROPOMI Cloud Products 
ATBD S5P-DLR-L2-ATBD-400I   30/06/2017 1.1 

RD 14  Sentinel-5P TROPOMI Total and 
Tropospheric NO2 data products ATBD S5P-KNMI-L2-0005-RP   05/02/2016 1.0 

RD 15  Sentinel-5P TROPOMI Tropospheric S5P-L2-IUP-ATBD-400C 05/02/2016 1.0 
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Ozone ATBD 
RD 16  Sentinel-5P TROPOMI SO2 ATBD S5P-BIRA-L2-400E-ATBD 05/02/2016 1.0 
RD 17  Sentinel-5P TROPOMI HCHO ATBD S5P-BIRA-L2-400F-ATBD 05/02/2016 1.0 

RD 18  Sentinel-5P TROPOMI Methane 
retrieval ATBD SRON-S5P-LEV2-RP-001 05/02/2016 1.0 

RD 19  Sentinel-5P TROPOMI Carbon 
Monoxide Total Column Retrieval ATBD SRON-S5P-LEV2-RP-002  05/02/2016 1.0 

RD 20  Sentinel-5P TROPOMI UV Aerosol 
Index ATBD S5P-KNMI-L2-0008-RP 03/02/2016 1.0 

RD 21  Sentinel-5P TROPOMI Total Ozone 
ATBD S5P-L2-DLR-ATBD-400A 01/02/2016 1.0 

RD 22  Sentinel-5P TROPOMI Aerosol Layer 
Height Product ATBD S5P-KNMI-L2-0006-RP 29/01/2016 1.0 

RD 23  Sentinel-5P TROPOMI Ozone Profile 
and Tropospheric Profile ATBD S5P-KNMI-L2-0004-RP 15/09/2015 0.13 

 

2.3 Electronic References 
 Title Link 

ER 1  Copernicus Programme www.copernicus.eu 

ER 2  ESA Sentinel Online: Sentinel-5 
Precursor Mission 

https://sentinels.copernicus.eu/web/sentinel/missions/s
entinel-5p 

ER 3  Copernicus Atmospheric Monitoring 
Service https://atmosphere.copernicus.eu 

ER 4  Copernicus Climate Change Service https://climate.copernicus.eu  

ER 5  Sentinel-5 Precursor Validation Team 
Call https://earth.esa.int/aos/S5PVT 

ER 6  Fiducial Reference Measurements https://earth.esa.int/web/sppa/activities/frm 

ER 7  ESA Atmospheric Validation Data 
Centre (EVDC) https://evdc.esa.int  

ER 8 [ 
Fiducial Reference Measurements for 
Ground-Based DOAS Air-Quality 
Observations 

http://frm4doas.aeronomie.be  

ER 9  Fiducial Reference Measurements for 
Greenhouse Gases http://frm4ghg.aeronomie.be  

ER 10  
Pandonia Fiducial Reference 
Measurements for Atmospheric 
Composition 

http://pandonia.net  

ER 11  Sources of standard metrology terms 
and definitions 

http://calvalportal.ceos.org/documents/10136/551648/IA
SB-BIRA+Metrology+Terms+and+Definitions 

ER 12  

International Vocabulary of Metrology – 
Basic and General Concepts and 
Associated Terms (VIM 3rd edition) 
JCGM 200:2012 (JCGM 200:2008 with 
minor corrections) 

http://www.bipm.org/en/publications/guides/vim.html  

ER 13  QA4EO web portal http://qa4eo.org  
ER 14  CEOS web portal http://ceos.org  

ER 15  TROPOMI portal for Instrument and 
Calibration http://mps.tropomi.eu/dashboard  

ER 16  TROPOMI SWIR website https://www.sron.nl/tropomi-swir-monitoring  
ER 17  TROPOMI website http://www.tropomi.eu  
ER 18  Copernicus Open Access Hub (S5P data https://scihub.copernicus.eu  
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dissemination system) 

ER 19  Global Atmospheric Watch (GAW) 
website  

https://www.wmo.int/pages/prog/arep/gaw/gaw_home_
en.html  

ER 20  
Network for the Detection of 
Atmospheric Composition Change 
(NDACC) website  

http://ndacc.org  

ER 21  Southern Hemisphere ADditional 
OZonesonde programme website  http://croc.gsfc.nasa.gov/shadoz  

