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Chapter 1

Intr oduction

In thecontext of a safeandenvironment-friendlyenergy supplyrenewableenergy systemswill
be the energy sourceof the future. Wind energy hasbecomean importantenergy sourcein
Europe(e.g. 15 % in Denmark)with an impressive expansionrate. The usageof solarenergy
will experiencean enormousincreasewithin the next 10 yearsas well. For the optimal and
efficient useof solarenergy andits integrationinto theelectricitygrid, accuratesolarirradiance
datain a high spatialandtemporalresolutionarenecessary. Solar irradianceschemesprovide
thesedatabasedonweathersatellitessuchasMeteosator MSG.

1.1 Objectivesof the project

A successfulintegrationof solarenergy technologiesinto the existing energy structurehighly
dependson a detailedknowledgeof the solarresource.HELIOSAT-3 will supplyhigh quality
solarradiationdatagainedfrom theexploitationof existing Earthobservationtechnologiesand
will takeadvantageof theenhancedcapabilitiesof thenew MeteosatSecondGeneration(MSG)
meteorologicalsatellites.Theexpectedqualityrepresentsasubstantialimprovementwith respect
to theavailablemethodsandwill bettermatchtheneedsof theusersof theresultingproducts.
In particular, HELIOSAT-3 will provide� solarirradiancedatawith high accuracy andspacetimeresolutionnecessaryfor solaren-

ergy applications,plusa largegeographicalcoverage� additionalsolarenergy specificdata(directandspectralirradiance,angulardistributionof
diffuseirradiance,spatialstructureof irradiance)accordingto theneedsof end-users� informationonHELIOSAT-3 products,its sustainabilityasaserviceandits potentialben-
efitsto end-users.

Theobjectivesof theHELIOSAT-3 projectwill beachievedby thedevelopmentandestablish-
mentof a new typeof solarirradiancecalculationschemes(seechapter3). This schemewill be
basedon satelliteretrievedatmosphericdata(seechapter2)

1.2 Aim and structur eof the report

This reportprovidesanoverview of thesofar performedwork within theHELIOSAT-3 project.
Thestructureof this reportis relatedto thedescriptionof projectwork which is partof thecon-
tract.As aconsequenceeverywork packagehasits own chapteror sectionsfor thesub-packages
respectively. A brief summaryof the work donewithin a work packageor sub-packageis de-
scribedin theintroductionof eachchapteror section.Subsequentlya moredetaileddescription
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of the work andthe scientificdiscussionsrelatedto the work is provided. Furhtermorethe in-
troductionof eachchapteror sectionincludescommentsfrom the co-ordinator. In accordance
with thedescriptionof work, up to now themainwork hasbeenperformedwithin WP2000and
WP3000.Thereforethereportfocuseson theprogresswithin thesework packages.Theseparts
of thereportprovidealsoexamplesfor thedataproducts(WP2000)andthecalculatedsolarclear
sky irradiance(WP3010).Sincethefirst half of theprojectdealsmainly with thedevelopment
of thenew solarirradiancescheme,scientificstudieshavebeenanimportantpartsofar.
Section5.2 listsanoverview of theprojectstatusincludingthedeliverables.

1.2.1 Deliverablesdescribedwithin the mid-term progressreport

The mid-term progressreport containsthe descriptionof the deliverablesD6.1-D6.2as well
as D8.1. This deliverablesare the working versionsof the retrieval schemesof atmospheric
parameters(D6.1-D6.4)and the working versionfor the solar irradianceschemein clearsky
situations.Table1.1liststheassociatedsectionsdescribingthedeliverablesD6.1-D6.4andD8.1.

DeliverableNo. Deliverabletitle describingsection
D6.1 Cloudprocessingscheme,workingversion 2.3
D6.2 Watervapourretrieval scheme,workingversion 2.4
D6.3 Aerosolparameterisationscheme,workingversion 2.5
D6.4 Ozoneprocessingscheme,workingversion 2.6
D8.1 Softwarepackagefor solarsurfaceirradiance 3.2

retrieval, clearsky workingversion 6.1

Table1.1: List of deliverablesandassociatedsectionscontainingthedescriptionof theworkingversions

Table5.1providesa list of deliverablesandtheir currentstatuswith respectto thedeliverydate.
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Chapter 2

WP2000- Retrieval of atmospheric
parameters

2.1 Intr oduction

For the estimationof surfacesolar irradianceandspecificsolarparametersfrom MSG, using
physicalmodelsof radiative transfer, theatmosphericstatemustbea known prerequisite.Con-
sequentlyinformationabouttheatmosphericstateneedto beretrievedfirst, sothey canbeused
within the new HELIOSAT-3 scheme.The DLR is engagedin providing the softwarefor the
retrieval of the atmosphericparametersor the atmosphericparameteritself (e.g. aerosolcli-
matology). The work within WP2000is currentlyperformedwithin the time scheduleof the
work description,andfulfils thepromisedaimsaswell asthecompilationof datarequirements.
Linkedwith thecompilationof datarequirements,theusersrequirementson thesolardataare
re-investigatedby ARMINES/ENSMP, for detailsseesection6.2
Thischapterstartswith adescriptionof thecompilationof datarequirements,whichhasbeenthe
thefirst stepin WP2000.Afterwardstheretrieval softwareof theatmosphericparameteraswell
asthe atmosphericdataproductsaredescribed.Exampledatasetshave provided to the work
packageleaderof WP3000– developmentof solarirradiancecalculationschemes.1 Working
versionsof theretrieval schemesareavailablefor thepartneron request.
In orderto be preparedfor a failure of the MSG launchthe DLR wasalsoengagedin looking
aheadfor possibleback-upsolutionsto the retrieval of atmosphericparameters.SinceMSG
launchwassuccessfullynoneof this back-upsolutionshave to beapplied.

1Currently this exampledatasetsarenot basedon MSG data,sincethe MSG launchwas later asoriginally
planned
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2.2 WP2010:Compilation of data requirements

2.2.1 Compilation of the data requirements

In table2.1, the compilationof datarequirementsfor the new calculationschemesof surface
solarirradianceis provided. The tabledescribesthenecessaryatmosphericparametersandthe
specifiedaccuracy andresolutionof theseparametersin relationto the solar irradiancecases.
Afterwardsaccuracy andresolutionof eachatmosphericparameteris discussed.For the com-
pilation of datarequirementsit hasbeenconsideredthat the desirabledataaccuracy hasto be
consistentwith thestateof theart retrieval possibilities.

Case Possible 
RTM

Requirements

Clearsky direct - MODTRAN
(pseudospherical)

WP Mesurement/
Retrieval with

    
accuracy/ resolution

Clearsky diffus, global

- Water vapor content: 
   colums
         
 - vertical layers: 
   lower, middle and 
   upper tropospheric 
   humidity
    

2030

   MSG-SEVIRI 
   infrared channels
   
  MSG, MPEF product 
 "middle and upper
  tropospheric humidity"

 < 15%

- Ozone concentration 
   maps: vert. columns

2050    basing on data from 
   ERS-2 / GOME and
   SCIAMACHY 

    (MSG)

     < 5%

(< 10%)

                100 x 100 km, daily

- Aerosols optical depth 
  and Aerosols type/class:
  8 types, mixtures from
  components based on 
  OPAC classification
   
   

2040    Climatology from  
   GOME / ATSR-2 +
   SCIAMACHY / AATR
   retrieval

   MSG              

AOD   
< 0.1 Abs.  
  

Homogeneous clouds
  diffus           global

- MODTRAN

- SBDART, 
   libRadtran

Broken Clouds direct

Broken Clouds diffus
 + direkt        global

- SHDOM 
(planparallell)

- SBDART

- SHDOM

2020

2020

2020

+ Cloud optical depth 
+ eff. cloud droplet radius
+ liquid water path
+ Cloud top temperature

+ Cloudmask (land/ocean)
+ Cloudtype 
   classification

+ Icewaterpath 
  (Cirrus - Clouds)

   MSG - SEVIRI 
   all channels using
   APOLLO scheme
   

 Cloud detection with 

Cloud detection with

temporal/spatial
SEVIRI pixel
resolution

50x50 km, daily

seasonal

spatial resolution 
see section 1.2.3

as good 
as possible

- libRadtran,
   6s
   

(planparallel)

APOLLO scheme

APOLLO scheme

all < 30 %
see 1.2.4

as good 
as possible

Glossary: 
APOLLO=extended AVHRR Processing scheme for Over Land, cLouds and Ocean 
AVHRR=Advanced Very High Resolution Radiometer
ATSR-2=Along Track Scanning Radiometer 
AATSR=Advanced ATRS
GOME=Gloabel Ozone Monitoring  Experiment
MSG=Meteosat Second Generation 
SCIAMACHY=  SCanning Imaging Absorption SpectroMeter for Atmospheric CHAtographY
SEVIRI=Spinning Enhanced Visible and Infrared Imager
SHDOM, SBDART, 6s, Monte Carlo, Modtran= radiative transfer programs, a short description is provided in section 5.
RTM=Radiative Transfer Program
-  = basic requirement for clear sky conditions
+  = additional requirement for cloudy conditions                         

- Monte 
   Carlo
 

temporal/spatial
SEVIRI pixel
resolution

temporal/spatial
SEVIRI pixel
resolution

as good 
as possible

- SBDART

Table2.1: Compilationof datarequirements
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2.2.2 Remarks to the data requirements

O � , WP 2050

The effect of O� on the solar irradiancein the VIS/NIR is comparablelow for moderatesolar
zenithangle(SZA) below 80 degree.Beyonda wavelengthof 330nm anaccuracy of 5 % leads
to aninsignificanterror in thecalculationof thesolarirradiance(330-1100nm). But in theUV,
theeffectof Ozoneis very important.

H � 0, WP 2030

Thedirecteffectof H � O onthebroadbandirradianceis low comparedto theinfluenceof aerosols
in clearsky situations.Model simulationsindicatethat the direct effect of errorsin the water
columns,within the limits of the provided accuracy shouldbe in generallessthan2-3 % for
thecalculatedintegratedradiationenergy flux (calculatedsolarirradiance)in theVIS/NIR (330-
1100nm). But watervapourhasalsoin indirect effect on the radiancein the VIS, becauseit
effectsthe sizedistribution of the hygroscopicaerosolsandhencethe optical propertiesof the
aerosols.More over, the effect of watervapouris very powerful in the socalledwater-vapour
absorptionbands.Hencetheeffect of watervapouron thespectraldistribution of theirradiance
is very important.

Aerosols,WP 2040

Aerosolsarethedominantfactorregardingthecalculationof clearsky irradiance.Thedatare-
quirementfor the accuracy of the AerosolOptical Depth(AOD) is pointedout to be lessthan
0.1 . Thespatialresolutionfor theGOME/ATSR-2climatologywill be5x5 degrees.Thegiven
accuracy andspatialresolutionis basedon a stateof theart retrieval procedureandis restricted
by the limitations of the satellitemeasurements.GOME hasa high spectralbut a roughspa-
tial resolution. The GOME/ATSR-2climatologyis a goodbasisin orderto yield a significant
improvementin theestimatedsolarirradiancewithin theassumedaccuracy.
Nevertheless,becausethe effect of aerosolsis very importantfor the calculationof clearsky
irradianceahigheraccuracy thanthatof 0.1andespeciallyahigherspatialresolutionis desirable
from theviewpoint of thesolarapplications.Thereforewithin this projecta higheraccuracy of
AOD is aimedfor. In figure2.1 theeffect of theassumederror in AOD (0.1)on thetransmitted
intensityis diagrammed.
A higherspatialresolutioncanbe achieved usingSCIAMACHY/AATSR data,sincethe spa-
tial resolutionof SCIAMACHY is improvedcomparedto the GOME instrument.With SCIA-
MACHY/AATSRit shouldbepossibleto enhancetheresolutionto approximately100x100km� .
UnfortunatelytheSCIAMACHY launchwasto lateto yield acompleteclimatologyfrom SCIA-
MACHY/AATSR within the time spanof HELIOSAT-3 project (not enoughdata). But it is
possibleto yield a setof testdatafor selectedsitesto investigatethe improvementof clearsky
solarirradiancecalculationschemesusingaerosolparameterswith a higherresolutionthanthe
GOME/ATSR-2climatology.
The possibilitiesof MSG/SEVIRI to derive appropriateinformationaboutthe aerosolsin the
atmospherewill beinvestigatedin addition.

Clouds,WP 2020

Theeffectof cloudsplayamajorrole in thecurrenterror(RMS)of thecalculatedmonthlymean
anddaily meanirradiances.Within thespecifiedaccuracy andresolutionof thecloudparameters,
it will be possibleto yield a significantimprovementin the estimationof solar irradiance. A
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relative errorof 30%for cloudparametersseemsto bevery large. But in contraryto otherdata
this shouldbe given in MSG pixel resolution(15 min time-stepsand approx. 3 km x 3 km
horizontalresolutionin nadir).After averagingthespatialand/ortemporaldomainamuchbetter
accuracy is excepted.
Neverthelessthevery largeeffectsof cloudsonsolarirradiancedemandahigheraccuracy of the
cloudparameters.To achieve this is aimedfor within this project.

The intensity I(0), prior to the aerosol layer, is assumed to be 1. The y-axis describes the
intensity after the light has passed the aerosol layer (=the transmittance, because I(0)=1). 
The x-axis is the Aerosol Optical Depth of the aerosol layer. The effect of the AOD on the 
intensity is diagrammed for three different SZA. Below the effect of the assumed errors in 
the AOD on the intensity is diagrammed as absolute value. 
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2.3 WP2020Cloud retrieval scheme

2.3.1 Intr oduction and overview

DLR was engagedin the adaptionand extensionof the cloud retrieval schemeAPOLLO to
MSG.TheMSG-scenes-softwarefor theretrieval of macrophysicalcloudpropertiesis available
from EUMETSAT for all HELIOSAT partnersandis alreadyrunningin a working versionat
DLR-DFD, DLR-IPA andUniversityof Oldenburg. Thescenes-softwareis basedon theApollo
retrieval schemedevelopedat theDLR. DLR andEHF hasperformedfirst testswith theMSG-
scenes-software. APOLLO algorithmsarealsosuitablefor theretrieval of cloudmicrophysical
parameterssuchasopticaldepth(LWP)andeffectiveradii from MSG-SEVIRIdata.To setupan
APOLLO- basedschemein a working versionto dealwith SEVIRI-datais preparedandcanbe
finishedwithin a few workdaysafterthedetailedrequirementsof WP3000areknown.

2.3.2 Description of the retrieval scheme

To providecloudmacro-andmicrophysicalpropertieslikecoverageor opticalthickness,acom-
binationof threemainprocessingsourcesis envisagedandunderdevelopment.Onesourceis the
utilisationof theMSG-Scenessoftware,which hasbeencommissionedby EUMETSAT andis
partof theEUMETSAT-MPEF(MeteorologicalProductGenerationFacility) processorwhereit
servestheproductpackagesCLA (cloudanalysis)andCTH (cloudtopheight).Anotherexisting
software,APOLLO, canalsobeusedto derive cloudproductsfrom SEVIRI data. The third is
to further develop own softwareor collect free software from third parties,e.g. to derive the
cloudopticalthickness2 with variousexisting physicalschemesfor comparisonandbettererror
estimation.
The MSG-scenes-software is available from EUMETSAT for all HELIOSAT partnersand is
alreadyrunningin a working versionat DLR-DFD, DLR-IPA andUniversityof Oldenburg. Its
outputis acollectionof cloudparameters,e.g.amount,semi-transparency flag,cloudtopheight
andtemperature,cloudtypeandphaseetc. togetherwith aquality-assurance.It doesnotprovide
cloud optical depth. Becausemajor partsof the MSG-Scenessoftwarework quite similar to
APOLLO, thesetwo packagescaneasilybe combined.Also post-processorsfor theprovision
of further microphysicalcloudpropertiescanbe run on-follow MSG-Scenesor APOLLO or a
combinationof both.
TheAVHRR ProcessingschemeOvercLoudsLandandOcean(APOLLO) wasthefirst AVHRR
dataprocessingschemeto make useof all five spectralchannelsduring daytime. It discretises
all AVHRR pixels into four different groupscalled cloud-free,fully cloudy, partially cloudy
andsnow/ice,beforederiving physicalproperties([SaundersandKriebel,1988], [Gesell,1989],
[Kriebel andGesell,1989]). Within APOLLO,cloudsarecategorisedinto threelayersaccording
to their top temperature.The layerboundariesaresetto 700hPa and400hPa. Theassociated
temperaturesarederivedfrom standardatmospheres.Further, eachfully cloudypixel is checked
to seewhetherit is thick or thin cloud,dependingon its channel4 and5 temperaturesand,dur-
ing daytime,its channel1 and2 reflectances.Thin cloudsaretaken asice clouds,i.e. cirrus,
whereasthick cloudsare treatedaswaterclouds. Cloud cover is derived for eachcloud type
separately, which is trivial for the fully cloudy and the cloud-freepixels. Cloud cover of the
partially cloudypixels is derived from thereflectancesandthe temperaturesof their cloud-free
andcloudyparts.Thesequantitiesaretakenfrom thenearestfully cloudyandcloud-freepixels,
assuminghorizontalhomogeneity. The cloud type of the partially cloudy pixels is assignedto
themostfrequentcloud type in a 50x50pixelsenvironment. In eachfully cloudy pixel, cloud

2opticalthicknessis asynonym for opticaldepth
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opticaldepth,liquid/ice waterpathandemissivity arederivedduring daytimeby meansof pa-
rameterisationschemesbasedon thereflectancein channel1. For watercloudsthedependency
of thecloudopticaldepthon thedirectionalhemisphericalcloudtopreflectanceis usedandthen
liquid waterpathandemissivity arerelatedto the optical depth. For ice cloudsthe schemeis
differentbecausethey have higherreflectancethanwatercloudsfor thesameoptical thickness
[Kriebel andGesell,1989]. Thedirectionalhemisphericalcloudtopreflectanceis obtainedfrom
the(measured)bidirectionaltopof atmospherereflectanceby applyingananisotropy correction,
correctiondueto ozoneabsorptionandsubtractingthesurfacepartof thereflectancetransmitted
throughthe cloud (seealso[Kriebel andGesell,1989]). Cloud top temperatureis obtainedby
meansof a correctionfor thewatervapourabove thecloud.Thesefour productscanalsobeob-
tainedfor pixel groupsof variablesizeto generatehorizontalaveragevaluesthatarecompatible
with modelgrid values.An exampleof APOLLO cloudproductshasbeenmadeaccessibleto
theHELIOSAT community. Thefollowing images(Fig. 2.2)show thecolourcompositeandan
extractof thecloud/snow/ice-maskof theexampletogetherwith a colourscaleaslegend. The
APOLLO-derivedcloudpropertiesfor thisexamplehavebeendistributedasbinaryfilestogether
with binaryinformationfileswhich caneasilyberead.
APOLLO is originally designedto processAVHRR databut canalsobeappliedto otherdataas
longasthecollectingsensorprovideschannelsaccordingto thoseof theAVHRR.Thisis truefor
MODIS andSEVIRI andthereforethesedatacanbetreatedwith theAPOLLO algorithmsand
schemesin a working explorativeversion.Theonly prerequisiteto usea visible redchannelfor
derivationof acloudopticaldepthby theschemeusedin APOLLO is thatthecompletechannels
responsemustbebelow 750nm to assuretheabsenceof watervapourabsorptionwhich is true
for theaccordingSEVIRI channel.To setupanAPOLLO- basedschemein aworkingversionto
dealwith SEVIRI-datais preparedandcanbefinishedwithin a few workdaysafterthedetailed
requirementsof WP3000areknown. WP3000will work onthatduringthefirst monthsof 2003.
APOLLO is academicshare-wareandis freeto theHELIOSAT communityfor non-commercial
use.
The third opportunityto cometo microphysicalparametersrelevant for energy relatedprod-
uctsis to askthird partiesto usetheir existing software,e.g. groupsdealingwith cloudoptical
thicknessfrom MODIS datain theEU CLOUDMAP2 project. As DLR-DFD is alsopartnerin
CLOUDMAP2, therehasbeenfirst discussionsto make theseadditionalalgorithmsavailableto
the HELIOSAT-3 community. It dependson the further needsof the HELIOSAT3 partnersto
take this opportunityor not.
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Figure 2.2: Illustration of cloud mask. Left hand, colour composite, right hand, extract of the
cloud/snow/ice-mask
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2.4 WP2030- Retrieval of water vapour

2.4.1 Intr oduction and Overview

Several retrieval methodshave beenperformedandtestedby the DLR. All of themcanbeap-
plied to theMeteosatSecondGeneration(MSG)satellite.Comparisonsof thedifferentmethods
indicatedthata modifiedmethodaccordingto KleespiesandMcMillan methodis thebestone
for MSG.Thedevelopmentof theretrieval methodis basedon theTIGR3 dataset.For Europe
TOVS-ATOVS watervapourvaluessince1999areavailablefrom theDLR for testingtheclear
sky scheme.

