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• The ESA Sentinel-5 Precursor (S-5P) is a pre-operational mission 
focussing on global observations of the atmospheric composition 
for air quality and climate.

• The TROPOspheric Monitoring Instrument (TROPOMI) is the payload 
of the S-5P mission and is jointly developed by The Netherlands and 
ESA.

• The planned launch date for S-5P is 2015 with a 7 year design lifetime.

sentinel-5 precursor
GMES ATMOSPHERE MISSION IN POLAR ORBIT

‣UV-VIS-NIR-SWIR nadir 
view grating spectrometer.

‣Spectral range: 270-500, 
675-775, 2305-2385 nm

‣Spectral Resolution: 
0.25-1.1 nm

‣Spatial Resolution: 7x7km2

‣Global daily coverage at 
13:30 local solar time.

 TROPOMI

‣Total column
O3, NO2, CO, SO2,CH4, 
CH2O,H2O,BrO

‣Tropospheric column
O3, NO2 

‣O3 profile

‣Aerosol absorbing index, 
type, optical depth

 CONTRIBUTION TO GMES 

ESA/PB-EO(2012)21 
Annex 2 

GMES Sentinel-5 Precursor Project Data Sheet 

 
 
 
Sentinel-5p Mission Objectives: 
 
European polar orbiting UV-VIS-NIR-SWIR 
spectrometer payload providing continuity of 
atmospheric chemistry data at high temporal and 
spatial resolution with increased frequency of 
cloud-free observations for the study of 
tropospheric variability. 
 
Provides measurements of: 
UVN: 

 Ozone 
 NO2 
 SO2 
 Formaldehyde 
 Aerosol 

SWIR: 
 CO 
 CH4 

NIR: 
 Clouds and surface albedo. 

Mission Profile: 
 
 7 years lifetime  
 Sun-Synchronous orbit @ 824km 
 Inclination: 98.742 deg. 
 Mean LST: 13:30 at Ascending Node 
 17-days repeat cycle 
 72 hrs operative autonomy. 

 
 
 
TROPOMI Payload: 
 
UV-VIS-NIR-SWIR push-broom grating 
spectrometer. UVN module provided as a 
national contribution by the Netherlands: 
 
 Number of channels: 4 
 Spectral range: 270-495 nm, 710-775 nm, 

2305-2385 nm 
 Spectral resolution: 0.25-0.55 nm 
 Observation mode: nadir pointing, global 

daily coverage, 7*7 km2 ground pixel 
 Radiometric accuracy: ~ 2 % 
 Mass: 200kg 
 Power consumption: 180 W average 
 Data Volume: 120 Gbits/orbit. 

Spacecraft Platform: 
 
Astrobus L 250 M from ASTRIUM. 
 
Spacecraft Launch Mass: 
 
~ 900 kg. 
 
Spacecraft Power: 
 
1500 W (EOL) 
430W average power consumption. 
 
Science Data Storage Capacity: 
 
230 Gbit (EOL) using flash-memory technology. 
 
Communication Links: 
 
S-Band TT&C, 64 kbit/s uplink, 128 kbit/s-1 
Mbit/s downlink with ranging and coherency 
 
X-Band Science Data, 310 Mbit/s downlink 
OQPSK 
 
Launch Vehicle: 
 
VEGA and Rockot category. 
 
Launch Date: 
 
March 2015. 
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The Sentinel-5 precursor is a UV-VIS-NIR-SWIR 
spectrometer payload derived through tailoring 
of Sentinel-5 specifications, e.g. priority to spectral 
resolution, coverage, spatial sampling distance, 
signal-to-noise ratio and only high priority bands. 
It will bridge the gap between Envisat/EOS Aura and 
Sentinel-5 (the latter expected to be launched in 2020). 

It will provide measurements of elements 
of atmospheric chemistry at high temporal and spatial 
resolution. Also, it will increase the frequency of cloud-
free observations required for the study of troposphere
variability. In particular the Sentinel-5 Precursor 
mission is expected to provide measurements of ozone,
NO2, SO2, CO and aerosol.

