
EUMETSAT Satellite Application Facility on Climate Monitoring 
 

 
 

Validation Report  
 

MSG Surface Radiation 
 

Edition 1 
 
 
DOI:10.5676/EUMETSAT_SAF_CM/CLAAS/V001 
 
Surface Incoming Shortwave Radiation                   CM-53 
 
Surface Net Shortwave Radiation                   CM-68 
 
Surface Outgoing Longwave Radiation                 CM-75
  
Surface Downward Longwave Radiation                  CM-82 
 
Surface Net Longwave Radiation                               CM-89 
 
Surface Radiation Budget                   CM-96 
 
Cloud Radiative Effect SW                  CM-102 
 
Cloud Radiative Effect LW                  CM-103 
 
 
 
 
 
 

Reference Number: SAF/CM/DWD/VAL/MSG/RAD 

Issue/Revision Index: 1.2 

Date: 16.10.2013 



 

Validation Report 
MSG Surface Radiation 

Edition 1 

Doc.No.: SAF/CM/DWD/VAL/MSG/RAD 
Issue:                                                 1.2 
Date:                                     16.10.2013 

 

2 / 30 

Document Signature Table 
 

 Name Function Signature Date 

Author Jörg Trentmann CM SAF scientist  15/03/2013 

Author Richard Müller CM SAF scientist  25/01/2013 

Editor Rainer Hollmann Science Coordinator  14/04/2013 

Approval  CM SAF Steering Group  16/04/2013 

Release Martin Werscheck Project Manager  16/04/2013 

 
Distribution Lists 
 
Internal Distribution 
Name No. Copies 

DWD Archive 1 

CM SAF Team 1 

 
External Distribution 

Company Name No. Copies 

PUBLIC 1 

 
Document Change Record 
 

Issue/ 
Revisio
n 

Date DCN No. Changed Pages/Paragraphs 

1.0 17/10/2012 SAF/CM/DWD/VAL/MSG/RAD First version presented to Dataset 
Review 

1.1 15/03/2013 SAF/CM/DWD/VAL/MSG/RAD Implementation of RIDs from DRI7 
SEVIRI 

1.2 16/04/2013 SAF/CM/DWD/VAL/MSG/RAD Editorial and Layout Changes; 
acceptance by Steering Group 
Correction of DOI-number 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

Validation Report 
MSG Surface Radiation 

Edition 1 

Doc.No.: SAF/CM/DWD/VAL/MSG/RAD 
Issue:                                                 1.2 
Date:                                     16.10.2013 

 

3 / 30 

Applicable documents 
 
Reference  Title Code 

AD 1 CM SAF Product Requirement Document SAF/CM/DWD/PRD/2.1 

 
 
Reference Documents 
 
Reference  Title Code 

RD 1 Algorithm Theoretical Basis Document MSG 
surface radiation SAF/CM/ATBD/MSG/RAD/1.1 



 

Validation Report 
MSG Surface Radiation 

Edition 1 

Doc.No.: SAF/CM/DWD/VAL/MSG/RAD 
Issue:                                                 1.2 
Date:                                     16.10.2013 

 

4 / 30 

TABLE of CONTENTS 

1 EXECUTIVE SUMMARY ................................................................................................ 6 

2 THE EUMETSAT SAF ON CLIMATE MONITORING .................................................... 7 

3 INTRODUCTION ............................................................................................................ 8 

4 VALIDATION DATA SETS ............................................................................................ 8 

5 VALIDATION ................................................................................................................10 

5.1 Methodology ............................................................................................................................ 11 

5.2 SIS Validation ........................................................................................................................... 11 
5.2.1 Monthly Averages ................................................................................................................................ 11 
5.2.2 Daily Averages ..................................................................................................................................... 13 

5.3 SID Validation........................................................................................................................... 15 
5.3.1 Monthly Averages ................................................................................................................................ 15 
5.3.2 Daily Averages ..................................................................................................................................... 16 

5.4 SNS Validation ......................................................................................................................... 17 

5.5 SOL Validation ......................................................................................................................... 18 

5.6 SDL validation .......................................................................................................................... 19 

5.7 SNL validation .......................................................................................................................... 20 

5.8 SRB validation ......................................................................................................................... 20 

5.9 CFS Validation ......................................................................................................................... 20 

5.10 CFL Validation.......................................................................................................................... 20 

6 CONCLUSION ..............................................................................................................22 

7 REFERENCES ..............................................................................................................23 

8 APPENDIX ....................................................................................................................24 

8.1 Statistical Measures ................................................................................................................ 24 
8.1.1 Bias ...................................................................................................................................................... 24 
8.1.2 Absolute Bias ....................................................................................................................................... 24 
8.1.3 Standard deviation ............................................................................................................................... 24 
8.1.4 Anomaly correlation ............................................................................................................................. 24 
8.1.5 Fraction of time steps above the validation target values ..................................................................... 25 

9 GLOSSARY ..................................................................................................................26 

10 EXTRACT OF RELATED REQUIREMENTS FROM PRD2.1 ....................................27 
 



 

Validation Report 
MSG Surface Radiation 

Edition 1 

Doc.No.: SAF/CM/DWD/VAL/MSG/RAD 
Issue:                                                 1.2 
Date:                                     16.10.2013 

 

5 / 30 

 
LIST of FIGURES 
 
Figure 1: Bias in W/m² over time given in month/year for the 5 BSRN stations with the longest 

temporal coverage between 2006 and 2011. ................................................................................. 12 
Figure 2: Location of the BSRN sites on the MSG disk. ....................................................................... 13 
Figure 3: More detailed results from the validation (bias and standard variation) of the CM SAF SOL 

