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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.CM SAF.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 Thematic Climate Data Records (TCDR’s) derived 
from operational meteorological satellites.  
In particular the generation of long-term products is pursued. The ultimate aim is to make the 
resulting products 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 (FCDR‘s) as defined by the Global Climate Observing 
System (GCOS). As a major task the CM SAF utilizes FTCDR‘s 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 products 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 products 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 products 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 product 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 TCDR‘s, 
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• Maintaining and providing an operational and sustained infrastructure that can serve 

the community within the transition of mature TCDR products from the research 
community into operational environments. 

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

2  Introduction 
 
This Algorithm Theoretical Basis Document (ATBD) explains the physical and mathematical 
background for two algorithm to derive Land Surface Temperature (LST) from Meteosat First 
Generation (MFG) and Meteosat Second Generation (MSG) satellites.  A statistical LST 
retrieval algorithm is implemented to generate the CM SAF Statistical LST  TCDR and a 
physical LST retrieval algorithm to generate the CM SAF Physical LST TCDR.  
 
The CM SAF LST algorithms are part of the GeoSatClim processing package  [RD 2],  
developed at the Swiss Federal Office of Meteorology and Climatology MeteoSwiss 
(http://www.meteoswiss.admin.ch)  within CM SAF’s second Continuous Development and 
Operations Phase (CDOP-2). Beside the LST algorithms, the GeoSatClim processing 
package  [RD 2] also includes algorithms for the generation of cloud mask, cloud amount, 
cloud fractional cover and tropospheric humidity across Meteosat satellite generations.  
 
The presented LST algorithms were established in the framework of an EUMETSAT Land 
Surface Analysis Satellite Applications Facility (LSA SAF) – CM SAF Federated Activity. The 
LSA SAF provides operational LST products for Meteosat since 2005 
(http://landsaf.meteo.pt/). The intention of this Federated Activity was to develop an LST 
algorithm suitable to generate a 30 year+ long Meteosat LST TCDR, starting in the early 
1980s. The LSA SAF retrieves LST from MSG using the established Generalized Split-
Window algorithm [RD 4]. In a joint effort the LSA SAF and CM SAF team have developed 
single-channel LST algorithms, suitable to generate LST‘s across Meteosat satellite 
generations. A consistent, single-channel approach maximizes long-term and inter-satellite 
consistency (Scarino et al. 2013). The single-channel algorithms, outlined in this document, 
are consistent with the current LSA SAF algorithm [RD 4] in terms of error characterization 
and model validation.  
 
The CM SAF LST TCDR is derived from geostationary Meteosat satellite data. Existing LST 
TCDR‘s are based on polar orbiters, which cannot capture diurnal LST variations. 
Geostationary satellites, with a high temporal resolution, provide an unique opportunity to 
estimate the diurnal LST cycle (Sun et al. 2006) which is an important climate change 
indicator (Karl et al. 1993). The Meteosat system has continuously been acquiring data in the 
thermal infrared for well over 30 years over Africa and Europe. The MFG satellites carried 
the Meteosat Visible and InfraRed Imager (MVIRI) instrument. The MVIRI sensor provides 3 
spectral measurements in the visible, in the water vapour and in the infrared domain. Starting 
in 2002, the Spinning Enhanced Visible and InfraRed Imager (SEVIRI) instrument is 
operated on EUMETSAT’s MSG satellites. The SEVIRI instrument performs 12 spectral 
measurements, including two measurements in the thermal infrared.  
 
This document provides an overview of the CM SAF LST algorithms, the required input data, 
the physical and mathematical backgrounds of the described algorithm and it shortly 
describes assumptions and limitations. Details about the products description and formats 
can be found in the Product User Manual [RD 1], and the basic accuracy requirements are 
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defined in the Product Requirements Document [AD 1]. A detailed validation of the products 
is shown in the CM SAF LST Validation Report [RD 2]. 

3 Pre-Processing 
The pre-processing is performed using the GeoSatClim processing package. A detailed 
description of the pre-processing algorithm implemented in GeoSatClim is available in [RD 
2]. This section briefly summarizes relevant GeoSatClim pre-processing steps.  

3.1 Meteosat radiances 

3.1.1 MVIRI  
 
MVIRI onboard MFG satellites continuously scans the full disk of the earth every 30 min. The 
radiometer has three spectral bands and observes the earth disk with a satellite view zenith 
angle (VZA) ranging from 0° to 80°. The CM SAF LST models require the MVIRI 11.5 μm 
thermal infrared window channel (MVIRI IR 115, Table 1, Figure 1).  
 

  
Figure 1: Spectral response of the MVIRI (Meteosat 7) 11.5 μm channel.  
 
 Nadir resolution Spectral range Central 

Wavelength 
MVIRI IR 115 5 x 5 km 10.5 μm – 12.5 μm 11.5 μm 
Table 1: Properties of MVIRI‘s IR 115 channel.  
 
MVIRI data are available as level 1.5 files from the EUMETSAT archive. The image data is 
stored as digital numbers (DNs) in the OpenMTP format with slope and offset parameters  
The DNs resolve approximately 0.5 K in the MVIRI IR 115 (EUMETSAT 2005). MVIRI DNs 
can be converted to top-of-atmosphere (ToA) spectral radiances (LToA,11.5) [W m-2 sr-1] as: 
 
 

LToA,  11.5=slope x DN + offset 
 

(1) 
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The ToA brightness temperatures  (TToA,11.5) [K] are empirically related to the spectral 
radiances (LToA,11.5) for MVIRI IR115: 
 

TToA,11.5 =
β11.5

ln  (LToAS,11.5) −  α11.5
 

 
(2) 
 

 

 
where α11.5 [-] and β11.5 [K] are sensor specific regression coefficients provided by 
EUMETSAT for each MVIRI instrument (EUMETSAT 2005). This exponential fit 
approximates the temperature-radiation relationship with an root mean square error < 0.2 K 
in the 200 K to 330 K temperature range (EUMETSAT 2005).  