ER 22  Total Carbon Column Observing 
Network (TCCON) website  https://tccon-wiki.caltech.edu  

ER 23  Cloudnet remote sensing network 
website  http://www.cloud-net.org  

ER 24  European Aerosol Research Lidar 
Network (EARLINET) website  http://www.earlinet.org  

ER 25  Atmospheric Toolbox by Science & 
Technology http://www.stcorp.nl/beat  

ER 26 ,
  

EVDC Data exchange protocol, ESA-
EOPGM-PR-0002, 20 September 2017, 
v 1.1 

http://evdc.esa.int/documents/7/EVDC_Data_Exchange
_protocol_Sep_2017.docx  
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3 MISSION OVERVIEW 

The Sentinel-5 Precursor (S5P) mission is a joint initiative between ESA and the Kingdom 
of the Netherlands, represented by the Netherlands Space Office (NSO). The mission 
consists of one satellite carrying the TROPOspheric Monitoring Instrument (TROPOMI). 
The main objective of the S5P mission is to perform atmospheric measurements, with high 
spatial and temporal resolution, relating to air quality, climate forcing, ozone and UV 
radiation [ER 2]. The selected wavelength range for TROPOMI allows the retrieval of key 
atmospheric constituents, in particular: ozone (O3), nitrogen dioxide (NO2), carbon 
monoxide (CO), sulfur dioxide (SO2), methane (CH4), formaldehyde (HCHO), aerosols and 
clouds.  

TROPOMI instrument is a passive grating spectrograph covering a total of 4 different 
spectral channels ranging from the ultra-violet to the short-wave infrared. It consists of two 
main optical units comprising a so-called UVN module and a short-wave infrared (SWIR) 
module, both using a common input telescope. Whereas the UVN module includes three 
spectrometers, covering a total of 6 spectral bands in the ultra-violet (UV), UV-visible 
(UVIS) and near-infrared (NIR), the SWIR module provides a single spectrometer. In 
order to achieve the demanding radiometric performance and stability requirements the 
SWIR module is thermally isolated from the UVN module and equipped with cooled input 
optics and detector module. The instrument is operated in a non-scanning push-broom 
configuration, with an instantaneous field of view of 1080 (cross-track) resulting in a swath 
width of ~ 2600 km on the Earth surface. The typical pixel size (near-nadir) is 7x3.5 km2 
for all spectral bands, with the exception of the UV1 band, for which the nominal size is 
7x28 km2.  

The Sentinel satellites are specifically designed to meet the needs of the Copernicus 
services and their users. Copernicus [ER 1] is a European programme lead by the European 
Commission, providing Earth Observation information for environmental monitoring and 
civil security.  
 
S5P is the first atmospheric chemistry Sentinel satellite for the Copernicus space segment. 
The mission has been developed to support primarily the Copernicus Atmospheric 
Monitoring Service (CAMS) [ER 3]. The Copernicus Climate Change Service (C3S), still in 
development, will also benefit from S5P data [ER 4]. 
 

3.1 Spacecraft and operations concept 
S5P is a near-polar, sun-synchronous orbit satellite, with an orbit height of approx. 824 
km, an orbit repeat cycle of 16 days / 227 orbits and a mean local time of ascending node 
crossing (MLTAN) around 13.30 h. The repeat cycle has been chosen such as to allow a 
loose formation operation with NASA’s Suomi-NPP (S-NPP) spacecraft and thus use of 
high-resolution cloud mask data provided by the VIIRS instrument on- board S-NPP 
during routine processing of TROPOMI observations.  
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The S5P mission concept is based on the routine operation of the TROPOMI instrument in 
nominal measurement mode performing either measurement of the atmospheric target 
scene or calibration activities. Whereas atmospheric radiances measurements will be 
nominally performed on the dayside part of the orbit background image measurements will 
be acquired during each eclipse period. These measurements will be taken with identical 
instrument settings as the atmospheric measurements in the same orbit and used for 
calibration purposes. Solar irradiance measurements (i.e. measurements of the top-of-
atmosphere reflectance) will be commanded approximately once every 15 orbits [RD 8]. 
 