MSG data set for the 2 BSRN surface stations. ............................................................................. 18 
Figure 4: More detailed results from the validation (bias and standard variation) of the CM SAF SDL 

MSG data set for the 12 BSRN surface stations. ........................................................................... 19 
 
 
LIST of TABLES 
 
Table 1-1: Summary of the accuracy of the CM SAF MSG surface radiation data sets. ........................ 6 
Table 4-1 contains the list of the used stations together with Meta information. .................................... 8 
Table 4-2: List of used BSRN measurements. ........................................................................................ 8 
Table 5-1: Validation results for the monthly averaged CM SAF MSG SIS data set compared to BSRN 

surface measurements. .................................................................................................................. 11 
Table 5-2: Validation results for the daily averaged CM SAF MSG SIS data set compared to BSRN 

surface measurements. .................................................................................................................. 14 
Table 5-3: Validation results for the monthly averaged CM SAF MSG SID data set compared to BSRN 

surface measurements. The green/yellow colour coding indicates the compliance with the 
requirements (i.e. threshold/target). ............................................................................................... 15 

Table 5-4: Validation results for the daily averaged CM SAF MSG SID data set compared to BSRN 
surface measurements. The colour coding indicates the compliance with the requirements. ....... 16 

Table 5-5: Validation results for the CM SAF MSG SNS data set calculated by error propagation. .... 17 
Table 5-6: Validation results for the monthly-averaged CM SAF MSG SOL data set compared to 

BSRN surface measurements. ....................................................................................................... 18 
Table 5-7: Validation results for the monthly-averaged CM SAF MSG SDL data set compared to 

BSRN surface measurements. ....................................................................................................... 19 
 



 

Validation Report 
MSG Surface Radiation 

Edition 1 

Doc.No.: SAF/CM/DWD/VAL/MSG/RAD 
Issue:                                                 1.2 
Date:                                     16.10.2013 

 

6 / 30 

 

1 Executive Summary 
This CM SAF report provides information on the validation of the surface radiation products 
from the CM SAF MSG Edition 1data sets derived from SEVIRI/GERB sensors onboard of 
MSG-1 and MSG-2.  
This report presents the validation of  

 
Surface Incoming Shortwave Radiation CM-53 
Surface Net Shortwave Radiation CM-68 
Surface Outgoing Longwave Radiation CM-75 
Surface Downward Longwave Radiation CM-82 
Surface Net Longwave Radiation   CM-89 
Surface Radiation Budget   CM-96 
Cloud Radiative Effect SW CM-102 
Cloud Radiative Effect LW CM-103 

 
from the MSG surface radiation data set covering the period from 2006 to 2011. Three of 
these data sets (SIS, SOL, SDL) are validated against available reference data sets from 
surface measurements. For these data sets, the accuracy is defined based on the absolute 
bias derived from the validation with the reference data and evaluated against the accuracy 
requirements as given on in the product requirements document (PRD) [AD 1]. The accuracy 
of the remaining five data sets is estimated based on the accuracy of the input data sets 
using the method of error propagation.  
From the eight data sets, four (SIS (daily and monthly means), SOL, SDL, and CFL) clearly 
fulfil the accuracy requirements as specified in the Product Requirements Document (PRD) 
[AD 1]. The accuracy of the CM SAF MSG SNS and CM SAF MSG CFS data sets are within 
the threshold accuracy requirements, while the CM SAF MSG SRB and the CM SAF MSG 
SNL data sets slightly exceed the threshold accuracy requirement. 

 
Table 1-1: Summary of the accuracy of the CM SAF MSG surface radiation data sets. 

Data Set Threshold / Target  / Optimal 
Accuracies in W/m2 

Dataset Accuracy 
in W/m2 

SIS  15 / 10 / 8 

30 / 25 / 20 (daily averages) 

<8 

<20 

SNS 20 / 15 / 12 <15 

SOL 15 / 10 / 8 <10 

SDL 15 / 10 / 8 <10 

SNL 20 / 15 / 12 <15 

SRB 25 / 20 / 15 <16 

CFS 15 / 10 / 8 <10 

CFL 15 / 10 / 8 <10 

 

The basic accuracy requirements are defined in the product requirements document (PRD) 
[AD 1], and the algorithm theoretical basis document (ATBD) describes the individual 
parameter algorithms [RD 1]. 
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2 The EUMETSAT SAF on Climate Monitoring 
The importance of climate monitoring with satellites was recognized in 2000 by EUMETSAT 
Member States when they amended the EUMETSAT Convention to affirm that the 
EUMETSAT mandate is also to “contribute to the operational monitoring of the climate and 
the detection of global climatic changes". Following this, EUMETSAT established within its 
Satellite Application Facility (SAF) network a dedicated centre, the SAF on Climate 
Monitoring (CM SAF, http://www.cmsaf.eu).  

The consortium of CM SAF currently comprises the Deutscher Wetterdienst (DWD) as host 
institute, and the partners from the Royal Meteorological Institute of Belgium (RMIB), the 
Finnish Meteorological Institute (FMI), the Royal Meteorological Institute of the Netherlands 
(KNMI), the Swedish Meteorological and Hydrological Institute (SMHI), the Meteorological 
Service of Switzerland (MeteoSwiss), 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, and 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. 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. 
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A catalogue of all available CM SAF products is accessible via the CM SAF webpage, 
http://www.cmsaf.eu/. Here, detailed information about product ordering, add-on tools, 
sample programs and documentation is provided. 