2.4.2 Description of the work and retrieval schemesof WP2030

Duringthefirst 18monthsof theHELIOSAT-3 projectthework onWP2030wasdividedmainly
in two tasks:datasetdelivery usingexisting dataandmethoddevelopmentin preparationfor
MSG.
Total watervapourcolumn(TWC) testdatasetsweredeliveredto WP 3010”clear sky solar
irradiancecalculationscheme”as requested.The prepareddataare basedon measurements
from the TOVS (TIROS OperationalVertical Sounder)instrumenton the NOAA-14 satellite.
They werereceivedby DLR’s own antennaandreceiving system.TOVS raw dataareanalysed
with the InternationalTOVS ProcessingPackage(ITPP, [Junet al., 1994] and [Jun,1994]), a
physicalretrieval schemeto derive atmospherictemperatureandwatervapourprofiles.Vertical
integrationof thewatervapourprofilesdeliverstheTWC values.
SinceNOAA is a polarorbiting satellitewith a swathwidth of about3000km, a total European
coverageis achievedtwice a day. Theaveragedistancebetweentwo retrievalsis approximately
80 km, the dataaredistributedirregularly in space.Therefore,an distanceweightinginterpo-
lation schemeis applied. It deliversa EuropeanTWC productwith a spatialresolutionof 0.5
degrees.The quality of this dataproduct,in comparisonto the ECMWF (EuropeanCentreof
Middle RangeWeatherForecasting)model,hasbeenmonitoredfor thewhole year2000. The
comparisondeliversdifferencesfrom 0.19(4.41mm for December2000)to 4.56(5.75mm for
August2000).Thisfits therequireddataaccuracy verywell. An exampleof adelivereddataset
is givenin figure2.3.
Themajor taskduringthefirst half of HELIOSAT-3 wasthedevelopmentof a retrieval scheme
for theMeteosatSecondGenerationSatellite(MSG).SincetherearenoMSGdataavailableyet,
extensivesimulationstudieshadto beperformed.
TheThermodynamicInitial GuessRetrieval (TIGR3, [CHÉDIN et al., 1985])datasetwasused
to simulatetheatmospherewith its possiblestatesof temperatureandhumiditydistribution. The
TIGR3 dataset was developedat the Laboratoirede MeteorologieDynamique(LMD, Paris)
especiallyfor thedevelopmentof retrieval methods.It includesmorethan2300radiosondepro-
filesfrom all overtheworld. Thespeciallyselectedprofilesrepresentthemaximumvariability of
theatmosphere.This means,thatespeciallyextremesituationsarealsocollectedin theTIGR3
dataset. It is not a climatologicaldatasetwith only representative meanvalues. For the de-
velopmentof robust andoperationalretrievals it is very importantto have a simulationdataset
that includesall kinds of atmosphericsituationsasdifferentaspossiblefrom eachother. For
eachprofile temperature,humidity andozonemeasurementsaregiven for 40 vertical pressure
levels rangingfrom 1013to 0.05hPa. Furtherinformationarelatitude, longitudeandsurface
temperature.
For thedevelopmentof theTWC algorithmmainly thetemperatureandhumidity profileswere
used.Theglobalvariability of totalwatervapourcolumnin theTIGR3datasetis shown in figure
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Figure2.3: An exampleof H2OdataretrievedfromMODIS

2.4.
Thefollowing stepswereperformed:

a) TheTIGR3humidity profileswereintegratedvertically to calculate”true” TWC

b) Forwardradiativetransfercalculations(MODTRAN [BERK et al., 1999] ) wereperformed
with all TIGR3 temperatureandhumidity profilesto simulateMSG andMODIS satellite
measurementsin the10.8and12 ��� channels

c) Retrieval algorithmswereappliedto thesesimulatedMSG radiancesto derive theTWC.

d) TWC columnderivedfrom thesesimulatedMSGradianceswerecomparedwith thevalues
calculateddirectly from theTIGR3profiles.

Both,MSGandMODIS,weresimulatedandanalysedduringthealgorithmdevelopment.MODIS
(ModerateResolutionImagingSpektroradiometer)is flown on theTERRA platformon a polar
orbit. Sincethe launchdatefor the MSG satellitewasuncertainfor a long time, the MODIS
instrumentwasanalysedasapossiblebackupsolution.
Threedifferent, so called ”split window” retrieval algorithmswere tested. Thesemethods
werepublishedby [ECK andHOLBEN, 1994] aswell as [KleespiesandMcMillin, 1990] and
[CHESTERSet al., 1987]
Eachof thesemethodsweretestedby theauthorsin casestudieswith only a few scenes.This
studynow focusedon theapplicabilityof thesemethodson a globaldataset,includingall or at
leastasmany aspossibleof thearchivedextremeatmosphericsituations.
The methodof [ECK andHOLBEN, 1994] is not applicableas a global retrieval method. It
turnedout thatit requireslocally adaptedempiricallycoefficients.
Theapproachof [CHESTERSet al., 1987] couldonly beappliedsuccessfullyonly to TWC val-
uesbelow 40 mm. As the TWC in the TIGR3 datasetrangesfrom 0 to 80 mm, the Chesters
methodseemsto beinapplicableasanoperationalalgorithm.
Themethodof KleespiesandMcMillin [KleespiesandMcMillin, 1990] is a modificationof the
Chestersapproach[CHESTERSet al., 1987]. It usesthesplit window channelsat 10.8and12��� . In general,infrared measurementsare affectedby air temperature,surfacetemperature,
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Figure2.4: Illustration,global variability of watervapour.
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Figure2.5: RelationbetweenmeasuredTWCandfunctionalTWC.

surfaceemissivity, water vapourand absorptionof other atmosphericgases. ”Split window”
channelsareselectedcloseto eachother, sothatequalemissivity andabsorptionof othergases
thanwatervapourcanbe assumed.Surfacetemperatureis the samefor both channelsasthis
parameteris not dependentof theobserverswavelength.This reducesthedependenceof mea-
surementsin thesechannelsto air temperatureandwatervapourabsorption.For the Chesters
methoddifferentapproachesto describeair temperaturedirectly were tested,but all of them
neededlocally adaptedcoefficients. The methodof KleespiesandMcMillan avoids this. Two
situationswith varyingsurfacetemperaturesareselectedandtherefore,two brightnessmeasure-
mentsat onecanbeexploited. Having thesetwo equations,theair temperaturedependencecan
beeliminated.MSG offers thepossibility to apply this approachbecauseit measuresevery 15
minutes.Thereforeit candeliver ”two situationswith varyingsurfacetemperatures”duringthe
diurnaltemperaturecycle. Equation2.1describesthefunctionalrelationshipbetweenbrightness
temperatures(T) andthetotalwatercolumn(TWC).

���	���� � 
 �
��	��� ����	�� �� � � � �� ������ 
 ���������� �"!$# � �%�	��%� � &'& (2.1)

�
is thebrightnesstemperaturein channel11 or 12, � is thesatellitezenithangle,(*),+ aretwo

temporaldifferentsituations,and � standsfor transmission.
KleespiesandMcMillan [KleespiesandMcMillin, 1990] proposeda linearrelationshipbetween
transmissionratio term andTWC. Testingwith the whole TIGR3 datasetshowed that a third
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Figure 2.6: Comparisonbetweenmeasured TWC and TWC calculated with the methodbasedon
KleespiesandMcMillan.

orderpolynomialdescribesthe relationshipbetter. Figure2.5 shows the linear fit in green,a
quadraticfit in blueandthethird orderpolynomialin red. Assumably, thereasonsfor this non-
linearbehaviour are(a) non-neglectableabsorptionof otheratmosphericgasesif TWC is very
smalland(b) saturationof absorptionlinesfor largeTWC values.
Using this approach,TWC derived from simulatedMSG radianceswere comparedwith the
”true” TWC calculateddirectly from the radio-soundings.Figure2.6 shows a goodagreement
with a biasanda standarddeviation of - 1.16and - 1.61mm. Thedifferencein surfacetem-
peraturewasdefinedto be5K, surfaceemissivity wassetto aglobalaveragevalue0.975.
Up to now anidealsatellitewithout any measurementnoisewasassumed.MSG is specifiedto
have anradiometricerrorof 0.25K in the10.8 ��� channeland0.37K in the12 ��� channel.
Figure2.7 shows the resultsif noisy measurementsaretaken into account.It turnedout thata
5K differencebetweenthe”two situationswith varyingsurfacetemperatures”is not a sufficient
differencein surfacetemperatureif noisy input datais assumed.The right part of figure 2.7
shows the samestudywith 10 K differencein surfacetemperature.The resultsareacceptable
with anagreementof - 4.5mm biasandastandardderivationof - 3.7mm for a rangein TWC
of 0 - 80 mm.
Of course,theassumptionof equalsurfaceemissivity in bothchannelsis notperfectlytrue.The
extremecaseof sandasanunderlyingwastested,but theinfluenceof varyingemissivity (0.970
in the 10.8 ��� channeland0.9865in the 12 ��� channel)on the retrieval accuracy wasnot
significant.
A significantdependenceon satellitezenithanglewasfound.Figure2.8givesthefunctionalre-
lationshipof equation2.1extendedto thethird orderpolynomialfor severalviewing angles.The
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Figure2.7: Effectof noisysignalon retrievedwatervapourfor a 5 K (left) anda 10 K (right) difference
in surfacetemperature

equationincludesonly a scalingwith thecosineof thezenithangleasairmasscorrection.Espe-
cially for largerTWC valuesthis simpleairmasscorrectionis not suitableanymore.An explicit
calculationof airmasscorrectionin the infraredneedsdetailedinformationaboutthe tempera-
tureprofile of theatmosphere.Unfortunately, this will not be availablelater in theoperational
processingscheme.Therefore,we developedaparameterisationscheme.Figure2.8revealsthat
the changebetweenthe curvesis rathersmooth. Therefore,the coefficientsof the third order
polynomialcanbeparameterisedwith sufficientaccuracy usingaquadraticfit (seefigure2.5).
To build up the working versionof the water vapouralgorithm the ”Scenes”software pack-
age for cloud parameterswas used. A module was addedwhich implementsthe modified
[CHESTERSet al., 1987]methodasgivenabove.
Furthertestswith the working versionwerenot possible.Up to now we received threediffer-
ent testdatasetswith simulatedMSG datafrom EUMETSAT. All of themaregeneratedfrom
existing METEOSAT or GOESsatellitedatawithout furthersimulations.In two datasetssome
channelsarejust copiedto producea MSG datasetwith eleven”dif ferent” channels.Thethird
datasetis basedon thecountsfrom theoneMETEOSAT infraredchannelandonly thecalibra-
tion coefficientsof thedifferentMSGchannelswereusedto deriveall infraredchannelsof MSG.
For theVIS MSG channelsthesameapproachusingtheVIS METEOSAT channelwasapplied.
Therefore,the10.8and12 ��� channelsin thesesimulateddatasetscontaina physicallyiden-
tical informationandcannotbe exploited quantitatively. They arejust suitableto build up the
technicalscheme.
Finally, it shouldbestatedthatreadingof MSGinputdataandcalibrationasthefirst steptowards
theprocessingof MSG datawasimplementedsuccessfully.
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Figure2.8: Functionalrelationshipfor coefficientsof third order polynomialof equation2.1 for several
viewing angles

2.5 WP2040:Aerosolretrieval

2.5.1 Intr oduction and Overview

TheDLR wasworkingontheaerosolretrieval schemeSYNAER.TheSYNAER retrieval scheme
is readyandhasbeenappliedto GOME/ATSR-2data.A preliminaryERS-2aerosoldatasethas
beencalculatedandis availableat theDLR for testswith respectto theclearsky scheme.The
completeaerosolclimatologywill bereadyto usein time.
More over DLR hasinvestigatedpossiblesolutionsfor a MSG basedaerosolretrieval, andhas
explainedtheHELIOSAT partnerstheproblemswith sucharetrieval andlinkedwith thatcurrent
needfor aclimatologyfrom instrumentsothersthanMSG.
SinceENVISAT wassuccessfullylaunchedDLR expectedthat thefirst SCIAMACHY/AATSR
aerosolretrieval is readyin summer2003. TheDLR reportedto thepartner, that in additionto
theGOME/ATSR-2climatologyaoneyear”climatology” from SCIAMACHY/AATSRis aimed
for.

2.5.2 Retrieval Methodology

Aerosolparametersareretrievedwith thenew methodSYNAER (SYNergeticAerosolRetrieval;
[Holzer-Poppet al., 2000, Holzer-Poppet al., 2002a,Holzer-Poppet al., 2002b] from a combi-
nation of simultaneousATSR-2 and GOME measurements.The high spectralresolutionof
GOME ideally supplementsthe high spatialresolutionof ATSR-2. In this methodcloud de-
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tectionis first performedfor all ATSR-2pixels. Secondly, dark fields (dark vegetation,water
bodies)areselectedautomaticallyfrom the dataitself in the 1.6 ��� and3.7 ��� channelsand
from theNormalisedDifferenceVegetationIndex (NDVI) calculatedwith the670and870nm
channels.Then boundarylayer aerosoloptical thickness3 (BLAOT) valuesat 670 nm (over
land)and870nm(overocean)arederivedfor thesedarkATSR-2nadirpixelsfor which thesur-
facealbedocanbeestimatedwith goodaccuracy. BLAOT valuesover theirregularlydistributed
dark fields areinterpolatedto all cloud free ATSR-2pixels with a distanceweightingscheme.
Using the atmosphericcorrectionschemeEXACT [Popp,1995], which hasbeenvalidatedus-
ing Landsat-TMandNOAA-AVHRR data,thesurfacealbedovaluesfor the3 wavelengths560
nm, 670 nm and870 nm areobtainedfor all cloud free pixels. The ATSR-2derived parame-
tersareco-registeredto GOME pixels and interpolatedspatially. BLAOT andsurfacealbedo
calculationis repeatedfor 40 differentaerosolmixtureswhich aredefinedby externalmixing
of six basicaerosolcomponents.Using theATSR-2calculatedvaluesof optical thicknessand
surfacealbedo,GOMEsurfaceandconsecutively top-of-the-atmospherespectrafor thesameset
of differentmixturesaresimulatedat 10 selectedwavelengths.The measuredGOME spectra
arecorrectedfor cloudandozoneinfluence.A leastsquarefit of thesimulatedto themeasured
GOME spectrumselectsthemostplausibletypeof aerosolandits correspondingBLAOT value
at the referencewavelengthof 550nm in a GOME pixel. Finally, a quality controlandanam-
biguity testareappliedby comparingthefit errorwith deviationsbetweendifferentmixtures.A
casestudyvalidationshowedproofof theSYNAER capabilities(errorof opticalthicknessat550. � below 0.1) andcapacityto differentiatethetypeof aerosolsbetweencontinental,maritime,
polluted,desertoutbreakandbiomassburning/ heavily pollutedair massesasmixturesof 4 ba-
sicaerosolcomponents(sulfate/nitrate,mineraldust,seasalt,soot).An exampleof theoutputof
theSYNAER methodis givenin figure2.9.