MISSION OBJECTIVES

SATELLITE PAYLOAD
> Type: UV-VIS-NIR-SWIR push-broom grating 

spectrometer called TROPOMI

> UVN module of TROPOMI provided as a national 
contribution by the Netherlands

> Number of Channels: 4

> Spectral Range: 270-495 nm, 710-775 nm, 
2305-2385 nm

> Spectral Resolution: 0.25-0.55 nm

> Observation Mode: Nadir, global daily coverage, ground
pixel 7x7 km2

> Radiometric Accuracy: 2%  approximately

> Mass: 200 kg

> Power: 170 W average

> Data Volume: 120 Gbits/orbit

sentinel-5 precursor
→ GMES LOW EARTH ORBIT ATMOSPHERE MISSION

www.esa.int/gmes

MISSION PROFILE
> Launch: 2015
> Lifetime: 7 years
> Orbit: sun-synchronous, 824 km, 13:30 h LTAN
> Inclination: 98.742 deg.

> Repeat cycle: 17 days
> Launcher: Compatible with VEGA and ROCKOT category

of launchers

SATELLITE PLATFORM
> Astrobus L 250 M from ASTRIUM
> 3 axis stabilised with optional yaw steering
> Launch Mass: 900 kg (incl. 80 kg fuel)
> Spacecraft Power: 1500 W (EOL), 430 W average

power consumption
> Battery Capacity: 156 Ah
> Data Storage Capacity: 230 Gbit (EOL) using 

flash-memory technology

> Communication Links: S-Band TT&C with 64 kbit/s up-
link and 128 kbit/s-1 Mbit/s downlink with ranging and
coherency, X-Band Science Data downlink at 310
Mbit/s OQPSK

> Propulsion: Mono-propellant hydrazine

Last update March 2012

The Sentinel-4 mission covers the needs for continuous monitoring of the atmospheric chemistry at high temporal
and spatial resolution from the geostationary orbit. The main data products will be O3, NO2, SO2, HCHO and aerosol
optical depth, which will be generated with high temporal resolution (~ 1 hour) to support air quality monitoring and
forecast over Europe. 

The Sentinel-4 UVN instrument is a high resolution spectrometer covering the
> ultraviolet (305-400 nm),   
> visible (400-500 nm) 
> near-infrared (750-775 nm) bands. 
The spatial sampling is 8 km and a spectral resolution between 0.12 nm and 0.5 nm (depending on the band).

MISSION OBJECTIVES

MISSION PROFILE

SATELLITE PAYLOAD

The UVN instrument will be embarked on the Meteosat Third Generation (MTG) – Sounder satellite. Coverage is
achieved by scanning with a fast repeat cycle over Europe and North Africa (Sahara) of 60 minutes (goal 30 minutes).
> Launched with MTG-S1 and MTG-S2.

Number of units
The instrument will be composed of 3 units:
> the Main Optical Unit that contains the optical

and detection parts
> the Instrument Control Unit
> the Scan Drive Electronics

Instrument Characteristics
> Average power is 180 W
> Mass including electronics = 150 kg
> Power consumption = 180 W 
> Data Rate during acquisition = <30 Mbps
> Mission reliability = >0.75 @ 8.5 years

Imaging coverage and instrument field of view
From the MTG-S satellite, the accessible area is 8.8° EW x
16.6° N-S (full angles – w/o margins), assuming a 180°-
satellite yaw flip by the MTG-S satellite. Because of the
yaw flip of the MTG-S satellite every 6 months, the 2-axis
mechanism will allow to point both the northern and
southern hemisphere. The instrument has a N-S field of
view of: 3.4° (instantaneous during acquisition).

sentinel-4
→ GMES GEOSTATIONARY ATMOSPHERIC MISSION

www.esa.int/gmes

Last update March 2012

2015-2022
daily global 

coverage

2019 - ~2030
hourly over 

Europe

 gems | tempo
2017 - ...

hourly over 
SE - ASIA

2017 - ...
hourly over 
N-America

KARI | NASA
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TROPOMI Science Objectives
• To better constrain the strength, evolution, and 

spatiotemporal variability of the sources of trace 
gases and aerosols impacting air quality and 
climate.

• To improve upon the attribution of climate 
forcing by a better understanding of the processes 
controlling the lifetime and distribution of methane, 
tropospheric ozone, and aerosols.

