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Chapter 1

Overview

Aim and structureof the report Thisreportgivesanoverview aboutthecurrentall sky work-
ing version,whereastheclearsky module,alreadydescribedin D8.1,is animportantpartof the
all sky working version.In orderto enablea goodreadability, andto provideanoverview about
thewholeschemetheclearsky moduleis describedin section2.2. It hasto bementionedthatthis
descriptionis similar to thatdocumentedin D8.1. Yet somecorrections,updatesandupgrades
of thisdescriptionhasbeenperformed.
Section2.3givesanoverview aboutthecurrentstatusandplanningwith respectto thecloudysky
module,aswell asandescriptionof thecloudmodulecurrentlyusedwithin theall sky working
version.As a consequenceof thedelayof theMSG launchthecurrentall sky working version
is not basedon MSG datanor on retrievedcloudproperties,suchascloudopticaldepth,cloud
fractionor cloudheight.Theconceptsfor thenew SOLISschemearereadyandbasicalgorithms
areprogrammed,but they have to beadaptedto andtestedwith MSG data.This stepis on the
onehandapuretechnicaltaskon theotherhand,importantparametersof theschemehave to be
testedand”tuned” aswell. Additionally theoptimalway for the treatmentof cloudshasto be
appointed(e.g.section2.3.2).Theperformingof thesestepsis justpossiblewhenreliableMSG
dataareavailable,which canbeexpectedto bein spring/summer2003.Yet besidetheadaption
of theschemealsosomeconceptualthingshaveto bedeclaredin moredetail(e.g.section2.3.5).
For thatreasonwhy thecurrentstatusof theall sky schemeis describedin section2.3,including
anoutlookaboutthenext steps,especiallythestepsthatwill beperformedwhenreliabledataare
available.Afterwards,theusedcloudmoduleof theall sky workingversion(basedonMeteosat)
is describedin section2.4. In chapter3 and4 a technicaldescriptionof theall sky schemewith
respectto theclearsky (chapter3) andthecloudmodule(chapter4) is provided.
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Chapter 2

WP3000:The SOlar Irradiance Scheme,
SOLIS

2.1 Intr oduction

Geostationaryweathersatelliteslike thecurrentMeteosatprovidecloudinformationwith ahigh
spatialandtemporalresolution. Suchsatellitesarethereforenot only useful for weatherfore-
casting,but alsofor theestimationof solarirradiancesincetheknowledgeof thelight re�ected
by cloudsis the basisfor the calculationof the transmittedlight. Additionally an appropriate
knowledgeof atmosphericparametersinvolved in scatteringandabsorptionof the sunlight is
necessaryfor anaccuratecalculationof thesolarirradiance.
TheoperationallyworkingmethodsHeliosat([Beyeretal., 1996],[Hammer, 2000] andHeliosat-
2 [Rigollier etal., 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 aerosolinformationis possible. This moredetailedknowledgeaboutatmospheric
parametersallowsto 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

Sofar, theworkingversionof theclearsky schemehasbeen�nished andaconceptfor thewhole
schemehasbeendeveloped.A all sky working versionhasalsobe performed,but it hasto be
adaptedto MSGwith respectto technicalreadandwrite processesandimprovedcloudmodules
hasto beimplemented.Within thenext sectionsthedesignandthemainconceptsof thescheme
aredescribed,aswell asthescienti�c work behind.Thetechnicaldetailsof theall sky working
versionaredocumentedin chapter3 and4.

1In thenearfuturetheinformationfrom GOME/ATSR-2will bereplacedby SCIAMACHY/AATSR
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2.2 WP3010:The clear sky module

2.2.1 Intr oduction

Theclearsky schemedescribedbelow is characterisedby anew approach,sofarnotusedin any
of theexisting solarirradianceschemes.Thereforea moredetaileddescriptionof the”concept”
is provided in the following sections. A more technicaldescriptionof the clearsky working
versionis providedin theappendix(seesection3).

2.2.2 The new clear-sky module

MSGwill scantheearthatmospherein averyhighspatialresolution(seetable2.1),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 andmore�e xible method– the integrateduseof RTM within theschemebasedon a
modi�ed Lambert-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 aresuf�cient.
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 thesmallaerosolre�ectanceandtheperturba-
tion of theweaksignalby cloudsandsurfacere�ection. For thatreasonsretrieval of daily
valuesin 100x100km resolutionwith a ”global” coveragein anappropriateaccuracy is a
taskfor thefar future.

� Theresolutionis in consistencewith thecompilationof datarequirements
� Thetemporaldaily �uctuationsof solarirradiancearein generaldominatedby the�uctua-

tionsof cloudsandthecloudinformationis usedin its hightemporalandspatialresolution
(MSGpixel resolution).

� The usageof the modi�ed Lambert-Beerfunction, describedlater on, shouldenablethe
correctionof derivationsfrom thedaily averageof theclearsky irradiancein aneasyand
fastmanner.

parameter METEOSAT MSG
spatialresolution(subsat.point) 2.5km 1 km

temporalresolution 30 min 15min
spectralchannels 3 12

Table2.1: Improvementsin METEOSAT resolution
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Sincedaily valuesof theatmosphericparameters(
���

, ���

�

,aerosols)within a regionof 100x100
km (50x50km)canbeassumedto besuf�cient, thediurnalvariationof thesolarirradianceis just
dependenton theSolarZenithAngle (SZA, ��� ). TheRTM calculatesthediurnalvariationof the
solarirradiancefor eachregion usingtheatmosphericparametersasinput. Thecloudeffectand
hencethetemporal�uctuation of thediurnalclearsky irradiancecausedby cloudsis considered
for eachpixel without the”need” for anexplicit useof a RTM (for a moredetaileddescription
seesection2.3).As aconsequencenoteverypixel hasto beprocessedwith theradiativetransfer
model.With themodi�ed Lambert-Beerfunction,describedin detailin section2.2.3,thediurnal
variation of the clear sky irradiancecan be matchedvery well. As a consequencethe RTM
calculationsnecessaryto de�ne thediurnalvariationof theclearsky irradiancecanbereduced
enormously. Usingthemodi�ed Lambert-Beerfunctiononly 2 RTM calculationsarenecessary
to de�ne thecompletediurnalvariationof theclearsky irradiancefor a givenatmosphericstate.
As a consequence,independentif a pixel is cloudy or not, 2 RTM calculationare enoughto
calculatethesolarirradiancefor the whole (e.g. 100x100km) region, whereit is importantto
note that the cloud information is usedfor eachpixel in the high spatialand temporalMSG
resolution.How thecouplingof theclearschemewith thecloudysky schemewill beperformed
is describedin detail in section2.3. In �gure 2.1 thespatialandtemporallinkagebetweenthe
clearsky andthecloudysky moduleis illustrated.
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Figure2.1: Diagramof thespatialandtemporal linkage betweenclear-sky andcloudinformation.