2.5.3 Production of a satellite basedaerosolclimatology

It is the ultimategoal of this work packageto produce(andin future update)a satellitebased
aerosolclimatologyfor theMSG observationarea.For this purposetheSYNAER methodwill
be implementedand work operationallywith the similar sensorsSCIAMACHY and AATSR
on-boardENVISAT. However, sincetheENVISAT commissioningphasewill not becompleted
beforethe endof 2002,it wasdecidedto starta backupclimatologyproduction. For this pur-
pose,a large dataorderwasplacedat ESA within the AO projectSENECA(AO ID-106) for
GOMEandATSR-2products(bothonboardERS-2)of theyear1997/98.UnfortunatelyGOME
measures”small” pixels of 80x40 km� only for 3 daysevery month,and 320x40km� pixels
throughouttherestof themonth.For producingtheaerosolclimatologyonly the”small” pixels
aremeaningfulandarethusexploited. With this smallpixel modeGOME coversa swathwidth
of 240km with only 3 pixels in onescanline (SCIAMACHY will deliver pixelsof 60x30km�
for a swathof 960km, i. e. 16 pixels in oneline). Although this meansa severelimitation to
theavailabledatabase,it openstheopportunityto testthemethodologywith a oneyeardataset.
MeanwhileESA hasdelivered210 full day-sideorbits covering Europe/Africafor the period
July 1997to August1998. Preprocessingof thesedata(calibration,cloud detection)hasbeen
completed.On this basiscurrently the applicationof the aerosolretrieval SYNAER hasbeen
started.Theresultswill beusedto producea first versionof theaerosolclimatology.
Dueto thelimited databasefor thisclimatologythereasonabletemporal-spatialsamplingof the
outputneedsto be optimised. The final aim is to deliver 4 seasonalclimatologydatasetswith
a 5 degreehorizontalgrid. Dependingon the cloud coverageandmethodinherentlimitations

3opticalthicknessis asynonym for opticaldepth
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Figure2.9: Exampleof SYNAERoutput: SYNAER3-daymapover Europefor 1.-3. September1995.
Retrievedboundarylayeropticalthicknessat 550nmis shownin theupperpart rangingfrom0.03to 0.55.
Retrievedpercentage contributionsof six basicaerosol components(depictedaspercentage of thepixel
area) are shownin the bottom(IN=insoluble, WA=water-soluble, SO=soot,SA=seasalt accumulation
mode, SC=seasalt coarsemode, MT=mineral transported).Cloud covered GOME pixelsabove 50 %
cloud fraction are excluded. Pixelswith large fit errors were excludedfrom both mapsby the quality
check. Theambiguitytestwasnotapplied.
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(surfacebrightnessmustnot exceed8 %, GOME pixel cloud fraction mustnot exceed35 %,
differentiationof aerosoltypesis only reliablefor optical thicknessat 550nm larger than0.1)
theseasonalitymight bedifficult. Thereforea oneyeardataset(averageandstandarddeviation
opticalthickness,differentiationinto basiccomponents)will beobtainedasfirst productfor a 5
degreegrid.
Several investigationsindicatethat 2 details in the aerosolsetupof SYNAER needrevision.
This will be implementedfor producingthe final climatologydataset.First, the currentsoot
componentis usedfor both industrial and biomassburning soot which exhibit very different
absorptionfeaturesaccordingto measurements.Therefore,two differentsootcomponentswill
be introduced. Secondly, in the caseof desertoutbreakthe lowestaerosollayer of 4-6 km is
modelledasmixtureof transportedmineraldustandbackgroundsulfate/nitrateaerosol,whereas
two distinct layers(dustabove background)occur in nature. Thus,SYNAER will be adapted
to accountfor this sub-structure.Both thesesimplificationsin the currentmethodsetupare
responsiblefor miss-selectionof theaerosoltypein certainconditions;therevisionsshouldlead
to moreaccurateopticalthicknessretrieval anddifferentiationof theaerosoltype.
Onefurther issueof improvementis the detailedhandlingof quality informationfrom the re-
trieval processsuchasfit error, GOME-ATSR-2reflectancedeviation, surfacebrightness,spec-
tral noise,surfaceelevation, cloudiness,solar elevation angle,etc. which are very useful to
suppresspixel resultswith potentialretrieval errors. A bestcompromiseneedsto bechosento
allow statisticallysignificantnumbersof measurementsbut to at thesametime rely on themost
accuratepixel resultsonly. Thiswill beoptimisedtowardsthefinal version.
Asapreliminaryresultfigure2.10showstheanticipatedclimatologydatasetbasedon2.5months
of observations(July/August/September1997, i. e. 8 daysonly). The low numberof obser-
vationsleadsto much to large box-to-boxvariationand in someboxeseven unrealisticmean
optical thicknessvalueswhich aredeterminedby singleepisodes.This will beenhancedby us-
ing the entireyearof availabledata. However, despiteof the small databasesomeinteresting
featurescanalreadybeobserved:Largestopticalthicknessvaluesoccurover/ nearthedesertar-
eas,whereastheScandinavian areaor oceaniczonesshow lowestvalues.Also biomassburning
plumesfrom SouthAfrica andCentralSouthernAfrica areindicatedovertheAtlantic. Thenum-
berof pixelsindicatesto potentiallyuncertainresultswith low numberof observations(in blue).
Sulfate/nitrateaerosolswhichareincludedin all modelledaerosoltypesasbackgroundcontribu-
tion show evenclearertheunpollutedoceanicandNorthernareas.Sootoccursmostprominently
over industrialised/ denselypopulatedareasaswell asin biomassburningor industrialplumes
overtheocean(anddueto misinterpretationbecauseof thesimplifieddustverticalstructureover
desertsto someextent). Dust is dominantin andarounddeserticareas(Sahara,Namib, Near
East)andoccurswith smalleramountin continentalandoceanicaerosol.Seasalt seemsto be
wrong(mostlyovercontinent),but it shouldbenotedthatit givesaweakercontribution(only up
to 0.2)with thuslargererrorbar.
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Figure2.10:Preliminaryaerosolclimatologydatasetbasedonobservationsof 8 daysin theperiod4 July
- 15 October1997.Thefigure shows(fromleft to right) in theupperline: total aerosoloptical thickness
(AOT), numberof pixels,sulfate/nitrate optical thickness(OT); in the lower line: sootoptical thickness,
dustoptical thickness,andseasaltoptical thickness.All optical thicknessvaluesaregivenat 550nm; the
differentrangeof OT valuesin thesubimagesshouldbenoticed;grey boxesmeanthatnoparticlesof this
componentwere foundat all in thisbox.

2.6 WP2050OzoneRetrieval

2.6.1 Intr oduction and Overview

TheOzoneretrieval methodis readyto use.Theozonedatausedwithin theprojectis retrieved
GOMEdata,optionallyaretrievalbasedonMSGdatais aimedfor. HELIOSAT-3will profit from
ENVISAT launch,becausewith SCIAMACHY theaccuracy of the /"� datacanbeimproved.

2.6.2 The Global OzoneMonitoring Experiment - GOME

To derive actualdistributionsof total columnozonebackscattermeasurementsfrom theGlobal
OzoneMonitoring Experiment(GOME) on boardthe ERS-2satelliteof the EuropeanSpace
Agency are used(seee.g. [Burrows et al., 1998] and referencestherein). GOME is a nadir-
looking across-trackscanninginstrumentwith a typical footprint sizeof about320x 40 km� . A
spectralresolutionof 0.2nm to 0.4nm between240nm and793nm enablesto retrieve vertical
columndensitiesof ozoneasis describedby [Thomaset al., 2000]. GOME datahasbeenavail-
ablesinceJuly 1995. GOME level-1 (radiances/ reflectances)andlevel-2 (tracegasamounts)
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productsarecomputedfrom level-0 (raw) datausingtheGOME DataProcessor(GDP)system
which wasdesignedanddevelopedby theGermanRemoteSensingDataCenter(DFD) of DLR
onbehalfof ESAin cooperationwith otherinstitutionsinvolvedin theGOMEScienceAdvisory
Group. The GOME processingchain(illustratedin figure 2.11)consistsof datareception,ge-
olocationandcalibrationof spectra,retrieval of tracegasesandfinally dataassimilationto derive
synopticglobaltotal columnozonedistributions.

2.6.3 Retrieval of Total Column Ozone

The core elementof the retrieval is a DOAS (Differential Optical AbsorptionSpectroscopy)
fitting techniquethat involves a multi-linear regressionof GOME-measuredoptical densities
againsta numberof referencespectra.It providestracegascolumnamountsalongtheviewing
pathof the instrument([Burrows etal., 1998]). The resultingtracegasslantcolumnsarethen
convertedto geometry-independentverticalcolumnamountsthroughdivisionby appropriateair
massfactors(AMF). OzoneAMFs arecalculatedby an iterative procedureon the basisof the
TOMS V7 ozoneprofile climatology[McPeterset al., 1996] usingthe radiative transfermodel
LIDORT [SpurrandKurosu,2001]andarerestoredfrom look-uptablesby neuralnetwork tech-
niques[Loyola,1999]. For thisprojectGOMEGDPlevel 2 dataVersion3.0from ESA/DLRare
used,derivedby theaboveoutlinedprocedure.A recentvalidationcampaign[Lambertet al., ] of
GOME datausingTOMS andground-basedmeasurementsindicatesthattheagreementof total
ozonecolumnis within 2-4 % for solarzenithanglesbelow 700 .
2.6.4 Data Assimilation

Dueto theorbital parametersandscanninggeometryof theGOME instrument,thelevel-2 total
columnozonedatais distributedheterogeneouslyin time andspace. GOME achievesglobal
coverageafter threedaysonly. Additionally, eachpixel is recordedat a different time. It is
quite obvious that the information contentfrom threeday averagedasynopticmapsis rather
limited andwould result in artifacts. This is becausethe distribution of total columnozoneis
primarily controlledby dynamicprocessesin the atmosphere,which can significantly modu-
late the distribution on shorttime scales.To gain synopticdistributionsof total columnozone
andto consideratmosphericvariability thedataassimilationtechniqueKalman-Filteringis used
[Daley, 1991]. It is appliedin conjunctionwith a spectralstatisticalplanetarywave approach
[Bittner andErbertseder, 2000], [Erbertsederet al., 2000]aswell as[Bittner etal., 2002]. In this
context it hasto emphasisedthatabout90-95%of ozonetotalcolumndensitystemsfrom altitude
regionsfrom10km upto about35km. In thisregion,ozonecanberegardedasbeingphotochem-
ically stablefor time scalesof a few daysandweeks.Therefore,thedistributionof total column

Figure2.11: Illustration of theGOMEprocessingchain.
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Figure2.12:Effectof theKalmanfilter: Filling gapsof GOMEbasedO3 usingtheKalmanfilter.

ozoneis mainly dueto transportprocesses,that is dynamics. Several wave phenomenomson
differenttimeandspatialscalesaregoverningthestratosphericdynamics.Examplesaregravity
waves,shorter-periodplanetarywaves,Kelvin andmixedRossby-gravity wavesneartheequator,
large-scalecirculation,andsurgesabovethunderstorms,cyclonesor overseasurfacetemperature
anomaliessuchasEl Nino, to mentiononly a few. ThestatespaceapproachKalman-Filtering
is capableto take into accountevensuchrapidchangesin theatmosphericsystem.It allows the
considerationof both time andspacedependency of datasets. As a result, the Kalman-Filter-
baseddataassimilationtechniqueproducesan estimateof the stateof the system,suchasthe
distributionof ozone,atany giventime (”snap-shot”),seefigure2.12.
The Kalmanfilter estimatesthe Fourier coefficients for the trigonometricfunctionsdescribing
theplanetarywavesateachlatitudein agiventime 1 . To obtaininformationon thetemporaland
spatialdevelopmentof total ozone.GOME observationsfrom previousandfollowing aretaken
into account.
Sincethetotal ozonedistribution is governedby waves,knowing thewavesmeansknowing the
ozonedistribution. Therefore,thewavesaremodelledby meansof sinusoidals.Theprocedure
startsin binningGOME level-2 datainto latitudesegments.Theresultis anensembleof zonal
data/timeseriesof total columnozonedata.TheKalmanfilter now estimatestheFouriercoeffi-
cientsfor thetrigonometricfunctionsdescribingtheplanetarywavesat eachlatitudebin agiven
time 1 .
To obtain informationon the temporalandspatialdevelopmentof the observed quantityhere
GOME observationsaretaken into accountfrom previousandthe following dayswith respect
to the time to be analysed.A big advantageof the KalmanFilter is its independenceon the
measurementgeometry, thatmeanstheobservationsneednot to beequidistant.Furthermore,the
presentedapproachis tolerantin treatingdatagaps.Generally, it hasto beemphasisedthatno
auxiliarydatalikeglobalwind fieldsareneeded.As validationwith groundbasedmeasurements
hasshown theapproachdoesn’t addsignificantnoiseto thedataatall, while gainingmuchbetter
availability, informationandinsightto theozonedistributioncomparedto thepurelevel-2data.
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Figure2.13: Validationof KalmanfilteredGOMEtotal columndataversus496singlemeasurementsof
theDobsonSpectrophotometerat theMeteorological ObservatoryHohenpeissenberg.

To give anexampleof a evaluationcasestudya comparisonwith 496singlemeasurementsof a
Dobsonspectrophotometerat Hohenpeissenberg is presentedhere[Erbertsederetal., 2000], see
figure2.13.For thispurposetheglobalozonedistributionwasassimilatedfrom GOMEmeasure-
mentsexactlyto thetimewhentheDobsonmeasurementtookplaceandthevalueoverthestation
Hohenpeissenberg wasextracted.A periodwith strongdynamicactivity andresultinghigh data
variabilitywaschosen(January-June1998).As canbeseenfrom thefigure2.13theresultsshow
a meandifferenceof 1.43%anda standarddeviation of 6.03%(Dobsonmeasurementscourtesy
of theGermanWeatherService)Validationof KalmanfilteredGOME total columndataversus
496singlemeasurementsof theDobsonSpectrophotometerat theMeteorologicalObservatory
Hohenpeissenberg

Data setsprovided within the project period Datasetsweredeliveredfor several defined
clearsky daysagreedon. Theglobaldatasetshave a spatialresolutionof 40x40km andwere
assimilatedfor 12:00 UTC. The format is ASCII (later HDF) and eachfile consistsof three
columns:
1. longitude(in DegreesEast[-180;180])
2. latitude(in DegreesNorth [-90;90])
3. total ozone(in DobsonUnits = mm-atm-cm[50,650])
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Chapter 3

WP3000:The SOlar Irradiance Scheme,
SOLIS

3.1 Intr oduction

Geostationaryweathersatelliteslike thecurrentMeteosatprovidecloudinformationwith ahigh
spatialandtemporalresolution. Suchsatellitesarethereforenot only useful for weatherfore-
casting,but alsofor theestimationof solarirradiancesincetheknowledgeof thelight reflected
by cloudsis the basisfor the calculationof the transmittedlight. Additionally an appropriate
knowledgeof atmosphericparametersinvolved in scatteringandabsorptionof the sunlight is
necessaryfor anaccuratecalculationof thesolarirradiance.
TheoperationallyworkingmethodsHeliosat([Beyeret al., 1996],[Hammer, 2000] andHeliosat-
2 [Rigollier et al., 2001]usesstatisticalmethodsandsemi-empiricalformulasfor thecalculation
of solarirradiance.They usecloudinformationfrom thecurrentMeteosatsatelliteandaturbitidy
climatologyfor thecalculationof theclear-sky irradiance.
TheMeteosatSecondGenerationsatellites(MSG) will providenot only higherspatialandtem-
poral resolutionthanhis predecessorMeteosat,but alsothe potentialfor the retrieval of atmo-
sphericparameterssuchasozoneandwatervapour. With satelliteslikeGOME/ATSR-2alsothe
retrieval of aerosolinformation is possible. This moredetailedknowledgeaboutatmospheric
parametersallows to setup anew calculationschemebasedonradiative transfermodels.
This new schemewill be basedon the integrateduseof a radiative transfermodel, whereas
theinformationof theatmosphericparametersretrievedfrom theMSG satellite(clouds,ozone,
watervapour)andfrom theGOME/ATSR-2satellites(aerosols,ozone)will beusedasinput to
theRTM basedscheme.1

So far, the working versionof the clear sky schemehasbeenfinishedand a conceptfor the
whole schemehasbeendeveloped. The technicaldetailsof the clearsky working versionare
documentedin annex, seesection6.1.
Within thenext sectionsthedesignandthemainconceptsof theschemearedescribed,aswell
asthescientificwork behind.

3.2 WP3010– Clear sky scheme

3.2.1 Intr oduction

Theclearsky schemedescribedbelow is characterisedby anew approach,sofarnotusedin any
of theexisting solarirradianceschemes.Thereforea moredetaileddescriptionof the”concept”

1In thenearfuturetheinformationfrom GOME/ATSR-2will bereplacedby SCIAMACHY/AATSR
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is provided in the following sections. A more technicaldescriptionof the clearsky working
versionis providedin theappendix(seesection6.1).

3.2.2 The new clear-sky module

MSGwill scantheearthatmospherein averyhighspatialresolution(seetable3.1),e.gapprox-
imately2.5 million pixelshave to beprocessedevery 15 min. for Europe.Thusthecomputing
time necessaryto calculatethe solarirradiancefor eachpixel hasto be very small to make an
operationalusageof thesolarirradianceschemepossible.Onepossibility to managethecom-
putingtime problem,with respectto RTM applications,is theuseof look-uptablesto consider
theeffect of atmosphericparameterson thesolarirradiance.Insteadof doing this a new more
powerful andmoreflexible method– the integrateduseof RTM within theschemebasedon a
modifiedLambert-Beerrelation– will beappliedwithin theHELIOSAT-3 project.
Theintegrationof RTM into thecalculationschemes,insteadof usingjustpre-calculatedlook-up
tables,is only possibleif thenecessarycomputingtime canbedecreasedenormously. For this
purposea tricky functionaltreatmentof thediurnalsolarirradiancevariationhasto beapplied.
Thusmakinganappropriateoperationaluseof aRTM within thecalculationschemespossible.
Thebasis(or startingpoint)of theintegrateduseis theassumptionthatdaily valuesof theclear-
sky atmosphericparametersin a spatialresolutionof 100x100km or 50x50km aresufficient.
This assumptionis reasonablefor solar energy applicationsin considerationof accuracy and
operationalpracticalityandis not linked with restrictionsof the modelbecauseof the reasons
listedbelow.� Principle restrictionsin the art of retrieval limits the available input with respectto the

temporalandspatialresolutionof theatmosphericclearsky parameters.E.g. theretrieval
of aerosolsfrom satelliteis handicappedby thesmallaerosolreflectanceandtheperturba-
tion of theweaksignalby cloudsandsurfacereflection.For thatreasonsretrieval of daily
valuesin 100x100km resolutionwith a ”global” coveragein anappropriateaccuracy is a
taskfor thefar future.� Theresolutionis in consistencewith thecompilationof datarequirements� Thetemporaldaily fluctuationsof solarirradiancearein generaldominatedby thefluctua-
tionsof cloudsandthecloudinformationis usedin its hightemporalandspatialresolution
(MSG pixel resolution).� The usageof the modifiedLambert-Beerfunction, describedlater on, shouldenablethe
correctionof derivationsfrom thedaily averageof theclearsky irradiancein aneasyand
fastmanner(seealsosection??).