Detailed scenarios including duration and intervals of calibration activities, instrument 
settings as well as on ground planning and processing tasks can be found on [RD 2] and 
[RD 7].   
 

3.2 Ground Segment 
The S5P Ground Segment (GS), depicted in Figure 1, is responsible for the overall 
commanding and monitoring of the spacecraft as well as the acquisition, processing and 
dissemination of observational data. The corresponding primary components are the Flight 
Operations Segment (FOS) and the Payload Data Ground Segment (PDGS). FOS, located at 
ESA-ESOC (Germany) with support by the Dutch Operations Support Facility (OSF), is 
responsible for the satellite/TROPOMI commanding whereas the routine data processing, 
the S5P PDGS, is located at DLR-Oberpfaffenhofen (Germany) [RD 7]. Dedicated support 
expert teams including the S5P Validation Teams (S5PVT) will assess the data products 
and auxiliary data during Phase E1. During phase E2 the S5P Mission Performance Centre 
(MPC) will be responsible for the data quality product monitoring.  

 

 
Figure 1: Ground Segment overview 
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4 CAL/VAL DURING COMMISSIONING PHASE E1 

Overall planning for the early post-launch functional checkout, characterization and 
calibration activities for the S5P spacecraft, including the TROPOMI payload instrument is 
detailed in [RD 1]. These tasks include spacecraft/payload related activities, Ground 
Segment and processor specific tasks, and the preparation of geophysical validation 
activities to be executed after the Commissioning Phase.  
 

4.1 Level 1 Calibration  
The calibration measurement plan for the commissioning phase (E1) of TROPOMI is 
described in detail in [RD 3].  
 
In line with functional checks and specific calibration and characterization tasks, various 
types of calibration data and Level 1B products will be generated during Phase E1. 
Dedicated teams located at KNMI and SRON perform tasks related to the analysis of the 
generated data [RD 4] [RD 6]. 
 

4.2 Level 2 Validation 
The primary purpose of post-launch product validation tasks is to verify the performance of 
the overall ground processing chain and to assess the quality of the generated data 
products covering both engineering level and geo-physical data products.  Details on the 
planning of these validation activities can be found on [RD 1]. 
 
The Level 2 Working Group (L2WG) consisting of European institutes from The 
Netherlands, Germany, Belgium, the UK and Finland is responsible for the Level 2 data 
products during the Phase E1. This responsibility is handed over to the Mission 
Performance Centre (MPC) at the start of Phase E2. The description of all the activities, 
including the schedule and resources, needed for the commissioning of the Level 2 data 
products (including their initial validation) is detailed in [RD 10].  
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5 CAL/VAL DURING THE OPERATIONAL PHASE E2 

5.1 Cal/Val Product requirements 
The Mission Requirement Traceability Document [AD 2] describes in detail the Level 1B 
Product requirements for S5P in section 6. It also provides all requirements for the various 
applications for Level 2 products in its Annex. 
 
The Requirements for the Geophysical Validation of Sentinel-5 Precursor Level 2 products 
of [AD 1] have been applicable for the Announce of Opportunity (AO) call in 2014 [ER 5], 
which were updated with respect to the values of total ozone column and methane in [RD 
5]. This later document [RD 5] is summarizing the information about the error 
characterization requirements that have been provided to the AO proposals.  
 
Based on the requirement inputs of [AD 1] and [RD 5], the table 1 is the starting point for 
the S5P Level 2 product requirements to be met during Phase E1 and the Ramp-up Phase. 
These requirements will be further reviewed/updated in collaboration with the S5P Quality 
Working Group (QWG) and S5PVT during Phase E2. 
 
 

Table 1: S5P Level 2 products Bias and Random requirements to be met during Phase E1 and Ramp-up 
Phase 
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5.2 Cal/Val organisation  

5.2.1 ESA S5P Mission Manager and Data Quality Manager 
responsibilities 

The Sentinel-5 Precursor Mission Authority during phase E2 is with the Mission Manager. 
He is responsible for the end-to-end mission performance ensuring that the user needs 
(Copernicus Services as well as the Science User community) are met. The Mission 
Manager relies on a number of specialised teams that are managed by him, dedicated to the 
space (FOS), the ground segment (PDGS) and the Post Launch Support Office (PLSO). A 
key responsibility is to drive the evolution of the S5P mission based on feedback collected 
from Copernicus users, Member States and the broader science user community. He will 
manage during phase E2 all S5PVT activities. 
 
