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1 The EUMETSAT SAF on Climate Monitoring 

The importance of climate monitoring with satellites was recognized in 2000 by EUMETSAT 
Member States when they amended the EUMETSAT Convention to affirm that the EUMETSAT 
mandate is also to “contribute to the operational monitoring of the climate and the detection of 
global climatic changes". Following this, EUMETSAT established within its Satellite Application 
Facility (SAF) network a dedicated centre, the SAF on Climate Monitoring (CM°SAF, 
http://www.cmsaf.eu). 

The consortium of CM°SAF currently comprises the Deutscher Wetterdienst (DWD) as host 
institute, and the partners from the Royal Meteorological Institute of Belgium (RMIB), the 
Finnish Meteorological Institute (FMI), the Royal Meteorological Institute of the Netherlands 
(KNMI), the Swedish Meteorological and Hydrological Institute (SMHI), the Meteorological 
Service of Switzerland (MeteoSwiss), the Meteorological Service of the United Kingdom (UK 
MetOffice), and the Centre National de la Recherché Scientifique (CNRS). Since the beginning 
in 1999, the EUMETSAT Satellite Application Facility on Climate Monitoring (CM°SAF) has 
developed and will continue to develop capabilities for a sustained generation and provision of 
Climate Data Records (CDRs) derived from operational meteorological satellites. 

In particular the generation of long-term data sets is pursued. The ultimate aim is to make the 
resulting data sets suitable for the analysis of climate variability and potentially the detection 
of climate trends. CM°SAF works in close collaboration with the EUMETSAT Central Facility 
and liaises with other satellite operators to advance the availability, quality and usability of 
Fundamental Climate Data Records (FCDRs) as defined by the Global Climate Observing 
System (GCOS). As a major task the CM°SAF utilizes FCDRs to produce records of Essential 
Climate Variables (ECVs) as defined by GCOS. Thematically, the focus of CM°SAF is on ECVs 
associated with the global energy and water cycle. 

Another essential task of CM°SAF is to produce data sets that can serve applications related 
to the new Global Framework of Climate Services initiated by the WMO World Climate 
Conference-3 in 2009. CM°SAF is supporting climate services at national meteorological and 
hydrological services (NMHSs) with long-term data records but also with data sets produced 
close to real time that can be used to prepare monthly/annual updates of the state of the 
climate. Both types of products together allow for a consistent description of mean values, 
anomalies, variability and potential trends for the chosen ECVs. CM°SAF ECV data sets also 
serve the improvement of climate models both at global and regional scale. 

As an essential partner in the related international frameworks, in particular WMO SCOPE-CM 
(Sustained COordinated Processing of Environmental satellite data for Climate Monitoring), 
the CM°SAF - together with the EUMETSAT Central Facility, assumes the role as main 
implementer of EUMETSAT’s commitments in support to global climate monitoring. This is 
achieved through: 

• Application of highest standards and guidelines as lined out by GCOS for the satellite 
data processing, 

• Processing of satellite data within a true international collaboration benefiting from 
developments at international level and pollinating the partnership with own ideas and 
standards, 

http://www.cmsaf.eu/
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• Intensive validation and improvement of the CM°SAF climate data records, 
• Taking a major role in data set assessments performed by research organisations such 

as WCRP. This role provides the CM°SAF with deep contacts to research organizations 
that form a substantial user group for the CM°SAF CDRs, 

• Maintaining and providing an operational and sustained infrastructure that can serve 
the community within the transition of mature CDR products from the research 
community into operational environments. 

A catalogue of all available CM°SAF products is accessible via the CM°SAF webpage, 
www.cmsaf.eu/. Here, detailed information about product ordering, add-on tools, sample 
programs and documentation is provided. 

 

file://OFNFA08/X21377/Reviews/DRR/DRR37_CLAAS3/Documents_final/www.cmsaf.eu/
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2 Introduction 

This CM°SAF Algorithm Theoretical Basis Document (ATBD) describes adaptations to SEVIRI 
data of the original PPS v2021 methods (applied to data from polar orbiting satellite sensors) 
for producing the probabilistic cloud masking (CMa-prob) and cloud top height and temperature 
(CTTH) products. The SEVIRI-based products are enabled by an extension of the PPS v2021 
software package.  

