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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 2016 with a 7 year design lifetime.

sentinel-5 precursor 
COPERNICUS/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 
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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. 

 



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
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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.

I. Genkova et al.: Temporal co-registration for TROPOMI cloud clearing 599

Fig. 3. Schematic of the neighbouring ground pixels included in the edge test. Sizes for the blue areas are given for the MSG SEVIRI data.
The pixel that is tested is the centre pixel in each figure. Left figure shows a test with 1 neighbour included in all directions (Case A). The
middle figure shows a test with 2 neighbours included in each direction (Case B). The right figure shows a constraint with 4 neighbours in
the East-West direction and 2 in the North-South direction (Case C).

Table 2a. Statistics for Case A from GOES-10.

Cloud
ti � t0, Number Cloudy Clear Contami-
[min] of Pixels Pixels [%] Pixels [%] nated [%]

0 22 039 290 67.87 32.12 0.00
1 20 570 004 68.12 31.14 0.72
2 19 310 616 68.24 30.51 1.24
3 18 051 228 68.35 30.00 1.64
4 16 791 840 68.46 29.53 1.99
5 15 532 452 68.58 29.11 2.30
6 14 273 064 68.69 28.70 2.60
7 13 013 676 68.80 28.32 2.87
8 11 754 288 68.89 27.98 3.11
9 10 494 900 68.98 27.69 3.31
10 9 235 512 69.07 27.42 3.49
11 7 976 124 69.16 27.16 3.67
12 6 716 736 69.22 26.94 3.82
13 6 087 042 69.26 26.74 3.99
14 5 457 348 69.28 26.57 4.13
15 4 827 654 69.29 26.43 4.26
16 4 197 960 69.25 26.33 4.40
17 3 568 266 69.16 26.27 4.55
18 2 938 572 69.12 26.23 4.64
19 2 308 878 68.98 26.26 4.74
20 1 679 184 68.66 26.59 4.74

that the cloud mask from SEVERI may be less stringent than
the one produced from MODIS. Therefore the number pro-
duced in this study should be evaluated in a relative way.
The amount of clear pixels for each of the three cases, for
the 15min time difference, and for both data sets is shown
on Fig. 4.

To quantify the effect of the time difference on the number
of cloud affected pixels we express the cloud-contaminated
pixels as percentage of the pixels for which a trace gas re-
trieval is assumed valid. The percentage of affected retrievals

Table 2b. Statistics for Case B from GOES-10.

Cloud
ti � t0, Number Cloudy Clear Contami-
[min] of Pixels Pixels [%] Pixels [%] nated [%]

0 21 829 500 79.27 20.72 0.00
1 20 374 200 79.51 20.38 0.09
2 19 126 800 79.63 20.19 0.16
3 17 879 400 79.74 20.01 0.23
4 16 632 000 79.84 19.83 0.31
5 15 384 600 79.95 19.66 0.37
6 14 137 200 80.04 19.49 0.45
7 12 889 800 80.13 19.33 0.52
8 11 642 400 80.21 19.18 0.59
9 10 395 000 80.28 19.05 0.66
10 9 147 600 80.34 18.92 0.72
11 7 900 200 80.38 18.81 0.79
12 6 652 800 80.39 18.73 0.87
13 6 029 100 80.40 18.65 0.94
14 5 405 400 80.39 18.58 1.01
15 4 781 700 80.37 18.54 1.07
16 4 158 000 80.31 18.54 1.14
17 3 534 300 80.19 18.58 1.21
18 2 910 600 80.07 18.64 1.27
19 2 286 900 79.83 18.82 1.33
20 1 663 200 79.33 19.30 1.36

is calculated as:

Percentage affected pixels=
= 100⇥

�
[cloud contaminated pixels]/

⇥
[clear pixels]

+[cloud contaminated pixels]
⇤�

. (1)

The percentage of affected retrievals as a function of the time
difference between t0 and t1 for Case A, B and C is shown
in Fig. 5. The curves in this figure are drawn through the
origin, as the number of affected pixels at 0 time difference
is per definition 0. As expected, the percentage of affected
pixels increases with increasing time difference. Also, the

www.atmos-meas-tech.net/5/595/2012/ Atmos. Meas. Tech., 5, 595–602, 2012
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Table 2c. Statistics for Case C from GOES-10.