Sincedailyvaluesof theatmosphericparameters( /"� , 23�4/ ,aerosols)within aregionof 100x100km
(50x50km)canbe assumedto be sufficient, the diurnal variationof the solar irradianceis just
dependenton theSolarZenithAngle (SZA, �65 ). TheRTM calculatesthediurnalvariationof the
solarirradiancefor eachregion usingtheatmosphericparametersasinput. Thecloudeffectand

parameter METEOSAT MSG

spatialresolution(subsat.point) 2.5km 1 km
temporalresolution 30 min 15min
spectralchannels 3 12

Table3.1: Improvementsin METEOSAT resolution
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hencethetemporalfluctuationof thediurnalclearsky irradiancecausedby cloudsis considered
for eachpixel without the”need” for anexplicit useof a RTM (for a moredetaileddescription
seesection3.3).As aconsequencenoteverypixel hasto beprocessedwith theradiativetransfer
model. With themodifiedLambert-Beerfunction,describedin detail in section3.2.3,thediur-
nal variationof theclearsky irradiancecanbematchedvery well. As a consequencetheRTM
calculationsnecessaryto definethediurnalvariationof theclearsky irradiancecanbereduced
enormously. UsingthemodifiedLambert-Beerfunctiononly 2 RTM calculationsarenecessary
to definethecompletediurnalvariationof theclearsky irradiancefor a givenatmosphericstate.
As a consequence,independentif a pixel is cloudyor not,2 RTM calculationareenoughto cal-
culatethesolarirradiancefor thewhole(e.g.100x100km) region,whereit is importantto note
thatthecloudinformationis usedfor eachpixel in thehighspatialandtemporalMSGresolution.
How thecouplingof theclearschemewith thecloudysky schemewill beperformedis described
in detail in section3.3. In figure3.1 thespatialandtemporallinkagebetweentheclearsky and
thecloudysky moduleis illustrated.

input:    Aerosols   H2O   Ozone
resolution:  daily, 50x50 km
temporal  (diurnal) information:  
SZA dependent diurnal variation 
of solar irradiance, use of "fit"
function reduces necesarry RTM 
computing time 

cloud information in 
high resolution every 
15 min, 1 x 1 km

information of solar irradiance in a high 
spatial and temporal resolution.

 

diurnal variation of
clear sky irradiance.
50x50 km resolution

 

link with cloud 
information via
n-k relation or
exp(COD)

hour of day

clear sky model
50x50 km
region

temporal
information

Ir
ra

di
an

ce

Figure3.1: Diagramof thespatialandtemporal linkage betweenclear-sky andcloudinformation.
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3.2.3 The modified Lambert-Beer function

The describedmodified Lambert-Beerrelation and their applicationwithin solar irradiance
schemesis atotally new approach.Thefunctionandtheirapplicationwithin thecodewasdevel-
opedwithin theHELIOSAT-3 projectat theUniversityof Oldenburg.

Dir ect irradiance

TheLambert-Beerrelationis givenby 73897 :<;>=@?BADCFEHG (3.1)

whereE is theopticaldepth
Consideringpathprolongationandprojectionto theearthsurfaceleadsto.7I8J7 :<;>=@?BA C EKMLON CQP6RMG GD; KMLSN CTP6RMG (3.2)

This formuladescribesthebehaviour of thedirectmonochromaticradiationin theatmosphere,
henceaneffectiveopticaldepthE canbeestimatedfor all SZA ( P6R ).E 8VUFW C 7YXS7 :,G (3.3)

Usingequation(3.3)for P6R =0 leadsto E�: . If wearedealingwith monochromatic radiation thenE is constant,henceE equalsE@: for all SZA.
If wearedealingwith wavelengthbands E is notconstant,but changessmoothlywith increasing
SZA . E�: is just theeffectiveopticaldepthat P6R =0, Thereasonfor thatis thenon-linearnatureof
theexponentialfunction.
Henceacorrectionof theopticaldepth,or equivalentto this,of theparameter Z[]\	^`_badcfe is necessary.7g8h7 :<;i=@?BADC EKMLON6j CQP6RMG GD; KMLON CTP6RMG (3.4)

Using this function the calculateddirect radiationcanbe reproducedvery well (seeFig. 3.4).
Thefitting parametera is calculatedbasedon two RTM calculations.

Global irradiance

As explainedaboveacorrectionof formula3.2 is necessaryfor directradiationif theformulais
appliedto wavelengthbands,henceit is necessaryfor globalradiationtoo. But in additionto the
wavelengthbandeffect theLambert-Beerlaw is no longer”valid” for monochromaticradiation
dueto the effect of scatteredphotonsthat are”coming back”. This effect is mainly described
(considered)by theusageof theeffectiveopticaldepthE@: . As aconsequence,usingtheeffective
optical depththe Lambert-Beeris still a (relative) good approximationfor ”monochromatic”
global radiation. But due to e.g. the atmosphericvertical inhomogeneitythe changein the
amountof photonscomingbackdueto changesin SZA is not describedby k

X KMLSN CTP6RlG in detail.
Hencea correctionof formula3.2 is necessaryevenfor monochromaticincomingradiation,in
orderto yield abettermatchbetweenRTM calculatedandfunctionvalues(seefor examplefigure
3.2). Sincethe Lambert-Beerrelation,using the effective optical depth E�: , is still a (relative)
goodapproximationif the incomingradiationis monochromatic,it is not sosurprisingthat for
wavelengthbandsthefunction7 mfno\qp j n

8J7 :�;>=@?BADC C]EHGK�LSN p CQP6RMG GD; KMLON CTP6RMG (3.5)

is (similar to thedirect radiationcase)alsoa goodfitting functionfor global radiation(seeFig.
3.4).
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Diffuse irradiance

The Lambert-Beerrelationdescribesthe attenuationof the incomingradiation. The incoming
diffuseradiationat thetopof theatmosphereis negligible. Thesourceof thediffuseradiationis
theattenuationof thedirect radiationdueto scatteringprocesses.HencetheLambert-Beerlaw
is relatedto theirradianceof diffuseradiationbut doesnot describetheirradianceof diffusera-
diation,sincediffuseradiationcannotbedescribedin termsof attenuationof incomingradiation
(seeFig. 3.3). However fitting with the modifiedLambert-Beerrelationworks very well (see
Fig. 3.4).
Sincethe scalingwith cos(x)is not appropriatefor diffuseradiationit is skippedandequation
(3.6) is usedfor fitting.

7 r`sutMt4v ^Qw 897 :<;>=@?BA C C]ExGKMLON CQP6RMG [ G (3.6)

General remarks

The usageof the modified Lamber-Beer function is physically motivated,but it is actually a
”fitting” function. This is especiallyobvious for the caseof diffuse radiation. In principle it
is possibleto fit the RTM calculationswith any appropriatefunction for examplea modified
polynomialof third degree CTy
z K�LSN6{ C]?|G~}��Dz K�LSN6� CF?|G~} K G (seeFig. 3.5).Hencethebig advantage
of themodifiedLambert-Beerfunctionis not thefeasibility to fit theRTM calculations,but that
it is possibleto yield a very goodmatchbetweenfitted andcalculatedvaluesby usingonly 2
SZA calculations.This is possiblesincethechangeof theirradiancewith SZA is relatedto the
Lamber-Beerlaw, henceusingthemodifiedLambert-Beerrelation”the degreesof freedomcan
bereduced”.More over theparametercanbecalculatedwithout theneedfor anumericalfit.
The functionwastestedfor many differentatmosphericstates,e.gfour differentaerosoltypes,
four differentvisibilities (5,10,23,50),differentwateramounts,differentstandardatmospheres.
Additionally it wastestedthatthefit alsoworksif anotherRTM model(insteadof libradtran)is
usedfor the RTM calculations.Thereareno reasonsto assumethat thereexist a atmospheric
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Figure3.4: ComparisonbetweenRTMcalculationsandfit usingthemodifiedLambert-Beerrelation,for
differentatmosphericstates

statefor thatthefit doesnotwork verywell. Henceit canbeassumedthatthefit worksverywell
for all atmosphericstates.
For our purposethe senseof a appropriatefitting function is to save calculationtime without
losing”significant” accuracy. Thequestionif afitting functionis usablefor thatpurposedepends
onthedifferencebetweenthefittedvaluesandtheRTM calculatedvalues(whichareverysmall,
lessthan8W/m� below aSZA of 85Deg.).
At low visibilities (high optical depth,high aerosolload)

7 \ hasto be enhancedfor global and
diffuseradiation.For thatpurposeageneralformulahasbeendeveloped.

3.3 WP3020:Statusand planning of the cloudy sky scheme

An operationalusageof a RTM for the treatmentof heterogenousclouds(whetherdirectly or
via the usageof pre-calculatedlook-up tables)is not possible. The limitations of 3-D cloud
modelling do not enablerealistic RTM calculationsof 3-D cloud problemsin an operational
manner. Justcasestudiescanbeperformedbecausethenecessary3-D cloud input information
is not availableoperationally. Hencewith respectto theuseof a RTM theproblemis thenon-
availability of realisticspecificationof heterogenouscloudsfrom measurements.MSG will not
providesufficientinformationabout3-D cloudcharacteristics.No othersatelliteor measurement
setupprovidesthis informationfor theneededtemporalresolutionandspatialcoverage.
Besidetheseproblemsanexplicit or integrateduseof RTM is not practicablesincetheneeded
calculationtime of 3d-RTM modelsis too largefor anoperationaladaption.Evenhomogenous
cloudscannotbetreatedexplicitly in anoperationalmannerwith aRTM (MSGpixel resolution).
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As a consequenceof the thingsmentionedabove, the integratedusageof the RTM within the
schemeis relatedto theclear-sky scheme.Consideringthe cloudeffectstherearetwo options
thatwill beavailableto theuser, seedescriptionbelow.

Usingn-k relation Within thisoptiontheeffectof cloudson thesolarirradianceis considered
by using the relation betweencloud index n and clear sky index k (n-k relation). This rela-
tion wasempirically found within previous studies. It is usedin the currentHeliosatmethod
[Beyeret al., 1996]. The n-k relation is robust and validated. It leadsto relative small Root
MeanSquareDeviations(RMSD) betweenmeasuredandcalculatedsolar irradiancefor daily
andmonthlyvalues.Nevertheless,animprovementof then-k relationusingphysicallyretrieved
cloudparametersis aimedfor. For this purposestudieshave beenperformedin orderto inves-
tigatethequestionif then-k relationcanbeimprovedby usingtheenhancedcloudinformation
retrievedfrom MSG(cloudmask,COD, � w tlt ). Additionally, theeffectof brokencloudshasbeen
investigatedin orderto studytheeffect on theglobal irradiance.Besidethedescribedaim – to
improve the n-k relation– suchstudiesimprove the understandingof the interactionbetween
cloudparameterslikecloudheightandLWP 2 or theeffectof brokencloudson thecalculatedir-
radiances.Therefore,they areanimportanthelpfor thedevelopmentof theCODbasedscheme,
describedin thenext paragraph.� Within the HELIOSAT-3 project the UIB hasperformeda studythat indicatesa depen-

denceof thecloudindex n on theviewing geometryandLWP of theclouds.This depen-
dency is notconsideredin thecurrentHeliosatscheme.A correctionof suchaneffectin the
new schemeis aimedfor. For detailsseesection4.2. Moreover theUIB hasimprovedthe
formula for thedetectionof atmosphericbackscatteringleadingto a further improvement
of then-k relation.� Heterogenouscloudeffectshavebeeninvestigatedin differentstudies(seesection4.2.3)in
orderto correctthen-k relationin astatisticalmannere.g. improvethecalculatedrelation
betweendiffuseand direct irradiance(for more detailsseesection4.2.3) Thesestudies
will bediscussedduringthemid-termmeetingandafinal conclusionof thestudieswill be
drawn within thenext months.

2LWPandCOD canbeusedalternatively to describecloudeffects
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� Sylvain Crossfrom ARMINES hasperformeda studyrelatedto the ”Potential improve-
mentsof the cloud index using two VIS channelsof MSG”. This is describedin more
detail in section4.5. A centralresultof this studywasthatthecloudindex is almostinde-
pendenton thewavelengthin thevisible. As a consequencethechosenMSG channelhas
no effecton then-k relation.

Using COD basedcode Basedon the informationof the cloud optical depth(COD) which
will be(is) retrievedoperationallywith theDLR software,thedirectirradiancecanbecalculated
usingformula3.7 7 r	s�� 8J7 r	s��[Tn�w j � ^T��� ;i=@?BADC����*�K�LSN CQP�G G�z K�LSN CQPOG (3.7)

whereP is thesolarzenithangle,CODstandsfor thecloudopticaldepthretrievedwith theDLR
software,I is the direct surfaceirradianceand

7 []n�w j � ^Q��� the clearsky irradiancecalculatedwith
thedescribedclearsky module.Within this formulathecloudsareassumedto behomogenous.
Thecurrentideafor thecalculationof theglobalirradianceis basedonthedefinitionof aneffec-
tivecloudopticaldepthappliedto global irradianceGCOD.This GCODis definedby equation
3.7 for global irradiance. This meansthat the GCOD is the quantity that leadsto the relation
betweentheglobalsolarirradianceandglobalclearsky irradiancein thesameway asequation
3.7. 7 mfno\dp j n 897 mfn�\qp j n[]now j � ^Q��� ;>=@?BA C �����KMLON CQPOG G�z KMLON CQPOG (3.8)

This definition of GCOD posethe problemto find the correctGCOD in dependenceof COD
retrieved from theMSG satellitedata. Currentlystudiesareperformedthat investigateswhich
cloud parametersother than COD have an effect on GCOD. E.g cloud effective radii, cloud
height.Additionally, theeffectof thesurfacealbedois investigated.
After this study is finished, it shouldbe possibleto setuplook-up tablesthat uniquely relate
COD to GCOD.Currentlyit seemsthat for low surfacealbedoCOD andtheeffective radii are
sufficient to defineGCOD(for specificSZA andwavelengthintervalswith weakabsorption).
Calculatingthe direct andglobal irradiancefirst, the diffuse irradiancecanbe determinedby
subtractingtheglobalfrom thedirectirradiance.
Figure3.7 illustratesthenew schemeandtheintegrateduseof thetheRTM within theclearsky
scheme.

3.4 Impr ovementslink ed with the describednewclear-sky module� Modified Lambert-Beerrelationenablesthe integrateduseof RTM within the clear-sky
moduleof thescheme.Theintegrateduseof RTM is linkedwith highflexibility relatingto
theinput of theatmosphericstate,changesin theoryandthedesirableoutputparameters.� Spectralinformation is automaticallyprovided, using the correlated-koption provided
within the RTM libRadtranpackage(http://www.libradtran.org/). Usageof RTM is ex-
pectedto improvetheinformationof theangulardistributionof diffuseirradiance.� Consistentcalculationsof global,directanddiffuseradiationfor clearsky caseswithin one
singleschemeconsideringdifferentaerosoltypesandnotonly turbidity. Henceaimproved
estimationof the relationbetweendiffuseanddirect radiationis possible,especiallyfor
clearsky situations.Theseparateduseof H20 andaerosolsinsteadof turbidity is a need
for accurateinformationof thespectraldistributionof irradiance.
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Figure3.7: Overview of thenew calculationscheme

� It seemsthat deviationsof the atmosphericstatefrom the average( � { , � � � , aerosols)
caneasilybecorrectedwith themodifiedLambert-Beerlaw. A correctionof theeffective
optical depth E�: , whereasthe a,b,cparameterremainunchanged,leadsto a goodmatch
betweenRTM calculatedand function valuesfor H20, seesection4.6.1. For aerosols
similar testshave to beperformed.� Clearandeasylinkagewith cloudysky scheme,whereasthetreatmentof theheterogenous
cloud effects is not restricted. The improvementof the accuracy in the calculatedsolar
irradiancefor heterogenouscloudsituationsis aimedfor, seee.gsection4.2.3.
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Chapter 4

Scientificstudiesand contributions within
WP3000

4.1 Intr oduction

The scientificstudiesdescribedin detail below arean importantbasisfor the conceptandthe
developmentof the scheme. Pleasenote that the solar irradianceschemedevelopedwithin
HELIOSAT-3 is calledSOLIS(SOLarIrradianceScheme).

4.2 Empirical and RTM basedstudiesrelatedto the SOLIS cloud module

4.2.1 Intr oduction

Within theHELIOSAT-3 projectKnut-FrodeDagestadhasperformedstudiesrelatedto thede-
velopmentof theSOLIScloudysky module.
The studiesperformedfrom UIB are very importantfor our understandingof the interaction
betweencloudparameterslike cloudheightandliquid waterpath(LWP) on thecalculatedirra-
diancesaswell asfor a betterunderstandingof thebrokencloudeffect on thecalculatedirradi-
ance.They arethereforenot only importantfor theimprovementof then-k relationbut alsofor
thedevelopmentof theCOD basedschemebriefly characterisedin section3.3.
Theperformedstudiesindicatesthatadependenceof thecloudindex n ontheviewing geometry
andLWPof thecloudsexists.Thisdependency is notconsideredin thecurrentHeliosatscheme.
A correctionof sucheffect in the new schemeshouldbe possibleandcanbe expectedto be
linkedwith ansignificantimprovementof thescheme.
More over UIB hasimprovedthe formula for the detectionsof the atmosphericbackscattering
leadingto animprovementof thecalculatedsolarirradiance.

4.2.2 Description of studiesand results

A radiativetransfermodel(SBDART) wasusedto testtheperformanceof theHeliosatalgorithm
for differentcloud properties:Liquid WaterPath (LWP), Droplet Effective RadiusandHeight
of theclouds.A simplifiedversionof Heliosatwasappliedto a syntheticdatasetsimulatedwith
SBDART. The main finding wasthat the heightof cloudsaffectsthe performanceof Heliosat.
For low clouds,Heliosatgivestoohighglobalradiation,andviceversa(seefigure4.1).Thedata
showedalsothatHeliosatoverestimatedglobalradiationfor very thick clouds(LWP = 300

m��� ).
Detailsof thisstudycanbefoundin [Dagestad,2001].
This resultis qualitatively confirmedby a comparisonof Heliosat-derivedvaluesfor Bergento
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Figure4.1: SBDART-simulationsof clear sky index plottedagainstcloudindex for threedifferentcloud
heights.All cloudsare1 kmthick, heightof thecloudbaseis given.All cloudsare unbroken.Thespectral
rangesof thesimulationswas0.25-4.0�x� m. For explanationof thedifferentregressionlines,andfurther
details,see[Dagestad,2001].

observations,for theyears1996and1997(Satel-Lightversion),illustratedin figure4.2.
Groundbasedobservationsof thecloudbaseheightof the lowestcloudswasusedasa measure
of thecloudheight.TheempiricaltestshowedthatHeliosat-derivedglobalradiationwasabout
5 % too high for cloudamountsof 7 and8 octa,while thesatelliteestimatesweregenerally5%
too low for smallercloudamountsandfor cloudlessconditions.
This implies that the clear sky modelgives too low valuesfor Bergen. If we adjustfor this,
Heliosatthusunderestimatesglobalradiationunderovercastconditionsin Bergenby 10%.This
is probablydueto very thick cloudsin Bergen,beinga west-coastcity placedin thewesterlies.
This againindicatesthat it might beusefulto includetheMSG-parameterLWP asa parameter
in thek-n relationship.For moredetailsaboutthis study, see[Dagestad,2002].