Within the PDGS, the Data Quality Manager is responsible for the quality of the S5P 
products, ensuring that the product requirements are fulfilled. This comprises the 
coordination of the S5P Mission Performance Centre and Cal/Val projects, in particular the 
Fiducial Reference Measurement (FRM) activities. 
 

5.2.2 S5P overall Cal/Val structure 
The geophysical validation of S5P TROPOMI Level-2 data products during the phase E2 is 
conducted by ESA at different levels. Different contributors, who interact together under 
the responsibility and coordination of the ESA Data Quality Manager and Mission 
Manager, implement the validation activities (Figure 2). 
 

 

Figure 2: S5P overall Cal/Val structure under the responsibility of ESA Data Quality Manager 
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MPC validation activities are performed routinely during the operational mission and rely 
primarily on the usage of Fiducial Reference Measurements [ER 6], which are a suite of 
independent, fully characterized, and traceable ground measurements that follow the 
guidelines outlined by the Quality Assurance framework for Earth Observation (QA4EO) 
[ER 13] endorsed by the Group on Earth Observations (GEO) Committee on Earth 
Observation Satellites (CEOS) [ER 14]. FRMs will become progressively available on the 
ESA Atmospheric Validation Data Centre (EVDC) [ER 7]. 
 
In addition, within the framework of its Copernicus missions, ESA opened a call for the 
S5PVT in 2014 [ER 5], that aimed to engage leading expertise for the Calibration and 
Validation of the S5P in the mission validation team, providing independent experimental 
data, analysis and recommendations to critically assess the end-to-end performance of the 
instrument and its products. This call is permanently open. 
 
All the information is further processed in the Quality Working Group (QWG), which 
provide synthetic results to the Mission Manager for improving the quality and knowledge 
of the products. 
 
The validation program benefits also from the feedback from Workshops/Conferences, 
bilateral relations (NASA, NOAA, DLR, KNMI, ECMWF, EUMETSAT…) and the CEOS 
Working Group on Calibration and Validation (WGCV) coordinated activities.  
 

5.3 Cal/Val approach  

5.3.1 Routine Cal/Val – S5P Mission Performance Centre (MPC) 
The MPC is an integrated system that delivers a service for quality control, calibration, 
validation and end-to-end system performance monitoring of the S5P mission during the 
operational phase E2 [RD 11]. The MPC objective is to provide: 
 

• The routine quality control of the operational S5P Level 1 and Level 2 data products;  
 

• The long-term monitoring of the TROPOMI instrument sensor performance and 
ageing as well as the S5P operational products; 

 
• The in-flight calibration and characterization of the TROPOMI instrument on-board 

S5P;  
 

• The validation of the products using external and independent datasets;  
 

• The maintenance and evolution of the calibration, validation and processing 
algorithms.  
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5.3.1.1 Level 1 routine calibration  
The algorithms used for processing from Level 0 to Level 1B require Calibration Key Data 
(CKD) parameters, which are obtained through different calibration measurements and 
activities [RD 2] [RD 7] [RD 12]. Some of the activities are systematically performed on the 
Ground Segment and some are triggered when the need for calibration emerges. This need 
is routinely monitored by the MPC via the TROPOMI Portal for Instrument and Calibration 
[ER 15] that is the system used for monitoring the instrument and its calibration (UVN 
related). The TROPOMI SWIR website [ER 16] contains additional information on the 
monitoring and calibration status of the SWIR detector. 
 

5.3.1.2 Level 2 routine validation 
The MPC is responsible for the assessment of the operational product content quality, and 
the provision of validation support to the evolution of the Level 2 data processing baseline. 
The MPC Routine Operations validation service will perform the following tasks:  
 

• Collection of FRM datasets, including data from ad-hoc in- situ campaigns, and 
collection of S5P data co-located with FRM sites;   

 
• Automated monitoring of the S5P Level 2 product performance using the Validation 

Data Analysis Facility (VDAF), with web-based reporting of automatically produced 
results;   

 
• Consolidated validation of Level 2 product performance by a coordinated pool of 

Level 2 validation experts, and verification of compliance with user requirements;   
 

• Production of consolidated validation reports on the Level 2 product performance 
and dissemination through the validation related parts of the S5P TROPOMI 
website [ER 17].   