Cloud
ti � t0, Number Cloudy Clear Contami-
[min] of Pixels Pixels [%] Pixels [%] nated [%]

0 21 704 760 84.58 15.41 0.00
1 20 257 776 84.79 15.16 0.04
2 19 017 504 84.89 15.02 0.07
3 17 777 232 84.99 14.90 0.10
4 16 536 960 85.08 14.78 0.12
5 15 296 688 85.17 14.68 0.14
6 14 056 416 85.25 14.57 0.16
7 12 816 144 85.33 14.48 0.18
8 11 575 872 85.39 14.39 0.21
9 10 335 600 85.45 14.31 0.23
10 9 095 328 85.49 14.25 0.25
11 7 855 056 85.51 14.19 0.28
12 6 614 784 85.50 14.18 0.31
13 5 994 648 85.49 14.14 0.35
14 5 374 512 85.48 14.13 0.38
15 4 754 376 85.45 14.12 0.41
16 4 134 240 85.38 14.16 0.45
17 3 514 104 85.27 14.24 0.48
18 2 893 968 85.12 14.35 0.51
19 2 273 832 84.86 14.58 0.54
20 1 653 696 84.33 15.10 0.56

 

Figure 4. Percentage of cloud free pixels for Case A, B, and C, for 15 min time difference. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Percentage of cloud free pixels for Case A, B, and C.

percentage decreases with increasing the size of the retrieval
footprint, i.e. from Case A to Case C.
If we apply an arbitrary threshold value for the percentage

of affected pixels of 2%, the time differences derived from
Fig. 5 range from less than 5min for Case A to 15min for
Case C for MSG SEVIRI. For GOES-10, the time differences
are 1min for Case A and 10min for Case C.
For a 1% threshold the time differences for MSG SEVIRI

range from 1min for Case A to 7min for Case C, and for the
GOES-10 data set the range is from 0.5min for Case A to
5min for Case C.
Using GOES-10 1 min imagery allows complementing the

results from the study using MSG SEVIRI data by look-

 

 
Fig. 5. Percentage of affected trace gas retrievals as function of the
time difference between t0 and t1 for Case A (blue), B (red) and C
(green) for the study using 15min MSG SEVRI data (marked with
filled circles) and for the study using 1min GOES-10 data (marked
with black crosses).

ing into time differences t0� t1 smaller than 15min. The
temporal co-registration requirements can be defined more
precisely instead of using linear interpolation between 0 and
15min, as it was done for the MSG data. However, we note
that the MSG SEVIRI data set is significantly larger, data
coverage is different and it includes a range of meteorolog-
ical situations. Nevertheless, the limited GOES-10 data set
allows us to study time differences ranging from 0 to 20min,
thus comparing the results from both data sets for the 15min
time difference.
The constraints for cloud free pixels are stronger for

Case B and C as compared to Case A. Therefore the num-
ber of cloud free pixels is lower for Case B and C, as can
be seen in Table 1. The percentage of clear pixels for each
case is graphically displayed in Fig. 4. The figure shows that
for the MSG SEVIRI data the percentage of cloud free pixels
decreases with approximately 5% from Case A to Case C.
In a relative way, the decrease from Case A to Case C is
24%. For the GOES-10 data sets the reduction of cloud free
pixels from Case A to Case C is twice as large. Note that
for a clear pixel the area without clouds is 5 times larger for
Case C compared to Case A, as can be seen in Fig. 3. In the
MODIS study by Krijger et al. (2007) it was found that going
from pixels with an area 9⇥ 18 km2 to 27⇥ 30 km2 resulted
in a decrease of clear pixels of 43%, which is significantly
larger than the 24% found in this study. It is noted that the
cloud edge test is different from the cloud test performed by
Krijger et al. (2007) but the difference in decrease of clear
pixels may also be the result of the different cloud clearing
schemes.