Theangularvariationof reflectionfrom cloudswasalsoinvestigated,bothnumericallyandby
examiningMeteosat-imagesfor 1996. The 1 dimensionalmodelSBDART showed highly an-
isotropicalreflectionfrom clouds.Theempiricalstudyshowed,however, thattheTOA reflection
fromcloudsis moreor lessLambertian.Thisresultwasobtainedaftertheuseof anew expression
for thedeductionof atmosphericalbackscattering,tunedto oneyearof datafrom 21oceanpixels.
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Figure4.2: RootMeanSquare Deviation (RMSD)andMeanBiasDeviation (MBD) of Heliosat-derived
clear sky index minusgroundmeasurements.TheRMSDandMBD is plottedagainstobservers estimates
of theheightof thecloudbaseof thelowestclouds.Aswith theSBDART-simulations,theHeliosat-method
overestimatesglobal radiationfor low cloudsandviceversa.

4.2.3 Investigationof 3D-cloudeffectswith SHDOM

Accordingto thedescriptionof work within WP3020EHF andUIB have performed3-d cloud
modelstudiesusingtheradiative transfermodelSHDOM [Evans,1998].
Theinput cloudfieldsarefrom theI3RC inter-comparisoncampaign,for detailssee:

http://climate.gsfc.nasa.gov/casesnew.html

In addition and for reasonsof comparisonhomogenouscloud fields hasbeengeneratedand
usedfor additionalmodelruns. Casestudieswith 3-d cloud modelsarewell suitablein order
to increasethe understandingof 3-d cloud effectson the solar irradiance. They provide hints
for possibleimprovementsor helpto clarify principlelimitationsfor thecalculationof thesolar
irradiancein heterogenouscloudsituations.
A part of thesestudiesarerelatedto investigatepossibleimprovementsandlimitations of the
currentHeliosatmethod.In agreementwith empiricalstudiesit wasworkedout thatespecially
for ”awesome”heterogenouscloudslarge errorsin the satellitederived irradiancehave to be
expected.More over thestudiesindicatesthat for specialcloudsituations(e.gcumulusclouds)
andmoderateviewing geomtriesameanbiasin thecalculatedsolarirradianceoccurs(seefigure
4.3). It shouldbepossibleto find a ”parameterisation”in orderto correcttheeffect for moderate
viewing geometries.A empiricalstudywill beperformedduringthefirst monthsof 2003in order
to confirmthis findingandto find aapplicablecorrection.
Anotherpartof thisstudyinvestigatestheproblemof anappropriatecomparisonbetweenground
basedmeasurementsandsatellitederivedirradiances.Especiallyfor heterogenoussituationit is
importantto investigatewhatthereasonsfor differencesbetweenthegroundbasedmeasurements
andsatellitederivedirradiancesare.Therearetwo possibilities:
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� Thedifferencesaredueto handicapsin thecalculationscheme,henceerrorsarebasedon
modelrestrictions.

� Thedifferencesaredueto thefactthatpointmeasurementsof groundbasedirradianceare
comparedwith irradiancesderivedfrom radiancesaveragedoveraarea.As aconsequence
in thiscasedifferencesaredueto thefactthatapplesarecomparedwith beansandnotdue
to themodel

Sincetherelationbetweenmeasuredradiancesat thesatelliteandsurfaceirradianceis spatially
rapidly changingin heterogenoussituations,this questionhasto becarefully investigated.With
a model the separationof the two possibilitiesis straightforward. Henceon the onehandthe
modelbasedcasestudieshelp to find the limitationsof theschemeon theotherhandit help to
clarify which differencesaredueto apple-beancomparison.Additionally suchmodelstudies
helpto defineappropriatecomparisonconditionsfor heterogenoussituations.
Sincethis studyis still underprogressfinal conclusionscannotbedrawn.
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Figure4.3: Left hand,computedglobal irr adiance� for a cumulusandstratocumuluscloudfield, on
the right handtheassociatedcloud index. Thefiguresdiagramstheresultfor a SZAof 30 degreesfor
differentviewinggeometriesexpressedbytheazimuthangle(x-axis)andthezenithangle(colouredlines,
seelegend).For moderatezenithviewinganglesa biasin thecalculatedglobalsolar irr adianceis given.
Belowa SZAof 60 degreea biasoccurs in thecumuluscasebut is veryweakin stratocumuluscase(for
viewing angleslessthan 65 degree),whereasno significantbias is obviousfor the total overcastcase
(not diagrammedhere). This indicatesthat this bias is dependenton the specificcloud situation(e.g
cumuluskindred situations)and if so it shouldbe possibleto correct this bias consideringthespecific
cloudweathersituation.
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4.3 Possibleimpr ovementsof the curr ent Heliosat-1 method with regard
to the HELIOSAT-3 project

Studyperformedby Rolf Kuhlemann,Universityof Oldenburg
ThecurrentlyusedHeliosat-1methodoffers theoption to calculateirradiancesat groundlevel
on a global scaleby usingdatafrom geostationarysatelliteslike Meteosat-7[Hammer, 2000].
Major uncertaintiesof thecalculatedirradiancesarecausedby cloudinessandaerosoleffects.
In orderto assessthepotentialfor possibleimprovementsof theHeliosat-1methodits properties
were studied. This was donewith regard to the Heliosat-3project which was startedto use
the improvedoptionsof the recentlylaunchedsatelliteMeteosatSecondGeneration (MSG), to
combinethemwith dataderivedfrom othersatellitesandto developa moreaccuratemethodby
applyingmorephysicalinformation.
After collectingempiricalexperienceswith the Heliosat-1algorithmseveral deficiencieswere
recognisedandthereasonsfor themwereworkedout. Thiswaspartlydonebyusingtheradiative
transfermodel6Sfor comparison.Sensitivity studieswith thesamemodelalsoshowedpossible
improvementsto theHeliosat-1method.In detailthefollowing resultswereproduced:

1. The necessaryadaptationsof the Heliosat-1codeto run it with datasuppliedby MSG
insteadof Meteosat-7weremade.

2. Two deficienciesof the currentcodearerelatedto the algorithmandwere identifiedby
investigatingthefrequency distributionof measuredgraycounts:

� If thecalculatedgraycountsarenotequallydistributedbetweenconsecutive integers
numericalproblemsshow up in thetransformationof realinto integervalues.� If thetypical peakfor landdoesnot exist in thehistogramof thetime seriesof gray
countsfor acertainpixel badresultsareproducedwheniteratingthegroundalbedo.

3. Two physicalreasonsfor deficiencieswereidentified:

� The first is causedby the atmosphericcorrectionwhich doesnot explicitly account
for aerosolscattering.
Investigationsof theannualvariationof thefrequency distributionsfor Europeshowed
an unexpecteddecreaseof the intensityduring summer(seefigure 4.4, left hand).
This behaviour wasinvestigatedwith theradiative transfermodel6S to simulatethe
changeof the diurnal variationof the global irradianceon the northernhemisphere
during the year. This wasdonewith an accurateatmosphericdescriptionincluding
differenttypesandconcentrationsof aerosols.

Althoughthiscannot totally explain theobservedbehaviour thedependency of scat-
teringprocesseson thesun-satelliteanglecontributessignificantlyto this effect. Es-
pecially strongscatteringaerosolslike maritimeswerefound to producesimilar ef-
fects,seefigure4.4.Thedescriptionof groundcharacteristicsis acrucialpointwithin
6Scalculations.Anisotropiceffectsof groundreflectionareassumedto producethe
remainingpartof theobservedeffect.� Theseconddeficiency correspondsto thebasicideaof Heliosat-1to ensurethecom-
parability of differentpixels in time andspaceby externally moving the sunto the
zenithfor eachpixel. Thisis actuallyunphysicalandproducesboth”pseudo” ground
albedosandbrightenededgesoncalculatedirradiancemapsfor low sunelevations.
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Figure4.4: Left side: Annualvariation of thefrequencydistribution of thegray countsrepresentingthe
groundalbedo.ProcessedMeteosat-7data from1998by usingtheHeliosat-1method. Rightside: The
change of thediurnal variation of theglobal irr adianceover theyearusingtheradiativetransfermodel
6S, a maritimeaerosolmodelwith an optical depthof 0.2anda directionallyresolvedgroundmodelfor
vegetationfrom[Verstraeteet al., 1990]

4. TheHeliosat-1methodassumesthatwatersurfacesdoesnot reflectirradiationwithin the
visible range. This assumptionwas verified with 6S by using a directionalreflectance
modelfor oceans[Vermoteet al., 1997]. It wasfoundthatthereflectionis indeednegligi-
ble aslongasthewind speedoverwateris low.

Someof the identified inaccuraciescorrespondto lacks of information aboutthe stateof the
atmosphereandthe typeof theground. In orderto improve thecurrentcodeadditionalinstru-
mentaloptionsto get the neededdatawerestudiedtogetherwith the necessaryprocessingof
themrespectively.
Oneoptionaretheresultsfrom thedataprocessingschemeSYNAER developedandprovidedby
theprojectpartnerDLR (DeutschesZentrumfürLuft undRaumfahrt)[Holzer-Poppet al., 2002a].
It usesthesatelliteplatformERS-2(ATSR-2/GOME)to derivethedifferentconstituentsof theat-
mosphereandtheir concentrationsincludingaerosols.In additionland/seamasks,cloud-masks
und other cloud propertieslike optical depthand top temperatureare calculated. Finally the
SYNAER procedurewill be adaptedto the new satelliteplatform ENVISAT andwill provide
evenmoreinformationabouttheatmospherein thefuture.
Keepingthe mentioneddeficienciesof Heliosat-1andthe enhancedoptionsof MSG andEN-
VISAT/SYNAER in mind threefields of desirableimprovementswithin the Heliosat-3project
wereidentified:

� The integration of information aboutthe atmosphericstateand its dynamicsespecially
accordingto amountandtypeof aerosolsshouldimprove thecalculatedirradiancevalues
considerablyfor clearsky situations.

� The useof masksto distinguishland from seaandcloudsfrom groundshouldeliminate
currentproblemsaccordingto misdetection.Additionally, theoptionto replacethestatis-
tical quantitycloud index by the physicaldefinedCloud Optical Depth(COD) will be a
majorprogressaswell.

� Consideringinformation from next neighboursof an analysedpixel in both spatialand
temporaldomainshouldreduceerrorsandallow moreaccurateresults.
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Summary Thehigherspatial,temporalandenergetic resolutionof MSG will alreadyreduce
theinaccuraciesof theHeliosat-1methodandenhanceinterpolativeoptions.Theintegrationof
informationaboutaerosolsin theHeliosat-1procedurewill reduceits uncertaintiesconsiderably.
Theuseof accordingcloud informationwill avoid errorsof thecurrentcodeandis potentially
anotheroptionof uncertaintyreduction.

4.4 WP3000relatedwork performed at the Center of Energy, University
of Geneva

4.4.1 Intr oduction

Thework performedat theCenterof Energy, Universityof Geneva, during thefirst 18 months
of theprojectconcerntheclearsky radiationreachingtheground,thederivationof theturbidity
coefficient, thespecularityaspectof thegroundreflectionandthesky luminancedistribution in
Geneva. The broadbandclearsky modelhasbeentestedagainstmeasurementsof 13 stations-
years,and its validity assessed.It is operationaland usedto derive the irradiancemapsfor
Americausingourdynamicmodelwith agoodaccuracy [Perezet al., ]. Yet it hasto beclarified
thatthementionedbroadbandclearsky model,proposedby Kasten,is basedon a total different
conceptthanthenew SOLISclearsky moduledescribedin 3.2.2.Theconceptof SOLISis based
onRTM andis moresophisticated,e.gprovidesspectralresolvedsolarirradiancedata.However
this studyis importantfor thenew SOLISscheme,sincethen-k relationwill beoneoptionfor
thetreatmentof clouds.Theusageof aerosolsandwatervapourwill bethepreferredoptionof
thenew scheme,but turbitidy will be usedasadditionalsourceof information1. Additionally
investigationsof luminancedistributionsareanimportanttaskwithin WP3000.

4.4.2 Clear sky radiation

Whenderiving radiationcomponentsfrom satelliteimages,theknowledgeof aclearsky function
is necessary;it is usedasthebasisfor mid- andovercastconditionsor to normaliseanempirical
or semi-empiricalmodel.Thisclearsky canbederivedin atheoreticalmatteror semi-physically
fittedon data.Webasedourmodellingon thelattermethod.
A widely usedglobal clearsky modelwasproposedby [Kasten,1984] andhasthe advantage
to beadjustedfor local/seasonalprevailing turbidity andsite’s elevation. Theproblemwith this
model is it’ s dependencewith the air massas shown in 4.5, whereon the left the clear sky
index �3��� is plotted versusthe air mass. We [IneichenandPerez,2002] developedtwo new
modelsfor theglobalandthebeamclearsky radiation.Thecorrespondinggloablclearsky index�������V���O���] �¡d¢`£`¤Q¥'¦ is plottedon theright figureversustheairmass(Fig. 4.5).

4.4.3 Turbidity coefficient

The key parameterin the descriptionof clearsky conditionsis the transmittanceof the atmo-
sphere.This informationcanbeobtainedvia utilisationof well known turbidity coefficientsas
for exampletheLinke turbidity coefficient, or from radiationtransfermodelswith theaerosols
andwatervapouropticalthicknessesasinputparameters.Theformercanbederivedfrom beam
radiationmeasurementnetworks and interpolatedto createmaps,the latter quantitiesare not
measuredin automaticnetworks,andhypothesison thenatureandquantityof theaerosolshave
to bemadein orderto usethemasaninput.
Linke proposedto expressthe total optical thicknessof a cloudlessatmosphereasthe product

1In additionto AOD informationfrom satellite
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Figure4.5: Illustrationof air massdependenceontheclearsky index, left handtheold model,right hand
thenew approach

of two terms, §S¨M©«ª , the optical thicknessof a water- and aerosol-freeatmosphere(clear and
dry atmosphere),andtheLinke turbidity coefficient ¬|­�® which representsthenumberof clean
anddry atmospheresproducingthe observed extinction. This well known formulationhasthe
disadvantageto beairmassdependentasshown in thefollowing figures4.6: wheretheturbidity

Figure4.6: Air massdependenceof theLinke turbidity coefficient for a stableday(left) and thecorre-
spondingafternoonLangley plot

coefficient ¬|­�® is representedfor a particularstableday. On theright graph,a Langley plot to
illustratethestability.
Our new formulationcircumvent theairmassdependenceandremainfully compatiblewith the
Linkeformulation(slightly correctedby Kasten).Onfigure4.7,thenew coefficient is compared
to the old formulationfor the samestableday. The corresponding§S¨M©«ª is plottedon the right
figure.Themodelis publishedin [IneichenandPerez,2002].

4.4.4 Ground albedospecularity

The satellite imagepixels are received as ”raw” pixels which are proportionalto the earth’s
radiancesensedby thesatellite.A raw pixel is first normalisedby thecosineof thesolarzenith
angletoaccountfor firstordersolargeometryeffect. Thisnormalisedpixel is thengaugedagainst
thesatellite’spixel range,functionof thegroundandthecloudalbedo.Whendefiningtheground
albedo,it becameapparentthattherewerestrongdifferencesfrom pixel to pixel, associatedwith
groundcover andsoil type. The largestcauseof thesedifferenceshadbeenoverlookedwithin
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Figure4.7: Comparisonof new with old Linke formulation,andthecorrespondinḡ�°�±S²

somesolarirradianceschemesfor a longtime: 2 specularreflectivity of thegroundsurface.This
canbe seenon the figure wherethe normalisedpixel valuesareplottedagainstthe day of the
year. A tracerepresentingthe smoothedaveragelowestpixel value(or groundalbedoin term
of normalisedcounts)is representedfor threeconditions:all day trace,morningandafternoon
trace. This shows that the speculareffect of the groundreflexion hasto be taken into account,
seefigure4.9.

Figure4.8: Illustration: Speculareffectof surfacereflectance

4.4.5 Luminance distrib ution

Thederivationof thesky vault luminancedistributionfrom asatelliteimagecomesupagainstthe
altitudeof thecloudsin thesky. Thesky vaultseenby themeasuringinstrumentis hemispherical,
andthesatelliteimageis a flat planeover theconsideredlocation.Therelationof a point of the
hemisphereand the satelliteimageis highly dependentof the heightof the cloud basis. If a
correlationbetweenthesky luminancedistributionandthesatelliteimagescanbepointedout, it
canonly bedonewith theknowledgeof thecloudheight.Thebasisof themodelis asymmetrical
luminancedistribution obtainedby a existing model,adjustedwith a functionderivedfrom the
cloudheightandthepixel spatialdistribution. Figure4.9illustratesthemethod.Ontheright is a

2Thisproblemis alsodiscussedwithin thePhDof AnnetteHammer[Hammer, 2000]
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Figure4.9: Illustration of themethod

extractof asatelliteimage,36kmx 42 km with thecorrespondingsquarepixels.Thegrayvalue
correspondto thefunction[1 - cloudindex] andthescalegoesfrom 0 (clear)to 1 (dark).On the
left graph,thesky hemisphereis projectedon a flat planesituatedat 4400m (basiscloudlevel).
Thegrayscalegoesfrom clearto dark,respectively 0 to 30’000[cd/m2].
In Geneva,weperformedluminancedistributionmeasurementssomeyearsago.Wehadtrouble
with theinstrumentsandareon theway to acquirethis parameteragain.

4.5 Contrib ution of ARMINES/ENSMP to the HELIOSAT 3 project re-
lated to WP3000

Intr oduction ARMINES hasperformedinterestingproposalsandsuggestionwith respectto
the developmentof the new scheme,they have to be discussedfurther andit hasto be proved
to what extent they canbe adaptedto the new SOLIS scheme. It hasto be clarified that the
mentionedESRAclearsky model,is basedonatotaldifferentconceptthanthenew SOLISclear
sky moduledescribedin 3.2.2.SOLISis basedon RTM andis moresophisticated.

Inter nal data needsof WP3000

At to draw attentionon the differencesbetweenthe variousdatato be usedin WP 3000and
WP 4000with respectto thespatialandtemporalsamplingandthespatialandtemporalinfor-
mationsupport,somepropositionsweremadefor usingdatafusion methodto overcomethis
problem.Efforts weremadeto collect informationon thepropertiesof variousdatato beused.
Theselectionof themethodin datafusiondependsuponthepropertiesaswell asof final use.