2.2.3 The modi�ed Lambert-Beer function

The describedmodi�ed 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
���������	��
���
����

(2.1)

where
�

is theopticaldepth
Consideringpathprolongationandprojectionto theearthsurfaceleadsto.

���������	��
���


�

�����




� �

�

���

�����




� �

�

(2.2)
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This formuladescribesthebehaviour of thedirectmonochromaticradiationin theatmosphere,
henceaneffectiveopticaldepth

�

canbeestimatedfor all SZA ( ��� ).
� � ��� 
 ������� �

(2.3)

Using equation(2.3) for � � =0 leadsto
�����

. If we aredealingwith monochromatic radiation
then

�

is constant,hence
�

equals
� ���

for all SZA.
If wearedealingwith wavelengthbands

�

is notconstant,but changessmoothlywith increasing
SZA .

� ���

is thenjust the effective optical depthat � � =0, The reasonfor that is the non-linear
natureof theexponentialfunction.
Hencea correctionof the optical depth

� ���

, or equivalent to this, of the parameter �
	��


������������

is
necessary.

���������
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���
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� �

�

(2.4)

Using this function the calculateddirect radiationcanbe reproducedvery well (seeFig. 2.4).
TheModi�ed-Lambert-Beer(MLB) parametera is calculatedbasedon two RTM calculations.

Global irradiance

As explainedaboveacorrectionof formula2.2 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 theeffectiveopticaldepth

� �

. 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  

�

� ���




� �

�

in detail.
Hencea correctionof formula2.2 is necessaryevenfor monochromaticincomingradiation,in
orderto yield abettermatchbetweenRTM calculatedandfunctionvalues(seefor example�gure
2.2). Sincethe Lambert-Beerrelation,using the effective optical depth

� �

, is still a (relative)
goodapproximationif the incomingradiationis monochromatic,it is not sosurprisingthat for
wavelengthbandsthefunction

�"!$#

�&%

�

#���� � �	��
���



 � �&!��

� ���

%




� �

�

���

�����




� �

�

(2.5)

is (similar to thedirectradiationcase)alsoagood”�tting” functionfor globalradiation(seeFig.
2.4).

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. 2.3). However �tting with the modi�ed Lambert-Beerrelationworks very well (see
Fig. 2.4). Sincethescalingwith cos(x)is not appropriatefor diffuseradiationit is skippedand
equation(2.6) is usedfor �tting.

�����('"'*)

�

� �������	��
���



 � �����+' �

�����




� �

�




�

(2.6)
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General remarks

The usageof the modi�ed Lamber-Beer function is physicallymotivated,but it is actually a
”�tting” function. This is especiallyobvious for the caseof diffuseradiation. In principle it
is possibleto �t the RTM calculationswith any appropriatefunction for examplea modi�ed
polynomialof third degree


����

�����

�


 
 �������

� ���

�


�
 ���

�

�

(seeFig. 2.5).Hencethebig advantage
of themodi�ed Lambert-Beerfunctionis not thefeasibility to �t theRTM calculations,but that
it is possibleto yield a very goodmatchbetween�tted andcalculatedvaluesby usingonly 2
SZA calculations.This is possiblesincethechangeof theirradiancewith SZA is relatedto the
Lamber-Beerlaw, henceusingthemodi�ed Lambert-Beerrelation”the degreesof freedomcan
bereduced”.Moreover theparametercanbecalculatedwithout theneedfor anumerical�t.
The functionwastestedfor many differentatmosphericstates,e.gfour differentaerosoltypes,
four differentvisibilities (5,10,23,50),differentwateramounts,differentstandardatmospheres.
Additionally it wastestedthatthe�t alsoworksif anotherRTM model(insteadof libradtran)is
usedfor the RTM calculations.Thereareno reasonsto assumethat thereexist a atmospheric
statefor thatthe�t doesnotwork verywell. Henceit canbeassumedthatthe�t worksverywell
for all atmosphericstates.
For our purposethe senseof a appropriate�tting function is to save calculationtime without
losing”signi�cant” accuracy. Thequestionif a �tting functionis usablefor thatpurposedepends
onthedifferencebetweenthe�tted valuesandtheRTM calculatedvalues(whichareverysmall,
lessthan8W/m� below aSZA of 85Deg.).
At low visibilities (high optical depth,high aerosolload)

�

� hasto be enhancedfor global and
diffuseradiation.For thatpurposeageneralformulahasbeendeveloped.

2.2.4 Impr ovementslink ed with the describedclear sky module
� Modi�ed Lambert-Beerrelationenablesthe integrateduseof RTM within the clear-sky

moduleof thescheme.Theintegrateduseof RTM is linkedwith high�e xibility relatingto
theinputof theatmosphericstate,changesin theoryandthedesirableoutputparameters.
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Figure2.4: ComparisonbetweenRTMcalculationsand�t usingthemodi�ed Lambert-Beerrelation,for
differentatmosphericstates

� 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.

� It seemsthat deviationsof the atmosphericstatefrom the average(
� �

, ���

�

, aerosols)
caneasilybecorrectedwith themodi�ed Lambert-Beerlaw. A correctionof theeffective
optical depth

���

, whereasthe a,b,cparameterremainunchanged,leadsto a goodmatch
betweenRTM calculatedandfunctionvaluesfor H20. For aerosolssimilar testshaveto be
performed.