Atmos. Meas. Tech., 5, 595–602, 2012 www.atmos-meas-tech.net/5/595/2012/

Genkova et al., AMT, 2012



• 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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2. PR O G R A M M A T I CS 

TROPOMI is the single payload on the Sentinel-5 
precursor mission which is a joint initiative of the 
European Community (EC) and of the European Space 
Agency (ESA). 
The instrument is funded jointly by the Netherlands 
Space Office and by ESA. Dutch Space is the 
instrument prime contractor. SSTL in the UK is 
developing the SWIR module with a significant 
contribution from SRON. Dutch Space and TNO are 
working as an integrated team for the UVN module. 
KNMI and SRON are responsible for ensuring the 
scientific capabilities of the instrument. 
 

3. PR OJE C T ST A T US 

The TROPOMI development and realization is a large 
project with many partners involved. Fig. 2 shows a 
functional diagram of TROPOMI showing the main 
modules. 
 

 
F igure 2.  Functional diagram of TROPOMI 

 
The UV-VIS-NIR module contains the telescope, the 
UV-VIS-NIR spectrograph bands and the calibration 
unit. This module is operated at room temperature and 
has in spectrograph detector modules CCD detectors 
which are cooled to about 200 K. The SWIR module 
has the corresponding spectrograph band cooled to 
about 220 K to have acceptable thermal background 
radiation. The SWIR detector is MCT-CMOS and is 
cooled to 130 K. These modules and detectors are 
passively cooled using a 3-stage thermal radiator. The 
UV-VIS-NIR and SWIR are mounted on a common 
support structure to form the main instrument as shown 
in Fig. 3. 
Separated from these modules is the Instrument Control 
Unit (ICU) that takes care of commanding and 
preparing the spectrograph data for transmission to the 
spacecraft. 
 
The status is that for the UV-VIS-NIR the detectors 
(Fig. 4) have been delivered and integrated in the 
detector module. The UVN detector module 
(engineering model) has been delivered to Dutch Space  
(Fig. 5). Also the ICU (engineering model) has been 
delivered to Dutch Space where electrical tests are being 
performed (Fig. 6) and in parallel the integration of the 

flight model optics has started (Fig. 7). 
 

 
F igure 3. Instrument layout 

 
 

 
F igure 4. UVN CCD detector 

 
 

 
F igure 5. UVN detector module 

 
 



Instrument Status
• UVN module delivered 

• SWIR module delivered 

• ICU delivered 

• TSS delivered 

• Cooler in AIT 

!

• TROPOMI ready for performance testing and 
calibration in July 2014. 

• TROPOMI delivery early 2015. 

• Earliest launch opportunity early 2016







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 

 



TROPOMI Data Products
Product Accuracy :: Precision

Ozone 
total column	

profile (incl. troposphere)	

trop. column

!
3.5-5% :: 1.6-2.5%	

10-30% ::   10%	


TBD :: TBD

NO
total column	

trop. column

!
10-25% ::  1·10
25-50% ::  7·10

CO 
total column

!
15% :: 10%

CH
total column

!
1.5% :: 1%

SO
volcanic plume	

top. column

!
TBC :: 1-3 DU	


30-50% :: 1-3 DU

Aerosol 
AAI	

aerosol layer height*	

aerosol optical thickness	

single scattering albedo

!
<1 AAI :: 0.1 AAI	

1 km :: 0.5 km	


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

Cloud 
fraction	

pressure	

albedo	

Regridded NPP- VIIRS

!
20% :: 0.05	


20% :: 30 hPa	

20% :: 0.05	


Product Accuracy :: Precision

CH
total column

40-80% :: 1.2·10

CHO-CHO 
total column

!
TBD

BrO 
total column

!
TBD

HDO 
total column

!
TBD

H2

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 



L0-1B Development

• KNMI is developing the L0-1B processor 

• SW Architecture is multi-threading & 
multipass 

• The data rate is extremely challenging 

• The L0-1B is used throughout the on-
ground testing and calibration 

• Challenging algorithms: spectral 
calibration, stray light, detector smear
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L1-2 Development

• L1-2 processors are defined by consortium 
of European institutes 

• ATBD review was completed successfully 
in 2013. 

• L2-CDR is planned for June 2014. 

• First verification cycle has been completed. 

