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1 The EUMETSAT SAF on Climate Monitoring (CM SAF)  
 

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 EU-
METSAT 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 Sat-
ellite 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), and the Meteorological Service of the United Kingdom 
(UK MetOffice). 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 opera-
tional meteorological satellites. 

In particular the generation of long-term data records is pursued. The ultimate aim is to make 
the resulting data records suitable for the analysis of climate variability and potentially the 
detection of climate trends. CM SAF works in close collaboration with the EUMETSAT Cen-
tral 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 records that can serve applications relat-
ed 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 records pro-
duced 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 records 
also serve the improvement of climate models both at global and regional scale. 

As an essential partner in the related international frameworks the CM SAF 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 an international collaboration benefiting from de-
velopments at international level and pollinating the partnership with own ideas and 
standards, 
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• Intensive validation and improvement of the CM SAF climate data records, 

• Taking a major role in data record assessments performed by research organisations 
such as WCRP (World Climate Research Programme), 

• Maintaining and providing an operational and sustained infrastructure that can serve 
the community within the transition of mature CDR products from the research com-
munity 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 pro-
grams and documentation is provided. 
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2 Introduction 

2.1 Purpose and content 
The purpose of this document is to describe the algorithm implemented within CM SAF to 
generate daily and monthly mean (level 3) Top-Of-Atmosphere radiation data record using 
the GERB level 2 instantaneous fluxes as main input. This document focuses on the 
algorithm while details about the processing system are provided in a separate Dataset 
Generation Capability Description Document (DGCDD) [RD 6]. 

First data records of monthly mean, daily mean and monthly mean diurnal cycle have been 
released by the CM SAF in 2013, with product identifier CM-113 (TRS) and CM-115 (TET). 
This document describes the algorithm developed for the generation of an improved version 
of these CM SAF data records. This new edition aims on the one hand to improve the 
accuracy and stability of the products as well as their temporal extent and, on the other hand, 
also provides clear sky TRS and TET fluxes. 4 data records are considered with the following 
identifiers: 

 

CM SAF 
identifier Content 

CM-21301 TOA Reflected Solar flux – All Sky  (TRS_AS) 

CM-21321 TOA Reflected Solar flux – Clear Sky (TRS_CS) 

CM-21331 TOA Emitted Thermal flux – All Sky  (TET_AS) 

CM-21351 TOA Emitted Thermal flux – Clear Sky  (TET_CS) 

 

This Algorithm Theoretical Basis Document (ATBD) is structured as follows. 

• Section 3 provides a short summary of the problems involved and the adopted 
approaches. It also summarizes the users’ requirements from [RD 5]. 

• Section 4 provides basic information about the data used at input of the processing, 
namely: the GERB HR data (section 4.1), the so-called “GERB-like” data which are estimated 
from SEVIRI (section 4.2), the CM SAF cloud mask CM-21011 (section 4.3), as well as some 
ancillary data needed for the processing (section 4.4).   

• Then, the core of the document consists of 3 sections that provide the complete 
description/justification of the 3 main algorithms used to generate the data records, namely: 
the pre-processing of the input data (section 5), the clear sky processing (section 6) and the 
daily and monthly mean averaging (section 7). 

• Finally, section 8 describes the foreseen output formats and discusses the end-to-end 
validation plan for the data records. 
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2.2 Applicable documents 
 

Reference Title Code 

AD 1 CM SAF Project Plan SAF/CM/DWD/PP/1.6 

 

 

2.3 Reference documents 
 

Reference Title Code 

RD 1 CM SAF Product Requirements 
Document SAF/CM/DWD/PRD/2.9 

RD 2 GERB Dataset Scientific Validation 
document 3.0 SAF/CM/RMIB/VAL/GERB_DS 

RD 3 GERB Dataset Product User Manual 
3.0 SAF/CM/RMIB/PUM/GERB_DS 

RD 4 GERB Dataset Generation Capability 
Description Document 3.0 SAF/CM/RMIB/DGCDD/GERB_DS 

RD 5 
Requirements Review 2.5 document, 
TOA Radiation –  GERB Edition 2 data 
sets 

SAF/CM/RMIB/GERB/RR2.5 

RD 6 
Dataset Generation Capability 
Description Document, GERB Datasets 
2nd Edition,  v2.0 

SAF/CM/RMIB/DGCDD/GERB 

RD 7 
Product User Manual, SEVIRI Cloud 
products, CLAAS Edition 2, version 2.1, 
10.06.2016 

SAF/CM/KNMI/PUM/SEV/CLD/2.1 
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3 Problem statement and adopted approach 

3.1  Data records purposes 
At the Top Of Atmosphere (TOA) the following radiative fluxes are defined: the TOA Incoming 
Solar (TIS), the TOA Reflected Solar (TRS) and the TOA Emitted Thermal (TET). 

 

 

 

These 3 components of the Earth Radiation Budget (ERB) are the fundamental drivers of 
climate on our planet. In the frame of climate monitoring, the continuous monitoring of these 
fluxes is of prime importance to understand climate variability and change. The nature of 
these quantities, which are defined at TOA, makes the use of satellite observations especially 
suitable for their study. 

Over the Meteosat Field Of View (FOV), broadband observations of the TRS and TET are 
available from the Geostationary Earth Radiation Budget (GERB, Harries et al, 2005) 
instruments on the Meteosat Second Generation satellites. The instruments’ observations are 
processed by the GERB team, a consortium including institutions in the UK and Belgium. 
Currently, GERB Edition-1 instantaneous fluxes are generated (Dewitte et al., 2008) and 
made available to the user community.  The GERB Edition-1 data record officially starts on 
March 26th 2004 but data of expected equivalent quality are provided since Feb. 1st 20041.  

1 The different status for this period comes from the fact that the RGP scene identification was not performed 

Figure 1: The Earth Radiation Budget (adapted from Kiehl and Trenberth, 1997) 
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In contrast to polar orbiting instruments such as CERES (Wielicki et al, 1996), the 
geostationary orbit of GERB allows, for the first time, broadband observation of the diurnal 
cycle. This kind of observations provides unique information to climate modelers, for the 
validation of climate models, and is also expected to be useful for climate monitoring.   

At first glance, it would seem to be easy to derive accurate daily and monthly means 
quantities from instantaneous rectified geostationary observations like the TOA fluxes 
produced by the GERB team. A simple averaging of the images would provide the daily and 
monthly means. However, the following limitations have to be taken into account. 

• Various causes have introduced a large number of gaps in the GERB data record. 
These gaps last from a single 15' repeat cycle up to several consecutive days. In summer 
2004, there was an interruption of GERB imagery for 54 successive days. GERB data 
availability between Feb. 1st 2004 and Jan. 31st 2014 is provided in annex of the GERB 
“Dataset Generation Capability Description Document” [DGCDD, RD-6] and a summary will 
be provided in the Product User Manual (PUM). It should be noted that the gaps are often not 
random but can occur systematically at a particular time of the day (e.g. around midnight for 
stray light) or during particular months of the year (during the Sun Avoidance Seasons (SAS) 
around the equinoxes). We have analyzed the pros and cons and decided, within the 
CM SAF, to fill the gaps where possible using GERB-like data produced from SEVIRI using 
NB-to-BB conversion technique. The GERB-like data is corrected to match the GERB 
radiometric level. All this constitutes an important part of the data pre-processing. 

• In general, stability is not a crucial point for Intermediate Climate Data Records 
(ICDR, temporal coverage of about 10 years) as such data records are not foreseen for trend 
analysis. However, the drift observed on the first edition of the data record (+/- 0.6%/year, 
[RD 2]) would lead to a change of about 6% over a 10 years period, which is comparable or 
even higher than the precision of the products. For this reason, an attempt is made here to 
perform a “gross” correction of the aging, based on Deep Convective Clouds (DCC). The 
objective is not to produce data records fulfilling GCOS stability requirements (0.3 
W/m²/decade!) but to reach a target stability of 2 W/m²/decade for most of the scene types 
[RD 5].     

• Pursuing the same objective, a recalibration of GERB is realized to reduce the jumps 
at the transitions from one MSG satellite to another. Here also, the target is a stability of 2 
W/m²/decade. Note that the change of systematic error due to both the drifts and jumps are 
counted together when addressing the stability of the product. As the data record length is 10 
years, the combined effect of drifts and jumps on the systematic error is expected to be less 
than 2 W/m². 

• For the MSG-3 era (January 2013 onward) there exists a long gap (April 2013 to Feb. 
2015) in the GERB-3 data due to a blocking of its De-Spin Mirror (DSM). During this period 
the GERB observations have been provided by the GERB-1 instrument. However, the data 
processing to level 2 suffers from the lack of full disk SEVIRI imagery from the same 
platform. Different options are discussed to allow handle this period in the data records.  

• Finally, to increase the usefulness of the data records, it is proposed to produce also 
clear sky fluxes in the new edition of the data records. Following the requirement review [RD 
6] it is proposed to estimate the clear sky fluxes from the averaging of the clear sky 
observations. It is not foreseen to correct the clear sky fluxes in cloudy condition to correct for 
the dry bias (Sohn et al., 2006).  

solely based on the SEVIRI observations from the previous days (this was not possible as the SEVIRI became 
operational on 1st Feb. 2004) but relied also on data from the following days.     
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3.2  Summary of user requirements 
 
[RD5] discusses the user requirements for this type of geostationary-based data records. 
Table 1 summarizes the requirements in terms of accuracy and Table 2 in terms of stability. 
Table 1 also summarizes the accuracy of the CM SAF ed01 [RD 2] as well as documented 
accuracies of the CERES products. 

 
 

Table 1 : Accuracy requirements for CM-21301, CM-21321, CM-21331 and CM-21351. 

Products Threshold Target Optimal 
CDOP-1 
accuracy

. 
remarks 

TRS all sky MM 

TRS clearsky MM 
8 W/m² 4 W/m² 2 W/m² 3.0 W/m² 

 

Requirements referring 
to error: 
 

-  at 1 standard 
deviation (RMS error) 

 

- at 1° x 1° scale 

 

- taking only VZA<60° 

 

- not including bias due 
to the GERB absolute 
calibration. 

TRS allsky DM 

TRS clearsky DM 
16 W/m² 8 W/m² 4 W/m² 5.5 W/m² 

TRS allsky MMDC 

TRS clearsky MMDC 
16 W/m² 8 W/m² 4 W/m² 12.8W/m² 

TET allsky MM 

TET clearsky MM 
4 W/m² 2 W/m² 1 W/m² 2.0 W/m² 

TET allsky DM 

TET clearsky DM 
8 W/m² 4 W/m² 2 W/m² 3.6 W/m² 

TET all sky MMDC 

TET clearsky MMDC 
8 W/m² 4 W/m² 2 W/m² 3.1 W/m² 

 

As the data record covers exactly 10 years (i.e. a decade), the stability refers to the 
maximum change (max–min) of the systematic error over the full data records. Changes of 
systematic error can primarily be caused by switches from one instrument to another and 
also instrumental drift. Stability requirements only apply to the monthly mean products and 
shall be met over most of the scene types (and otherwise documented in the PUM). Table 2 
summarizes the stability requirements.     
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Table 2 : Stability requirements for CM-21301, CM-21321, CM-21331 and CM-21351. 

Products threshold target optimal remarks 

TRS all sky MM 

TRS clearsky MM 
N/A 2 W/m²/dec 0.3 W/m²/dec - at 1° x 1° scale 

- taking only VZA<60° 
 TET all sky MM 

TET clearsky MM 
N/A 2 W/m²/dec 0.3 W/m²/dec 
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3.3  Processing Overview 
Figure 2 provides a decomposition of the processing in its 3 main processing steps and 
outlines its main inputs and outputs. 

 

 
Figure 2 : Processing flowchart 

 

The “Data preprocessing” subsystem performs several corrections of the input GERB and 
GERB-like data such as recalibration, homogenization, aging correction ...  In this step, the 
gaps in the GERB data record are filled with the GERB-like. The output of the preprocessing 
is a stream of homogenized 15’ instantaneous level 2 HR data, called here “cmsaf 
instantaneous fluxes”. This first subsystem is described in section 5.     

In the “Clear sky processing”, the fluxes are combined with the CLAAS-2 cloud mask (CM-
21011, see [RD 7]) to derive the 15’ “CM SAF instantaneous clear sky fluxes”. The algorithm 
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used for this second subsystem, an adaptation of Futyan and Russell (2005), is described in 
section 6.     

Finally, the all sky and clear sky streams are averaged in hourly boxes, from which the daily 
mean, monthly mean and monthly mean diurnal cycle are estimated. The averaging 
algorithm used for this last part of the processing is described in section 7.      

 

3.4  Product features – improvements with respect to ed01 
With respect to CM-113 and CM-115, the main improvements of the data record are: 

• To provide new clear sky fluxes products (as CM-21321 and CM-21351). 

• To be based on Edition-1 GERB High Resolution (HR) instantaneous fluxes as 
input. Those files include “filled” values for sun glint and terminator. 

• To provide a longer time series (10 years instead of 7 years), 

• To include a gross correction of GERB and GERB-like aging. 

• To perform a better handling of missing data, in particular by using MSG backup 
satellite observations when possible, e.g. due to decontamination or satellite outage. During 
the validation of the ed01 of the ICDR it became clear that some CM SAF monthly mean 
products do not agree with corresponding products from other satellites (like CERES EBAF) 
or climate models simply due to long period (several days) of missing input data. The 
problem affected 10 months out of the 84 months in the ed01 data record. 

• Similarly, for small gaps (less than 4 hours) in the data record, an improved 
interpolation of the SW fluxes, based on TOA albedo, is implemented. 

• The new edition of the data record aims at improving the product's accuracies as well 
as providing additional and improved validation results. It is also foreseen to provide more 
information on the product accuracy to the users in the data files (e.g. quality flags). 

• To provide data on the geostationary grid, at the (9km)² spatial resolution, to improve 
the synergy with the other CM SAF SEVIRI products. 

The data will be provided as monthly mean, daily mean and monthly mean of the hourly 
values. The time period covered by the data record is more than 10 years, from February 1st 
2004 to April 30th 2015. 

As for the other CM SAF data records, the file format will be NetCDF following the CF 
convention. Preliminary information about the data record format, metadata and attributes, is 
provided in Section 8. 

It is worth to note that there is no parallax correction of the product and that high level clouds 
may appear misplaced by several pixel in the direction opposite of the satellite. Programs 
that perform Meteosat parallax correction are available, for instance, in the nowcasting SAF 
package. More information will be provided in due time via the PUM. It is also important to 
note that at 9km x 9km resolution the horizontal transfer is not negligible and that the TOA 
fluxes for a given grid point may be significantly affected by the scene characteristics in 
neighbor grid points. 
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4 Description of input data 

4.1 GERB High Resolution Level 2 data 

4.1.1 Introduction 
The GERB instruments (Harries et al, 2005) are broadband (BB) radiometers designed to fly 
on the Meteosat Second Generation satellites. Similarly to its predecessors, GERB provides 
measurements of the total and SW radiances, the latter being obtained through a quartz filter. 

The GERB ground processing is distributed between Germany (EUMETSAT), the UK 
(Rutherford Appleton Laboratory, Imperial College London) and Belgium (Royal 
Meteorological Institute of Belgium). The GERB processing generates level 2 TOA solar and 
thermal fluxes into 3 formats: 

• The Averaged Rectified and Geolocated (ARG) data are an average of three 
successive GERB scans (covering a period of approximately 17 minutes) presented on a 
regular (in viewing angle) grid with a sampling distance of 44 km x 44 km at nadir. The ARG 
values are obtained by bilinear interpolation of the original observations. As no attempt is 
made to correct for the GERB Point Spread Function (PSF) the radiance and flux values at 
each grid point are representative of the energy from a larger region than the grid spacing. 
Additionally, the GERB geolocation noise and the linear interpolation of the observations will 
affect the radiance and flux values at each point. 

• The Binned Averaged Rectified and Geolocated (BARG) products are averages 
over fixed 15 minutes time intervals (00:00 to 00:15 UTC, 00:15 to 00:30 UTC, etc.) 
presented on a regular (in viewing angle) grid with a spacing of 45 km x 45 km at nadir. The 
processing is considerably more complex than for the production of the ARG data. It attempts 
to remove the effect of the PSF, and also provides corrections for errors that may have been 
introduced in the ARG by the geolocation and rectification processes. This is achieved by 
using fine scale estimates of the broadband SW and LW radiances inferred from NB 
measurements made by the SEVIRI instrument on the same MSG satellite. Merging the 
GERB BB observations and the fine-scale SEVIRI BB estimates results in level 2 BARG 
radiances and fluxes which are representative of the radiation from exact 15 x 15 SEVIRI 
pixel areas (i.e. 45 km x 45 km). 

• The High Resolution (HR) product is presented on a grid with a spacing of 3 x 3 
SEVIRI pixels (i.e. 9 km x 9 km at nadir). It is provided every 15 minutes as instantaneous 
values at the time of the SEVIRI observations. As for the BARG, fine-scale estimates of the 
BB radiances from SEVIRI are combined with GERB observations to produce the GERB 
High Resolution data. The GERB HR product is required to study the radiation budget at 
regional scales (e.g. valley fog). 

The CM SAF data records are based on the HR product, as only this product provides fluxes 
at sufficient spatial resolution to estimate the clear sky fluxes (see Futyan and Russell, 2005).   