Contributions to WP3000

ARMINES/ENSMPadvocatedthe usecalibratedsatellitedata(mW/Sr) insteadof numerical
count. It permitsto expressin a physicalway theequationsfor establishingthegroundalbedo.
Thelattercall upontheESRAclearsky model(transmittanceandpathradiance)3. It alsopermits
to useknown expressionsof cloudradiancesto computethecloud index. Sincethecalibration
coefficientswill beavailablefromEUMETSAT, aproposalwasmadeto useradiancesasinputsto
thenew solarirradiancecalculationschemeandnotoriginalMETEOSAT digital counts.Within

3TheESRAclearsky modelis verydifferentfrom theclearsky modelof HELIOSAT-3, describedin 3.2.2
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thisproposalalsosuggestionsfor animprovementof computingthegroundalbedoarediscussed,
especiallyif the pixel is alwayscloudy. Alreadypublishedandvaluesandmapsof theground
albedocanbeusedto improvetheaccuracy of thecalculatedglobalirradiance.
Somerefinementsweremadein theESRAclear-sky scheme,benefitingfrom theSoDaproject.
Efforts weremadeto ensureclosecollaborationwith theconsortiumof theSoDa2project.Cli-
matologicalmapsof opticalparameterswerethusgained:Linke turbidity, ozoneconcentration
andwatervapouramountfor thewholeworld with acell of 5’ of arcangle.
HELIOSAT-3 benefitsfrom theactivities madein Sodafor thecomparisonsandtheselections
of thebestsemi-empiricalalgorithmsfor thecomputationof directanddiffusecomponentsfrom
global irradiation.TheSoDaalgorithmsmayserve asbaselinefor modelinter-comparisonwith
respectto thenew scheme.
ARMINES hasperformeda studyto assessthebenefitof thetwo visible channelsof MSG (0.6
and0.8 ³ m) to derivetwo spectralcloudindexes,insteadof oneaspresently. Thegoalis to reach
abetterassessmentof thediffusecomponentvia bettermodellingof therelationshipbetweenthe
cloudindex andtheglobal irradiation.TheRTM SBDART wasusedto simulatevariousoptical
statesof theatmosphereandthesignalsensedby satellitein thetwo spectralbands.Dif ferences
betweenthetwo seriesof cloudindexeswereanalysed.Several thresholdsof significancewere
definedtakinginto accountof thesensitivity of theradiometerandthetypical rootmediansquare
error (RMSE) attainedby the bestmethodsderiving irradiationfrom satellitedata. The study
demonstratedthat thespectraldifferenceis to small for expectinga significantbenefitfrom this
spectralcloudindexesapproach.
Additionally ARMINES proposedananalyticalfunction for thebrightestcloudalbedo,́B� , that
could lead to an improvementin the calculationof the cloud index n, the documentcalled
cloud.albedo.pdfis availablefor downloadat:

http://www.heliosat3.de/intern/mid-term

Notes

ESRA is a CD-ROM, resultingfor a projectfoundedby theEC-DGResearch,JOULEprogram
(ContractJOU2-CT-94-00305).
SoDais aprojectfundedby theEC-DGINFSO,IST program(contractIST-1999-12245).

4.6 Further studiesrelatedto WP3000

4.6.1 Corr ection of H20 variations using the fitting function

Within this studyit hasbeeninvestigatedhow deviationsof H20 from thedaily spatialaveraged
valuescanbecorrected,whereit hasto berecognisedthat in generalthereis no urgentneedto
dothis. Howeverthestudyprovidessomefirst impressionsof possibleadditionalbenefitslinked
with theusageof themodifiedLambert-Beerrelationdescribedin 3.2. It waspossibleto demon-
stratethattheuseof themodifiedLambert-Beerlaw is suitableto correctfor suchdeviationsin an
easymannerwith respectof H20derivations.ThemodifiedLambertBeerrelationis definedwith
theparameterseffectiveopticaldepthandthecorrectionparameterµ . Basedon thedaily values
of H20 this two parameterarecalculatedfor a given atmosphericstate(O3,Aerosols).Devia-
tionsof H2Ofrom theassumeddaily valuecaneasilybecorrectedfor thebroadbandwavelength
region, sincethe parameterµ hasnot to be changed.Justthe effective optical depthhasto be
recalculated.Sincethis calculationsareperformedat a SZA of zerodegree,andhencefor a
verticalH2Ocolumn,calculationandusageof look-uptablesis straightforward.
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Figure4.10: Illustration of thecorrectionof H20deviations.Thevaluesderivedwith theMLB relation
are compared for different H2O amounts.H20 is specifiedin ppm(parts per million) Thecorrections
parameter¶ hasnottobechanged.Recalculationof theeffectiveopticaldepthleadstoagoodagreement
betweenMLB valuesandtheexplicit RTMrunsfor thesame¶

Similar investigationsfor Aerosolswill bedonein thenearfuture,but it seemsreasonablethat
in generalit is possibleto correctdeviations of one parameterwith the describedprocedure.
Suchacorrectionappliedto aerosolswouldbelinkedwith animportantadvantage,sincethesite
specificuseof groundbasedaerosolmeasurements(AERONET) would beeasypossible.Since
thisstudyis still underprogressfinal conclusioncannotbedrawn.

4.6.2 Miscellaneous� H.G.Beyerhasperformedastudyinvestigatingproblemsdealingwith satellitebasedsolar
irradiancecalculations,in particularwith thecalculationof thediffuseirradiance.

� Somefirst work hasbeenperformedrelatedto the designof the scheme. It shouldbe
modularandmostprobablytheusedlanguagewill beC++.

� With respectto WP3040PierreIneichenfrom UoG will searchfor appropriatemeasure-
mentsof theangulardistributionof irradiance.

� Within WP3000R. Muellerprovidessomefirst suggestionsfor thetreatmentof thecalcu-
lationof angulardistributedlight.

4.6.3 RadiativeTransfer models� BernhardMayer (DLR-Instituteof AtmosphericPhysics)providedinformationaboutthe
radiative transfermodelslibRadtranandMYSTIC. In additionR. Mueller (Universityof
Oldenburg) provided the partnera summaryof differentRTMs andtheir features,docu-
mentedin deliveryD2.

� It wasdiscussedwhich RTM model is mostappropriatefor our purposes.The partners
engagedin the developmentof the solar irradianceschemesagreedthat for clear-sky or
homogenouscloudsituationsSBDART or libRadtranareappropriatemodels.It wasnoted
thattheoptionof usingthecorrelated-kmethodis a greatadvantageof libRadtransinceit
decreasesthecalculationtimesignificantly.
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For the studyof heterogenouscloudsthe Monte-CarlomodelMYSTIC or SHDOM are
favourable.

As a consequenceof this discussiontheRTM libRadtranwill beusedwithin theclearsky
scheme,the modelSHDOM hasbeenusedin order to investigate3d-cloudeffectson a
sub-pixel scale.
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Chapter 5

Project Organisation

5.1 Actions relatedto disseminationand user information, WP7000

5.1.1 Scientific publications and conferencecontributions

Overview - Agreement� Thepublicationpolicy wasdiscussedleadingto thefollowing agreement:

– In generalpresentationsof the HELIOSAT-3 projectall participatingscientists(all
scientists”contributing” to theproject)will bementionedasauthors.

– In special”technical”descriptionsconcerningspecificwork packagesonly thescien-
tistswhodirectlycontributeto thework will bementioned.

– A universalrule is difficult, hencein any caseof disagreementconcerningtheauthor
list a faithful andfair discussionshould/shalltakeplace.

– All partnersshallbeinformedaboutpublications,includingspecialtechnicaldescrip-
tions,sothatthepartnershave thepossibilityto commenton it.

� In order to promotethe HELIOSAT-3 projectpresentationsof our work in journalsand
conferencesareaimedfor.

� In the secondhalf of the projectpublicationsin internationalandnationaljournalsfor a
broadreadership(e.gWind PowerMonthly, SonneWind Wärme)areplanned.

Conferencecontributions ARMINES hasparticipatedin conferences(EARSeL2002,GO-
DAE 2002,EUMETSAT 2002)in orderto promoteHeliosat-3.EHF haspresentedtheconcept
of the new HELIOSAT-3 schemein talks at the EARSelandEUMETSAT conference(2002).
Thesecontributionswerealsosubmittedandpublishedasa paperwithin the conferencepro-
ceedings.

Scientific publications Currently two publicationsin scientific journals are in preparation
(Universityof Oldenburg, Universityof Bergen).Two publicationshavebeenpublishedalready
in conferenceproceedings.

5.1.2 Miscellaneous

ARMINES is actively discussingwith several communitiesof usersto encouragethemto take
up thesatellite-derivedtimeseriesascurrentpractices.
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Sylvain Crossfrom ARMINES/ENSMPworked at the EHF (University of Oldenburg) from
April to July2002.TheDeutscherAkademischerAustauschdienstandARMINES/ENSMPsup-
portedthis stay. Knut Dagestadfrom UIB has”visited” theUniversityof Oldenburg (EHF) for
oneweekin orderto enableintensivediscussionsrelatedto thedevelopmentof theSOLIScloud
module.In detailthefollowing topicshavebeendiscussed.

� Conceptof the3-D cloudmodelling.

� Empiricalstudiesrelatedto thecloudmodule.

� ”Work-sharing”betweenUniv. of BergenandUniv. of Oldenburg.

5.1.3 Inter net presentation

Intr oduction

During thelastyearselectronice-mailandInternetwebpageshavebecomeimportantandpow-
erful toolsconcerningthecommunicationandthetransferof informationin thefieldsof science
andeconomy. Internetwebpagesallow afastandeffectivewayof providing information.Hence
Internetrepresentationof the HELIOSAT-3 project is a centralkey for the promotionof the
projectto thepublicandespeciallyfor thetransferof informationbetweentheprojectpartners.
TheHELIOSAT webpageis availableat http://www.heliosat3.de. Thewebpagewill beregu-
larly updatedandimproved.

Layout concepts

Thelayoutconceptis characterisedby theneedtoprovidetheuserinformationin aclear, pleasing
andeasyhandlingmannerandavoiding electronictext or pictureoverflow.
For this purposea consistentdivision of informationin differenttopicsandsubtopicshasbeen
performed,linkedwith thepossibilityof aneasyandclearnavigationbetweenthesetopics.
In figure5.1theprinciplesof thewebpagelayoutandnavigationis illustrated.
The contentsof the differenttopics,resultingfrom the division of the information,arebriefly
describedin thesubsequentsections.

The topicsof the Inter net representation

The project topic Within this topic (andits subtopics)theprojectis described.At themain
pageaprojectoverview is provided,in thesubtopicstheprojectis presentedin moredetail.The
subtopicsare:

� objectives; theobjectivesof theprojectaredescribedin detail

� consortium; the partnerscooperatingin HELIOSAT-3 are listed joined with the link to
their home-page.Henceevery visitor can reacheasily the home-pagesof the partners
wheredetailedinformationis provided.

� timetable; at aglancethetimetablefor theHELIOSAT-3 projectis diagrammed.

The newstopic Hereimportantnews in conjunctionwith the HELIOSAT-3 projectarepro-
vided,e.g.thecurrentstateof theAriane5launches.
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Figure5.1: Theprinciplesof thewebpage layoutandnavigation

The link topic Links to otherwebpages,which bearrelationto theHELIOSAT-3 projectand
shouldbeof interestfor partnersandusers.

The job topic Links to webpagesthatoffer jobsin geoscience,renewableenergiesandrelated
fields.More over job offersfrom theHELIOSAT-3 partnerscanbeplacedhere.

The document topic Containsdocumentsof public interestconcerningthe work of the HE-
LIOSAT project.Containsalsoconferencecontributionsandwill containHELIOSAT-3 publica-
tionsin reviewedjournalsin thenearfuture.

The intern topic The intern pageis just for internalusefor the partnersof the HELIOSAT-
3 consortium. As a consequencethe useof this pagerequiresthe knowledgeof a username
anda password (heliosat3,meteosat).Information,documentsandpublicationsof interestfor
the partneror the EC are placedherefor downloading. The partnersare informed aboutthe
availability andcontentsof thedocumentsvia e-mail.Hencetheinternpageis animportantkey
for ourcommunicationandcooperation.

Forthcoming topics Associatedwith the further developmentof HELIOSAT-3 more topics
will beadded.Thisespeciallyis plannedto enableanintenseinteractionwith theuserscommu-
nity. As soonasthework on exampleapplicationshasstartednews abouttheprogresswill be
disseminatedregularly.
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5.2 Work plan and time table review

Themaingoalsanddeliverablesof thefirst half of theprojecthave beenperformedwithin the
time scheduleof the project. Up to now no needfor a redefinitionof the project programis
given. Justa shift relatingto thestartof sub-packageWP3030hasto bedone.This shift is just
relatedto thestartof theproject,theendis expectedto benoteffected.Sincethelaunchof MSG
waspostponedreferring to the original launchdate,someinternal reorganisationof the work
sequenceswithin the work packageswasnecessary. However, so far this hasno effect on the
milestonesof the projector theprojectprogram,sincethepartnerhasmanagedthe ”problem”
veryprofessional.Additionally, MSG hasbeenlaunchedsuccessfullyat endof August2002,so
MSGdatawill beavailablefor theusagewithin thefinal versionsof thesolarirradiancescheme.
Consequentlythetimescheduleof thework packagesdealingwith validationandexampleappli-
cationsaswell asthetime schedulefor thefinal versionandprototypesof theretrieval schemes
(atmosphericdataandsolarirradiance)have not to bechanged.Table5.1providesanoverview
of thedeliverableswithin thefirst half of theproject.

Deliverable Deliverabletitle Due: Delivered Comments Dissemination
No. andWP level
D1: WP1000 Detailedmanagementplan 1 (1) seeA CO
D2: WP2000 Compilationof data 1 1 seeB CO

requirements
D3: WP7000 Internetpresentation 4 4 seeC PU

of theproject
D4: WP7000 Disseminationplan 6 (7) seeD CO
D5: WP7000 Scientificpublications · 12 - seeE PU

D6.1: WP2020 Cloudprocessingscheme, 15 15/18 seeF RE
workingversion

D6.2: WP2020 ¸3¹lº retrieval scheme, 15 15/18 seeF RE
workingversion

D6.3: WP2030 Aerosolsparametrisation 15 15/18 seeF RE
scheme,workingversion

D6.4: WP2040 Ozoneprocessingscheme, 15 15/18 seeF RE
workingversion

D7: WP7000 Mid-term progressreport 18 18 seeG RE
D81: WP7000 Softwarepackagefor solar 18 18 seeH RE

surfaceirradianceretrieval,
clearsky workingversion

Table5.1: List of deliverableswithin thefirst 18 monthandtheir status

Comments
A: Oralpresentationduringthekick-off meetingbasedon thedescriptionof work, anaccompa-
nying processduringthewholeproject.
B: Reportsubmittedto theECandto thepartner
C: TheInternetpageof theHELIOSAT-3 projectwasavailablebeforetheendof projectmonth
four. TheInternetpageis updatedregularly. A reportdescribingthewebpagehasbeensubmitted
to theEC.
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D: Oralpresentationduringthe2ndmeetingbasedon thedescriptionof work, anaccompanying
processduringthewholeproject.
E: Two publicationsin scientificjournalsarecurrently in preparation.Two papersarealready
publishedin conferenceproceedings.
F: Working versionswere readywithin the 15th month and available for the partnersof the
consortiumonrequest.Reportsdescribingtheworkingversionsof WP2000areprovidedwithin
themid termreport(month18), seesection2.3 - 2.6. Exampledatasetsbasedon theworking
versionof D6.1-D6.2hasbeensubmittedto thework packageleaderof WP3000– Development
of solarirradiancecalculationscheme.
G: The mid-termprogressreport is submittedto the EC. It is availablefor the partnerandthe
publicathttp://www.heliosat3.de/documents/mit-term-rep.pdf
H: The reportdescribingthe working versionin detail is part of the mid-termreport. A brief
descriptionwill besubmittedto theECasanextra reportaswell.

5.3 Technicalissuesrelatedto WP2000/3000� A workshopfocusingon thetechnicalissueswith respectto theoperationalimplementa-
tion of theschemewill beperformedon Wednesdaythe11thof December2002.

� Dataformats: CurrentlyHDF4 is the favouritedataformat for the retrievedatmospheric
parameter. First testswith respectto the import, read-inandvisualisationof the atmo-
sphericdatain HDF formathave beenperformedusingthesoftwarepackagehdfview. A
introductionin thework with HDF formatedfileswill beperformedby theDLR within the
technicalwork-shopof themid-termmeeting.For detailsabouthdfview see:

http://hdf.ncsa.uiuc.edu/hdf-java-html/hdfview/

� All partnersagreethatOldenburg shouldactasexternalDLR back-upsitefor partsof the
MSG raw data.

5.4 Preparativework in WP5000

With respectto thevalidationof solarirradiancecalculationschemenomajorpreparativeactivi-
tieswereperformedmostlydueto thedelayof theobtentionof MSGdata.However, ARMINES
proceededwith a constitutionof a climatologicaldatabaseinitiated by the SoDaproject. This
databasemay serve asa baselineto assessthe accuracy of statisticalpropertiesof time series
derived from the processingof MSG data. UIB will preparea sessionin the next meetingin
orderto enableagoodandefficient startof thework within WP5000.

5.5 Preparativework in WP6000

Shortcomingsandexpectedimprovementswith exampleapplications

5.5.1 Remoteperformancecheckfor grid-connectedPV systems

Existing procedure

Fromthecontinuousreceptionandprocessingof METEOSAT images,sitespecifictime series
of globalhorizontalirradiationdataareproduced.For Mid-Europeancountries,theMETEOSAT
imagesoffer a resolutionof approx. 2.5 x 4.5 km¹ ; the imagesareavailablein 30-minutesin-
tervals. Thehorizontalradiationdataarecalculatedfrom thepixel valuesin thevisible channel
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of thesatelliteby following a modifiedHELIOSAT method.Thefinally usedglobalhorizontal
radiationdatashow a time resolutionof 60 minutes.For theremoteperformancecheckof grid
connectedPV systems,a systemmodelpreparedwith configurationdataof thedesiredPV sys-
tem calculatesmonthly energy yields. Sincethe site specificglobal horizontalirradiationdata
derivedfrom theMETEOSAT imagesareusedasinput into themodelfor this purpose,no fur-
thermeasurementdevicesarerequiredto beinstalledat thesite.Theconversionfrom horizontal
irradiationdatainto tilted planeirradiationdatais donein thesystemmodelby takenlocal hori-
zonobstructioninto account.Theperformancecheckprocedureis automatedto a high degree.
A databasecontainstheactualconfigurationdataof all participatingPV systemsandafter the
monthlyprocessingof the irradiationdatafrom theMETEOSAT images,the routinecalculates
themonthlyyieldsfor all clientsby loadingthesystemmodelwith thecorrespondingconfigura-
tion andirradiationdata.Thesecalculatedmonthlyyieldsmaythenbecomparedby thesystem
operatorwith his readingsfrom theenergy meterto checkthesufficientoperationof thePV sys-
tem.Theprocedurewasdevelopedandtestedwithin theEU projectPVSAT (JOR3-CT98-0230)
andis currentlyappliedunderthelabelSAT WATCH for all new customersof SHELL SOLAR
in Germany.

