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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 
EUMETSAT mandate is also to “contribute to the operational monitoring of the climate and 
the detection of global climatic changes". Following this, EUMETSAT established within its 
Satellite Application Facility (SAF) network a dedicated centre, the SAF on Climate 
Monitoring (CM SAF, http://www.cmsaf.eu).  
The consortium of CM SAF currently comprises the Deutscher Wetterdienst (DWD) as host 
institute, and the partners from the Royal Meteorological Institute of Belgium (RMIB), the 
Finnish Meteorological Institute (FMI), the Royal Meteorological Institute of the Netherlands 
(KNMI), the Swedish Meteorological and Hydrological Institute (SMHI), the Meteorological 
Service of Switzerland (MeteoSwiss), 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 (CDR’s) derived from 
operational meteorological satellites.  
In particular the generation of long-term data sets is pursued. The ultimate aim is to make the 
resulting data sets suitable for the analysis of climate variability and potentially the detection 
of climate trends. CM SAF works in close collaboration with the EUMETSAT Central Facility 
and liaises with other satellite operators to advance the availability, quality and usability of 
Fundamental Climate Data Records (FCDRs) as defined by the Global Climate Observing 
System (GCOS). As a major task the CM SAF utilizes FCDRs to produce records of 
Essential Climate Variables (ECVs) as defined by GCOS. Thematically, the focus of CM SAF 
is on ECVs associated with the global energy and water cycle.  
 
Another essential task of CM SAF is to produce data sets that can serve applications related 
to the new Global Framework of Climate Services initiated by the WMO World Climate 
Conference-3 in 2009. CM SAF is supporting climate services at national meteorological and 
hydrological services (NMHSs) with long-term data records but also with data sets produced 
close to real time that can be used to prepare monthly/annual updates of the state of the 
climate. Both types of products together allow for a consistent description of mean values, 
anomalies, variability and potential trends for the chosen ECVs. CM SAF ECV data sets also 
serve the improvement of climate models both at global and regional scale. 
As an essential partner in the related international frameworks, in particular WMO 
SCOPE-CM (Sustained COordinated Processing of Environmental satellite data for Climate 
Monitoring), the CM SAF - together with the EUMETSAT Central Facility, assumes the role 
as main implementer of EUMETSAT’s commitments in support to global climate monitoring. 
This is achieved through: 
 

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

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

 Intensive validation and improvement of the CM SAF climate data records, 

 Taking a major role in data set assessments performed by research organisations 
such as WCRP (World Climate Research Program). This role provides the CM SAF 
with deep contacts to research organizations that form a substantial user group for 
the CM SAF CDRs, 

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

http://www.cmsaf.eu/


 

 
 

Algorithm Theoretical Basis Document 

Meteosat Climate Data Sets of DAL 

 
Doc.No.:         SAF/CM/DWD/ATBD/DAL 
Issue:                                                  1.2 
Date:                                      28.03.2013 

 

 6 

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

2 Introduction 

Long time series are needed for climate monitoring and analysis. Thus, there is a need to 
employ satellite information of the first generation of Meteosat satellites (Meteosat-2 to 
Meteosat-7) to generate information about climate. The MVIRI instruments on board the 
Meteosat First Generation satellites are equipped with 3 channels: a broadband channel in 
the visible, a channel in the Infrared, and a water vapour channel. 
The second generation of Meteosat satellites is equipped with the Spinning Enhanced Visible 
and InfraRed Imager (SEVIRI) and the Geostationary Earth Radiation Budget (GERB) 
instrument. The GERB instrument is a visible-infrared radiometer for earth radiation budget 
studies. It provides accurate measurements of the shortwave (SW) and longwave (LW) 
components of the radiation budget at the top of the atmosphere. SEVIRI employs twelve 
spectral channels, which provide more information of the atmosphere compared to its 
forerunner. Several retrieval algorithms have been developed in order to use the additional 
information gained by the improved spectral information of MSG mainly for now-casting 
applications. However, these algorithms can not be applied to the MVIRI instrument on board 
the Meteosat First Generation satellites as they use spectral information that is not provided 
by MFG (NWC SAF cloud algorithm, CM-SAF radiation algorithm).  
MVIRI is a passive imaging radiometer with three spectral channels a visible channel 
covering 500-900 nm, and infra-red channel covering 5.7-7.1 microns and 10.5-12.5 microns. 
MVIRI comes with a spatial resolution of 2.5 km for the visible and 5km for the IR channels, 
sub-satellite point respectively. 
Hence, in order to be able to provide a long time series covering more than 20 years there is 
a need for a specific climate algorithm that can be applied to the satellites from the Meteosat 
First and Second Generation. Moreover, the retrieved climate variable must have climate 
quality. 
The MAGICSOL (MAGIC SOLar irradiance) method, a combination of a climate Heliosat 
(HELIOSATellite) version (Hammer et al. 2003) and the Magic Global Irradiance Code – 
MAGIC (Mueller et al., 2009) does meet the above mentioned requirements. The method has 
been extended to provide daylight. 
The applied MAGICSOL method needs only the broadband visible channel as satellite 
information and can therefore be applied to MFG and across different satellite generations. 
The application to other geostationary satellites, e.g., in the US and Asia is also possible. 
Hence, the MAGICSOL method has not only the power to provide long time series of ECVS, 
but also to provide ECVs, which cover the complete geostationary ring. 
The Heliosat method, which is well established in the solar energy community, is the basis of 
the MAGICSOLs method for clouds. However, modifications of the original Heliosat method 
are needed to meet the requirements to generate a Climate Data Record and to provide 
Daylight (DAL). An outline of the MAGICSOLs method is given in section 4.1; the cloud and 
clear sky part are described in more detail in section 4.2 and section 4.2.2 respectively. 
 