2.3 WP3020:The cloudy sky module

2.3.1 Overview about the conceptsof the cloudy sky modules

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
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is not availableoperationally. Hencewith respectto theuseof a RTM theproblemis thenon-
availability of realisticspeci�cationof heterogenouscloudsfrom measurements.MSG will not
providesuf�cient informationabout3-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).
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 usingthe relationbetweencloud index n andclearsky index k (n-k relation). This relation
wasempirically found within previous studiesandis describedin detail in [Beyeretal., 1996]
and[Beyeretal., 2003]. It is usedin the MeteosatbasedHeliosatmethod.The n-k relationis
robustandvalidated.It leadsto relative smallRootMeanSquareDeviations(RMSD) between
measuredandcalculatedsolar irradiancefor daily andmonthly means. Nevertheless,an im-
provementof then-k relationusingphysicallyretrievedcloudparametersis in preparation.For
this purposestudieshave beenperformedin orderto investigatethequestionif then-k relation
canbe improved by using the enhancedcloud information retrieved from MSG (cloud mask,
COD,effective radii). Additionally, theeffect of brokencloudshave beeninvestigatedin order
to studytheeffect on theglobal irradiance.Besidethedescribedaim – to improve then-k rela-
tion – suchstudiesimprove theunderstandingof the interactionbetweencloudparameterslike
cloudheightandLWP 2 or theeffect of brokencloudson thecalculatedirradiances.Therefore,
they supportthedevelopmentof theCODbasedscheme,brie�y describedin thenext paragraph.
For the �nal versionof thesolarirradianceschemetheusageof then-k relationis plannedin a
waythatthecorrectionsbasedonadditionalcloudparameterslikeCODcanbeswitchedon(hy-
brid) or switchedof (puren-k). Thereasonfor this is thattheretrieval of cloudopticalproperties
like COD andcloud fractionneedsa large amountof computingtime, while thecalculationof
thecloudindex is very fast.In orderto offer theusershigh �e xibility with respectto theneeded

2LWPandCOD canbeusedalternatively to describecloudeffects
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Figure2.7: Overview of thenew calculationscheme

computingpowerandaccuracy bothwayswill beoffered.

Using COD basedcode Basedon the informationof the cloud optical depth(COD) which
will be(is) retrievedoperationallywith theDLR software,thedirectirradiancecanbecalculated
usingformula2.7
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(2.7)

where� is thesolarzenithangle,CODstandsfor thecloudopticaldepthretrievedwith theDLR
software,I is the direct surfaceirradianceand

�




# �

�

�

����� the clearsky irradiancecalculatedwith
thedescribedclearsky module.Within this formulacloudsareassumedto behomogenous.
Thecurrentideafor thecalculationof theglobalirradianceis basedonthede�nition of aneffec-
tivecloudopticaldepthappliedto global irradianceGCOD.This GCODis de�ned by equation
2.7 for global irradiance. This meansthat the GCOD is the quantity that leadsto the relation
betweentheglobalsolarirradianceandglobalclearsky irradiancein thesameway asequation
2.7.
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(2.8)

This de�nition of GCOD posethe problemto �nd the correctGCOD in dependenceof COD
retrieved from the MSG satellitedata. Calculatingthe direct and global irradiance�rst, the
diffuseirradiancecanbedeterminedby subtractingtheglobalfrom thedirectirradiance.
Figure2.7 illustratesthenew schemeandtheintegrateduseof thetheRTM within theclearsky
scheme.
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2.3.2 Status: Corr ectionsof n-k relation using retrieved cloud parameter

The proposedcorrectionsarebasedon several studiesperformedby UIB andaredocumented
in theworking papersavailableat http://www.heliosat3.de/documents/. A brief overview about
thisstudiesis alsodocumentedin themid-termreport.The�nal applicationandimplementation
of thepossible

�����

correctionworkedout in this studiesis just possibleafter the�rst reliable
MSGdataareavailableaswell astheselectionof thebestway to correct

�

or the
�����

relation
respectively. Suchdatawasnot availablesofar, but canbeexpectedfor latespring.Below a list
of ”possible” improvementsof n-k schemeusingretrievedcloudparametersfrom WP2020are
described.Afterwardstheongoingstepsafteravailability of MSG datais described.

1 CLOUD HEIGHT:

thecloud-heightseemsto affect there�ectivity (cloudindex) but not theglobalradiation.
Hence,thecloudheightshouldbetakeninto accountby correctingthecloudindex with it.
This would bemorephysicalcorrectthancorrectingthen-k-relationship.Sucha physical
approachwould easefurthercorrections.Both modelsandempiricalstudyindicatesthat
thecloudindex is toohighwhencloudsarehigh,andviceversa.Quantitatively how much
n shouldbeloweredfor eachmeter(or hPa) of heightcanonly bedeterminedwhendata
is availablefrom MSG (processedby MSG Scenes-Software)A correctedcloud index

�

might besomethinglike:
�

�
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where
�

is thecloudheightin metersor hPa and
�

there�ectivity, and
�

is a parameterto
betunedto measurements.

2 CLOUD OPTICAL DEPTH(COD):

TheCOD is todaymoreor lessincorporatedin the traditionalcloud index (togetherwith
cloudfraction).However, afteracloudis fully covering,thickeningof acloudwill eventu-
ally not increasethere�ection (cloudindex), while it will becomedarker underthecloud,
dueto increasedabsorptionwithin thecloud.Thereforeit wouldbephysicallymostmean-
ingful to includetheCOD asa parameterin thek-n regression.In this case,only for high
cloud index (thick andcoveringcloud) would the COD yield extra informationwhich is
not alreadyincorporatedin thecloudindex. This correctionshouldonly beappliedwhen
theparametercloudfractionis 1.

3 CLOUD FRACTION:

Thecloudindex is shown to correlatewell with groundbasedestimatesof cloudcover. An
ideawouldbeto replacethecloudindex by cloudfraction(andcloudopticaldepth)in the
scheme.Thiswould meanthattheadditionalchannelsof MSG arebeingutilized to avoid
someof theproblemsrelatedto thepresentcloudindex:

– normalisingre�ectivity by extraterrestrialradiationis unphysicalwhen the re�ect-
ing sourceis lower in the lower atmosphere(clouds/ground),backscatterfrom the
atmospherehasto beaccountedfor. A questionis if thecorrectedbackscatteralsois
representedby thecloudindex (inconsistency ?).

– a timeseriesis neededto calculatethecloudindex
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– re�ection (n) is not isotropic, giving biasesdependingon the sun-satellite-ground
geometry. Additionally the cloud index dependson cloud height. Any correction
to this is only relatedto what the satellitereceives,andnot to the physicsaffecting
globalradiation.

4 GROUND REFLECTIVITY:

Dueto shadows, thegroundalbedois varyingwith thesun-ground-satelliteangles.Inves-
tigationof Meteosat-re�ectivities shows that this effect canbe parameterisedin a simple
way, so that a scalaralbedocan be determined,and the directional re�ectancecan be
foundby thisparameterandoneor moreof thethreeangles.In asimilarwaythere�ection
from cloudscanbeparameterisedto relatethedirectionalradianceto thepropertiesof the
clouds. The parameterisationof theseeffectswill be further studiedby usingdatafrom
Meteosat.