3 Introduction 
The surface radiation data sets derived from the MSG satellite data contain information on 
the shortwave and longwave radiation components as well as on the cloud forcing for both 
spectral regions. The shortwave surface radiation data sets (SIS, SNS) are based on the 
retrieval of the surface irradiance using the effective cloud albedo derived from the RMIB top 
of atmosphere albedo [RD 1]. The longwave surface radiation data sets rely on information 
obtained from the ERA-Interim reanalysis and the monthly averaged cloud fraction obtained 
from the CM SAF MSG data set [RD 1]. The shortwave and longwave cloud forcing and the 
surface radiation budget are determined directly from the corresponding surface radiation 
data sets.  
All products are available as monthly averages (SIS is also available as daily averages) 
between 2006 and 2011 on a 0.05°-regular longitude-latitude grid.  

4 Validation Data Sets 
The validation of the surface radiation data sets is conducted against surface measurements 
from the Baseline Surface Radiation Network (BSRN) [Ohmura et al., 1998]. The BSRN 
provides quality-controlled surface radiation measurements since 1992 at more than 40 
stations worldwide. The data is distributed via the World Radiation Monitoring Center 
(WRMC) hosted by the Alfred Wegener Institute (AWI) in Bremerhaven, Germany 
(http://www.bsrn.awi.de/). The BSRN data are available at a high temporal resolution. 
The station scientists are responsible for the quality of their submitted data. Within the 
archiving procedure at AWI all incoming data are format-checked and visualized. Files with 
the most obvious errors are not imported into the archive but are returned to submitter. 
For validation of the MSG surface radiation products, daily and monthly averages were 
calculated following the quality-control and averaging methods presented in Roesch et al. 
[2011]. The respective solar radiation measurements are performed with Pyranometers 
(Eppley, 8-48 or Kipp & Zonen, CM21). The thermal radiation is measured with 
Pyrheliometer (Eppley, NIP or Kipp & Zonen). 

Table 4-1 contains the list of the used stations together with Meta information. 

 
Table 4-2: List of used BSRN measurements. 

Station 
Short
cut 

Country/ 
Area Latitude Longitude Elevation Date/Time Comment 

Bermuda BER Bermuda 32.2670 -64.6670 8 1992-01-01 

BSRN station no: 24; 
Surface type: water, ocean; 
Topography type: flat, rural; 
Horizon: 
doi:10.1594/PANGAEA.66
9510; Station manager: 
David Longenecker 
(David.U.Longenecker@no
aa.gov) 

Cabauw CAB The 
Netherlands 51.9711 4.9267 0 2005-12-01 

BSRN station no: 53; 
Surface type: grass; 
Topography type: flat, rural; 
Horizon: 

http://www.bsrn.awi.de/
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Station 
Short
cut 

Country/ 
Area Latitude Longitude Elevation Date/Time Comment 

doi:10.1594/PANGAEA.66
9511; Station manager: 
Wouter Knap 
(knap@knmi.nl) 

Camborne CAM United 
Kingdom 50.2167 -5.3167 88 2001-01-01 

BSRN station no: 50; 
Surface type: grass; 
Topography type: flat, rural; 
Horizon: 
doi:10.1594/PANGAEA.66
9512; Station manager: 
Patrick Fishwick 
(patrick.fishwick@metoffice
.com) 

Carpentras CAR France 44.0830 5.0590 100 1996-08-01 

BSRN station no: 10; 
Surface type: cultivated; 
Topography type: hilly, 
rural; Station manager: 
Jean-Philippe Morel (jean-
philippe.morel@meteo.fr) 

Cener CNR 
Spain, 
Sarriguren, 
Navarra 

42.8160 -1.6010 471 2009-07-01 

BSRN station no: 45; 
Surface type: asphalt; 
Topography type: mountain 
valley, urban; Station 
manager: Xabier Olano 
(xolano@cener.com) 

De Aar DAA South Africa -30.6667 23.9930 1287 2000-05-01 

BSRN station no: 40; 
Surface type: sand; 
Topography type: flat, rural; 
Horizon: 
doi:10.1594/PANGAEA.66
9514; Station manager: 
Danie Esterhuyse 
(danie@weathersa.co.za) 

Lerwick LER United 
Kingdom 60.1333 -1.1833 84 2001-01-01 

BSRN station no: 51; 
Surface type: grass; 
Topography type: hilly, 
rural; Horizon: 
doi:10.1594/PANGAEA.66
9520; Station manager: 
Patrick Fishwick 
(patrick.fishwick@metoffice
.com) 

Lindenberg LIN Germany 52.2100 14.1220 125 1994-09-01 

BSRN station no: 12; 
Surface type: cultivated; 
Topography type: hilly, 
rural; Horizon: 
doi:10.1594/PANGAEA.66
9521; Station manager: 
Klaus Behrens 
(Klaus.Behrens@dwd.de) 

Palaiseau, 
SIRTA 

PAL France 48.7130 2.2080 156 2003-05-01 
BSRN station no: 63; 
Surface type: concrete; 
Topography type: flat, 
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Station 
Short
cut 

Country/ 
Area Latitude Longitude Elevation Date/Time Comment 

Observatory urban; Station manager: 
Martial Haeffelin 
(martial.haeffelin@lmd.poly
technique.fr) 

Payerne PAY Switzerland 46.8150 6.9440 491 1992-09-01 

BSRN station no: 21; 
Surface type: cultivated; 
Topography type: hilly, 
rural; Horizon: 
doi:10.1594/PANGAEA.66
9523; Station manager: 
Laurent Vuilleumier 
(laurent.vuilleumier@meteo
swiss.ch) 

Sede Boqer SBO Israel 30.9050 34.7820 500 2003-01-01 

BSRN station no: 43; 
Surface type: desert rock; 
Topography type: hilly, 
rural; Station manager: 
Vera Lyubansky 
(veralub@ims.gov.il) 