3.1.2 SEVIRI  
 
SEVIRI mounted on MSG satellites provides spectral measurements in 12 channels 
including two thermal infrared window channels. SEVIRI samples the earth disk every 15 
minutes with a spatial resolution of about 3 x 3 km at nadir. The CM SAF LST algorithm uses 
SEVIRI‘s 10.8 μm data (SEVIRI IR 108). The SEVIRI IR 108 SRF is shifted about 0.7  μm to 
shorter wavelength compared to the corresponding MVIRI channel (Table 2, Figure 2). The 
sensor noise for SEVIRI‘s IR 108 channel is expected to be in the order of 0.15 K 
(www.eumetsat.int).  
 

 
Figure 2: Spectral response of the SEVIRI 10.8 μm channel.  
 
 Nadir resolution Spectral range Central 

Wavelength 
SEVIRI  IR 108  3 x 3 km 9.8 μm – 11.8 μm 10.8 μm 
Table 2: Properties of SEVIRI‘s IR 108.  
 
SEVIRI level 1.5 data come as DNs in the Native format (EUMETSAT 2010), which can be 
converted to “effective” band-integrated radiances [mW m-2 sr-1 (cm-1)-1] using equation (1). 
The SEVIRI IR 108 “effective” radiance can be converted to brightness temperatures by:  
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TToA,10.8 =

⎝

⎛ 
c2ν10.8

 ln � c1νc3
LToA,10.8

+ 1�
− β10.8

⎠

⎞ α10.8�  

 
 
(3) 

  

where c1 =  2ℎ𝑐2 [mW m-2 sr-1 (cm-1)-4], where c2 =  ℎ𝑐
𝜅

 [K cm] and where 𝑐 is the speed of 
light, 𝜅 is the Bolzmann constant, ℎ is the Plancks constant and LToA,10.8 [mW m-2 sr-1 (cm-1)-1]  
is the “effective” band-integrated radiances of the SEVIRI thermal channel. α10.8 [-] β10.8 [K] 
and ν10.8 [cm-1] are sensor specific constants which are provided by EUMETSAT for each 
SEVIRI instrument (EUMETSAT 2012).  

3.1.3 Homogenisation  
 
The Meteosat ToA radiance time series is not homogeneous mainly due to changing satellite 
instruments and instrument drifts (Hewinson and König 2008).  
 
The SEVIRI time series appears to be relatively stable with a mean bias of 0.16 K (Meteosat 
8) and 0.03 K (Meteosat 9) for SEVIRI IR 108 compared to the Infrared Atmospheric 
Sounding Interferometer IASI (Hewinson and König 2008). For MVIRI, EUMETSAT has 
recently initiated an inter-calibration of the MVIRI IR 115 channel against the High resolution 
Infrared Radiation Sounder (HIRS). HIRS, onboard NOAAs satellites, is an inter-calibrated 
instrument, which provides estimates of the atmospheric temperature since the late 1970s. 
Based on this new calibration, EUMETSAT has released updated operational correction 
coefficients for MVIRI (V. John, R. Roebling and J. Schulz, personal communication). The 
correction is available as updated slope and offset parameters on a daily basis. The inter-
calibration is carried out with the SRF of the respective MVIRI sensor. Updated calibration 
parameters are available for Meteosat 4, 5 and 7. EUMETSAT has calculated calibration 
coefficients for each day considering the dynamic range of MVIRI and SEVIRI. The exact 
implementation of those updated calibration parameters in GeoSatClim is described in [RD 
3].  
 
Figure 3 illustrates improvements in the Meteosat inter-satellite calibration using the new 
MVIRI calibration coefficients. The new MVIRI calibration yields a 0.9 K reduction in mean 
LST bias error between MFG and MSG for the Swiss station Payerne in 2005.  
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Figure 3: LST from Meteosat 7 (MFG) plotted against LST from Meteosat 8 (MSG) for the Swiss 
station Payerne for 2005. Black: original EUMETSAT calibration, red: updated EUMETSAT 
calibration.  
 
The MVIRI IR 115 and the SEVIRI IR 108 channel have different SRF‘s (table 2 and table 3). 
The Meteosat radiance were not adapted for differences in SRF. However, proper Meteosat 
SRF‘s were taken in account for the radiance-based LST retrieval (see section 5) and hence 
indirectly correct for spectral effects.  

3.2 Cloud masking 
 
The CM SAF LST algorithm applies the CM SAF GeoSatClim two-channel cloud mask 
developed for MFG and MSG heritage channels [RD 3]. The GeoSatClim cloud mask 
classifies pixels as cloudy or clear on the original MVIRI or SEVIRI satellite grid. The specific 
logic of the cloud mask algorithm can be found in [RD 3] including a description of the 
different cloud tests.  
 
The GeoSatClim cloud mask algorithm relies only on two Meteosat channels: the broad band 
visible (0.5-1.0 μm) and the thermal infrared (10-11 μm) channel available on all Meteosat 
instruments. Modern cloud masking algorithms, such as EUMETSAT's Nowcasting SAF 
(NWC SAF) cloud detection scheme, exploit the full SEVIRI spectral resolution and are 
hence not applicable across Meteosat sensors. Due to missing spectral information in the 
short wave infrared, the cloud retrieval is under-constrained for many situations such as the 
cloud detection over snow and deserts [RD 3]. GeoSatClim replaces missing spectral 
information by exploiting the full temporal frequency of the Meteosat instruments [RD 3]. 
Based on 15 – 30 min clear sky ToA observations from previous acquisition days the 
GeoSatClim cloud retrieval algorithm models the clear sky diurnal cycle. The modelled ToA 
clear sky temperatures are then used as clear sky background fields for cloud masking at a 
specific acquisition time. 
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The cloud tests include a temperature and a brightness score. In addition, the cloud mask 
includes temporal and spatial variability of +/1 or also +/12 hours as well as +/2 pixel to the 
instantaneous pixel states to replace missing spectral information from heritage satellite 
sensors by maximizing the use of available information. 
 
Figure 4 gives an example of the diurnal temperature model implemented in the GeoSatClim 
cloud masking algorithm.  