Unfortunately, important gaps exist in the GERB data record, in particular during the “Sun 
Avoidance Seasons” (SAS) as it is preferable to maintain the instrument in a safe non-
imaging mode than to risk burning some of its detectors in case of failure of the De-Spin 
Mirror (DSM) mechanism. For the 11+ years considered for  the CM SAF SEVIRI/GERB Data 
Records (Feb. 1st 2004 – April 30th  2015), the 15’ data availability is given in annex of the 
Dataset Generation Capability Description Document [DGCDD, RD-6]. 
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4.1.2 Summary of GERB quality 
The primary source of information concerning the quality of the GERB data is the “Quality 

Summary for GERB Edition 1 L2 ARG Product” (Russell, 2006), available through the GERB 
project’s websites. Strictly, the document only covers the ARG product and is not aimed to 
document the quality of the HR data used as input for the CM SAF data records. 

Different studies have compared the 3 GERB formats. Clerbaux et al (2009) have showed 
that comparisons with CERES provide similar results for the 3 formats, except an expected 
effect of the PSF which is not corrected for in the ARG. 

A GERB team technical note entitled “Equivalence between the ARG, BARG and HR 
GERB formats“ (MSG-RMIB-GE-TN-0043, available via http://gerb.oma.be, in tab 
documentation) shows that the radiances and fluxes provided in the 3 formats are consistent 
when averaged over sufficiently large areas and time interval. 

4.1.3 Edition-1 GERB HR files  
The GERB team has reprocessed the HR files to also provide fluxes in the sun glint and 

terminator regions (these regions have been “masked” in the Near Real Time (NRT) files). 
The reprocessed data is labeled V007 and is expected to become the ED01 of the GERB HR 
files. The CM SAF data records will be based on this reprocessed data. Figure 3, Figure 4 
and Figure 5 illustrate the difference that is observed in the monthly mean diurnal cycle 
product. 

 

 
Figure 3 : Improvement obtained when using reprocessed GERB HR filled files in the monthly 
average, in this example for the [03:04] UTC average for June 2004, instead of the NRT files 
(“OLD”). Improvement is obvious in the Persian Gulf which is in sun glint conditions for this 
time of the day in June. 
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Figure 4 : Difference in the June 2004 monthly average [03:04] UTC TRS obtained with the ED01 
(New) and the NRT files (“Old”). The projection is the HR projection and the red circle indicates 
the VZA=70° condition.  
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Figure 5 : Same as Figure 4 but for the 24 hourly intervals organized from top to bottom and 
from left to right (standard reading direction), i.e. the top line shows the [0:1] (leftmost), [1:2], 
[2:3] and [3:4] UTC interval. The colorbar  is between +20 and -20 W/m². 

Page | 25 

 



 

Algorithm Theoretical Basis Document 
TOA Radiation  

SEVIRI/GERB Data Record 

Doc.No. SAF/CM/RMIB/ATBD/GERB 

 Issue:                                         2.4  

 Date:                              13.12.2016 

 

 

 

4.1.4 GERB stray-light  
The GERB HR data affected by stray-light are discarded based on the GERB ED01 “Pull 
List”.   

The GERB instrument scientist however reports that “Stray light up to an expected level of 
3.5Wm-2sr-1 in the SW filtered radiance are flagged in the level 1.5 but not removed from the 
Edition record. The effects of this contamination will be present in the GERB products 
generally between the hours 23:00 and 01:00 GMT from 15-Jan to 23-May and 21-Jul to 26-
Nov.” (Jacqui Russell, PCR 2.5 close out, RID with reference 
OBJA1_ATBD_Russell_013.txt ). 

4.1.5 GERB-2 SW calibration update 
Reanalysis of the calibration of the SW reference source against which GERB-2 ground 
calibration was made resulted in an update being published in Feb. 2011 by the GERB team: 
“(…), all users of the GERB-2 radiation data are advised to multiply all solar (SW) radiances 
and fluxes by a factor of 0.976. Data so treated should be referred to as SW cal update.”  
This calibration update is applied in this work. 

 

4.1.6 GERB-3 anomaly and way forward 
Between April 27th 2013 and Feb. 2015, the GERB-3 instrument on Meteosat-10 stopped 
acquiring data due to a blocking of its DSM. During this period, the operational GERB service 
was transferred to the GERB-1 instrument on Meteosat-9 located at 9.5° East longitude. 

The processing of the GERB-1 data suffers from not having SEVIRI imagery available from 
the same satellite. Indeed, the Meteosat-9 SEVIRI is in charge of the operational Rapid Scan 
Service, limited to a Northern hemisphere sector. Thus, GERB-1 has to be processed with 
SEVIRI data from Meteosat-10 and the corresponding level 2 products labelled 
“G1_SEV3_L20_HR_SOL_TH”. However, several parts of the ground processing require to 
be redesigned to account for the different GERB and SEVIRI viewing geometries. These 
G1_SEV3 fluxes have not yet reached sufficient quality and are not foreseen to be released 
by the GERB-team in a close future (at least for the TRS fluxes). 

To overcome this limitation, it is proposed to rely on the MSG-3 GERB-like data for January 
2013 onward. Other options (such as (i) to wait for availability of mature G1_SEV3 products 
or (ii) to use thermal flux from G1_SEV3 product and GERB-like solar flux)have been 
discussed during the PCR and have been considered as not appropriate without 
considerable validation effort.  

 

4.1.7 GERB SW channel aging 
Instruments in the space environment can be subject to a loss of response due to aging of 
optical components. Such loses occur most rapidly at the shortest wavelengths, and for a 
broadband instrument like GERB can significantly affect the instruments spectral response. 
For the GERB Edition 1 data record, instrument response for both channels is calibrated in 
orbit against a blackbody source but no updates to the spectral response is made which is 
kept at the pre-launch value. Intercomparison over time with other instruments (like CERES 
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or the SEVIRI derived GERB-like) shows GERB SW radiances and fluxes are reducing 
compared to these references over time.  

Figure 6, from the Validation Report of the ed01, show a clear trend in the ratio between the 
CM SAF ed01 and the CERES EBAF 2.6 solar fluxes.   

 

 
Figure 6: Monthly mean overall ratio between the CM SAF edition-1 TRS (CM-113) and the 

CERES EBAF 2.6 (extracted from [RD 2]).   

 

Correcting instrument SW aging is a challenging problem that is best tackled when the length 
of the data record is sufficient. Over the 7 years of the CM SAF GERB ed01 data record, 
signs of aging are evident but not enough data were available for an accurate modeling of 
the aging. 

It is expected that the aging is stronger at short wavelengths than at longer ones, making the 
signal decrease stronger for “blue scenes” (like clear ocean) than for desert and vegetation 
(which have more energy in the “red”). The aging for cloud scenes is expected to lie in 
between vegetation and ocean. 

For the CM SAF data record under development, a “gross” correction of the aging is 
performed during the data pre-processing using Deep Convective Cloud (DCC) systems as 
reference.  Details are given in section below. 

4.1.8 GERB instrument radiometric level 
Significant differences in SW radiometric level are observed at the transition from Meteosat-
8, Meteosat-9 and Meteosat-10. A re-calibration of the observations is then needed to fulfil 
the targeted stability requirements of 2 W/m² (which corresponds to +/- 2% in all sky daily 
and monthly means). The observed difference in thermal flux level is much smaller, about 
0.4% (Bantges, 2010). 

For the first edition of the CM SAF data records, the GERB-1 levels have been used as 
reference. This choice was motivated by the fact that the calibration of GERB-2 appeared 
less reliable at that time. For the new data records, it is proposed to follow the same 
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approach. The recalibration is part of the pre-processing and is discussed in sections 5.3.5 
for the solar fluxes and 5.3.8 for the thermal fluxes. 

 

4.1.9 Data availability  
The [RD6] provides the full listing of the GERB data used in the processing. In general, 
GERB is replaced by GERB-like during part of the day when in Sun Avoidance Seasons 
(SAS), some GERB failures (e.g. due to the blocking of the DSM), regular calibration 
exercises, or in case of stray light.  
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4.2  GERB-like data 

4.2.1 Introduction 
The GERB-like data is primarily an internal product of the RMIB GERB Processing (RGP) 
system. The product provides BB radiances and fluxes for the solar and thermal radiations 
obtained from MSG/SEVIRI using NB-to-BB conversions. Among other, those BB estimates 
are used within the RGP to correct for the GERB Point Spread Function (PSF) as in the 
BARG format and to enhance the spatial resolution as in the HR format. The GERB-like is 
also used to tune the geolocation of the GERB observation by spatial matching. 

A strong interest exists for the GERB-like products, which are therefore archived like the 
official GERB products. The main interest is that the GERB-like can be generated even when 
the GERB instrument is kept in safe mode. Although some gaps exist, the GERB-like data 
record is more complete than the GERB record, see [RD 6].   

Another interest of the GERB-like is for the validation of the GERB products, e.g.: 

• The ratio GERB / GERB-like for thermal radiation during day and night is useful to 
validate the subtraction of the SW radiation from the total channel. 

• Images of GERB / GERB-like ratio allow to easily detect stray-light contamination. 

For the GERB ED01, the GERB-like NB-to-BB regressions are not fitted on SEVIRI/GERB 
but instead are based on theoretical simulations for the LW and empirical fits on CERES for 
the SW (empirical regressions). 

As for previous CM SAF “GERB Data record” , a correction of the GERB-like is foreseen in 
the new edition as part of the data pre-processing (see sections 5.3.3 and 5.3.7 for the SW 
and LW, respectively). 

 

4.2.2 Summary of GERB-like quality 
The SW regressions used to generate the GERB-like have been validated by Clerbaux et al. 
(2005). RMS errors of about 3.5% are reported at regional scale of 100kmx100km. 
Systematic biases according to the scene type are given in Table 3. 

Given the corrections of the GERB-like during the preprocessing step, those results do not 
apply directly to the CM SAF products. During the validation of the CM SAF ed01 data 
records, a particular effort has been put to document the effect of the GERB-like on the 
different CM SAF products [RD 2]. Replacing all GERB data by the GERB-like affects the 
monthly mean products with a RMS error of 1.2 W/m² (TRS) and 1.4 W/m² (TET). RMS 
differences are slightly higher for the daily mean (1.85 W/m² and 1.65 W/m² for TRS and 
TET) and for the diurnal cycles (2.9 W/m² and 1.5 W/m² for TRS daytime and TET). 
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Table 3: Biases of the GERB-like solar radiance wrt GERB, from Clerbaux et al. (2005). ‘Num’ 
gives the number of coangular observations used to estimate the biases, <ρBB> is the average 
broadband reflectance and bias is the average difference between the NB-to-BB estimate and 
the true value (expressed in % after division by <ρBB>). 

 

4.2.3 MSG/SEVIRI operational calibration and aging process 
In the RGP, the GERB-like products are generated using the operational calibration of the 
SEVIRI channels, i.e. the calibration provided in NRT in the SEVIRI product header. 

The solar channels are calibrated regularly using the SEVIRI Solar Channel Calibration 
(SSCC) method (Govaerts et al., 2004). However, the gain and offset provided in the 
prologue are only adapted when the change exceeds some threshold. Thus, the calibration 
coefficients may remain constant for a couple of years and then be suddenly adapted by 
about 1% or 2% to account for the aging. Table 4 summarizes the calibration coefficients that 
have been provided by EUMETSAT in near real time. Temporal degradation is observed for 
the SEVIRI channels. Preliminary results provided by EUMETSAT are shown on Figure 7 for 
the Meteosat-9 VIS 0.6µm channel. 

 
Figure 7: Preliminary aging information provided by EUMETSAT on SEVIRI solar channel 

aging. 

Aging is observed using SSCC but also the DCC method and Moon calibration. From those 
results, EUM is proposing a “multi-method” drift of 0.489 +/- 0.025 %/year (for MSG2). 
However, those aging results are not yet officially published and the effect on the GERB-like 
is not obvious to quantify. 

The effect of the SEVIRI calibration jumps on the GERB-like is reported in the last column of 
Table 4. The values are calculated by applying the GERB-like NB-2-BB processing on one 
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set of MSG3/SEVIRI images (20141017 12:00 UTC), after modification of the visible 
channel’s calibrations. 

 
Table 4: Operational calibration of the SEVIRI visible channels (after conversion of the gain 
units from mW/m²/sr/µm/DC in W/m²/sr/DC), relative change in %, and effect on the GERB-like 
solar radiance and flux. 

Satellite 
From 

YYYYMMDD 
hh:mm 

VIS 0.6μm 
gain 

W/m²/sr/DC 

VIS 0.8μm 
gain 

W/m²/sr/DC 

NIR 1.6μm 
gain 

W/m²/sr/DC 

HRV 
gain 

W/m²/sr/DC 
Effect on 

GERB-like 

Met-8 

20040101 
00:00 

0.022717 0.029433 0.023239 0.031333 negligible 

+ 0.0687 % 

20040211 
17:30 

0.022950 

(+1%) 

0.029216 
(-0.7%) 

0.023279 

(+0.2%) 

0.031376 

(+0.1%) 

Met-8 
reference 

20050401 
09:45 

0.023128 

(+0.8%) 

0.029727 

(+1.7%) 

0.023622 

(+1.5%) 

 + 1.233% 

Met-9 

20070501 
00:00 

0.020135 0.025922 0.022258  Met-9 
reference 

20081201 
12:00 

0.020419 

(+ 1.4 %) 

0.026168 

(+ 0.9 %) 

0.022322 

(+ 0.3 %) 

0.029934 

(+ 1.5 %) 

+1.000% 

20120905 
09:30 

0.020135 0.025922 0.022258 0.029499 -1.000% 
back to ref. ! 

Met-10 20130101 
00:00 

0.020888 0.027880 0.023588 0.037397 Met-10 
reference 

 

The first change of SSCC calibration, on Feb. 11th 2004, has only negligible effect on the 
GERB-like (decrease of about 0.069%). On the other hand, the change that took place on 
April 1st 2005, introduced an increase of the GERB-like SW flux of 1.233%. 

For the Meteosat-9 period, a change of the calibration was performed by EUMETSAT during 
the decontamination of Met-9 on December 1st 2008. The effect on the GERB-like is an 
increase of 1.0%. Curiously, on September 2012, the operational Met-9 calibration was put 
back to the values used before Dec. 2008 (see also Figure 7). This introduced a decrease of 
the GERB-like by 1%. 

The SEVIRI thermal channels are operationally calibrated using the on-board blackbody. 
Brightness temperature comparisons with the Infrared Atmospheric Sounding Interferometer 
(IASI) are routinely performed in the frame of the Global Space-based Inter-Calibration 
System (GSICS). The comparisons indicate that the calibration biases remain stable in time 
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(i.e. no drift of the calibration)2. For this reason, the GERB-like thermal flux product is a-priori 
stable and does not require aging correction. 

 

4.2.4 MSG SEVIRI solar channel calibration from Meirink et al. (2013) 
 

Using Aqua-MODIS Collection 6 reflectances as a reference, Meirink et al (2013) provide a 
calibration for the 3 solar channels of MSG-1, -2 and -3. Figure 8 provides a synthesis of the 
obtained results.  

   gain = gain1/1/2000    + drift  x 10-3 * (D – D1/1/2000 ) 

 offset = 51 DC 

There exist clear differences in absolute calibration. The scaling factors to be applied to the 
Meirink (time dependent) calibration to match (least square fit) the operational calibration 
(including the jumps) are given in Table 5.  

 
Table 5 : The Meirink et al(2013) calibration and slope and the scaling factor to be applied to 

match the EUMETSAT operational calibration.    

satellite channel 
gain1/1/2000 

µW m-2 sr-1(cm-1)-1 
/ DC 

drift 
µW m-2 sr-1(cm-1)-1 / 
DC / (1000 days) 

scaling factor 

Meirink -> 
operational 
calibration 

MSG1 

VIS 006 24.346 0.3739 0.9179 

VIS 008 30.989 0.3111 0.9339 

NIR 016 22.869 0.0065 1.0270 

MSG2 

VIS 006 21.026 0.2556 0.9256 

VIS 008 26.875 0.1835 0.9471 

NIR 016 21.394 0.0498 1.0336 

MSG3 

VIS 006 20.755 0.4079 0.9172 

VIS 008 25.558 0.6371 0.9711 

NIR 016 21.495 0.2778 1.0314 

  

 

2 Although some limited changes in the bias are reported for the 13.4µm channel, due to ice deposition on the 
optics which is partly cleaned during decontamination (Hewison and Muller, 2013). 
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Figure 8 : results of the MSG/SEVIRI calibration by Meirink et al. (2013). Figure extracted 

from http://msgcpp.knmi.nl/. 
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4.2.5 Data availability  
The [RD6] provides a full listing of the GERB-like data used in the processing. Provided the 
back-up satellites can be used, missing GERB-like represents only 0.5% of the data record. 

A graphical representation of the MSG data availability, showing the decontamination and 
main failure periods, is shown on Figure 9. Note that the long interruption of MSG-1 in 
Sept./Oct. 2006 can be filled by MSG-2 data taken during its commissioning. 