Ongoingof work

After the�rst datasetof reliableMSG datais available,work will continueasfollows.
The �rst stepwould be to gathergroundmeasurementsfor a numberof stations.For eachof
thesestations,thefollowing parameterswill becollectedto form adataset:

� time (date,month,year, hour)

� sun-ground-satelliteangles(solar elevation, satellite elevation, co-scatteringangle, az-
imuth angle)

� measuredglobalradiation

� raw satellitecountsfor broadbandVIS channel(+ 0.6umand0.8umchannels?)

� CloudOpticalDepth

� cloudfraction

� cloudheight

Sincemeasuredglobal radiationis hourly averages,theMSG-datawill beweightedtogetherto
matchthetimeperiodof thegroundmeasurements.
Thenext stepwouldbeto calculateacloudindex from thetimeseriesof theraw satellitecounts.
Here the algorithmsfor backscatter-correction(

�

�

��� ), calculationof groundalbedo(
� !��

�

)�
 �

)
and calculationof cloud albedo(

�




#

�

)"�

) from previous Heliosat-versionswill used. Possible
improvementsare by the time of writing being investigatedby radiative transfermodelsand
studyof Meteosat-7data. From the cloud index, a clearsky index will be calculatedwith the
”old” relationship.This relationshipis alsoasubjectto beimprovedin thisprocess.
The third stepwill be to calculatethe clear sky radiationwith SOLIS. The measuredglobal
radiationwill bedividedby this clearsky radiation,yielding a clearsky index to becompared
with theMSG-derivedclearsky index calculatedin steptwo (above).
The forth stepwill be to analysethe difference(RMSD andMBD) betweenthe measuredand
derived clearsky indexes. The differenceswill be analysedin light of the differentvaluesof
all theabove mentionedparameters.Any trendsof theMBD shouldbe investigatedclosely, to
seeif any of thealgorithmsabove (step2 and3) couldbemodi�ed to correctfor theobserved
trend. Herealso improvementsarehopedfor by including the new parameters:cloud height,
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cloudfractionandCOD.By repeatingsteps2-4,hopefullythealgorithmswill convergetowards
giving smallerdeviationsfrom thegroundmeasurements.

2.3.3 Statusof cloud retrieval software

The MSG scenessoftware is running at the DLR and the University of Oldenburg. Hence
test datasetsof macrophysicalcloud parameterlike cloud height and cloud fraction can be
derived within daysafter reliableMSG datawill be available. The COD retrieval within the
Apollo scheme[SaundersandKriebel,1988] is basedon a methodfrom [Stephens,1978] and
[Stephensetal., 1984] . The Apollo COD part for the retrieval of the cloud optical depthis
readybut a SEVIRI interface(neededfor MSG) hasto be implemented. In addition to the
Apollo schemeaalgorithmbasedon theNakajima[NakajimaandKing, 1990] approachwill be
developedwithin the next month. This algorithmenablesthe combinedretrieval of the cloud
microphysicalparametercloudopticaldepthandeffective radii.

2.3.4 Corr ection of n-k for ”br oken cloud effects”

Calculationswith theradiative transfermodelSHDOM hasbeenthe initial point of someideas
for severalempiricalstudieswith thescopeto correctthecurrentn-k relationfor ”brokencloud”
effects. The SHDOM studiesarebrie�y describedin the mid-termreport. They indicatethat
subjectto speci�c cloudsituationsameanbiasin thecalculatedsolarirradianceoccursfor mod-
erateviewing geometries.Henceif therewouldbeacorrelationbetweenthecloudindex andthe
speci�c cloudsituationsin astatisticalmannerit shouldbepossibleto �nd a ”parameterisation”
or correctionformula in orderto improve then-k relationfor moderateviewing geometries.In
orderto investigatethis empiricalstudieshasbeenperformed.A �rst empiricalstudywasmade
usinggrounddataof Freiburg, Germany for May to August2001.This datawascomparedwith
thesatellitederiveddata.In �gure 2.8therelativerootmeansquareerror(rrmse)of theclearsky
index is plottedagainstthecloudindex. Therrmseis givenfor n-binswith a width of 0.1. The
�gure illustratesthattheHeliosatmethodunderestimatestheirradianceandthisunderestimation
increaseswith increasingcloudindex.
Becauseof lessdatafor

��� �����

 and
���

 theempiricalstudyis limited to
�����

 	�

�

�  .
Figure2.9showstheamountof datafor eachbin. A �rst correctionwasmadewith thehelpof a
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verysimpleregressionasshown in �gure 2.8.Theregressionis givenby
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(2.10)

Using this function it is possibleto correct the clearsky index. First the clearsky index k is
calculatedwith thecurrentn-k-relationandthencorrectedby
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(2.11)

Thecorrectionleadstosigni�cant differencesin then-k-relationasshown in �gure 2.10and2.11.
Therrmsefor the irradiancewithout thecorrectionis 0.234andwith thecorrection0.215,also
therrmsefor theclearsky index decreasesfrom 0.337to 0.328.In a furtherstudythiscorrection
hasbeenappliedto anotherdataset,leadingalsoto anreductionof therrmse.Consequently, it
couldbeexpectedthatthis correctionleadsin generalto a reductionof therrmse,but thishasto
becheckedin moredetailwithin furtherempiricalstudies.
Yet it hasto bementionedthatthecurrentlyperformedstudiesalsoindicatethatthereductionof
therrmseis mainlydueto thereductionof therrmseof relative”few” outliers.As aconsequence
of thede�nition of therrmsethis relative ”few” outliershave ansigni�cant effect on theoverall
rrmse. Within this scopeit hasto be further investigatedif the rrmseis an appropriateerror
quantityfor theerroranalysis.Anyway�rst studiesindicatesthatthevastmajorityof theoutliers
have a high variability, wherebythevariability is de�ned asthestandarddeviation of thecloud
index of a meanpixel area(5x5 pixels). Using the rrmseasrelevanterrorquantityit seemsto
reasonableto performa division of thedatapointsdependenton thevariability, having at least
two differentvariability classesfor thedatapoints. For theassignmentof thedatapointsto the
classesanappropriatethresholdhasto bede�ned. After thatsimilarcorrectionsfor thedifferent
classescanbeperformedwith thegoalto getafurtherimprovedn-k relation.A similarapproach
hasbeentestedby C. Hoyerwith promisingresults.