 
 
 
 
 

www.cmsaf.eu
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3 Algorithm Overview Daylight (DAL) 

 
The solar surface irradiance consists of a diffuse fraction and a direct fraction. The diffuse 
fraction of the surface irradiance is defined as the solar radiation that has undergone 
scattering in the atmosphere. The direct irradiance is the solar flux reaching a horizontal unit 
of the earth’s surface from the direction of the sun without being scattered. Both quantities 
are expressed in W/m². Daylight is the solar surface irradiance in the visible wavelength 
region (Figure 3–1, top) folded with the sensitivity of the human eye expressed as 
illuminance efficiency (Figure 3–1, bottom). The standard function established by the 
Commission Internationale de l'Éclairage (CIE, 1932) recently modified by Sharpe et al. 
(2005) is used for this purpose. 
 

 
 

http://en.wikipedia.org/wiki/Commission_Internationale_de_l%27%C3%89clairage
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Figure 3–1: Solar spectrum containing the visible range (top) and illuminance efficiency (bottom). 

The current interest in energy efficient design has led to a demand for methods of predicting 
daylight availability in buildings. For this purpose the amount of daylight on a horizontal plane 
is the important input information. More information on applications and user need are given 
at www.satelight.com and references therein. The analysis of seasonal affective disorder in 
order to support medicine as daylight is responsible for the generation of vitamin D and more 
general for climate monitoring. DAL will definitely be of use for the research in the Joint 
European Research Center, Ispra (JRC) and for the solar energy community in general (T. 
Huld personal communication).  
 
In order to provide accurate information on daylight the MAGICSOL algorithm is applied. 
The MAGICSOL method, a combination of a climate Heliosat version (Hammer et al. 2003) 
and the gnu-public license version of MAGIC (Mueller et al., 2009) does meet the above 
mentioned requirements. The method has been extended to provide daylight. 
The MAGICSOL method needs the broadband visible channel as satellite information and 
can therefore be applied to MFG and across different satellite generations. The application to 
other geostationary satellites, e.g., in the US and Asia is also possible. Hence, the 
MAGICSOL method has not only the power to provide long time series of Meteosat based 
ECVs, but also to provide ECVs, which cover the complete geostationary ring. 
The Heliosat method, which is well established in the solar energy community, is the basis of 
the MAGICSOLs method for clouds. However, modifications of the original Heliosat method 
are needed to meet the requirements to generate a Climate Data Record and to provide 
Daylight (DAL). An outline of the MAGICSOL method is given in section 4.1; the cloud and 
clear sky part are described in more detail in section 4.2 and section 4.2.2 respectively. 
 
Figure 3–2 shows an overview of the algorithm and its interdependencies with other CM-SAF 
data sets. 

http://www.satelight.com/
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Figure 3–2: Functional diagram of the MAGICSOL algorithm for the calculation of daylight including 

independency with other CM-SAF radiation data sets. The retrieval of the effective cloud albedo is the basis input 
for all surface irradiance data sets. For the spectral resolved irradiance a spectral correction of the broadband 
effective cloud albedo is applied, which is not needed for daylight and broadband irradiance. The cores of the 
algorithms are the MAGIC algorithms. Dependent on the used Look-Up-Table MAGIC enables the calculation of 
broadband radiation and daylight. The MAGIC version for the spectral resolved irradiance MAGICs comes with 
the same approach concerning the physics, but the source code is optimised for the treatment of spectral bands 
and is therefore different to that of the broadband MAGIC code applied to derive daylight and broadband solar 
surface irradiance.  

 

4 Theoretical Description  

4.1 Physical Baseline  

The pre-dominant dynamical effect on daylight is related to scattering and partly absorption 
on aerosol and cloud particles  
The broadband cloud effect on daylight can be well defined with the effective cloud albedo 
derived with the established, accurate and fast MAGICSOL method (e.g. Posselt et al., 2011, 
MAGICSOL ATBD). The remaining issue is related to the estimation of the clear sky 
spectrum. The clear sky spectrum can be derived with a sophisticated Look-Up-Table (LUT) 
approach discussed in Mueller et al (2009). 
A lookup table (LUT) is a data structure, used to replace a runtime computation with a 
simpler interpolation operation within discrete pre-computed results, see Figure 4–1 as an 
illustration.  In our case pre-computed radiative transfer model (RTM) results contain the 
transmittance for a variety of atmospheric and surface states. Once the LUTs have been 
computed, the transmittance for a given atmospheric state can be extracted from the LUTs 
by interpolation for each satellite pixel and time. Finally, solar surface irradiance can be 
calculated from the transmittance by multiplication with the extra terrestrial incoming solar 
flux density. The idea behind the LUT approach for an irradiance retrieval scheme is to 
achieve equal accuracy as with the direct usage of an RTM, but without the need to perform 
RTM calculations for each pixel and time, thus leading to an improved computing 
performance. 
The radiative transfer model libRadtran has been applied for the calculation of the basis look-
up tables. LibRadtran is a collection of C and Fortran functions and programs for calculation 
of solar and thermal radiation in the Earth's atmosphere (A. Kylling and B. Mayer, http:// 
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www.libradtran.org). It has (also) been validated by comparison with other models (Koepke 
et al. 1998, van Weele et al. 2000) and radiation measurements (Mayer et al. 1997)  
LibRadtran offers the possibility of using the correlated-k approach of Kato et al. (1999). The 
correlated-k method is developed to compute the spectral transmittance (hence the spectral 
fluxes) based on grouping of gaseous absorption coefficients. The main idea is to benefit 
from the fact that the same value of the absorption coefficient k is encountered many times 
over a given spectral interval. Thus, the computing time can be decreased by eliminating the 
redundancy, grouping the values of k, and performing the transmittance calculation only once 
for a given value of k. 32 Kato bands are available in the solar spectrum. The basis LUT has 
been calculated for the 32 Kato bands, by application of the approach of Mueller et al. (2009) 
for each of the Kato wavelength bands.  
In order to consider the cloud effect on DAL the well established Heliosat relations Hammer 
et al. (2003) are employed and adapted to the wavelength bands, which are outlined in the 
next paragraph, please see section 4.2 and 4.2.2 for further details. 
 