 
Figure 9: Graphical representation of the availability of full disk MSG data from MSG-1 and 

MSG-2.  
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4.3  CM SAF Cloud Mask – CM 21011 

4.3.1 Introduction 
The CM SAF CLAAS-2 record provides cloud properties derived from the SEVIRI sensor 
onboard METEOSAT Second Generation (MSG) satellites. This second edition is the 
improved and extended follow-up of the first version of the record (Stengel et al., 2014). In 
order to ensure a homogeneous data basis, the solar SEVIRI channels of MSG-1, MSG-2 
and MSG-3 were intercalibrated (Meirink et al, 2013) with MODIS Aqua before applying the 
cloud retrievals. CLAAS-2 features 12 years (2004-2015) of cloud mask/type, cloud top 
temperature/pressure/height, cloud phase as well as cloud microphysical properties such as 
optical thickness, effective droplet radius and cloud water path. The data are available on 
native SEVIRI resolution, i.e. 15 minutes repeat cycle and 3km (nadir) to 11km (edge of the 
field of view) spatial resolution. In addition, spatio-temporal averages of the above mentioned 
cloud properties are included: Daily and monthly averages and monthly histograms on a 
0.05°x 0.05° grid as well as monthly mean diurnal cycles on a 0.25°x 0.25° grid. The 
advancements compared to CLAAS-1 can be summarized with: 

• extended MSG measurement record used with better calibration, 

• improvements made on retrieval algorithm leading to products with higher quality and 

• increased temporal resolution (15 Minutes).  

In contrast to ed. 1, CLAAS-2 does not contain radiation products anymore. Along with the 
data, a comprehensive documentation including user guide, algorithm descriptions, 
reprocessing layout and extensive validation studies, is provided. With CLAAS-2, regional 
and large scale cloud processes at temporal scales of minutes to years can be studied. 

In this work, the cloud mask of CLAAS-2 is used to estimate the clear sky fluxes. The cloud 
mask in obtained by running the v2013 of the Nowcasting SAF cloud products (Derrien and 
Legléau, 2005). The PGE01 (first Product Generation Element) produces cloud mask at the 
full SEVIRI resolution in which each pixel is labelled as either: clear, clear snow, cloudy or 
partly cloudy. Note that the detection of clear snow is only possible during daytime.  

This cloud mask is used as input for the clear sky processing described in section 6. 

4.3.2 Summary of quality 
According to [RD 7] the highlights and limitations of the CLAAS-2 cloud mask can be 
summarized as follows. 

Highlights 
• Cloud screening makes optimal use of the multi-channel information from SEVIRI. 

• Different tests are applied: surface type (land, sea), solar illumination (daytime, 
nighttime, twilight, sunglint), and viewing angles are criteria for the application of a certain 
test. 

• Daytime conditions with good illumination (i.e, conditions enabling access to information 
in all spectral channels) provide best cloud screening results. 

• Transition between day- and night-time is smoothed with the temporal dependence 
twilight test (Derrien and Le Gléau, 2010). 
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Limitations 
• Not all clouds will be detected due to inherent limitations of the SEVIRI imager as being 

a passive radiometer with a rather coarse field of view (3 x 3 km² at sub-satellite point). This 
can be compared to actively probing instruments (like cloud lidars and radars) with a much 
higher cloud detection sensitivity. 

• Some thin clouds (particularly, ice clouds) over cold ground surfaces may remain 
undetected, especially during nighttime. 

• The cloud detection algorithm changes from VIS/IR to an infrared only version at the 
transition from day to night. Even though the SAF NWC MSG v2012 package is applied with 
a special twilight transition procedure, the switch from day- to night-time algorithm remains 
present. Irregularities can occur as spikes in the diurnal cycle. 

• Since SEVIRI is mounted on geostationary satellites, the well-known dependency of 
retrieved cloud cover on viewing zenith angle (e.g., Maddux et al., 2010) leads to an 
overestimation of cloudiness towards the edge of the disc. 

 

4.4  Ancillary data 
This section describes the ancillary data used in the algorithm. 

4.4.1  IGBP surface type map 
A 1km2 resolution surface type map has been compiled from AVHRR data in the frame of the 
International Geosphere Biosphere Program (IGBP, Loveland et al., 2000). Version 2.0 of this 
map has been re-gridded to the GERB HR grid. Each HR pixel contains then a mixture of at 
least 9x9 IGBP pixels from which a map of the surface type is compiled as follows: the 17 
IGBP classes are first reduced to the 6 surface types used to define the CERES TRMM SW 
ADM (Loeb et al., 2003) using Table 6. If more than 50% of the pixels are “ocean” the HR 
surface type is set to ocean. Otherwise, the fractions of the different CERES TRMM land 
surface type are computed and the most frequent land type is selected. 

 
Table 6 : IGBP surface types and corresponding CERES TRMM SW ADM surface types. 

IGBP   Surface type CERES TRMM SW ADMs surface 
type 

1 Evergreen Needle leaf Forest 2 Dark vegetation 

2 Evergreen Broadleaf Forest 2 Dark vegetation 

3 Deciduous Needle leaf  Forest 2 Dark vegetation 

4 Deciduous Broadleaf Forest 2 Dark vegetation 

5 Mixed Forest 2 Dark vegetation 

6 Closed Scrublands 2 Dark vegetation 

7 Open Scrublands 4 Dark desert 

8 Woody Savannas 2 Dark vegetation 
9 Savannas 3 Bright vegetation 

10 Grasslands 3 Bright vegetation 

11 Permanent Wetlands 2 Dark vegetation 

12 Croplands 3 Bright vegetation 
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13 Urban and Built-Up 4 Dark desert 

14 Cropland/Natural Vegetation Mosaic 3 Bright vegetation 

15 Snow and Ice 6 snow 

16 Barren or Sparsely Vegetated 5 Bright desert 

17 Water Bodies 1 ocean 

 
This map of the surface type is used in the clear sky processing to select model of the 
variation of the TOA albedo versus the SZA. These models allow to convert a clear sky solar 
flux observed at a given day into the clear sky flux that would have been observed another 
(cloudy) day. 
  

4.4.2 Water fraction map 
 

Similarly, the 1km2 resolution IGBP land mask is used to compute the water fraction (WF) for 
each GERB HR pixel. This water fraction map is used in the clear sky algorithm to perform 
post-processing of the ocean pixel having WF=100%, in an attempt to remove persistent 
cloudiness. The condition on 100% water fraction ensures that the HR pixel is not 
contaminated by coast or small islands. 

 

4.4.3 CERES TRMM SW ADMs 
 

The CERES TRMM clear sky albedo models (Loeb et al, 2003) are used in the clear sky 
processing to model the variation of the clear sky flux with respect to the solar elevation. 
These models exist for the 6 surface types defined before except snow. For the clear ocean, 
4 models exist according to the wind speed, as well as an “all wind speeds” model. Figure 10 
shows the variation of the TOA albedo in these models as a function of the Solar Zenith 
Angle (SZA) for the 5 surface types. 

The CERES TRMM SW ADMs are also used in the preprocessing of the GERB and GERB-
like data to improve the quality of the solar flux over clear ocean (see details in section 5.3.6). 
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Figure 10 : TOA BB albedo provided in the CERES TRMM SW ADMs. The ocean curve 

corresponds to the “all wind speeds” curve. 

 

4.4.4 ERA-interim wind speed 

 
ERA-Interim (Simmons et al., 2007; Dee et al., 2011) is based on the Cy31r2 release of the 
IFS with a 4D-Var analysis on 12-hour window. The resolution is +/- 80 km (T255 spectral) 
spatially and involves 60 levels. 
 
The 10m wind speed (10u and 10v) has been collected from the ECMWF archive (MARS), at 
spatial resolution of 0.7° x 0.7° and at 6h time interval, over the data record period. The data 
is then bi-linearly interpolated on the HR grid and a linear temporal interpolation is done 
between the 6h fields of the reanalysis.  
 
This wind speed is used to reprocess the solar flux for clear (cloud fraction = 0%) ocean 
(water fraction of 100%) HR pixels. The wind speed is an important input for the CERES 
TRMM ADM selection which are defined for: wind speed (ws) < 3.5 m/s , 3.5 m/s < ws < 5.5 
m/s, 5.5 m/s < ws < 7.5 m/s and ws > 7.5 m/s. In the ED01 GERB processing a (calendar 
month average) wind speed climatology has been used which as for effect to smooth the 
wind speed dispersion and makes the use of the <3.5 m/s and >7.5 m/s models infrequent. 
 
Details on the TRS flux reprocessing are provided in section 5.3.6. 

 

4.4.5 Daily values of the Total Solar Irradiance  
 
Daily value of the Total Solar Irradiance (TSI) is used in different steps in the processing and 
is also used to produce the “incoming solar flux” fields in the final products. The Total Solar 
Irradiance (TSI) composite that has been used is the daily time series produced at RMIB by 
the group of Steven Dewitte.  The methodology used to obtain this TSI composite is 
described in Mekaoui and Dewitte (2008). It is based on TSI measurements provided by 
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multiple instruments. In particular, the Differential Absolute Radiometer / Variability of solar 
Irradiance and Gravity Oscillations (DIARAD/VIRGO) instrument on board the Solar and 
Heliospheric Observatory (SOHO) satellite provides the most frequently updated 
measurements (Dewitte et al, 2004). The TSI absolute level has been revised following 
Dewitte et al. (2012) and Janssen et al. (2013) and is about 1362.8 W/m². The RMIB TSI 
composite is shown in Figure 11. 
 

 
Figure 11: TSI composite produced at RMIB (Steven Dewitte, pers. comm.) 
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5 Algorithm Description (part 1/3):  Data Preprocessing 

5.1 Purpose of the data preprocessing 
The objective of the data preprocessing is to deliver a stream of homogenized and aging 

corrected solar and thermal fluxes at 15 minutes temporal resolution with the smallest 
number of gaps. The gap filling is performed using GERB-like with appropriate corrections. 
The preprocessing also performs correction for several issues affecting the input GERB and 
GERB-like data. 

 

5.2  Algorithm overview 
Figure 12 shows the successive steps of the GERB and GERB-like solar fluxes 
preprocessing. The Figure also indicates the order of preference between the different data 
sources: 1st choice is to use GERB data, if not available use the GERB-like with new NB->BB 
regression (2nd choice), except in the sun glint region (3rd choice).  Note that the generation of 
GERB-like files from the back up satellites (discussed in section 5.3.10) is not shown in the 
flowcharts.  
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Figure 12 : Flowchart for the data preprocessing of GERB and GERB-like solar fluxes (TRS).  

The switch of the operational GERB service from GERB-3 to GERB-1 on 27th April 2013 
(following the blocking of the GERB-3 DSM) is not shown as this GERB-1 data is not used (see 
discussion in section 4.1.6). 

 

Figure 13 shows the pre-processing steps applied to the GERB and GERB-like thermal 
fluxes. 
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Figure 13: Flowchart for the data preprocessing of GERB and GERB-like thermal fluxes 

(TET). The switch of the operational GERB service from GERB-3 to GERB-1 on 27th April 2013 
(following the blocking of the GERB-3 DSM) is not shown as this GERB-1 data is not used (see 
discussion in section 4.1.6). 

 

5.3  Algorithm description 

5.3.1 GERB SW aging correction 
The level 1.5 Non-Averaged Non-Rectified Geolocated (NANRG) GERB files are used to 
quantify the aging of the GERB SW channel. The choice of this format is done to ensure to 
be unaffected by drift or jumps in the SEVIRI instrument data.  

On the other hand, the derived drift only addresses the GERB instrument calibration 
component. Effect on the GERB level 2 products due to the effects of trends in the SEVIRI 
calibration on the scene ID or the unfiltering are not addressed. These are expected to be 
small and to do not alter the data record stability (that will be addressed during the product 
validation). 

The NANRG files taken between 11:00 and 13:59 UTC have been analyzed on a daily basis. 
For each day, 3 histograms are built: one for ocean, one for Deep Convective Cloud systems 
(DCC) and one for desert, as explained here under. The histograms contain ratio between 
the BB unfiltered radiances and models of BB radiance based on the CERES TRMM ADMs 
(Loeb et al, 2003, see also §4.4.3). The model assumes a Total Solar Irradiance (TSI) of 
1366 W/m² divided by the square of the Earth-Sun distance. The NANRG files provide filtered 
radiances Lfil which are converted in unfiltered radiances Lunfil  using an unfiltering factor only 
dependent on the SZA  
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        Lunfil = c (SZA) Lfil 

 

where c(SZA) are obtained from radiative transfer simulations for different SZA (except for 
the desert where a single value is used, whatever is the SZA). These are provided in Table 7. 
The surface type (ST) is extracted from the CERES map of surface type at 10 arc-minutes 
spatial resolution (this map is provided with the TRMM ADM package) at the geolocation of 
the observations. Although this is not ideal, the RGP version of the geolocation, which 
includes a tuning in the SEVIRI imagery, is used to reduce the risk of geolocation error 
between ocean and land surface. 

 
Table 7: Parameters used for the unfiltering of the NANRG filtered SW radiances. 

 GERB-2 GERB-1 
SZA ocean DCC desert ocean DCC desert 
0 1.763892 1.553582 1.544817 1.760701 1.534636 1.526486 
10 1.784602 1.554885 1.544817 1.782972 1.536022 1.526486 
20 1.802267 1.555892 1.544817 1.802060 1.537111 1.526486 
30 1.813604 1.556040 1.544817 1.814416 1.537328 1.526486 
40 1.816764 1.556148 1.544817 1.818080 1.537505 1.526486 
50 1.809847 1.555531 1.544817 1.811038 1.536967 1.526486 
60 1.788939 1.555393 1.544817 1.790067 1.536968 1.526486 
70 1.756117 1.555899 1.544817 1.754665 1.537778 1.526486 

 

The “direct unfiltering” method (Lunfil = c0(SZA) + c1(SZA) Lfil) in which the unfiltering factor is 
also dependent on the filtered radiance is not used here as it would reduce the effect of the 
aging through the constant term c0(SZA).    

       

The processing of the observations differs according the target types: 

• Ocean. The following criteria should be verified to select an “ocean” observation:  ST= 
ocean, Sun Glint Angle SGA > 30°, the SZA < 50° and the VZA < 50°. The radiance is 
unfiltered and divided by the CERES TRMM model #5 (clear ocean all wind speed). Then, 
the percentile at 1% of the daily histogram of the ratio is selected as an estimator of a typical 
clear ocean ratio for that day. The choice of 1% as estimator for clear ocean ratio is done 
after having tried different values (0.1%, 0.5%, 1%, 2%, … 10%) and looked at the resulting 
time series.   

• DCC :  The following criteria should be verified to select a “DCC” observation:   SGA > 
10°, the SZA < 30° and the VZA < 40°. The radiance is unfiltered and divided by a model of 
DCC cloud reflectance constructed by libRadtran using the Key et al. (2002) 
parameterization for ice cloud. Then, the percentile at 99.99% of the daily histogram is 
selected as an estimator of the typical ratio for that day. 

• Desert : The following criteria should be verified to select a “desert” observation:  ST = 
bright desert, the SZA < 50° and the VZA < 50°. The radiance is unfiltered and divided by the 
CERES TRMM model #14 (bright desert). Then, the percentile at 10% of the daily histogram 
is selected as an estimator of a typical clear desert ratio for that day (to reduce the effect of 
cloud contamination) 
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Figure 14 and Figure 15 show the daily ocean, DCC and desert values extracted from 
GERB-2 and GERB-1 after deseasonalization using a processing described in Annex. The 
GERB-3 time series is currently too short for deseasonalization and aging assessment.   

 

 
Figure 14: Time series of directly unfiltered GERB-2 radiances for ocean, DCC systems and 

desert targets. The radiances are divided by models of the BB radiation. 

 

 

 
Figure 15: Time series of directly unfiltered GERB-1 radiances for ocean, DCC systems and 

desert targets. The radiances are divided by models of the BB radiation. 

 
Page | 44 

 



 

Algorithm Theoretical Basis Document 
TOA Radiation  

SEVIRI/GERB Data Record 

Doc.No. SAF/CM/RMIB/ATBD/GERB 

 Issue:                                         2.4  

 Date:                              13.12.2016 

 

Slow decreases of the GERB filtered SW radiances can be noted for the 3 scene types. The 
linear least square fits are shown on the Figures. The aging is reported as a %/year which 
corresponds to the ratio of the slope with the intercept at the time t0 given in Table 8. 

 
Table 8: Aging and ratio to the model extrapolated (i.e. slope and intercept of the linear fit) on 
Feb. 1st 2004 for GERB-2 and May 1st 2007 for GERB-1. The last column gives the ratio between 
GERB-1 and GERB-2 (the factor that should be applied to scale GERB-2 to the GERB-1 level). 
The DCC results are highlighted as they are used for aging correction and for GERB_2/GERB-1 
homogenization in the CM SAF data records. 

Scene 
type 

G2 aging  
(α) 

G1 aging    
(α) 

G2 ratio @       
t0 = 20040201 

G1 ratio @ 
t0=20070501 

factor  
G1 / G2  

Ocean -1.48 %/year 

(+/- 0.25) 

-1.99 %/year 

(+/- 0.04) 

0.9937 

(+/- 0.0042) 

0.9698 

(+/- 0.0014) 

0.9759 

(+/- 0.0056) 

DCC -0.72 %/year 

(+/- 0.16) 

-0.78 %/year 

(+/- 0.06) 

0.9769 

(+/- 0.0028) 

0.9455 

(+/- 0.0011) 

0.9679 

(+/- 0.0039) 

desert -0.41 %/year 

(+/- 0.27) 
-0.50 %/year 

(+/- 0.14)  

0.9397 

(+/- 0.0006) 

0.8993 

(+/- 0.0011) 

0.9570 

(+/- 0.0017) 

 

The uncertainties on the aging and intercept have been evaluated by discarding 160 days of 
data from the time series. Data are discarded at the beginning (x days) and at the end 
(y=160-x) of the time series. The uncertainties are estimated by modifying x (from 0 to 160 by 
step of 10) and analyzing the dispersion of the results. The reported uncertainties are the 
standard deviation of the obtained slopes.  