Shortcomingsof the current method

The backscattersignalof a selectedpixel from the METEOSAT imagemay consistof ground
areaswith clearsky andof areaswith cloudcover within this pixel. An averagecloudcover is
thencalculatedfor this pixel andtime interval. Dueto thestrongnonlinearfunctionsappliedto
determinethetilted planeirradiationfrom theaveragehorizontalirradiationvalueon a selected
site within this pixel, significantdeviationsascomparedto groundmeasuredtilted irradiation
datamay occur on hourly base. This is still true, even if the daily horizontalcalculatedand
measuredradiationsumsarein goodagreement.This is a systematicerrorof theroutine,which
furthermoreaffectsthe influenceof thehorizonschemeon theavailableradiationaswell. It is
estimatedthattheirradiationcalculationerrorfrom thesatelliteimagescontributesin termsof a
nearlyconstantoffset in uncertaintyto theoverall uncertaintyin energy yield calculationof the
routine.Thus,theyield calculationuncertaintyconsistof:� irradiationuncertainty(approx.0.2kWh per » ¹ andday)� uncertaintyfor radiationconversionandhorizonscheme� uncertaintyfor systemcomponentdescription.

Thefinal averageuncertaintyin theenergy yield calculationin this procedureis estimatedto ¼
10 kWh per kWp installedPV power on a monthly base(minimum uncertaintyfor very well
describedandpositionedsystems:¼ 7 kWh perkWp installedPV powerpermonth).Thetable
below lists the estimateduncertaintiesin the daily energy yield versusdifferentdaily radiation
sums.
Theabovementioneduncertaintyimpliesthatin general,for aPV systemconsistingof 10strings,
a failureof 2 stringsmaybedetected,but a failureof 1 stringonly underfavourableconditions,
i.e. in monthswith high irradiationavailability. An errordetectionin periodsclearlybelow one
monthis not possibledueto highuncertaintiesin theirradiationtimeserieson hourlybase.

Benefitsto be expectedusingMETEOSAT SecondGeneration (MSG) data

Thehighspatialresolutionof theMSGimages(about1 x 1 km¹ ) aswell asthehightimeresolu-
tion of theimagesof 15 minuteswill supporta moreprecisedeterminationof globalhorizontal
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Daily horizontalradiationsum 2.0 3.0 4.0 6.0

Overall yield calculationuncertainty
in % of daily energy yield 13 8 6 5
Yield calculationuncertaintyin
in % of daily energy yield 8 5 5 3
(not consideredradiationuncertainty)

Table5.2: Overview: uncertaintiesof thecurrentmethod

time series,and,especially, a moreprecisedeterminationof thetilted irradiationdata,sincethe
probabilityof averagingbetweenclearsky areasandcloudyareasin thepixel hassignificantly
decreased.Additional channelsbesidethe visible channel(e.g. the infraredchannels)may be
usedin theradiationprocessingroutine.With this high definedirradiationdata,theuncertainty
of themonthlyenergy yield calculationis expectedto bereducedto approx. ¼ 7 kWh perkWp
installedPV poweronanannualaverageandfor verywell describedandpositionedPV-systems
to ¼ 5 kWh perkWp installedPV poweron anannualaverage.This is equivalentto anincrease
of informationaccuracy of approx.25 %. Yet not only on monthlybasethe increasein perfor-
mancecheckquality is evident: theexpectedhigherprecisionin theirradiationtime seriesmay
allow for performancecheckperiodsbelow onemonth,e.g. for periodsof onedayor at leastof
few days.This shows theability of theroutine,to reducetheerrordetectionperiodsextremely,
whichin turnmayresultin savingsof aboutonmonthsfeed-inrevenuein caseof a fastdetection
of a systemerrorascomparedto thecurrentmethod.

Examples

The successorof PVSAT, the Shell SolarSAT WATCH routine,will clearly benefitfrom im-
proved irradiancevalues. Unfortunately, thereis no feedbackchannelfrom the PV plant op-
erator(the Shell Solarclient) to the SAT WATCH operators(FraunhoferISE). Therefore,the
improvementsin accuracy due to HELIOSAT-3 may not be observed directly within the SAT
WATCH routine.Nevertheless,animprovedperformancecheckroutine,usingMSG irradiation
data,couldbeappliedto at leastonewell monitoredgrid-connectedPV system,e.g.theroof-top
systemat Oldenburg University. This systemwasalreadypart of the PVSAT testphase.For
this system,monthlyanddaily calculatedradiationsumsandenergy yieldsmaybecomparedto
monitoreddata.Thus,the increasein accuracy comparedto former testdatamaybeevaluated.
Probably, morePV systemsownedby researchinstitutionsor by utilities couldbe recruitedas
furthertestsystems.

Data needsfr om WP 3000

Thegeographicalareashouldcover all landsurfacesin Europe.The time frameis continuous,
datais needednearonline(at themoment,anhourly timeseriesof irradiancevaluesis prepared
onthefirst workingdayof thefollowing month).Theresolutionshouldbeidenticalto thenomi-
nal resolutionof MSG,i.e. 1 x 1 km¹ . Themodelsor outputsneededarethoseprovidedby work
packages3020(all sky solarirradiancecalculationscheme),3030(diffuseanddirect irradiance
components),and3040(spectrallyfilteredirradiancewith respectto solarcell response).
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5.5.2 Solar thermal power plants and daylighting

In a similar manneras describedin the above section5.5 outlineshasbeenperformeddeal-
ing with theshortcomingsandexpectedimprovementsof exampleapplicationsrelatedto solar
thermalpower plantsand daylighting. The completetext is documentedandavailableat the
HELIOSAT-3 home-pagewithin theinterndirectory(username:heliosat3,password: meteosat).

http://www.heliosat3.de/intern/mid-term/WP6000Perspective.pdf
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Chapter 6

Annex

6.1 Technicaldescription: Working versionof the clear sky scheme

A workingversionof theclearsky schemehasbeenperformedwithin theHELIOSAT-3 project.
With respectto the contents,the working versionis describedin section3.2. Here technical
issuesrelatedto theuseof theworkingversionareexplained.

6.1.1 Installation steps

Required Hardware A modern(ordinary)PCis fastenoughto run theclearsky moduleop-
erationally.

Operating system Theworkingversionis designedfor Linux or Unix operatingsystems.Us-
ing a machinebasedon theseoperatingsystemsis emphaticallyrecommended.Runningthe
programunderthe Microsoft Windows operatingsystemis linked with a lot of problemsand
principle restrictionsandis thereforenot recommended,but possible.For theworking version
no supportwill be suppliedfor computerrunningon the MS-Windows operatingsystem.The
CYGWIN softwareis necessaryprerequisite(http://sources.redhat.com/cygwin) to getthework-
ing versionrunning.CYGWIN is aUNIX environmentfor Windowsdevelopedby RedHat.

Software requirementsand installation

Usuallyneededstandardsoftware:
awk,bash,gcc,f77, andsomelibraries.
All of this softwareis part of SUSELinux or DEBIAN Linux distribution. Every otherLinux
distribution shouldcontainthis softwareaswell. If partsof this softwarearemissingon your
machine,which usually shouldnot be the case,installing the software can be performedby
usingthepackagemanagerof the respective distribution, (e.gSUSELinux – Yastcanbeused,
DEBIAN Linux – dselectcanbeused).
Additionally netcdfis necessaryfor theusageof theworking versionof theclearsky module.1

Thenetcdfsoftwareis providedwithin mostof theLINUX distributionsasRPM or DEB pack-
age,Installingis simpleby usingthepackagemanagerof therespectivedistribution, (e.gSUSE
Linux, Yastcanbeusedto installnetcdfDEBIAN: dselectcanbeused).If thenetcdfsoftwareis

1For our purposeswe have to usethe correlated-koption of libRadtran. In orderto usethis option the netcdf
softwareis necessaryto readthecrosssectioninformationof atmosphericmolecules.Principleusageof ASCII data
is possiblebut currentlynot implemented.
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notprovidedwith yourLinux distribution thereshouldbenoproblemto find aappropriateRPM
packageon theInternet.
With respectto UNIX basedsystemit hasto beexpectedthatnetcdfis not partof thestandard
UNIX environment.Yet informationabouttheinstallationof netcdfonUNIX is availableat:

http://www.unidata.ucar.edu/packages/netcdf/index.html

andmoredetailedinformationhow to installnetcdfis availableat:

http://www.unidata.ucar.edu/packages/netcdf/INSTALL.html

Someprecompiledbinariesfor differentUnix basedoperatingsystemscanbefoundat:

http://www.unidata.ucar.edu/packages/netcdf/binaries.html

The working versioncontainsan integratedradiative transfermodel, called libRadtran. This
radiative transfermodelneedsto beinstalledtoo,but it is ”easy” to install libRadtran.However,
it is urgently recommendedto install netcdfbefore. libRadtran will thenautomaticallydetect
netcdfandwill proceedtheinstallationincludingthenecessarystepsin orderto usenetcdf. The
libRadtranpackagecanbedownloadedfrom theofficial libRadtranweb-page.

http://www.libradtran.org

On this pagedetailedinstallationinstructionscanbe found. PleasenotelibRadtranis provided
undertheGNU public license.
Theworking versioncannotberun without thetoolsdevelopedat theUniversityof Oldenburg.
This toolsarearchivedin a tar file calledsolis-tools.tarandcanbedownloadedat:

http://www.heliosat3.de/intern/tools

Installation stepsfor Linux and Unix basedcomputers

1 Install thenetcdfsoftware,if necessarydownloadthesoftwarebefore.

2 Downloadandinstall thelibRadtranRTM package.Follow theinstructionprovidedwithin
thelibRadtranpackageor via the libRadtranhome-page.After thesuccessfulinstallation
a libRadtranmaindirectorywill beonyour machine.

3 Runsometestswith libRadtranin orderto checkif everythingworkswell.

4 Downloadthefile solis-tools.tarfrom:

http://www.heliosat3.de/intern/tools

Copy thefile in thesub-directory”tools” within thelibRadtranmaindirectory. Gettingthe
tools preparedfor the usagewithin the working versionis performedwith the following
command:

tar xvf solis-tools.tar

5 Testtheworkingversion.
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6.1.2 Running the clear sky module

Currentlythewholeclearsky moduleis operated(driven)with onecentralscript.
In the first part of the script the necessaryinput parameterfor the radiative transfermodel li-
bRadtranaredefined.Informationrelatingto theformatandthedefinitionof this parametercan
befound in the libRadtranuser-guide. In principle theusercanleave or bettershouldleave all
parametersunchanged,exceptparametersrelatedto the atmosphericinput (aerosols,̧g¹l½ and
ozone)aswell astheselectedwavelengthbands.E.g. thefollowing lineshaveto beadaptedwith
respectto thegivenatmosphericstateandthedesiredwavelengthregion:

h2o_mixing_ratio 3350 # H2O mixing ratio in the lowermost level
aerosol_season 1 # Summer season
aerosol_haze 4 # Aerosol type below 2km
aerosol_visibility 50.0 # Visibility,

or alternatively for the new
libRadtran version

aerosol_set_tau_550 # Set the aerosol optical depth at
550 nm,other wavelengths are scaled
accordingly

ozone_column 300. # Scale ozone column to 300.0 DU
wvn 307 3001 # Wavelengths considered

libRadtranprovidesdifferentformatoptionsfor thedefinitionof thesequantities,e.gfor aerosols
theuseof Angstromcoefficientsinsteadof thedefinitiongivenabove is possible.
For thefinal versionthedevelopmentof a GUI interfaceis aimedfor. Additionally an interface
for theoperationalinput of atmosphericdata(HDF format)will bedeveloped.
In thesecondpartof thescripttheawktoolsarecalledup. Thesetoolsperformthecalculationof
theeffective opticaldepthandthecorrectionparameterµ . With theseinformationthemodified
Lambert-Beerrelationandtherewith thediurnalvariationof theclearsky irradianceis completely
defined.Within thescriptof theworkingversionalsoplotsarepreparedthatcomparethediurnal
variationdefinedby MLB with theexplicit modelruns.Theplotsaresavedin apostscriptfile.
Thedefinitionof theinputparametersis thefirst step.After thatthewholemodelcanbeexecuted
simplyby thecall:

kato.sh directory-name file-name

wheredirectory-nameandfile-namecharacterisestheoutputdirectoryandtheoutputfiles,e.g.

kato.sh outdir myfile

will safethe ”output” files myfile.inp, myfile.out, myfile-l.out,myfile.ps in the outdir directory.
Thefilesmyfile.outandmyfile-l.outprovidetheresult(output)of themodelrun. myfile.inpshows
againtheinputdefinedwithin theshellscript.This inputfile of arespectiverunis savedtogether
with the outputfiles in the outdir directory to enablea bettercontrolling andarchiving of the
results.Thefile myfile.psin theoutdir directoryis thepostscriptfile containingthediagrams

Output of the clear sky module

Theoutputof theclearsky modulearespectralresolvedglobal,directanddiffuseirradianceon
theearthsurface.Thediffuse,directandglobal irradiancearesavedin thefiles endingwith *-
l.outand*.out (e.g.myfile-l.out, myfile.out). The*-l.out file providestheinformationof thesolar
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irradiancefor the differentwavelengthbands(spectralselective solar radiationdata,radiation
datafor eachwavelengthband).The*.out file containsthevaluesfor awholewavelengthregion
(broadbandradiationdata,integratedover several wavelengthbandse.g. 306-3001nm). The
irradiancegiven for the wavelengthbandsis the irradianceintegratedwithin the wavelength
band.
Thewavelengthregioncanbeselectedby theuser(it hasnot to be306-3001nm), in accordance
to thewavelengthbandsdescribedbelow.

# Wavelength bands for the Kato et al. [1999]
# correlated k-technique
#
# Columns:
# 1 band number
# 2 start wavelength [um]
# 3 end wavelength [um]

1 2.401185e-01 2.724815e-01
2 2.724815e-01 2.834140e-01
3 2.834140e-01 3.068408e-01
4 3.068408e-01 3.277722e-01
5 3.277722e-01 3.625000e-01
6 3.625000e-01 4.075000e-01
7 4.075000e-01 4.520458e-01
8 4.520458e-01 5.176806e-01
9 5.176806e-01 5.400000e-01
10 5.400000e-01 5.495000e-01
11 5.495000e-01 5.666000e-01
12 5.666000e-01 6.050000e-01
13 6.050000e-01 6.250000e-01
14 6.250000e-01 6.667000e-01
15 6.667000e-01 6.841772e-01
16 6.841772e-01 7.044486e-01
17 7.044486e-01 7.426139e-01
18 7.426139e-01 7.914788e-01
19 7.914788e-01 8.444581e-01
20 8.444581e-01 8.889693e-01
21 8.889693e-01 9.749063e-01
22 9.749063e-01 1.045744e+00
23 1.045744e+00 1.194188e+00
24 1.194188e+00 1.515940e+00
25 1.515940e+00 1.613451e+00
26 1.613451e+00 1.964798e+00
27 1.964798e+00 2.153464e+00
28 2.153464e+00 2.275190e+00
29 2.275190e+00 3.001893e+00
30 3.001893e+00 3.635417e+00
31 3.635417e+00 3.991003e+00
32 3.991003e+00 4.605654e+00
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Theformatof theoutputfiles is describedin detail in thelibRadtranmanual.Heretheformatof
the*.out file is outlined.
Exampleof anoutputfile:
1. 2. 3. 4. column:SZA, global,direct,diffuseirradiance

0.1 1012.30 554.93 457.37
10.0 993.32 540.49 452.82
20.0 937.01 498.10 438.91
30.0 845.17 430.45 414.72
40.0 721.38 342.71 378.67
50.0 570.97 242.35 328.62
60.0 403.03 140.62 262.41
70.0 232.97 54.22 178.75
80.0 87.60 5.94 81.67

6.1.3 Outlook: The modular conceptof the scheme

Theintegrateduseof theRTM within theclear-sky moduletogetherwith automaticallyprovided
spectralinformation are an optimal basisfor a modulardesignof the scheme(final version).
Sincedifferentapplicationsvary with respectto thenecessaryinput andoutputinformationin-
cludingdifferentwavelengthregions,a modularconceptis linkedwith a lot of advantages.The
currentway of runningtheclearsky moduleis briefly describedin sections6.1.2. For thefinal
versionaninterfacefor theoperationalinput of theatmosphericdatawill bedeveloped.An ob-
jectorientedprogramminglanguagelikeC++ is well suitedto developsuchaninterface.Further
detailsconcerningthe interfacebetweenthe C++ basedframefor the solar irradiancescheme
and the atmosphericdatawill be discussedat the technicalworkshop,which will be held on
Decemberthe11 th 2002.
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6.2 User requirementson solar data

6.2.1 Intr oduction

This documentoriginatesfrom the projectSoDa,supportedby the IST programmeof the Eu-
ropeanCommission.The SoDausersrequirementsoriginatethemselvesfrom several sources.
Thesesourcesare:

� Documentationand/orinformationon userrequirementsfrom solarenergy datavendors:
EcoledesMinesdeParisandMeteotest.Thesedataandinformationconstitutethebase-
line aswell astheproductsdevelopedby thesevendors:EuropeanSolarRadiationAtlas
(ESRA)andMeteoNorm,whichareusedby aqualifiedmajorityof solarenergy datausers
in Europe,

� Outcomeof informal oral consultationwith key playersin thesolarenergy field. All con-
sultationtookplaceduringtheyear2000.Thisconsultationtookplaceatfairs,conference,
andvia directcontactsthroughe-mailandtelephone,

� TheSatel-Lightserver, a follow-onof theprojectSatel-Lightsupportedby theprogramme
JOULEof theEuropeanCommission,

� Publicly availabledocumentation,from diversesources.This documentationincludesthe
CIBSEUserGuide(CharteredInstitutionof Building ServicesEngineersof UnitedKing-
dom)

TheEuropeanSolarRadiationAtlas(ESRA)is commercialisedby theEcoledesMinesdeParis.
Thenumberof usersconsultedfor thedefinitionof theESRAuserrequirementsis approximately
30. They werecontactedthroughtheadministrationof a closedquestionnaireandfurther inter-
viewed by phone. The ESRA benefitsfrom the experiencegainedby the salesandrealisation
of the threepreviouseditions.Reference:B. BourgesandL. Kadi: ”EuropeanSolarRadiation
Atlas: Userneedsandspecifications.A reportto theEuropeanCommission”,ContractJOU2-
CT94-0305,EMN/ESRA/Doc6.95,95 p.,EcoledesMinesdeNantes,France,1995.
Thecreationof the4th editionof theEuropeanSolarRadiationAtlas,directedby theCommis-
sion,compriseda survey of theusers requirements,takinginto accounttheexperiencegainedin
thesalesanduseof thethreepreviouseditions.Thisdocumentreportson this survey. Thepanel
wascomposedof representativesof companiesand institutesinvolvedin solar systemsR&D,
salesandinstallation,sincetheseare themajor part of thecustomers targetedby theESRA.Ef-
fortshavebeenmadeto survey theneedsof companiesandinstitutesdealingwith theproduction
of biomassfor theproductionof energy and further to theneedsin agriculture crop prediction
and agro-meteorology. Theseusers requirementsplayedan importantrole in the collectionof
the meteorological data, creationof the databasesand the designof the exploitation software.
Amongothers, they led to the developmentof methodsfor the combinationof satellite-derived
estimatesandground-basedmeasurementsof solar irr adiation,sinceit wastheuniqueway to
answerthecustomers requests.Therequestsdependuponthe typology of thecustomer. How-
ever, there are convergencesfor requestinga completegeographicalcoverage (not only sparse
measuringstations),time-seriesof daily global irr adiationsand of air temperatures,and also
climatological meansof several meteorological parameters.