2.3.5 Curr ent statusof COD basedcloud module

In orderto �nd anef�cient parametrisationto calculateradiative conditionsundercloudsusing
the cloud optical depth,sensitivity studieswereperformedusing the radiative transfermodel
SBDART. Thisnew parametrisationhasto befastenoughto convertall pixelsof animageof the
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Figure2.12:Varyingintensityat groundlevelundera cloudwith opticaldepthcomparedto theclearsky
intensityfor differenteffectivedropletradii

new satelliteMeteosatSecondGeneration(MSG)within 15minutes.It shouldbemoreaccurate
thanthecurrentlyusedcloudindex methodaswell.
The modelrestrictsthe calculationsto plan-parallelhomogeneouscloud layers,but allows the
investigationof their radiativepropertiesat differentwavelengths,opticaldepthsandsizedistri-
butionsof waterdroplets.Furthermore,their heightsandthicknessesarevariableanddifferent
illumination geometriescanbeconsidered.SBDART alsoprovidesstandardatmospheres,e.g.
mid-latitudewinter. Groundre�ection is speci�ed by type modelslike vegetation,sand,and
snow but dealsonly with isotropiccases.
First of all, the dependenceof irradianceat groundlevel on varying cloud optical depthwas
studiedby usingtheatmosphericmodelfor mid-latitudewinter. Thebiggestdeviationsin inten-
sity werepointedoutby comparingtherelationshipfor differentdropletsizedistributionswithin
cloudsof differentheightanddepth.Thiswasdonefor differentsunzenithangles,groundtypes,
andtwo wavelengths(strongabsorbing(720nm)andweakabsorbing(550nm)).
Figure2.12 givesan examplefor sucha comparison.Here the effect of the sizedistribution,
describedby theeffective dropletradius ������� within a cloudbetween1 km and2 km at 720nm,
is presentedin relationto theclearsky case.Theenvironmentalsituationis givenby thesunin
thezenithandagroundmodelfor vegetation.

Collectingtheresultsoff thesesimulationsthebiggestdeviationsin intensityarisewith thesun
in thezenith,opticaldepthof 24 or thebiggestrealized,andbetweenthemostextremecasesof
effectiveradii. Actually, theconsequenceof curvesconvergeswith increasingradius.
While the effect of cloud heightanddepthis neglectablefor groundtypeswith low re�ection
(vegetation,sand),they have to be kept in mind for strongre�ecting surfaceslike snow. The
biggestdeviationsarerealizedin thelattercasebetweenthin cloudswith themostextremealti-
tudedifference.
As a resultof all simulationsa reducedsetof situationsandphysicalpropertiesis found, for
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effectivedropletradii. Additionallyin thecaseof snowit is necessaryto distinguishbetweenextremecases
of cloudheights.Thesamesimulationfor an opticaldepthof 64 resemblestheidenti�ed classi�cation

which calculationsof thewholeelectromagneticspectrumarepossible.Thetargetof suchsim-
ulationsis a classi�cationof wavelengthrangeswithin which thenumberof physicalproperties
theirradiationat groundlevel is sensibleto is probablyevensmaller. Hereis to distinguishbe-
tweenthreeclasses:insensibleto any cloud property(I), systematicsensibility to somecloud
properties(II) andindividualsensibility(III).
Figure2.13is anexamplefor sucha classi�cationbetween290nm and600nm. While a clas-
si�cation for snow groundsseemto bevery complicated,vegetationandsandgroundsreveala
muchsimplerbehaviour. Especiallybetween320nm and550nm (classII) the irradiancedoes
not dependon a certaingroundtypebut only on the effective dropletradius. Accordingto the
fact that this is not only the casefor an optical depthof 24, a parametrisationfor all optical
depthsis possible.For this casethesurfaceirradiancedependsonly on thecloudopticaldepth,
theeffectivedropletradiusandthesunzenithanglebetween320and550nm.

Ongoingwork By usingtheradiativetransfercodeSBDART, sensitivity studiesrevealedthose
propertiesof cloudsthat dominatethe radiative conditionsunderthem. With a reducedsetof
physicalpropertiesfor eachclassi�edwavelengthregion(I+II) it is possibleto developafastand
still accurateparametrisation.
Thenext stepwill beto generatesuchparametrisationsfor thecalculationof irradianceThiswill
bedoneonly for casesof low groundre�ection, becausethesituationabove snow seemsto be
toocomplicatedandnot of high interest.For thelow re�ecting casesheightanddepthof clouds
areneglectableandthe optical depth,effective dropletradii andsunzenithanglesdescribeall
majorin�uences.

18



Altogetherwith the APOLLO [Stephensetal., 1984] software,developedandprovided by the
DLR whichgeneratesthecloudopticaldepth,amajortaskof theHeliosat3projectwill hopefully
be reachedsoonin thatway. With the adaptionof theNakajimaschemeto MSG the effective
radiiwill beretrievedin additionto thecloudopticaldepth.With thatthelastmissinginformation
for accuratecalculationsbeavailable.

2.4 Description of the curr ent working version

Theworkingversionconsistsof two mainmodules,theclearsky moduleandthemodulefor the
considerationof clouds.TheSOLISclearsky modelis describedin section2.2
In theworkingversionof thecloudmodulecloudsaretreatedusingthen-k relation,detailsof the
n-k methodaredocumentedin [Beyer etal., 2003]and[Beyeretal., 1996]. Herea brief outline
of themethodis given.
The basicideaof the n-k methodis to dealwith atmosphericandcloud extinction separately.
In a �rst stepa cloudindex, which is basedon themeasuredradianceat thesatellite,is derived
from METEOSAT imagery. This stepusesthe fact that the planetaryalbedomeasuredby the
satelliteis proportionalto theamountof cloudiness.After correctionof theeffectof atmospheric
backscatteringandgroundre�ection describedin moredetail in [Beyer etal., 2003] the cloud
index

�

canbederived.Thederivedcloudindex is thencorrelatedto thecloudtransmission,de-
scribedwith theclearsky index

�

, which relatestheactualgroundirradiance
�

to theirradiance
of thecloudfreecase
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(2.12)

Basedon thesoderivedclearsky index theglobalirradiancecanbecalculatedusing
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whereby
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����� is providedby theSOLISclearsky moduledescribedin section2.2.
In the previous Heliosatversionsthe diffusecomponentof the groundirradianceis calculated
usinga statisticalmodelof [Skartveit etal., 1998]. Themodelis basedon hourly valuesof the
globalirradiance.It usestheclearnessindex