The uncertainty in the G1/G2 factor is estimated as the sum of the uncertainty of the ratio to 
model at t0. For the DCC the G1/G2 ratio is about 1% higher than for the desert (0.9679 
versus 0.9570). This difference is just significant given the uncertainty on the intercepts at t0.   

For this edition of the CM SAF data record it is proposed to correct the aging using the DCC 
as the reference scene. The correction (multiplicative) factor to be applied to the solar flux is 

 

factor(t)  =  1 /  ( 1 +  0.01  α  (t – t0) / ( 31,557,600)) 

 

where (t – t0) is the time difference in seconds between the observation t and the beginning 
of use of the satellite in the data record (t0). This time is converted in year by division by 
31,557,600 (i.e. 365.25 days). The aging parameter α is expressed in %/year and is negative 
due to the temporal decrease of the instrument sensitivity. 

The selection of DCC as the reference scene is supported by the following arguments: 

• Due to the high altitude of this cloud type and its high reflectivity, DCC signal is known 
to remain independent on the aerosol content. It is also known that the DCC reflectance is 
relatively insensitive to the cloud microphysics.  
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• The anisotropy of this type of cloud is relatively well-known and the DCC presents 
only limited anisotropy for the SW radiation.   

• The aging for optically thick cloud is a compromise between the different scene types: 
aging will be more pronounced for ocean and slightly less for desert and vegetated scenes. 
This is consistent with the number reported in Table 8.   

 

5.3.2 GERB-like solar products aging correction 
Note : the procession explained in this section is only applied for the pixels in the sun glint 
and terminator regions. Out of those regions, in the general case, the GERB-like solar flux is 
recomputed from the level 1.5 SEVIRI data, using the calibration of Meirink et al. (2013).   

Due to the degradation of the MSG/SEVIRI visible channels (expected to be about 
0.5%/year, see section 4.2.3), a slow temporal decrease is expected for the GERB-like solar 
products. The method developed for the GERB NANRG filtered radiances has been adapted 
to the (NB-to-BB) solar radiances provided in the GERB-like BARG solar files. Basically, 
unfiltering is not needed anymore and the fixed BARG grid geolocation can be used. To study 
the GERB-like degradation, the data is first corrected for the jumps introduced by the SSCC 
calibration changes as explained in section 4.2.3.   

Time series for MSG-1, -2 and -3 are shown on Figure 16, Figure 17 and Figure 18. The 
MSG-3 record is currently too short for a deseasonalization and the drifts are not reliable. For 
this reason, the deseasonalization has been performed using the seasonal correction of 
MSG-2. The graph for MSG-3 is shown as it allows comparing the general level (the intercept 
at t0) with the MSG-2 GERB-like. The agreement is good for all the 3 scene types with the 
MSG-3 GERB-like being about slightly brighter than MSG-2. The difference for DCC and 
desert is 0.36%. For this reason, it is proposed to preprocess the MSG-3 GERB-like with the 
tables and parameters of MSG-2 and to decrease the radiometric scaling factor by 0.36%. 
Note that the data for January 2013 have not been used in this analysis, as MSG-3 was 
moved during this month. 

Table 9 summarizes the aging observed for the GERB-like. As expected, the aging exhibits 
less scene type dependency as the GERB BB radiances. Except for the MSG-2 ocean curve, 
the aging lies between 0.4 %/year and 0.5 %/year which seems consistent with the 
0.45%/year for the MSG-2 VIS 0.6µm channel aging reported by EUMETSAT. 

As for the GERB file, it is proposed to correct the GERB-like aging using the DCC as the 
reference scene. 

Table 9 : Aging and ratio to the model extrapolated at t0 for the MSG-1, -2, -3 GERB-like solar 
radiances. The DCC results are highlighted as they are used for aging correction in the CM SAF 
data records. 

Scene 
type 

MSG-1 
aging 

α 

MSG-2 
aging 

α 

MSG-3 
aging 

α 

MSG-1 
ratio @t0 = 
20040201 

MSG-2 
ratio @t0 = 
20070501 

MSG-3 
ratio @t0 = 
20070501 

Ocean -0.48 %/year -0.24 %/year Not reliable 0.8973 0.8968 0.9020 

DCC -0.48 %/year -0.43 %/year Not reliable 0.9188 0.9278 0.9312 

desert -0.51 %/year -0.41%/year Not reliable 0.8736 0.8769 0.8800 
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Figure 16 : Time series of ratio between GERB-like solar radiance and CERES TRMM models 

for MSG-1. 

 

 
Figure 17: Time series of ratio between GERB-like solar radiance and CERES TRMM models for 
MSG-2. 
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Figure 18: Time series of ratio between GERB-like solar radiance and CERES TRMM models 

for MSG-3. Drifts are not reliable as the time series is just more than 1 year. 

 

5.3.3 Static correction for GERB-like solar fluxes 
Note : the procession explained in this section is only applied for the pixels in the sun glint 
and terminator regions. Out of those regions, in the general case, the GERB-like solar flux is 
recomputed from the level 1.5 SEVIRI data, using the calibration of Meirink et al. (2013) and 
the new NB->BB relations described in next section.   

The SW narrowband-to-broadband3 error is known to be scene type dependent (spectral 
problem) and also to depend on the viewing and solar geometries. For this reason, an 
empirical multiplicative correction factor of the GERB-like data is implemented in the 
processing. The correction factor is provided in 8 bins of VZA, 8 bins of SZA, for 3 surface 
types (ocean, vegetation, desert) and for 3 classes of cloudiness (clear, partly cloudy, 
cloudy). 

The correction factors have been computed by compiling a large number of corresponding 
GERB and GERB-like files taken randomly over Feb 1st 2004 –Jan. 31st 2011. The correction 
factors are then computed for each bin and for GERB-2 and GERB-1 separately.  In practice, 
the data collection stops when the size of the collocated data reaches 5 GB of disk space. 
This corresponds to the processing of +/-  930 pairs of GERB/GERB-like files.   

Before estimating the correction factor: 

• The GERB-2 solar flux have been scaled by 0.976 (“SW calibration update”) 

• the GERB solar flux has been corrected for aging 

• the GERB-like flux has been corrected for the SSCC jumps 

3 We refer to narrowband-to-broadband (or NB-to-BB) when a spectrally broadband quantity (in this work in 
general a radiance) is estimated from one or several narrower spectral measurement(s). In the Earth Radiation 
Budget field, this kind of conversion allows to estimate the (spectrally) integrated energy from the NB 
measurements of instruments not initially foreseen for ERB observations.     
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• the GERB-like flux has been corrected for aging. 

 

To apply the correction, the scene identification available in the GERB file is used to 
determine the surface type and the cloudiness type (through the cloud fraction and the cloud 
optical depth). An interpolation is performed on the SZA and VZA, but not on the scene 
identification. For MSG-3 the GERB data record is not sufficient to derive empirical 
correction. As the satellites have been operational at the same longitude (0°), it is proposed 
to use the MSG-2 static correction for MSG-3. 

Figure 19 shows an example of this correction: green are the GERB fluxes, red are the 
GERB-like fluxes before correction, and black are the GERB-like fluxes after correction. 

 

 
Figure 19 : Evolution of the solar flux over a whole day for a given HR pixel. Green is GERB 

fluxes, red is the GERB-like and black the GERB-like after the static correction. 
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5.3.4 New narrowband -> broadband regressions  
In this part of the processing the GERB-like solar fluxes are recomputed to improve the 
consistency with the GERB ED01 data and to handle correctly the problems of the SEVIRI 
solar channels aging and calibration jumps.  

First the 0.6µm, 0.8µm and 1.6µm SEVIRI images are averaged in 3x3 pixels boxes and 
calibrated using Meirink et al (2013), see details in section 4.2.4. Then, empirical regressions 
are used to estimate the BB unfiltered solar radiance using (reflectances are used in place of 
radiance) 

          ρbb = c0 + c1 ρ0.6µm+ c2 ρ0.8µm+ c3 ρ1.6µm 

The selection of the regression coefficients depends on the scene identification which is 
extracted from the GERB-like file. The solar flux is finally estimated using the same 
flux/radiance ratio as in the GERB-like file. 

The empirical regressions are derived for a large number of bins: 4 (SZA) x 4 (VZA) x 4 
(RAA) x 6 (surface type) x 6 (cloud type) as described in Clerbaux (2008), pages 92-94. To 
derive the regression’s coefficients, the BARG format is used and the SEVIRI and GERB are 
preprocessed to be consistent with the future use of the regressions: 

• The SEVIRI data is calibrated using Meirink et al. (2013) 

• The GERB data is corrected for aging and, for GERB-2, the SW calibration update 
is applied.  

The regressions are obtained independently for GERB-2 and GERB-1 using the 1st year of 
data (Feb. 2004 to Jan. 2005 and May 2007 to April 2008, respectively).     

 

5.3.5 GERB solar fluxes recalibration   
In the SW, the absolute levels of the GERB-2 and GERB-1 instruments exhibit some 
difference that should be corrected to limit “jumps” in the data record. In the first edition of the 
CM SAF “GERB data record”, the absolute level of GERB-1 was selected as reference and 
the GERB-2 were corrected to this level. The motivation for this choice was that the 
calibration of GERB-2 was considered to be less reliable than the one of GERB-1. It is 
proposed to adopt the same approach for the new data records.  

It is proposed to use the DCC as reference scene for the GERB SW recalibration. Given the 
values given in Table 8, the GERB-2 solar fluxes have to be multiplied by 0.9455 / 0.9769 = 
0.9679. The same correction factor applied to the GERB-like for MSG1 (as we adopted 1.0 
as recalibration factor for the GERB-like versus GERB). Note that the GERB-2 recalibration 
by 0.9679 is applied after the SW calibration update of 0.976. Combined, it is a scaling by 
0.9447 of the (aging-corrected) GERB-2 “raw” data. 

For the GERB-like on MSG-3, the scaling factor in obtained by comparing the DCC signal 
with GERB-like MSG-2 interpolated at t0  0.9278 / 0.9312 = 0.9963  (see section 5.3.2). This 
value is then multiplied by the GERB-like MSG2 factor (which is 1.0).   

It is worth to point out that the recalibration is expected to make the data record more 
homogeneous for the scene selected for the recalibration (DCC). Jumps are still expected to 
occur for other scene types (clear ocean, …). 

Once the full data records (all sky and clear sky) have been generated and compared with 
CERES small jumps are noticed as reported in following table. 
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ratio All sky Clear sky 

MSG1/MSG2 +0.6% +0.3% 

MSG3/MSG2 -0.8% -1.1% 

It is therefore proposed to further correct the solar flux by -0.3% for MSG1 (i.e. thus apply a 
factor of 0.997) and by -0.8% (i.e. thus apply a factor of 1.008). 

 
Table 10: SW radiometric scaling factor used for the CM SAF TOA Radiation SEVIRI/GERB 

Data Records”.  

 Solar flux multiplicative factor 
(“recalibration”) 

GERB-2 0.9679 * 0.997 = 0.9650  

GERB-like 
MSG-1 0. 9679* 0.997 = 0.9650 

GERB-1 1.0 

GERB-like 
MSG-2 1. 0 

GERB-3 (not used) 

GERB-like 
MSG-3 

0.9963 * 1.008 =1.0043 
 

 

 
 

5.3.6 Improving the clear ocean solar fluxes  
 
The ED01 GERB flux does not involve Angular Dependency Models (ADMs) dedicated for 
aerosol contaminated scene. Over cloud free ocean, the radiance-to-flux conversion is done 
either by using clear sky ocean ADMs or cloudy ADMs. The switch from one model to the 
other is done at an optical depth of about 0.6, which is the threshold value used for cloud 
detection in the RMIB GERB Processing. The ADMs used for GERB ED01 have been 
derived by Loeb et al. (2003) and are known as the “CERES TRMM ADMs”. 
Brindley and Russell (2006) have proposed a method to discriminate cloud and dust aerosol 
from the SEVIRI thermal channels. This method has been implemented in the GERB 
processing and a dust flag is available in the GERB level 2 files. However, in GERB ED01 
the dust information is not used in the processing (i.e. a dust event can still be processed 
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with a cloud ADM).   
Figure 20 provides evidence of problem with the GERB ED01 solar flux in case of aerosol 
over clear ocean: the increase of TOA albedo as function of the AOD exhibits a jump when 
switching from the clear ocean ADM to the cloudy ADM (at ~ 0.6 AOD). For AOD value lower 
than 0.6 the solar flux is overestimated by the clear ocean ADM while for AOD > 0.6 a slight 
underestimation is observed by the cloud ADM.  
 
 

 
Figure 20 : Top of the atmosphere albedo vs. aerosol optical depth. Example of a 

pixel over Atlantic Ocean (31°W, 24.6°N), SZA=10°, 2004. 
 
Inaccuracy of clear ocean GERB solar flux in presence of aerosol will obviously directly affect 
the clear sky product. For this reason it is decided to re-estimate the flux from the SW 
radiance using appropriate ADM for aerosol contaminated clear ocean scenes.  
Two approaches have been tested: 

 the use of the theoretical ADM correction proposed by Loeb et al. (2003), 

 the use of empirical models developed by Zhang et al. (2005). 

It was observed that both approaches give relatively similar results for limited aerosol load 
(AOD<0.4). For higher value of the AOD, e.g. AOD~1 during dust event, the empirical 
correction of Loeb et al. (2003) provides better results than the Zhang et al. (2005) models. 
This is probably due to the difficulty to obtain a sufficient statistical observation of those 
events to built empirical models. For this reason, the ADM correction of Loeb et al. (2003) is 
selected and used to improve the flux estimation in case of clear ocean scene.  

During this re-estimation of the solar flux for clear ocean pixel, the wind speed from ERA-
interim (see section 4.4.4) has been used in place of the wind climatology. This is also 
expected to improve the fluxes, especially in case of low (<3.5 m/s) or high (>7.5 m/s) wind 
speed.  

This correction of the GERB/GERB-like solar flux is performed at the very end of the pre-
processing step (see flowchart on Figure 12). Indeed, the flux re-estimation if performed 
based on the broadband radiances and the best results are expected for an as 
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homogeneous as possible radiance record. The same corrections are applied to the GERB(-
like) solar radiances as to the solar flux (aging, GERB-like jumps and static statistic 
corrections).  

The clear ocean flux recalculation is not performed in the sun-glint (SGA<15°) and terminator 
(SZA>80°) area as in those regions the GERB(-like) solar fluxes are not obtained from the 
radiance-to-flux conversion but instead with models of the fluxes.  

In the current implementation of the processing the flux recomputation is performed for any 
clear (cloud cover = 0%) ocean (water fraction = 100%) HR pixel with SGA > 15°.  

For clear ocean in the region SGA 15°-25° this treatment differs from the GERB ED01 
processing which does not rely on the observed radiance and anisotropic factor but on the 
model fluxes. This specific GERB processing is done due to the absence of (instantaneous) 
wind speed information and the non-correction of the ADM due to aerosol in the ED01, which 
makes the radiance-to-flux conversion inaccurate. . 

As in this work the  ERA-interim wind speed are used and the ADM aerosol correction is 
activated, it was decided to use the radiance and anisotropy to estimate the flux until 15° 
SGA. 
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5.3.7 Static correction for GERB-like thermal fluxes 
Figure 21 shows the ratio between GERB-1 and GERB-like thermal flux as a function of the 
GERB-like thermal flux and of the VZA. The dependency on the radiance is obvious but the 
dependency on the VZA is in general negligible (except for very cold scene at very high 
VZA). Similar dependency is observed for GERB-2 (not shown).  

 

 
Figure 21: static correction for G1 separated in 4 different bins of VZA and also all VZA 

together (blue curve). 

 

For this reason, the empirical multiplicative correction factor of the GERB-like data is 
estimated in bins of 10 W/m² of GERB-like thermal flux (using a similar methodology as for 
the SW correction) all the VZA together (i.e. the blue curve on Figure 21 ). For MSG-3 the 
GERB data record is not sufficient to derive an empirical correction. As the satellites have 
been/are operational at the same longitude (0°), it is proposed to use the MSG-2 static 
correction for MSG-3.To use the same static correction it must be verified that the radiometric 
level of the MSG-2 and MSG-3 GERB-like agree closely. To this end, overlap data taken 
during the period 1st-10th January 2013 have been compared, after selection of pixels having 
VZA differing by less than 0.5° (to limit effect of the angular dependency model). Figure 19 
shows that the MSG3 GERB-like is slightly higher than MSG-2 by about 0.1% (night time) to 
0.3% (daytime). The effect on the static correction, which is defined in bins of 10W/m², is 
considered negligible. 
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Figure 22 : Ratio of GERB-like thermal flux between MSG3 and MSG2 (collocated and |VZA – 

VZA| < 0.5°)  
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5.3.8 GERB thermal fluxes recalibration  
As for the solar fluxes, it is decided to take the GERB-1 instrument as reference for the 
thermal flux. As the comparison of GERB-2 and GERB-1 thermal fluxes shows ratio of 0.996 
(Bantges 2010, Ref. MSG-ICL-GE-RP-0036) it is suggested to multiply the GERB-2 thermal 
fluxes by 1.004.  
To be consistent with GERB, the same scaling is applied to the GERB-like. Those values are 
reported in Table 11.  

 
Table 11 : LW radiometric scaling factor used in the CM SAF “TOA Radiation SEVIRI/GERB 

Data Records”. 