Figure 4: Example of the diurnal temperature model (Göttsche and Olesen, 2009) implemented 
in the  GeoSatClim cloud masking algorithm. Meteosat all sky (orange crosses), cloud masked 
(blue circles including cloud mask uncertainty) and corresponding modeled clear sky (pink 
filled circles) ToA brightness temperature (image from [RD 3]).  

4 Input data and external software 
 
The CM SAF LST algorithms employ single-channel LST retrieval models. For single-
channel LST models the LST retrieval is under-constrained and requires a-priori knowledge 
of the surface emissivity and the atmospheric state (Scarino et al. 2013). Moreover, radiative 
transfer models (RTM’s) need to be used prior or during the LST processing to estimate 
atmospheric transmissions and emissions for a given atmospheric state. This section 
describes the atmospheric and surface emissivity data used as input for the CM SAF LST 
algorithms and it provides a brief overview about the RTM model.  

4.1 NWP data 
 
Single channel LST models rely entirely on external information to estimate the atmospheric 
state. Atmospheric variables are taken from 6-h European Center for Medium range Weather 
Forecasting (ECMWF) Re-Analysis (ERA Interim) fields (Dee et al. 2011). ECMWF produces 
global re-analysis for the 4 main synoptic hours (00, 06, 12 and 18 UTC). ERA Interim data 
are available for the entire Meteosat time period with a 0.7° latitude and longitude spatial 
resolution. The reanalysis data set is available on standard pressure levels. The CM SAF 
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LST algorithms require ECMWF temperature and specific humidity profiles at 21 pressure 
levels (1000 to 1 hPa, PMW algorithm) or ECMWF total column water vapour  fields (TCWV, 
SMW algorithm).  The NWP data were linearly interpolated between synoptic times and 
biliniarly in space to coincide with MVIRI / SEVIRI.  
 

4.2 Emissivity data 
 
The two CM SAF LST algorithms require spectral emissivities from the University of 
Wisconsin (UW) Baseline Fit Emissivity Database. A detailed description of the UW Baseline 
Fit Emissivity Database is provided in Seemann et al. (2008). 
 
The UW provides infrared land surface emissivities on a 0.05° latitude and longitude grid at a 
monthly temporal resolution from September 2002 to May 2009 (example  
Figure 5). UW emissivities are constructed from the Moderate Resolution Imaging 
Spectrometer (MODIS) land surface emissivity product. The MODIS emissivity product 
provides only six spectral emissivities. The UW fills spectral gaps between the MODIS 
emissivity values and provides a spectral emissivity at ten wavelength between 3.6 μm and 
14.3 μm. The spectral gap filling is based on a conceptual model, which is constructed from 
laboratory measurements. Missing MODIS emissivities are filled with emissivity values from 
the two adjacent month or with the 2003 annual emissivity average. The UW emissivities can 
be linearly interpolated between the inflection point to construct spectral emissivities for any 
range in the thermal infrared.  
 

Figure 5: Example of the UW Baseline Fit Emissivity Database (January 2005, 10.8 μm).  
 
The UW emissivity files used for all years are monthly averages over the period 2003-2008. 
The UW emissivities are linearly interpolated between the hinge points for the central 
wavelength of the respective MVIRI and SEVIRI. The spectral emissivities were re-projected 
on the MVIRI / SEVIRI grid using a bilinear interpolation method. The monthly emissivities 
were also interpolated linearly in time to retrieve daily emissivities to avoid jumps in the final 
LST data set.  
 
 

0.95                     0.99 

 12 



 

 
Algorithm Theoretical Basis Document  

Meteosat Land Surface Temperature  
Edition 1 

 
Doc.No.:     SAF/CM/MeteoSwiss/ATBD/MET/LST 
Issue:                                                                  1.3 
Date:                                                        12.5.2017 

 
4.3 Radiative transfer model 
 
Radiative transfer models (RTM’s) allow the computation of the atmospheric transmissivity 
and the atmospheric emission for a given spectral range, if the state of the atmosphere is 
known. The ECMWF re-analysis data, described in section 4.1, provide the atmospheric 
information required for the radiative transfer calculations.  
 
The RTM used here is the version 11.2 of the Radiative Transfer for the TIROS Operational 
Vertical Sounder (RTTOV) fast radiative code (Matricardi et al. 2004). RTTOV version exists 
for most meteorological satellite sensor including the Meteosat MVIRI and SEVIRI sensors. 
For each Meteosat sensor the sensor specific RTTOV configuration files is used. RTTOV 
offers the advantage of being very fast (Hocking et al. 2014). It is not a line-by-line RTM 
model, but it uses pre-computed transmittance look-up-tables (LUTs) calculated from a 
spectroscopic database (Hocking et al. 2014). For relatively broad satellite channels, such as 
e.g. the SEVIRI and MVIRI thermal window channels, reported RTTOV model errors for 
simulated ToA radiances are close to the satellite instrumental noise (Saunders et al. 1999). 
Recently Martinez et al. (2013) have shown that RTTOV can be implemented in MSG-based 
retrieval algorithms to produce operational satellite datasets. It calculates clear-sky 
atmospheric transmission, upwelling and down-welling atmospheric emissions for a given 
atmospheric profile and for a sensor specific spectral range.  

5 Algorithm description  
 
The CM SAF LST is derived using a single-channel approach based only on one Meteosat 
channel. Two different LST models, a Physical Mono-Window (PMW) and a Statistical Mono-
Window (SMW) model, were implemented. Each model produces a separate LST output. 
The PMW algorithm is used to generate the CM SAF Physical LST. The SMW algorithm is 
used to generate the CM SAF Statistical LST.  
 
The implemented LST models are based on single-channel models originally developed for 
the Geostationary Operational Environmental Satellite (GOES). The SMW model was 
established by the EUMETSAT LSA SAF team (Freitas et al. 2013) and was further improved 
and adapted to the Meteosat MVIRI and SEVIRI instruments in the framework of an 
EUMETSAT CM SAF – LSA SAF Federated Activity (Bento et al. 2013; Duguay-Tetzlaff et 
al. 2015). The presented PMW model is an adapted version of the model proposed by NASA 
Langley (Scarino et al. 2013) for climatological LST retrieval from single-channel infrared 
measurements. A detailed description of the implemented PMW and SMW model including a 
model inter-comparison is provided in Duguay-Tetzlaff et al. (2015).  
 