Specific adaptions are described in Section 3 for CMa-prob and Section 4 for CTTH. Details 
for the original products are found in RD 3 and RD 4. 
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3 CMa-prob adaptations for SEVIRI 

The adaptations of the original methodology (the latter described in RD 3) concern only a few 
aspects, otherwise the methodology is identical. These aspects are: 

1. Changes of used spectral channels 
2. The SEVIRI-based training dataset 
3. Handling of very high viewing angles near the edge of the SEVIRI disk 

All these aspects are described in the following sub-sections. The adaptations are also briefly 
described by Karlsson et al. (2020).  

3.1 Changes of used spectral channels 

Tables 3 and 4 in Karlsson et al. (2020) present the complete set of spectral channels and 
derived image features used for CMa-prob. However, since these tables provide all possible 
image features for both SEVIRI and AVHRR, we repeat those tables below (Table 3-1 and 
Table 3-2) with the SEVIRI-specific details highlighted in yellow. Notice also the recent addition 
of the image feature Rswir_quota. 

In summary, CMa-prob based on SEVIRI uses all the same image features as when based on 
AVHRR. The only difference being that CMa-prob takes into account the slightly different 
spectral channel definitions and response functions for SEVIRI compared to AVHRR in the 
definition of pre-calculated threshold look-up tables (as described in RD 3). Notice also that 
image features involving information from the 1.6 µm and 3.9 µm channels are used 
simultaneously for SEVIRI. This is not possible for AVHRR because of the channel switching 
between channels 3a and 3b. The only SEVIRI-unique image feature used by CMa-prob in 
Table 3-1 and Table 3-2 is feature Tmirdiff which makes use of measurements in the 8.7 µm 
channel (not present in AVHRR).  
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Table 3-1: Chosen image features for daytime cloud screening of SEVIRI and AVHRR scenes and their 
main contributions. Spectral channels are described with their central wavelengths. SEVIRI-specific 
channels and image features are highlighted in yellow. 

Image feature 
name 

Spectral 
channels 

AVHRR 

Spectral 
channels 

SEVIRI 

Composition and importance for cloud 
screening 

Rvis 

0.63 µm (land) 

or 

0.86 µm (ocean) 

0.63 µm (land) 

or 

0.81 µm (ocean)  

Visible reflectances. 

Identification of bright clouds over dark 
ocean and land surfaces  

Rswir_3a 
0.63 µm and  

1.61 µm 

0.63 µm and  

1.64 µm 

 

Reflectance quota between the two 
channels. 

Identification of clouds with significant 
reflection in the visible near-infrared 
infrared region (in particular water clouds 
and thick multi-layered clouds over snow-
covered surfaces) 

Rvis37 3.74 µm 3.92 µm 

Short-wave infrared reflectances. 

Identification of clouds with significant 
reflection in the short-wave infrared region 
(water clouds and thick multi-layered 
clouds) 

Rswir_quota 
0.63 µm and  

3.74 µm 

 

0.63 µm and 

3.92 µm 

Reflectance quota between the two 
channels. 

Identification of clouds with significant 
reflection in the visible near-infrared 
infrared region (in particular water clouds 
and thick multi-layered clouds over snow-
covered surfaces) 

Rswir_3b 
3.74 µm and  

12.0 µm 

3.92 µm and 

12.0 µm 

Difference between brightness 
temperatures in the two channels. 

Identification of thin cirrus clouds. 

Tirdiff 10.8 µm 10.8 µm 

Difference between brightness 
temperatures and surface (skin) 
temperatures from ERA5. 

Identification of clouds colder than Earth 
surfaces 
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Tmirdiff - 
8.70 µm and 

10.8 µm 

Difference between brightness 
temperatures in the two channels. 