 
Thermal  flux 

multiplicative factor 
 

GERB-2 1.004 

GERB-like 
MSG-1 1.004 

GERB-1 1.0 

GERB-like 
MSG-2 1.0 

GERB-3 NA 

GERB-like 
MSG-3 

1.0 
(from MSG2) 

 

5.3.9 New thermal flux ADM  

In the ED01, the GERB (and GERB-like) thermal fluxes present an underestimation of the 
limb-darkening in the presence of high level cloudiness, see for example the results of 
intercomparisons with CERES in Clerbaux et al. (2009). This thermal ADM problem has been 
investigated by the GERB team. They arrived to the conclusion that the problem can be 
significantly reduced by using different regressions as a function of the thermal radiance, 
instead of a single regression as in ED01.  

The regressions are derived from 25 W/m²/sr until 135 W/m²/sr of unfiltered thermal radiance 
by step of 5 W/m²/sr. For each regression, the anisotropic factor R is estimated as a linear 
regression on 2 inputs: the brightness temperature in the 10.8µm SEVIRI channel (BT_10.8) 
and the brightness temperature difference between the 12.0µm and 10.8µm channels 
(BTD_12.0_10.8). A “clamping” of the last value between -10.0 and 0.0 Kelvin is needed to 
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avoid an underestimation of the radiance field anisotropy in case of desert dust scene 
(featured with positive BTD_12.0_10.8 values). Before estimating the regression coefficients 
{c0, c1, c2}, the 273.15 K is subtracted to BT_10.8 to increase the numerical stability of the 
regression coefficients.   

 BTD_12.0_10.8 = CLAMP (BTD_12.0_10.8  , -10.0, 0.0) 

 R = c0 + c1   (BT_10.8  – 273.15) + c2  BTD_12.0_10.8 

The regressions are also dependent on the VZA (in step of 5°) and are fitted on a database 
of radiative transfer simulations. For each radiance L (from 25 to 135 by step of 5 W/m²/sr), 
all the RTM simulations having a radiance in the interval [L-X:L+X] are considered to fit the 
three coefficients  {c0, c1, c2}. The half width of the interval X is set to X=5W/m²/sr. If the 
number of simulations that lie in the interval is less than 40, the X value is increased (by step 
of 1 W/m²/sr) the minimum number of 40 RTM simulations is reached.     

When applied, the anisotropic factor ‘R’ is bi-linearly interpolated in terms of the VZA and in 
terms of radiance L.  

 

5.3.10 Processing data from the backup satellite 
From September 2006 onward, the (long) interruptions of the operational MSG full disk 
imagery have been covered by activation of the backup satellite. These interruptions are due 
to either SEVIRI instrument decontamination or to satellite failures. Over the data record 
extend, 9 periods of backup satellite activation are identified and detailed in Table 12.  
Currently, GERB-like data from the backup satellite have not been generated by the GERB 
team. To reduce the gaps in the data records, they should be processed by CM SAF. 

With respect to the operational data, GERB-like from the backup satellite is subject to 3 
additional problems. First, the SEVIRI visible channels calibration is not monitored as well as 
for the operational satellite. Calibration coefficients are provided in the header but we don’t 
know when the application of the SSCC method was done for the last time. Second, it is not 
possible to estimate the clear sky reflectance images for the 0.6µm and 0.8µm channels 
using the same algorithm as in the RGP since a minimum of 60 days of previous data would 
be required. Note that those clear sky images are mandatory in the RGP for the scene 
identification (Ipe et al, 2004). Last, the orbital longitude of the backup satellite should be 
considered (especially for gap #8 for which the backup satellite is located at 9.5° east).   

A proper recalibration of the backup satellite seems difficult and extrapolation of the aging 
may be prone to errors. It is therefore proposed to rely on the operational SSCC calibration 
for the backup satellite.  

Concerning the clear sky images, it is proposed to use a monthly collection of the clear sky 
images produced by MSG3 during 2015. The fact that the clear sky images provide “ratio to 
reflectance model” is expected to correct most of the effect due to difference in viewing 
geometry.  The models of the clear sky reflectance at TOA have been empirically derived by 
Loeb et al. (2003) for different surface types. In section 5.4.5, it is shown that the use of those 
clear sky images does not affect significantly the scene identification.  

In the frame of this ATBD, a validation of the method is provided in section 5.4.5 hereafter. 

It is proposed to process and to incorporate those GERB-like data to substantially reduce the 
gaps in the data records. Obviously, validation activities should provide evidence that these 
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GERB-like files are consistent with the operational ones and can be incorporated in the data 
records. The users should be warned of the use of the backup satellite via the PUM and via 
attributes in the NetCDF files. Ultimately, one could consider incorporating the data in the 
monthly mean products but not releasing the daily means if systematic difference exceeds 
the 2 W/m² stability target. 

 
Table 12 : Activation of the backup MSG satellite in case of interruption of the prime satellite for 
the period 1st Feb. 2004 to 30th April. 2015. The last column provides the reason of the 
interruption, the existence of residual gap (number of 15 minutes Missing Repeat Cycle, MRC). 

Gap 
id. 

Prime 
long. 

Backup 
long. 

prime 
until 

backup 
from 

Backup    
to 

prime 
resume Comments 

#1 
MSG1 
3.5° W 

MSG2 
0°W 

20060923 
1400 

20060925 
0645 

20061010 
0845 

20061010 
0900 

- MSG1 failure 
- gap = 162 RC (affect 
23,24,25 Sept 2006)  

#2 
MSG2 

0° 
MSG1 
3.5°W 

20071203 
1145 

20071203 
1200 

20071211 
1145 

20071211 
1200 

- decontamination 
- no residual gap 

#3 
MSG2 

0° 
MSG1 
9.5°E 

20080513 
2100 

20080514 
0015 

20080519 
0945 

20080519 
1000 

- MSG2 failure 
- gap = 12 RC (13 May) 

#4 
MSG2 

0° 
MSG1 
9.5°E 

20081201 
1200 

20081201 
1215 

20081209 
1145 

20081209 
1200 

- decontamination 
- no residual gap 

#5 
MSG2 

0° 
MSG1 
9.5°E 

20090417 
1545 

20090417 
1715 

20090423 
0845 

20090423 
0900 

- MSG2 failure 
- gap = 5 RC 

#6 
MSG2 

0° 
MSG1 
9.5°E 

20090815 
0500 

20090815 
0830 

20090821 
0745 

20090821 
0800 

 - MSG2 failure 
- gap = 13 RC 

#7 
MSG3 

0° 
MSG1 
3.5°E 

20130701 
07:45 

20130701 
0800 

20130709 
0900 

20130709 
09:15 

- decontamination 
- no residual gap 

#8 
MSG3 

0° 
MSG2 
9.5°E 

20140114 
09:00 

20140114 
0915 

20140121 
0845 

20140121 
09:00 

- decontamination 
- no residual gap 

#9 
MSG3 

0° 
MSG1 
3.5°E 

20141202 
08:45 

20141202 
0900 

20141208 
0915 

20141208 
09:30 

- decontamination 
- no residual gap 

 

5.4 Algorithm validation and verification (pre-processing)  
Validations of the various pre-processing steps are presented in this section. Note that some 
methods involved in the pre-processing steps (in particular the use of GERB-like to fill gaps) 
have already been validated for the ed01 of the data record and are documented in [RD 2]. 

 

5.4.1 Stability of the GERB / GERB-like TRS ratio before merging 
This part of the processing is, a-priori, not needed anymore, now that the GERB and GERB-
like are corrected for aging and, for the GERB-like, for effects of the SSCC calibration 
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changes.  In this section we still provide an analysis of the time series of ratio between 
(corrected) GERB and GERB-like. This analysis aims at providing evidence that further 
correction of the GERB-like (for instance on a monthly basis as in the ed01) is not needed 
anymore.  

The daily ratio between the HR GERB-like and GERB is provided in Figure 23 for the 08h45, 
11h45 and 14h45 UTC repeat cycles. For this graph, the GERB calibration update was 
applied, the GERB-like was corrected for the SSCC calibration changes, both GERB and 
GERB-like have been corrected for aging and the GERB-like static correction has been 
applied. The ratio is computed for “all sky condition” over the region VZAMSG1< 60° and 
VZAMSG2< 60°. 

As expected, the average ratio is close to 1.0 as well for GERB-2 as for GERB-1. The ratio 
remains quite stable with departure of less than 0.5% for GERB-2 after deseasonalization. 
For GERB-1, the ratio remains stable until 2012 when it starts to decrease (by about 0.5%). 
This could be the sign of an underestimation of the GERB-1 aging or an overestimation of the 
GERB-like aging. After 5 years, a differential error in aging characterization of only 0.1%/year 
would explain the 0.5% observed. It could also indicate a change in the SEVIRI data after the 
SSCC calibration change of MSG-2 in September 2012. Indeed, at this date the calibration 
coefficients have reverted back to the values used before Dec. 2008. 

Given the limited variation with respect to 1.0 (and the absence of understanding of the 
problem affecting the second half of 2012), it is proposed to use fixed correction factors for 
the GERB-like: 1.0 for MSG-1 and 1.0 for MSG-2. For GERB-like on MSG-3 it is proposed to 
subtract 0.36% to the value as for MSG-2 (see section 5.3.2). 
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Figure 23: Daily ratio between GERB and GERB-like solar fluxes after aging correction and 
static correction for the repeat cycles of 08:45 UTC (top), 11:45 UTC (middle) and 14:45 UTC 
(bottom). The ratio is estimated over the region defined by VZAMSG1 < 60° and VZAMSG2 < 60°. 
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5.4.2 Stability of the GERB / GERB-like TRS ratio before merging 
 

The correction factors for the GERB-like are obtained by analyzing the ratio of averaged 
thermal fluxes in the FOV for 4 repeat cycles of the day (00, 06, 12 and 18 UTC). As the 
GERB-like is already corrected using the empirical static correction (see section 5.3.7), the 
ratio are expected to be close to 1.0.  

Figure 20 shows that the ratio does not exhibit significant departure from 1.0. In terms of 
consistency between day and night, GERB-1 is apparently better than GERB-2, although the 
observed diurnal variation could also be attributed to the GERB-like (e.g. though different 
scene types during day and night).  

Given those results, it is proposed to stop correcting the GERB-like level further than the 
static correction. This is another difference with ed01 for which monthly correction factors 
have been used and interpolated during the SAS. 

 

 
Figure 24 : Daily values of the ratio between averaged GERB (GX) and GERB-like (GL) 

thermal fluxes over the region defined by VZAMSG1 < 60° and VZAMSG2 < 60°. 

 

5.4.3 Overall time series stability on main surface types 
The clear sky algorithm (see section below) has been applied to process the 11h45 UTC 
repeat cycle over the full data record. Figure 25 (bottom) shows the time series of TRS fluxes 
averaged over 5 scene types while the top panel shows the result obtained in ed01. The 
difference compared to the CM SAF ed01 data record more apparent in Figure 26 which 
shows the anomalies for each time series. 
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Figure 25: Time series of averaged clear sky TRS using the data pre-processing of the first 

data record (CM-113, no aging correction, top, with “GX” in the figure title) and the one 
proposed for new edition (bottom). See also anomalies on Figure 26. Note that the bottom 
graph does not includes the flux scaling factors of 0.997 (MSG1) and 1.008 (MSG3).  
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Figure 26: Time series of anomalies for the averaged clear sky TRS using the data pre-

processing of the first edition (CM-113, top, with “GX” in the figure title) and the one proposed 
for new edition (bottom). The anomalies are obtained by subtracting the average TRS from the 
time serie. An additional shift of -20 W/m², -10 W/m², 0 W/m², +10 W/m², +20 W/m² is applied to 
improve the readability of the graphs. Note that the bottom graph does not includes the flux 
scaling factors of 0.997 (MSG1) and 1.008 (MSG3).  

 
Table 13 provides the residual linear drift (least square fit) over the full data record, and 
separately for the 3 MSG satellites. 
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Table 13 : Residual linear drift over the full data record and separately for the 3 MSG 
satellites. Note that the drifts do not account for the flux scaling factors of 0.997 (MSG1) and 
1.008 (MSG3).  

 

 FULL DATA 
RECORD MSG-1 only MSG-2 only MSG-3 only 

Clear ocean 
-0.06 % / year 

0.05 W/m²/year 

-0.57 % / year 

-0.48 W/m²/year 

-0.29 % / year 

-0.24 W/m²/year 

-0.23 % / year 

-0.64 W/m²/year 

Clear dark 
vegetation 

0.03 % / year 

0.06 W/m²/year 

-0.47 % / year 

-0.86 W/m²/year 

0.53 % / year 

0.97 W/m²/year 

-0.19 % / year 

-0.34 W/m²/year 

Clear bright 
vegetation 

-0.24 % / year  

-0.50 W/m²/year 

-0.13 % / year 

-0.27 W/m²/year 

0.05 % / year 

0.10 W/m²/year 

1.59 % / year 

3.26 W/m²/year 

Clear dark 
desert 

-0.34 % / year 

-0.75 W/m²/year 

-0.62 % / year 

-1.41 W/m²/year 

-0.25 % / year 

-0.55 W/m²/year 

-0.35 % / year 

-0.77 W/m²/year 

Clear bright 
desert 

-0.18 % / year 

0.63 W/m²/year 

0.06 % / year 

0.21 W/m²/year 

0.11 % / year 

0.38 W/m²/year 

-0.98 % / year 

-3.38 W/m²/year 

 

It is worth recalling that the data records target a decadal stability of 2 W/m² for the monthly 
mean products (see requirement review document [RD 5]), and thus about 6 W/m²/decade, 
for the 11:45 UTC fluxes. From the results presented here it is not possible to conclude that 
the target stability requirement will be met for the different scene types. The stability will be 
further analyzed once the data record is fully generated.   

5.4.4 Stability with respect to CERES EBAF 
Until now Earth targets have been used to provide a gross correction of the aging and for its 
validation. This approach is subject to natural variability (clouds, aerosol, surface albedo …). 

To further assess the stability of the data records, some monthly mean products have been 
compared with CERES EBAF Ed 2.8. For each month, the fluxes are compared after 
regridding on the 1°x1° grid and selection of the region 50°S < lat < 50°N and 50°W < lon < 
50°E. Figure 27 shows the overall all-sky bias from February 2004 to April 2015. The TRS 
bias relative to CERES remains between -0.7 W/m² and -2.6 W/m² and the TET bias between 
-3.6 W/m² and -5.9 W/m². Such result is consistent with the targeted decadal stability of 2 
W/m² (exc. Oct/Nov 2004 which have higher negative bias due to missing input data).  

The residual RMS difference (bias corrected) is shown in Figure 28. Once again, the effect of 
missing data is clearly visible for December 2007 and 2008. Discarding those months, the 
RMS difference with CERES EBAF is about 2 W/m² for the TET and 3.5 W/m² for the TRS. 
This gives a preliminary figure on the CM SAF monthly mean accuracy at 1°x1° degree 
spatial scale (which will be consolidated in the validation activities). 
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Figure 27: Bias between CM SAF and CERES EBAF monthly mean all sky fluxes. As shown, 

the variation of the bias is consistent with a stability of 2 W/m² for both TRS and TET.  

 
 

 
Figure 28: RMS (bias corrected) between CM SAF and CERES EBAF monthly mean all sky 

fluxes.  

 

5.4.5 Accuracy of GERB-like from backup satellite 
In this section we address the accuracy of GERB-like data obtained from the backup satellite 
when processed with clear sky images derived from the operational satellite. To this end, 
MSG-3 data over the period November 6th – 12th 2012 have been processed with clear sky 
images from MSG-2 of the Nov. 4th 2012. The obtained MSG-3 GERB-like data is then 
compared with the data from the operational MSG-2 satellite. MSG-3 was located at its 
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commissioning longitude of 3.5°W. In terms of viewing geometry, this comparison is thus 
representative of the interruptions #2 to #6 in Table 12. 

The daily and monthly mean products for November 2012 have been computed from MSG-2 
only (reference products) and also after replacement of the 7 days previously mentioned with 
data from MSG-3. This simulates a 7-days decontamination of the prime satellite and allows 
quantifying this effect on the CM SAF products.  

Table 14 gives the bias and RMS between the nominal products and the products generated 
when replacing 7 days of data with the back up satellite. A significant bias of about 2.8 W/m² 
(thus about 2.8%) is observed for the daily mean solar flux. This stresses the need to 
properly recalibrate the backup satellite data to have GERB-like consistency with the prime 
satellite (note that the observed bias of 2.8% is in-line with the stated SSCC accuracy of 5%). 
The effect on the monthly mean products is obviously reduced as the backup satellite is used 
for only 7 days of the month, which is a typical duration of the activation of the backup 
satellite (see Table 12).    
 
Figure 30 shows comparison of monthly mean CM SAF products with CERES EBAF. The 
Figure shows how a simulated interruption of the MSG prime satellite is affecting the 
comparison (sampling problem) and how the use of data from the backup satellite is useful to 
improve the consistency between the monthly means. Biases and RMS are provided in Table 
14. It is worth to consider that similar improvements in consistency are to be expected when 
the CM SAF monthly mean will be compared with, for example, climate model monthly mean 
TOA fluxes.   

 
Table 14: Biases and (bias corrected) RMS differences with CERES EBAF Ed2.8. The MM with 
gap filled with backup satellite data does not show increase of RMS difference wrt CERES 
EBAF at 1°x1° spatial resolution.   