 

 
Figure 4–1: The relation of the transmission to a manifold of atmospheric states is pre-calculated with a radiative 
transfer model (RTM) and saved in a look-up table (LUT). Once, the LUT has been computed the transmittance 
for a given atmospheric state can be extracted from the LUT for each satellite pixel and time. 

 

Relation of effective cloud albedo to solar irradiance: 
The relation between the effective cloud albedo (CAL) and daylight (DAL) is predominantly 
given by: 

DAL = DALcls * (1 – CAL) Eq. 4-1 

Here DALCLS is the daylight for cloud free skies; the abbreviation “cls” denotes clear sky 
irradiance throughout the ATBD. CAL is the effective cloud albedo and describes the 
attenuation of daylight be clouds. The relation is evaluated in Janjai et al. (2003) and equals 
that given in Hammer et al. (2003) and Posselt et al. (2011) for solar irradiance. It is defined 
by physics, in detail by the law of energy conservation (Dagested, 2005). 
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The equation equals that for solar surface irradiance (Hammer et al., 2003) However, above 
a CAL value of 0.8  empirical corrections are needed as a consequence of the effect of 
optical thick convective clouds. The applied corrections are described in detail in section 
4.2.2 and Hammer et al. 2003. With the knowledge of the effective cloud albedo, daylight can 
be derived by application of a clear sky model described in more detail in section 4.2.  
 

4.2 Description of the Algorithm 

4.2.1 Clear Sky model: The GNU-MAGIC approach for the retrieval of solar irradiance 

The physical basis of the algorithm is described in Müller et al. (2009) and R. Müller et al. 
(2003). The MAGIC approach is applied to the visible spectral bands and used to retrieve the 
Daylight DAL by folding the derived irradiance in the visible with the illuminance efficiency.  It 
combines the LUT approach for the calculation of the clear sky irradiances with the well 
established Heliosat relations (see section 4.2.2) for the consideration of the cloud effect. 
The MAGIC method for the retrieval of the daylight is described in this section, while in the 
following section the treatment of the cloud effect on the clear sky daylight is discussed. 
The MAGIC code is based on the radiative transfer model calculations, following a look-up-
table approach. The MAGIC code includes a basic clear-sky look-up-table (LUT), surface 
albedo map, water vapour climatology and aerosol climatology. The basic clear-sky LUT 
consists of radiative transfer model results for aerosols with different aerosol optical 
thickness, single scattering albedo, and asymmetry parameter. Fixed values for water 
vapour, ozone and surface albedo have been used for the calculation of the basis LUT: 15 
kg/m2 for water vapour column, 345 DU of ozone, and a surface albedo of 0.2. The basis 
LUT contains the results for all 32 Kato bands. The effect of the solar zenith angle on the 
transmission, hence the surface solar irradiance, is considered by the use of the Modified 
Lambert Beer (MLB) function (Mueller, 2004). The effects of variations in water vapour and 
surface albedo relative to the fixed values used in the calculation of the basis LUT might be 
corrected using the correction formulas and parameterizations.  
However, it is important to note that water vapour and ozone does not affect the daylight 
significantly and the respective corrections applied to derive the broadband irradiance are 
obsolete, therefore. The databases in the MAGIC code can be updated and replaced with 
instantaneous measurements without changing the basic LUT and the code. Therefore the 
MAGIC code is fast, robust and suitable for operational algorithms.   
The input parameters of the MAGIC code are date, time, solar zenith angle, latitude, 
longitude, effective cloud albedo (cloud index), fixed water vapour and ozone column density, 
aerosol optical thickness and single scatter albedo for aerosols. The output of the MAGICs 
code are the clear-sky and optionally the all sky solar irradiances in the 0.2-4.0 µm 
wavelength region, either the broadband sum or the spectral resolved irradiance. The 
asymmetry parameter for the aerosol scattering phase function is also fixed at 0.7 in the 
current version of the MAGIC code. The extra terrestrial total solar irradiance is 1366 W/m2 
and adjusted according to the earth-sun distance. The relation between the effective cloud 
albedo CAL and the all sky daylight DAL is already included in the MAGIC code. More details 
about the MAGIC code are described by Mueller et al. (2004, 2009) 
The RTM libRadtran (Mayer and Kylling, 2005) was used for the generation of the basis LUT. 
RTM calculations were performed for the spectral bands between 350 and 1000 nm for 
numerous states of aerosols. Several types of aerosols were included (Hess et al., 1998). 
Increase in the computing performance has been achieved by the use of Modified Lambert 
Beer (MLB) functions (Müller et al., 2004) and the implementation of hybrid eigenvector LUTs 
(Müller et al., 2009). Relevant information on MAGIC needed for the description of DAL is 
taken from Müller et al (2009). The MLB relation works very well for the individual Kato bands 
as discussed in (Mueller et al., 2004). 
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Employing the MAGIC eigenvector hybrid LUT approach the clear sky daylight is calculated 
in a first step for the given atmospheric conditions and the respective wavelength region. The 
atmospheric conditions cover different values for aerosol optical depth, aerosol single 
scattering albedo and asymmetry parameter, and surface albedo. 
Within the basic LUT the daylight for the actual aerosol state is derived by linear interpolation 
between the pre-calculated solar irradiance values associated to different aerosol states for 
fixed water vapour amount of 15 mm, an ozone content of 345 DU and a surface albedo of 
0.2 for each wavelength band. Deviations in the surface albedo from the values assumed for 
the creation of the LUT are afterwards corrected by application Eq. 4-1  

DALCLS =DALCLS, LUT*(0.98+0.1*SAL) Eq. 4-2 

Eq. 4-2 gives the correction of deviations in the surface albedo relative to the standard value 
used in the basis LUT. Here, SAL is the surface albedo and DALLUT is the Daylight retrieved 
from the LUT for the given aerosol state. 
 