Contributes to the identification of fog 
due to different behaviour of liquid 
water clouds and Earth surfaces in the 
two channels. 

    

Texture_day 
0.63 µm and 

10.8 µm 

0.63 µm and 

10.8 µm 

Sum of local variances (in 3x3 pixel 
windows) of reflectances and brightness 
temperatures. 

Identification of small cloud elements 
(fractional cumulus or cirrus) exclusively 
over ocean surfaces (i.e., well away from 
coasts and islands). Use over land surfaces 
is problematic due to a larger natural 
variability of the surface-specific 
reflectance and surface temperatures. 

    

 

Table 3-2: Chosen image features for night-time cloud screening of SEVIRI and AVHRR scenes and 
their main contributions. Spectral channels are described with their central wavelengths. SEVIRI-specific 
channels and image features are highlighted in yellow. 

Image feature 
name 

Spectral 
channels  

AVHRR 

Spectral 
channels 

SEVIRI 

Composition and importance for cloud 
screening 

Tirdiff 10.8 µm 10.8 µm 

Difference between brightness 
temperatures and surface (skin) 
temperatures from ERA5. 

Identification of clouds colder than Earth 
surfaces 

Twdiff 
3.74 µm and 

10.8 µm 

3.92 µm and 

10.8 µm 

Difference between brightness 
temperatures in the two channels. 

Contributes to identification of water 
clouds. 

Tcidiff 
10.8 µm and 

12.0 µm 

10.8 µm and 

12.0 µm 

Difference between brightness 
temperatures in the two channels. 

Contributes to identification of thin ice 
clouds. 
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Tmirdiff - 
8.70 µm and 

10.8 µm 

Difference between brightness 
temperatures in the two channels. 

Contributes to identification of fog due 
to different behaviour of liquid water 
clouds and Earth surfaces in the two 
channels. 

Texture_night 

3.74 µm,  

10.8 µm and  

12.0 µm 

3.92 µm,  

10.8 µm and  

12.0 µm 

 

Sum of local variances (in 3x3 pixel 
windows) for the brightness temperature at 
10.8 µm and for the difference between 
3.74 (or 3.92) µm and 12.0 µm brightness 
temperatures. 

Identification of small cloud elements 
(fractional cumulus or cirrus) exclusively 
over ocean surfaces. 

2D_Tirdiff_Tw
diff 

3.74 µm and  

12.0 µm 

3.92 µm and  

12.0 µm 

Two-dimensional combination of the Tirdiff 
and Twdiff image features. Secures a 
constrained use of the two features (see 
RD 1 for explanation).  
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3.2 The SEVIRI-based training dataset 

For the SEVIRI-based training of CMa-prob, collocations (i.e., defining simultaneous 
observations of the same point on Earth) between SEVIRI and CALIPSO-CALIOP were made 
with a maximum allowed observation time difference of 7.5 minutes. The training was 
performed for two different years: 2010 (Meteosat-9) and 2015 (Meteosat-10). The training for 
2010 is based on all available data from two days per month (1st and 14th day) while the 2015 
collocation dataset was based on all data every third day in each month, resulting in a total of 
approximately 3 million matchups extracted from 6 529 SEVIRI scenes.  