• To better estimate long-term trends in the 
troposphere related to air quality and climate from the 
regional to the global scale.

• To develop and improve air quality model 
processes and data assimilation in support of 
operational services including air quality forecasting 
and protocol monitoring.
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Suomi-NPP - S5P formation Flying

• S-5P is planned to observe within 5 min. 
of Suomi-NPP.

• Primary goal is to use VIIRS cloud mask 
for S-5P methane observations.

• Other opportunities:

‣ TROPOMI-VIIRS cloud and
aerosol combined products.

‣ TROPOMI-OMPS-CRIS 
ozone profiles.

‣ TROPOMI-OMPS inter-
calibration.
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Instrument
prime Dutch Space

Calibration
KNMI / SRON
Dutch Space

Level 0-1B
KNMI

Level 1-2
KNMI, SRON, DLR, IUP

BIRA-IASB, MPI Mainz, RAL

Operations
KNMI, ESOC

Ground Segment
DLR

Validation
KNMI, SRON, ESA, ...
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TROPOMI Status

• I-CDR successfully completed

• Modules are being assembled

• Start of calibration: June 2014

• Instrument delivery: September 2014

• Planned launch date: September 2015
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TROPOMI Data Products
Product Accuracy :: Precision

Ozone
total column
profile (incl. troposphere)
trop. column

3% :: 1%
10% ::   5%
25% :: 10%

NO2

total column
trop. column

1·1015 mol/cm2

10% ::  1·1015 mol/cm2

CO
total column 15% :: 10%

CH4

total column 2% :: 1%

SO2

volcanic plume
top. column

2 DU ::   1 DU
1 DU :: 0.5 DU

Aerosol
AAI
aerosol layer height*
aerosol optical thickness
single scattering albedo

n/a :: 0.25
1 km :: 0.5 km

0.1 (20%) :: 0.05 (10%)
0.05 :: 0.01

Cloud
radiance fraction
pressure
mask
Regridded VIIRS

0.05 :: 0.02
50 hPa :: 20 hPa

Product Accuracy :: Precision

CH2O
total column TBD

CHO-CHO
total column TBD

BrO
total column TBD

HDO
total column TBD

H2O
total column 20% :: 10%

OClO
total column TBD

UV
surface flux

10% :: 5%

Surface Reflectance
monthly climatology 3% :: 1%

The operational data products will be developed by a 
collaboration of European institutes.

KNMI/DLR-IMF/IUP/BIRA-IASB/SRON/MPIC/RAL/FMI 
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Performance Overview

Spectrometer UV UVIS NIR SWIR 

Band ID 1 2 3 4 5 6 7 8 

Full Range [nm] 270 – 320 310 - 495 675 - 775 2305 - 2385 

Performance range [nm] 270-
300 

300-
320 

320-
405 

405-
495 

675-
725 

725-
775 

2305-
2345 

2345-
2385 

Spectral Resolution 
FWHM[nm] 0.48 0.49 0.54 0.54 0.38 0.38 0.25 0.25 

Spectral Sampling [nm] 0.071 0.073 0.22 0.22 0.14 0.14 0.10 0.10 

Spectral Sampling Ratio1 6.8 6.7 2.5 2.5 2.8 2.8 2.5 2.5 

Slit Width (µm) 560 560 280 280 280 280 560 560 

Spectral magnification 0.327 0.319 0.231 0.231 0.263 0.263 TBD TBD 

Spatial Sampling at nadir 
[km2] 28x7 7x7 7x7 7x7 3.5x7 7x7 

Required Signal-to-noise 
100-
8002,3 

90-
7002 

800-10002 100-5002,4 100-1205 
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OMI Zoom
~13x12 km2 Sampling

12 September 2006
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SNR - CDR Status
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• 6x higher spatial 
resolution
7x7 km2 vs. 13x24 km2

• 1-5x higher signal-to-
noise

• Variable binning scheme

• better cloud information
from the oxygen A+B bands

• CO and CH4 observations
from the SWIR band

• Data rate ~20x OMI

From OMI to TROPOMI

Gloudemans et al., SCIAMACHY CO over 
land and oceans: 2003–2007 interannual 

variability,  ACP, 2009

A. M. S. Gloudemans et al.: SCIAMACHY CO over the oceans 3809

Fig. 11. Five year average CO total columns on a 1◦ by 1◦ grid.
Top: SCIAMACHY CO. Bottom: TM4. Blue indicates low CO
columns and red high CO columns. Note that the SCIAMACHY
CO columns above low clouds over sea are filled up with TM4 CO
below the cloud to obtain total columns.