• Data rate in combination with complexity 
of some of the algorithms is challenging. 

• File format is NetCDF 4 with CF-metadata. 
Tailoring of the CF standards is necessary.



Validation

• ESA is planning an announcement of 
opportunity for TROPOMI/S5P 

• Approved projects can have access to 
early L1B and L2 products. 

• The AO is expected to be released in 
May 2014. 
https://earth.esa.int/web/guest/pi-community/apply-for-data/ao-s 

• A preparation campaign will take place in 
Romania , focussing on NO2 vertical 
profile information, using sonde, UAVs 
and aircraft data

https://earth.esa.int/web/guest/pi-community/apply-for-data/ao-s


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 and inter-comparison opportunities.

AOT HCHO NO2 SO2

veefkind@knmi.nl	


www.tropomi.eu	


www.temis.nl	
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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
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4! Introduction!to!formaldehyde!retrieval!1!

4.1! Product!description!2!

Long! term! satellite! observations! of! tropospheric! formaldehyde! (HCHO)! are! essential! to!3!
support! air! quality! and! chemistry+climate! related! studies! from! the! regional! to! the!global!4!
scale.!Formaldehyde!is!an!intermediate!gas!in!almost!all!oxidation!chains!of!non+methane!5!
volatile!organic!compounds!(NMVOC),!leading!eventually!to!CO2.!NMVOCs!are,!together!6!
with! NOx,! CO! and! CH4,! among! the! most! important! precursors! of! tropospheric! ozone.!7!
NMVOCs!also! produce!secondary! organic! aerosols! and! influence! the! concentrations! of!8!
OH,!the!main!tropospheric!oxidant.!9!

The!major!HCHO!source!in!the!remote!atmosphere!is!CH4!oxidation.!Over!the!continents,!10!
the! oxidation! of! higher! NMVOCs! emitted! from! vegetation,! fires,! traffic! and! industrial!11!
sources!results!in!important!and!localised!enhancements!of!the!HCHO!levels!(Figure!1).!12!
The!seasonal!and! inter+annual!variations!of! the! formaldehyde!distribution!are!principally!13!
related! to! temperature! changes! and! fire! events,! but! also! to! changes! in! anthropogenic!14!
activities.! Its! lifetime! being! of! the! order! of! a! few! hours,! HCHO! concentrations! in! the!15!
boundary! layer!can!be!directly! related! to! the! release!of!short+lived!hydrocarbons,!which!16!
mostly!cannot!be!observed!directly!from!space.!Furthermore,!HCHO!observations!provide!17!
information! on! the! chemical! oxidation! processes! in! the! atmosphere,! including! CO!18!
chemical! production! from! CH4! and! NMVOCs.! For! these! reasons,! HCHO! satellite!19!
observations! are! used! in! combination! with! tropospheric! chemistry! transport! models! to!20!
constrain!NMVOC!emission!inventories!in!so+called!top+down!inversion!approaches!(e.g.!21!
Abbot!et!al.,!2003,!Palmer!et!al.,!2006[!Fu!et!al.,!2007[!Millet!et!al.,!2008[!Stavrakou!et!al.,!22!
2009a,! 2009b[! Curci! et! al.,! 2010[! Barkley! et! al.,! 2011:! Fortems+Cheiney! et! al.,! 2012[!23!
Marais!et!al.,!2012).!!24!

!25!
Figure!1:!HCHO!vertical!column!retrieved!from!GOMEB2!between!2007!and!2011!(De!Smedt!et!al.,!2012).!26!

4.2! Heritage!27!

Formaldehyde!columns!in!the!boundary!layer!can!only!be!sounded!from!space!using!UV!28!
nadir+viewing! spectrometers.! HCHO! tropospheric! columns! have! been! successively!29!
retrieved! from! GOME! on! ERS+2! and! from! SCIAMACHY! on! ENVISAT,! resulting! in! a!30!
continuous!data!set!covering!a!period!of!almost!16!years!from!1996!until!2012!(Chance!et!31!
al.,!2000[!Palmer!et!al.,!2001[!Wittrock!et!al.,!2006[!Marbach!et!al.,!2009[!De!Smedt!et!al.,!32!
2008[!2010).!Started!in!2007,!the!measurements!made!by!the!three!GOME+2!instruments!33!
(EUMETSAT!METOP+A,!B!and!C)!have!the!potential!to!extend!by!more!than!a!decade!the!34!
successful! time+series! of! global! formaldehyde! morning! observations! (Vrekoussis! et! al.,!35!
2010[!De!Smedt!et!al.,!2012[!Hewson!et!al.,!2012)! (Figure!1).!Since! its! launch! in!2004,!36!
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5 Introduction to the TROPOMI SO2 data products. 1 