3.3 Handling of very high viewing angles near the edge of the SEVIRI disk 

As described in RD 3, CMa-prob makes use of pre-calculated tabulated threshold information 
in the PPS software package. For the infrared channels, these tables are based on RTTOV 
simulations of cloud-free radiances for a variety of atmospheric conditions. However, due to 
theoretical limitations, such simulations are problematic for very high viewing angles. Thus, 
these tables have only been prepared up to a maximum satellite zenith angle of 70 degrees. 
This covers all conditions for AVHRR and most other sensors on polar orbiting platforms. 
However, since SEVIRI satellite viewing angles exceed this value near the edge of the SEVIRI 
disc, an alternative solution had to be found. However, extreme parallax effects occur for 
SEVIRI near the edge of the disk where observed clouds are projected over very large effective 
FOVs. Clouds are then being observed more from the side than from the above. Thus, 
estimation of cloud cover will here unavoidably be overestimated regardless of whether 
simulated thresholds are accurately calculated or not. For this reason, a simple solution was 
chosen because of the natural high uncertainty in cloudiness near the edge of the MSG disk. 
We consequently decided to use the tabulated threshold values for 70 degrees satellite zenith 
angle also for all angles higher than this angle. More accurate threshold values are not 
considered to improve results noticeably considering other serious effects of the high viewing 
angles. Users should be aware of the increasing uncertainties of the results near the edge of 
the disk. 
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4 CTTH adaptations for SEVIRI 
The neural network algorithm of PPS-v2018 uses pre-trained neural networks to predict cloud 
top pressure. Afterwards, we derive the cloud top temperature and height with the help of NWP 
auxiliary data for the retrieved pressure. For SEVIRI the neural network CTTH of NWCSAF 
(RD 4, Håkansson et al. 2018) is adapted by retraining networks with SEVIRI data. As for PPS-
v2018 AVHRR GAC data, SEVIRI training was made with CALIPSO 5 km data (parameter 
layer_top_pressure). In total, we collocated 135 days of data with CALIOP (see Table 4-2). 
Just as for CTTH in PPS-v2018, 50% of the training dataset consisted of low clouds (as defined 
by CALIOP feature_classification flags) and the mean absolute error (MAE) was used as the 
loss function. Note that for SEVIRI-CALIOP match-ups, we include all satellite angles which 
allows for the improved use of the 8.7µm channel. In Håkansson et al. (2018) it was shown 
that, when trained with exclusively near nadir co-locations, the results for higher viewing angles 
showed slightly fewer low clouds if the difference 8.7-11µm was included as a parameter. Table 
4-2 presents the variables used in the algorithm.  

For CTTH a lower and upper boundary (the 16 and 84 percentile) can be produced for each 
pixel. The expectation is that 68% of the true values will be within these limits; equivalent to 
plus/minus one standard deviation for Gaussian data. A version of Quantile Regression Neural 
Networks (Pfreundschuh et al. 2018) produces the upper (84 percentile) and lower (16 
percentile) boundaries. It is the same network used for the product itself but with a weighted 
MAE loss function. 

For a complete description of the algorithm see RD 4 and Håkansson et al. (2018)  

 

Table 4-1: Spectral bands used for SEVIRI 

Spectral channels used for SEVIRI 

Wavelength 0.635 µm 0.81 µm 1.64 µm 3.92 µm 8.70 µm 10.8 µm 12.0 µm 

 

Table 4-2: Data used for training, validation and testing the network. 

Satellite 2015 Meteosat-10 2010 Meteosat-9 

Training data 1st Jul 

4th Jul 

7th Jan-Dec 

11th Jan-Nov 

13th Jan-Nov 

16th Jan-Oct, Dec 

19th Jan-May, Juy-Dec 

14th Jan-Dec  

1st Feb, Aug 
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22th Jan-May, Jul-Oct, Dec 

25th Jan-May, Jul-Dec  

28th Jan-May, Jul-Dec  

During training validation data 1st Jan-Jun, Aug-Dec 

4th Jan-Jun, Aug-Dec 

1st Jan, Mar, May, Jul, Sep, 
Nov 

Test data  1st Apr, Jun, Oct, Dec 
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Table 4-3: Variables used to train the networks. (see Table 12 in RD 3 for more information on the 
variables). 

Network Variable type Variables 

Name: NN-
CLAAS3-MAE:  
 
Imager channels: 
3.7µm, 8.5µm, 
11µm and 12µm.  

 

Brightness temperature 12µm T12  

Brightness temperature differences between the 11µm 
channel and all other channels. 

T11-T12, T8.5-
T11, T11-T37 

Temperature difference in the 12 µm channel between the 
current pixel and the coldest (c) or the warmest (w) pixel in 
the local surroundings (5x5 pixel environment). 