Product 

Bias TRS 
wrt EBAF 

W/m² 

RMS TRS 
wrt EBAF 

W/m² 

Bias TET 
wrt EBAF 

W/m² 

RMS TET 
wrt EBAF 

W/m² 

Nominal MM -1.306 4.233 -7.638 2.273 

MM with gap -1.124 6.524 -7.562 4.288 

MM with gap  
filled -0.637 4.217 -7.605 2.273 

 

It is therefore proposed to use backup satellite data after a proper processing of its 
calibration to be consistent with the prime satellite. The monthly mean data would be 
provided to the user with the appropriate warning in the PUM. The release of the daily mean 
data from the backup satellite should be decided, after their generation, based on an 
extensive validation. Currently, using only the SSCC calibration, implies that it can not be 
certified that the 2 W/m² stability target will be met. 

Comparison of CM SAF daily mean with CERES SYN1deg-day is performed as part of the 
validation activities, see [RD 2]. In this frame it will be analyzed if the CERES product can be 
used to transfer the calibration of the prime to the backup satellite. Figure 29 (from [RD2]) 
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shows time series of TRS ratio between the CM SAF ed01 data record and CERES 
SYN1deg-day. The “noise” is about (visual estimation) 0.5% for TRS and 0.2% for TET (not 
shown). This translates to values like 0.5 W/m² for TRS and TET. SYN1deg-day could then 
be used to perform an overall recalibration of the GERB-like from the backup satellite and 
improve the stability of the full data record.  

 

 
Figure 29: Ratio between daily mean TRS CM SAF ed01 data record with CERES SYN1deg-

day. 
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Table 15: : Effect on the monthly mean (MM), daily mean (DM) and monthly mean diurnal 

cycle (MD) products of using the MSG-3 GERB-like data (“back up satellite”) over November 
6th-12th 2012 in place of MSG-2. 

Product Bias TRS 
W/m² 

RMS TRS 
W/m² 

Bias TET 
W/m² 

RMS TET 
W/m² 

MM 201211 -0.6406 0.3517 -0.0338 0.0817 

(…) (…) (…) (…) (…) 

DM 20121105 0.0000 0.0000 0.0000 0.0000 

DM 20121106 -2.3798 2.1076 -0.1135 0.5370 

DM 20121107 -2.7528 2.2071 -0.1227 0.4860 

DM 20121108 -2.9320 2.1812 -0.1569 0.4993 

DM 20121109 -2.8015 2.2174 -0.1543 0.5319 

DM 20121110 -2.7962 2.1554 -0.1753 0.5043 

DM 20121111 -2.7828 2.1950 -0.1699 0.5199 

DM 20121112 -2.7719 2.1863 -0.1223 0.4913 

DM 20121113 0.0000 0.0000 0.0000 0.0000 

(…) (…) (…) (…) (…) 

MD 201211 [00:01] 0.0000 0.0000 -0.0453 0.1226 

MD 201211 [01:02] 0.0000 0.0000 -0.0409 0.1293 

MD 201211 [02:03] 0.0015 0.0524 -0.0424 0.1438 

MD 201211 [03:04] -0.0015 0.6851 -0.0459 0.1618 

MD 201211 [04:05] -0.0707 1.4228 -0.0416 0.1784 

MD 201211 [05:06] -0.1036 1.2508 -0.0365 0.1909 

MD 201211 [06:07] -0.4186 0.8960 -0.0299 0.1967 

MD 201211 [07:08] -0.9165 0.9799 -0.0244 0.1974 

MD 201211 [08:09] -1.5445 1.2072 -0.0159 0.1967 

MD 201211 [09:10] -1.7626 1.2301 -0.0145 0.2036 

MD 201211 [10:11] -1.7282 1.1509 -0.0127 0.1814 

MD 201211 [11:12] -1.7355 1.0228 -0.0170 0.1551 

MD 201211 [12:13] -1.6913 1.0106 -0.0303 0.1373 

MD 201211 [13:14] -1.2369 0.9539 -0.0387 0.1401 

MD 201211 [14:15] -1.0925 1.1299 -0.0359 0.1553 

MD 201211 [15:16] -0.8732 1.0672 -0.0367 0.1692 

MD 201211 [16:17] -0.8076 1.1407 -0.0353 0.1797 

MD 201211 [17:18] -0.6797 1.1535 -0.0389 0.2033 

MD 201211 [18:19] -0.4696 1.0515 -0.0390 0.1902 

MD 201211 [19:20] -0.2075 0.6897 -0.0379 0.1857 

MD 201211 [20:21] -0.0351 0.2131 -0.0374 0.1743 

MD 201211 [21:22] -0.0000 0.0010 -0.0366 0.1586 

MD 201211 [22:23] 0.0000 0.0000 -0.0398 0.1401 

MD 201211 [23:24] 0.0000 0.0000 -0.0385 0.1268 
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Figure 30 : Comparison of monthly mean all sky GERB-like products with CERES EBAF. TRS 

(sol flux) are on the left and TET (th flux) are on the right. Each box of 2x2 images provides: 
monthly mean CM SAF flux (tope left), monthly mean EBAF flux (top right), difference (bottom 
left) and ratio (bottom right). Top panels show the comparison for November 2012. Middle 
panels show the effect of removing 7 days of GERB-like data (6th to 12th Nov. 2012). Bottom 
panels show the effect of filling this gap with GERB-like from MSG-3. The used label bars are 
similar to the ones in Figure 34 and Figure 35. 
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5.5  Assumptions and limitations (pre-processing step) 
The preprocessing algorithm relies on the following assumptions. 

Linear aging for GERB and GERB-like. A linear aging is assumed. The time series are not 
long enough to show non linear behavior such as progressive saturation of the aging 
(mathematical form in exp (- t / decay) ). Also, the time series of comparison with CERES 
EBAF performed in [RD 2] did not show seasonality in the aging. 

Grey aging for GERB and GERB-like. Grey aging is assumed although there is clear 
evidence of spectral effects in the GERB degradation. The GERB team is working on 
modeling the temporal change of the instrument spectral response but final results are not 
expected to be available soon (official GERB aging correction is expected to be implemented 
in the GERB ED02). The grey aging assumption is less questionable for the GERB-like as it 
is based on the NB channels of SEVIRI . This assumption is comforted by the aging values 
given in Table 9. 

GERB-3 level is not reliable. The GERB-3 absolute level was not used to define the SW 
and LW radiometric level used in CM SAF. Only GERB-1 and GERB-2 were considered. It 
was assumed that, given the few data available and the limited validation of GERB-3 data, 
this instrument has a less reliable absolute level. 

GERB-like from MSG-3. It is assumed that the correction obtained by comparing the MSG-2 
GERB-like with the GERB-1 can be applied to MSG-3. This assumption is supported by the 
fact that MSG-3 is operating at the same orbital longitude as was MSG-2 (0°).  

Effect of SEVIRI decontamination is negligible. Several decontaminations of the SEVIRI 
cool detectors have been performed during the time period covered by this data record. The 
decontaminations have shown to affect the calibration of the 13.4µm channel (Hewison and 
Muller, 2013). Although this channel is used in the TET GERB-like, it is assumed that the 
effect is negligible . 

Clear sky reflectance map may be used for backup satellite. It was shown that this does 
not affect significantly the CM SAF products, at least for a particular time period and couple 
of operational-backup satellites. Further validations shall be done once the full data record is 
generated, for instance by monitoring the bias and RMS differences with CERES products.     

5.6  Future enhancements (pre-processing step) 
In the future (i.e. for the release of a possible 3rd edition of the data record during CDOP-

4) the following enhancements are expected to be ready for implementation for the data pre-
processing: 

• Correction of spectral aging: investigations are on-going by the GERB team to perform 
a correction of the aging that takes into account the spectral dimension of the loose of 
sensitivity. Results are expected to be implemented in GERB ED02. 

• The GERB team is also working (although with a low priority) on the improvement of 
the MSG/SEVIRI GERB-like. New improved NB->BB regressions can be issued based for 
instance on (Clerbaux, 2008). Such an implementation in the RGP would simplify, and 
potentially improve, the CM SAF gap filling with GERB-like data. 
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6 Algorithm description (part 2/3): Clear sky fluxes 

6.1 Purpose of the clear sky algorithm 
The clear sky fluxes are new products from CDOP2. They will be produced by combining the 
GERB TOA fluxes with the CM SAF cloud mask. The clear sky fluxes are defined as an 
average of the fluxes in cloud free conditions, including background aerosols and taking into 
account variation of the input illumination for the TRS. This definition does not correspond 
exactly to the meaning of the clear sky fluxes in the climate model, especially for the TET. A 
discussion is provided by Sohn et al. (2006).  In general we have tried to follow Futyan and 
Russell (2005) who proposed an original method for estimating instantaneous clear sky 
fluxes from GERB. In particular, we followed to recommendation to use visible and infra-red 
cloud masking to reduce the effect of residual clouds in the clear sky products. 

It is known that the clear sky processing should be performed at the highest possible 
resolution, to increase the frequency of clear sky conditions (Futyan and Russell, 2005; 
Russell et al. 2004) and also to reduce bias observed when only the largest clear sky regions 
are considered (they are in general dryer than small clear regions). This would necessitate 
the implementation of an enhancement of the spatial resolution of the GERB High Resolution 
(HR) product from (9km)² to (3km)². Such a resolution enhancement could be based on 
Gonzalez et al. (2000). Following this, the product will be provided at (9km)² resolution for 
consistency with the all sky products CM-21301 and CM-21331. However, the observed 
differences with a (9km)² processing are very limited, as discussed in section 6.5.1. For this 
reason, and taking into consideration the technical complexity of the resolution enhancement 
(especially the need to read and process the level 1.5 SEVIRI images over the 10-years of 
the data record), it is not foreseen to activate the (3km)² processing. Furthermore, estimation 
of (GERB) SW flux at (3km)² may be questionable as a ADMs set is available at such a small 
resolution (the TRMM ADM are valid at (10km)² resolution).   

6.2 Algorithm Overview 
 

The clear sky processing is based on a buffer of 61 days of solar and thermal fluxes, as well 
as of cloud mask flag. The processing is performed pixel-by-pixel at the HR scale. To 
estimate the clear sky fluxes for the repeat cycle hh:mm for a given day ‘D’, the algorithm can 
use data for up to 30 days before and 30 days after ‘D’. Figure 31 shows the main processing 
steps for each HR pixel and each of the 96 repeat cycle of the day.  
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Figure 31 : Overview flowchart for the clear sky algorithm data streams. The input flux data 

are issued by the pre-processing sub-system while the cloud mask is coming from CM-21011.  

 
The clear sky SW and LW processings involve different methods as illustrated on Figure 32. 
In general method #1 is applied. Method #2 is used when method #1 did not provide result 
(at pixel level). Similarly, the method #3 is used if neither method #1 and #2 have provided 
result. The methods are described in the next section.   
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Figure 32: Overview flowcharts for the processing of the clear sky solar fluxes (left) and 

thermal fluxes (right). Method #2 is used only when method #1 did not provide result. Similarly, 
method #3 is used when method #1 and #2 are not applicable.   
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6.3  Algorithm description 

6.3.1 Method #1  - solar flux only, SZA < 80° 
In method #1, the algorithm searches for a maximum of NSW=5 clear sky observations in the 
chronologically organized vector of 61 days.  This vector provides first the flux for the central 
day ‘D’, then the flux for the next (D+1) and previous days (D-1), then D+/-2, …  : 

       data organization =  D, D+1, D-1, D+2, D-2, D+3, …; D+30, D-30 

The flux values are for a same repeat cycle.   

For each of these clear sky observations, the solar flux is converted to a “ratio”, using the 
CERES TRMM models (Loeb et al., 2003) of clear sky fluxes for 6 scene types. In these 
models the solar flux depends on the SZA, as well as the TSI (set to 1365 W/m²) and Earth-
Sun distance. The Nsw=5 values are searched even if the central pixel is clear.   

In general we consider that TOA albedo (or ratio to TRMM albedo model) obtained for SZA > 
85° are not very accurate and stable. When using the twilight model the albedo tends to 
infinity when SZA-> 90° (at 90° the TRS is about 10 W/m² while the TIS is 0) and is not 
defined at SZA > 90°.  

If method #1 is used for an HR pixel with SZA>80° the contributing clear sky observations 
can be obtained, at least for some, at condition with SZA > 85° (due to the +/- 30 days). 
Should this occur, we can expect an overestimation of the albedo and thus the clear sky flux. 
Let's suppose that the HR pixel has a SZA of 82° and that there is only 1 clear observation 
over the 61 days period which has been obtained close to the terminator, at SZA=89°. The 
albedo will be a huge value which is for sure not valid at 82°. This is why we propose to 
average fluxes in this region (see Method #2 hereafter). It will not improve the instantaneous 
value of the clear sky estimate but will limit the systematic biases in the product. The average 
of (up to) NSW ratios is computed and converted back to flux by multiplying with the model of 
the flux for the geometry of day ‘D’. A minimum of at least Nmin=1 clear sky observation is 
needed to output a result with this method. The output is the instantaneous clear sky solar 
flux, as well as the number of clear sky observations that have been used in the averaging. 
The method #1 is only applied for pixel with SZA < 80°. 

Note that a dedicated processing exists for fresh snow (see section 6.3.4 below) and that 
observations flagged as “dust flag” in CM-21011 are discarded (note that this flag is only 
available over ocean and for limited SZA range). 

6.3.2 Method #2 - solar and thermal fluxes 
The second method is similar to the method #1 but without making the ratio with a model. 
The clear sky flux is just obtained as the average of the closest in time NSW=5 or NLW=2 clear 
sky observations. A minimum of at least Nmin=1 clear sky observation is needed to output a 
result. 

The output is the instantaneous clear sky SW fluxes, as well as the number of clear sky 
observations that have been used in the averaging. 

As for method #1 a dedicated processing exists for fresh snow (see after) and the “dust 
events” are discarded. 
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Given that the climatological variation of the solar flux with the SZA is not taken into account 
in method #2, some systematic bias can be introduced in the clear sky solar flux in the region 
80°<SZA<85° (for SZA >85° the twilight model is used).  To quantify this bias, the clearsky 
fluxes have been estimated using an increased threshold value of SZA=82° at which the 
method #2 is used. The differences, for pixels in 80°<SZA<82°, are then analysed and are 
used as upper limit for the (instantaneous) clear sky flux uncertainty. The Figure 33 illustrates 
this process for the 07:00 UTC repeat cycle of the 15th  June 2008. The observed bias 
is -0.43 W/m² and the RMS difference is 0.68 W/m².  
 

 
Figure 33 : Clear sky TRS flux for the 07:00 UTC on 15 June 2008 (left), in W/m², and flux 

difference when the SZA threshold is increased to SZA=82° for method #2 (right). 

6.3.3 Method #3  - solar and thermal fluxes – persistent cloudiness 
In method #3, the clear sky fluxes are estimated as a percentile of all the available fluxes 
during the 61 days. For the solar flux a low percentile is used (Psol=0.05) while for the thermal 
flux a high percentile is used (Pth = 0.95). 

This method allows to estimate fluxes in areas of persistent cloudiness (like the Southern 
Ocean close to Antarctica) but also over regions where the CM-21011 cloud mask always 
detects (fake) clouds like on some coastlines or over some large rivers in Africa.    

When method #3 is used, the number of clear observation is set to 0. 

6.3.4 Fresh snow processing (solar flux only) 
When the first in time NSW clear observations contain a mix of clear snow and clear non-snow 
observations, the NSW number is decreased to NSNOW, to limit mixing of snow and non-snow 
condition when averaging the clear sky.  Using a value NSNOW=1 is selected, which means 
that, in case of fresh snow, the clear sky flux is taken from the clear observation the closest in 
time. 

As the snow flag is only populated during day time, the fresh snow processing is only 
performed for the clear sky SW flux processing. Applying it to the clear sky thermal flux 
estimation would introduce a discontinuity during day- and night-time conditions. 
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6.3.5 Ocean post-processing - solar flux 
This part of the clear sky processing aims at removing the effect of persistent cloudiness in 
some oceanic regions, like the Southern Ocean or region close to Greenland, where 
frequently no clear sky observations occur during 61 days. This processing is only applied if 
the water fraction is equal to 100% into the HR grid box. It consists in the analysis of the 
distribution of clear sky fluxes from the neighboring HR pixels with also a water fraction of 
100%. As the objective is to filter the persistent clouds, the clear sky flux is estimated as a  
low percentile (e.g. POPP = 5%) in the distribution.  The size of the window is (2 Nx +1) x (2 
Ny+1), with Nx =11 and Ny = 11, where x refers to the West-East direction and y the North-
South in the HR grid. To account for systematic variation of the solar flux with the SZA, the 
post-processing is performed in terms of solar flux ratio, using the same methodology as in 
method #1. 

 

6.3.6 Objective values for Nsw and Nlw 
In this section a method is presented to set objectively the numerical values for Nsw and Nlw 
(for the fresh snow we assume a Nsnow = 1 is optimal).  The method also gives an idea of the 
accuracy (bias, rms) of the instantaneous clear sky fluxes (intermediate product not released 
to the users).  

The processing has been modified to estimate the clear sky flux without taking into account 
the flux for the day ‘D’. The estimate of the clear sky flux for this day is then computed and 
compared with the actual (all sky) flux for pixels classified as clear in the cloud mask. Results 
are given in Table 16 in terms of bias and RMS, both estimated based on 12:00 UTC clear 
sky images for the 30 days of June 2011.  