Tamanrasset TAM Algeria 22.7800 5.5100 1385 2000-03-01 

BSRN station no: 42; 
Surface type: desert, rock; 
Topography type: flat, rural; 
Horizon: 
doi:10.1594/PANGAEA.66
9526; Station manager: 
Mohamed Mimouni 
(m_mimouni_dz@yahoo.fr) 

Toravere TOR Estonia 58.2540 26.4620 70 1999-01-01 

BSRN station no: 9; 
Surface type: grass; 
Topography type: flat, rural; 
Horizon from 1999 to 2001-
06: 
doi:10.1594/PANGAEA.67
1374; Horizon after 2001-
06: 
doi:10.1594/PANGAEA.67
1373; Station manager: Ain 
Kallis (kallis@aai.ee) 

 

5 Validation 
The strategy for the validation of the CM SAF MSG surface radiation data sets follows the 
CM SAF Product Requirements Document [AD 1]. For the surface incoming solar radiation 
(SIS), the surface outgoing longwave radiation (SOL), and the surface downward longwave 
radiation (SDL) the accuracy of the data set is validated with available surface observations 
from the BSRN. For the other parameters, the accuracy is tested based on the accuracy of 
the input data using the method of propagation of uncertainty.  
The accuracy requirements applicable for this validation report are mainly derived from 
GCOS in 2004, which have been updated in December 2011. All products in the MSG 
surface radiation dataset fulfil the updated GCOS requirements regarding the horizontal 
resolution (100 km). The GCOS accuracy requirements are fulfilled for the surface radiation 
products (detailed results to be described further below). 
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5.1 Methodology 
According to the PRD [AD 1] the validation of the CM SAF MSG SIS, SDL, and SOL data 
sets is based on the comparison with available surface measurements. The measures for the 
verification with surface measurements are the bias, the absolute bias, the correlation 
coefficient of the anomalies and the fraction of months (resp. days), which exceed the target 
accuracy. To account for uncertainties in the surface measurements and possible errors 
introduced by calculating the temporal averages from the BSRN observations, an uncertainty 
of 5 W/m2 is assumed for the daily and monthly averages derived from the surface 
observations [Ohmura et al., 1998]. Only those stations are considered in the validations that 
have more than 12 months of data between 2006 and 2011.  
The validation of the CM SAF MSG SNS, SNL, SNS, SRB, CFS, and CFL data sets are 
based on the accuracies of the data sets, which are used to generate these data sets. The 
error is defined by error propagation. The quality of the data sets is assessed by 
comparisons with the specified accuracy in the PRD [AD 1]. 
 
 

5.2 SIS Validation 
The surface incoming solar radiation data set from the CM SAF MSG Edition 1 is validated 
against surface measurements obtained within the global Baseline Surface Radiation 
Network (BSRN). As described in Section 4, daily and monthly averages are calculated from 
the high-resolution BSRN data.  
 

5.2.1 Monthly Averages 
The validation results for the monthly averaged CM SAF MSG SIS data set are shown in 
Table 5-1. 
 
Table 5-1: Validation results for the monthly averaged CM SAF MSG SIS data set compared to 
BSRN surface measurements. 

Station Mean 
[W/m²] 

N Bias 
[W/m²] 

Absolute 
Bias 
[W/m²] 

Cor Frac. 
Months 
Acc>10 
W/m² 

Frac. 
Months 
Acc>15 
W/m² 

SBO 239.2 66 7.3 7.4 0.97 13.6 1.5 
CAR 173 72 4.4 5.9 0.96 8.3 0 
PAY 143.6 48 1.5 5.4 0.93 4.2 0 
CAB 120.9 72 0.6 5.6 0.92 2.8 1.4 
LIN 127.7 71 -1 6.9 0.92 7 0 
BER 176.7 50 10.7 10.9 0.92 22 18 
TAM 268.6 72 -9.2 10 0.98 18 5.5 
LER 94.9 12 0.48 8 0.85 9 9 
CAM 128.3 12 -0.7 5.5 0.91 0 0 
TOR 112.6 72 -3.5 7.5 0.86 6.9 1.4 
PAL 137.7 20 3.6 6.7 0.91 5 0 
CNR 171 12 5.5 7.1 0.95 8.3 0 
        
All 158 578 1.6 7.2 0.92 8.8 1.6 
All-
without 
BER 

156.3 548 0.8 6.9 0.92 7.6 1.3 
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In total, 578 monthly mean data values of the surface incoming solar radiation from 12 
stations between 2006 and 2011 were used for the validation of the monthly mean CM SAF 
MSG SIS data set. The bias of the data set compared to the BSRN reference data is 1.6 
W/m2, the absolute bias is 7.2 W/m2. The bias is well below the optimal accuracy of 8 W/m2 
as specified in the PRD [AD 1], showing the excellent quality of the data set. The absolute 
bias is below the optimal accuracy of 8 W/m² and well below of the target accuracy of 10 
W/m2 [AD 1], also providing evidence of the high quality of the monthly mean CM SAF MSG 
SIS data set. 
Considering the uncertainty of the surface observations of 5 W/m2, less than 9 % of the 
available monthly-averaged data values are above the target accuracy. Overall, the target 
accuracy is achieved (Table 5-1). The temporal correlation of the anomalies is 0.92, i.e., the 
data set is well suited for the detection and quantification of climate anomalies.  
 
 

 
Figure 1: Bias in W/m² over time given in month/year for the 5 BSRN stations with the longest 
temporal coverage between 2006 and 2011.  