4.2.2 Treatment of the cloud effect 

 
The broadband cloud transmission is calculated from the effective cloud albedo derived with 
the MAGICSOL method.  The effective cloud albedo is defined as the normalised difference 
between the all sky and clear sky reflection in the visible observed by the satellite.  The 
deviation of the actual reflection of the pixel from the clear sky reflection is a measure of the 
cloudiness. The brighter the pixel the more or thicker clouds are present. The effective cloud 
albedo is a measure of the cloud effect on the Earth's solar radiation budget.  
The Heliosat algorithm uses reflection measurements given as normalized digital counts to 
determine the effective cloud albedo, also called cloud index (Cano et al., 1986; Beyer et al., 
1996; Hammer et al., 2003). A clear sky model is used to calculate the solar surface 
irradiance based on the retrieved effective cloud albedo. 
Basis of the Heliosat method are the rectified digital pixel counts of the visible Meteosat 
channel (High Resolution Visible). The respective data are called “Rectified Image Data” and 
provided by Eumetsat (EUM TD 06). No information from other channels is used. The first 
step in the Heliosat method is the retrieval of the effective cloud albedo (cloud index). 
 
Thereby, the changes in the reflective properties of the clouds due to different insulation 
angles during the day and year are accounted for by a normalization with the sun elevation 
(cos(Θz) - cosine of the sun’s zenith angle) and a correction for the sun-earth distance f. 
Furthermore, the measured count value D is reduced by the dark offset D0, which is a 
satellite specific value obtained by looking into dark space. Values below the dark offset are, 
thus, assumed to be zero. 

 zf

DD






cos

0  Eq. 4-3 

Here, D is the observed digital count including the dark offset of the satellite instrument. The 
dark offset does not arise from the Earth reflection but is an intrinsic instrument offset and 
has therefore to be subtracted. The effect of the sun-earth distance is considered by the 
factor f, finally, the cosine of the solar zenith angle corrects the different illumination 
conditions at the top of atmosphere introduced by different solar altitudes. 
The effective cloud albedo is then derived from the normalized pixel count ρ, the clear sky 
reflection in counts ρsrf and the albedo of a compact (not convective) cloud deck ρmax by 

srf

srf
n










max

 Eq. 4-4 

Here, ρ is the observed reflection in counts for each pixel and time. sfc  is the clear sky 
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reflection in counts, which is a monthly value determined for every pixel separately. In 
principle this is done by using the reflection of the pixel in a cloud free case. This is usually 
the lowest occurring reflection during a certain time span (e.g., a month) derived for each 

pixel of the satellite image. max  is the “maximum” cloud albedo. It could be determined in a 

similar fashion by choosing the “maximum” ρ per pixel and time span (Beyer et al., 1996) or 
by using a single value for the full disk that is dependent on the radiometer of the different 
satellites (Hammer et al., 2003). MAGICSOL follows the approach of Hammer et al. (2003) 

but a target region is used instead of the whole disk. One value of max is retrieved for each 

month, please see section 4.2.2.1 for further details.  
 
The relation given in Eq. 4-5 between the effective cloud albedo CAL and the daylight DAL is 
evaluated in Janjai et al. (2003) and equals that given in Hammer et al. (2003) and  Posselt 
et. al (2011) for solar irradiance.  

DAL = DALCLS * (1-CAL) Eq. 4-5 

This relation is defined by physics, in detail by the law of energy conservation (Dagested, 
2005). However, above a CAL value of 0.8 empirical corrections are needed in order to 
consider: 

 The effect of statistical noise, which could lead to CAL values above 1 and below 0 
(occurs very seldom, however have to be considered). 

 The effect of optical thick convective clouds. 
In this intervals the CAL relation was determined from the statistical regression using the 
ground-based measurements of broadband irradiance at European sites and fitted to get the 
best performance at all the ground sites (Hammer et al. 2003 and references therein). It is 
assumed that the relations hold also for daylight. Eq. 4-6 provides the complete DAL-CAL 
relation for all possible CAL values. It is important to note that the empirical fit has been 
performed in the 80s and used since then without refitting. The RMSD of the empirical fit is 
0.1. 

CAL < -0.2, DAL=1.2 * DALcls 
-0.2 < CAL < 0.8, DAL=DALcs *  (1-CAL) 

0.8 < CAL ≤ 1.1, DAL=DALcls *  (2.07-3.67*CAL+1.67*CAL2) 
1.1 <CAL, DAL = 0.05 * DALcls. 

Eq. 4-6 

The source code of the method (Mesoscale Atmospheric Global Irradiance Code – MAGIC) 
was developed externally and is available under gnu-public license free of charge at 
http://sourceforge.net/projects/gnu-magic/. 
Surface solar irradiance data sets derived with the Heliosat method and the Heliosat 
equations (Eq. 4-6) have been extensively validated against the ground-based solar radiation 
measurements (Perez et al., 2001; Wald et al., 2002; Meyer et al., 2003; Rigollier et al., 
2004). It is well recognized that the surface solar irradiances derived from satellite 
measurements can be more accurate than that interpolated from the ground-based 
measurements, which are more than 30 kilometers apart (Perez et al., 1997; Zelenka et al., 
1999). The validation results have demonstrated that the n-CAL relation is quite robust. 
 