���

, theelevationof thesunandanhourlyvariability
index �

�

for the calculationof the diffusefraction. The direct irradianceis thenbe derivedby
subtractingthediffusecomponentfrom theglobalirradiance.
Thehourlyvariability index �

�

is calculatedfrom theclearsky indicesof threeconsecutivehours.
If

�
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is theclear-sky index of thehour 
 in question,then �
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is de�ned as:
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In theall sky workingversionof SOLISannew approachfor thecalculationof thediffuse/direct
irradiancehasbeenimplemented,in orderto use- andbene�t from - theenhancedcapabilities
of theSOLISclearsky module,describedin 2.2.4.
Themainintentionbehindthenew modelis tousetheinformationof thedirectirradiancederived
within theclearsky modulefor thecalculationof theall sky directanddiffusecomponents.As a
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consequencethediffuse/directmodelis no longerbasedontheglobalirradiancebut usesinstead
the direct clearsky irradiance.Additionally insteadof the clearnessindex the clearsky index
is usedto describetheeffectsof cloudson thedirectclearsky irradiance.In contrastto current
Heliosatmethod,whereit is handledthe other way round, the direct irradianceis calculated
�rst. Thediffuseirradianceis thenderivedby subtractingthedirectcomponentfrom theglobal
irradiance.Thereasonfor thatis discussedlateron.
In orderto calculatethedirectall sky irradianceformula2.15is used.
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Within this formulatheeffectof thecloudsis representedby clearsky index
�

. It is importantto
notethat thecloud index canbeusedinsteadaswell (

���

 

� �

). A is setto 0.38(the
�

value
wheredirect irradiancevanishes)b is ”currently” setto 2.5 . Thechooseof this valuesis based
on comparisonsbetweenthe[Skartveit et al., 1998] diffusemodelandthenew approachaswell
ason brief comparisonswith measurements.HenceA,b shouldbeseenasnot �nally �x ed. In a
secondstepavariability index (either2.14or thespatialstandartdeviationof n) is usedto correct
for thecloudvariability. For thatstepthevariability model,describedin [Skartveit et al., 1998]
hasbeenadaptedto theSOLISdirectcomponentapproach.
Figure2.14presentsadraft comparisonbetweenthedirectirradiancebasedon formula2.15and
theirradiancebasedon the[Skartveit et al., 1998] model,wherebythevariability correctionhas
beenswithcedoff for thiscomparison.Figure2.15providescomparisonbetweenmeasurements
of direct irradiance(1h means)performedfrom the”FraunhoferInstitutefor SolarEnergy Sys-
tems”andthedirect irradiancebasedon formula2.15. In orderto have enoughdatapointsthe
SZA regionwaschosento be5 degree.This leadsto anadditionalscatteringof thedatapoints.
The describedprocedurefor the calculationof the global, direct anddiffuseirradianceis per-
formednot only for thebroadbandwavelengthregion but for eachwavelengthbandof theSO-
LIS clearsky model.Consequentlytheall sky workingversionprovides,in extensionto previous
Heliosatmethods(e.g. HeliosatandHeliosat-2),spectralresolvedirradiances.Sincethecloud
index is independenton thewavelengthit canbeassumedthatfor surfaceswith smallalbedothe
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derivedspectraldistribution shouldbe a goodapproximationto the realone,provided that the
clearsky atmosphericparametermatchesthe reality well. For surfaceswith high re�ection in
wavelengthregionswherelargeabsorptionoccurs(e.g.Watervapourbands)it hasto beexpected
thatthecalculatedirradiancehasto becorrected,dueto anincreaseof multiplescatteringbelow
theclouds,leadingto anincreaseof theeffective opticaldepth.Themagnitudeof this effect in
thedifferentwavelengthbandsandpossiblecorrectionhasto beandwill befurtherinvestigated
within thenext months.
An advantageof using the direct irradianceaspreliminaryquantity is that macrophysicalpa-
rameterscaneasily be adaptedto improve the model,e.g cloud fraction in combinationwith
geometrycanbeusedto describetheamountof clearsky irradianceblockedby clouds. Espe-
cially planningof thermalpower plantswill bene�t from improvementsin the accuracy of the
calculateddirectirradiance.
It hasto bementionedthatthecloudmoduledescribedhereis justastartingpoint. Improvements
in thecalculationof thespectraldistributionaswell asimprovementsof thedirect/diffusemodel
will bealsoinvestigatedwithin WP3030andWP3040.

Ongoingwork whenreliableMSG dataareavailable

I Adaptionof thedescribedworkingversionto MSG data

II Implementationof the”best” correctionproceduresfor thecloudindex n or then-k relation
respectively

III Implementationof theCODbasedoptionfor thetreatmentof clouds

IV Optimisationof theschemeandrealisationof themodularconcept/design.

2.5 Impr ovementslink ed with the describednewscheme
� Modi�ed Lambert-Beerrelationenablesthe integrateduseof RTM within the clear-sky

moduleof thescheme.Theintegrateduseof RTM is linkedwith high�e xibility relatingto
theinputof 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, direct anddiffuseradiation(all sky situations)within
onesingleschemeconsideringdifferentaerosoltypesandnotonly turbidity. Additionally
a new directdiffusemodelhasbeenimplemented.All in all a improvedestimationof the
relationbetweendiffuseanddirectradiationcouldbeexpected.

� An advantageof usingthedirect irradianceaspreliminaryquantityis thatmacrophysical
parameterscaneasilybeadaptedto improve themodel,e.gcloudfractionin combination
with geometrydescribescanbeusedto describetheamountof clearsky irradianceblocked
by clouds

� Clear and easylinkage with cloudy sky schemepossible,whereasthe treatmentof the
heterogenouscloudeffectsis not restricted.
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Chapter 3

Technicaldescription: Working versionof
the SOLIS clear sky module

A workingversionof theclearsky schemehasbeenperformedwithin theHELIOSAT-3 project.
With respectto the contents,the working versionis describedin section2.2. Here technical
issuesrelatedto theuseof theworkingversionareexplained.

3.1 Computer requirements

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.