The flow diagram for the CM SAF dual LST algorithm is presented in figure 6.  

5.1 PMW model (Physical LST) 
 
The PMW model (Scarino et al. 2013, Heidinger et al. 2013, Duguay-Tetzlaff et al. 2015) is 
based on radiative transfer simulations and is described in detail in this section.  
 

5.1.1 Background 
 
RTM’s can be used to estimate the upward and downward atmospheric path radiance 
(LATM,x
↑ , LATM,x

↓ ) and the atmospheric transmittance (τATM,x) in the thermal infrared for a 
specific atmospheric profile. Approximating the Earth’s surface as a Lambertian emitter-
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reflector and neglecting atmospheric scattering, the radiance LToA,x, recorded in a thermal 
channel onboard a satellite observing the Earth’s surface can be written as (e.g. Heidinger et 
al. 2013): 

 

LToA,x = LSFC,x τATM,x + LATM,x
↑ + LATM,x

↓ (1− εSFC) τATM,x 
 
(4) 

  

where x = is the sensor specific wavelength,  εSFC,x is the land surface emissivity at the 
channels wavelength and LSFC,x is the emission from the surface computed at the surface 
level.  

 
Figure 6: CM-SAF dual LST algorithm:  Flow diagram for the generation of LST and respective 
quality control (QC).  
 
The surface emission LSFC,x can be modelled as: 
 

LSFC,x =  B (LST)  
(5) 

  

where  B () is the Planck function evaluated for the investigated thermal channel.  
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LST can be estimated from LSFC,x and εSFC,x by converting the Planck Function at the sensor 
specific spectral range: 

 
LST = 𝐵−1(LSFC,x εSFC,x

� ) 

 

(6) 

  

5.1.2 PMW model description 
 
For the MVIRI instrument the Planck function in Eq. (6) can be approximated as: 
 
 

LSFC,11.5 ≈ exp  (α11.5 + β11.5 LST⁄ ) 

 
 
(7) 

  
where LSFC,11.5  is the emission from the surface [W m-2 sr-1],  α11.5 [-] and β11.5 [K] are sensor 
specific regression coefficients provided by EUMETSAT for each MVIRI instrument 
(EUMETSAT 2005). 
 
Inverting equations (7) and (4), LToA,11.5  [W m-2 sr-1] measured at the sensor level can then 
be converted to LST: 
 
 

LST ≈
β11.5

 ln�
LToA,11.5 − LATM,11.5

↑ − LATM,11.5
↓ �1− εSFC,11.5� τATM,11.5

εSFC,11.5  τATM,11.5
� −  α11.5

 

  
 
 (8) 

  
 

 

 
 
where LATM,11.5

↑  [W m-2 sr-1],  LATM,11.5
↓  [W m-2 sr-1] and  τATM,11.5 [-] are the atmospheric 

upwelling radiance, atmospheric down-welling  radiance and the atmospheric transmissivity 
calculated with RTTOV from ECMWF input profiles and εSFC,11.5 [-] is the spectral MVIRI 
surface emissivity derived from the UW Basline Fit Emissivity (Seemann et al. 2008).  
 
For SEVIRI IR108 the emission from the surface computed at the surface level (LSFC,10.8) 
[mW m-2 sr-1 (cm-1)-1]  can be approximated as:  
 

LSFC,10.8 ≈
c1ν10.8

3

exp � c2ν10.8
α10.8 LST + β10.8

� − 1
 

 
 
(9) 

 

 
where c1 =  2hc2 [mW m-2 sr-1 (cm-1)-4], where c2 =  hc

κ
 [K cm] and where c is the speed of 

light, κ is the Bolzmann constant and h is the Plancks constant. α10.8 [-], β10.8 [K] and 
ν10.8 [cm-1] are sensor specific constants provided by EUMETSAT for each SEVIRI 
instrument (EUMETSAT 2012).   
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LST can then be estimated from LToA,10.8 as: 
  
 

LST≈

⎝

⎜
⎛

 
c2ν10.8

 ln�
c1νc3τATM,10.8 εSFC,10.8

LToA,10.8 − LATM,10.8
↑ − LATM,10.8

↓ �1− εSFC,10.8�τATM,10.8
+ 1�

− β10.8

⎠

⎟
⎞

α10.8�  

 
 
(10) 

  

 
 
where LATM,10.8

↑  [mW m-2 sr-1 (cm-1)-1 ], LATM,10.8
↓  [mW m-2 sr-1 (cm-1)-1 ] and τATM,10.8 [-] are 

atmospheric parameters computed with RTTOV for the SEVIRI  IR 108 channel and εSFC,10.8 
[-] is the corresponding surface emissivity.  

5.1.3 Preparation of PMW model terms 
 
The PMW model follows Eq. (8) for MVIRI and Eq. (10) for SEVIRI. The model hence 
requires εSFC,x,  τATM,x, LATM,x

↑  and LATM,x
↓  to compute LST. As stated before, these variables 

cannot be retrieved from a single infrared channel and hence have to be derived from an 
external database.  
 
Emissivity  
 
For the CM SAF PMW model monthly averaged emissivities from the UW Baseline Fit 
Emissivity Database (Seemann et al. 2008) are used. The UW Baseline Fit Emissivity 
Database is described in section 4.2.  
 
The UW emissivities are first interpolated to the exact wavelength of the MVIRI IR 115 or the 
SEVIRI IR 108 channel since the sampled wavelength of the UW emissivity files and the 
corresponding Meteosat instruments SRF differ (section 4.2). For each month and for each 
new Meteosat instrument monthly emissivities were generated by convolving the UW 
Baseline Fit emissivities with the corresponding sensor SRF: 
  

εSFC,x = � εx

x2

x1

ƒx
∫ ƒx
x2
x1

 

 
 
(11) 

  
 

 

where εSFC,x [-] is the MVIRI IR 115 or SEVIRI IR 108 spectral surface emissivity, εx [-] 
spectral resolved UW Baseline Fit Emissivities, ƒ is the channel SRF and the channel 
wavelength x  [μm] ranges from x1 to x2.  
 