 
The MPC Routine Operations Calibration and Validation plan [AD 4] describes the routine 
validation activities in detail. 
 

5.3.2 S5PVT – Sentinel 5 Precursor Validation Team  
The Sentinel-5 Precursor Validation Team is a team of leading atmospheric experts, 
external to ESA, that provide independent experimental data and analysis to critically 
assess the quality of the TROPOMI core products. This team has been established based on 
a dedicated S5p Cal/Val call that was issued during 2014 [ER 5] and is still open. A 
summary description of each project can be found at [ER 5] and an overview of all planned 
activities is described in [RD 5]. 
 
S5PVT activities are nationally funded. 
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5.3.2.1 S5P Cal/Val workshops 
Feedback from the S5PVT will be gathered during dedicated workshops and invited S5PVT 
representatives will report during QWG meetings to ESA.   
 
The first S5PVT Cal/Val workshop after launch is scheduled for 5 and 6 February 2018 and 
will take place at ESTEC. Afterwards the S5PVT Cal/Val workshop will be organised about 
twice a year. 
 

5.3.3 Fiducial Reference Measurements & Networks 
Fiducial Reference Measurements can be defined as a suite of independent, fully 
characterized, and traceable ground measurements that follow the guidelines outlined by 
the GEO/CEOS QA4EO. These FRM 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 [ER 6].  
 
The mandatory characteristics for being a FRM are: 
 

• FRM are ground-based measurements independent from satellite geophysical 
retrieval process; 

 
• FRM measurement protocols, procedures and community-wide management 

practices (measurement, processing, archive, documents etc.) are defined, published 
openly and adhered to by FRM instrument deployments; 

 
• FRM measurements have documented SI traceability (e.g. via round-robin 

characterisation and regular, pre-and post deployment, calibration of instruments) 
using metrology standards; 

 
• Retrieved with state-of-the-art processing codes relying on the most updated and 

community- accepted data-reduction schemes;   

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

 
FRM are required to determine the in-orbit uncertainty characteristics of satellite 
geophysical measurements via independent validation activities. Within this context, a 
number of projects targeting the validation of ESA products are being setup by ESA [ER 6]. 
 
In particular, and in preparation of the S5P TROPOMI Level 2 data validation, ESA runs 
several projects dedicated to the establishment of key FRM datasets for the validation of 
atmospheric composition products: Pandonia, FRM4DOAS and FRM4GHG. 
 



  

 
Page 19/26 
S5P Cal/Val plan - phase E2 
Date 06/11/2017  Issue 1  Rev 1 

ESA	  UNCLASSIFIED	  –	  For	  Official	  Use	  

Several operational monitoring networks contributing to WMO’s Global Atmosphere 
Watch programme (GAW) also meet the aforementioned FRM criteria. The data produced 
by those networks is available publicly through central data archives. After quality 
evaluation and selection of the archived datasets, they may also be considered as eligible 
sources of FRM datasets for TROPOMI Level 2 validation: 
 

• GAW Brewer and Dobson UV spectrophotometers for total O3 column monitoring 
[ER 19]; 

 
• GAW/NDACC/SHADOZ electrochemical ozonesondes for O3 profile monitoring 

[ER 20] [ER 21]; 
 

• NDACC and TOLnet differential absorption lidars (DIAL) for tropospheric and 
stratospheric ozone profile monitoring; 

 
• NDACC zenith-scattered-light UV-visible DOAS spectrometers for total O3 and 

stratospheric NO2 column monitoring; 
 

• TCCON FTIR (near-infrared) spectrometers for CH4 and CO column monitoring 
[ER 22]; 

 
• NDACC FTIR (mid-infrared) spectrometers for CH4 and CO column monitoring; 

 
• The European network of radars/ceilometers Cloudnet for cloud properties 

monitoring [ER 23]; 
 

• The European aerosol lidar network EARLINET, from which the Aerosol Layer 
Height (ALH) can be derived [ER 24]. 

 
The FRM data sets of Table 2 will be the main basis for the S5P routine validation activities 
carried out by the S5P MPC. To be noted is that with the start of first TROPOMI 
measurements during Phase E1 and during the initial Phase E2 further updates may occur 
especially for Cloud and Aerosol products. 
 