Sulphur dioxide (SO2�����������������!�����������������������������������������������2 
processes. The gas plays a role in chemistry on a local and global scale and its impact 3 
ranges from short term pollution to effects on climate. Only about 30% of the emitted SO2 4 
comes from natural sources; the majority is of anthropogenic origin (Faloona, 2009). SO2 5 
emissions affect human and animal health and air quality. SO2 has an effect on climate 6 
through radiative forcing (Robock, 2000), via the formation of sulphate aerosols. Volcanic 7 
SO2 emissions may also pose a threat to aviation, along with volcanic ash (Prata, 2009). 8 

5.1 Heritage 9 

Over the last decades, a host of satellite-based UV-visible instruments have been used for 10 
the monitoring of SO2. Total vertical column density (VCD) of SO2 has been retrieved with the 11 
sensors TOMS (Krueger, 1983), GOME (Eisinger and Burrows, 1998; Khokar et al., 2005), 12 
SCIAMACHY (Afe et al., 2004), OMI (Krotkov et al., 2006; Yang et al., 2007, 2010), and 13 
GOME-2 (Rix et al., 2012; Nowlan et al., 2011; Richter et al., 2009; Bobrowski et al., 2010, 14 
Hörmann et al., 2013). In some cases, operational SO2 retrieval streams have also been 15 
developed aiming at the delivery of accurate SO2 ���������������-���� ��	
������������������16 
with a delay of less than 3 hours (see e.g., Support to Aviation Control Service (SACS); 17 
[URL02] ). A widely used method for the derivation of SO2 VCD from spectral measurements 18 
is (some form of) Differential Optical Absorption Spectroscopy (DOAS; Platt and Stutz, 19 
2008). Here, one uses the ratio of the observed UV-visible spectrum, of radiation 20 
backscattered from the atmosphere, and an observed solar spectrum. From this ratio a slant 21 
column density (SCD) is derived, which represents the gas concentration integrated along 22 
the mean light path through the atmosphere. This is done by fitting absorption cross-sections 23 
of the relevant gases  to the logarithm of the spectral ratio in a given spectral interval 24 
according to the Beer-Lambert law. Subsequently, the slant column is converted into a 25 
vertical column by means of an air mass factor (AMF) that has been calculated  using a 26 
radiative transfer algorithm. 27 

 28 

Figure 5-1 Map of yearly average SO2 columns measured by GOME-2 in 2011, showing 29 
anthropogenic emission hotspots (China, Europe, South Africa and the Persian Gulf) and 30 

signals from volcanic activity (Grìmsvötn, Etna, Nabro, Nyiamuragira, Vanuatu Islands and 31 
Kamchatka Peninsula).  32 
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5 Introduction to the S5P Data Products 1 

Ozone is of crucial importance for the equilibrium of the Earth atmosphere. In the 2 
stratosphere, the ozone layer shields the biosphere from dangerous solar ultraviolet 3 
radiation. In the troposphere, it acts as an efficient cleansing agent, but at high concentration 4 
it also becomes harmful to human and animal health and vegetation. Since the discovery of 5 
the Antarctic ozone hole in the mid-eighties and the subsequent Montreal protocol that 6 
regulated the production of chlorine-containing ozone-depleting substances, ozone has been 7 
routinely monitored from the ground and from space. 8 

 9 

 

Figure 5.1: Example of a merged total ozone data set based on GOME, SCIAMACHY and 
GOME-2 observations. Zonally-averaged columns are plotted as a function of time and 

latitude. 