T12w-T12, 
T12c-T12 

Brightness temperature differences between different 
channels for the coldest or the warmest pixels in the local 
surroundings (5x5 pixel environment) 

T11w-T12w, 
T11c-T12c, 
T11w-T37w, 
T11c-T37c 

Column integrated water vapour ciwv 

Surface pressure psur 

NWP-temperature at 6 levels: surface, 950, 850, 700, 500 and 
250hPa 

tsur, t950, t850, 
t700, t500, t250 

The standard deviation of brightness temperature or 
brightness temperature differences for 3x3 surrounding 
pixels. 

T11T12text, 
T11text, T37text  

Name: NN-
CLAAS3-P84  

Same as above, but a skewed MAE is used as loss function 
to create the 84 Percentile estimation. 

 

 

Name: NN-
CLAAS3-P16 

Same as above, but a skewed MAE is used as loss function 
to create the 16 percentile estimation. 
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5 Adaptations for ICDR production 

To enable ICDR production, i.e., continuous extension of the TCDR in near real-time, it is 
necessary to replace some ancillary input data, having long latency, with corresponding input 
data with shorter latency. The most important ancillary dataset for the basic cloud detection 
with the CMa-prob method (especially concerning the support of cloud detection during night-
time conditions) is the ERA5 dataset. Fortunately, a special version with very short latency (i.e., 
5 days), denoted ERA5T, is available from ECMWF. ERA5T contains the same parameter 
fields as ERA5. ERA5T will eventually be officially re-labelled as ERA5 after some time, 
possibly then also being only slightly adjusted after applying additional quality control 
measures and having access to some more observations. In other words, ERA5T can be 
considered as a preliminary version of ERA5. Because of this, the impact of changing from 
ERA5 to ERA5T for the ICDR is expected to be very small.  

There is, however, another ancillary dataset which cannot be replaced as easily as ERA5. This 
is the OSI SAF ice concentration maps based on microwave satellite data. The datasets used 
for the TCDR is the OSI-450 product and its extension OSI-430b. For the ICDR, these datasets 
are replaced by the near-realtime product OSI-401b. The latter uses the same data input as 
OSI-430b but using a slightly different algorithm. 
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7 Glossary 

ATBD  Algorithm Theoretical Baseline Document 

AVHRR Advanced Very High Resolution Radiometer 

CALIOP Cloud-Aerosol Lidar with Orthogonal Polarization (CALIPSO) 

CALIPSO Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations 

CDOP  Continuous Development and Operations Phase 

CDR  Climate Data Record 

CMa-prob Cloud Mask (probabilistic) 

CM SAF Satellite Application Facility on Climate Monitoring 

CTTH  Cloud Top Height and Temperature 

DWD  Deutscher Wetterdienst 

ECV  Essential Climate Variable 

EUMETSAT European Organisation for the Exploitation of Meteorological Satellites 

FMI  Finnish Meteorological Institute 

FOV  Field of view 

GAC  Global Area Coverage (AVHRR sub-sampled to 5 km) 

GCOS  Global Climate Observation System 

KNMI  Royal Meteorological Institute of the Netherlands 

MAE  Mean Absolute Error 

NOAA  National Oceanic & Atmospheric Administration 

NWC SAF Satellite Application Facility for Nowcasting  

NWP  Numerical Weather Prediction 

NWP SAF Satellite Application Facility for Numerical Weather Prediction 

PPS  Polar Platform System 

RMIB  Royal Meteorological Institute of Belgium 

RTM  Radiative Transfer Model 

RTTOV Radiative Transfer for TOVS, RTM from NWP SAF 

SAF  Satellite Application Facility 
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SCOPE- Sustained COordinated Processing of Environmental satellite data for 
CM  ClimateMonitoring 

SEVIRI Spinning Enhanced Visible and Infrared Imager 

SMHI  Swedish Meteorological and Hydrological Institute 

TOVS  Tiros Operational Vertical Sounder 

WMO  World Meteorological Organization 
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