4.2.2.1 Auto calibration 

 
For a climate data set homogeneity is an essential issue. Hence, there is a need for 
“calibration”. In this section the auto-calibration method is described and evaluated.  
The self-calibration algorithm is based on an operational determination of the “maximum” 
effective cloud albedo ρmax. Input is sun zenith angle normalised counts corresponding to Eq. 
4-3. 
In analogy to Rigollier et al. (2002) a histogram of all available counts  is generated. 

http://sourceforge.net/projects/gnu-magic/
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However, instead of using an upper and a lower bound, only the 95%-percentile is used as 
self-calibration parameter and set to ρmax  (Hammer et al, 2003 and references therein).  
However, the generation of the histogram for the full disk is rather slow due to the large pixel 
amount. Thus, a reduction of the considered region for the histogram was necessary. The 
selected region is located in the southern ocean between 15° W and 0° W and 58° S and 48° 
S. It features a high abundance of frontal systems with large cloud amounts most of the time, 
but hardly any convection.  
A range of percentiles has been tested and the 95 percentile has been found to provide the 
best statistical stability. Using a percentile value and not the maximum of the histogram 
should exclude saturated pixels, which may have technical but no scientific reasons, and it 
also should exclude potential convective clouds. Depending on the applied method deep 
convective clouds might be useful for calibration, but they affect the stability of the 95 
percentile applied within the MAGICSOL method. 
The self-calibration algorithm is run at the 13 o’clock slot GMT which accounts for the slight 
westward shift of the region. The histogram is generated with a month worth of satellite data 
input. The resulting ρmax is then applied for all slots within that month.  
Figure 4–2 shows the temporal evolution of the normalized bias between the CM SAF data 
set and the BSRN data. The normalized difference is calculated as follows: 
The arithmetic average over the complete time series of the BSRN and the satellite data is 
calculated for each station. The resulting mean difference (bias) is subtracted from all 
monthly means of the satellite data for each station. The mean difference (bias) over the 
covered time period is zero afterwards. However, trends in the monthly differences are 
not affected by this normalization procedure.  
The differences between the monthly means of BSRN and satellite data are then averaged 
over all available stations, whenever monthly means from at least 3 stations are available. 
This leads to an overall time series of “normalized” differences of monthly means. This time 
series is then analysed for temporal trends. A trend in this time series would indicate in-
homogeneities introduced by the self-calibration or the clear sky reflection maps (in counts). 
The applied method is necessary in order to avoid misleading trends in the monthly 
differences introduced by the quite different start and end points of the time series and the 
corresponding mismatch in the weighting of regional bias values. For the test of the self-
calibration it is necessary to avoid artefacts due to local bias values as only the temporal 
evolution of the time series for the complete disk is of relevance. Contrary, the temporal 
evolution of the normalised mean monthly differences is not affected by the different 
numbers of available stations for certain months and their local bias. 
As can be seen there is no detectable trend in the temporal evolution of the normalized 
monthly differences, which proves evidence of the homogeneity of the SIS time series. In 
contrast, the satellite raw counts show a significant and large trend, a decrease of the 
sensibility due to aging, see Figure 4–3. The absence of this trend in the normalized 
differences of the SIS data demonstrates the ability of the self-calibration method to correct 
for aging and satellite switches. It is worth noting that a statistically significant negative trend 
in the normalized differences is present in the GEWEX and ISCCP SIS data sets (Müller et 
al. 2011). 
 
Because the Heliosat method is dedicated to retrieve the effective cloud albedo, a "clear sky" 
surface target has been not implemented for the self-calibration. Using a land surface target 
would introduce errors in the self-calibration method as the aging detected by observation of 
surface reflection is different to that detected with an appropriate cloud target. This is due to 
the stronger aging of optical devices in the UV and UV-near spectral regions, which leads to 
different rates of aging for the various land surface types (due to different spectral responses 
of the targets) in relation to clouds. Aging of “clear sky" reflection for any surface types is 
automatically accounted for by the retrieval of the planetary clear sky reflection (in counts) 
ρsrf. 
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Figure 4–2: Temporal evolution of the normalized differences between the CM SAF data set and the BSRN data 
including the trend coloured in red. The trend is not significant, both concerning the statistical significance and the 
magnitude. The absence of a trend in relation to the large trends in the digital satellite counts demonstrates that 
the self-calibration works well. 
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Figure 4–3: Time series of  max from 1983 to 2006. The different colours are assigned to the different Meteosat 

satellites M2_M7 as given in the legend. Meteosat-1 data quality is to worse to be used for the data set. The jump 
around 1987 within the M2 time series is due to a gauge change of the instrument, performed by the EUMETSAT 
ground segment. The gauge jump has been well detected and corrected by the self-calibration method as well as 
the large instrument degradation given for Meteosat-7 (see validation report). 