Figure 7 illustrates differences in surface emissivity for Meteosat 7 (MVIRI) and MSG 1 
(SEVIRI) for July. The difference in spectral emissivity is with a mean bias of  0.0006 very 
small for MVIRI compared to SEVIRI. However, differences > 0.01 are observed for very low 
emissivities (bare soils), which can lead to differences in the final LST output of up to 1 K 
(Freitas et al. 2010) and which justifies the use of different spectral emissivities for MVIRI 
and SEVIRI.  
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Figure 7: Differences in spectral emissivity for Meteosat 7 (MVIRI) and MSG1 (SEVIRI) 
calculated from the UW Baseline Fit Emissivity Database (July, 2003-2008 average). 
 
The CM SAF LST algorithm calculates the MVIRI and SEVIRI spectral emissivity on the 
original 0.05° UW emissivity latitude and longitude grid. The data are reproject  to the MVIRI 
and SEVIRI satellite grid after the calculation of the spectral emissivity.  
 
Atmospheric variables  
 
The atmospheric path radiances (LATM,x

↑  and LATM,x
↓ ) and the atmospheric transmittance 

(τATM,x) are estimated in Eq. (8) and Eq. (10) using the RTM model RTTOV. The 
atmospheric temperature and moisture profiles required for RTTOV are taken from the ERA 
Interim profiles. The RTTOV RTM and the ECMWF fields are described in section 4.1.  
 
The RTTOV simulations are performed using an adapted version of the “example_fwd.F90” 
script available from the RTTOV source code. For each Meteosat instrument specific 
instrument configuration file provided with the RTTOV code were used, which is adjusted to 
the instruments SRF‘s. RTTOV is run in a clear sky mode. The RTTOV simulations are 
performed on the original ECMWF ERA Interim 0.7° latitude and longitude grid at the ERA 
Interim time steps. RTTOV is run for 3 different height levels (0 a.s.l., 1000 a.s.l., 2000 a.s.l.) 
to account for height differences between the ECMWF and satellite grid cell height.  
 
The RTTOV simulations yield LATM,x

↑  , LATM,x
↓  and τATM,x at the ECMWF spatial and temporal 

resolution. The calculated atmospheric variables are hence available with a lower temporal 
frequency and a lower spatial resolution than the Meteosat data (6 4 hours versus 15-30 min, 
approx. 75 km versus 3-5 km) and need to be spatially and temporally interpolated to match 
the satellite data. First, the calculated atmospheric variables are projected to the Meteosat 
grid for each height level, which yields 3 different values for L↑, L↓ and τ per Meteosat pixel. 
Second, the atmospheric variables are interpolated in time to match the Meteosat time steps. 
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A third interpolation is performed between results for different elevations to account for the 
exact Meteosat pixel elevation.  
 
Figure 8 provides examples of prepared atmospheric terms for the PMW model.  
 

Figure 8: Examples of PMW model input. Top left: The 11.5 μm ToA radiation. Top right: The 
11.5 μm atmospheric transmissivity. Bottom left: The 11.5 μm atmospheric upwelling emission. 
Bottom right: The 11.5 μm emissivity.  Meteosat 7, January 01/01/2005 00:00 am. 

5.2 SMW model (Statistical LST) 
 
SMWs consist of empirical approaches that relate ToA brightness temperatures of a single 
infrared window channel directly to LST. The infrared radiative transfer is generally 
approximated via a simple linear regression. The CM SAF SMW model (Bento et al. 2013, 
Duguay-Tetzlaff et al. 2015) uses a formulation close to that proposed by the LSA SAF team 
for GOES (Freitas et al. 2013).  

5.2.1 SMW model description 
 
The CM SAF SMW (Bento et al. 2013, Duguay-Tetzlaff et al. 2015) linearizes the radiative 
transfer equation Eq.(4), while at the same time maintaining an explicit dependency on the 
surface emissivity. Thus, LST [K] is a function of the MVIRI IR 115 or the SEVIRI IR 108 
clear sky ToA brightness temperature (TToA,X ) [K]:  

 
 

LST = A  
TToA,X

εSFC,x
+ B

1
εSFC,x

+ C 

 
 
 
(12) 

30 100 0.6 0.95 
Meteosat ToA 11.5 μm Radiances 

[mW m
-2

 sr
-1

 (cm
-1

)
-1

] 
Atmospheric Transmissivity 

[-] 

5 35 
Upwelling Atmospheric Emission 

[mW m
-2
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-1

 (cm
-1

)
-1

] 
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[-] 
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where εSFC,x [-] is the spectral surface emissivity calculated using the UW Basline Fit 
Emssivity Database (Seemann et al. 2008, see section 4.2). A [-], B [-] and C [-] are the 
SMW calibration coefficients obtained by fitting Eq. (12) to the calibration database described 
in the following section. 

5.2.2 SMW model calibration 
 
The SMW model calibration relies on radiative transfer simulations of TToA,X for the MVIRI IR 
115 or the SEVIRI IR 108 channel  for a database of global temperature and moisture 
profiles referred to as SeeBor (Borbas et al. 2005). The method used here is similar to the 
approach applied by the LSA SAF team to tune its operational dual-channel [RD 4] and the 
GOES single-channel LST model (Freitas et al. 2013).  
 
The SeeBor database (Borbas et al. 2005) includes over 15,000 atmospheric profiles 
representative for global conditions. Each profiles is associated with a spectrally resolved 
land surface emissivity and a LST estimated from T2m observations. The LSA SAF team has 
carefully selected 116 profiles within the Meteosat disk to tune the presented single-channel 
SMW model in Eq. (12). The profiles cover a wide range of atmospheric conditions ranging 
from very dry to very moist atmospheres.   
 