3.2 Software requirementsand installation basis

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 therespective 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 �nd 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 install netcdfis 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 theof�cial 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 �le calledsolis-tools.tarandcanbedownloadedat:

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

3.3 Installation stepsfor Linux and Unix basedcomputers

1 Install thenetcdfsoftware,if necessarydownloadthesoftwarebefore.

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

3 Runsometestswith libRadtranin orderto checkif everythingworkswell.

4 Downloadthe�le solis-tools.tarfrom:

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

Copy the�le 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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3.4 Running the clear sky module

Currentlythewholeclearsky moduleis operated(driven)with onecentralscript.
In the �rst part of the script the necessaryinput parameterfor the radiative transfermodel li-
bRadtranarede�ned. Informationrelatingto theformatandthede�nition of thisparametercan
befound in the libRadtranuser-guide. In principle theusercanleave or bettershouldleave all
parametersunchanged,exceptparametersrelatedto the atmosphericinput (aerosols,� �

�

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 thede�nition of thesequantities,e.gfor aerosols
theuseof Angstromcoef�cients insteadof thede�nition givenabove is possible.
For the�nal versionthedevelopmentof a GUI interfaceis aimedfor. Additionally an interface
for theoperationalinputof atmosphericdata(HDF format)will bedeveloped.
In thesecondpartof thescripttheawktoolsarecalledup. Thesetoolsperformthecalculationof
theeffective opticaldepthandthecorrectionparameter� . With theseinformationthemodi�ed
Lambert-Beerrelationandtherewith thediurnalvariationof theclearsky irradianceis completely
de�ned. Within thescriptof theworkingversionalsoplotsarepreparedthatcomparethediurnal
variationde�ned by MLB with theexplicit modelruns.Theplotsaresavedin apostscript�le.
Thede�nition of theinputparametersis the�rst step.After thatthewholemodelcanbeexecuted
simplyby thecall:

kato.sh directory-name file-name

wheredirectory-nameand�le-name characterisestheoutputdirectoryandtheoutput�les, e.g.

kato.sh outdir myfile

will safethe ”output” �les my�le.inp, my�le.out, my�le-l.out, my�le.ps in the outdir directory.
The�les my�le.outandmy�le-l.out providetheresult(output)of themodelrun. my�le.inpshows
againtheinputde�nedwithin theshellscript.This input �le of arespectiverunis savedtogether
with the output �les in the outdir directoryto enablea bettercontrolling andarchiving of the
results.The�le my�le.psin theoutdir directoryis thepostscript�le containingthediagrams

3.4.1 Output of the clear sky module

Theoutputof theclearsky modulearespectralresolvedglobal,directanddiffuseirradianceon
theearthsurface.Thediffuse,directandglobal irradiancearesavedin the �les endingwith *-
l.outand*.out (e.g.my�le-l.out, my�le.out). The*-l.out �le providestheinformationof thesolar
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irradiancefor the differentwavelengthbands(spectralselective solar radiationdata,radiation
datafor eachwavelengthband).The*.out �le containsthevaluesfor awholewavelengthregion
(broadbandradiationdata,integratedover several wavelengthbandse.g. 306-3001nm). The
irradiancegiven for the wavelengthbandsis the irradianceintegratedwithin the wavelength
band.
For the linkage betweenthe cloud module and the clear sky module the MLB-parameter
(the ”�tting” parameter) are saved in the �les *.�t and *-l.�t They are readin by the cloud
module. The respective call of the cloud module is performed within a script, seechapter 4
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
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30 3.001893e+00 3.635417e+00
31 3.635417e+00 3.991003e+00
32 3.991003e+00 4.605654e+00

The formatof the output*-l.out and*.out �les is describedin detail in the libRadtranmanual.
Heretheformatof the*.out �le is outlined.
Exampleof anoutput�le:
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

The ouput format of the �t �les *.�t and *-l.�t : A # is usedasan identi�er for the lines
containingtheMLB-parameter. This identi�er enablestheprogramto detectautomaticallythe
arraydimensionswhich aredependenton thenumberof chosenwavelengthbands.Behindthe
identi�er # theMLB-parameterarelistedin thefollowing manner.
column 1: Identi�er #
column 2:

�

� correctedextraterresticalirradiance
Thefollowing columnscontainstheparametereffective opticaldepthandcorrectionparameter
a,b,cfor global,directanddiffuseclearsky irradiance.
column 3,4: global;

� �&!

�

�

(asin 2.5)
column 5,6: direct;

�����

�

�

column 7,8: diffuss;
� �����+'

�

�

Example:

# 1766.9 -0.51 0.34 -0.75 0.48 -2.08 0.24
� � � �&! � ����� � �������+'

�

Theoutputformatfor thedifferentwavelengthbandsis thesamebut containsoneline for each
wavelengthband.
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Chapter 4

Technicaldescription: Working versionof
the SOLIS cloud module

4.1 Installation stepsfor Linux and Unix basedcomputers

The pre-conditionfor the installationof the cloud moduleis the successfulinstallationof the
clearsky module.

Necessarysteps Readthe license�le readme-license(you �nd it on Heliosat3web pagedi-
rectory solis). If you accceptthe licenceyou are allowed to useSOLIS. Download the �le
solis-cloud.tarfrom theHeliosatserveror requestfor a cdrom.
Copy the�le in your libradtrandirectory. e.g/home/someone/libradtran-0.99
After thatunpackthe�le usingthecommand

tar xvf solis-cloud.tar

If everythinghasworkedcorrectyou should�nd now a directorycalledsolis. Within this direc-
tory therearesomesubdirectories.

/c the source-codes in c
/c/FKT functions used within the source code
/exe the executables (in older versions bin has been used

instead of exe) the central compilation script ccnr_r
/0008 test data set of cloud index from august 2002,

based on 012 raw images (Eruope and more)

If thecloudmoduleis aimedfor runningonanon-LINUX machinetwo numericalrecipescodes
hasto be compiled�rst (the sameis true if you useLinux on a machinewith AMD processor
duedifferentprocessorarchitectures).

cc -ansi -c nrutil.c
cc -ansi -c nrutil_b.c

leadingto the respective object �les, nrutil.o nrutil b.o If the script ccnr r locatedin the exe
directoryis usedtheobject�les areautomaticallylinkedto therespective ”solis” executable.
Beforeusingccnr r for compilationthenameof a main(central)directoryhasto becheckedin
thescriptccnr r. Thedefault is

PATHC=$HOME/solis
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It mightby necessaryto changethisdefault,dependentonthechosennameof themaindirectory
andthemachine.
If possibleusefor all compilationsthegcc(Gnuc) compiler.