Table 2: FRM datasets – collected from ground-based monitoring networks – planned for the routine 
validation service of the mandatory S5P TROPOMI Level 2 data products. See details in [AD 4] 

S5P Data Product FRM Data 

O3 total column  Brewer, Dobson, ZSL-DOAS, MAX-DOAS, Pandonia  
O3 profile (incl. troposphere)  Ozonesonde, stratospheric DIAL, tropospheric DIAL 
O3 tropospheric column  Ozonesonde  
NO2 stratospheric column 
NO2 tropospheric column 
NO2 total column  

ZSL-DOAS 
MAX-DOAS 
Pandonia  
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SO2 total column  Pandonia 
HCHO total column  MAX-DOAS, Pandonia 
CO total column TCCON FTIR (NIR), NDACC FTIR (MIR)  
CH4 total column  TCCON FTIR (NIR), NDACC FTIR (MIR)  
Cloud Height (pressure) Cloudnet 
Cloud Optical Thickness  To be defined during Phase E1 
Aerosol Absorbing Index To be defined during Phase E1 
Aerosol Layer Height  EARLINET 

 
 

5.3.3.1 Pandonia 
The objective of this project is to build a homogenous ground-based remote sensing 
network measuring trace gas amounts and aerosol properties. The main instrument of 
Pandonia is Pandora-2S, which is an evolution of the existing Pandora spectrometer 
system. The current data products provided by the network are total O3 and total NO2. 
Additional possible products are SO2, formaldehyde, H2O and Spectral Aerosol Optical 
Depth (AOD). Details on this network are available at [ER 10]. 
 

5.3.3.2 FRM4DOAS 
The FRM4DOAS project aims at improving and harmonizing the data products from UV- 
Visible ground based DOAS spectrometers, in particular MAXDOAS and Pandora, to arrive 
at Fiducial Reference Measurements for air-quality [ER 8]. As part of the project best 
practises for instrument operations are specified and a centralised NRT (near-real-time/6-
24h latency) processing system for MAXDOAS instruments is developed.  
The target species for the first phase of the project are tropospheric and stratospheric NO2 
vertical profiles, total O3 columns, and tropospheric HCHO profiles. The aim is to produce 
homogenous ground-based reference datasets from instruments being operated at long-
term monitoring sites (e.g. NDACC) or during field campaigns. 
 

5.3.3.3 FRM4GHG 
The FRM4GHG project [ER 9] focuses on the intercomparison of instruments and 
harmonization of retrievals and products from collocated new transportable and 
established GHG observation ground based Infrared instrumentations. Target products are 
carbon dioxide, methane and carbon monoxide to be used for validation of satellites, 
including S5P. During the FRM4GHG comparison data of a set of four different FTIR 
instruments were collected during the period from March to October 2017 at the Sodankyla 
site in Finland and a second comparison campaign is foreseen during 2019 with concrete 
S5P validation tasks in the project. 
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The long-term goal is to extend existing networks like TCCON with well-characterised and 
calibrated instrumentation to reach a larger geographical coverage for the validation data 
sets. 

5.3.4 Other validation data sets 
MPC validation activities will also make use of other validation data sources that do not 
always meet FRM criteria but have proven their value as an important source of 
information for the evaluation of satellite data quality. These validation data sources are 
identified in Table 3. To be noted that the validation sources will be further reviewed and 
potentially updated during Phase E1 and Phase E2. 
 

Table 3: Validation data sources (not strictly FRMs) for the mandatory S5P TROPOMI Level 2 data 
products. See details in [AD 4] 

S5P Data Product 
Ground/balloon based 

Validation 
Measurements 

Validated Satellites /  
Alternative Retrievals 

O3 total column   OMI, GOME-2, OMPS-nadir  
O3 profile (incl. troposphere)   OMI, GOME-2, OMPS-nadir 
O3 tropospheric column   OMI, GOME-2, OMPS-nadir 
NO2 stratospheric column 
NO2 tropospheric column 
NO2 total column  