 
Figure 1 presents the Bias of the CM SAF data at 5 BSRN stations. At a first glance no 
significant trend is apparent. The CM SAF data set seems to be tolerably stable over time. 
However, the ADM applied in the retrieval of the GERB data might lead to an annual cycle in 
the bias at the European stations, which is not apparent at Sede Boger. The climate at this 
station is dominated by cloudless sky.  
The spatial distribution of the surface stations used for the validation is shown in Figure 2. 
The mean absolute bias is below the target accuracy at all stations.  At most surface stations 
the CM SAF MSG SIS data set slightly overestimates the surface observations.   
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Figure 2: Location of the BSRN sites on the MSG disk. 

 
Based on the results presented here, we conclude that the monthly-averaged CM SAF MSG 
SIS data set is within the target accuracy as defined in the PRD [AD 1].  
 

5.2.2 Daily Averages 
For the surface incoming solar radiation also daily-averaged data are provided by CM SAF 
from the MSG data. The validation of the daily mean CM SAF MSG SIS data set is also 
conducted by comparison with the surface measurements from the BSRN surface network. 
The target accuracy defined for the daily-averaged data is 20 W/m2 [AD 1]. The results of the 
validation of the CM SAF MSG data set of the daily mean surface incoming solar radiation 
are given in Table 5-2.  
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Table 5-2: Validation results for the daily averaged CM SAF MSG SIS data set compared to 
BSRN surface measurements. 

Station Mean 
[W/m²] 

N Bias 
[W/m²] 

Absolute 
Bias 
[W/m²] 

RMSE 

SBO 239.2 1980 6.9 14 8.7 
CAR 173 2160 4.2 11.1 10.1 
PAY 143.6 1440 1.3 13.7 19.7 
CAB 120.9 2160 0.6 12 21.4 
LIN 127.7 2130 -2.1 14.8 30.1 
BER 176.7 1050 10.1 22.6 17.4 
TAM 268.6 2160 -8.6 18.1 8.9 
LER 94.9 360 0.65 14.6 Nan 
CAM 128.3 360 -0.6 15.4 25 
TOR 112.6 2160 -3.7 13.7 Nan 
PAL 137.7 1800 3.5 13.6 15.3 
CNR 171 360 5.3 14.1 10.7 
      
All 158 >20000 1.6 14.8  

 
 
Nearly 20,000 daily-averaged data values are considered for the validation of the daily mean 
CM SAF MSG SIS data set.  
The bias of the data set compared to the BSRN reference data is 1.6 W/m2, slightly positive 
in consistency with the monthly analysis. The absolute bias is 14.8 W/m2. The bias and 
absolute bias are well below the optimal accuracy of 20 W/m² as specified in the PRD [AD 1], 
showing the excellent quality of the data set. The target accuracy (25 W/m²) is achieved at all 
stations, providing additional evidence of the high quality of the daily mean CM SAF MSG 
SIS data set. 
 
It is important to note that the validation results also show evidence that the RMSE is not a 
measure of accuracy for radiation but a measure of variability in cloudiness leading to an 
increase in spatial variability. This in turn increases the differences induces by mismatch of 
the comparison of spatial means with point measurements. These differences tell nothing 
about the accuracy of the retrieval or the satellite based radiation data. E.g. the stations with 
the lowest RMSE (SBO, TAM and CNR) do not exhibit the best accuracy as can be seen in 
the Bias and MAB values. The low RMSE at these stations is simply a result of the pre-
dominant presence of clear sky conditions, nothing more. 
 
Based on the results presented here, we conclude that the daily-averaged CM SAF MSG SIS 
data set is within the target accuracy as defined in the PRD [AD 1].  
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5.3 SID Validation 
 
The direct irradiance data set from the CM SAF MSG Edition 1 is validated against surface 
measurements obtained within the global Baseline Surface Radiation Network (BSRN). As 
described in Section 4 daily and monthly averages are calculated from the high-resolution 
BSRN data.  
 

5.3.1 Monthly Averages 
 
The validation results for the monthly averaged CM SAF MSG SID data set are shown in 
Table 5-3. All stations where the target accuracy is met is coloured green, the others in red. 
Bermuda is at the edge of the disk. This station might be useful for the validation of SID, but 
the slant geometries induces uncertainties (e.g. by broken clouds) which effects SID much 
more than SIS. Hence the validation results at this station are not used in the discussion of 
the overall results. It is therefore coloured in grey. Stations which fulfil the target accuracy are 
coloured green. At stations where the target accuracy is not achieved but the threshold 
accuracy are coloured in yellow. 
 
Table 5-3: Validation results for the monthly averaged CM SAF MSG SID data set compared to 
BSRN surface measurements. The green/yellow colour coding indicates the compliance with 
the requirements (i.e. threshold/target). 

Station Mean 
[W/m²] 

N Bias 
[W/m²] 

Absolute 
Bias 
[W/m²] 

Correlation Fraction of 
months with 
accuracy 
 >15 W/m² 

SBO 169.3 66 0.14 10.8 0.87 12.2 
CAR 113.7 72 0.9 3.2 0.92 5.5 
PAY 73.4 48 3.8 5.7 0.85 0 
LIN  63.05 -2.2 -2.3 4.9 0.85 0 
CAB 54.1 72 1.0 4.8 0.83 4.2 
BER 94.8 50 -1.6 24.4 0.79 36 
TAM 180.4 72 -19.4 21.1 0.92 41.7 
LER 43.9 12 0.6 11.4 0.69 22 
CAM 76.2 12 -18.1 21.4 0.64 25 
TOR 62..8 72 -6.2 6.8 0.82 4.4 
PAL 58.8 20 9.6 15.5 0.75 15 
CNR 102.8 12 8.8 8.8 0.91 0 
       