The RTM simulations are performed with the line-by-line MODerate resolution atmospheric 
TRANsmission model MODTRAN (Berk et al. 1999). A total of over 845,000 
TToA,X  simulations were obtained by varying the viewing geometry and surface conditions for 
each selected profile over the following ranges: (1) VZA from 0° to 75°; (2) surface emissivity 
between 0.926 and 0.998 and (3) LST ranging from near surface air temperature minus 15 K 
to near surface air temperature plus 15 K. For each Meteosat instrument separate 
simulations are performed to account for different Meteosat SRF‘s.  
 
The regression coefficients A, B, and C in Eq. (12) were estimated for each Meteosat 
instrument separately using the simulated TToA,X and the corresponding LST‘s. The 
coefficients were determined for 8 different TCWV classes (0 cm to 6 cm in steps of 0.75 cm) 
and 15 VZA classes (0° to 75° in steps of 5°). This yields 7 LUTs for the MVIRI instrument 
(Meteosat 1 to 7) and 3 LUTs for SEVIRI (MSG 1 to 3) including A, B and C estimates for 
each TCWV / VZA classes. The model hence accounts for different atmospheric conditions 
(TCWV) and differences in atmospheric path length (VZA).  
 

5.2.3 Preparation of SMW model terms 
 
The SMW model presented in Eq. (12) requires information about the spectral surface 
emissivity (εSFC,x). In addition, information about atmospheric TCWV‘s and satellite VZA‘s are 
necessary to select the proper class from the SMW LUTs (examples Figure 9).  
 
The VZA‘s are calculated in GeoSatClim [RD 3] for each satellite pixel separately. They are  
handled as dynamic fields and are re-adjusted for every Meteosat instrument and every time 
the  satellite changes position [RD 3].  
 
The εSFC,x is computed similar to the PMW εSFC,x model term using the adapted spectral 
emissivities from the UW Baseline Fit Emissivity Database (Seemann et al. 2008, see 
section 4.2 and 5.1.3).  
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Figure 9: Examples of  SMW model input. Top left: The ToA 11.5 μm brightness temperature. 
Top right: ERA-Interim total column water vapour. Bottom: The 11.5 μm emissivity. Meteosat  7, 
January 01/01/2005 00:00 am.  
 
The SMW model makes use of ERA Interim TCWV fields (see section 4.1). The ERA Interim 
TCWV pixels are re-projected to the Meteosat satellite grid. The ERA Interim grid has a 
significantly lower spatial resolution compared to the satellite grid. The re-gridded TCWV 
values are hence only valid for the ECMWF grid cell height (𝑍𝐸𝐶𝑀𝑊𝐹, [m]) and are not 
necessarily representative for the Meteosat pixel height (𝑍𝑀𝑒𝑡𝑒𝑜𝑠𝑎𝑡, [m]). Those orographic 
effects are accounted for by adapting the ECMWF TCWV (TCWV𝐸𝐶𝑀𝑊𝐹 , [cm]) through an 
exponential relationship to the Meteosat TCWV (TCWV𝑀𝑒𝑡𝑒𝑜𝑠𝑎𝑡 , [cm]) (Bento, 2016):  
 
 

TCWV𝑀𝑒𝑡𝑒𝑜𝑠𝑎𝑡 = TCWV𝐸𝐶𝑀𝑊𝐹 ∗ exp(
𝑍𝐸𝐶𝑀𝑊𝐹− 𝑍𝑀𝑒𝑡𝑒𝑜𝑠𝑎𝑡

𝛼𝐻𝑒𝑖𝑔ℎ𝑡
)  

 

 
(13) 

  

where 𝛼𝐻𝑒𝑖𝑔ℎ𝑡 = 1581.4 [m]. 𝛼𝐻𝑒𝑖𝑔ℎ𝑡 is obtained by fitting equation (14) to a training data 
base.  
 
The training data base contained TCWV estimated from the high resolution Cosmo-2 NWP 
model implemented at MeteoSwiss (http://www.meteoschweiz.admin.ch) and corresponding 
ERA Interim TCWV over the Alps for one day per month in 2014 (Bento et al., 2016).  
 
 

220 290 5 20 
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6  Uncertainty characterisation  
 
The CM SAF LST uncertainty characterisation follows the LSA SAF LST algorithm [RD 4] to 
achieve a maximum consistency between the algorithms.  
 
Potential LST uncertainties were assessed through the use of a synthetic validation 
database. The validation data base is constructed from radiative transfer simulations of ToA 
MVIRI IR 115 and SEVIRI IR 108 radiance for SeeBor atmospheric profiles (Borbas et al. 
2005), which are not used for the SMW model calibration (see section 5.1.2). ToA brightness 
temperatures, surface and atmospheric information are taken from the database as input to 
the SMW and PMW model; the calculated LST output was then compared with the 
corresponding (“true”) surface temperature from the database.   
 
The LST uncertainty, S𝐿𝑆𝑇, is composed of four components: 1) radiometric noise (𝑆𝑛𝑜𝑖𝑠𝑒2 ), 2) 
uncertainty in surface emissivity (𝑆𝑒𝑚𝑖𝑠𝑠𝑖𝑣𝑖𝑡𝑦

2 ), 3) uncertainty in NWP profiles (𝑆𝑁𝑊𝑃
2 ) and 4) 

model error (𝑆𝑁𝑊𝑃
2 ). All error sources are considered to be independent: 

 

S𝐿𝑆𝑇 = �𝑆𝑛𝑜𝑖𝑠𝑒2 + 𝑆𝑒𝑚𝑖𝑠𝑠𝑖𝑣𝑖𝑡𝑦
2 + 𝑆𝑚𝑜𝑑

2 + 𝑆𝑁𝑊𝑃
2   

 

 
 
(14) 

  

1) Radiometric noise 
The value used for SEVIR radiometric noise is based on radiometric performances defined 
as short term errors that include random noise, temperature of detectors, crosstalk and 
straylight stability of gain and electromagnetic perturbation. The values for noise in ToA 
radiances were generated from a uniform random distribution within the conservative interval 
[-0.3 K, 0.3 K] for SEVIRI (Schmetz et al. 2002). The MVIRI noise [-1.3 K, 1.3 K ] 
corresponds to the mean absolute bias reported in [RD 3] for a comparison of SEVIRI 108 
and MVIRI 115 ToA radiances for the Swiss station Payerne in 2005.  
 