In general a strong improvement is observed between Nsw/lw=1 and Nsw/lw =2, as well in terms 
of bias as in RMS (bias corrected). For Nsw/lw higher than 2 there is only limited improvement 
with respect to Nsw/lw=2. For the TET the best result in terms of RMS is obtained with Nlw=2. 
For the TRS, higher Nsw values improve the results, as well in terms of bias as in terms of 
RMS. For the data records, it is suggested to use Nsw=5 and Nlw=2. The relatively small value 
for Nlw will limit the effect of cross-month contamination in the monthly mean product.  

 
Table 16 : Difference between estimated clear sky flux and observed flux in clear conditions. 

The statistics is based on the 30 images of 12:00 UTC in June 2011.  The RMS is corrected for 
the bias.   

Nsw  

 Nlw 

Clear sky TRS Clear sky TET 

bias RMS bias RMS 

1 -1.29 W/m² 10.06 W/m² -2.17 W/m² 8.30 W/m² 

2 -0.75 W/m² 8.74 W/m² -1.14 W/m² 6.81 W/m² 

3 -0.69 W/m² 8.58 W/m² -1.08 W/m² 7.02 W/m² 

4 -0.61 W/m² 8.38 W/m² -0.81 W/m² 6.95 W/m² 

5 -0.58 W/m² 8.43 W/m² -0.78 W/m² 7.15 W/m² 
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Nsw  

 Nlw 

Clear sky TRS Clear sky TET 

bias RMS bias RMS 

6 -0.51 W/m² 8.41 W/m² -0.61 W/m² 7.02 W/m² 

7 -0.46 W/m² 8.42 W/m² -0.67 W/m² 7.12 W/m² 

8 -0.49 W/m² 8.34 W/m² -0.65 W/m² 7.12 W/m² 

9 -0.44 W/m² 8.37 W/m² -0.77 W/m² 7.24 W/m² 

 

 

6.4 Algorithm validation and verification 

6.4.1 Comparison with EBAF 
As for the all sky, the monthly mean clear sky fluxes have been compared with CERES EBAF 
2.8. As examples, results for June 2007 are displayed in Figure 34 (TRS) and Figure 35 
(TET). 

Concerning the solar flux, the most obvious difference is observed over the ocean where 
residual cloud contamination is apparent in the CERES EBAF product. This contamination 
could explain the low value of the CM SAF/CERES ratio over the Southern Ocean as well as 
off the Namibian and Angolan coasts and regions East of Newfoundland. Other regional 
differences (for instance the Northeast region of Brazil or the large Sahel savannas) are more 
difficult to attribute as the GERB SW ADM is suspected of significant clear sky flux error. 
Finally, some systematic differences can also be observed on coastal 1°x1° grid pixels.   

Concerning the thermal flux, some vertical stripes are observed in the CM SAF – EBAF 
differences. They could be attributed to the handling of geostationary data in EBAF (3-hourly 
geo data are used while 1-hourly data is expected to be used in their next edition of the 
products).  

Figure 36 and Figure 37 show similar patterns of regional differences for all the months of 
June from 2004 to 2012. 
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Figure 34 : Comparison of June 2007 monthly mean clear sky TRS fluxes from CM SAF (top 
left) and CERES EBAF Ed2.8 (top right). The bottom images show the difference (left) and ratio 
(right).  
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Figure 35 : Comparison of June 2007 monthly mean clear sky TET fluxes from CM SAF (top left) 
and CERES EBAF Ed2.8 (top right). The bottom images show the difference (left) and ratio 
(right). A gross adjustment of the CERES fluxes by 0.985 is included to ease the comparison.  
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Figure 36: Difference in clear sky TRS with CERES EBAF averaged over the data record on a 

monthly basis (01=January, …).  
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Figure 37: Difference in clear sky TET with CERES EBAF averaged over the data record on a 

monthly basis (01=January, …).  

 
 

6.4.2 Temporal stability wrt CERES EBAF Ed2.8 
Figure 38 shows the overall bias wrt to CERES EBAF Ed2.8. The TRS bias relative to 
CERES remains between -2.2 W/m² and -4.2 W/m² and the TET bias between -2.8 W/m² and 
-4.9 W/m². Such result is consistent with the targeted decadal stability of 2 W/m². 

The residual RMS difference (bias corrected) is shown on Figure 39. The RMS difference 
with CERES EBAF is about 3.0 W/m² for the TET and 4.6 W/m² for the TRS, which is slightly 
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higher than the all sky RMS. This gives a preliminary insight on the CM SAF monthly mean 
accuracy at 1°x1° spatial scale (to be consolidated in the validation activities). 

 
Figure 38: Bias between CM SAF and CERES EBAF monthly mean clear sky fluxes. As shown, 
the variation of the bias is consistent with a stability of 2 W/m² for both the TRS and the TET.  

 

 
Figure 39: RMS (bias corrected) between CM SAF and CERES EBAF monthly mean clear sky 
fluxes.  

 

6.5  Assumptions and limitations 

6.5.1 Partly cloudy HR pixels 
Partly cloudy HR pixels are not considered in the proposed clear sky algorithm. An optional 
scheme of the processing is implemented to also estimate clear sky flux for partly cloudy HR 
pixel. This processing involves BB estimation based on SEVIRI level 1.5 radiances at 3km. 

The (3km)² fluxes are first estimated from the HR (9km)² data by multiplication of the HR flux 
with the ratio between the (3km)² NB radiance and the average of the NB radiance in the 
(9km)² HR pixel. For the TRS fluxes, the NB radiance in the VIS 0.6µm channel is used while 
for the TET it is the IR 10.8µm channel radiance which is used as proxy. The clear sky flux 
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component of the HR pixel is then estimated as the average of the (3km)² fluxes which are 
clear according to the cloud mask. In theory, this recovery of partly cloudy HR pixel can be 
done if at least 1 clear SEVIRI pixel exists within the 3x3 SEVIRI pixels that form the HR. In 
practice, this recovery of partly cloudy pixel is done if there is a minimum of 5 clear pixels in 
the 3x3 box. 

The 12:00 UTC repeat cycle for the month of June 2009 has been processed with and 
without the “3km” scheme. Results in terms of bias and RMS (at 9km spatial resolution) are 
provided in Figure 40. The difference in thermal flux is negligible both in terms of bias and 
RMS. Concerning the solar flux, the processing at 3km is producing some regional 
differences on the coastlines but also in the Southern Atlantic and on the edge of the disk. 

 

       

        
Figure 40 : Example of TRS clear sky image obtained with the 3km processing (left) and ratio 
with the clear sky computed at 9km (right). Red circle indicates VZA=70°. 
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Figure 41 : Same as Figure 40 but with reduced range for the colour bar.  

 

 

On the other hand, accepting only totally clear HR pixel is a powerful way to limit cloud 
contamination in the clear sky results. It is indeed unlikely that a significant part of the HR 
pixel is cloud contaminated if cloud is detected in none of the 3x3 SEVIRI pixels forming the 
HR pixel. It is worth to mention that in some specific cloud conditions (e.g. sub-visual cirrus 
cloud over cold surface …) clouds may remain undetected even at HR scale. 

 
Table 17: Systematic (bias) and RMS difference in TRS and TET when calculated at 3km and 
9km (averages clear sky at 12:00 are TRS ~ 140 W/m² and TET ~ 290 W/m²). 

Product 
Bias TRS 
(3km – 9km) 

W/m² 

RMS TRS 
(3km – 9km) 

W/m² 

Bias TET 
(3km – 9km) 

W/m² 

RMS TET 
(3km – 9km) 

W/m² 
 

20090601 12:00 -0.0061 1.7840 0.0033 0.1303 

20090602 12:00 -0.0057 1.7882 0.0032 0.1294 

20090603 12:00 -0.0076 1.7914 0.0033 0.1316 

20090604 12:00 -0.0072 1.7974 0.0033 0.1307 

20090605 12:00 -0.0059 1.7944 0.0032 0.1308 

20090606 12:00 -0.0043 1.8157 0.0031 0.1283 

20090607 12:00 -0.0041 1.8354 0.0032 0.1285 

20090608 12:00 -0.0046 1.8552 0.0032 0.1275 
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Product 
Bias TRS 
(3km – 9km) 

W/m² 

RMS TRS 
(3km – 9km) 

W/m² 

Bias TET 
(3km – 9km) 

W/m² 

RMS TET 
(3km – 9km) 

W/m² 
 

20090609 12:00 -0.0036 1.8588 0.0032 0.1281 

20090610 12:00 -0.0106 1.9425 0.0032 0.1266 

20090611 12:00 -0.0115 1.9518 0.0033 0.1269 

20090612 12:00 -0.0141 1.9816 0.0033 0.1268 

20090613 12:00 -0.0153 2.0180 0.0035 0.1277 

20090614 12:00 -0.0210 2.1156 0.0037 0.1292 

20090615 12:00 -0.0293 2.2352 0.0039 0.1307 

20090616 12:00 -0.0344 2.3300 0.0039 0.1283 

20090617 12:00 -0.0418 2.3891 0.0041 0.1288 

20090618 12:00 -0.0464 2.4758 0.0042 0.1282 

20090619 12:00 -0.0459 2.4576 0.0043 0.1315 

20090620 12:00 -0.0393 2.4052 0.0041 0.1293 

20090621 12:00 -0.0430 2.4985 0.0042 0.1286 

20090622 12:00 -0.0536 2.5961 0.0043 0.1290 

20090623 12:00 -0.0562 2.6170 0.0044 0.1283 

20090624 12:00 -0.0613 2.6557 0.0043 0.1266 

20090625 12:00 -0.0622 2.6425 0.0044 0.1277 

20090626 12:00 -0.0745 2.7633 0.0050 0.1316 

20090627 12:00 -0.0878 2.9409 0.0054 0.1330 

20090628 12:00 -0.0945 3.0027 0.0055 0.1338 

20090629 12:00 -0.1019 3.0930 0.0057 0.1343 

20090630 12:00 -0.1058 3.0842 0.0058 0.1391 

average -0.0366 2.2839 0.0040 0.1297 

 

6.5.2 Number of clear observations that are averaged 
The clear sky “instantaneous” fluxes are obtained as an average of Nsw=5 and Nlw=5 closest 
in time fluxes observed in clear sky conditions. This number aims at smoothing the effect of 
residual cloudiness, aerosols … The smoothing process does not affect the monthly mean 
products as the averaging of averaged quantities produces values similar as the direct 
averaging of the clear sky fluxes. On the other hand, the values assigned to Nsw and Nlw has 
some effect on the day-to-day variability of the daily mean product.  

6.5.3 Aerosols contamination 
As expected the clear sky TRS flux is affected by aerosols. The effect of aerosols is clearly 
visible for instance on  Figure 40 (left). The users will be warned via the PUM. 
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6.5.4 Contamination of GERB “cloudy” ADM in the clear sky product 
When using the CM SAF cloud mask to define clear sky regions, it is possible to include in 
the clear sky TRS product some HR pixels which have been processed using a cloudy ADM. 
The potential effect on the product is however expected to remain limited. This will be 
checked as part of the validation activity. 

6.5.5 Ocean Post-Processing 
The ocean post-processing assumes ice free ocean. The TRS comparison with EBAF on  
and show that some the post-processing is masking the clear sky TRS increase due to sea 
ice during some seasons in the region between 45°S and 60°S. The all sky fluxes are not 
affected. As for other limitations, the users will be warned via the PUM. 

6.5.6 Independent processing for MSG-1, MSG-2 and MSG-3 
Although the TRS and TET fluxes at input of the processing are homogenized in the pre-
processing system, it is considered better not to mix data from different satellites in the 61-
days buffer and thus in the clear sky products. Indeed, jumps are expected in the multi-
satellite data record for clear sky scenes due to spectral aging and, for consistency between 
all sky and clear sky products, we don’t want to smooth those jumps in the clear sky 
processing. 

6.5.7 Azimuthal anisotropy of the thermal radiation 
Concerning the clear sky TET, Clerbaux et al (2003a) have shown that the geostationary TET 
may exhibit some bias (about 1%) in mountainous areas as the angular dependency models 
do not account for azimuthal anisotropy. Indeed, from a geostationary orbit, the Northern 
hemisphere is always observed from the South while it is the reverse in the Southern 
hemisphere. A correction could be based on statistical analysis of CERES observations in the 
Meteosat FOV to perform an a-posteriori correction of the clear sky thermal fluxes. It is 
currently not foreseen to correct this effect in this edition of the CM SAF clear sky product. 

 

6.5.8 Limitations of clear sky ADMs 
The clear sky products will inherit from any error introduced during the radiance-to-flux 
conversion of the GERB data, see details in the GERB Quality Summary (Russell, 2006). For 
GERB ED01, the conversion is performed using the CERES TRMM models which only 
provide models for 4 land surfaces (dark and bright vegetation, dark and bright desert). There 
is no ADM implemented for snow/ice surface (bright desert is used) and no fresh snow 
detection. Also, the ADM selection is performed based on fixed map of surface type. This 
approach may be problematic in regions showing strong seasonal variation (e.g. Sahel 
region, …). For its ED02 of the GERB data record, the GERB team is implementing several 
improvements of the flux estimation in clear sky flux conditions.     

 

 

6.6 Future enhancements 
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In general, future enhancements may concern all the limitations stated in the previous 
sections. Concerning the effect of aerosols, the generation of “pristine” fluxes will be 
considered for future editions. 

Pristine fluxes. For many applications, it would be of prime interest to extend the clear sky 
processing to generate “pristine fluxes”, i.e. fluxes which would be measured without any 
aerosols content in the atmosphere. This could be considered once reliable SEVIRI Aerosol 
Optical Depth (AOD) retrievals are available. The processing for pristine fluxes would no 
longer rely on an average of the flux in cloud free conditions but would instead involve a 
regression between the cloud free fluxes and the AOD. Extrapolation at AOD=0 would 
produce the pristine flux.   
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7 Algorithm description (part 3/3): daily and monthly averaging 
 

7.1 Purpose of the daily and monthly averaging   
The purpose of this last part of the processing is to perform the averaging and to output the 
daily mean, monthly mean and monthly mean diurnal cycle. 

In absence of missing data, this algorithm is straightforward: a simple integration provides the 
required quantities. However, a large number of missing repeat cycles affect the all-sky data 
record (for the clear sky the gaps are filled during the clear sky processing). Figure 42 how 
accepting short data gaps reduces the number of days (out of 3653) for which the daily mean 
is not estimated. The use of data from the backup satellite offsets the curves by about 70 
days. 

 

 
Figure 42: Number of rejected days in the data record as a function of the criterion on the 

maximum number of successive 15 minutes missing repeat cycles (MRC). Red curve are 
statistics when the backup satellite is used to fill the long interruptions of the prime satellite. 

 
Clearly, a limited amount of successive missing data should be accepted in the averaging 
algorithm, provided this does not bias the products and improve the Root Mean Square 
(RMS) difference with the true average fluxes. 

Historically, satellite climatologies (like the International Satellite Cloud Climatology project, 
ISCCP) have been based on 3-hourly geostationary data, which corresponds to 11 
successive Missing Repeat Cycles (MRC). For the CM SAF data record, it is proposed to 
increase the maximum tolerated MRC to 15, which corresponds to interpolation between a 
maximum of 4 hours.  
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With this criterion, the number of missing days in the data record is 24 (out of 3653) and 92 if 
backup satellites are no used. The effect on the averaged products is discussed in the 
section Algorithm validation (section 7.4). 

 

7.2 Algorithm Overview 
The first step of the algorithm performs the solar and thermal fluxes averaging in hourly 
intervals (defined in UTC time). This process is also in charge of the interpolation for the gap 
filling. 

 

 
Figure 43: Overview flowchart for the daily and monthly averaging. The ‘daily flag’ indicates if 
the criterion on the maximum number of successive missing repeat cycles is met or not (at the 
image level, not at the pixel level). 
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7.3  Algorithm description 

7.3.1 Hourly integration 
For each HR pixel, the “cmsaf instantaneous” solar and thermal fluxes are collected as well 
as the solar zenith angle at time of HR acquisition. 

The hourly integration of the thermal flux is estimated by piecewise integration between the 
available measurements.   

For the solar flux averaging, the instantaneous fluxes are first converted in TOA albedo using 
the Earth-Sun distance, the cosine of the SZA and the daily TSI value (see section 4.4.5). 
This conversion is done only for SZA < 85°. 

Then, the hourly integration of the solar flux is carried out using 12 time intervals of 5 
minutes. According to the SZA at the centre of the interval, the flux is computed as: 

• 0 in night-time condition  (SZA > 100°), 

• a modelled flux in twilight condition (SZA > 85° and < SZA 100°). This twilight model is 
exactly the same model as used in the GERB and GERB-like processings. The incoming 
solar flux at the centre of the interval multiplied by the TOA albedo interpolated at this time 
from the available time series of TOA albedo. 

For the interpolation of the thermal flux and the TOA albedo, a maximum of 4 hours is 
accepted.  

For the solar flux, interpolation may be impossible if the conditions before or after the data 
gap have no defined albedo (SZA>85, i.e. at dusk and dawn). In this case an extrapolation of 
the (single) valid albedo is performed but over a reduced maximum time of 2 hours. This 
extrapolation is performed until SZA=85° when the twilight model starts to provide the fluxes. 
As there exists in general an increase of TOA albedo with the SZA (especially close to the 
terminator), the extrapolation is not performed at constant value but is made using the 
CERES TRMM models. For the all sky products, the model is selected based on the field 
“/Scene Identification/Solar Angular dependency Model” presents in the GERB and GERB-
like files. When processing the clear sky, the fixed map of surface type at HR scale (see 
section 4.4.1) is used for the model selection. 