All with 
BER 

91.1 511 -1.7 12.1 0.82 13 
 

All 90.8 461 -1.7 11.0 0.83 10.9 
 
In total, 461 monthly mean data values of the surface incoming solar radiation from 12 
stations between 2006 and 2011 were used for the validation of the monthly mean CM SAF 
MSG SID data set. The bias of the data set compared to the BSRN reference data is 
estimated to -1.7 W/m2; the absolute bias is 11 W/m2. The bias is well below the optimal 
accuracy of 10 W/m2 as specified in the PRD [AD 1], showing the excellent quality of the data 
set. The absolute bias is close to the optimal accuracy of 10 W/m² and well below of the 
target accuracy of 15 W/m2 [AD 1], also providing evidence of the high quality of the monthly 
mean CM SAF MSG SID data set.  Considering the uncertainty of the surface observations 
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of 5 W/m2, less than 11 % of the available monthly-averaged data values are outside the 
target accuracy (Table 5-1). The temporal correlation of the anomalies is 0.83, i.e., the data 
set should be used carefully for the detection and quantification of climate anomalies.  
 
In summary, the data performs well at most stations. Only at two surface stations 
(Tamanrasset (TAM) and Camborne (CAM)) the CM SAF MSG SID data set exceeds the 
target accuracy for monthly means but still the threshold accuracy is met. Overall the 
accuracy of the monthly mean CM SAF MSG SID data set fulfils the accuracy requirement as 
stated in the PRD [AD 1].  
 

5.3.2 Daily Averages 
For the direct irradiance also daily-averaged data are provided by CM SAF. The validation of 
the daily mean CM SAF MSG SID data set is again conducted by comparison with the 
surface measurements from the BSRN surface network. The target accuracy defined for the 
daily-averaged data is 25 W/m2 [AD 1]. The results of the validation of the CM SAF MSG 
data set of the daily mean direct irradiance are given in Table 5-4.  
 
Table 5-4: Validation results for the daily averaged CM SAF MSG SID data set compared to 
BSRN surface measurements. The colour coding indicates the compliance with the 
requirements. 

Station Mean 
[W/m²] 

N Bias 
[W/m²] 

Absolute 
Bias 
[W/m²] 

RMSE 

SBO 239.2 1980 0.2 25.3 14.4 
CAR 173 2160 3 15.5 21 
PAY 143.6 1440 3.5 14.4 39 
CAB 120.9 2160 0.9 12.5 36.9 
LIN 127.7 2130 -2.1 14.1 58.9 
TAM 268.6 2160 -18.4 39 28 
LER 94.9 360 0.9 17.5 Nan 
CAM 128.3 360 -17.1 34.1 Nan 
TOR 112.6 2160 -5.9 13.0 61.6 
PAL 137.7 1800 9.7 23.0 49.0 
CNR 171 360 8.4 15.2 17.9 
      
All 158 >20000 -1.8 20.2  

 
 
In total, over 20000 daily mean data values of direct irradiance from 11 stations between 
2006 and 2011 were used for the validation of the daily mean CM SAF MSG SID data set. 
The bias of the data set compared to the BSRN reference data is -1.8 W/m2, the absolute 
bias is 20.2 W/m2. The bias is well below the optimal accuracy of 20 W/m2 as specified in the 
PRD [AD 1], showing the excellent quality of the data set. The absolute bias is close to the 
optimal accuracy of 20 W/m² and well below of the target accuracy of 25 W/m2 [AD 1], also 
providing evidence of the high quality of the daily mean CM SAF MSG.  
The data performs well at most stations. Only at two surface stations (Tamanrasset and 
Camborne) the CM SAF MSG SID data set exceeds the target accuracy for daily means. The 
absolute bias is even above the threshold accuracy, but the bias still meets the target 
accuracy at this stations. 
Overall the accuracy of the daily mean CM SAF MSG SID data set fulfils the accuracy 
requirement as stated in the PRD [AD 1].  
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5.4 SNS Validation 
The accuracy of the CM SAF MSG data set of the surface net solar radiation is determined 
by error propagation of the monthly mean SAL and SIS data sets [AD 1]. For error 
propagation the bias values are used. The bias of the monthly mean CM SAF MSG SIS data 
set has been determined to be 1.6 W/m2; the error of the SAL data set is about 10 % [AD 1].  
The surface net shortwave radiation budget is calculated from the CM SAF MSG data sets of 
the surface incoming solar radiation (SIS) and the surface albedo (SAL) [RD 1]. Using 
Equation E4 in the ATBD [RD 1] and applying the propagation of uncertainty method, the 
uncertainty in SNS can be estimated by: 
 

SALSISSISSALSAL
SAL
SNSSIS

SIS
SNSSNS ∆+∆−=∆

∂
∂

+∆
∂
∂

=∆ )1(  (Eq. 1) 

 

The accuracy is derived on a monthly basis using the uncertainties of SAL (ΔSAL = 10 %) 
and a fixed value for the uncertainty of SIS (ΔSIS = 1.6 W/m2). The calculated accuracy is 
given in Table 5-5  for typical land surface types and associated surface albedos. 
 
Table 5-5: Validation results for the CM SAF MSG SNS data set calculated by error propagation. 