2) Uncertainty in surface emissivity 
For the estimation of the emissivity uncertainties we took into account that bare-ground and 
semi-arid surfaces (generally with lower emissivities) present higher variability and, therefore, 
higher uncertainty than areas covered by vegetation. As such, emissivity uncertainties were 
obtained from random uniform distributions within the intervals [-0.04,0.04] for εSFC,x<0.95, [-
0.02,0.02] for 0.95≤εSFC,x<0.98 and [-0.01,0.01] for εSFC,x≥0.98. The rationale for this choice is 
based on emissivity variability for bare ground surfaces 〖εSFC,x<0.95), sparsely 
(0.95≤εSFC,x<0.98) and densely 〖εSFC,x≥0.98) vegetated areas (Freitas et al. 2010). 
 
 
3) Model uncertainty  
The model uncertainty was assessed through the use of a synthetic validation database 
which contained over 15,500 independent LST and corresponding TOA simulations. For the 
uncertainty analysis the approach of Duguay-Tetzlaff et al. 2015 is implemented. We 
provided TOA brightness temperatures, surface and atmospheric information from the 
database as input to the SMW and PMW model; the calculated LST output was then 
compared with the corresponding (“true”) surface temperature from the database.  
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4) Uncertainty in NWP profiles 
The PMW model requires a characterization of the uncertainties associated with the 
atmospheric profiles. Since these are obtained from ERA Interim nearest in space and time 
to the satellite observation, we assume that the uncertainty in collocation may be used as a 
measure of the profile uncertainty. Thus, the impact of profile errors on retrieved LST values 
was estimated by replacing the profiles at hour h by the corresponding ones at hour h+6. A 
similar procedure was used to determine the impact of TCWV errors on LST estimates from 
the SMW.  
 

 

7  Spatial and temporal aggregation 
 
The two algorithms described in the previous sections allow the estimation of LST on a pixel-
by-pixel basis. The calculated LST corresponds to instantaneous fields produced every 15 
minutes in the case of SEVIRI and 30 minutes in the case of MVIRI.  
 
The individual LST fields are re-projected and merged onto a 0.05° x 0.05° regular latitude 
and longitude grid, covering the geographic range of 65° N to 65° S and 65° W to 65° E. Re-
projected, instantaneous fields are aggregated into hourly and monthly means. The spatial 
and temporal aggregation is conducted using the GeoSatClim re-projection and aggregation 
tools [RD 3].  

7.1 Hourly aggregation 
The Meteosat LST data are provided as hourly samples i.e. instantaneous data at the full 
hour (e.g. 12:00 and 13:00) are provided and not a mean.  

7.2 Monthly aggregation 
 
The monthly LST compositing is performed for the daily cycle. The monthly mean diurnal 
LST cycle is estimated as the arithmetic mean of hourly samples on a pixel basis over the 
different days of the month. Hence, it consist of 24 values containing the hourly means for 
the respective month. A minimum number of three valid hourly samples per month is 
required for the monthly aggregation 

8  Assumptions and limitations 
 
The retrieved LST value is an effective LST over isothermal mixed pixel. The major constrain 
of the presented algorithm is its restriction to clear sky observations as it uses thermal 
infrared satellite bands. It is hence only applicable on cloudless pixels. In addition, the 
implemented CM SAF LST algorithms present the following limitations: 
 
1) Dependency on NWP 
The ability to estimate LST from a single infrared channel is highly dependent on the correct 
estimation of the atmospheric absorption (Freitas et al. 2010). In contrast to the Generalized 
Split-Window Model [RD 4], which is used to generate the LSA SAF MSG LST product, the 
atmospheric absorption cannot be estimated through a two-channel regression of satellite 
ToA brightness temperatures. Hence, single-channel LST models depend entirely on 
ancillary data from Numerical Weather Prediction (NWP) models to estimate the atmospheric 
state. This dependency on NWP is the price for a consistent LST retrieval scheme applicable 
across all Meteosat satellite generations.   
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2) Orographic correction 
The LST uncertainty does not include errors due to the interpolation between different 
elevations used in the model simulations (pg 17-18) and the adjustment of TCWV fields (pg 
20). Bento et al. (submitted) have recently investigated those errors for the alpine mountains 
and find additional uncertainties of up to 1.8 K for PMW and 0.5 K for SMW.  
 
3) Emissivity assumptions 
LST effects due to directional emissivity features and emissivity variation in a pixel are not 
considered in the presented algorithm. Moreover, the presented LST algorithm uses a 
constant, monthly emissivity for all Meteosat acquisitions. Emissivity variations due to land 
cover changes are thus not accounted for, despite their relevance for the LST retrieval. LST 
inaccuracies can be up to 3 K for wrongly assigned surface emissivities in arid regions 
(Freitas et al. 2010). The emissivities are interpolated linearly in space and time, which does 
not necessarily reflect the true spatial and temporal variations as we are dealing with non-
linear properties.  

 
4) Dependency on TCWV 
Single-channel LST models are likely to be inaccurate in regions with heavy atmospheric 
water vapour loading (Freitas et al. 2013, Heidinger et al. 2013, Duguay-Tetzlaff et al. 2015). 
For an optical dense atmosphere (TCWV > 50 mm), slightly inaccurate atmospheric input 
fields can lead to LST retrieval uncertainties up to 6 K for SMWs (Freitas et al. 2013) and up 
to 10 K for PMWs (Duguay-Tetzlaff et al. 2015). For the presented Meteosat-based LST, we 
expect less than 5 % of all retrievals to be associated with those high TCWV‘s since very 
humid atmospheres primarily occur in tropical and subtropical regions, which are regularly 
cloud covered (Duguay-Tetzlaff et al. 2015).  