In addition to the fluxes, some integer values are also estimated on the hourly interval, at HR 
scale, in view of providing some ancillary information to the users. This is: 

• The number of GERB observations that have been used within the hourly interval 
(number between 0 and 4). This number is estimated separately for the solar and 
thermal products.  

• The number of GERB-like observations that have been used (i.e. no valid GERB data 
is available) within the hourly interval (number between 0 and 4). This number is 
estimated separately for the solar and thermal products.  

• The number of clear sky observations is estimated from the cloud mask (considering 
the dust event as clear sky). With MSG/SEVIRI the possible values are between 0 
and 4. 

• The method used to estimate the instantaneous clear sky (see Section 6.3) is 
propagated (integrated) during the hourly integration to generate a series of 
percentages of usage of the different method.     
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7.3.2 Daily mean 
 
The daily mean is computed from the 24 hourly values. In case of missing data, the daily 
mean is set to the “error-value” for the pixel. If this occurs for all the HR pixels, the day is 
flagged as ‘incomplete’ and no daily mean product will be issued (this flag is also used to 
discard the day in the monthly averaging, see after). The basic principle of the averaging is 
shown on the Figure 44. 

 
Figure 44 : Averaging strategy: from the hourly integrated data to the daily mean, to the 

monthly mean diurnal cycle and to the monthly mean product. 

 

The integer values (numbers of GERB observations,  …) are not averaged but simply 
summed during the daily mean processing (with MSG/SEVIRI the daily values are then 
between 0 and 96).  

The percentages of used of the different clear sky methods are averaged during the daily 
mean processing.    

 

7.3.3 Monthly mean diurnal cycle 
From the hourly data, the diurnal cycle is computed as the average of the available hourly 
values for the calendar month. To avoid introduction of discontinuity in the diurnal cycle, only 
the day which are not flagged as incomplete are considered. 

The integer values (numbers of GERB observations,  …) are not averaged but simply 
summed during the monthly mean diurnal cycle processing (with MSG/SEVIRI the daily 
values are then between 0 and 4 x ndays, where ndays is the number of days in the month). 
If a day is discarded from the monthly mean diurnal cycle, the integer values are not 
considered for this day (i.e. set to 0).  
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The percentages of used of the different clear sky methods (estimated during the hourly 
processing) are averaged during the monthly mean diurnal cycle processing.       

7.3.4 Monthly mean 
Finally, the monthly mean is evaluated as simple averaging of the diurnal cycle. The resulting 
fluxes are mathematically equivalent to the average of the daily means which are not 
incomplete. 

The integer values (numbers of GERB observations,  …) are not averaged but simply 
summed during the monthly mean processing (with MSG/SEVIRI the daily values are then 
between 0 and 4 x ndays, where ndays is the number of days in the month).Similarly to the 
diurnal cycle, the integer values are not considered (i.e. set to 0) for the day which are 
discarded from the monthly mean.     

 The percentages of used of the different clear sky methods (estimated during the diurnal 
cycle processing) are averaged during the monthly mean processing.       

7.4  Algorithm validation 
The validation mainly concerns the gap filling and how to set objectively the maximum 
acceptable number of successive missing repeat cycles. To this end, a day with full coverage 
(15 June 2009) is selected as reference and the daily mean is computed for this reference 
day. Then, gaps in the data record are simulated (i.e. input data is removed) and the effect on 
the daily mean product is evaluated, in terms of bias and RMS. 

Gaps of 3, 6, 9, 12, 15, 18 and 21 repeat cycles are simulated. In each case, 10 simulations 
are done with varying position of the gap, from the early morning to the late afternoon. The 
resulting DM images are stored and compared to the reference (bias and RMS). Then, the 10 
biases and RMS are averaged. Results are given in Table 18. 

 
Table 18 : Effect of successive missing repeat cycle on daily mean TRS and TET. 

Number of 
successive 
missing 
repeat cy-
cles 

TRS mean 
Bias 
W/m² 

TRS mean 
abs. bias 

W/m² 

TRS 
RMS 
W/m² 

TET mean 
Bias 
W/m² 

TET mean 
abs. bias 

W/m² 

TET 
RMS 
W/m² 

3 -0.0155 0.0372 0.5220 -0.0005 0.0005 0.1991 

6 -0.0787 0.1790 1.3863 0.0008 0.0008 0.5008 

9 -0.2295 0.4605 2.5884 0.0017 0.0017 0.8680 

12 -0.5115 0.9630 4.1190 0.0049 0.0049 1.2865 

15 -0.9686 1.6298 5.9550 0.0086 0.0086 1.7490 

18 -1.5665 2.5190 8.0909 0.0239 0.0239 2.2697 

21 -2.3092 3.6872 10.4854 0.0457 0.0457 2.8475 
 

 

As the data record targets a stability of 2 W/m², it is proposed to set the maximum acceptable 
successive missing repeat cycles to 15, so the systematic effect of the missing cycles (the 
mean absolute bias) remains lower than 2 W/m². Such a criterion corresponds to 
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interpolation (linear interpolation in terms of TOA albedo for the TRS and thermal flux for the 
TET) between observations not separated by more than 4 hours.  
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7.5  Assumptions and limitations 
 

• Twilight model: Currently an “all sky” model of the solar flux in twilight conditions (85° 
< SZA < 100°) is used. The application of this model to construct the clear sky products might 
be biased as fluxes are expected to be in average lower in clear sky conditions than in all sky 
condition. If available, a “clear sky” twilight model could ideally be used in this case. The 
difference with the all sky twilight model is however expected to be mitigated by the strong 
increase of TOA albedo at grazing illumination.  

• In case of missing data the solar flux is obtained by interpolation in terms of TOA 
albedo. This is an improvement wrt ed01 for which the interpolation has performed in terms 
of fluxes. However, it is known that TOA albedo tends to increase at high SZA. This could 
introduce a small underestimation of the flux in case of missing data close to the SZA=85° 
limit. The TOA albedo interpolation would ideally incorporate some typical variation with the 
SZA.   

 

7.6 Future enhancements 
 

Future enhancements of the daily and monthly averaging steps may concern the limitations 
stated in the previous section. 
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8 Test data record and outputs 

8.1  Output format description 
The data format will be NetCDF following the CF convention. 

The content of the data files is specified in the Product User Manual [RD ] .  

 

8.2  Reference level for the output fluxes 
The output fluxes will be provided at a reference altitude of 20km, to ease the comparison 
with climate models (Loeb et al, 2009). As the Earth is an ellipsoid, the TOA fluxes obviously 
decrease with the altitude at which they are defined/measured as the inverse of the square of 
the distance to the Earth center. To scale the fluxes from a reference level h1 to another 
reference level h2, the following multiplicative factor should be used: 

 

〖(R+h_1)〗^2/〖(R+h_2)〗^2  

 

where R is the radius of the Earth (in the same unit as h1 and h2). 

The GERB TRS fluxes have been obtained using the empirical CERES TRMM models and 
have to be scaled at 20 km by division by a factor of 1.006. This scaling is applied to all sky 
and clear sky TRS, before creating the NetCDF files. 

On the other hand, the GERB TET fluxes are obtained using anisotropic model based on 
plane parallel calculations. The fluxes can be directly compared to (plane parallel) climate 
model and no scaling is needed.      

8.3 Precision and accuracies, Validation strategies, and Error budget 
In general, the precision, accuracy, error budget and the validation strategy developed for the 
first “GERB Data record” and documented in [RD 2], apply to the new edition of the data 
record under review. New elements to be validated is the new requirement in terms of 
stability and the new clear sky flux products. 

Stability 
Improvements are expected in terms of aging. The 2 W/m² target stability defined during the 
requirement review [RD 5] seems achievable but this has to be confirmed by the validation 
activities. The comparison with CERES EBAF and with stable Earth targets applied on a 
limited number of months in preparation of this ATBD shall be applied over the full data 
record extent.     

Accuracy at pixel level  
The data field “accuracy” will document, at the pixel level, the estimated accuracy of the 
product. It will be populated based on the comparison with CERES and appended to the 
product after the product validation activities. Accuracy will be estimated from the 
CM SAF/CERES comparison (at 1°x1°, monthly and daily mean) analysed as a function of 
the flux, the VZA and other important input variables to be defined during the validation (e.g. 
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the % of missing data, the number of clear sky observations …). This approach is similar to 
the one followed for the ed01 (ATBD -> process data record -> validation -> accuracy 
reporting in the ValRep and PUM) but here we aim to provide accuracy at pixel level (thus 
better inside the data file). 

Given the absence of reference data to assess the accuracy of the monthly mean diurnal 
cycle product, the accuracy will not be provided at pixel level. Instead, general figures for 
accuracy, based on pixels for which CERES can be used as reference, will be reported to the 
users via the PUM (as what was done for ed01).   
 

Clear sky fluxes 
As for the all sky fluxes, the clear sky fluxes produced by CM SAF will be compared to similar 
quantities produced by CERES (i.e. EBAF, SYN1deg-day). 

None CERES product can directly be used to validate the CM SAF clear sky monthly mean 
diurnal cycle product. Instead, we will reconstruct a monthly mean diurnal cycle product from 
the CERES SSF observations. This approach will not allow validating the full diurnal cycle but 
a part of it (typically 4 out of 24 hourly intervals when 2 polar satellites are available as with 
CERES Terra and Aqua). The methodology that was set up during CDOP for the all sky 
diurnal cycle will be extended to the clear sky flux in CDOP-2. For a same time in the diurnal 
cycle, the clear sky TRS is more or less constant during the month (although it can be 
change due to variation solar zenith angle, aerosol and surface properties). Therefore, the 
accuracy of the clear sky diurnal cycle product should be close to the accuracy of the GERB 
instantaneous flux (Russell, 2005; Clerbaux et al, 2008), at least when/where cloud free 
conditions are frequent. 

To assess the effect of cloud mask, the clear sky fluxes will also be constructed with other 
cloud masks, e.g. the MPEF or the GERB cloud mask (Ipe et al., 2004). 

If we can assume that the atmosphere and in particular the aerosol content does not vary 
significantly during the day, the diurnal curve of clear sky TRS must be symmetrical with 
respect to the local noon. Indeed, with this assumption, the TRS flux only depends on the 
Solar Zenith Angle (SZA) which is symmetrical with respect to the local noon. This verification 
is a powerful tool to quantify the clear sky TRS flux uncertainty due to the angular model 
(Bertrand et al, 2006). However, this assumption is not valid everywhere in the FOV and so 
this validation approach should be used with care. Furthermore, some regions may present 
non-symmetrical surface albedo (e.g. due to drying during the day) which invalidate the 
assumption.  

The comparison to the reanalysis (ERA-interim, NCEP/NCAR) data sets will be performed as 
an additional check of the clear sky flux data records, in particular for the sampling problem 
in region of persistent cloudiness. 
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Glossary 
 

AD Applicable Document 

ADM Angular directional model 

AOD Aerosol Optical Depth 

ARG Averaged Recified Geolocated (GERB level 1.5 and 2 format) 

AS All Sky 

ATBD Algorithm Theoretical Baseline Document 

AVHRR Advanced Very High Resolution Radiometer 

BARG Binned Averaged Rectified Geolocated (GERB level 2 format) 

BB BroadBand 

BD Bright Desert 

BV Bright Vegetation 

CDOP Continuous Development and Operations Phase 

CDR Climate Data Record 

CERES Cloud and the Earths Radiant Energy System 

CLAAS CLoud property dAtAset using SEVIRI 

CMa Cloud Mask 

CM SAF Satellite Application Facility on Climate Monitoring 

CS Clear Sky 

DCC Deep Convective Cloud 

DD Dark Desert 

DGCDD Dataset Generation capability Description Document 

DM Daily Mean 

DV Dark Vegetation 

DRI Delivery Readiness Inspection 

DRR Delivery Readiness Review (same as DRI) 

DSM De-Spin Mirror 

DWD Deutscher Wetterdienst (German MetService) 

Page | 100 

 



 

Algorithm Theoretical Basis Document 
TOA Radiation  

SEVIRI/GERB Data Record 

Doc.No. SAF/CM/RMIB/ATBD/GERB 

 Issue:                                         2.4  

 Date:                              13.12.2016 

 

EBAF Energy Balanced And Filled (CERES level 3 product) 

ECMWF European Centre for Medium Range Forecast 

ECV Essential Climate Variable 

ed01, ed02, .. Edition-1, -2, .. . for CM SAF products 

ED01, ED02, … Edition-1, -2, … for GERB products 

EDR Environmental Data record 

EUMETSAT European Organisation for the Exploitation 
of Meteorological Satellites 

FA Federate Activity 

FCDR Fundamental Climate Data Record (e.g. brightness temperature 

FOV Field of view 

G2_SEV1 GERB-2 data processed with SEVIRI data on MSG-1 

G1_SEV2 GERB-1 data processed with SEVIRI data on MSG-2 

G1_SEV3 GERB-1 data processed with SEVIRI data on MSG-3 

G3_SEV3 GERB-3 data processed with SEVIRI data on MSG-3 

GCOS Global Climate Observing System 

GERB Geostationary Earth Radiation Budget Instrument 

GERB-like BB radiance or flux obtained from SEVIRI though NB->BB 

GL_SEV1 GERB-like data from MSG-1/SEVIRI imager 

GL_SEV2 GERB-like data from MSG-2/SEVIRI imager 

GL_SEV3 GERB-like data from MSG-3/SEVIRI imager 

GSICS Global Space-based Inter-Calibration System 
HDF Hierarchical Data Format 
HR High Resolution (GERB level 2 format, 9km resolution) 
IASI Infrared Atmospheric Sounding Interferometer 
ICDR Interim Climate Data record 
IGBP International Geosphere-Biosphere Programme 
ISCCP International Satellite Cloud Climatology Project 
LW Longwave Flux 
MeghaTropique Indo-French MeghaTropique mission 
MD Monthly mean Diurnal Cycle 
MFG Meteosat First Generation 

MMDC Monthly Mean Diurnal Cycle (same as MD) 

Page | 101 

 



 

Algorithm Theoretical Basis Document 
TOA Radiation  

SEVIRI/GERB Data Record 

Doc.No. SAF/CM/RMIB/ATBD/GERB 

 Issue:                                         2.4  

 Date:                              13.12.2016 

 

MM Monthly Mean 

MRC Missing Repeat Cycle 

MSG Meteosat Second Generation 

MTG Meteosat Third Generation 

NANRG Non-Averaged Non-Rectified Geolocated 

NB Narrow-Band 

NB-to-BB Conversion of NB measurement(s) into broadband 

NetCDF Network Common Data Form 

NRT Near Real-Time 

PGE Product Generating Element 

PCR Product Consolidation Review 

PSF Point Spread Function 

PT Project Team 

PUM Product User Manual 

RAA Relative Azimuth angle 

RD Reference Document 

RGP RMIB GERB Processing 

RMIB Royal Meteorological Institute of Belgium 

RMS Root Mean Square 

RR Requirement’s Review 

SAF Satellite Application Facility 

SAS Sun Avoidance Season 

ScaRaB Scanner for Radiation Budget Instrument 

SEVIRI Spinning Enhanced Visible and Infrared Imager 

SG Steering Group 

SGA Sun Glint Angle 

SSCC SEVIRI Solar Channel Calibration 

ST Surface Type 

SW Shortwave flux 

SZA Sun Zenith Angle 

TCDR Thematic Climate Data Record 

Page | 102 

 



 

Algorithm Theoretical Basis Document 
TOA Radiation  

SEVIRI/GERB Data Record 

Doc.No. SAF/CM/RMIB/ATBD/GERB 

 Issue:                                         2.4  

 Date:                              13.12.2016 

 

TET Top of the atmosphere Emitted Thermal flux 

TIS Top of atmosphere Incoming Solar 

TOA Top Of Atmosphere 

TRMM Tropical Rainfall Measurement Mission 

TRS Top of the atmosphere Reflected Solar flux 

TSI Total Solar Irradiance (aka solar constant) 

UK United Kingdom 

UTC Universal Time Coordinated (for Coordinated Universal Time) 

VZA Viewing Zenith Angle 

WF Water Fraction 
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Annexe B : deseasonalization process in presence of trend in the 
time series 
 
To quantify aging (sections 5.3.1 and 5.3.2) and to assess the stability (section 5.4.3), the 
time series have been corrected for seasonal effects. This is performed by estimating and 
applying 366 daily correction factors f[366] from and to the time series. For each day, the 
correction factor is estimated as the average value for this day over the time series divided 
by the average value of the corrections over the 366 days (so the mean of the 366 correction 
factors is equal to 1). For the sake of smoothness, the correction for a given day is estimated 
not only from the value for this day but also on neighbor observations over (moving) windows 
of +/- 10 days. 
 
When there is a trend in the time series (as when ageing is estimated in sections 5.3.1 and 
5.3.2), it is important to correct for the trend before estimation of the correction curve. 
Otherwise, the correction can be dependent on the start and end day in the original time 
series. For this reason, there is an iterative correction of the trend implemented in the 
process which involves successively: (i) estimation of the trend dx/dt, (ii) correction of the 
trend (x -= dx/dt * (t-t0)), (iii) estimation of the correction factor f[366], (iv) deseasonalization 
of the original curve. After 3 iteration of this process, the correction factors f[366] have 
converged. The trend correction just aims at improving the correction factor f[366] to reduce 
their dependency on the start-end of the time series. 
 
The resulting "deseasonalized" time series is finally created from the original data scaled by 
the daily multiplicative factor f[366]. The trend is not corrected in the deseasonalization.   
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