ZSL-DOAS profile  
NO2 sonde  
 

OMI, GOME-2 
OMI, GOME-2 
OMI, GOME-2 

SO2 total column   OMI, GOME-2 
HCHO total column  NDACC FTIR  OMI, GOME-2 
CO total column AirCore MOPITT, GOSAT-2  
CH4 total column  AirCore GOSAT, GOSAT-2 

Cloud Fraction  S5P FRESCO retrievals 
S5P-NPPC VIIRS data  

Cloud Height (pressure) Cloudnet 
S5P FRESCO retrievals 
S5P ROCINN/CRB retrievals 
Cloudsat and CALIPSO data  

Cloud Optical Thickness   to be defined during Phase E1 
Aerosol Absorbing Index  OMI, OMPS-nadir, GOME-2 
Aerosol Layer Height   CALIPSO, ADM-Aeolus, CATS  

 
 
The ECMWF-led CAMS service provides routinely analyses of the chemical state of the 
atmosphere based on assimilation of different satellite data in chemistry-transport models. 
CAMS model outputs and forecasts do not meet several of the criteria to be given the status 
of FRM. However, they are considered valuable for a quick-look, first order monitoring of 
the quality of the preliminary FRM data flows, and in supporting S5P Level 2 validation by 
providing complementary information on the atmospheric field around the FRM sites  
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In particular, assimilated fields from CAMS will be used for investigating several global and 
along-track aspects of the ozone profile. CO and CH4 column products will be compared 
with co-aligned CAMS model fields in order to assess and monitor both, S5P performance 
and the quality of rapid delivery FRM data. 
 

5.3.5 Sentinel 5 Precursor Validation Campaigns 
An ESA-led field campaign is planned during 2019, which shall cover ground based 
measurements from e.g. MAXDOAS instrumentation, Pandoras, FTIR instruments etc. The 
detailed validation campaign will be prepared by a team of validation experts and 
implemented through an open tender activity. 
 

5.4 ESA Atmospheric Composition Validation Data Base (EVDC) 
The ESA atmospheric Validation Data Centre (EVDC) serves as a central, long-term 
repository for archiving and exchange of correlative data for validation of atmospheric 
composition products from satellite platforms [ER 7]. This covers for example data from 
specific Cal/Val campaigns, in-situ ground-based measurements, aircraft, balloons; but 
also data sets from specific Network data bases like NDACC or ACTRIS are mirrored to the 
EVDC data base and also the provision of the ECMWF data for daily updated global 
gridded meteorological parameters. 
 
Once operational, also the data sets processed within the ESA FRM projects Pandonia and 
FRM4DOAS will become available through the EVDC. As well the FRM4GHG data sets will 
be accessible here.  The EVDC represents the main data access point for the routine 
validation data sets for the VDAF for the S5P MPC. 
 
The EVDC is also the data repository for the S5PVT Cal/Val team, who will upload their 
data sets resulting from their AO projects to the EVDC. 
 
The data exchange with the EVDC is regulated by a protocol [ER 26] ensuring data 
ownership. 
 
With the release of the new EVDC portal on 15 August 2017 [ER 7] new applications were 
implemented and made available to the users: 
 

• The Orbit Predictor Overpass Tool (OPOT): with the OPOT a list of satellite 
overpasses for a defined region can be retrieved. Also cross-overpasses for two 
satellites can be detected;  

 
• Satellite Data Sub-setting Tool: during the Phase E2 of S5P, the EVDC will provide 

also the opportunity to access S5P Level 1 and Level 2 data sub-sets, corresponding 
to the overpasses of defined region, facilitating the collection of satellite and ground 
based data sets for validation analysis. 
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Further evolution to include new tools is on-going like the web application to perform 
operations exploiting the HARP tool command line interface [ER 25]. 
 

5.5 S5P Data Access 
A detailed data release plan is provided in Annex A. The first Sentinel-5 Precursor sample 
products will be delivered to selected Cal/Val users after launch +4 months with the 
objective of facilitating an early familiarisation with the products and to initiate 
geophysical validation activities. No Sentinel-5 Precursor products will be delivered to the 
public during the Commissioning Phase. 
 
During Phase E2, access to all S5p products will be provided via the Copernicus Open 
Access Hub [ER 18].  This mechanism will allow unrestricted access to S5P products to 
general data users.  
  