Useof ccnr r Changefrom themaindirectory(e.g. solis) to thesub-directoryexe. Thencall
ccnr r followedby thenameof thecodeyou like to compile,for our caseusethecommand

ccnr_r n2irr-solis-v1x1

ccnr r compilesthe sourcecoden2irr-solis-v1x1.clocatedin the sub-directoryc andputs the
executableto thesub-directoryexe,providedthatthecompilationwassuccessfully.
Within thedirectoryexetheexecutablescanbeexecutedby usingthescriptdescribedin thenext
section.

4.2 Running the cloud module

Currentlythewholeclearsky moduleis operated(driven)with onecentralscript(solis-cloud.sh).
Within thescript solis-cloud.shtheprogramn2irr-solis-v1x1is called. In orderto executethis
programin a correctmannerthenecessaryinput parameterhasto bede�ned beforerunningthe
script. Henceopenthescriptsolis-cloud.shandchangethenecessaryparameterin theprogram
call.

n2irr_solis-v1x1 -i /home/prelx222/richard/solis/0 008/ 02150 700. hel
-o $1 -l 230 -c 222 -h 2 -v 1 -b 0214 -e 0240

The characterwith a minusin front tells the programwhich parameterwill be provided to the
c-program,thenumberor stringafterwardsaretheparameterprovidedto theprogram.
Theoptionsandtheparametersare,respectively:

-i <imgagefile> : VIS input file specifier
the directory has to be changed
insteadt of /home/prelx222/richard/
you have to use the name of your
home directory.
the image has to be within the time
duration characterised with -b -e
Please use the absolute directory path,

,else the images will not read in
(hence do not use somthing like

../../solis/0008/02150700.hel) .
-o <outputfile> : name provided via the solis-cloud call,

do not change $1
-l : line of pixel < 768
-c : column of pixel < 1280

these parameters are used to select
the location

-h : number of horizontal pixels for region
-v : number of vertical pixels for region

-h 2 and -v 1 result in 5*3 pixel mean

28



of cloud index, recommended
-b : first day: example 0214 = year 2000 day 214
-e : last day : example 0240 = year 2000 day 240
-q : quiet mode, displays errors only
-? : displays this help message

-t providing a value via t has currently no effect on
the turbidity, the map-value is used anyway.

Pleasedo not take pixelsat theimageedges.theprogramis not save to it, whencalculatingthe
mean.Futureversionswill carefor it.
For the�nal versionthedevelopmentof a GUI interfaceis aimedfor. Additionally an interface
for the operationalinput of atmosphericdata(HDF format) will be developed. The linkage
betweenclearsky andcloudmodulewill beautomated.
Thede�nition of theinputparametersis the�rst step.After thatthewholemodelcanbeexecuted
simplyby thecall:

solis-cloud.sh directory-name file-name

wheredirectory-nameand�le-name characterisestheinputdirectoryandtheinput �les contain-
ing themodi�ed Lambert-Beerparametersaswell asthepre�x nameof theoutput�le (ending
with .rad) e.g.:

solis-cloud.sh mydir myfile

will readin the ”input” �les my�le.�t, my�le-l.�t from themydir directory. Additionally it will
producetheoutput�les my�le.radandmy�le-l.radTheoutput�le containsthetimeseriesof the
solarirradiancefor thespeci�edlocation(site).

Important theinput �le containingtheMLB parameterhasto exist elseanerroroccurs.

4.2.1 Output of the cloud module

Theoutput�les will endwith *.rad, whereasthepre�x is providedwithin thesolis-cloudcall,
e.g.

solis-cloud.sh mydir myfile

providestheoutput�le my�le.radandmy�le-l.rad in thedirectorsmydir. The�le with thelabel
-l containsthewavelengthresolveddata,theotheronethewavelengthintegrateddata.
Theoutput-formatandcontentsof theoutput�le e.g my�le.out, containingthewavelengthinte-
grateddataare.
DOY, GMT, cos(zen),G(clearsky), image(y/n),n(1Pix),n(morePix),stdev(n(morePix),G(global),
G(direct),GH(global),GH(diffuse),GH(clearsky)

DOY=day of year
GMT=Greenwich Mean Time (UT)
cos(zen)=cosine of the solar zenith angle
G(clearsky)= global clear sky irradiance, SOLIS model value
image(y/n)= image flag, image present 1, no image 0
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n(1Pix)=cloud index of the central pixel (above the chosen site
(lat,lon))
n(morePix)= mean cloud index of the 3x5 or 5x5 pixels

(depends on the settings of -h and -v, e.g -h2 -v 2
-> mean of 5x5 pixels)

stdev(n(morePix)=standard deviation of n(morePix).
n(morePix)-> mean value of cloud index
stdev(n(morePix)-> "variation"

G(global),G(direct)= SOLIS global and direct irradiance
respectively, for the given cloud
situation.

GH(global),GH(diffuse)= Heliosat global and diffuse irradiance
respectively, for the given cloud situation.
Current Heliosat version, diffuse model
based on Skartveit et al 1998

GH(clearsky) = clearsky irradiance derived with the
turbidity based clear sky model

TheGH valuesareoptional.
Thewavelengthresolveddata(e.g.output�le my�le-l.rad) is providedin theformat.
DOY, GMT, cos(zen),G(clearsky), image(y/n),n(1Pix),n(morePix),stdev(n(morePix),G

�

(global),
G

�

(direct),G� (global),G� (direct),....,G
#

(global),G
#

(direct).
i=1,2,...,n labelsthe respective wavelengthbandand

�

is the amountof the wavelengthbands,
hereby.

4.3 Outlook: The modular conceptof the scheme

Theintegrateduseof theRTM within theclear-sky moduletogetherwith automaticallyprovided
spectralinformationare an optimal basisfor a modulardesignof the scheme(�nal version).
Sincedifferentapplicationsvary with respectto thenecessaryinput andoutputinformationin-
cludingdifferentwavelengthregions,a modularconceptis linkedwith a lot of advantages.The
currentway of runningthe clearsky moduleis brie�y describedin sections3.4. For the �nal
versionaninterfacefor theoperationalinput of theatmosphericdatawill bedeveloped.An ob-
jectorientedprogramminglanguagelikeC++ is well suitedto developsuchaninterface.Further
detailsconcerningthe interfacebetweenthe C++ basedframefor the solar irradiancescheme
andtheatmosphericdatahasbeendiscussedat thetechnicalworkshop,performedonDecember
the11 th 2002.
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