4.1 Asian outflow

Turquety et al. (2008) have compared SCIAMACHY and
MOPITT COmeasurements over Asia with the LMDz-INCA
model for the period March–May 2005 and conclude that
their inventory-based model emissions are too low. A sim-
ilar conclusion is drawn in the previous section for the TM4
model and is a common feature in atmospheric chemistry
transport models (Shindell et al., 2006). Figure 12 shows
the time series of measured and modeled CO total columns
for the period January 2003–December 2007 over the area
East of China indicated by the blue box in the bottom panels.
The bottom panels show the monthly mean CO total columns
over Asia and the northern Pacific in March 2006 and March
2007. Over the northern Pacific (clouded) ocean scenes the
modeled below-cloud partial column is added to observed
partial CO columns above the cloud. In this case, the mod-
eled below-cloud partial column may be too low, because of
too low emissions in the TM4 model (Shindell et al., 2006).
The largest outflows of CO from Asia are observed in 2005

and 2007 while the outflow in 2006 was smaller. Pollution
from Asia has little seasonality according to the TM4 model.
Rather, the seasonality in CO seen in the time series is caused
by the seasonality of OH concentrations which shows a min-
imum during local winter. The rapid decline of CO during
late spring coincides with the rapid increase of OH during
this time of year. The interannual variability seen in CO, with
peaks in 2005 and 2007 is probably caused by biomass burn-
ing from southern Asia (Turquety et al., 2008) which may
be underestimated in the TM4 model. Remaining calibration
errors in the CO measurements as discussed in Gloudemans
et al. (2008) may have a small effect on the absolute values
of the observed CO columns, but are unlikely to affect the
observed variability. Annual differences in cloud cover and
hence in the number of clouded ocean measurements have
been accounted for by averaging over a variable time period
in order to warrant sufficient precision of the observed CO
columns and consequently the observed variability.

4.2 Indonesia

Figure 13 shows the time series of measured and modeled
CO total columns for the period January 2003–December
2007 averaged over the area west of Indonesia indicated
by the blue box in the bottom panels. This area is
mainly affected by biomass burning originating in Indone-
sia. The bottom panels show the monthly mean CO to-
tal columns over Indonesia and the surrounding oceans
for October and November 2006 when extensive biomass
burning was taking place in Indonesia. The time series
show that the CO columns in 2006 during the biomass-
burning season are significantly higher than in other years.
The interannual variability seen in SCIAMACHY CO for
the period 2003–2007 corresponds well with that seen
in the MOPITT CO data (http://www.nasa.gov/centers/
goddard/news/topstory/2007/elnino wildfire.html) although
measured SCIAMACHY columns were substantially higher
than those measured by MOPITT during the 2006 peak fire
months. Both SCIAMACHY and MOPITT observed large
CO columns during spring 2005 and autumn 2006 with the
largest peak in 2006, and much lower CO columns during the
rest of both years as well as in 2003, 2004 and 2007. Com-
parison with the ESPI ENSO Index suggests that peaks in CO
over Indonesia in the period 2003–2007 coincide with the
warm phases of El Niño which led to an extended dry season
and an increase in the biomass-burning over Indonesia. In
October/November 2007 the SCIAMACHY CO columns are
similar to those in 2005 and consistent with the monthly MO-
PITT CO images (http://web.eos.ucar.edu/mopitt/data/plots/
mapsv3 mon.html) indicating that less biomass burning oc-
curred in Indonesia during autumn 2007 and 2005 compared
to autumn 2006 and 2004.
The recurring small annual peak in CO in late winter and

early spring in the period January–March in this region coin-
cides with the seasonality of transported pollution from the

www.atmos-chem-phys.net/9/3799/2009/ Atmos. Chem. Phys., 9, 3799–3813, 2009
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OMI Lessons Learned

• CCD in NIMO mode and at ~220K because of 
random telegraph signals (RTS).