Land surface 
type 

SIS [W/m²]  -> Error in W/m² 
50 100 150 200 250  300 Mean: 158 

Ocean (0.08) 1.9 2.3 2.7 3.1 3.5 3.9 2.8 
Vegetation 
(0.15) 

 
2.1 

 
2.9 

 
3.6 

 
4.4 

 
5.1 

 
5.9 

 
3.7 

Desert (0.35) 2.8 4.6 6.3 8.1 9.8 11.6 6 
Fresh Snow/ 
Ice (0.7) 

4 7.5 11 14.5 18 21.5 11.5 

 
 
In general the accuracy is well below the target accuracy (15 W/m2) and always within the 
threshold accuracy of 20 W/m2. The temporally- and spatially-averaged accuracy of the CM 
SAF MSG SNS data set is 4.38 W/m2. The accuracy over ocean surfaces is slightly higher 
than over land surface, because of the relatively low surface albedo over the ocean. Monthly 
mean values above 200 W/m² over fresh snow and ice are very seldom.  
Hence, overall we conclude that the CM SAF MSG SNS data set is within the target 
accuracy requirement.  
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5.5 SOL Validation  
The validation of the CM SAF MSG surface outgoing longwave radiation data set is 
conducted by comparison with surface measurements obtained within the BSRN network 
[AD 1]. Only 2 stations provide observations of SOL suitable for the validation of the CM SAF 
MSG SOL data set. Table 5-6 provides the results of the validation. Figure 3 provides 
additional validation information. 
 
Table 5-6: Validation results for the monthly-averaged CM SAF MSG SOL data set compared to 
BSRN surface measurements. 

Mean 
[W/m²] 

N Bias 
[W/m²] 

Absolute 
Bias[W/m²] 

Corr Frac Months 
>10 W/m² 

Frac Months 
>15 W/m² 

355.1 128 -3.6 4.3 0.96 0 0 
 
The bias and absolute bias is about 4 W/m2, which is well within the target accuracy 
considering the uncertainty of the surface observations. None of the considered months 
exceed the target accuracy.  
Overall the accuracy of the monthly mean CM SAF MSG SOL data set fulfils the accuracy 
requirement as stated in the PRD [AD 1]. 
 

 
Figure 3: More detailed results from the validation (bias and standard variation) of the CM SAF 
SOL MSG data set for the 2 BSRN surface stations. 
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5.6 SDL validation 
The validation of the surface downwelling longwave radiation is done by comparison with 
surface measurements obtained within the BSRN network. In total, data from 12 stations are 
used for the validation. The validation results are shown in Table 5-7. 
 
Table 5-7: Validation results for the monthly-averaged CM SAF MSG SDL data set compared to 
BSRN surface measurements. 

Mean 
[W/m²] 

N Bias 
[W/m²] 

Absolute 
Bias 
[W/m²] 

Corr Frac. Months 
with accuracy 
>10 W/m² 

Frac Months 
with accuracy 
>15 W/m² 

317.6 792 -8.15 9.6 0.88 9.4 5.8 
 
The bias of the CM SAF MSG SDL data set is slightly negative (−8.15 W/m2), but close to the  
optimal accuracy of 8 W/m2 [AD 1]. The absolute bias is below the target accuracy of 10 
W/m2 [AD 1], showing the high quality of the CM SAF MSG SDL data set. Less than 10 % of 
the available monthly mean values exceed the target accuracy, considering an uncertainty of 
the monthly-averages derived from the surface observations of 8 W/m2. Figure 4 provides 
additional validation information. 
Based on the results presented here, we conclude that the monthly mean CM SAF MSG 
SDL data set is within the target accuracy as defined in the PRD [AD 1]. 
 

 
Figure 4: More detailed results from the validation (bias and standard variation) of the CM SAF 
SDL MSG data set for the 12 BSRN surface stations. 
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5.7 SNL validation 
 
The accuracy of the CM SAF MSG SNL data set is assessed on the basis of the validation of 
the SOL and SDL data sets. According to the method of error propagation the accuracy of 
SNL is the sum of the accuracy of the SOL and SDL data sets. The accuracy of the CM SAF 
MSG SOL data set is estimated to be around 4 W/m2, while the accuracy of the CM SAF 
MSG SDL data set can be considered to be in the order of 8 W/m2, resulting in an accuracy 
of 12 W/m2 for the CM SAF MSG SNL data set.  
The uncertainty of the calculated accuracy of the SNL data set is related to the uncertainty of 
the accuracies of the CM SAF MSG SOL and SDL data sets. The uncertainties of the BSRN 
surface observations used for the validation of the SOL and SDL data sets of ~8 W/m2 
results in a comparable uncertainty of the uncertainty estimates of the corresponding CM 
SAF MSG data sets. Taking this uncertainty into account, the accuracy of the CM SAF MSG 
SNL data is well within the target accuracy defined in the PRD [AD 1].  
 

5.8 SRB validation 
 
The accuracy of the CM SAF MSG SRB data set is assessed on the basis of the validation of 
the SNS and SNL data sets. According to the propagation of error method, the accuracy of 
SRB is the sum of the accuracy of the SNS and SNL data sets. The accuracy of the SNS 
data set is estimated to be around 4 W/m2, while the accuracy of the SNL data set can be 
considered to in the order of 12 W/m2, resulting in an accuracy of 16 W/m2 for the CM SAF 
MSG SRB data set. This value is well within the target accuracy of 20 W/m2 defined in the 
PRD [AD 1].  
 

5.9 CFS Validation 
 
The accuracy of the CM SAF MSG CFS data set is validated using the propagation of error 
method based on the equation to calculate CFS. Following Equation Eq. 14 from the ATBD 
of the CM SAF MSG Surface Radiation products [RD 1], the accuracy of CFS can be 
calculated using the following equation: 
 

SALSISSISSISSISSAL

SAL
SAL
CFSSISSIS

SISSIS
CFCCFS

clrcls

cls
cls

∆−+−∆−

=∆
∂
∂

+−∆
−∂

∂
=∆

)()()1(

)(
)(  (Eq. 2) 

 

The uncertainty of the difference between all-sky and clear-sky surface irradiance can be 
assumed to be in the same order as the uncertainty in the all-sky surface solar radiation, i.e., 
7 W/m2. Additionally (SIScls - SIS) is usually below 150 W/m² (Müller, 2012). By comparison 
with equation (Eq. 1) and Table 5-5 it is evident that the uncertainty in CFS is significantly 
lower than that of SNS. Hence with exception of snow covered the target accuracy of 10 
W/m² is met. Over fresh snow and ice still the threshold accuracy is met.   
 