METEONORM, producedandcommercialisedby Meteotest.The numberof usersconsulted
for thedefinitionof theMETEONORMuserrequirementsareapproximately300andwerecon-
tactedthroughthe administrationof a closedquestionnaireandfurther interviewed by phone.
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The survey wasperformedby the company PolyquestAG, in Bern, Switzerland. Reference:
RomanScherrer:”NeukonzeptionMeteonorm- Bed̈urfnisanalyse”,1992,internalMeteotestre-
port.(in German).Thisdocumentcontainstheuserrequirementsandtheir analysiscarried out
for thedefinitionof METEONORMuserrequirements.

SATEL-LIGHT, developedby ENTPE.Thenumberof usersconsultedfor thedefinitionof the
ENTPEuserrequirementsareapproximately200andwerecontactedthroughtheadministration
of a closedquestionnaireandmeetings.Reference:
Beyer H.G., DumortierD., FontoynontM., HammerA., HeinemannD., IneichenP., OlsethJ.,
PageJ., ReiseC., RocheL., Skartveit A., Wald L.: ”SATEL-LIGHT: processingof Meteosat
datafor the productionof high quality daylight andsolar radiationdataavailableon a World
Wide Web Internetserver”. Final Report, EuropeanCommission,JOR3CT95-0041,1999.
http://www.satel-light.com.
In this project,welookedat satelliteimagesasa wayto producetheinformationneededfor the
designof daylightingsystems.We showedthatMeteosatimagescouldprovidedaylightdataev-
eryhalf-hourwith enoughaccuracywith a resolution(5 kmby7 km)which wouldbeimpossible
to reach with a networkof groundstations.Weprocessedtwoyearsof satelliteimagesandmade
the informationavailableon an Internetwebserver. To insure theadequacyof the information
to the needsof the building designcommunity, we organisedtwo workshopsduring which the
objectivesof the projectanda prototypeof thewebserverwere presented.Thefeedback from
thepotentialuserswasverypositive. They recognisedthat theprojectwasprovidinginformation
that hadbeenmissingfor years. They expressedtheir concernregarding theshort-termperiod
coveredby thedataandwith thefact that otherparameterssuch astemperaturewouldbemiss-
ing fromthedatabase. SoDawill providean answerto theseshortcomings.Theworkshopsalso
helpedusin definingtheinformationmosthelpfulto theusers. Since1999,theSatel-Lightserver
is upandrunning, usersare invitedto commenton it andto check theprogressof SoDa.

DaylightingAtlas
AsimakopoulosD., CarvalhoL., Chauvel P., CzeplakG., DumortierD., FontoynontM., Kittler
R., Littlefair P., PageJ., PerraudeauM., PetrakisM., TregenzaP.,: ”Availability of daylight in
Europeanddesignof a daylightingatlas”. Final Report,EuropeanCommission,JOU2CT92-
0144,1995.
Thisproject focused(1) on theanalysisof theavailability of daylight in Europeon thebasisof
groundmeasurementsmadeby each partner, (2) on the designof an atlas geared toward de-
signersof daylightingsystems.Thedesignof theatlasshowedthat long term(10years)daylight
availability informationoverEuropewasnon-existent.Therefore, wehadto relyonmoregeneral
solar radiation information(i.e. usedfor solar thermalsystems).Thiswasfrustrating because
hourly information(variability is extremelyimportantfor daylighting)wasavailableonly for a
few sitesin Europeand whenavailableit wasextremelyexpensive. TheSODA IS would have
beenat that timeextremelyvaluable. We endedup dividing Europeinto 5 zoneswith oneor two
sitesfor each zone. Weagreedon thebasicclimatic informationneededfor daylightingdesign.

Bücher, K., G. Kleiss,D. Bätzner, K. Reiche,R. Preu,P. RagotandD. Heinemann:”Realistic
PV Efficiency Map: EuropeanWide Evaluationof PV-Modules”, 14th EuropeanPhotovoltaic
SolarEnergy Conference,30June- 4 July1997,Barcelona,268-271(1997).
Thispaperreportson an EU-ALTENERprojectdealingwith thedefinitionof standardisedref-
erenceconditionsfor theperformanceof photovoltaic solar cells. Solar radiationandambient
temperatureare themostimportantfactors identifiedbytheproject. In its realisation,theproject
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sufferedfromtheunavailabilityof combinedradiationandair temperaturedata. TheSoDaser-
vicewouldhadbeenof greatvaluefor this task.Thisprojectis a goodillustrationof manyother
projects,wheresignificantamountsof theprojectbudgetarespentonlyto providethedatawhich
arenecessaryfor themainwork.

Brösamle,H., H. Mannstein,C. SchillingsandF. Trieb: ”Assessmentof SolarElectricity Po-
tentialsin North Africa Basedon SatelliteDataanda GeographicInformationSystem”. Solar
Energy, 70,1-12(2001).
A perfectexampleof whatkind of informationis necessaryfor comprehensiveinvestigationsof
a new solarenergy technology(here: solar thermalpowerplants).Differentinformationhaveto
beknownat thesametime;amongthemaremeteorological data(radiation,air temperature)but
alsogeographical,demographicand infrastructure information. Theresultsare real economic
figures($/kWh).

A similar work hasbeenfundedby the EuropeanCommissionfor the isolatedsites: SolarGIS
(DG XII, JOULEII, JOU2-CT94-0439,1993-1996)”Integrationof renewableenergiesfor elec-
tricity productionin rural areas”.
Thepurposeof theSOLARGISmethodologyis to leadat a regionalscalecomprehensiveintegra-
tion studiesthroughtheuseof an adaptedinformationenvironment,that includes:a Geograph-
ical InformationSystem(GIS),which allowsa propermanagementof thedifferentgeographical
information layers and a set of technical and economicalevaluation tools, linked to the GIS
database. Oneof themajor problemsencounteredfor theapplicationto Tunisiawasthelack of
dataon thesolar radiation.More information:http://www-cenerg.cma.fr/%7Est/solargis/

The project MORE-CARE is building upon the project SolarGIS.Its title is ”more advanced
controladvicefor secureoperationsof isolatedpower systemswith increasedrenewableenergy
penetrationandstorage”.It is financedby theEC: DG XII, JOULEIII, ERK5-CT1999-00019,
2000-2003.
Theco-ordinators recognisedthat the lack of meteorological datacreatesinterferencewith the
exploitationof theoutcomes.This is true to manyprojectsin theJOULEprogram. More infor-
mation:http://www-cenerg.cma.fr/more-care/

ReiseC. ”SolarRadiationDataRequirementsin theSolarEnergy Business”,internalSoDadoc-
ument,March2000.
PageJ. ”Contribution on SoDaUserIssuesin theConstructionIndustry”, internalSoDadocu-
ment,March2001.

6.2.2 Solar Energy Engineering

TestReferenceYearsand DesignReferenceYears

TestReferenceYears(TRY) andDesignReferenceYears(DRY) arespecialtime-seriesof me-
teorologicalandradiationvaluesextractedfrom continuousobservationsspanningseveralyears
(ten or moreyears). TRYs andDRYs aremadeup of several parameters(hourly values)from
twelve monthsselectedfrom different years. Thesereferenceyearsare typical years,which
meansthatevery monthis selected,accordingto criteriabasedon thestatisticaldistribution of
theparameters.They areusefulfor applicationswheredaily dataaresufficient for thesimula-
tion andstudies. Many modelsuseTRYs or DRYs as inputs. Formatsof the datashouldbe
standardizedin thatrespect.
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Themainreasonfor constructinga referenceyearfor a particularsite is to give industrialengi-
neers,consultants,architects,andresearchinstitutionsa standardisedsetof climatedatato be
usedasinput datafor computersimulationsof complicatedsystemsneedingmorethanonecli-
mateparameter, andnormally alsocontainingnon-linearity. Referenceyearswith hourly data
areoftenusedfor calculationsof indoorclimate,building energy consumptionor energy conser-
vationmeasures,or performanceof solarenergy systems;however many otheruseshave been
observed. Suchreferenceyearsdescribea typical year. They arenot suitablefor tasksin which
weatherextremesoccurringwith frequencieslessthanonceperyeararerequired.
As aminimum,aTRY shouldcontainfor eachhourdry bulb temperature,ahumidity parameter
suchasdewpoint temperatureor relativehumidity, globalanddiffuseirradiance,preferablyalso
direct normal irradiance,wind velocity, all storedagainstthe month,day andhour. Sunshine
duration,sometimesonly availableasa daily value,or wind directionduringthehourareoften
availableandcanbeincorporated.

Preferredcontentof a testreferenceyear� StationWMO identifier� Time indicatorfor irradiationmeasurements:
local standardtime (L) or truesolartime (T)� Dry bulb temperature,in 0.1C� Meanhourlyglobalirradiance,in W m ¾ ¹� Meanhourlydiffuseirradiance,in W m ¾ ¹� Meanhourlydirectbeamnormalirradiance,in W m ¾ ¹� Sunshineduration,in minutes� Relativehumidity, in percent� Wind speed,in 0.1m s¾x¿� (Year),month,day� Hour, local standardtime,01-24� Meanhourly long-wave irradiance,W m ¾ ¹� Clearnessindex KTh, in percent� Wind direction,in degrees,clockwisefrom North� Cloud-cover, daily value,0-10

A designreferenceyearDRY is producedfrom a TRY throughanadjustmentprocedurewhich
adjuststhemostimportantparameters(temperature,radiation,wind speed)to accordwith multi-
yearmeansandfrequency distributions,usingeitherto an input datasequenceof 10-20years,
or 30-yearmeans(Skartveit et al. 1994; Lund 1995). As in the caseof a TRY, it is a dataset
correspondingto a full year- 8760hours- with hourly records.
Theadjustmentprocessgivesto eachmonthof aDRY a largerspanin temperaturethanasingle
monthwould normallyhave, andalsoa largerdaily temperaturevariation. DRYs aretherefore
badlysuitedfor extractionof statisticalvalues.Statisticalvaluesshouldbeonly extractedfrom
multi-yearsequencesof data.
DesignReferenceYear(DRY). Frequency of measurementis 1 hour, unlessotherwisespecified.
Note that precipitation(field number21) is presentedintegratedover 6 hoursfor hours1 and
13, andover 12 hoursfor hours7 and19. Hencethe daily sumfor precipitationis the sumof
observationsfor hours7 and19. ”Adjusted” meansthat a parameterhasbeenadjustedin the
productionof theDRY.
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Content Note

Stationnameor number
Timeindicatorfor radiationmeasurements
Dry bulb temperature,0.1À C Adjusted
Dew point temperature,0.1À C Adjusted,keepingtherelative humidityalmostunchanged
GlobalirradianceW m Á�Â Horizontalsurface.
(meanvaluefor theprecedinghour) Measuredandadjusted
DiffuseirradianceW m ÁÃÂ Horizontalsurface.
(meanvaluefor theprecedinghour) Measuredwith shadowband,corrected.Not adjusted
DirectbeamnormalirradianceW m Á�Â Derivedfrom globalanddiffuse.
Downwardlongwawe irradianceW m Á�Â
Illuminance,global,lux Derivedfrom themethodof Perezetal. (1990)
Illuminance,diffuse,lux id.
Illuminance,directbeamnormal,lux id.
Totalcloudamount,observed
Equivalentopaquecloudamount,every houror 3-hours
Sunshinedurationin thehour, minutes Givenfor dayhours.Thresholdis 120W m Á�Â
Wind direction,tensof degrees(0 for North,9 for East,...)
00 is calm,99unsteady, low speed 10m above ground,valuesaveragedover 10minutes.
Wind speed,0.1m sÁOÄ Adjusted
Indicatorfor specialdata(= 0)
Maximumtemperature,0.1À C, only at 7 and19hours Takenfor thepreceding12hours.Adjusted
Minimum temperature,0.1À C, only at 7 and19hours Takenfor thepreceding12hours.Adjusted
Pressure,hPa,every 3-hours Stationpressure,not reducedto seasurface
Precipitation,0.1mm,only at 1, 7, 13and19hours
Weathercode,every 3-hours
WeathersincelastobservationW1 andW2, every 3-hours
Empty
Relative humidity in %
Solaraltitude,0.1degreeof arcangle Meansolaraltitudefor thehour.

For sunriseandsunsethoursmeanaltitude
for thatpartof thehourwhenthesun(centre)
is above thehorizon,atmosphericrefractionincluded.

(Year),month,day. (for DRY, year= 12)
Hour, localstandardtime,01-24 Alwayswinter time
Continuation,0 or 1 Indicatesa following record,for directirradiance

Table6.1: Thedirectnormalirradiance(beamirradiance)is derivedfrom diffuseandadjustedglobalirradianceandsolaraltitude.It is given
asameanhourlyvalueand,if greaterthan5 W m Á�Â , storedin aseparatesubsequentrecord,ascomputed5-minutevalues.For Copenhagenthis
parameteris not adjusted.For mostotherDRYs theadjustmentis appliedto thedirectbeamnormalirradiance,andnot to theglobalirradiance.
A specialrecordformat is usedfor 5-min. directbeamnormalirradiance,estimatedonly if thehourly valuefor directbeamnormalirradiation
exceeds5 Wh m Á�Â .

Time-seriesof measurements(or satellite assessments)

Requestsare various,dependingon the usage. The following requestshave beenissuedby
customers.

� Time-seriesof hourly sumsof sunshineduration,global,diffuseandbeamirradiationon
horizontalplane� Time-seriesof daily sumsof horizontalglobal irradiation,andof sunshineduration,daily
meanair temperature,minimumandmaximumair temperature,anddaily precipitation.� Monthly meansof daily sumsof sunshineduration,andof horizontalglobalirradiation.� Ten-yearaveragesof monthly meansfor daily sumsof horizontalglobal irradiationand
sunshineduration,daily minimum andmaximumair temperatures,surfaceatmospheric
pressureandwatervaporpressureandmonthlysumsof precipitation.� Monthly valuesof theÅngstr̈omcoefficients.

Otherresourcesrequested:advancedparametersandapplicationsmodules
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� Day by day estimatedhourly irradiation valueson inclined planesfrom daily observed
globaldatausingtheconceptof smootheddaily irradianceprofiles.� Illuminancevalues.� Clearsky irradiationon inclinedplanesfor any selectedLinke turbidity factor.� Incominglongwave radiation.� Globalspectralirradiationon horizontalplanes.� Cumulative frequency curves.� Yearlyenergy outputfrom solarwaterheater.� Outputfrom photo-voltaicgrid connectedsystem� Photo-voltaicstand-alonesystemwith batteries.� Daily energy outputfrom asolarwaterheater.� Passivesolarheating(directgains)

6.2.3 Daylight

Which parameters?

Daylight is a field whereall you needis thevisible partof solarradiation(asopposedto other
fieldslike thermalenergy whereyou alsoneedtemperature,humidity, wind...).
However, you needthis informationwith many moredetails.Dif fuseanddirectcomponentsof
solar radiation(not just global) areabsoluterequirements.They shouldbe availableasfluxes
available on the horizontalplane(to be compatiblewith simple designmethods)and on the
planeof the glazing. A descriptionof the sky luminancedistribution helpsin understanding
moreclearlyfrom whichpartof thesky vault, thelight is comingfrom (this level of information
is providedin theSatel-Lightserver).
Theseparametersshouldpossiblytake into accounttheurbanenvironmentin which thebuilding
is located.This is not somethingstraightforward to do, however this is critical to get closerto
reality (most of the existing productsdo not take into accountobstructionsor usevery basic
models).

What information?

Sincelight cannotbe stored,usersneedto know what amountof light is availableandwhen.
Frequency informationthatcanbesuitedto thebuilding operatingscheduleis themostuseful:
e.g.how oftengivenlevelsareexceededfrom 8:00to 14:00?,aschooloperatingschedule.This
meansthat thedataavailableshouldhave a temporalresolutionsufficient enoughto matchthe
frequency distributionof reality (previousstudieshaveshown thata15min resolutionwasgood
enough,the30 min resolutionusedin satel-lightis alsoadequate).
Meanmonthlyhourly valuesaremoreusefulthanmeandaily valuesbecausethey provide users
with informationon how daylight is changingthroughoutthe day. Cumulatedvaluesduring a
time period (9:00 to 17:00,all year)areuseful for usersworking for museumsbecausemost
paintingsshouldbeexposedto only amaximumamountof visible light.
Informationonthedirectcomponentof solarradiationshouldbecoupledwith someinformation
on thesolarpositionin thesky vault. Sunpathdiagramsshouldof coursebeprovided.However,
a better information would be provided by showing with statistics,the strengthof the direct
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componentin variouspartsof the sky: how often the direct solar illuminanceexceedsgiven
levels,in agivenzoneof thesky ?
If the building is in the sketchphase,the informationmentionedabove may be enough. The
informationon thediffusecomponentof solarradiationwill becombinedwith standardpractice
designmethodsuchasthedaylight factormethod,to obtainits daylightautonomy. However to
finalize thedesign,particularlyif thedaylightsystemis complex, theclimatic informationwill
have to beusedin a softwarewhich canproperlytake into accounttheopticalpropertiesof all
materialsin thebuilding. For this reason,usersneedhourly valuesof solarradiationin a format
compatiblewith theseprograms.

What are the potential usersin daylight ?� Architectsfor building designin thesketchphase� Engineeringfirms for building designin all stages.� Glazingmanufacturersfor designandmarketing.� Storemanufacturers(manualandautomatic)for designandmarketing.� City plannersto optimizestreetdaylightandevaluateits electricityconsumption.� Lawyersto evaluatetheimpactof new buildingson accessto daylight.� Individualsfor generalinformationon theclimateandassessmentof shades.

Ancillary Data

All applicationsrequestancillarydatafor supportingdataprocessing,resultspresentation,data
query, etc.Ancillary dataare:

� terrainelevation� waterbodiesandlandmasses� bordersof countries� countries� databasesof majorEuropeancities
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