• No MLI close to the primary mirror field of view 
[row anomaly].

• Improve the image quality of the polarization 
scrambler (Req. pol. sens. 0.5%)

• Two identical QVD solar diffusers measuring over 
the first mirror.

• No channel breaks around 300 nm.

• Optical bench temperature stabilized.

• One-team approach to L01b, on-ground 
calibration and in-flight calibration.

• - many more -
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Telescope First Mirror

Courtesy: Dutch Space
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CCD UVIS Spectrometer

Courtesy: Dutch Space
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Instrument Control Unit

Courtesy: Dutch Space
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Level 1-2 Algorithm 
Challenges

• Data rate (300 spectra/s) in 
combination with NRT 
requirements requires 
multi-threading processing.

• Surface albedo / clouds / 
aerosol are linked. Spatial 
variations have to be taken 
into account in the trace 
gas retrievals.

• Provide realistic diagnostic 
information and user-
friendly product.
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The Role of TROPOMI
in the GEO Constellation

• Open data policy, including L1B data.

• Harmonize L1B and L2 formats to easily 
exchange data.

• Use similar on-ground calibration 
standards and exchange in-flight CAL/
VAL procedures.

• Harmonize L1-2 algorithms as far as 
practically possible (e.g. cross sections, 
DEM, AMF LUTs) 
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Summary & Outlook

• TROPOMI will be a major step forward for 
atmospheric composition observations due to 
improved spatial resolution & sensitivity.

• The high spatial resolution provides new 
opportunities, while at the same time being 
challenging for the Level 2 product 
development.

• Sentinel 5 Precursor will connect to the 
geostationary missions providing in-flight CAL/
VAL opportunities.

AOT HCHO NO2 SO2

veefkind@knmi.nl

www.tropomi.eu

www.temis.nl

www.knmi.nl/omi

http://www.esa.int/esaLP
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TROPOMI on the ESA Sentinel-5 Precursor: A GMES mission for global observations of
the atmospheric composition for climate, air quality and ozone layer applications
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The ESA (European Space Agency) Sentinel-5 Precursor (S-5 P) is a low Earth orbit polar satellite to provide
information and services on air quality, climate and the ozone layer in the timeframe 2015–2022. The S-5 P
mission is part of the Global Monitoring of the Environment and Security (GMES) Space Component Pro-
gramme. The payload of the mission is the TROPOspheric Monitoring Instrument (TROPOMI) that will mea-
sure key atmospheric constituents including ozone, NO2, SO2, CO, CH4, CH2O and aerosol properties.
TROPOMI has heritage to both the Ozone Monitoring Instrument (OMI) as well as to the SCanning Imaging
Absorption spectroMeter for Atmospheric CartograpHY (SCIAMACHY). The S-5 P will extend the data records
of these missions as well as be a preparatory mission for the Sentinel-5 mission planned for 2020 onward.
The mission is pre-operational and is the link between the current scientific and the operational Sentinel-
4/-5 missions.
This contribution describes the science and mission objectives, the mission and the instrument, and the data
products. While building on a solid foundation of the heritage instruments, the S-5P/TROPOMI mission is an
exciting step forward with a strong focus on the troposphere. This is achieved by a combination of a high spa-
tial resolution and improved signal-to-noise, as well as dedicated data product development. It is anticipated
that the S-5 P mission will make a large contribution to the monitoring of the global atmospheric composi-
tion, as well as to the scientific knowledge of relevant atmospheric processes.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