5.10 CFL Validation 
 
The CM SAF MSG CFL data set is validated based on the validation of the CFC data set. 
Since the cloud correction factor is derived directly from the ERA-Interim reanalysis data set 
we calculate the uncertainty of the CM SAF MSG CFL data set based on the accuracy of the 
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CM SAF MSG CFC data set, which has an accuracy of about 10 % (absolute). The 
uncertainty of the CM SAF MSG CFL data set can then be derived using  
 

CFCCCFCFC
CFC
CFLCFL ∆×=∆

∂
∂

=∆  (Eq. 3) 

 

In most regions the accuracy of the CFL data set is well below the optimal target accuracy of 
8 W/m2. The threshold accuracy of 15 W/m2 is never exceeded; the mean accuracy is 4.1 
W/m2.  We conclude that the CM SAF MSG CFL data set fulfils the accuracy requirements as 
specified in the PRD [AD 1].  
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6 Conclusion 
We presented the validation of the CM SAF MSG Surface Radiation data sets based on the 
requirements as defined in the CM SAF PRD [AD 1]. All data sets fulfil the optimal or target 
accuracy requirements. However, over fresh snow and ice higher uncertainties might occur. 
For direct irradiance, higher uncertainties have to be expected over desert regions, where 
the aerosol climatology might not match the real conditions. Direct irradiance is much more 
affected by errors in Aerosol Optical Depth (AOD) than SIS (Müller, 2012). 
The suitability of these data sets for climate applications depends strongly on the specific 
application. The general accuracy of the data sets has been shown by validation with 
reference measurements and by uncertainty assessments.  
The data sets of the surface shortwave radiation quantities (SIS, SNS, CFS) have been 
shown to have a high quality and are mainly derived from satellite observations.  
The quality of the up- and downwelling longwave surface fluxes is also is within the 
expectations, however, since these data sets use substantial information from reanalysis 
these data sets should not be used for the validation of reanalysis and other model-derived 
data sets.  
The accuracy of the net longwave radiation, the cloud forcing and the total surface radiation 
is derived by error propagation; hence without further validation with reference 
measurements these data should be used with care.  
 
Please note, that the temporal stability and homogeneity of these data sets have not yet 
been fully evaluated. While all possible measures have been taken in the generation of these 
data sets, artificial shifts or trends in the final data sets cannot be excluded. Application of 
these data sets for the analysis of temporal changes / trend is recommended only after a 
careful evaluation of the temporal behaviour of these data sets.  
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8 Appendix 

8.1 Statistical Measures 

8.1.1 Bias 
The bias or (also called mean error) is simply the mean difference between the averages of 
two datasets, resulting from the arithmetic mean of the difference over the members of the 
data sets. It indicates whether the dataset on average over- or underestimates the reference 
dataset. 

∑
=

−=−=
n

kk oyoy
n 1k

)(1Bias  

 

8.1.2 Absolute Bias 
In contrast to the bias, the absolute bias is the arithmetic average of the absolute values of 
the differences between each member (all pairs) of the time series. It is therefore a good 
measure for the mean “error” of a dataset. 
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8.1.3 Standard deviation 
The standard deviation SD is a measure for the spread around the mean value of the 
distribution formed by the differences between the generated and the reference dataset.  
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8.1.4 Anomaly correlation 
The anomaly correlation AC describes to which extend the anomalies of the two considered 
time series correspond to each other without the influence of a possibly existing bias. The 
correlation of anomalies retrieved from satellite data and derived from surface measurements 
allows the estimation of the potential to determine anomalies from satellite observations. 
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Here, for each station the mean annual cycle y and o were derived separately from the 
satellite and surface data, respectively. The monthly/daily anomalies were then calculated 
using the corresponding mean annual cycle as the reference. 
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8.1.5 Fraction of time steps above the validation target values 
A measure for the uncertainty of the derived dataset is the fraction of the time steps that are 
outside the requested target value ‘T’. The target value is given by the target accuracy of the 
respective CM SAF product, plus the non-systematic error (uncertainty) of the BSRN 
measurements (Ohmura et al. 1998). 
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9 Glossary 
 
AC Anomaly Correlation 
AVHRR Advanced Very High Resolution Radiometer 
AOD Aerosol Optical Depth 
BSRN Baseline Surface Radiation Network 
CAL Effective cloud albedo 
COT Cloud optical depth 
GADS/OPAC Global Aerosol Data Set / Optical Properties of Aerosols and Clouds 
GCOS Global Climate Observing System 
GERB Geostationary Earth Radiation Experiment 
K: Clear sky index 
LUT Look-up table 
MSG Meteosat Second Generation 
MVIRI Meteosat Visible-InfraRed Imager 
NOAA National Oceanic and Atmospheric Administration 
NCEP National Center for Environmental Prediction 
RTM Radiative Transfer Model 
SEVIRI Spinning Enhanced Visible IR Imager 
SID Surface Direct Irradiance (beam) 
SIS Solar Surface Irradiance 
SZA Sun Zenith Angle 
SSA Single Scattering Albedo 
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10 Extract of related requirements from PRD2.1 
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