 10 

5.1 Heritage 11 

Total ozone has been measured since 1978 by NASA and NOAA using a series of TOMS 12 
and SBUV instruments [Bhartia et al., 2003; Miller et al., 2002]. In Europe, the GOME 13 
instrument [Burrows et al., 1999b] launched on the ERS-2 platform in April 1995 was the first 14 
in a new generation of hyperspectral sensors. Following GOME, SCIAMACHY [Bovensmann 15 
et al., 1999] aboard ENVISAT has provided total ozone measurements from 2002 until April 16 
2012 with an increased spatial resolution. The first GOME-2 [Munro et al., 2006] instrument 17 
was launched on MetOp-A and monitors the Earth atmosphere with almost daily global 18 
coverage. Two additional identical GOME-2 instruments will continue the European ozone 19 
time series on MetOp-B (launched in 2012) and MetOp-C, to be launched in 2018. In parallel, 20 
OMI [Levelt et al., 2006], a joint Dutch-Finish contribution to the American EOS-AURA 21 
platform, was launched in 2004 and provides measurements with daily global coverage and 22 
high spatial resolution. TROPOMI on S5P is the direct successor of OMI. 23 

The baseline retrieval approach for TROPOMI is designed to take into consideration not only 24 
the requirements to provide fast near-real-time (NRT) data products fitting GMES needs, but 25 
also requirements for off-line (OFL) data sets compatible with long-term historical data 26 
records. For total ozone, two different approaches have been used to retrieve total ozone 27 
columns from the European sensors: DOAS and Direct-fitting.  28 
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5 Introduction to the S5P Cloud Products 1 

Clouds are an important component of the global hydrological cycle and play a major role in 2 
�������������
	����������������������	��������	�����������	��	��processes. The interplay 3 
of sunlight with clouds imposes major challenges for satellite remote sensing, both in terms 4 
of the spatial complexity of real clouds and the dominance of multiple scattering in radiation 5 
transport. 6 

The retrieval of trace gas products from S5P will be strongly affected by the presence of 7 
clouds. The physics behind the influence of cloud on trace gas retrieval is well understood, 8 
and in general, there are three different contributions [Liu et al., 2004; Kokhanovsky and 9 
Rozanov, 2008; Stammes et al., 2008; Wagner et al., 2008]: (1) the albedo effect associated 10 
with the enhancement of reflectivity for cloudy scenes compared to cloud-free sky scenes, 11 
(2) the so-called shielding effect, for which that part of the trace gas column below the cloud 12 
is hidden by the clouds themselves, and (3) the increase in absorption, related to multiple 13 
scattering inside clouds which leads to enhancements of the optical path length. The albedo 14 
and in-cloud absorption effects increase the visibility of trace gases at and above the cloud-15 
top, while the shielding effect normally results in an underestimation of the trace gas column. 16 
Several papers have quantified theoretically using radiative transfer modelling the influence 17 
of cloud parameters on the retrieval of trace gas columns [Liu et al., 2004; Ahmad et al., 18 
2004; Boersma et al., 2004; Van Roozendael et al., 2006; Kokhanovsky et al., 2007]. These 19 
studies show that the cloud fraction, cloud optical thickness (albedo), and cloud-top pressure 20 
(height) are the most important quantities for cloud correction of satellite trace gas retrievals. 21 

It is important to note that the cloud parameters from TROPOMI/S5P will not only be used for 22 
enhancing the accuracy of trace gas retrievals, but they will also extend the satellite data 23 
record of cloud information derived from oxygen A-band measurements initiated with GOME 24 
(Loyola et al., 2010). Use of the oxygen A-band generates complementary cloud information 25 
(especially for low clouds), as compared to traditional thermal infrared sensors (as used in 26 
most meteorological satellites) that are less sensitive to low clouds due to reduced thermal 27 
contrast. 28 

 29 

(a) 

 

(b) 

 

(c) 

 

Figure 5.1: (a) Cloud fraction, (b) cloud-top pressure and (c) cloud optical thickness measured by 
GOME-2 in July 2011. 
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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) 



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 -



SNR - CDR Status

 



Level 1-2 Algorithm  
Challenges

• Data rate (300 spectra/s, 
750 GB L1B per day) 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.