Global Monitoring for Environment and Security (GMES) is a joint
initiative of the European Community (EC) and of the European Space
Agency (ESA). The overall objective of the GMES initiative is to sup-
port Europe's goals regarding sustainable development and global
governance of the environment by providing timely and high quality
data, information, services and knowledge. The Declaration on the
GMES Space Component Programme states that the Sentinel-5 Pre-
cursor (S-5 P) mission will be implemented as part of the programme.
The S-5 P mission is a single-payload satellite in a low Earth orbit that
provides daily global information on concentrations of trace gases
and aerosols important for air quality, climate forcing, and the

ozone layer. The payload of the mission is the TROPOspheric Monitor-
ing Instrument (TROPOMI), which is jointly developed by The Neth-
erlands and ESA. TROPOMI is a spectrometer with spectral bands in
the ultraviolet (UV), the visible (VIS), the near-infrared (NIR) and
the shortwave infrared (SWIR). The selected wavelength range for
TROPOMI allows observation of key atmospheric constituents, includ-
ing ozone (O3), nitrogen dioxide (NO2), carbonmonoxide (CO), sulfur
dioxide (SO2), methane (CH4), formaldehyde (CH2O), aerosols and
clouds. With a planned launch date of March 2015 and a lifetime of
seven years, S-5 P provides high spatially resolved observations of
trace gases in the period between the current OMI (Ozone Monitoring
Instrument) (Levelt et al., 2006) and SCIAMACHY (SCanning Imaging
Absorption spectroMeter for Atmospheric CartograpHY) (Bovensmann
et al., 1999) observations, and the upcoming operational Sentinel-5
observations starting around 2020. In addition, the early afternoon ob-
servations of TROPOMI have strong synergy with themorning observa-
tions of GOME-2 (Global Ozone Monitoring Experiment 2). Although

Remote Sensing of Environment 120 (2012) 70–83
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Functional Diagram
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SWIR-OBM

UVN-OBM

Sun Baffle

Diffuser
mechanism

Folding Mirror
mechanism

Telescope Support Structure

Connector
Bracket

UVIS

UV

Telescope

Nadir Baffle

• Mass ~200 kg

• Average power ~150W

• Level 1B size is approx. 20 
GByte /orbit:
25x data volume of OMI
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ESA/ESRIN, June 11-12, 2013
EO level 1 lessons learned27

Lessons learned incorporated in TROPOMI (1)
better heater control 
OBM thermal stabilized
no MLI in front of primary mirror field of view [row anomaly]
close interaction between operations, L01b, OCAL, ICAL calibration and 
L2 people
CCD used in NIMO to prevent RTS due to radiation damage
no ALU diffusers, 2 identical QVD diffusers
WLS and LED in calibration unit [alternative for WLS]
LED’s for all detectors [better short term stability]
Laser diodes for ISRF monitoring in SWIR [ice layer]
operations baseline seasonal independent and  optimized for trend 
monitoring
aluminum platform [water vapour]
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ESA/ESRIN, June 11-12, 2013
EO level 1 lessons learned28

Lessons learned incorporated in TROPOMI (2)
• verification of onground calibration
• validation of accuracy of calibration vs requirements 
• tools to monitor the calibration process
• calibration rehearsal 
• formal error propagation
• CKD errors not taken into account
• L01b data processor not used during OGC
• flight representative conditions

calibration definition by PI institute, execution under industry responsibility
One-team approach to l01b / onground calibration and inflight calibration
2 axis turn – tilt cradle in vacuum facility
No vacuum breaks during calibration [only 1]
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Sentinel 5 Precursor Platform

• ASTRIUM 
Astrobus L 250 M

• 3-axis stabilized with 
yaw steering

• Launch mass 900 kg, 
including 80 kg fuel

• Data storage 230 Gbit.
©
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Ozone Monitoring Instrument

Ozone Monitoring InstrumentOzone Monitoring Instrument
Instrument Imaging spectrometer

Spectral Range 270 - 500 nm

Spectral Resolution 0.45 - 0.63 nm

Spectral Sampling 0.15 - 0.30 nm

Spatial Resolution 13x24 km2 (nadir)

Swath Width 2600 km

Mass 65 kg

Size 50 cm × 40 cm × 35 cm

Power 66 W

Data rate 0.8 Mbps (average)

Spacecraft NASA EOS-Aura

Launch Date 15 July 2004

Orbit Sun synchronous, 13:30 hr

Altitude 705 km

Agencies NSO (NIVR), FMI

PI Institutes KNMI, FMI

OMI is the Dutch-Finnish contribution to the NASA EOS-Aura Mission
and is developed by an international consortium led by Dutch Space and TNO.
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