 

4.2.2.2 Clear sky reflection 

 
The processing of the long time series of global radiation from Meteosat’s first generation 
satellites employs a newly implemented clear sky or background reflection algorithm for 
Heliosat (Dürr and Zelenka, 2009). Instead of having a monthly constant field of the clear sky 
reflection ρsrf in counts, a seven day running mean reflection field is used. Thus, sudden 
changes in the clear sky reflection due to, e.g., vegetation and snow are captured and 
represented faster than with the standard method. In addition, sudden jumps in the cloud 
index at month borders due to larger differences in the clear sky reflection fields are avoided.  
The selection of a 7 day running mean is based on the publication by Zelenka (1999) where 
this time series approach has been introduced. It is justified with the persistence of weather 
patterns in the order of 5 to 7 days. However, problems with longer lasting overcast episodes 
phenomena as e.g. fog can occur and might lead errors in the cloud index retrieval.  
The presented clear sky reflection algorithm is also able to detect snow and, thus, gives the 
opportunity to correct for some of the radiative properties of snow. The clear sky reflection is 
dominated by the surface reflection. 
 
The algorithm to determine the clear sky reflection in counts ρsrf is based on two tests that 
are applied to the TOA apparent reflection (ρ) in order to determine the evolution of ρsrf. If 
both tests fail, i.e. if ρ is rather large as occurring in case of clouds and snow, ρsrf is not 
changed. 
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In contrast to Zelenka (2001), variable bandwidths εup and εlow are employed, which were 
presented by Dürr and Zelenka (2009) with ρmax being the satellite calibration constant, see 
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section 4.2.2.1. 
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 Eq. 4-7 

If Test 1 and Test 2 fail for a certain number of days (i.e., a very bright pixel all the time) then 
this pixel is assigned to be snow covered. The presented time-series approach is based on 
the very low temporal variability of snow compared to clouds. Thus, continuously detecting 
very high reflectivity in one time slot over a certain number of days indicates snow. Problems 
occur in cases of persistent fog or cloud decks (e.g., marine stratocumulus). In case of a 
positive snow detection the clear sky reflection is adapted as fast evolution.  
 
The threshold number of days for the snow detection is set to 24. This amount is reduced to 
6 in case the considered pixel already had a snow event. This is given by either an amplitude 
ρsrf = ρsrf,max − ρsrf,min exceeding 0.55ρmax or by ρ being larger than a snow threshold ρsnow. The 
latter is derived empirically so that it is high enough to exclude oceans or other dark surfaces 
(ρsnow,min) and that it favours pixels that have a high ρsrf and thus a higher probability of a 
former snow event (ρsnow,range), see Eq. 4-8. 

 

rangesnowsrfsnowsnow

srfrangesnow

snow

,min,min,

max,max,

maxmin,

,max(

6.0,15.0max

48.0













 Eq. 4-8 

The calculation of the cloud index n for non-snow pixels follows the standard Heliosat. In 
case snow is detected the calculation of the cloud index n is altered according to Dürr and 
Zelenka (2009) in which ρsrf is substituted by ρsnow,min and ρmax is increased by a factor of 1.41 
in order to enhance the dynamic range (Eq. 4-9). This altered cloud index formulation 
generally gives lower cloud index values in order to account for the radiative properties of 
snow. This includes mainly the reflectivity of the bright snow surface which leads to higher 
surface radiation values. 

max

max

maxmax

max
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48.0

48.041.1
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n  Eq. 4-9 

4.2.2.3 Averaging 

Monthly, daily and hourly means are calculated by arithmetic averaging, using Eq. 4-10: 

n

DAL

DAL

n

i

i

mean


 1  

Eq. 4-10 

Here is a loop over the slots per hour for the calculation of hourly means, a loop over the 
hourly means for the calculation of the daily means and a loop over daily means for the 
calculation of monthly means.  
SRI is either the i-th daily mean for the calculation of the monthly mean or the i-th hourly 
mean for the calculation of the daily means. Only the finite values of CAL are summed up, n 
is the total number of finite values. The larger the number of available images per day, the 
better the daily cycle of cloud coverage can be resolved, increasing the accuracy of the daily 
average of SRI. A minimum number of 6 available pixels per day are required to derive the 
daily mean for this specific pixel. The monthly average is calculated from the daily means of 
this month on pixel basis as arithmetic mean with a required number of 10 existing daily 
means.  
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4.2.3 Atmospheric input information 

 

Here the atmospheric input information used to retrieve daylight is described. The sensitivity 
of these parameters on the direct irradiance is discussed in section 4.2.4. 
 
Effective cloud albedo and clear sky index: 
The effective cloud albedo and clear sky index are derived with the MAGICSOL method; see 
section 4.2.1 for further details. 
The effective cloud albedo is taken from the released CM SAF MVIRI data set (Posselt et al., 
2011) and will be calculated from CM SAF GERB/SEVIRI top of atmosphere albedo for the 
time period covered by SEVIRI.  
  
Aerosol:  
Aerosols have a significant effect on the solar irradiance. They scatter and absorb solar 
radiation. In order to describe the effect of scattering and absorption, information about the 
aerosol type and aerosol optical depth is needed. The aerosol type determines the relation 
between scattering and absorption. This relation can be expressed in terms of the single 
scattering albedo. The asymmetry parameter depends also on the aerosol type (size and 
composition) and determines the relation between forward- and backward-scattering. 
However, for the calculation of direct irradiance only the aerosol optical depth is relevant, as 
the AOD is defined as the attenuation of direct irradiance. The aerosol type and hence the 
single scattering albedo and asymmetry factor are only of relevance for the total solar 
irradiance (diffuse + direct irradiance) and thus for the relation between direct and total solar 
irradiance for a given AOD. 
Monthly mean aerosol information is taken from the aerosol climatology by Kinne et al. 
(2005), which is based on AEROCOM (http://dataipsl.ipsl.jussieu.fr/AEROCOM/) model 
median and AERONET ground based measurements. This climatology is available in a 1x1 
degree resolution and monthly long term means and has been evaluated to outperform the 
GADS/OPAC climatology (Hess et al., 1998, Köpke et al. 1997) in Africa (Ineichen, 2010).  
 