 
5) Dependency on VZA 
Geostationary satellite-based LST retrievals dependent on the satellite viewing geometry and 
can vary up to 6 K or more with increasing VZA (Scarino et al. 2013).  VZA effects due to 
roughness and structure of land surface are not handled in the presented algorithm. Shaded 
surfaces are e.g. significantly cooler than sunlit surfaces and the apparent shadow fraction in 
a pixel varies with the satellite viewing and sun geometry. The presented single-channel 
models account for differences in atmospheric path length due to different VZA‘s. However, 
Freitas et al. (2013) have demonstrated that single-channel models are unstable for high 
VZA‘s (> 65°) and moderate to moist atmospheres (TCWV > 30 mm).  This is due to the 
increasing atmospheric path length with increasing VZA‘s. The LST retrieval is limited to a 
Meteosat view zenith angle (VZA) below 60°. This definition follows more or less the VZA 
restrictions implemented for the operational LSA SAF LST algorithm [RD 4]. Within the MSG 
disk the atmosphere is often fairly dry for large VZA‘s partially compensating for the poorer 
model performance due to the long optical path [RD 4].  

9  Directions for future improvements 
 
Directions for future improvement of the CM SAF LST algorithm include:  
 
1) Enhanced emissivity data  
Clearly, accurate land surface emissivity input is very important to its retrieved LST. It is 
planned to use dynamic emissivity maps instead of monthly averages. Vegetation re-analysis 
data, such as the 50 year long daily global phenology data set created by Stöckli et al. 
(2011), might be used to account for temporal changes in vegetation cover. Those data could 
be combined with the currently implemented UW emissivities (Seemann et al. 2008) to 
create monthly emissivity maps for all Meteosat years.  
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2) Reduced VZA dependencies 
Scarino et al. (2013) have demonstrated that it is possible to reduce uncertainties in 
geostationary LST retrievals due to VZA dependencies by about 10%. They propose an 
empirical model which relates MODIS nadir views and off nadir views from geostationary 
satellite data (here GOES) for different seasons and acquisition times. Such an empirical 
model could be established for Meteosat.    

 
3) Improved daily averaging 
A very simple method to produce daily LST‘s by calculating the arithmetic mean from 
available hourly LST data is implemented. As LST‘s vary strongly in time (Göttsche et al. 
2009) this approach is highly inaccurate for hourly averages spread unequally over daylight 
times. To overcome this problem, we propose to fit a thermal model, such as e.g. the model 
by Mannstein et al. (1999) or by Göttsche and Olesen (2009), to the observed LST‘s to re-
construct the entire diurnal LST cycle. The daily LST product might then be calculated from 
observed and modelled LST.  

 
4) Improved uncertainty estimation 
The  CM SAF LST uncertainty characterization does not distinguish between random and 
systematic noise. Moreover, it assumes a constant sensor noise for both MVIRI and SEVIRI. 
Within the upcoming years EUMETSAT will issue updated operational correction coefficients 
for all Meteosat infrared sensors  associated with uncertainty information (V. John, R. 
Roebling and J. Schulz, personal communication). In addition, the Horizon 2020 project 
FIDUCEO is developing new methods to characterize all significant uncertainty components 
of satellite-based TCDR‘s by introducing concepts from metrology such as traceability and 
error propagation. It should be exploited if this new techniques can be implemented in the 
CM SAF LST algorithm.  

 
5) Quasi-global LST  
The CM SAF LST algorithm could be extended to other geostationary and polar orbiting 
sensors. Most geostationary and polar orbiting imagers have a thermal window channel 
centered around 11 μm. The existing algorithm can hence be easily adapted to most modern 
satellite imagers. It would need to be tested weather LST uncertainties due to different 
satellite viewing geometries are sufficiently small to create a consistent,  global  LST TCDR 
from combined polar orbiting and geostationary imagers. Moreover, the feasibility to produce 
all sky LST data from combined microwave and infrared measurements could be evaluated.  
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11  Glossary 
 
ATBD    Algorithm Theoretical Basis Document 
AVHRR   Advanced Very High Resolution Radiometer 
CDOP    Continuous Development and Operations Phase 
CM SAF   Climate Monitoring Satellite Application Facility 
DN    Digital Number 
DWD     Deutscher WetterDienst 
ECMWF    European Center for Medium-range Weather Forecast 
ECV    Essential Climate Variables 
ERA Interim   ECMWF ReAnalysis 
EUMETSAT EUropean organisation for the exploitation of METeorological 

SATellites  
FCDR Fundamental Climate Data Record 
FMI Finnish Meteorological Institute  
GCOS    Global Climate Observing System 
GOES    Geostationary Operational Environmental Satellite  
HIRS    High resolution Infrared Radiation Sounder  
KNMI    Royal Meteorological Institute of the Netherlands  
LSA SAF    Land Surface Analysis Satellite Applications Facility  
LST    Land Surface Temperature 
LUT     Look-Up-Table 
MeteoSwiss    Meteorological Service of Switzerland 
MFG     Meteosat First Generation 
MODIS    MODerate resolution Imaging Spectrometer 
MODTRAN   MODerate resolution atmospheric TRANsmission model  
MSG    Meteosat Second Generation  
MVIRI     Meteosat Visible and InfraRed Imager 
NASA     National Aeronautics and Space Administration (USA) 
NOAA    National Oceanic and Atmospheric Agency 
NWP    Numerical Weather Prediction 
PMW     Physical Mono-Window  
QC     Quality Control 
RMIB     Royal Meteorological Institute of Belgium  
RTM    Radiative Transfer Model 
RTTOV   TIROS Operational Vertical Sounder radiative code 
SAF    Satellite Application Facility 
SEVIRI   Spinning Enhanced Visible and InfraRed Imager 
SMHI    Swedish Meteorological and Hydrological Institute  
SMW     Statistical Mono-Window 
SRF    Spectral Response Function 
ToA    Top of Atmosphere 
TCDR    Thematic Climate Data Record 
TCWV    Total Column Water Vapour  
UK MetOffice   Meteorological Service of the United Kingdom  
UW     University of Wisconsin 
VZA      Satellite view Zenith Angle  
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