  

 
Page 24/26 
S5P Cal/Val plan - phase E2 
Date 06/11/2017  Issue 1  Rev 1 

ESA	  UNCLASSIFIED	  –	  For	  Official	  Use	  

6 S5P QUALITY WORKING GROUP (QWG) AND CAL/VAL 

The key goal of the Sentinel-5 Precursor QWG is to assure ‘fit for purpose’ quality of 
Sentinel-5 Precursor core products and services so that they meet the mission 
requirements [AD 2] and the requirements of the Copernicus Programme and services as 
established by the European Commission (EC). In order to maintain/achieve this goal the 
QWG will provide scientific advice and recommendations for concrete actions to ESA. 
These recommendations might include proposals for scientific studies (e.g. quality 
improvement) and proposals for development work (e.g. new core product development). 
QWG recommendations for evolution of the Sentinel-5 Precursor services, which go 
beyond the agreed baseline and budget, will require interaction with EC. 
 
The discussions within the QWG will be primarily based on atmospheric expert feedback, 
autonomous group analysis, reporting of the MPC and S5PVT, activities of the Copernicus 
core services or ESA projects, and end-user feedback [AD 6]. 
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7 ANNEX A 

The S5P milestones related to Cal/Val activities are listed Table 4. The products release 
plan is also included. 
 
 
Table 4: Cal/Val Milestones and data release plan for Phase E1 [RD 1] and Phase E2 [AD 5] 

Milestone Date Remarks 

CalVal AO: call for proposals May 2014  

Commissioning & CalVal Plan issue 2 September 2015  

CalVal PI Workshop # 1 29 Sept. – 01 Oct. 
2015  

Test Products set # 1 available to CalVal Teams February 2016 

TDS_PF1: L1B/L2 test data, in 
representative format (to 
support tests of CalVal tools 
etc.) 

Test Products set # 2 available to CalVal Teams  July 2017 

TDS_PF2: L1B/L2 test data, 
representative in terms of 
format and contents; late 
updates included  

S5P Launch (Start of Phase E1) L = 13 October 
2017 From Plesetsk - Russia 

CalVal PI Workshop # 2 05-06 February 2018 To be held at ESTEC 

Kick-Off Quality Working Group 07 February 2018  

Start of long-term CalVal projects L+4 …L+6 months Scope, duration of projects TBD 
Availability of selected data products (sample 
data) for early CalVal tasks and specific 
applications (e.g. CAMS); data in representative 
product format, engineering & geo-physical 
contents non- validated  

L+4…L+6 months 

TDS_IF5 (CalVal):  
Verification of data 
dissemination & ingestion; 
functional verification of CalVal 
tools  

In-Orbit Commissioning Review (IOCR) 

L+6 months 

TDS_IF6 (CalVal):  Support 
of long- term CalVal projects  
 
At L+6 months + 2 weeks: hand 
over meeting for transferring the 
mission authority from S5P 
Project Manager to Mission 
Manager 

Start of quasi-routine delivery of data products, 
aux. data (subsets, TBC) for geo- physical CalVal 
projects; engineering & geo- physical contents 
non-validated  

Phase E1 à  E2 hand over 

Phase E2  L+6 months Mission Authority handed-over 
to Mission Manager 

Product release: start the release of 
operational L1B products 

IOCR + 1 month 
First “cleaned up” PDGS Level 1 
and Level 2 Processors are fully 
operational  Continue release of L2 sample products (specific 

users) 

MPC starting nominal operations IOCR+3 months  
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Mid Term Review (MTR)  

MTR  
(IOCR+4 months) 

At MTR – 2 weeks: 
 
QWG/Expert 
meeting/teleconference in 
preparation for MTR (with 
emphasis on OMI heritage Level 
2 product evaluation) 

Product release: start the release of a subset 
of operational Level 2 data products (trace 
gases retrieved in the OMI wavelength range, 
cloud mask, aerosol index etc.) 
Continue the release of sample (e.g. SWIR 
wavelength range) Level 2 products  
Routine Operations Readiness Review 
(RORR) 

RORR 
(IOCR+8 months) 

At RORR – 2 weeks: 
 
QWG/Expert 
meeting/teleconference in 
preparation for RORR (with 
emphasis on the evaluation of 
SWIR Level 2 products) 

Product release: release of all operational 
Level 2 products (e.g. including CO and CH4)  

 
 