Please note: Water vapour and ozone does not affect daylight significantly and is therefore 
not considered. 
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Figure 4–4: Diagram of the interface of MAGIC to the atmospheric input and the satellite observations, Ceff 
stands for the dark offset corrected and normalised Counts. 
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http://dataipsl.ipsl.jussieu.fr/AEROCOM/
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4.2.4 Uncertainty estimates 

 
This section provides the uncertainty or sensitivity of Daylight on the clear sky input 
parameters. The error and accuracy of DAL is assessed by comparison with in-situ data and 
provided within the validation report. Beside the effect of effective cloud albedo, aerosols 
have a significant effect on daylight. Water vapour and ozone does not affect daylight 
significantly attenuation of the solar irradiance, while the surface albedo effect is rather weak.  
The effective cloud albedo is defined as a relative quantity of observed counts or radiances. 
Hence, any noise or uncertainty in the satellite observations is predominantly cancelled out. 
The uncertainty in the effective cloud albedo is therefore pre-dominantly determined by 
uncertainties in the determination of the clear sky reflection and the self-calibration method. 
 

4.2.4.1 Sensitivity of CAL on self-calibration method 

The uncertainty or fuzziness in max  defined by the month to month variations of  max  is in 

the order of 3%. However, it is likely that part of this uncertainty is due to local biases in the 

satellite counts and not due to errors in the retrieval of max . Local biases of the satellite 

counts would transfer to equal relative amounts into max  and srf , and would be therefore 

pre-dominantly cancelled out within the calculation of the effective cloud albedo. Hence, they 
would not affect the accuracy of CAL.  However, as it is not possible do estimate to which 

amount the local biases counts to the max uncertainty the complete uncertainty is assumed 

to arise from the applied statistical retrieval method. This is a worst case approach, since the 

uncertainty given by the max  retrieval method is likely significantly smaller than 3% and 

hence also the effect of the  max  retrieval method on the accuracy of CAL. The max  

uncertainty is constant in terms of relative uncertainty throughout the cloud index interval, but 
differs in absolute terms in dependency on the surface type. Figure 4–5 shows the effect of a 

3 % uncertainty of max  on the effective cloud albedo in absolute values. For a CAL value of 1 

the absolute value is equal to the relative uncertainty, which is constant throughout the CAL 
range. 
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Figure 4–5: Sensitivity of the effective cloud albedo on the max  uncertainty for different surface types, with an 

albedo of 0.05 (~ocean), 0.15 (~vegetation) and 0.35 (~desert). 

 

4.2.4.2 Sensitivity of CAL on clear sky reflection 

 
Figure 4–6 shows the effect on uncertainties in the clear sky reflection on the effective cloud 
albedo. The effect is rather weak, as a consequence of the occurrence of ρsrf in the 
dominator and nominator of the effective cloud albedo formula. However, the clear sky 
reflection introduces significant uncertainty and error in the effective cloud albedo retrieval for 
the case of cloud contamination. This happens if not enough clear sky cases occur. Hence, 
for regions with long-lasting cloud cover in combination with slant geometry the ρsrf retrieval 
fails to see the clear sky situations, hence ρsrf is contaminated by clouds and is artificially 
increased, see Figure 4–7. This effect occurs pre-dominantly at the border of the MFG disk, 
above 60 degrees, see Figure 4–8. As it occurs only for regions with long-lasting cloud 
coverage (hence large values of the effective cloud albedo) the effect on the solar irradiance 
is much lower as implied by the uncertainty in the effective cloud albedo. 
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Figure 4–6: Sensitivity of the effective cloud albedo on the clear sky reflection ρsrf in counts. The x-axis compiles 
the range of the cloud index. On the y-axis the uncertainty or error of the effective cloud albedo is given for 
different surface types and uncertainties in the retrieval of ρsrf of 2% and 4%, respectively, arising from “statistical 
noise”. The effect of uncertainties of ρsrf on the effective cloud albedo is rather weak. Only for desert (sand) 
surface an errors in the retrieval of ρsrf would lead to significant errors in the effective cloud albedo. 

 

 
                                                                             CAL 
Figure 4–7:  Effect of cloud contamination of clear sky reflection on the effective cloud albedo. The effect is rather 
large. However it occurs pre-dominantly at the border region of the MFG disk. Further on, the effect occurs for 
long-lasting cloud coverage, the resulting higher uncertainty in the effective cloud albedo has therefore a relative 
small effect on SIS.  
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Figure 4–8: Examples of  sfc  images, here for 2000, 12 GMT, from top left to bottom right, December, March, 

June and September. The white speckle patterns beyond the white lines close to the border of the disk are due to 

significant cloud contamination of sfc .However, close to the poles, some white regions are not an artefact bur 

due to ice (Greenland & Arctic in the September image). Cloud contamination occurs also in a small band around 
sunrise and sunset at the East and West border of the disk, respectively. However, the core of the Meteosat disk 
is almost not affected.  

4.2.4.3 Water vapour 

Table 4-1 shows that DAL is almost not affected by water vapour. Even extreme variations in 
water vapour from 5 mm to 60mm do only lead to a marginal effect on daylight. The table 
provides the absolute and relative differences of DAL and SIS for water vapour content of 5 
mm and 60 mm for a solar zenith angle of 30 degree and USS standard atmosphere.  
 

Table 4-1: Sensitivity of Daylight and solar surface irradiance SIS for a change of water vapour content from 5mm 
to 60mm. 

Variable Absolute 
difference 

Relative 
difference 

Variable Absolute 
Difference 

Relative 
difference 

Daylight 0.2 W/m² 0.13 % SIS  102 W/m² 12 % 
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4.2.4.4 Aerosols 

Aerosol type, expressed as single scattering albedo and asymmetry parameter, has a 
significant effect on the solar irradiance and determines the relation between the diffuse and 
the direct parts of radiation. The single scattering albedo describes the relation between 
scattering and absorption, while the asymmetry parameter describes the relation between 
forward and backward scattering (as a consequence of the particles size). However the 
attenuation of the direct irradiance by aerosols is completely defined by the AOD, which by 
definition, describes the attenuation of the direct irradiance. Figure 4–9 shows the sensitivity 
of daylight on aerosol optical depth and single scattering albedo. It is evident that aerosols do 
significantly affect daylight. 
Typical uncertainties in the monthly mean aerosol optical depth of 0.1 relative to a 
background of AOD=0.2 leads to uncertainties of about 2 W/m² for maritime and rural 
aerosols and of about 4 W/m² for aerosol with significant absorbing portion (e.g. urban 
aerosols). 
 

 
Figure 4–9: Sensitivity of Aerosol optical depth and single scattering albedo (ssa) on daylight for a solar zenith 
angle of 60 degree (air mass of 2) and 0 degree (AM=1). 

4.2.4.5 Surface albedo 

Figure 4–10 illustrates the sensitivity of clear sky SIS on uncertainties and errors in the 
surface albedo. Deviations of +/- 0.1 in the surface albedo lead to deviations in clear sky SIS 
of +/- 1%. The effect is almost linear. Errors in the surface albedo are expected to be typically 
less than 0.1, with exception of snow covered surfaces, where higher errors might occur. The 
effect is pre-dominantly independent on the clear sky atmospheric state. 
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Figure 4–10: Sensitivity of the solar irradiance SIS on the surface albedo. The red line shows the RTM results and 
the green line the applied parameterisation. The horizontal axis shows the deviation of SIS with variable surface 
albedo relative to SIS calculated for a fixed surface albedo of 0.2. For deviations of +/- 0.1 in the surface albedo 
the uncertainty in SIS is +/- 1%. With exception of values above 0.9 the parameterisation matches the RTM 
results quite well. 

 

4.2.4.6 Effective Cloud albedo 

For CAL>0.8 the clouds are rather optical thick and the uncertainty in the solar irradiance is 
small in absolute terms. Therefore, we focus on the region between 0 and 0.8. Here any 
uncertainty of CAL in % translates directly in the identical uncertainty in percent for daylight, 
meaning a 3 % uncertainty in the effective cloud albedo would lead to a 3 % uncertainty in 
the solar irradiance. 
 

4.3 Practical considerations 

The physics of the algorithm follows the MAGICSOL approach which has been successfully 
applied to retrieve the MVIRI based broadband solar surface irradiance. Hence, it can be 
expected that the algorithm is able to provide date in appropriate accuracy. Validation results 
and description of the data will be given in the validation report and product user manual 
respectively. 
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5 Assumption, limitations and future improvements 

 The high clear-sky reflection over bright surfaces (e.g., desert regions) reduces the 
contrast between clear-sky reflection and cloudy-sky reflection. This leads to higher 
uncertainties in CAL and errors in the calculation of SIS. The modified approach for 
the clear sky reflection improves the accuracy of SIS over bright surfaces, but the 
accuracy is still significantly lower than for other surfaces. 

 In regions with long-lasting cloud cover the modified approach for the clear sky 
reflection detects snow instead. This results in an underestimation of the effective 
cloud albedo and errors in the solar irradiance.  

 The accuracy of aerosol information is unknown in several regions of the world due to 
missing ground measurements. Any uncertainty in the aerosol information affects the 
accuracy of SIS, especially in regions that are dominated by cloudless sky. 

 For the calculation of the look-up tables of the clear sky model standard ozone and 
aerosol profiles are used. These profiles are scaled with the respective vertical 
column values; see Mayer and Kyling (2005) for further details.  

 The USS standard atmosphere has been used to consider the effect of air molecules 
(e.g. Rayleigh scattering). However, this has no effect on accuracy (Mueller et al, 
2009) 

 The anisotropy of the cloud reflection leads to uncertainties in the effective cloud 
albedo and subsequent in the solar surface irradiance. The respective effect is in the 
order of 1 to 2 % for monthly and daily means respectively.  An improved correction of 
the anisotropy effect will be developed for the next release. However, in general the 
anisotropy effect is rather small. 

 The self calibration method in combination with the modified retrieval of srf  is 

sensitive to significant changes in spectral channels. This implies that using the 
VIS006 or the VIS008 channel of MSG instead of the broadband channel will lead to 
significant differences in the effective cloud albedo in specific regions (please see 
Posselt et al, 2011 for further details). The item is not relevant for the discussed 
MVIRI climate data sets herein but for the planned prolongation of the record by the 
use of SEVIRI on board of MSG. 
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Glossary - List of Acronyms in alphabetical order 
 
AVHRR :  Advanced Very High Resolution Radiometer 
AOD :  Aerosol Optical Depth 
CAL:  Effective cloud albedo 
COT  Cloud optical depth  
CLS:  CLear Sky 
GADS/OPAC: Global Aerosol Data Set / Optical Properties of Aerosols and Clouds 
GERB :  Geostationary Earth Radiation Experiment 
k:  Clear sky index. 
LUT:  Look-up table 
MVIRI : Meteosat Visible-InfraRed Imager 
NOAA :  National Oceanic and Atmospheric Administration 
NCEP:  National Centers for Environmental Prediction 
RTM:  Radiative Transfer Model 
SID:  Surface Direct Irradiance (beam). 
SIS:  Solar Surface Irradiance 
SZA :  Sun Zenith Angle 
SSA:  Single Scattering Albedo 
 


